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Foreword
The joint meeting of 6th International Conference of Bionic Engineering (ICBE2019) and
International Symposium on Nature-Inspired Technology 2019 (ISNIT 2019) organized by the
International Society of Bionic Engineering (ISBE) and Korean Society of Mechanical Engineers
(KSME) is held at Jilin University in Changchun on September 23-26, 2019. This conference
aims to establish a closer relationship between scientists and engineers worldwide in the field of
bionic engineering. The theme of ICBE2019 and ISNIT2019 is Bionic innovations for healthy
development, which is geared towards exploring new ideas and accomplishments for the practice
of bio-inspired design and manufacture, while offering innovative solutions. Attendees of this
conference are invited to present papers related to the combination of biological information and
mechanical engineering, materials science, agriculture engineering, rehabilitation and healthcare
engineering, robotics, fluid, fabrication, and management etc. A broad range of topics and
application areas will be devised to reflect the interdisciplinary nature of ICBE and ISNIT.
The main topics of ICBE2019 are as followings.











Bionic/biological functional structures and surfaces
Biomaterials & bionic materials
Bionic machinery
Management Bionics
Healthcare engineering
Biosensors and signal processing
Robotics, motion systems and artificial intelligence
Fluid and bionics
Industrial applications in bionics
Bio-inspired fabrication and bio-manufacturing

The conference has received over 400 research papers from delegates of more than 30 countries
and regions. The present book selects 384 abstracts including 7 plenary speeches and 56
keynote papers. The conference proceedings of full papers will be in electronic format within
the conference materials package.
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141 Optimization Design and Analysis of Bionic Beetle Flapping Mechanism with Variable Motion Characteristics
144 Design and Test of a Quadruped Wall-Climbing Robot Using Bioinspired Spine Adhesive Structure
146 What does a hand-over tell? Individuality of short motion sequences
156 Bio-inspired Motion Planning for Mobile Manipulator Based on the Tau Guidance Theory
157 Design method for an adaptive bio-inspired foot mechanism based on tensegrity structures
166 A Bionic Walking-Type Piezoelectric Actuator based on Asymmetrical Flexure Mechanisms
178 Light-fueled soft robot for versatile terrains
180 The foot-ground interaction mechanism and compliance behavior control for legged robots in unstructured
environment
182 A Soft Finger Rehabilitation Device Using Shape Memory Alloys in Stroke Patients
185 Development of Insect-inspired Tailless KUBeetle Flying Robot: Progress and Future Directions
194 An intelligent adaptive method for quadruped robots in complex terrain
198 A Wheel-legged Hybrid Mechanism for Bionic Legged Robot
205 Foreleg modelling and excavation movement simulation in mole crikets
210 Design of a soft robotic glove for hand rehabilitation
211 Effects of Elastic Joints on the Performances of a Close-Chained Rod Rolling Robot
227 Research on Multi-directional Motion Path Tribological Behaviour between CoCrMo and Highly Crosslinked
Polyethylene
238 Research on Trot gait planning of imitation goat quadruped robot based on modified compound cycloid
method
253 Research on motion evolution of soft robot based on VoxCAD
267 The study of cooperation mechanism of locust legs, wings and abdomen for jumping
273 A study on the mechanism of catheter moving forward and backward in the form of double folding shape
inspiring earthworm locomotion
294 A Lunar Sampling Feed Scheme based on Artificial Intelligence
304 Data Acquisition and 3D Reconstruction of Peach Tree Crown Morphology based on bionic vision
305 Optimal wing geometry and kinematics of a rhinoceros beetle for minimum power consumption
312 Bionic design and optimization of vibration reduction for legged robot foot
333 Effects of Elastic Joints on the Performances of a Closed-Chain Rod Rolling Robot
334 Bionic goat quadruped robot mechanism design and gait planning
341 Effect of wing vortex and wake on thrust for flapping wing micro aerial vehicle based on UVLM
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346 Research on flow field perception of moving carrier based on artificial lateral line system
Topic 8: Fluid and bionics
045 Bio-inspired blade sections of marine propeller for increasing efficiency
070 Enhancement of hydrocyclone DOWS technology with alternating electrodes by mimicking earthworm
072 Gait smoothing transformation method for quadruped robot on rough terrain
078 Biomechanical analysis of material and structure property of German Shepherd Dog‟s paw pad
090 Investigation of spiders‟ motion kinematics and the driving modes of hydraulic joints under varied pavement
environments
092 Ground reaction forces during walking on platform with acceleration motion
093 Design of a multi-modal robot on water surface capable of jumping and gliding
095 Investigation of Brine Shrimp‟s Swimming Motion in Toxic Aqueous Environment
102 Design method for a bionic upper limb forearm based on tensegrity structure
122 Oscillating Performance and Fluid-Structure Interaction Mechanism of a Small Koi‟s Caudal Fin-Like
Underwater Propulsion Actuated by MFC
123 Application of bioinspired superhydrophobic surface in fluid drag regulation
145 A Bioinspired Microfluidic System with Thermal Responsive Liquid-Gating and Antifouling Properties
150 Simple microfluidic oscillator using a single microvalve
181 PIV Measurement of Flow Field Structure on the Surface of Puffer Fish and its Drag Reduction Mechanism
188 Research on drag reduction characteristics and flow field structure of bionic non-smooth surface inspired by
the spines of puffer skin
225 Thrust study of membrane flapping wing micro aerial vehicle based on UVLM
230 Development of low noise mixed flow fans with bio-inspired grooves
270 Design of a Bio-inspired Anti-Erosion Structure of Water Hydraulic Valve Core: An Experimental Study
283 A Bionic High Efficiency Oscillating Wind-electric Conversion Nanogenerator For Low Wind Speed Inspired
By Scorpion Trichobothria
308 Effect of the yaw angle on the drag reduction performance by riblets
310 Experimental study on boiling heat transfer of T-shaped microstructure
313 Study of mucus absorbing mechanism of Dabryanus loach and bionic drag reduction
361 Modeling and construction of fluid bionic propulsion equipments
Topic 9: Industrial applications in bionics
046 Fabricating waterborne superhydrophilic/superoleophobic coatings for oil-water separation
055 Design and experiment of the bionic drag reduction surface for soil imprinting wheel based on discrete
element method
089 Hydrodynamics of Air Spreading through Wetted Cellulose Membranes Implying Safety Function of Pit
Membranes in Plants
116 Experimental Study on „Snake-type‟ Vibration Cutting Method for Cutting Force and Cutting Heat Reductions
147 Synchronized locomotion of two auto-propelled flapping foils in tandem arrangement
154 Design for Biomimetic Anti-Erosion of Water Hydraulic Valve Plug Based on Multi-source Coupled Bionic
Method
159 The highly stable air-operating ionic polymer metal composite actuator with consecutive channels produced by
copper foam
160 Investigation of bionic flexible wing on a 2-DOF flapping mechanism test bench
170 Effect of the porous surface on the flow field over an owl-based airfoil
175 Application of bionic technologies on the fracturing plug
196 Coating of the superhydrophobic fireproof and corrosion resistant for transmission lines
206 Development of an excavation method to stabilize a closed landfill site using a biomimetic expanding drill
224 Research on Restore Characteristics of Bionics Protective Self-Repairing Structure Base on NiTi Alloy
239 Construction and verification of mathematical model of irregular curved surface morphology of turtle plastron
325 Multi-objective low-carbon disassembly line balance for agricultural machinery using MDFOA and Fuzzy
AHP
329 Development of Virtual Prototyping of Deployable Manned Lunar Vehicle and Simulation of Its Mobility
Performance
332 Hot spot analysis of bionic technology in China's agricultural field
335 Trafficability evaluation model for lunar rover based on terramechanics
344 Application of Cavitation Bubble and Shock Wave of Pistol Shrimp
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345 Characteristics of Mucus Secretion of Loach Skin
363 Improvement of Wheel Locomotion on Soft Ground by Applying Animal Shape and Motion
Topic 10: Bio-inspired fabrication and bio-manufacturing
004 Design of Picking Device for Corn Stubble based on Biomimetic Optimization Model
009 Structure analysis of wings in dragonfly and Asian ladybird beetle for bionic deployable wing design
011 Bionic design and performance analysis of cushioning unit for sneaker
017 Development and Evaluation of a Draft Force for Multi-Claw Combination of Mole Rats Using the Laws of
Classical Mechanics
021 The mechanism of high-performance adhesion of Sinogastromyzon
032 Research on the high adhesion of abalone and its adhesion mechanism
100 Swarm intelligence-inspired self-assembling strategy for multifunctional optoelectronics devices
130 Multi-functional Bio-inspired Integrated Thermal Protection Structures: Design, Numerical Simulation and
Selective Laser Melting Fabrication
153 A bionic adhesive disc for torrent immune locomotion inspired by the Guizhou Gastromyzontidae
171 Investigation of Bionic Windbreak Fences on the Capturing of Particulate Matter
179 Fabrication of a Bionic Fibrous Sinusoidally- architected Helicoidal Structure Inspired from the Stomatopod
Dactyl Clubs
192 Wood-inspired multi-channel cathode prepared by 3D-printing for high-performance Zinc-air batteries
235 A Novel Method for Preparation of Complex Gecko-inspired Microfiber Array Adhesion Materials
237 The SERS Substrate with Arrayed-nanopillar Fabricated by Nanoimprinting the Diatom Frustules
241 Printing Ionic Polymer Metal Composite Actuators by Fused Deposition Modeling technology
245 4d Printing of Actuators Possessing Spatially Continuous Motions via Speed-Defined Microstructure
Assemblies
286 Biomimetic Vapor Sensor with Sandwich-Like Vapor Trapping Structures
289 Bio-inspired flexible strain sensor based on paper coated with cracked graphene layer
314 A 3D Printed Bionic Intelligent Hydrogel Drug Controlled Release Device
338 A Novel One-pot Synthesized Polyimine Vitrimer Composite Inspired by Biomineralization
339 Fabrication and Property Study of Bio-inspired Spermidine Contained Electrospun Fibrous Films
342 Flexible and soft electrically tunable photonic crystals mimicking chameleon skins
343 Wearable biofuel cell in sportswear
359 Emission Enhancement of Fluorescent Molecules by Antireflective Arrays
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Introduction to the Platform of Bionics International
Website: www.bionics-online.net

The Bionics International is an international technology platform that supports teaching,
scientific research, training and related academic affairs.
This comprehensive platform is designed for the public, researchers engaged in bionic field and
other related enterprises or institutions. It is powerful for users to subscribe bionic news, focus
on bionic conferences, study, research, and free chat with ―shining star‖ in bionics community. It
is not only a bionic encyclopedia knowledge basement, but also a bionic teaching platform for
students and researchers, and also an active international bionic center. The platform mainly
includes seven functional modules: news, bionic encyclopedia, bionic expert knowledge database,
bionic teaching, community, bionic equipment and experiment management, and user modules.
The target of the international bionic platform is to engage the comprehensive interaction
between bionic fields, build a transfer bridge of cooperation, and gather talents as a research
basement, popularize bionic science knowledge to the public, and improve the overall scientific
literacy of the nation.
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Plenary Papers
Paper ID: P01

Scalability in Tissue Engineering
Jan T. Czernuszka
University of Oxford, OX1 3PH UK

Abstract
There is a great desire to make ever larger tissues and/or organs using tissue engineering/regenerative medicine
approaches and to speed up the production process. There are, however, limits to the exent that these can be realised.
Firstly, the scaffold for tissue engineering has to be constructed of suitable materials, and not merely those that resorb:
they need to be active in promoting a positive cellular response. Secondly, access to the interior(s) of scaffolds is
necessary so that the maximum benefit is obtained. This means that diffusion and flow processes need to be considered.
And thirdly, and probably most importantly the thermodynamics of the system need to be understood. To obtain
tissue/organs requires an ordered growth – too rapid a tissue deposition will result in disordered material and so will
lack function. Several examples from my group‘s work will be used to highlight methods to solve these issues.
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Paper ID: P02

Using Ecological Network Analysis to Design Sustainable Human
Infrastructure
Marc J. Weissburg1*, Stephen Malone2, Zachary Morris2, Bert Bras2
1

School of Biological Sciences, Georgia Institute of Technology, Atlanta, GA, USA
School of Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA, USA
*Corresponding author: marc.weissburg@biology.gatech.edu

2

Abstract
Ecological Network Analysis (ENA) is a set of methods to examine the structure and function of ecological systems
(foodwebs) that transfer material and energy between actors (species). When applied to human systems, ENA
provides a system level perspective on material and energy efficiency that is different from traditional methods such as
material flow analysis (MFA) that focus on the flow quantity. Whereas MFA examines the exchanges of a given
quanta of material or energy, ENA examines how systems are organized to produces cyclic pathways and the
properties of those pathways for exchange. Further ENA has been used extensively to examine the relationship
between the structure of ecosystems and material and energy cycling. ENA, when applied to human systems can
therefore furnish a set of ―design rules‖ to guide the organization of human industry or infrastructure towards a more
cyclic system.
This talk will examine how ENA can be used to analyze and design human infrastructure at various levels ranging
from industrial plants to cities. We will present examples of how ENA can benchmark the performance of human
infrastructure relative to the performance of ecoystems and identify what produces more cyclic economies at city
scales. We will show how system level principles taken from ENA can be used to improve material and energy
efficiency in steel production using the Chinese steel industry as examples. Finally, we will discuss how traditional
process engineering optimization can be merged with ENA to provide multi-criteria optimization approaches that
further increase material and energy reuse.
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Paper ID: P03

The challenge of accurate characterization of surface wetting
Robin H. A. Ras1-3
1

Dept. Applied Physics, School of Science, Aalto University, Espoo, Finland
Dept. Bioproducts and Biosystems, School of Chemical Engineering, Aalto University, Espoo, Finland
3
Center of Excellence in Molecular Engineering of Biosynthetic Hybrid Materials, Aalto University, Espoo, Finland
2

Abstract
Wetting is typically characterized from a sessile droplet by evaluating the angle at the contact line where liquid, air and
solid meet.[1] Contact angle goniometry is considered as the gold standard of wetting characterization, however, is
prone to inaccuracies, especially towards high contact angles.[2-4]
In this talk, I will describe the problem and present state-of-the-art methodologies for evaluating wetting of
hydrophobic surfaces with enhanced accuracy. Oscillations of magnetic water droplets allow measurement of friction
forces between droplet and surface with nanonewton sensitivity.[5] Adhesion forces between droplet and surface can
be measured by scanning droplet adhesion microscopy with sensitivity down to nanonewton (Figure 1).[6]

Figure 1. Scanning droplet adhesion microscopy allows to obtain wetting maps, a new concept for hydrophobic
surface characterization, visualizing wettability variations with micronscale spatial resolution.[5]
References
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Paper ID: P04

Lightweight robotics with artificial intelligence
Karoline von Häfen
Corporate Bionic Projects, Festo AG & Co. KG, Esslingen, 73734, Germany

Abstract
The separation between worker and robot is decreasing as their work ranges are merging into a collaborative
workspace. These open working spaces will primarily require robots that can be flexibly adapted and independently
adapt to different products and scenarios.
Soft Robotic provides great potential for intelligent and collaborative workspaces in future industrial applications.
They are virtually predestined for this and may represent cost-effective alternatives to classic robot concepts.
In 2010, the Bionic Handling Assistant, a free-moving gripper arm developed by the Bionic Learning Network of
Festo, was given the German Future Award in 2010 for the safe collaboration between human and machine. Based on
the concept of flexible kinematics, pneumatic lightweight robots have been introduced, such as the BionicCobot (in
2017) or the BionicSoftArm (in 2019), where direct and safe human–robot collaboration is possible.
With its unique combination of force, dexterity and fine motoric skills the human hand is a true miracle tool of nature.
What could be more logical than equipping robots in collaborative working spaces with a gripper that is modelled on
this natural model and can learn through artificial intelligence to solve various tasks?
The BionicSoftHand, developed by of the Bionic Learning Network of Festo in 2019, is pneumatically operated. With
its strength, flexibility and sensitivity, it can conceivably be used in assembly as a helping third hand or be used in
service robotics. Due to its soft structures there are too many degrees of freedom for conventional control strategies.
Thus, it uses the method of reinforcement learning, to independently solve gripping and in hand manipulation tasks.
The movement strategy is learned in a virtual environment using artificial intelligence. After the controller has been
trained in simulation, it is transferred to the real BionicSoftHand.
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Paper ID: P05

Musculoskeletal Mechanics and Mechatronics: Bionic Healthcare
Engineering from Human and for Human
Lei Ren
Institute of Mechanical Engineering, University of Salford, Newton Building, Manchester M5 4WT, UK
*Corresponding author: Lei Ren (lei.ren@manchester.ac.uk)

Abstract
Bionic healthcare engineering aims to advance human health and welling using the state-of-the-art approaches
inspired from biological world. This may have great potential in the development of innovative diagnostic,
preventative, rehabilitative and therapeutic programmes and devices. This talk presents our recent studies in bionic
healthcare engineering by exploring the fundamental working principles of the human musculoskeletal system, whilst
by developing biologically inspired human-centred robotics and healthcare devices based on learnt biological
principles. This involves a range of studies into the biomechanics and motor control of human motions using an
integrated experimental, computational and bio-robotic approaches with the long term aim to gain comprehensive
understanding of the functions of musculoskeletal systems and the interactions between the musculoskeletal and
neuromotor systems. This also includes a range of researches in the development of smart bionic lower limb
prosthetics inspired from human musculoskeletal biomechanics, bio-inspired robotic/prosthetic hands with
human-like structures, muscle-like soft actuators for prosthetic and exoskeleton systems and also biomimetic 4D
printing techniques for healthcare devices.
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Paper ID: P06

Petroleum Bionic Engineering - Today and Tomorrow
He Liu
Research Institute of Petroleum Exploration and Development (RIPED), Beijing, 100083, China
*Corresponding author: Qinghai Yang (qinghai.yang@petrochina.com.cn)

Abstract
This paper briefly introduces the purpose of petroleum bionic engineering research in RIPED, that is, to deal with the
challenges of IOR/EOR and to reduce cost in brown fields in China. The past research and achievements are
introduced, including bionic expansion cone, bionic vibration wave communication, bio-inspired vibration energy
harvester, and etc. According to the work experience and characteristics of bionics-related research, this paper
provides a new direction for RIPED, an institute of PetroChina, to serve oilfieds through technical innovation in the
field of petroleum bionic engineering. Wellbore control will continue to be our core area and we will extend our
study range to some basic researches, such as biological prototypes, theoretical researches, and etc. In the future, there
will be three main directions, namely information acquisition and transmission, bionic surface treatment, and wellbore
detection and processing. Information acquisition and transmission include bionic sensing and bionic communication,
mainly to simulate and realize biological information acquisition, data processing and inter-biological information
communication and collaboration. Bionic surface treatment deals with mechanical components and sensor surfaces to
realize the simulation of biological surface structure of the object being processed in order to get better surface
properties. Wellbore detection and processing, including wellbore detection and transportation, aims to realize the free
movement of detection instrument and the analysis and processing of wellbore detection through the engineering
simulation of biological functions.

Keywords: Petroleum bionic engineering, information acquisition and transmission, bionic surface treatment,
wellbore detection and processing
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Paper ID: P07

From Mechanoreceptor to Mechanosensor: Bionic Research on Sensing
Technology
Zhiwu Han
Key Laboratory of Bionic Engineering (Ministry of Education, China), Jilin University, Changchun 130012, P. R. China
*Corresponding author: Zhiwu Han (zwhan@jlu.edu.cn)

Abstract
Sensors which regarded as the basis of intelligent manufacturing are the source of information acquisition. Among
various types of sensors, mechanosensor is a kind of sensor that can convert mechanical signal (sound, pressure,
vibration, air/water flow, etc.) into electrical response. For mechanical signal containing a large number of operating
parameters of equipment and living organisms, mechanosensors is the most widely used in many fields. However,
development of mechanosensors with excellent comprehensive performance (ultrasensitive, micro/nano-scale,
anti-interference, low-power, low hysteresis, etc.) has always been a great challenge. Fortunately, in order to survive
in the cruel natural environment, animals have evoleved sophisticated mechanoreceptor with excellent comprehensive
performance required by mechanosensors.
Hence, the mechanoreceptors provide broad biologically inspired strategies for designing a new generation of
mechanosensors. Among the various mechanoreceptors, the ultrasensitive slit-based mechanoreceptor of scorpion are
extraordinarily noticeable. Because the visual system of scorpion has been highly degraded and they rely heavily on
the slit-based mechanoreceptor to accurately detect nanoscale amplitude vibration signals from noise environment.
In this work, the functional unit composition, structural characteristic, material composition, mechanical property as
well as the coupling site between mechanosensory neuron and slit unit about the slit-based mechanoreceptor of
scorpion Heterometrus petersii were throughly researched. The experimental results and theory analysis indicate that
the slit-based mechanoreceptor can effectively collect the tiny mechanical signal through utilizing the near-tip stress
field of slit, and then convert the mechanical signal into electrical signal through mechanosensory neuron. Meanwhile,
two bionic models of mechanosensors based on the structural characteristic and functional mechanism were
established, respectively. The results indicate the bio-inspired mechanosensor based on the two bionic models can
posses excellent performance.
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Keynote Papers
Paper ID: K01

Separation of oil from water: Bio-inspired spindle-knotted surfaces for
continuous and effective collection of micro-sized oil droplets from
water
Thomas Stegmaier1, Maryam Aliabadi1, Volkmar von Arnim1, Götz T. Gresser1, Yan Liu2
1

German Institutes of Textile and Fiber Research Denkendorf, Germany (DITF)
2
Jilin University (KLBE), Changchun, China

Abstract
The demand for innovative filtration and purification is growing steadily. In the case of dispersed oil separation from
industrial and natural waters many approaches have been developed. Limitations of the existing technical solutions are
by high energetic consumption, complicated processes, long processing time and high costs.
Bionic development of fiber-based materials inspired by nature has led to tremendous improvements in the
performance of technical textiles in different industrial processes. For droplet separation living nature offers some
astonishing archetypes with interesting functions regarding coalescence, droplet separation and blocking free
filtration.
Through a number of research projects in the field of oil separation, DITF has in-depth knowledge of textile structures
for oil separation from aqueous media and their technical implementation. In one project (OILBEE), inspired by a
special species of a bee, innovative separation materials were examined and developed. In another project
(OILMANTA-OILTEX), inspired by Manta ray and Mobula, novel oil control and absorption system for coastal and
inland waters and also new development of textile materials for oil absorption with consideration of water flow
conditions have been implemented.
In a joint project between KLBE, China and DITF, Germany the focus on oil-water-separation is on technologies
inspired by natural spider silk as a bionic model and its functionality in water droplets collection (water-in-air). KLBE
and DITF are developing the design and fabrication of special surfaces capable of transporting liquid droplets on a
solid surface with the aim of improving micro-sized oil droplets coalescence in aqueous environment (oil-in-water).
The project is mainly focused on fabricating the beaded fibers with periodic knots capable of controlling liquid
droplets motion by implementing gradients in surface wettability or external stimuli in case of manipulation in
droplet's motion direction for the main aspect or other applications such as drug delivery, smart catalysis and other
applications.
The early phase of the project aims to understand how this directional transport works through the structural and
physical key parameters analysis. The further phase, design and fabrication in single fiber level besides analysis of a
local directed transport of oil droplets under water on such chemically ad topographically structured surfaces are in the
set up stage. Finally the aim is the fabrication of promising structured fiber with beads-on-string in the array level
(filter model). These new fibers will be put into operation for oil-in-water coalescence process in potential filter
applications.
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Paper ID: K02

Anti-cancer therapeutic inspired by the burr of the thistle plant
Michael R. King*, M. Lopez Cavestany
Department of Biomedical Engineering, Vanderbilt University, Nashville, 37027, USA
*Corresponding author: Michael R. King (mike.king@vanderbilt.edu)

Abstract
In recent years, there has been growing interest in nanoparticles as carriers for chemotherapeutic agents to highly
specific areas in the body. The increase in targeting efficiency in these methods allows more concentrated doses of
therapeutics to reach the affected area. Additionally, the use of nanoparticles avoids potential cytotoxic effects the
chemotherapies have in healthy cells, by decreasing the amount of the drug that reaches nonspecific targets.
Although such approaches have been widely pursued, there are still many limitations that exist for all nanoparticle
systems: the brevity of circulation time and the specificity of the targeting, for instance. Once a nanoparticle has
entered the bloodstream, the body has a variety of mechanisms to clear them such as renal and hepatic clearance,
and natural extravasation to other tissues [1], [2]. Additionally, when a nanoparticle travels through the bloodstream,
it may interact with platelets, plasma proteins, coagulation factors, and blood cells, potentially inducing an immune
response. These problems are magnified when the target cell is freely floating in the bloodstream. In this invention
disclosure, we describe a novel approach for circulating tumor cell (CTC) targeting through the use of leukocytes, as
the carrier cells, which will keep the nanoparticles in the circulation until they are needed. The essential concept of
this invention is that the particles are designed such that they loosely bind to the carrier cell until they come into
contact with the target cell, to which they bind to with greater strength. This resembles the well-known concept in
which a hiker may walk through a field of thistle and then afterwards find that their pants are covered with strongly
adhered burrs. In this way, the particle is transferred from one cell to the other, therefore circulating for longer
periods of time in the blood and carrying the therapeutic agent to the needed target.

Figure: Diagram showing the two stages of the biomimetic approach, where 1) shows the insertion of the nanoscale
liposomes into the bloodstream and their subsequent binding to leukocytes. 2) The transfer of the liposome from the
carrier cell (leukocyte) to the target cell (CTC). 3) The expected outcome of the approach, which is the death of the
CTC in the bloodstream, thus preventing a distant metastasis.
Keywords: cancer metastasis, biomimetic, cell adhesion, receptor, chemotherapy, nanotechnology

10

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: K03

Collective Motion- From Fish Schooling to Swarming Drones
Daniel Weihs
Department of Aerospace Engineering and Autonomous Systems Program
Technion, Israel Inst. of Technology, Haifa 32000 Israel
*Corresponding author:Daniel Weihs (dweihs@tx.technion.ac.il)

Abstract
Living creatures, from bacteria to whales, have developed useful group behaviors conferring advantages from
foraging, through energy saving, to mutual protection. The advantages of group behavior are now starting to be
realized in unmanned systems from ant-like ground vehicles to spacecraft. In the present paper, an overview of group
interactions in the animal world, and the potential of learning from them for the technological world is presented. Also
several issues confronting designers of swarming man-made vehicles, such as the hierarchical process of decision
making by a group, as well as the methods of transmission of information between members of the group are discussed,
comparing to similar issues in the biological world.
Keywords: Groups Swarms, drones, biomimetics, hydrodynamics
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Paper ID: K04

Mikro- and Nanomechanics to Fine-tune Sensory Receptors
Friedrich G. Barth
Department of Neurobiology, Faculty of Life Sciences, University of Vienna, Vienna, Austria
e-mail: friedrich.g.barth@univie.ac.at

Abstract
Nervous systems turn meaningless stimuli into signals, cues and complex information, thereby giving them the
appropriate biological meaning. However sophisticated the data processing and integration by the central nervous
system may be, there is a lot of ―cleverness― in the sensory periphery already, at the interface between habitat and
organism. It saves the brain from being overwhelmed by sensory input, a corresponding processing task and
presumably also a lot of energy.
Much of the peripheral ―cleverness― is due to the selectivity and specificity of non-nervous auxiliary structures. My
lecture will highlight passive mechanical pre-processing of mainly invertebrate mechano-sensors, emphasizing the
stream-lining of the sensors‗ performance with regard to the animal‘s particular needs. As will be shown nature makes
surprisingly competent use of seemingly simple mechanics such as that associated with lever systems, viscoelastic
material, resonance, traveling waves, and impedance matching. The ―mechanical computing― preceding any nervous
activity provides much of a sensor‘s specificity and biological adaptedness. It also is a prominent source of the
remarkable diversity found among different mechano-sensors.
Keywords: Mechanoreception, mechanical computation, stimulus transformation, sensory periphery, pre-processing
of information.
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Paper ID: K05

Biomimetics of functional shadow plant surface structures
Cornelia F. Pichler1, Victor Merza1, Matthias P. Weinberger1, Anja M. Kositz1, H. Hutter2,
Ille C. Gebeshuber1*
1 Institute of Applied Physics, Vienna University of Technology, Vienna, 1040 Austria
2 Institute of Chemical Technologies and Analytics, Vienna University of Technology, Vienna, 1040 Austria
*Correspondence: Ille C. Gebeshuber (gebeshuber@iap.tuwien.ac.at)

Abstract
To elucidate the function of various plant parts for potential biomimetic applications can be complex due to the
multifunctional, hierarchical structure of the inspiring creatures. Single organisms of the same plant species look
different depending on the environment where they grow. Such plants might have the same genotype, i.e., their
internal genetic coding is the same, but their physical appearance, their phenotype, depends on the external conditions.
Phenotypic plasticity is a general property of organisms. The surface structures in plants are genetically controlled,
and changes in pigmentation and structure may correlate with environmental factors. Very strong are the differences in
plant species that have evolved ways to deal with low light conditions, such as deep shade plants in the tropical
rainforest. The different phenotypes depend on the conditions in which the shadow plants grow (UV intensity, light
intensity, altitude, plant and animal communities in the vicinity, latitude, etc.). The keynote presentation will introduce
studies performed on phenotypical variations of shadow plant leaves micro- and nanostructures yielding environment
dependent optical effects such as changes in coloration and light reflection / absorption characteristics. Such studies
give important insights into the function of the respective micro- and nanostructures and facilitate understanding of the
structure-function relationship and related biomimetics. Some of these changes might be pure structural changes (as
opposed to chemical changes), and thereby easily transferable to other materials – making use of the biomimetic
principle ―structure rather than material‖. Following a methodology that was developed by Dr. Kerstin Koch and
coworkers, the plant surface structures are transferred to stamps (negative imprints) made from polyvinylsiloxane and
with these master stamps further transferred to materials such as window color, beeswax, sugar, Carnauba wax and
epoxy resin (positive imprints). These structures are then applied to technical surfaces (e.g., solar cells) and the
changes in performance measured.
Keywords: environment dependent biological structures, functional micro- and nanostructures, imprint, shadow
plants, stamp, structure-function relationship
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Paper ID: K06

The Economic Impact of Biomimicry
Lynn Reaser
Fermanian Business & Economic Institute, Point Loma Nazarene University
LynnReaser@pointloma.edu

Abstract
Biomimicry holds the potential of transforming the economy. It could enable businesses to incorporate processes and
materials that are environmentally sustainable without jeopardizing their profitability. In fact, it could lead to greater
efficiencies and expanding markets. This would be in stark contrast to the current model which relies on government
regulations, subsidies, or altruism by firms or individuals to achieve environmental goals.
To date, however, biomimicry‘s progress has lagged behind expectations. The experience of different firms has been
mixed, according to various case studies. Resistance to Nature-based or inspired solutions stems from the current
education system, entrenched ways of conducting business, and supply chains. Access to capital and constraints in
reaching economies of scale have represented additional barriers.
Biomimicry could gain traction through either a ―push‖ or ―pull‖ process. A pull transmission would entail companies
or governments seeking solutions to specific problems or to achieve various objectives. A push conduit would involve
individuals, universities, or research organizations offering features or concepts found in Nature that might have
useful applications. The challenge is to match these groups.
Nature remains a ―Treasure Chest‖ of innovation, which is yet to be fully tapped. It could have a significant impact on
various economic sectors, overall gdp (gross domestic product), resource depletion, pollution, and greenhouse gas
emissions. The growth of 3D-printing could further boost biomimicry‘s role in the economy.
Our developments of the Da Vinci Index and Da Vinci Global track the performance of biomimicry by examining
trends in such areas as funding, scholarly research, and patents. In collaboration with Jilin University, Da Vinci China
has also been created.
Biomimicry still has the promise of transforming major slices of economies throughout the world, but whether it will
be a true game changer or primarily a research field and niche market remains to be answered.
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To hear the direction of sound like a fish
Tony C.H. Tse1, J.C. Montgomery2,3, Iain A. Anderson1,4*
1

Biomimetics Lab, Auckland Bioengineering Institute
Institute of Marine Science, Leigh Marine laboratory, University of Auckland
3
School of Biological Sciences, University of Auckland
4
Department of Engineering Science, University of Auckland
*Correspondence: Iain A. Anderson (i.anderson@auckland.ac.nz)
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Abstract
Like fish we can use our ears to hear the sounds of the reef that include fish, snapping crabs and dolphin calls. But
unlike fish, we can‘t sense sound direction; our natural mechanisms are ineffective in water. The fish‘s hearing organ,
the otolith, is not sensitive to pressure like our ears but it is instead sensitive to the particle motions of an incident
acoustic wave, and is an example of an inertial underwater acoustic vector sensor (UAVS). One of the technical
challenges in producing a similar UAVS is the small motion signal that must be sensed. The ocean background noise
level at 1kHz is only 75.9ng and a good sensor would aim to achieve a similar noise level.
We present an analysis of the acoustic boundary conditions for inertial UAVS. We investigated the effect of the
sensor‘s outward physical design on its receiving performance, particularly the directivity index of different sensor
housing shapes using an acoustic finite element model in ANSYS and the achievable noise performance of different
sensor masses. The optimal mass ratio for the best signal-to-noise ratio between the sensor housing and sensor proof
mass is shown and determined analytically. We conclude by suggesting design guidelines for inertial UAVS. This is a
first step towards our goal of using ambient sound as a means for navigation in the not-so-silent world of the ocean.
Keywords: otolith, inertial sensor, sound direction, acoustic vector sensor
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Innovative Solutions Inspired by Nature for Sustainable Development
Wan Doo Kim
Department of Nature-Inspired Nano-Convergence System, KIMM, Daejeon, Rep. of Korea
Corresponding author: wdkim@kimm.re.kr

Abstract
Although the wave of the fourth industrial revolution for the realization of the super-connective and super-intelligent society is
intensified, unilateral technological development and accelerated industrialization that do not consider the natural
environment of the earth accelerate the depletion of energy and resources, environmental destruction and climate
change.
It is time to develop a new paradigm of science and technology innovation system to develop into a sustainable future
society, to minimize impacts on the global ecosystem and to develop innovative growth industry.
Global problems such as climate change, lack of energy and resources, destruction of ecosystems, environmental
pollution (especially micro-plastics) and fine dusts are all over the earth's ecological capacity. It was in the early 1970s
that consumption exceeded the earth's ecological capacity for the first time. EOD(earth overshoot day) was pulled a
little bit each year and became August 1, 2018.
In this presentation, it will be introduced the nature-inspired innovative technology that can solve the difficulties of
science and technology, inspired by the virtuous cycle mechanism of natural ecosystem.
Keywords: „nature-inspired technology‟ „sustainable development‟ „EOD(earth overshoot day)‟ „natural ecosystem‟
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Interfacial Strategies for Smart Slippery Surfaces
Glen McHale
Smart Materials & Surfaces Laboratory, Faculty of Engineering and Environment, Northumbria University, Newcastle upon
Tyne, NE1 8ST, UK
Correspondence: glen.mchale@northumbria.ac.uk

Abstract
The problem of contact line pinning on surfaces is pervasive and contributes to problems from ring stains to ice
formation. Here, five strategies for modifying the solid-liquid interface to remove pinning and increase droplet
mobility are discussed. Three biomimetic strategies are described, i) reducing the liquid-solid interfacial area inspired
by the Lotus effect, ii) converting the liquid-solid contact to a solid-solid contact by the formation of a liquid marble
inspired by how galling aphids remove honeydew, and iii) converting the liquid-solid interface to a liquid-lubricant
contact by the use of an lubricant impregnated surface inspired by the Nepenthes Pitcher plant. Two further strategies
described are, iv) converting the liquid-solid contact to a liquid-vapor contact by using the Leidenfrost effect, and v)
converting the contact to a liquid-liquid like contact using slippery omniphobic covalent attachment of a liquid-like
coating (SOCAL). Using these approaches, it is explained how surfaces can be designed to have smart functionality
whilst retaining the mobility of contact lines and droplets. Furthermore, it is shown how droplets can evaporate at
constant contact angle, be positioned using a Cheerios effect, transported by boundary reconfiguration in an energy
invariant manner, and drive the rotation of solid components in a Leidenfrost heat engine.
Keywords: Superhydrophobicity, SLIPS, Liquid Marbles, Leidenfrost, SOCAL
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Bio-inspired approaches to realize practically functional surfaces
Atsushi Hozumi
National Institute of Advanced Industrial Science and Technology (AIST)
2266-98, Anagahora, Shimoshidami, Nagoya 463-8560, Japan
Corresponding author: Atsushi Hozumi (e-mail address：a.hozumi@aist.go.jp)

Abstract
The formation of functional surfaces, such as those possessing super-liquid-repellency or low friction/adhesion, has
generally relied on a combination of surface structures and low surface energy materials (typically long-chain
perfluorinated compounds, LPFCs). However, once these artificial surfaces are physically or chemically degraded,
they permanently lose their surface properties. In contrast, there are living creatures that can sustain their surface
properties through a continuous secretion of waxes or mucus (components that are composed mainly of ubiquitous
elements).
In this talk, I will introduce self-healable superhydrophobic surfaces based on ―syneresis (the release of liquids from
inner gel matrices to their outer surfaces)‖ of organogels. We created functional organogels, referred to as
―Self-Lubricating Gels (SLUGS)‖, through cross-linking two types of polydimethylsiloxane (PDMS) with a Pt
catalyst, and imbedding several organic guest fluids [1]. When compatibility between the low-surface-tension guest
fluids and the PDMS matrix drops below a critical point, the guest liquids begin to gradually leach to the outermost
SLUG surface. By taking advantage of the syneresis behavior of the reactive/unreactive guest fluids, we can
successfully achieve dynamic/durable superhydrophobic surfaces which show comparable or superior properties to
living surfaces. For example, our sample surfaces exhibited excellent self-healing properties against long-term
irradiation of 172 nm vacuum UV (VUV) light/plasma and mechanical damage [1,2]. The oxidized/damaged surfaces
could be completely healed after heating or being left in air for several hours, leading to the regeneration of
superhydrophobicity.
Keywords: Superhydrophobicity, bio-inspired, self-assembly, self-healing
References
[1]C. Urata, G. Dunderdale, M. England, A. Hozumi, J. Mater. Chem. A, 3, 12626−12630 (2015).
[2]L. Wang, C. Urata, T. Sato, M. W. England, A. Hozumi, Langmuir, 33, 9972−9978 (2017).
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Functional morphology of animal attachment devices
Stanislav N. Gorb
Department of Functional Morphology and Biomechanics, Zoological Institute, Kiel University, Kiel, Germany
E-mail: sgorb@zoologie.uni-kiel.de

Abstract
For attachment during locomotion, smooth and setose (hairy) adhesive pads located on different leg parts (claws,
pretarsus, tarsomeres, tibia etc.) have been evolved several times independently in animal evolution. Some of these
attachment structures have been studied already in Hooke's Micrographia (1665), but their functional mechanisms
based on the interplay between the ultrastructure, material properties and physical interactions remained unresolved
until recently. The reason for this is that such functional morphology research requires approaches of several
disciplines: zoology, structural biology, biomechanics, physics, and materials science. In addition to the use of a wide
variety of microscopy techniques, we established a set of experimental techniques that allows obtaining information
about adhesive and frictional properties as well as local and global mechanical properties of materials of attachment
devices, in order to understand physical mechanisms behind these biological structures.
In my presentation, I will discuss the attachment structures, their surfaces and materials as well as their physical
properties and show how they together contribute to the function. Conceptually, it is a trial to make a kind of
"dissection" of the functional system at different levels of its morphological organization linked to specific properties.
In order to show different functional principles, we experimentally tested many different locomotory attachment
devices and tried to outline general rules of the interrelationship between their structure and function. Since these
broad comparative studies include a wide variety of organisms, some questions about the evolution of these systems
could be resolved. The results obtained from applying this approach are useful for high-tech areas, such as micro- and
nanotechnology as well as for bionics (biomimetics) of novel surface-active and composite materials.
Keywords: adhesion, friction, surface, microstructure, locomotion, biomimetics
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Bioinspired Dynamic Material Systems for Sensing, Harvesting, and
Robotics
Ximin He
Department of Materials Science and Engineering, University of California Los Angeles, California, 90095 USA
Corresponding author: Ximin He (ximinhe@ucla.edu)

Abstract
Living organisms cooperatively sense to adapt to or self-regulate the local environment, and can also harvest energy
from the environment to keep alive and perform various functionalities. These graceful capabilities arise from the
chemo-mechanical actions that transform the molecular configuration changes to micro/macroscopic mechanical
motions, in response to environmental cues. Inspired by these unique adaptive abilities, we have developed a series of
adaptive material systems, based on stimuli-responsive hydrogels capable of adaptively reconfiguration, including
1) ultrasensitive optical sensing and autonomous chemo-mechanical sorting of chemical and biological species, 2)
adaptive light tracking and harvesting and 3) autonomous soft robotics capable of motion self-sensing and locomotion.
First, inspired by living organism‘s environment-adaptive coloration, we created a universal adaptive color platform
based on a hydrogel interferometer [1-3]. Such interference colors provide a visual and quantifiable means of revealing
rich environmental metrics, serving as chemical and biological sensors with high-accuracy quantitative detection with
smartphone-based colorimetric analysis capability. Based on this platform, we further realized fully autonomous
separation of target molecules from a mixture fluid such as wastewater or biofluid [4]. Second, we successfully
engineered biological ―phototropism‖ into adaptively reconfigurable materials that can autonomously detect and track
incident light precisely in arbitrary and constantly varying directions, without external power supply or human
intervention, which significantly enhanced the solar energy harvesting [5]. Third, we have achieved biological
―phototaxis‖ and soft robots with capability of both motion sensing and remotely controlled actuation with functional
hydrogels. Overall, the environment-adaptive, dynamic material systems would have transformative impacts in areas
ranging from a low-coat high-throughput point-of-care diagnostic tool of diseased indicators in vapor or solution to
smart devices that regulate energy usage.
Keywords: hydrogel, sensing, actuation, adaptive, dynamic
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How can we get more commercial interest biomimetics
Julian Vincent
LabCott Associates, United Kingdom
Corresponding author: Julian Vincent (julianfvvincent@gmail.com)

Abstract
[This abstract is conditional since the research project is hardly started!]
Following a survey of people in industry with an interest in biomimetics, the following barriers to adoption of
biomimetics were identified:
• relatively few problem-driven examples so far
• over-selling of biomimetics as a panacea
• lack of skill in biology
• lack of skill in translating concepts from one discipline to another
• lack of business acumen by practitioners of biomimetics.
A Special Interest Group (SIG) has been set up within the Design Society with strong links to the ISBE. Currently the
SIG has some 40 members. It is too early to quote results, but we shall have had several meetings before ICBE2019
and hope to have published 2 or 3 reports which will be presented and summarised for ICBE2019.
Keywords: Biomimetics; Design; Special Interest Group; Commercialisation; Over-selling; Skill-sets; Translation of
concepts
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Closed-loop Control Using High Power Hexapole Magnetic Tweezer
System for 3D Micromanipulation
Xiao Zhang, Louis W. Rogowski, Minjun Kim*
Department of Mechanical Engineering, Southern Methodist University, Dallas, TX 75275, U.S.A.
Correspondence: Min Jun Kim (mjkim@lyle.smu.edu)

Abstract
This paper presents the design, modeling, integration, and application of a 3D printed high power hexapole magnetic
tweezer system for 3D micromanipulation applications. Six sharp-tipped magnetic poles were configured with
electromagnetic coils and mounted on 3D printed magnetic yokes to form a tilted Cartesian coordinate system for
actuation. A closed loop control algorithm was developed to automatically manipulate external power supplies
connected to a magnetic tweezer system, by using 3D positional information obtained from real-time image
processing techniques. When compared against other magnetic tweezer designs, this system has a larger working
space, and can generate higher magnetic field strengths; this allows for more diverse applications regarding small
scale manipulation, such as cell manipulation and cell therapy. Experiments and analytics performed in this paper
demonstrate the closed-loop manipulation of microswimmers can provide a magnetic force as high as 800 pN while
maintaining a positional error below 4 μm in 3D and 1.6 μm in 2D. Using the desired location as the control input,
the microswimmers investigated were able to achieve arbitrary 2D and 3D trajectories. We also show that the
implemented hexapole magnetic tweezer has adequate power to control microswimmers in Newtonian fluid
environments. The system will later be optimized and deployed to control microswimmers in non-Newtonian fluid
environments.
Keywords: Magnetic Tweezer System, Micromanipulation, Magnetic Gradient Control, 3D Motion Control,
Microswimmers.
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Bioinspiration of Bio-inspired Flight Systems in Micro Aerial Vehicles
Hao Liu
Chiba University, Japan
E-mail: hliu@faculty.chiba-u.jp

Abstract
Insect and bird size drones – micro air vehicles (MAV) that can perform autonomous flight in natural and man-made
environment and hence suitable for environmental monitoring, surveillance, and assessment of hostile situations are
now an active and well-integrated research area. Biological flapping-flight system design that has been validated
through a long period of natural selection offers an alternative paradigm that can be scaled down in size, but normally
brings low-speed aerodynamics and flight control challenges in achieving autonomous flight. Thus biomimetics in
bioinspired flight systems is expected to be capable of providing with novel mechanisms and breakthrough
technologies to dominate the future of MAVs. Flying insects that power and control flight by flapping wings perform
excellent flight stability and maneuverability while steering and maneuvering by rapidly and continuously varying
their wing kinematics. Flapping wing propulsion, inspired by insects, birds and bats, possesses potential of high
lift-generating capability under low-speed flight conditions and may provide an innovative solution to the dilemma of
small autonomous MAVs. In this presentation, with a specific focus on robustness strategies and intelligence in insect
and bird flights in terms of morphology, dynamics and flight control, we present the state of the art of flying
biomechanics in terms of flapping wing aerodynamics, flexible wing and wing-hinge dynamics, passive and active
mechanisms in stabilization and control, as well as flapping flight in unsteady environments. We further highlight
recent advances in biomimetics of insect-inspired flapping MAVs in concern with wing design and fabrication.
References:
H. Liu, S. Ravi, D. Kolomenskiy, H. Tanaka. Biomechanics and biomimetics in insect-inspired flight systems.
Philosophical Transactions of the Royal Society B 371, dx.doi.org/10.1098/rstb.2015. 0390. 2016.
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Strong biomechanical fixation of osteochondral scaffold enhanced
cartilage healthy formation
Maryam Tamaddon, Chaozong Liu*
Institute of Orthopaedic Musculoskeletal Science, University College London, Royal National Orthopaedic Hospital, Stanmore,
London HA7 4LP, UK

Abstract
The treatment of osteochondral lesions has become a major concern in Orthopaedics because predominantly these
defects do not heal spontaneously which make the joints susceptible to ―early onset‖ secondary osteoarthritis [1].
Tissue engineering approaches have emerged for the repair of cartilage defects and damages to the subchondral bones
and have shown potential in restoring joint‘s function. However, tissue engineering scaffolds often fail to satisfactorily
regenerate the bone and the native hyaline cartilage and result in the formation of inferior (in terms of mechanical
properties) fibrocartilage [2], affecting the durability of the regenerated tissue. We have developed a functionally
graded multi-layered scaffold to address large osteochondral defects, with focus on improving bone ingrowth and
cartilage quality. This study investigated the efficacy of this scaffold in vivo following implantation in sheep knee.
The scaffold was fabricated using a combination of additive manufacturing and freeze-drying/critical drying
techniques. Three layers of Ti matrix, PLA and collagen-PLGA were created to mimic subchondral bone, calcified
cartilage and cartilage in native tissue, respectively. Multi-layered collagen/hydroxyapatite scaffolds were used as
control. Ten sheep were operated on and either the scaffold (n=6) or the control (n=4) was implanted in the left medial
condyle. The tissue was retrieved 12 weeks post-operation. Bone ingrowth into the titanium matrix and quality of the
cartilage was assessed macroscopically, histologically and with the use of uCT.
It was observed that gross morphological appearance of regenerated cartilage was superior in osteochondral scaffold
group compared to the control group. Collagen 2 and Safranin-O stainings confirmed formation of a hyaline-like
cartilage. The pQCT examination revealed that the BV/TV ratio in the surrounding subchondral bone was
significantly higher (p=0.01) in the osteochondral scaffold group (~40%) than that in the control group (~15%). The
bone-scaffold contact analysis revealed the bone-implant contact achieved 61%. It is believed that the new bone
growth into the Ti matrix at bone section provided a stable mechanical fixation providing a strong support to the
overlying cartilage layer leading to an improved cartilage formation.
References:
Bentley, G., et al., Repair of osteochondral defects in joints - how to achieve success. Injury, 2013. 44(S1): p. S3-S10.
Christensen, B.B., et al., Poor osteochondral repair by a biomimetic collagen scaffold: 1- to 3-year clinical and
radiological follow-up. Knee surgery, sports traumatology, arthroscopy, 2015: p. 1-8.
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Revisit to wing corrugation for enhancing aerodynamic performance of a
tailless flapping-wing MAV(KUBeetle)
Thanh Tien Dao, Thi Kim Loan Au, Hoon Cheol Park*
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Abstract
We have been developing a tailless flapping-wing micro air vehicle (FW-MAV) called KUBeetle, mimicking flight of
a rhinoceros beetle. The wings of KUBeetle, which are made of thin film reinforced with thin carbon rods, create
passive wing camber and twist during flapping motion. The wing surface is basically smooth unlike real beetle or
insect wings where wing corrugation exits due to presence of vein structures. The thrust-to-power ratio of the
KUBeetle is ranging from 4 to 6 depending on flight condition, which is much lower than the ratios of real insects. In
this work, as an effort to improve the thrust-to-power ratio through implementing corrugation into the KUBeetle wings,
effect of wing corrugation pattern on change in lift and drag coefficients is investigated by using two- dimensional
computational fluid dynamics (CFD). ANSYS-Fluent is utilized for the CFD for Reynolds numbers of 10 3 and 104,
since Reynolds number of the KUBeetle wing reaches 8x104 at about 80% wing span. For Reynolds number of 103, we
have found that a corrugated wing section following outer contour of NACA0006 demonstrates improvement in lift
coefficient and lift-to-drag ratio for lower angle of attacks (AOA) less than 10 o. For a higher AOA of 25o, mean lift
coefficient increases to about 1.75, while that of NACA0006 remains about 1.35. However, drag also increases
making lift-to-drag ratio of the corrugated wing similar to that of NACA0006. We are now comparing the corrugated
wing with flat thin plate wing and thin cambered plate wings to see if we can find a corrugated wing that outperforms
the others for Reynolds numbers of 103 and 104. An aerodynamically outperforming corrugated wing is expected to
enhance thrust-to-power ratio making bending stiffness high and keeping lightweight feature as well to minimize
power spent to overcome inertial force at stroke reversals.
Keywords: insect flight, flapping-wing, corrugated wing, aerodynamics, lift coefficient, drag coefficient
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The spine: a strong, stable and flexible structure with biomimetics
potential
Fabio Galbusera, Tito Bassani
Laboratory of Biological Structures Mechanics, IRCCS Istituto Ortopedico Galeazzi, Milan, Italy
*Corresponding author: Fabio Galbusera (fabio.galbusera@grupposandonato.it)

Abstract
From its first appearance as local densifications of the notochord or rudimentary vertebrae in early vertebrates, the
spine had the main function of protecting the spinal cord from traumas, avoiding excessive straining during body
motion. Its stiffness and strength provided the basis for the development of the axial skeleton as the mechanical
support of later animals, especially those which moved to the terrestrial environment where gravity loads are not
alleviated by a buoyant force. In tetrapods, the functions of the spine can be thus summarized as follows: protecting the
spinal cord, avoiding its excessive straining; support the weight of the body, transmitting it to the ground through the
limbs; allowing the motion of the trunk, through to its flexibility; providing robust origins and insertions to the
muscles of trunk and limbs. This narrative review provides a brief perspective on the development of the spine in
vertebrates, first from an evolutionary and then from an embryological point of view. The paper describes the spinal
functions and shape throughout the whole history of the evolution of vertebrates and embryos, from primordial jawless
fish to extant animals such as birds and humans, highlighting its fundamental features such as strength, stability, and
flexibility which gives it huge potential as a basis for bio-inspired technologies.
Keywords: spine; vertebrates; lordosis; energy consumption; flexibility; stability
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The genius of insect architecture: lessons from mound-building termites
Sreekrishna Varma Raja, Sree Subha Ramaswamy, Sanjay P. Sane*
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Abstract
Engineering is not the sole purview of human beings. Even a cursory look at our backyard reveals a staggering variety
of structures built by insects. These structures are aesthetically beautiful, structurally robust, and they are also
functionally well-adapted to the task of serving as nests which often house millions of individuals, incubate their
brood, ventilate the inner environment, and protect them from external elements including diseases and predators.
These structures emerge from the coordinated activity of several individuals, or sometimes even solitary individuals.
Like human-built structures, they require tremendous coordination, constant maintenance, and rapid responses to
environmental changes. How do insects build and maintain these structures? How do they recognise and repair any
damage to these structures? What sensory cues guide them in these tasks? And finally, what lessons can we learn from
these marvellous structures about energy-efficient, waste-free civil engineering? We addressed these questions by
studying the collective mound building in termites. These tiny insects, although lacking eyes, can sense breaches in
their mound and rapidly repair them. Our experiments further show that termites communicate with each other using
pheromones that signal the site of building, and their movements within the mound are regulated to ensure that there is
no crowding or traffic-jams. These studies provide fascinating insights into both the structural as well as process
aspects of engineering principles in insects.
Keywords: insect architecture, mound building, termites, pheromones, self-organized traffic, chemical
communication
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Interfacial Dynamic Behaviour on Bioinspired Micro-nano Hierarchical
Surface
Huawei Chen*, Liwen Zhang, Pengfei Zhang, Tong Ran
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Abstract
With high speed development of micro-nano-characterization and micro-nano fabrication, a variety of novel
hierarchical structures and surface function have been found in the duration of the natural cognition recently.
Fortunately, creative inspiration can be gotten from nature and it is an effective way to solve the problems encountered
in various fields such as medical engineering, mechanical engineering and so on. In order to overcome these
problems such as anti-icing of aircraft and anti-slipping of medical device, systematical characterization on unique
natural biological wet surface (tree frog, Nepenthes peristome) were conducted. Their micro-scale surface structure
and underlying functional mechanisms were investigated to make clear the relationship between micro-nano
hierarchical surface structure and the behaviour of interfacial liquid film. Novel phenomena of continuous
directional liquid spreading, ultrafast liquid transport and uniform liquid spreading were discovered on specific
micro-nano hierarchical surface. These novel interfacial liquid adjusting mechanisms were validated to have great
impact on unique surface function such as the wet-slipping and anti-slipping. Moreover, the theoretical models were
built for these unique interfacial liquid behaviour and the design principle of bio-inspired anti-slipping and slippery
surface were proposed. On basis of surface function mechanism of natural biological surface, we developed
anti-icing coating for airplane and bio-inspired medical device for precision medicine, whose efficiency were also
validated in practical applications.
Reference
[1] Nature, 2016, 532:85-89.
[2] Nature Materials,2018, 17:935-942.
[3] Small, 2017, 13, 1601676.
[4] ACS Appl. Mater. Interfaces, 2017, 9, 5645.
Keywords: Bioinspired surface; Dynamic behaviour; Functional Mechanism; Micro-nano Fabrication; Anti-slipping;
Anti-icing
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order-structure engineering
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Abstract
Adaptive gel materials can greatly change shape and volume in response to diverse stimuli, and thus have attracted
considerable attention due to their promising applications in soft robots, flexible electronics and sensors. In
biological soft tissues, the dynamic coexistence of opposing components (for example, hydrophilic and oleophilic
molecules, organic and inorganic species) is crucial to provide biological materials with complementary
functionalities (for example, elasticity, freezing tolerance and adaptivity). Taking inspiration from nature, we
developed a series of high mechanical performance soft active materials, so-called organohydrogels, based on
multiphase synergistic strategy. Traditional techniques such as post-polymerization modification, interpenetrating
network and controlled micro-phase separation are combined with binary complementary concept to design and
fabricate new organohydrogels with diverse topology of heteronetworks. Meanwhile, the synergistic effect of
heteronetworks provided the organohydrogels with unprecedented mechanical functions such as freeze-tolerance,
programmed high-strain shape memory and shaking insulation. Their applications in anti-biofouling, thin-film
fabrication, flexible electronics and actuators are also explored.
Keywords: organohydrogels, adaptive, high mechanical strength, freeze-tolerance, shape memory
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Bionic multi-functional slippery surfaces
Zhiguang Guo*
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*Corresponding author: zguo@licp.cas.cn (Guo)

Abstract
Inspired by natural surface like lotus leaf and pitcher, superhydrophobic and slippery lubricant-infused surfaces were
prepared by rich researches because of their repellence to liquids and wide applications in many fields. However, the
stability of their wettabilities for both surfaces is still a challenging issue, especially under harsh extreme conditions,
like strong acid/alkaline, high humidity. Here, we employed various methods to prepared many functional slippery
surfaces inspired by nature. These surfaces showed small sliding angles, and exhibited self- cleaning and anti-fouling
performance for more kinds of pollution than superhydrophobic surfaces, especially low surface energy liquids.
Furthermore, the slippery surfaces also exhibited better effect on delay of forming ice and removing defrosted droplet,
compared with superhydrophobic surfaces. This work exhibits the slippery surfaces may own a wider scale in
practical applications via utilizing its superior stable wettability.

Keywords: Bionic; Functional; Slippery; Superhydrophobic; Wettabiltiy
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Pushing the limit of droplet based energy generation
Zuankai Wang*
Department of Mechanical Engineering, City University of Hong Kong

Abstract
Manifested in a wide spectrum of forms and dynamics at various scales, hydrodynamic energy is one of the most
abundant, affordable and sustainable energy in the world. Along this vein, various technologies have been developed
to harvest hydrodynamic energy in the format of raindrop, river/ocean wave energy and others. So far, most of efforts
focusing on the rational design of special materials promoting the interfacial charge generation and transfer. However,
the output electric power density and efficiency are limited by the interfacial effect, which limits its practical
applications. Here we develop a transistor-like impinging droplet electricity generator, allowing for dramatically
boosting the power output performance compared to conventional designs. We anticipate that the innovation of the
new class of energy harvesting devices will provide an advanced framework for efficient energy harvesting and
enabling energy sustainability.
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Biomimetic on gecko locomotion: Understanding biology for better
design of gecko-mimicking robot
Zhendong Dai, Yi Song and Zhouyi Wang
Institute of Bio-inspired Structure and Surface Engineering, Nanjing University of Aeronautics and Astronautics,Nanjing,
210016,China
*Corresponding author: Zhendong Dai(Zddai@nuaa.edu.cn)

Abstract
Geckos have been studied for many years for their excellent moving abilities on various substrates. The paper reports
our studies on the gecko adhesive mechanism, attaching and detaching dynamics, artificial adhesive materials and
modification, gecko-inspired robot. Here we measured the contact/ tribo-electrifiction, results show that
contact/tribo-electric charge between toes of gecko and substrate greatly influence the adhesion between setae and
substrate. Our studies show that geckos prefer to detach from substrate by toe abduction, instand of peeling from
substrate. Vertically carbon-nanotube array increase the adhesive, space circumstance heavily decrease the adhesive
performance of polymer-based adhesive materials. We developed gecko-inspired robot and carried out experiments on
micro-gravity simulating status..
Keywords:Gecko, Locomotion, Biomimetic, tribo-electrification
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Interfacial Soft Matter for Bioinspired Lubrication
Feng Zhou*
State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou,
730000.
*Corresponding author: Feng Zhou (zhouf@licp.cas.cn)：website: http://www.licp.cas.cn/zfz/

Abstract
Research in my group focuses on developing functional wet & slippery soft matter materials over the past 10 years.
For most of natural surface/interface, the hydrophilic/wetted feature enables to obtain the low friction/resistance, for
example the natural articular cartilage (NAC). Meanwhile, extreme hydration originating from charged brush-liked
biomacromolecular chains at the surface of the cartilage is the key role responsible such low friction. Inspired from the
hydration lubrication mechanism of NAC, my research team develops a series of low-friction soft materials based on
the ―brushing up‖ strategy over the past 7-8 years. However, we find that extreme lubrication for brush-liked soft
matter is only available under very low interface contact pressure at micro-scale level, load-bearing and wear
resistance properties for these soft surfaces at macro level is commonly poor because of typical boundary lubrication
regime. In order to address these problems, we proposed a series of new concepts including soft/hard combination,
sub-surface initiated atom transfer radical polymerization (sSI-ATRP) and surface catalytically initiated radical
polymerization (SCIRP) to develop bio-inspired layered and gradient composite materials. These materials imitate the
hydration lubrication mechanism and basic energy dissipation route as NAC under dynamic shearing process, so they
exhibit good lubrication, load-bearing and anti-resistance properties. Recently, one kind of our layered composite
materials shows stably low COF (~0.02) under ~8 MPa interface contact pressure along with ultra-low surface wear
after 50000 cycles. Besides, we aim at developing a series of bio-inspired functional lubricants including ―hairy‖
particles and ―bottle-brushes‖ macromolecules. Finally, I will show how to turn some of our ideas to products.
Keywords: bioinspired, surface/interface, soft matter, lubrication, coatings.
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A bionic rainbow system to simulate squid iridocytes
Junyi Song, Wenjian Wu
National University of Defense Technology, Changsha, Hunan, China

Abstract
For centuries, man-kinds are fascinated by one kind of special animal: squids. They have unbelievable color-change
ability, which is far more outstanding than another master of disguise - chameleons. Squids manipulate light with three
kinds of cells: chromatophores, leucophores and iridocytes. The first group is highly dynamic, via the extension or
extraction of cells with different primary colors (red, brown or orange), the overall color of certain skin area can be
changed. While the leucophores is relatively static, which passively and indistinguishably diffuse all incident light.
Recently, ultra-anatomical observation shed light on how iridocytes can generate controllable and constructional
iridescence with a bragg lamellae system, consists with a protein family called reflectins, and cell membrane. In this
protein-membrane composition, reflectins‘ phosphorylation / dephosphorylation is speculated to provide a dynamic
force, which drives the movement of membrane and change interval between membranes, which finally achieves the
light intervene adjustment. Subsequently, substantial studies have been carried out on understanding the biochemical
properties of reflectin proteins. However, our group insists it is the synergistic effect of both protein and membrane
that regulate the iridescence: reflectins are bio-motors, while membrane provides a scaffold or working platform.
Based on this biology model, we developed a bionic system with only two simple components: reflectin and
lipidsomes (an artificial membrane system). We found that reflectin A1 can automatically anchored onto the
liposomes. Furthermore, with only two to three biochemistry steps, those reflectin molecules will accomplish
significant missions such as membrane fusion and tubulation. Thus, we are now able to establish a protein-membrane
system which is highly similar to the iridocytes bragg lamellae, in composition, structure and morphology. With
suitable regulation treatment and improvement, it is potential to build up a bionic iridocytes with high manipulability,
and generate controllable bionic rainbows (iridescence).
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Bioinspired wettability gradient surfaces: from design to control droplet
transport
Yongmei Zheng*
School of Chemistry, Beihang University, Beijing, 100191, China
*Corresponding author: Yongmei Zheng (Email: zhengym@buaa.edu.cn)

Abstract
Biological surfaces in nature (e.g., spider silk, cactus spine, beetle back, butterfly wing, lotus leaf, etc.) have inspired
us to design the functional materials and surfaces. Inspired by the structures of spider silk for directional water
collecting ability, a series of bioinspired gradient fibers has been designed by integrating fabrication methods and
technologies, e.g., dip-coating, Rayleigh instability break-droplets, electrospinning, and wet-assembly, etc., thus
roughness and curvature, gradient spindle-knots, star-shape wettable pattern, etc. for droplet transport and harvesting.
Inspired by cactus spines, the conical spines with periodic roughness or micro- and nanostructures can achieve the
high-efficiency condensed-droplet transport. Some dynamic gradient surfaces are also designed, e.g., photo-thermal
organogel surfaces for controlling of droplet transport in various routes via light radiation; Magnetic-induced
dynamic tilt-angle pillar array for driving of the droplet shedding-off in directions. The bioinspired gradient surfaces
can be further designed to exhibit robust transport and controlling of droplets. These bioinspired gradient surfaces
would be promising applications into anti-icing, liquid transport, anti-fogging/self-cleaning, water harvesting, etc.
Keywords: Water harvesting, Droplet transport; Anti-icing, Micro- and nanostructure
[1]Zheng. Y. ―Bioinspired wettability surfaces: Development in micro- and nanostructures,‖ Pan Stanford Publishing.
2015, 0-216.
[2]Zheng, Y. et al., ―Directional water collection on wetted spider silk,‖ Nature 2010, 463, 640-463.
[3]Xu, T. et al., High-efficiency fog collector: water unidirectional transport on heterogeneous rough conical wires.
ACS Nano 2016, 10, 10681-10688.
[4]C Gao, et al.,. Droplets Manipulated on Photothermal Organogel Surfaces. Adv. Funct. Mater. 2018, 1803072.
[5]Y. Lin, et al., Magnetically Induced Low Adhesive Direction of Nano/ Micropillar Arrays for Microdroplet
Transport. Adv. Funct. Mater. 2018, 1800163.
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Bionic Hydrogels for Controlled Drug Release
Xin Jin, Heng Li, Chengxiong Wei, Chengwei Wu, Wei Zhang*
State Key Laboratory of Structure Analysis for Industrial Equipment, Department of Engineering Mechanics, Dalian University
of Technology, Dalian 116024, China
*Corresponding author: Wei Zhang (wei. zhang@dlut.edu.cn)

Abstract
Inspired by the multilayer structure of onion, we successfully develop the multilayer hydrogel capsules for inhibiting
the burst release of drug by the ionotropic crosslinking method. Compared with monolayer hydrogel capsules, the
multilayer hydrogel capsules can largely homogenize the distribution of drug and suppress drug concentration
gradient between the outermost hydrogel layer and external environment, and the dense cuticular membranes can
restrict the migration and dissipation of drug. As such, a significant inhibition of the burst release of drug can be
achieved. Moreover, the bionic multilayer hydrogel capsules also demonstrate pH sensitive drug release behavior and
good adhesion to cancer cell. This novel hydrogels have the potential for the applications in drug delivery system.
Keywords: bionic, onion, hydrogel, drug release
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Adhesion Control based on Peel Zone Model
Yu Tian1, Noshir S. Pesika2, Dashuai Tao1, Zheyu Liu1, Lvzhou Li1
1

Department of Mechanical Engineering, Tsinghua University，100084，Beijing, China
2
Department of Chemical Engineering, University of California, 70118, LA, USA

Abstract
Numerous revolutionary engineering designs were derived from nature, and bionic adhesion is a comprehensive study
inspired by the ability of gecko to fly away. We analyzed the gecko's movement, and the mechanism of the conversion
between strong adhesion/easy desorption is due to the involving/rolling out movement of its palm. A Peel zone model
suitable for most stripping scenes such as gecko seta and tape was proposed. In this theory, we realized the switching
control of adhesive friction by switching the direction of forward and reverse movement based on the surface of bionic
gecko such as mushroom shape and wedge surface shape. Based on the meshing state of the symmetrical
wedge-shaped textured surface, the normal adhesion was controlled by the angle control. Based on the jamming effect
of the particulate matter, the control of the normal adhesion was achieved by adjusting the back stiffness of the
adhesive layer. Adhesion control can effectively help to achieve functions such as climbing and grabbing. It can be
applied to special environments such as low temperature and vacuum, which can help reduce industrial costs, improve
work efficiency, and expand work areas.
Keywords: Controllable adhesion, peel zone, bionic adhesion, anisotropy, variable stiffness.
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Multiscale toughening and stiffening mechanisms of biological materials
Xiqiao Feng
Professor of Solid Mechanics and Biomechanics, Tsinghua University, Beijing, 100062 China

Abstract
Most biological materials take the strategy of hierarchical structures to achieve their superior mechanical properties
and biological functions. In this talk, the effects of hierarchical structures are discussed on the strength and toughness
of biological composites. Firstly, some important toughening and stiffening mechanisms in biological materials are
briefly presented, e.g., multiscale energy dissipation, interfacial toughening, and chiral microstructures. Some
guidelines for the biomimetic design of novel materials are proposed. Secondly, a microstructure-based fracture
mechanics model of nacre is proposed to investigate the toughening effect due to the crack-bridging mechanism of
platelets. Our theoretical analysis demonstrates the crucial contribution of this mechanism to the high toughness of
nacre. It is found that the sizes of platelets should be in an optimized range to achieve higher fracture toughness.
Thirdly, the structures and mechanical properties of silkworm cocoons and silks, Bombyx mori, are studied at the
macro-, meso-, and nano scales. A facile approach is introduced to extract protein nanofibers from natural materials,
e.g., spider and silkworm silks. Potential applications of the results in such fields as medical engineering are briefly
discussed.
Keywords: Fracture mechanics; Multiscale structure; Mechanical property; Crack

38

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: K31

Bio-inspired Cable-driven Robotic Arms
Guilin Yang
Professor and Deputy President, Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences,
China
Director, Zhejiang Key Lab of Robotics and Intelligent Manufacturing Equipment Technology, China

Abstract
A bio-inspired Cable-Driven Robotic Arm (CDRA) possesses a number of advantages over the conventional robotic
arms, such as lightweight mechanical structures, high payload to weight ratios, and most importantly, safe
manipulation in the human environment. As such, a bio-inspired CDRA can be employed for not only industrial
applications but also social services. To simplify the development efforts of CDRAs, a modular design approach has
been employed. Several types of cable-driven joint modules have been designed so that a variety of modular CDRA
configurations can be constructed to cater for different application requirements. However, due to the unilateral
driving property of cables, the existing modeling and design methods developed for conventional robotic arms are not
readily applicable for CDRAs. In this talk, the critical design analysis issues pertaining to the modular CDRAs, such as
the cable-routing schemes, kinematic analysis, force-closure analysis, stiffness regulation, tension distribution, and
design optimization issues will be presented. Future research directions towards flexible and continuum CDRAs will
be discussed.
About the Speaker: Dr Guilin Yang received his B. Eng degree and M. Eng degree from Jilin University, China, in
1985 and 1988 respectively, and Ph.D. degree from Nanyang Technological University in 1999, all in Mechanical
Engineering. He had been with the Singapore Institute of Manufacturing Technology (SIMTech), Singapore, as a
senior scientist and the manager of the Mechatronics Group. He joined the Ningbo Institute of Materials Technology
and Engineering (CNITECH), Chinese Academy of Sciences, in 2013. He is currently the deputy president of
CNITECH and the director of Zhejiang Key Lab of Robotics and Intelligent Manufacturing Equipment Technology.
His research interests cover a broad area of robotics and automation such as precision electromagnetic actuators,
compliant mechanisms, parallel-kinematics machines, cable-driven robots, modular robots, and robotic automation
systems. He has published over 270 technical papers in referred journals and conference proceedings, authored 3
books, and filed 50 patents. He was a recipient of 2014 R&D 100 Awards.
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Bioinspired Multi-Scale Pores and Channels
Xu Hou
College of Chemistry and Chemical Engineering, State Key Laboratory of Physical Chemistry of Solid Surfaces, Collaborative
Innovation Center of Chemistry for Energy Materials, Xiamen University, Xiamen 361005, China
Corresponding author: Xu Hou (houx@xmu.edu.cn)

Abstract
Nature provides a huge range of biological materials with various smart functions over millions of years of evolution
and serves as a big source of bio-inspiration for biomimetic materials. Ion channels existed in living organisms play a
significant role in maintaining balanced physiological conditions and serve as ―smart‖ gates to ensure selective ionic
transport. Inspired by ion channels, various smart artificial nanochannel systems have been developed. Pore and
channels are everywhere on different scales, ranging from biological ion channels to large oil pipelines. In the past,
multiscale pores and channels systems have been intensively explored and contributed to new developments in
materials science, membrane science and technology, or micro/nanotechnology for analytical, biomedical, and energy
applications. Stimulated by the achievements and the even larger potential of multiscale pores and channels systems,
increasing research activities are devoted to important aspects such as energy saving, anti-fouling, anti- corrosion, and
anti-blocking functionalities, switch ability and controllability integration of various functionalities, and good stability
in such confined space. Our research mainly focuses on bioinspired and smart multiscale pore/channel systems,
especially building bio-inspired liquid-based gating systems for bringing a new generation of design ideas of
membrane separation technology; and bio-inspired stimuli responsive micro/nanochannel systems for biomedical
applications.
Recent Publications:
1. X. Hou* et al. Angew. Chem. Int. Ed. 2019, DOI: 10.1002/anie.201814752. 2. X. Hou* et al. Adv. Mater. 2019,
1805130.
3. X. Hou* et al. ACS Nano 2018, 12 (2), 908-911.
4. X. Hou* et al. Nat. Commun. 2018, 9 (1), 733.
5. X. Hou* et al. Sci. Adv. 2018, 4 (2), eaao6724.
6. X. Hou* et al. Nano Today 2018, 20, 84-100.
7. X. Hou et al. Nat. Rev. Mater. 2017, 2, 17016. 8. X. Hou* Adv. Mater. 2016, 28, 7049-7064.
9. X. Hou* et al. CRC Press USA (Book, 2016, ISBN: 978-1-4987-2248-3).
10. X. Hou et al. Nature 2015, 519 (7541), 70-7.
Keywords: Bio-inspired design; Smart materials; Multi-scale pores and channels; Liquid- gating system; Wettability.

40

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: K33

Bioinspired structured adhesion
Longjian Xue*, Yifeng Lei
School of Power and Mechanical Engineering, The Institute of Technological Science, Wuhan University, South Donghu Road 8,
430072, Wuhan, China
*Corresponding author: Longjian Xue (xuelongjian@whu.edu.cn)

Abstract
In order to survive in nature, organisms have evolved special abilities to adapt to their living environment. For instance,
the adhesion ability of gecko on almost any surface makes it quite easy to hunt for its food. Interestingly, geckos and
also several other animal groups, like insects, arachnids and tree frogs primarily use reversible adhesion for their
locomotion. Comparative studies of the adhesive toe pads of these animals have revealed two kinds of microstructures:
fibrils and smooth pad. Both structures can be considered as array of pillars, which greatly reduces the apparent
Young's modulus of the animal's adhesive toe pad and are conducive to the formation of effective contact and
therefore the adhesion on various surfaces.
Inspired by this fact, a variety of surface patterns based on the pillar-like geometry have been developed. The
structured surfaces show greatly enhanced normal adhesions as compared to their smooth controls. Moreover, the
adhesion can be further regulated by tuning material properties, aspect ratio and tip geometry of pillars. It remains
challenging to form reliable adhesion on surfaces with unpredictable roughness, cleanness, wettability and dryness.
The progress in solving these problems will pave the way to the full application of bio-inspired structured adhesives in
daily life, industry, and so on.
Keywords: adhesion, gecko, bioinspiration, effective elastic modulus
References:
(1) Lars Heepe, Longjian Xue, Stanislav Gorb. Bio-Inspired Structured Adhesives, Springer,
2017.
(2) Longjian Xue, et al. ACS Nano, 2017, 11 (10), 9711–9719.
(3) Xin Wang, et al. Biomimetics, 2017, 2, 10.
(4) Longjian Xue, et al. Nat. Commun. 2015, 6, 6621.
(5) Jagoba Iturri, et al. Adv. Funct. Mater. 2015, 25 (10), 1499–1505.
(6) Longjian Xue, et al. Langmuir 2012, 28, 10781−10788.
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On-off switchable behaviours for controllable manipulation via oil drive
and droplet collection on structured biomimetic surfaces
Yan Liu
Key Laboratory of Bionic Engineering (Ministry of Education), Jilin University, Changchun 130022, P.R. China

Abstract
Soft actuators possessing the ability to capture, transport, and be manipulated, has applications in diverse fields.
However, facile preparation, rapid actuating, and versatile actions are great challenges in exploring new kinds of soft
actuators. In this paper, we presented a facile method to prepare Janus bilayer actuators driven by absorbing oil
integrating laser etching and mechanical cutting. This laser etching technic is employed for both rough structures
and surface modification, thus, the Janus bilayer film including superhydrophobic and hydrophobic layers was
fabricated successfully. By cutting the functional layer at the desired position or by designing various structures,
numbers of typical oil-driven soft devices are demonstrated. Furthermore, Janus bilayer actuators with different
wettability surfaces exhibited different swelling behaviors, and different media showed different surface extension,
thus acting as promising candidates for soft actuators, which also realize the on-off switchable ability between
oil/water mixture and ethanol. This study offers a novel insight into the design of soft actuators, which may be
helpful in developing an oil-driven soft actuator that can be operated as a human finger to manipulate any objects,
and extend the stimuli-responsive applications for soft robotics.
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Bio-inspired design for metal-air batteries and proton exchange
membrane fuel cell
Zhenning Liu
Key Laboratory of Bionic Engineering (Ministry of Education), College of Biological and Agricultural Engineering, Jilin
University, Changchun, 130022, P. R. China
Corresponding author: Zhenning Liu (liu_zhenning@jlu.edu.cn)

Abstract
Metal-air batteries and proton exchange membrane fuel cell (PEMFC) are two important apparatuses of future energy
strategy. We have presented our work on bio-inspired oxygen reduction catalysts for these energy conversion devices
at the previous conference of ICBE2016. Recently, we have envisioned that the multi-channel structure of wood,
which enables efficient water and nutrient transport from the root to the top branches of plants, can be adopted in the
preparation of air-cathode for metal-air batteries to enhance mass transport and thus power output. Herein, a
multi-channeled air-cathode mimicking natural wood has been fabricated for high-performance Zn-air batteries via
3D-printing. The 3D-printed biomimetic cathode delivers a continuous supply of oxygen from the air to the internal
sites within the cathode matrix, forming massive tri-phase boundary regions that favor oxygen reduction reaction.
Moreover, the metal-based framework can afford good conductance, which results in an enhanced battery
performance in synergy with the multi-channel structure.
Meanwhile, we have also used bionic approaches to tackle the challenges in designing bipolar plate of PEMFC. A
macro-scale bipolar plate flow field based on the macroscopic network of corn veins has been designed to achieve
reasonable distribution of reaction gas and small pressure drop. A micro-scale flow field inspired by the
microstructure on the peristome surface of Nepenthes alata has been designed to enable automatic discharge of
reaction water within the main channel of bipolar plates. An enhanced voltage output has been shown for these
PEMFC with bionic bipolar plates by a numerical investigation.
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Bionic modification to improve soil scouring, stubble handing and
herbicide incorporation of disc seeders
Rashid Qaisrani1* and Jianqiao Li2
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*Corresponding author: Rashid Qaisrani (Rashid.Qaisrani@agricuture.gov.au)

2

Abstract
Australian farmers interests in disc seeders increased due to their ability to operate at higher speeds (up to 20 km/h)
and sow at narrower row spacing under high crop residue environment (Ashworth et al., 2010). This allows for
improved timeliness, leading to more uniform crop maturity and increased crop competition against weeds.
Successful operation is greatly dependant on the disc design, operating environment and soil conditions at the
critical time of sowing. For example, wet soil conditions coupled with inappropriate design such as low clearance
between various components and inefficient scraper designs may cause many disc systems to fail in wet heavy clay
soils. Disc seeders have ability to cut through heavy stubbles in no-till and stubble retention situation. However,
their ability to incorporate herbicides is limited due to low soil disturbance. Australian grain growers are divided
over the use of disc or tine sowing technologies under various soil types, sowing conditions, farming systems, crop
rotations and stubble retention. Grain Research and Development Corporation (GRDC) held a number of farmers
meeting to raise these issues with farmers. As an outcome of these meetings, the GRDC funded a range of research
projects aimed at assessing the pros and cons of disc seeding technology in Australian context. The research
undertaken in Australia showed very promising result for improving soil scoring and herbicide incorporation
abilities of disc seeders through bionic modification.
Keywords: adhesion, energy; bionic; unsmoothed; draft
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Application of Finite Element Analysis in Modeling of Bionic
Harrowing Discs
Benard Chirende1, Jianqiao Li2
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Abstract
Ansys software was used to carry out three-dimensional Finite Element Analysis (FEA) for biomimetic design of
harrowing discs based on the body surface morphology of a dung beetle (Dicranocara deschodt) which has
non-smooth units such as convex domes and concave hollows. The main objective was to find out the effects of
different biomimetic designs on reducing soil resistance hence the horizontal force acting on the harrowing disc during
soil deformation was determined. In this FEA, soil deformation was based on the Drucker - Prager elastic-perfectly
plastic model which was applied only at the lowest disc harrowing speed of 4.4 km/h. The material non- linearity of
soil was addressed using an incremental technique and inside each step, the Newton-Raphson iteration method was
utilized. The model results were analyzed and then summation of horizontal forces acting on the soil-disc interface was
also done. An experiment was then conducted in an indoor soil bin to validate the FEA results. The FEA results are in
agreement with those of the indoor experiment with a difference of less than or equal to 10 %, but there was tendency
to underestimate the experimental results. Overally, convex bionic units gave the highest resistance reduction of 19.5 %
from 1526.87 N to 1228.38 N compared to concave bionic units..
Keywords: finite element analysis, biomimetics, non-smooth surface, soil forces, harrowing
disc, tillage.

45

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: K38

Artificial Leaf Device for Reduction of Atmospheric Carbon Dioxide
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Agricultural Robotics and Automation Research Center, Chonnam National University, Gwangju, 61186, Korea
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Abstract
In front of environmental degradation and global warming, considerable efforts for reducing the concentration of
atmospheric carbon dioxide (CO2) have been made. However, many physical and chemical trials showed low
efficiency, high cost, and limited application. Considering plants remove atmospheric CO2 by replacing it with oxygen
(O2), in this study we developed artificial leaf device based on plant biomimetic architecture to reduce CO 2
concentration. The artificial leaf device was fabricated by micromachining and polydimethylsiloxane (PDMS) casting
process. The plant cells obtained from tobacco leaves were printed on the microfluidic reservoirs in the device. To
provide water and nutrition into the plant cells, circular microfluidic channels were made. The artificial leaves were
made of porous structure for water transpiration and gas exchange on the surface by mimicking plant leaves and thus
could offer self-sustainable and self-maintaining features. The viability of cells was measured using a fluorescent
microscope with fluorescent dyes. In a chamber where the artificial leaf device was placed, the reduction of CO 2
concentration was observed and the cell in the device was live more than two weeks. It is believed that the artificial
leaf device developed in this study has a great potential for removing CO2 by capturing it and then replacing it with O2.
Keywords: Artificial leaf, plant mimicking device, polydimethylsiloxane (PDMS) casting, CO2 reduction
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Abstract
This paper presents a survey of possible applications of bionic engineering in space robotics. Key areas with
promising uses are:





Manipulation tasks in on-orbit space robotics, i.e. for gripping and handling objects such as for on-orbit
servicing; for such applications, anthropomorphic end effectors have been suggested and prototyped by
several organisations
Manipulation in planetary robotics: this is important for future tasks such as dexterous activities related to
handling and processing of surface materials (rocks, boulders, soils) as needed for sampling, in situ analysis,
or resource extraction
Planetary mobility: here, bionic engineering already for quite some time has been providing concepts and
ideas for mobility systems in terms of legged mobility but also for suspensions and elements of tractional
elements (surfaces and shapes of wheels or tracks to enhance mobility performance or to reduce drag forces)
Sampling systems in planetary robotics: bionic engineering already has inspired concepts for novel drills for
planetary sampling that have been successfully prototyped and tested.

The expectation is that bionic engineering will improve space robotics systems solutions in several ways such as:
improving efficiency in terms of energy usage (as energy is usually severely restricted in space missions), allowing
more dexterous operations to be considered in space robotics (also in ―unstructured‖ environments such as on
planetary surfaces), and enabling the concept of robotic ―swarms‖ along with swarm intelligence and swarm
behaviour found in nature.
In this paper, various selected examples of bio-inspired concepts in space robotics will be presented, along with results
from prototype testing. Moreover, a discussion is presented on the expected merits of bionic engineering solutions for
space robotics, from a space engineering perspective.
Keywords: Space robotics, manipulation, dexterous activities, planetary robotics, space engineering
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Abstract
Human life span has been continuously increasing worldwide. Unfortunately modern sciences and technologies have
not effectively slowed down some of the physical and mental deterioration during people aging. The increasing needs
of help among the elderly people have put growing burdens physically, mentally and financially to all people
involved.
More and more elderly people will need help. Biomimetics should and can be more helpful in reducing those burdens.
We will discuss some of our efforts in applying and developing more biomimetics to help in promoting
the happy independent aging.
We have adopted a holistic view and applied a top-down approach to analyze and to isolate the critical issues.
Modeling and simulation have been used with the help of artificial intelligence (AI) and machine
learning.
We have made some very encouraging promising advances. Clothing, elderly safety and some elderly cognition will
be discussed in this paper.Some further efforts are outlined for more collaboration including the improved interactive
robotics and the augmented reality (AR).
Keywords: biomimetics, interactive, holistic, top-down, independent aging, elderly welfare, AI, AR
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Abstract
When two surfaces touch each other, they come into contact at finite number of ‗asperities‘. Tribology is the study of
these interacting asperities under varying physico-chemical conditions. Optimal design of the asperity geometry and
chemistry at small scales enables to tune the overall tribological performance of surfaces. It is beneficial to derive the
design cues for such surface asperities from natural solid-to-solid (S-S) and fluid-to-solid (F-S) interaction
phenomenon. We have developed nature inspired surfaces with tunable surface asperities with a focus on superior
superhydrophobic and nanotribological performance. Initially, we tested simple patterns to evaluate the individual
role of various parameters on tribology and wetting. Based on these results, we generated nature inspired
superhydrophobic tribological patterns with wide variety of geometrical and chemical cues. A unique experimental
procedure using capillary force lithography and nano-drawing techniques was utilized to fabricate cylindrical,
mushroom-shaped and hierarchical patterns. Individual and collective role of pattern parameters on hydrophobicity
and tribology was demonstrated. Interestingly, in contrast to the previous studies, cylindrical and mushroom-shaped
pillars exhibited similar adhesive characteristics but very different friction characteristics. Importantly, since all the
surfaces were fabricated using identical primary processes and tested under identical conditions, their results could be
directly correlated to each other to obtain a general understanding of nanoscale adhesion and friction. The correlation
studies revealed a master curve that correlates nanoscale adhesion and friction in plot of adhesion vs. friction for two
orders of magnitude of adhesion. The slope of the curve was related to the effective lateral stiffness and was
independent of curvature, material, surface energy, and pattern density. The results will help in the development of
optimal tribological surfaces by tuning of simple pattern parameters.
Keywords: Nature inspired surface, tribology, friction, adhesion, wetting
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Polydopamine Coating and TANNylation
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Abstract
Catecholamines are found ubiquitously in nature. Wetting-resistant, adhesive foot-pads in mussels, neurotransmitters
in the brain, melanin biopigments in the skin and eyes, squid beaks, and insect cuticles are the examples. In materials
science, catecholamines have recently attracted significant attentions due to the unparalleled material-independent
surface functionalization properties. The most well-known material is poly(dopamine) and other derivatives such as
poly(norepinephrine), chitosan-catechol and others will be introduced (1,2).
The first of my talk will introduce a new concept of self-sealing which is similar yet different with conventional selfhealing materials. The first example is vascular self-sealing with rapid binding of intrinsic blood serum proteins to
adhesive chitosan-catechol conjugate (3). The second example is plant-inspired nanoparticle formulation called
TANNylation. In this study, we show that the modification of protein and peptide therapeutics with tannic acid—a
flavonoid found in plants that adheres to extracellular matrices, elastins and collagens—improves their ability to
specifically target heart tissue. Via a simple intravenous injection route, now one can easily delivery protein/peptide
therapeutics directly to heart tissues (4). Finally, biomedical applications using polydopamine surface chemistry
focusing on mammalian/stem cell culture and theranostic applications will be briefly explained in this talk.
[1]H. Lee et al. Mussel-inspired Surface Chemistry for Multifunctional Coatings. Science 318, (2007) 426-430.
[2]J. Ryu, P. B. Messersmith, H. Lee, Ten years of polydopamine: current status and future directions, ACS Appl.
[3]Mater. Interf. 10, (2018), 7521-22
[4]H. Lee et al. Complete prevention of blood loss with self-sealing hemostatic needle. Nature Materials 16, (2017),
147-152
[5]H. Lee et al. Targeting protein and peptide therapeutics to the heart via tannic acid modification. Nature Biomed.
Eng. 2, (2018), 304-317
Keywords: catecholamine, mussel, tannic acid, heart, surface
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Abstract
Collagen, one of the most common biomaterials, has been found diverse applications in biomedical field such as
wound dressing, drug and gene carrier, and tissue engineering for its excellent biocompatibility and controllable
biodegradability. The main subject of interest throughout this report is to extract and optimize the parameters of the
extraction for acid-soluble collagen from calf skin, chick skin, calf ligamentum nuchae, bovine patellas and jellyfish
and to produce collagen fibers using electrospinning technique together with collagen films for the construction of 3D
scaffolds for wound dressing and treatment. The technique will fabricate fibrous collagen constructs with fiber
diameters ranging from several microns down to 100 nm or less to obtain an alternative, cheap and safer collagen
scaffolds through the electrospinning process, with good biocompatibility and improvement of the cellular
environment to assist in cells adhesion and proliferation. It was proved that the cannonball jellyfish contains large
amounts of collagen, and that its toxicity can be removed in the same process used to prepare the jellyfish as a food
product. Formation of films and constructs is biomimeticaly carryed.
Keywords: collagen, jellyfish, calf skin, chick skin, ligamentum nuchae, biomimetic, tissue engineering,
electrospinning, multi-layer constructs, medical use.
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Abstract
Biotelemetry is both science and technology that is on the rise nowadays. It provides the information about movement,
behavior, and environmental parameters of tagged animals. This information contributes to the decision-making
process in marine resources management, including marine protected areas, biodiversity, and conservation. The
biotelemetry programs work worldwide and have good potential for integration into the regional, national, and
international ocean observing systems.
The challenges in the biotelemetry of top ocean predators refer to the paradigm of the animal/tag interface. The main
issues are the drag increment related to the attached tag, mismatch between rigid tag and flexible body, and opposite
demands of minimal impact of tag on the one hand and its prolonged deployment on the other hand. These issues can
be solved with the biomimetic approach to tag design in conformity with the morphology, physiology, and locomotion
of target species.
The idea of bio-inspired tag design is supported by the recent progress in flexible electronics technology. It facilitates
the development of flexible components such as sensors and batteries which remove form factor constraints. This is a
great benefit of the bio-inspired tag design compared with conventional rigid tags. Flexible tags moving in conformity
with natural flex of the animal‘s body during the locomotion have an advantage in terms of low drag and minimal
impact on the target species. Flexible tag design has also good potential in utilization of the mechanical energy from
the surrounding environment for energy harvesting providing for improved energy budget and longer deployment of a
biotelemetry device. The concept of bio-inspired design opens an avenue for the development of new generation of
telemetry tools for top ocean predators including marine mammals, fish, and turtles. Improved functionality of new
tags facilitates their integration into the oceanographic infrastructures and contributes to the Oceanographic Big Data
technology.
Keywords: Biotelemetry, tag design, oceanography, ocean top predators
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Data-Driven and Big-Data in Precision and Bionic Agricultural
Applications Using Unmanned Aircraft Systems (UAS) to Optimize
Energy and Resources
Ganesh C. Bora, PhD
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Corresponding author: gcbora@abe.msstate.edu

Abstract
Digital Agriculture and Big-Data has played a key role in Precision Agriculture and Remote sensing has been a major
source of information. Unmanned aircraft systems (UAS) has provided platform for real time data acquisition. UAS
plays a major role in data-driven agriculture to optimize energy of the machinery and input resources. Farmers faces
challenges to integrate the data from UAS with other technical and social information to make better management
decision. Digital Agriculture with the help of online analytical tool, will provide data in useful format, so that the
farmers can make best decisions.
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Achieving abrasive wear reduction using bionic surfaces in contact with
bulk material: a numerical approach
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2

Abstract
Using bionic surface on the material equipment interface of bulk handling equipment is a promising solution for wear
reduction.
The aim of this paper is to find the optimal configuration of bionic surfaces in order to minimize wear in transfer
chutes used in bulk handling. A flat surface is outfitted with a pattern of convexes that disrupt the natural sliding flow
of bulk material. Four geometric parameters were introduced to define the shape and size of these convex patterns (see
Figure 1). The geometric convex patterns were evaluated with the aid of Discrete Element Method (DEM). The
simulated material was iron ore with a d50 of 10 mm sliding down a smooth chute transitioning into bionic surfaces of
different geometric configurations. Hertz-Mindlin (no slip) model and Archard wear model were implemented to
calculate the sliding wear volume. The experimental plan was based on a full factorial design, which varied the
parameters of a0, a0:b0, c0 and d0. Furthermore a stepwise optimization is performed to find an optimal convex
pattern in interaction with granular material with a specific mean particle diameter d50.
Simulation results show that variations in convex patterns affect wear volumes and velocities of particles. The factors
a0 and d0 of each pattern have significant influence on sliding wear, while the interactions between the geometric
parameters are insignificant. Moreover, the results show that a chute surface with circular convexes is optimal in
reducing wear. Further work will focus on testing the convex patterns in an abrasive wear tester.
Keywords: Discrete Element Method, chute wear, bulk handling equipment, bionic, wear prediction

Figure 1: Geometric Parameters determining shape of bionic surface

54

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: K47

On the structural integrity of dragonfly wings
Hamed Rajabi*, Stanislav N. Gorb
Functional Morphology and Biomechanics, Institute of Zoology, Kiel University, Am Botanischen Garten 1-9, D-24098 Kiel,
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Abstract
As key parts of the locomotor system, wings have played a crucial role in the evolutionary success of insects. These
specialized flight structures not only withstand aerodynamic forces, but also resist excessive stresses caused by
accidental collisions. The interest in understanding the role of damage accumulation in the evolutionary adaptation of
the wings and potential biomimetic applications prompted this study of insect wing damage. Here, by analysis of
naturally damaged wings of dragonflies, we show that wings are exceptionally damage tolerant structures. Even at the
end of the flight season the average wing damage remains far below 5% of the total wing area. By combining the data
from field studies with laboratory experiments and numerical simulations, we show that two wing components play
key roles in the damage tolerance of the insect wings. First, flexible microjoints reduce the risk of wing damage by
increasing wing deformability and reducing stress concentrations. Second, when damage occurs, veins avoid its
propagation by acting as barriers against crack growth. The results of this study provide an important step towards
better understanding of the relationship between the design of dragonfly wings and their structural integrity.
Keywords: Damage, fracture, crack, insect, flight, morphology.
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Why is Bone Strong and Tough?
Xiaodong Li
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Corresponding author: Xiaodong Li (xl3p@virginia.edu)

Abstract
Bone needs to have superior mechanical strength and eminent toughness. What architectures, materials and
mechanisms render bone such superlative mechanical robustness? The multiscale hierarchical architectures, materials
arrangement/configuration, deformation and fracture mechanisms of bone are summarized, and the roles of multiscale
hierarchical structures and individual materials in bone‘s strength and toughness are elucidated. This presentation will
also demonstrate nature‘s wisdom in structural design and judicious selection of materials in bone. Inspired by nature‘s
design, bio-inspired high-performance materials have been synthesized with the goal of enabling engineered materials
equipped with bone‘s structure, properties and functions. This talk will present several novel biomaterials imaging and
testing techniques such as digital image correlation for mapping local deformation strain fields, coupled in-situ
micro/nanoscale imaging and mechanical testing methods. The presentation is entirely from previously published
papers.
Keywords: bone, hierarchical structure, deformation, fracture, imaging and testing
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Multistructured Electrospun Poly (ε-Caprolactone) Nanofibre Dressing
for the Wound Healing Application
N. A. Norzain, Wei-Chih Lin*
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Abstract
The poly (ε-caprolactone) (PCL) nanofibre dressing containing epidermal growth factor (EGF) was produced by using
our-self fabricated electrospinning machine for tissue regeneration application. The scanning electron microscopy
(SEM), contact angle goniometer, and vertical diffusion system were applied to characterise the fundamental
properties of the fabricated multistructured nanofibre dressing, including the dimensions, wettability, and EGF release
profiles. The EGF release speed from multistructured scaffolds profiles were measured for 200 h. Furthermore, the in
vitro and in vivo experiments were applied to test the fabricated EGF-PCL scaffolds. The NIH-3T3 fibroblast cells
were cultured on the scaffolds for studying the effects of the released EGF. The animal experiment demonstrated that
the multistructured PCL nanofibre dressing could achieved 95% of the wound healing rate to the cut-damaged wounds
after 16 days. Moreover, the histopathological skin tissue showed that the wound regenerated well after the treatment
of the multistructured EGF-PCL scaffold. The developed multistructured EGF-PCL scaffold has a high potential for
the wound healing applications.
Keywords: Electrospinning, poly (ε-caprolactone), epidermal growth factor, wound healing
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Abstract
A stereo visual system practically extracts 3D information from images of two distinct cameras. This article proposes
and develops a bio-inspired stereo vision where the two distinct cameras are fixed separately on multiple flying
unmanned aerial vehicles (UAVs), rather than physically connected with each other as in the pre-existing works. First
of all, a spatially distributed architecture is developed for multi-UAV stereo vision systems. Then, we concentrate on
modelling and algorithms of binocular intersection with extremely limited communication. Bio-inspirations from
human binocular vision are fused into the algorithms. Finally, extensive simulations under multi-UAV scenarios are
carried. The results show the proposed bionic stereo vision is verified localization-free and consumption-saving as
well, and hereafter are potentially practicable for micro aerial swarm applications with extremely limited onboard
computation and communication.
Keywords: bio-inspired Stereo Vision, multi-UAV, binocular intersection, micro aerial swarm
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bioink for 3D bioprinting
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Abstract
The emergence of 3D bio-printing is expected to solve the present puzzle in the field of regenerative medicine [1].
However, the appropriate bio-ink was lacking due to the rigorous requirement of high printability and
biocompatibility, which was often contradictory. Furthermore, the commonly used bio-inks were pure hydrogels
which always lacking of bioactive component to promote the functional expression of cells. Also the hydrogel
bio-inks currently used have insufficient mechanical strength to support the long-term stability of the cell-loaded
three-dimensional scaffold. To resolve these obstacles, we developed a novel composite bio-ink by using rigid gellan
gum (GG) and flexible sodium alginate (SA) to hybridize the bioactive substance thixotropic magnesium
phosphate-based gel (TMP-BG), which was utilized to create the bionic cell-laden 3D constructs. The
GG-SA/TMP-BG was also prepared into scaffolds and implanted into the knee joint defects of rabbits to evaluate their
osteochondral repair ability. It was showed that the GG-SA/TMP-BG bio-ink had a good printability, shear-thinning
and structural stability. Moreover, the microstructure, bioactivity, cytotoxicity of these bio-inks were investigated,
which showed that the bio-ink was not only promote apatite deposition, but also promote cell proliferation. The
MG-63 cells cultured in the 3D constructs could remain live for more than 7 days. The animal experiment
demonstrated that the composite scaffolds were able to induce articular cartilage formation and subchondral bone
regeneration. We have developed the GG-SA/TMP-BG as a novel bio-ink in 3D bio-printing that exhibits good
printability, biocompatibility and bioactivity, which has great prospects in regenerative medicine.
Acknowledgement: This study was supported by National Natural Science Foundation of China (51372210), the
Basic Research Foundation Key Project of Sichuan Province (2016JY0011).
Keywords: bioink; 3D bioprinting; hybrid; thixotropic magnesium phosphate gel; printable; bioactive
Reference
[1] Murphy S V , Atala A . 3D bioprinting of tissues and organs. Nature Biotechnology, 2014, 32(8):773-785.
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Abstract
Directed, long-range and self-propelled transport of droplets on solid surfaces, especially on water repellent surfaces,
is crucial for many applications from water harvesting to bio- analytical devices. One appealing strategy to achieve the
preferential transport is to passively control the surface wetting gradients, topological or chemical, to break the
asymmetric contact line and overcome the resistance force. Despite extensive progress, the directional droplet
transport is limited to small transport velocity and short transport distance due to the fundamental trade-off: rapid
transport of droplet demands a large wetting gradient, whereas long-range transport necessitates a relatively small
wetting gradient. Here, we report a radically new strategy that resolves the bottleneck through the creation of an
unexplored gradient in surface charge density (SCD). By leveraging on a facile droplet printing on superamphiphobic
surfaces as well as the fundamental understanding of the mechanisms underpinning the creation of the preferential SCD,
we demonstrate the self-propulsion of droplets with a record-high velocity over an ultra-long distance without the
need for additional energy input. Such a Leidenfrost-like droplet transport, manifested at ambient condition, is also
genetic, which can occur on a variety of substrates such as flexible and vertically placed surfaces. We envision that our
work enriches and extends our capability in the manipulation of droplet transport and would find numerous potential
applications otherwise impossible.

Fig.1 The gravity against droplet transportation on an upside down placed EPGS surface and evaluated the transport
velocity vs time
Keywords: Surface charge, wettability, droplet, transportation
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Abstract
Fish are able to perceive minute flow and pressure variations with their mechanosensory lateral line system, which
consists of a superficial lateral line for flow velocity detection and a canal lateral line for flow acceleration perception.
The biological design of the lateral line system shows structure-based sensing enhancement mechanisms to achieve
higher sensitivity based on our analysis in microstructures and fluidic mechanics. Artificial lateral line systems with a
piezoelectric transduction mechanism are described for pressure gradient and flow detection.
Inspired by the trunk lateral line canal system with a constriction nearby canal neuromast in blind cavefish, we
proposed a fully flexible artificial lateral line sensor with a constriction nearby the sensing element. Experimental
results revealed that the proposed device achieved a pressure gradient detection limit of 0.22 Pa/m, which was much
lower than ordinary canal-based artifical lateral line device without constriction design. It indicates that the
constriction in canal nearby the sensing element is able to significantly enhance the hydrodynamic pressure sensing
performance. In addition, the bionic flow sensor are used for flow analyis in complex flow environments.
Keywords: lateral line, flow sensor, bionic sensor, hydrodynamic sensing, flexible sensor
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Abstract
Locomotion is the basis of predation, escape, reproduction for animals. Geckos, spiders and insects run and climb with
exceptional speed, strength and agility for their size, representing in many respects an ideal model system for the study
of terrestrial locomotion. Claws and setae are two kinds of adhesive devices in geckos‘ toe pads. Synergistic action
between these two devices makes animals freely move on vertical walls and ceilings with arbitrary roughness. In order
to enhance the ability of jumping robots to jump on different surfaces, the roles of pad and claw used by locusts were
researched in different surfaces by establishing a grasping model, and the bionic jumping base structure was designed
integrated adhesive pad and claws．We also examined the climbing abilities of hylid tree frogs on vertical cylinders
of differing diameter and surface roughness to investigate the relative roles of adduction forces (gripping) and
adhesion. Tree frogs adhere using their toe pads and subarticular tubercles, the adhesive joint being fluid-filled. They
use friction and normal forces of roughly a similar magnitude for holding on to cylindrical objects. When challenged
with climbing a non-adhesive surface, the compressive forces between opposite legs nearly doubled, indicating a
stronger clamping grip. In contrast to climbing flat surfaces, frogs increased the contact area on all limbs by engaging
not just adhesive pads but also subarticular tubercles on curved surfaces. These results support our hypotheses and
have relevance for the design of climbing robots.
Keywords: Claws, Setae, Gripping, Adhesion, locomotion
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Abstract
Spontaneous and directional pumpless transportation (SDPT) of subaqueous gas bubbles has great prospects in
eliminating the destructive gas bubbles in fluid transportation pipes. However, with current technology it is difficult to
realize the non-buoyancy driven long-distance SDPT. How to realize the long-distance SDPT of subaqueous gas
bubbles and how to fabricate the surface with the capacity of long-distance SDPT of subaqueous gas bubbles on
engineering metal materials still remains a challenge. Here, a serial-wedge-shaped wettability pattern with the exterior
surrounding subaqueous superaerophobic region and inside interior subaqueous superaerophilic region was designed.
Since the terminal size had no relationship with the length of the whole pattern, for the serial-wedge- shaped
wettability pattern with certain wedge angle and certain wide side width, when the narrow side width was no smaller
than a critical value, the long-distance SDPT was achieved. The process was driven by unbalanced surface tension
forces, hence, subaqueous gas bubbles not only could be spontaneously and directionally transported on the horizontal
and straight pattern, but could also be easily transported on the horizontal and spiral-shaped pattern or even
transported on a wave-shaped pattern that was spatially tilted. In addition, a universal method composed of
electrochemical etching and laser etching was also proposed to fabricate the serial-wedge-shaped wettability pattern
on various engineering metal materials including Al, Mg alloy, Ti alloy, and Zn. The solution of difficulties in the
realization of the long-distance SDPT and the fabrication of the long-distance SDPT surface on various engineering
metal materials will promote practical applications of the SDPT of subaqueous gas bubbles based on the wettability of
the surface.
Keywords: Serial-wedge, Superaerophobic, Superaerophilic, Long-distance transportation, Gas bubbles
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Abstract
In recent years, the industrial oily wastewater and oil spills pose threats to the environmental security and human
health. Our research group prepared a series of oil/water separation materials by utilizing the surface of the materials
with inverse wettability to oil and water. For the poor mechanical stability of superhydrophobic sponges, a wrapt
pristine PU sponges with superhydrophobic bag were prepared to absorb oil from water continuously and rapidly [1].
In addition, taking advantage of local resources, the attapulgite and loess were dispersed on porous substrate to
fabricate oil/water separation materials with underwater superoleophobicity [2, 3]. Furthermore, for the diversity of
oil/water mixtures, utilization of waste potato residue and coprinus comatus, we propose that underwater
superoleophobic and underoil superhydrophobic materials for on-demand oil/water separation [4, 5]. These oil/water
separation materials enjoy facile preparation, low cost, environmental friendliness and so on, and have a good
application prospect.
Keywords: superhydrophobic bag; attapulgite; loess; on-demand; oil/water separation
[1] J. Li, L. Yan, X. Tang, H. Feng, D. Hu, F. Zha, Robust superhydrophobic fabric bag filled with polyurethane
sponges used for vacuum-assisted continuous and ultrafast absorption and collection of oils from water, Adv. Mater.
Interfaces, 2016, 3, 1500770.
[2] J. Li, L. Yan, H. Li, W. Li, F. Zha, Z. Lei, Underwater superoleophobic palygorskite coated meshes for efficient
oil/water separation, J. Mater. Chem. A, 2015, 3, 14696-14702.
[3] X. Wang, M. Li, Y. Shen, Y. Yang, H. Feng, J. Li, Facile preparation of loess-coated membranes for
multifunctional surfactant-stabilized oil-in-water emulsion separation, Green Chem., 2019, 21, 3190-3199.
[4] J. Li, D. Li, Y. Yang, J. Li, F. Zha, Z. Lei, A prewetting induced underwater superoleophobic or underoil (super)
hydrophobic waste potato residue-coated mesh for selective efficient oil/water separation, Green Chem., 2016, 18,
541-549.
[5] Y. Long, Y. Shen, H. Tian, Y. Yang, H. Feng, J. Li, Superwettable coprinus comatus coated membranes used
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Flexible Artificial Muscles Based on PVC gel
Xuejie Xu, Bin Luo, Zicai Zhu, Huoling Chen
1

Shaanxi Key Lab of Intelligent Robots, School of Mechanical Engineering,Xi‟an
2
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*Corresponding author: 1757660588@qq.com

Abstract
PVC gel has been developed for many years, it is a kind of soft-smart materials which can be used to make soft robotic
actuators. However, until now, PVC gel actuators have always been made with rigid metal electrodes, and the
application of flexible electrodes instead of metal electrodes has not been carried out. In this talk, it will share our
recent research progress on the completely soft PVC gel artificial muscles. By printing the flexible electrodes through
additive manufacturing technology, we were able to deform the PVC gel between flexible electrodes. Finally, we
demonstrated a completely soft PVC gel artificial muscle actuator with flexible conductive electrodes.
Keywords: PVC gel, soft actuator, additive manufacturing technology, electroactive polymer
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Nonliear buckling of longan-shaped shells under uniform external
pressure
Jian Zhang,1* Weimin Wang,1 Wenxian Tang,2 Yongmei Zhua,2
2

1
School of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang, 212003,China
Jiangsu Provincial Key Laboratory of Advanced Manufacturing for Marine Mechanical Equipment, Jiangsu University of
Science and Technology, Zhenjiang, 212003, China
*Corresponding author: Jian Zhang (zhjian127@163.com Tel & Fax: +86-511-84401142)

Abstract
This paper is devoted to the buckling of Tori-sphere. Firstly, an experimental and numerical study on the buckling
behavior of a biologically evolving longan-shaped shell under external pressure is carried out. Such a shape, following
Cassini oval formula, is determined based on the measurements of 171 actual dried longan shells. On this basis, three
nominally identical longan-shaped shells with the shape index of 0.11 are fabricated using stamping and welding
process, measured for geometry, slowly tested to destruction, and numerically evaluated for their buckling behaviour.
A good agreement between experiments and numerical evaluations is obtained. Then, the effect of shape index on the
elastic buckling of Cassini oval shells under uniform external pressure is examined. Shells are evaluated under a
uniform wall thickness (2 mm) and capacity (3.63×106 mm3), with the shape index, kc= c/a, ranging from 0 to 0.99.
Several numerical computations, involving linear elastic bifurcation analysis and geometrically nonlinear elastic
analysis including eigenmode imperfections, are conducted for these shells. Some of them are investigated
experimentally. The results show that a Cassini oval shell with a stable character seems to be an unfavorable shape due
to its low load-carrying capacity, which is at variance with previous findings regarding this problem. Notably, the kc=
0.1 Cassini oval geometry, exhibiting a high load-carrying capacity, appears to be a favorable shape in various fields
such as underwater tanks, pressure hulls, and artificial capsules. Finally, the buckling of 17 Cassini oval pressure hulls
with the shape index of 0.09-0.30 and one spherical pressure hull with the diameter of 2 m is devoted. Such hulls are
numerically studied in the case of constant volume, material properties, and wall thickness. The results show that
Cassini oval pressure hulls with the shape index of 0.10-0.11 can resist about 4% higher external pressure than the
spherical one. This deviates from the classical mechanics conclusion that spherical shell is the optimal shape for
underwater pressure resistant structures.
Keywords:longan-shaped shell, buckling behaviour, external pressure, Shape index
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A Bionic Kangaroo Leg Suspension Used for Vehicles
Shichuang Liu,* Yong Song, Xiaowei Zhang, Jiahao Shi, Rui Du
Taiyuan University of Science and Technology, Taiyuan, 030024, China
*Corresponding author: Shichuang Liu(1749258785@qq.com)

Abstract
As is known to all, kangaroos live in a variety of natural environments and are widely distributed in Australia. When
the kangaroo is running, its speed is fast, the energy consumption is low, the requirement of ground is little, and its
movement is quite steady and almost vibrationless. So these characteristics are especially suitable for the vehicle
running on the complicated and abominable ground(such as off-road), and a bionic kangaroo leg suspension used for
vehicles was proposed and investigated. The results show that the proposed suspension can effectively improve the
ride comfort by the adaptive passive and active control strategies.
Method 1: A simplified bionic kangaroo leg vehicle suspension physical model with three-link structure was
constructed, in which the three-link structure represents kangaroo leg femur, tibia and fibula, and foot bone with the
same size ratio; muscle restraint dampers are equivalent to the damping function of muscle and the contractility of
muscle is replaced by a pneumatic artificial muscle, which can output active control force; springs are used to stand for
the energy storage function of tendons.
Method 2: A mathematical model of bionic kangaroo leg vehicle suspension was established. Different from the
ordinary suspension, in this model, the relationship between the linkages and the cooperative control of the pneumatic
artificial muscle were considered. Especially, the three-link correlative equations and the cooperative control
strategies were added in the bionic kangaroo leg vehicle suspension model.
Method 3: The kinematics and dynamics of the bionic kangaroo leg vehicle suspension were analyzed by ADAMS and
Matlab.
A bionic kangaroo leg suspension used for vehicles was designed and a vibration reduction model of the proposed
suspension was established and analyzed by studying the kangaroo‘s movement principle, the limb structure and the
leg skeletal structure(see Fig.1).
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The ride comfort parameter characteristics of the kangaroo leg suspension were studied as shown in Fig.2.

A bionic kangaroo leg suspension was proposed and designed, and its ride comfort parameter characteristics were
obtained. The results show that the bionic kangaroo leg suspension can achieve the desirable ride comfort by the
adaptive passive and active control strategies.
Five Chinese Patents were applied about the structure and ride comfort calculation method of the bionic kangaroo leg
suspension by us. The public numbers are CN 201710592346.9, CN 201710805676.1, CN 201810333641.7, CN
201810772209.8 and CN 201810800994.3, respectively.
The article (Modeling and Vertical Parameter Characteristics Study of PAM Bionic Kangaroo Leg Suspension) have
been hired by Journal of Taiyuan University of Science and Technology.
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Design of Picking Device for Corn Stubble based on Biomimetic
Optimization Model
Donghui Chen1,2, Yuchen Zhang1,2, Taidong Dai1,2, Zhiyong Chang1,2*
1

College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China
2Key Laboratory of Bionic Engineering (Ministry of Education), Changchun 130022, China
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Abstract
In order to solve the problems of corn stubble harvester, such as complex structure of stubble, difficult to pick up and
easy winding during the process of digging corn stubble, a new type of collector suitable for corn stubble harvester
was designed. A theoretical study of the collector was carried out, the pick-up process and the corn stubble kinematics
were analyzed. By extracting the rib geometric structure of the body surface of patinopecten yessoensis, the fitting
equation of the approximate sine function was obtained by curve fitting the extracted data point cloud with Origin
software. The Pro/Engineer 5.0 software was used to design the three- dimensional model of each part of the collector.
The effects of different friction coefficients and different pick-up positions between pick-up tooth and corn stubble
on the picking effect were explored by ANSYS finite element analysis software. The results show that: the geometric
structure of the ribbed surface of patinopecten yessoensis has the ability to increase the friction and adsorption of the
soil, which provides a good bionic prototype for the bionic surface design to improve the picking efficiency and wear
resistance of the collector. The geometric structure of the bionic prism on the surface of the pick-up tooth is beneficial
to increasing the friction factor between the collector and the corn stubble, which is good for picking up the corn
stubble.
Keywords: corn stubble, collector, kinematic analysis, bionic geometry structure, finite element analysis
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Bionic Design and Test of Wet Clutch Friction Plate in Power Shift
Gearbox
Donghui Chen,1,2 Taidong Dai,1,2 Yuchen Zhang,1,2 Gang Long,1,2 Zhiyong Chang1,2*
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2

Abstract
Wet clutch of heavy tractor is an important executive component of power shift gearbox. The wear failure of the
friction pair is one of the main reasons for the overall performance degradation of the transmission system. To reduce
the huge resource and economic loss caused by it, a wear-resistant clutch friction plate was designed. In this paper,
from the perspective of bionics, the big tree frog was used as the experimental research object, and the toe end was
observed by scanning electron microscopy. The microstructure of the toad end of the tree frog is quadrilateral,
pentagon, hexagonal, and the hexagonal structure is mostly. The structure is uniform in size and has a diameter of
about 10 μm. The microstructures have a groove between the outlines and a groove width of about 1 μm. Studies
have shown that the mucus secreted by the body surface of the tree frog circulates in the groove surrounding the
hexagonal structure, enhancing its adhesion, which is the coefficient of friction, in a humid environment. Tree frogs
exhibit strong adhesion and friction when in contact with slippery substrates. With these characteristics, the bionic
friction linings can better meet the requirements of transmission motion and torque. The toad parameters of the tree
frog were extracted, the surface structure of the friction lining was optimized, and the dense hexagonal groove division
structure of the toad end of the tree frog was further highlighted and simplified. The oil sump structure on the surface
of the wet clutch friction plate of the heavy tractor was similarly designed. Nine kinds of bionic samples were designed
for the design idea and the samples were made by laser processing technology. The friction and wear tests were carried
out on a micro-friction and wear tester, and the differences of friction and wear with different hexagonal diameters and
different groove widths were studied. The test results showed that the bionic non-smooth structure has better wear
resistance than the smooth structure, and the regular hexagon has a diameter of 12 mm. When the groove width is 1.5
mm, the wear amount is the lowest and the friction coefficient is relatively high. The combined shape diameter and
groove width can minimize wear and improve the service life of the friction plate, thus achieving the requirement of
improving the wear resistance of the clutch.
Keywords: wet clutch, friction plate, groove, wear, tree frog, bionic
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Application of nanocones array to guide ionic wind for improving
hotspot removal of electronics
Rong Fu,* Jihui Wang, Xuegong Hu
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*Corresponding author: Rong Fu (furong@iet.cn)

Abstract
Miniaturization of electronic devices results in higher heat flux and limited space for heat dissipation. Generally,
failure possibility of an electronic component increases almost exponentially with operating temperature. Most
importantly, electronic devices often develop ‗hot spots‘ that can become detrimental to their performance. Removal
of such hotspot is one of the most challenging works in heat transfer engineering.
An ionic wind is generated when gaseous ions move between two electrodes in ambient air. The ions are accelerated
by the electric field and undergo collisions with neutral gas molecules, transferring momentum to the air, thus
generating a bulk fluid motion to the surface to be cooled. The jet impingement is more focused as decreasing the gap
between two electrodes. However, a smaller gap leads to a bigger stagnation region.
Under a uniform electric field, a micro or nano-sized metal tip can work like a tiny ―lightning projector‖, remarkably
enhancing the strength of local field, leading to a region of low electric potential that can attract positive ions. In this
paper, modelling woks are carried out to study how to improve the removal of hotspot through guiding the wind of
positive ions by nanocones array. The model considers a surface covered with an electrically grounded electrode.
Another parallel electrode with high positive voltage is placed above it. Positive ions are jetted to the region between
them, moving towards the grounded electrode under the field. A pointed heat flux is given to the surface at the centre
of the jet impingement. The results show that with nanocones array, the maximum wind velocity is increased, and the
stagnation region becomes smaller, and temperature of hotspot is lowered significantly.
Keywords: nanocones, hotspot removal, ionic wind, electronics and heat transfer
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Structure analysis of wings in dragonfly and Asian ladybird beetle for
bionic deployable wing design
Zelai Song, Na Li, Yichen Wang, Ruijuan Du, Jin Tong, Jiyu Sun*
Key Laboratory of Bionic Engineering (Ministry of Education, China),Jilin University, Changchun,130022, P.R. China
*Corresponding author: Jiyu Sun (sjy@jlu.edu.cn)

Abstract
The wings of dragonfly as well as Asian ladybird beetle (Harmonia axyridis) are highly specialized organs for their
flight. The structures of dragonfly and H. axyridis wings were studied on the cross sections of veins and subcosta
posterior (ScP) in order to design the bionic wings frame. The three-dimensional (3-D) models of hind wing of H.
axyridis with hollow and solid veins were assumed the diameter of veins in different as the real vein by Solid Edge
2019, and the results of the total deformation of hind wing of H. axyridis with hollow and solid veins in different
diameter set same pressure on the lower surface hind wing and wing membrane in the 0°of attack angle is supporting
the inspiration of wing frame design. The models with different diameters of veins have different advantages so that
the rational analyze the structure morphologies of cross sections of veins of dragonfly and H. axyridis, and outline and
structure of hind wing will be helpful to design biomimetic deployable wing of micro air vehicle (MAV).
Keywords: dragonfly, wing, vein, structure analysis.
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How does ostrich foot attenuate ground impacts? A multiple coupling
cushioning and shock absorption system
Dianlei Han, Rui Zhang*, Guolong Yu, Jianqiao Li
Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun, 130022, China
*Corresponding author: Rui Zhang (zhangrui@jlu.edu.cn)

Abstract
The African ostrich (Struthio camelus), perennially living in deserts, is capable of remarkable speed, exceptional
endurance, and continuous locomotion. Ostrich foot, as the main actuator of high-speed running, needs excellent
cushioning and shock absorption performance. In order to study how ostrich foot copes with the impacts from the
ground, eight bionic feet were designed by engineering method based on the elastic modulus and assembly modes of
soft tissues, and the structure of metatarsophalangeal (MTP) joint. Taking the peak acceleration as the index, the
cushioning performance of different bionic feet on loose sand and solid ground was compared through impact tests at
different heights. Finite element software Abaqus was used to simulate the impact processes of bionic feet on loose
sand, and the comparisons of cushioning performance among bionic feet were verified. Meanwhile, the stress
distribution and deformation of each component of bionic foot were also obtained. The peak accelerations of 15-1515 HA bionic foot are less than that of 15-35-55 HA bionic foot, which indicates its cushioning performance is better
than that of 15-35-55 HA bionic foot. However, the deformations of 15-15-15 HA bionic foot are larger than that of
15-35-55 HA bionic foot, and the stress distributions are not uniform, which indicates that its stability is worse than
that of 15-35-55 HA bionic foot. The sensitivity analyses show that the cushioning capacity of bionic foot is
comparable to that of ostrich foot when the material (elastic modulus) and spring (stiffness coefficient) are properly
selected. Further, the cushioning mechanism and strategies of ostrich foot are analyzed and inferred based on its
locomotion gaits and living environment. Toe pad, fascia, skin and MTP actually work as an ―integrated system‖ with
cushioning and shock absorption. However, the cushioning effect and priority of these two subsystems are different
for different media and locomotion gaits.
Keywords: ostrich foot, impact, multiple coupling, cushioning and shock absorption, soft ground
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Bionic design and performance analysis of cushioning unit for sneaker
Rui Zhang*, Guolong Yu, Jianqiao Li
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*Corresponding author: Rui Zhang (zhangrui@jlu.edu.cn)

Abstract
Ostrich (Struthio camelus) is the existed largest terrestrial bird with the fastest running speed. Generally, adult
ostrich weighes more than 100 kg, and run at a speed of about 50-60 km/h for more than 30 min (sprint speed over 70
km/h). During high-speed running, the ostrich hindlimb needs to attenuate the enormous impact from the ground. The
toepad, as a whole part directly contacted with the ground, plays a vital role in shock absorption. Based on the
macroscopic and microscopic structures, mechanical characteristics of the toepad, this paper aims to study the
excellent shock absorption mechanism of ostrich toepad, and apply it to the design of sneaker. Firstly, the structure and
relative position of toepad tissues were obtained by gross anatomy technique. The toepad of digit Ⅲ is composed of
three parallel elliptical column digital cushions, which is covered by fascia. Meanwhile, the tissue slices and
scanning electron microscopy (SEM) show that a lot of elastic fibers exist in the digital cushion, and the elastic fibers
are covered with some fat. Secondly, the elastic modulus of each tissue was obtained by high frequency dynamic
elastic ultrasonic imaging (Aixplorer). Thirdly, based on the micro-structure of digital cushion and the macroscopic
assembly mode of the toepad, a bionic shock absorption unit was designed for the midsole of sneakers. Further, the
drop hammer impact simulations of the unit were carried out by the finite element analysis software ABAQUS. The
peak negative acceleration, peak impact force were treated as test indexes, the material parameters of the bionic shock
absorption unit were optimized. Compared to the ordinary midsole unit, the shock absorption performance of bionic
unit has been significantly improved.
Keywords: ostrich toepad, shock absorption, midsole of sneaker, bionic design, numerical simulation
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Experimental Study on Drag Reduction Characteristics of Bionic
Earthworm Self-lubrication Surface
Guomin Liu*
Jilin Jianzhu University, Changchun, 130119, China
*Corresponding author: Guomin Liu (lgm951@163.com)

Abstract
In the present study, a binary coupling method is employed to study the drag reduction characteristics of earthworm
non-smooth or corrugated lubrication surface. The current study aims to provide a new theory and method for the
design of high efficiency and low consumption contact soil parts. In order to explore the drag reduction features,
forehead shrinking surface specimen of earthworm was prepared. Based on the reverse engineering method,
non-smooth curve of earthworm surface was extracted and the bionic corrugated sample was designed, and the
position of back orifice was established by experimental testing. By using the self-developed test rig for lubricating
drag reduction performance, the influence of positive pressure, forward velocity and velocity of lubricating fluid on
the forward resistance of the sample was analyzed through single factor test. The equation between forward resistance
and the three factors were established through the ternary quadratic regression test. The results show that the drag
reduction effect is obvious, the drag reduction rate is 22.65%to 34.89%, and the forward resistance decreases with the
decrease of the forward speed, increases with the increase of the positive pressure, and decreases first and then
becomes stable with the increase of velocity of lubricating fluid. There are secondary effects on forward resistance by
the three factors, and the influencing order is: positive pressure > velocity of lubricating fluid > forward velocity.
Keywords: Earthworm surface; Coupling bionic; Drag reduction; Experimental study
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Abstract
Switchable superamphiphobic surfaces have attracted considerable attention due to their potential applications in
droplet manipulation, fluid carrier devices, rewritable liquid patterns and lab-on-a- chip devices. However, there are
few reports about switchable superamphiphobic surfaces of which the wettability can be transformed by controlling
the deformation of the micro-structures. Inspired by springtails which have omniphobic surfaces consisting of
mushroom-shaped nano-structures, we fabricated a superomniphobic surface with mushroom-shaped micro-structures.
First, mixing polydimethylsiloxane (PDMS) pre-polymer containing 5 wt% curing agents and carbonyl iron
microspheres. Then, the mixture was coated on a glass substrate followed by fixing a fluorinated flat plate at 200-400
μm above the substrate. After that, a permanent magnet was left below the substrate, and the carbonyl iron
microspheres arranged along the direction of magnetic field, leading to the formation of the mushroom-shaped pillars.
The whole assembly was left in drying oven for the curing of the mixture. Subsequently, the fluorinated flat plate was
removed, and the mushroom- shaped pillar arrays were silanized using 1H,1H,2H,2H-perfluorodecyltrichlorosilane.
The wettability of the obtained superamphiphobic surface was switchable. By changing the direction of the external
magnetic field, the mushroom-shaped pillars can be reversibly deformed between upright and curved states. Therefore,
the wetting state of water on the superamphiphobic surfaces can be switched between a superhydrophobic state and a
hydrophobic state. The wetting state of hexadecane on the superamphiphobic surfaces can be switched between a
superoleophobic state and an oleophobic state. It is believed that the fabrication approach will promote the large-scale
fabrication of switchable superamphiphobic surface with deformable pillar arrays.
Keywords: Bioinspired superomniphobic surface; Switchable wettability; Mushroom-shaped micro-structures;
Large-scale fabrication

76

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 016

Experimental and numerical study on the bionic tube under oblique
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Abstract
In this paper, a serious of bionic variable thickness (BVT) tubes with two kinds of cross-sections (square and circular)
are considered as energy absorber under different oblique impact loading angle, which inspired by the gradient of
thickness and the inter-nodal distance along the growth direction of bamboo. The crash behaviour of the two types of
BVT tubes, namely square variable thickness (SVT) and circular variable thickness (CVT), were investigated by
nonlinear finite element analysis through LS-DYNA. It is found that the SVT tubes have the best crashworthiness
performance under different oblique angle regarding both specific energy absorption (SEA) and maximum crushing
force (MCF). A series of SVT tubes are created based on a design of experiments (DOE) method. It was found that the
wall thickness ratio and inter-nodal length ratio of the SVT have a significant effect on the crash performance of such
SVT tubes under oblique impact loading. To obtain the optimal SVT tube, multiobjective optimization design (MOD)
and polynomial regression (PR) meta-model of the SVT tube is performed to achieve maximum SEA and minimum
MCF without considering load angle effect. The results show that, when the load angle is 25°, the optimal design of
the SVT tubes with an inter-nodal length ratio of 3/4/2/3 and wall thickness of 2.83/2.27/1.68/0.97 mm deformed more
stably in terms of the overall crashing behaviours or collapse modes. Also the SEA of the optimal SVT tube increased
by 11.1% than before optimization, whereas the MCF and mass showed 15.24%, 5.5% decrease, respectively.
Keywords: Thin-walled tube; bamboo; bionic design; variable thickness; multi-objective optimization
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Abstract
Multi-claw combination is a critical structure of mole rats to cut soil efficiently; therefore, it is valuable to consider
this structure from an engineering viewpoint. Since the required draft force is among the most important engineering
specifications of soil-engaging components, in this paper, a draft force prediction model for multi-claw combination
was developed to calculate them and then was evaluated using the discrete element method (DEM) and an indoor soil
bin test. The results showed that multi-claw combination was the same as the arrangement of multiple tines. The draft
force of multi-claw combination consisted of the sum of the draft forces of each tine, minus the forces that would be
required to produce the soil disturbance in the interacting zones based on Mohr-Coulomb soil mechanics. Then, it was
found that this draft force prediction model had good correlations with the results of simulation and soil bin tests (R2
= 0.96 and 0.93 respectively). Furthermore, this draft force prediction model for multi-claw combination could be
used for both research and academic purposes.
Keywords: Multi-claw combination, draft force prediction model, discrete element method (DEM), soil bin test
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Abstract
Wall-climbing robot is an essential branch of robotics, which not only meets the requirement of adhering to the wall
firmly, but also needs to locomote flexibly. The adhesive method is the key technology for wall-climbing robots‘
research and development, and nowadays, suction cups, magnets and grippers are three conventional modes for
adhering. However, there are many limitations of the traditional methods, which make it difficult for the wall-climbing
robots to adapt to most of the complicated environments. Bionics gives us inspiration to solve the limitation problems
of conventional wall-climbing robots, and biomimetic wall-climbing robots have become a hot research area. Spiny
feet and dry adhesives are two main biomimetic adhesive modes applied into wall-climbing robots, and relevant
research status and development situation have been studied. Via deep investigate and survey into the biomimetic
adhesive methods, some limitations and challenges have been concluded. In order to deal with these challenges, we
have developed a brand new multi-mode biomimetic wall-climbing robot employing three modes: spiny wheels,
adhesive treads and a suction cup, which can switch different modes self-adapted to different terrains. And its
mechanical design has been represented.
Keywords: biomimetic , wall-climbing robot, spiny feet, dry adhesives, multi-mode
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Research of a novel bionic piezoelectric actuator
Xiangli Zeng,1 Yue Wu, 1* Zhigang Yang, 1Dongdong Wei1
1

School of Mechanical and Aerospace Engineering, Jilin University, Changchun 130025, China
*Corresponding author: Yue Wu(wuyue@jlu.edu.cn)

Abstract
A novel bionic actuator based on the movement principle of the wood wasp`s ovipositor is presented. Kinematic
model of the actuator is built to analyze the progress of the motion and basis experiments with a prototype composed
of a piezoelectric vibrator and two multiple legs whose friction is variable are finished, in which results show the
actuation method is feasible and the velocity is up to 25mm/s. The actuator the essay proposed takes advantage of
friction which is predominately considered as a hindering effect, but can also support movements. The two legs
perform opposite task at one time but overall, the same function which is pulling the structure ahead. The fact that the
piezoelectric vibrator is both structure component and excitation source in the actuator is beneficial to more
comprehensive functions as a result of the multiple simple structures. Not only superior in high resolution and quick
response, but also simple structures and easy control strategy is the actuator. Ultimately, micro-robots constructed by
the actuator might be used in the application of pipeline inspection, earthquake rescue, medicine delivery and
precision positioning.
Keywords: bionic actuator; piezoelectric actuator; friction
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Abstract
With the steady progress of agricultural modernization and increasing lack of rural labor, the demand of agricultural
machinery for production is widely growing. As a new force of precision agricultural aviation, agricultural UAVs
have shown prominent advantages in cultivating. Benefit from breakthroughs in binocular vision and other emerging
technologies, obstacle avoidance (OA) technology of agricultural UAVs is developing towards intellectualization,
systematization and precision, and it is also transiting from the automatic driving under the known conditions in the
past to the real-time perception and intelligent decision-making of obstacles under unknown conditions so as to
complete tasks independently.
However, using binocular vision in identifying farmland obstacles (particularly the micro ones) is still at an early
development stage and many barriers need to be overcome. Due to the uncontrollable weather and complex farmland
environment, the operating difficulty increases, especially the OA system based on machine vision which is mainly
affected by light intensity. It needs to overcome the interference of illumination change, scene rotation, motion blur,
lens distortion, low-resolution images, flight velocity, target occlusion and other problems to ensure safe work in
different external conditions.
Through setting different experimental conditions, such as extreme light intensity, various test distance and position
relationship, similar or opposite background, with or without filters (or lens hood) and short-range specular reflectance
test, and setting different test angles, test distance and position relationship, the research can study the performance of
binocular vision on identifying wires of φ 20 mm. Binocular lens of different baseline and resolution are suitable for
different OA distances, and multi-sensor system will become the mainstream of real-time OA system. The OA
auxiliary system that mainly focuses on identifying micro obstacles, supplemented by their alternatives will provide a
new idea for the research on binocular vision in identifying farmland micro obstacles for agricultural UAVs.
Keywords: agricultural UAVs; obstacle avoidance; binocular vision; agriculture aviation
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Abstract
In nature, in order to adapt to the living environment, many organisms have evolved suckers which to adhere by
vacuum. Some organisms‘ suckers can keep high-performance adhesion on the rough surface that can't be adhered by
the traditional artificial suckers.The Sinogastromyzon growing in southern China likes to adhere under the rocks of the
jet stream, so it has suckers that have good adhesion performance on the rough rock surface. In this study, by scanning
the surface of the Sinogastromyzon's sucker with electron microscopy, it was found that the surface of the sucker had
a special hierarchical hairy structure.The adhesion capacity of the Sinogastromyzon on different rough surfaces was
tested,it is found that the adhesion performance is still good on rough surface.The role of hierarchical hairy structure
when the sucker adhere on the rough surface was studied and analyzed. It was found that the hierarchical hairy
structure could better fit on the irregular rough surface to form a better seal.Because of the unique sealing effect of the
hierarchical hairy structure of Sinogastromyzon, it has enlightening significance for the design of sucker and sealing
structure.The purpose of this research is to study the special effect of hierarchical hairy structure on the surface of the
suction of the Sinogastromyzon so as to provide some enlightenment for the bionic structure design of vacuum sucker
and sealing structure in the future.
Keywords: biologica, high-performance adhesion, not smooth, bionic sucker, seal structure
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Abstract
This project aims to investigate the biomechanical and neurophysiological aspects of human hand tactile perception by
using multidisciplinary methods. A subject specific digital human hand finite element model (FE-DHHM) was
developed based on CT and MR images, this subject-specific and anatomically intact FE-DHHM contained bones,
ligaments, tendons, subcutaneous tissues and skin. This FE-DHHM was then physcologically and
neurophysiologically validated against in-vivo experiment results such as hand contact pressure, contact area and
peripheral nerve impulse signals captured via data glove and microneurography technique respectively, biomechanics
of hand and physical touch mechanics such as sophisticated topology of extensor tendon and physically valuable
parameters which relevant to tactile sensing can be investigated based on this model individually, for the deeper level
research of neurophysiological aspect, this FE-DHHM can produce strain and stress experienced by mechanoreceptors
when the soft tissue deformed under arbitrarily manipulation or touching and then the spiking response that would be
produced in the nerve fiber innervating with that mechanorecptor can be derived or simulated via transduction and
integrated firing mathematical model, the single unit recordings of tactile fiber and the corresponding coding
mechanism have been extensively characterized while the understanding of population-level coding of
mechanoreptors is still remain primitive, this FE-DHHM can therefore provide powerful and detailed insight into
population coding which is more relevant to sensorimotor touch than sigle unit coding dose. Finnaly, the model
provides biological valuable instructions of reconstructing naturalistic artificial touch sensing and manipulation
strategies for nerorobotic or bionic hands design.
Keywords: FE-DHHM, computational model, tactile afferent, somatosensory periphery, neurophysiological
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Abstract
Due to the performances of self-cleaning, anti-frost, anti-moisture, and anti-smudge, the fabrication of
superhydrophobic coatings has become a hot topic for the past few years. However, the poor durability and
unsatisfactory mechanical stability of superhydrophobic surfaces limited the application areas in real-world. In this
study, several formulas were selected with the primer composed of polyurethane resin, fluorocarbon/polyurethane
resin, fluorocarbon/polyurethane resin with silicon micro powder. After silica superhydrophobic nanoparticle (SNP)
sprayed on the composite primer, various superhydrophobic coatings were fabricated successfully. In order to evaluate
the durability of the superhydrophobic samples, experimental tests including abrasiometer, high-pressure water
impacting, sand flushing, adhesion, thermal stability, freezing and thawing cycles and chemical stability were carried
out. The results showed that the superhydrophobic coatings reflected mechanical stability. Water impacting and sand
flushing resulted in minute damage to the surface of coatings, on the contrary, abrasiometer tests presented relatively
strong negative impact on the surface superhydrophobicity. The coating with the matrix of mixed resin displayed
superior wear resistance than single substrate. And after the addition of silicon micro powder, the increasement of
roughness on the surface led to the intensification of abrasive resistance. Meanwhile, the coating showed favorable
chemical stability, freeze-thaw stability and satisfying self-cleaning performance. The anti-fraying property of the
superhydrophobic coating are supposed to provide predominant advantages for large- scale applications in oil-water
separation, anti-icing coating, air conditioner heat exchanger.
Keywords: superhydrophobicity, durability, evaluation, fluorocarbon, polyurethane
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Abstract
Various of robotic hands have been designed to meet the needs of comprehensive tasks, including industrial
manufacture, space exploration, personal assistance and healthcare, etc. However, the present robotic hands are far
from replicating human hands‘ dexterity to realize more complex motions and functions. We also believe that a
rigid-flexible coupling design similar with the human hand structure is the future development of robotic hands. Thus,
a novel robotic hand inspired from the human musculoskeletal biomechanics was proposed in this paper, which
combines high dexterity, good bearing capacity and low control complexity. The multilayered structure of this
design is totally based on the anatomical structure of the human hand, including CT scanned and 3D printed bones,
PTFE tapes articular cartilage, PET fiber ligaments, silicone rubber joint capsule, silicone rubber with PTFE tubes
tendon sheath and fishing line tendons. The motions of the robotic hand are driven by the tendons and seventeen
MX-12W motors, off-line and online controlled by VMG 30 data glove. Furthermore, both the mechanical and
functional performance of the robotic hand was tested. And the versatility of the robotic hand was evaluated according
to the comprehensive GRASP taxonomy from Thomas Feix group.
Keywords: robotic hand, biomimetic design, rigid-flexible design, motor-tendon drive, data glove control,
performance evaluation
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Abstract
Surgical grasper is one of the most common used tools in surgery. To effectively grasp soft slippery tissues, traditional
surgical graspers are usually constructed with sharp teeth to deform tissue and form mechanical interlock between
interfaces, which easily leads to strong tissue damages. Improvement of wet friction properties at the interface
between the surgical grasper and soft tissue can greatly reduce the holding force required and the soft tissue damage.
To design a surface with strong wet attachment performance, the wet attachment mechanisms of tree frog has been
studied. Here we find that its toe pad is constructed with micropillar array, which mainly are hexagon. With liquid
volume decreasing, the uniform liquid self-splitting effect has been observed on micropillar array surface, and the
boundary friction appears on both tree frog‘s toe pad and bioinspired surface. This boundary friction mainly comes
from the thin liquid film induced strong capillary force and leads to strong friction without any normal force. Besides,
the anisotropic pillars and channels‘ distribution on toe pad leads to its directional dependent friction. By testing the
friction of different pillar structure surfaces and traditional surgical grasper surfaces with macroscale teeth, the
hexagonal pillar pattern exhibited improved wet frictional performance, which is appropriate for bioinspired surgical
graspers. Finally, the soft tissue damage of these patterns was evaluated, and the effectiveness of biomimetic surface
patterns when applied in surgical graspers was confirmed.
Keywords: tree frog, boundary friction, bioinspired surface, surgical graspers
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Abstract
This paper proposes a theoretical design and functional realization of a bionic wheel-foot compound spider robot with
high power density and high efficiency. The robot integrates two driving modes, walking and wheel, and can be
switched freely to adapt to various complicated roads. Spiders can be functionally regarded as efficient hydraulic
systems. However, the associated hydraulic mechanism has not been theoretically analysed. During the study,
complex flow channels in the spider foot were studied by tissue res ection, electron microscopy, microcomputer
tomography and other reconstruction experiments. A three-dimensional model of the internal flow path of the tibia–
metatarsus joint, which is one of the main hydraulic joints, was constructed. Based on the computational domain
model of the constructed internal flow transmission channel, the CFD numerical simulation of the flow field in the step
foot joint was carried out. According to the flow trajectory of hemolymph in the flow channel obtained by CFD
calculation data processing, a bionic hydraulic systemwas designed and applied to the bionic spider robot to realize its
high maneuvering motion. Experiments on spider kinematics and kinetics were launched and relevant data on gait
timing and joint rotation angle were obtained. Based on these data, the research on the leg trajectory planning and the
coordinated control of the wheel-foot motion process of the bionic robot were developed to achieve the high-precision
coordinated motion control of the robot. The motion stability and lateral force stability of the bionic spider robot were
studied, and finally the robot wheel-foot compound and high maneuvering movement were accomplished. Sensing
function integration studies were conducted to enable robots to automatically identify trac k terrain and select roads.
The robot research has broad prospects in defense military reconnaissance, logistics support, disaster relief, and search
and rescue of wounded.
Keywords: Bionic; Wheel-foot compound; Spider robot; Hydraulic systems; CFD; Motion control
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Abstract
Self-secretion material of lubricant have attracted considerable attention due to their potential application in precision
instruments, bionic joints and the improvement of machine lubrication conditions.In nature, many organisms have the
function of self-secretion of lubricant, such as earthworm lubricant releasing gland and ox knee joint cartilage.Various
anti-wear materials have been reported in recent studies, most materials cannot produce self-secreting lubricant. In
contrast, there are a few reports about self-secretion material of lubricant of which the lubricant was embedded in the
materials,and lubricant is secreted under certain conditions. Here, we have developed a temperature-sensitive
self-secretion material, which is expected to be applied in many fields. First, a kind of shape memory
polyurethane(SMPU) material was synthesized by solution prepolymerization.Then films for the measurement of
tensile properties were prepared by casting SMPU solutions in dimethylformamide (DMF) into a mould. The mold is
a cylindrical array structure made of medium carbon steel by laser engraving with a diameter of 20 μm and a height of
100 μm , the spacing of the cylindrical array is 100 μm.After evaporation of the solvent at
80 °C for 24 h, the
films obtained were further dried at 60 °C under vacuum for another 48 h. Material is stretched at 60 ℃, keep the
external force at 20 ℃for 10 min, the shape of the material is fixed.Then put grease injection in the pores of the
material. Finally, when the friction experiment is carried out on the material, the material temperature increases with
the heat generated by the friction, when the temperature at 30 ℃, the shape back to the front of the stretch.The volume
of the microporous decreasing, then the lubricating oil is squeezed out.
Keywords: Anti-wear; Knee joint; Self-secretion; Shape memory polyurethane
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Abstract
The leeches can stably adhered to the surface of the host or a variety of natural rough surfaces, but up to now, people
have little understanding of the adhesion mechanism of the leeches and its influencing factors. In order to understand
the adhesion mechanism of leeches and its influencing factors, the microstructure and morphology of the anterior and
posterior suckers of Whitmania pigra were observed. At the same time, the adhesion process of the posterior suckers
and the autonomous and passive detachment process were recorded with a video camera. In addition, we tested the
adhesive force of leeches on different roughness, different material surfaces and different temperature conditions, and
carried out a comparative tensile test of leech exudate and distilled water. According to the results of the test
characterization, we have obtained the following conclusions: the adhesive force of leeches is mainly due to the
vacuum effect, while the secretion of sucker is mainly used for sealing, and the temperature, surface roughness and
adhesion materials all have a certain influence on the adhesion of leeches. This study can provide insights for the
bionic design of suction cup with high adsorption performance.
Keywords: leech (Whitmania pigra); adhesion mechanism; microstructure and morphology; tensile test; adhesive
force
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Abstract
The organisms in nature have developed excellent drag reduction characteristics after hundreds of millions of years of
evolution, such as the regular arrangement of dimple-shaped holes on the somite of earthworms. The holes of
earthworms can secrete body fluid and form a lubricating film on the body surface to reduce the frictional resistance
with the soil. The non-smooth hole structure of earthworms provides a reference for the design of the bionic mud
pump piston.
In this study, the BW-250 mud pump piston was taken as the research object, and the bionic non-smooth
dimple-shaped structure was designed and processed on the surface of the rubber cup. Twenty-seven kinds of bionic
dimple-shaped pistons were machined by taking pit diameter, center angle and pit depth as experimental factors. Set
up a mud pump piston friction performance test bench for friction test. The experimental results show that the bionic
dimple-shaped structure can obviously reduce the friction of BW-250 piston. The frictional force of bionic piston with
pit diameter of 1.5 mm, central angle of 10°and pit depth of 0.5 mm is minimal, its drag reduction rate is 52.33%
compared with the standard piston. Through observation experiments, it was found that the bionic dimple-shaped
structure can store grease and form a lubricating film to reduce the friction between the piston and the cylinder liner.
ANSYS software was used to analyse the deformation of the piston and explore the influencing mechanism of
dimple-shaped structure on the piston friction performance. The test results in this paper can provide design
parameters for the piston of bw-250 mud pump used in engineering.
Keywords: bionic, dimple-shaped, mud pump piston, friction, numerical simulation
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Abstract
Despite being known that wettability plays a vital role in pool boiling heat transfer enhancement, its exact role is not
described yet. Several strategies have been devised to improve pool boiling heat transfer, which are mostly grounded
in a trial and error approach. Based on this approach, recent studies report significant improvement in pool boiling heat
transfer coefficients, using surfaces composed by patterns of hydrophobic/superhydrophobic micro-regions in
hydrophilic/superhydrophilic substrates, the so-called biphilic surfaces. Many of these studies adopt regular patterns,
without particular care with the design of the pattern. In a previous work we have used a biomimetic approach based
on the lotus leaf and on the rose petal, to devise surfaces with superhydrophobic patterns. A similar approach is now
followed to devise surfaces with biphilic patterns to enhance pool boiling heat transfer. Additional patterns will be
used, such as that of the English weed leaf. In a preliminary stage, the size and distance between hydrophobic regions
are varied to infer on their effect on bubble dynamics as well as on the temperature fields on the surface. These
quantities are determined by combining high-speed visualization with infrared thermography with high spatial and
temporal resolution. Preliminary results show that patterns with smaller superhydrophobic areas are the most effective
in removing heat through evaporation. On the other hand there is no significant effect of the distance between the
superhydrophobic regions in bubble dynamics, as long as this distance is large enough to preclude coalescence (i.e. is
larger than the diameter of the superhydrophobic region). However, thermographic images suggest the occurrence of a
periodic induced flow between the superhydrophobic regions, which contributes to cool the surface at distances equal
or smaller than this characteristic diameter.
Keywords: bioinspired surfaces, biphilic surfaces, pool boiling heat transfer enhancement, high-speed
thermography, bubble dynamics.
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Abstract
The thermally conductive elastic bionic wall (TEW) has both excellent elasticity characteristic and distinct heat
conduction feature, it can control fluid medium to obtain drag reduction through coupling characteristic between its
elasticity and heat conduction performance, similar to the drag reduction mechanism of dolphin‘s skin. In the present
work, we are not just focusing on the drag reduction mechanism of flexible wall (FW); we pay much more attention to
reveal the coupled drag reduction mechanism of TEW using the simulation method of the fluid– structure-heat. The
ANSYS Workbench platform was used to simulate heat transfer and the fluid in the internal flow on three kinds of
surfaces: rigid wall (RW), FW and TEW, comparative analyses of flow field, grid displacement, the resistance and
temperature of boundary layer, dynamic viscosity, and average Nusselt number were conducted among those above.
The results indicated that both FW and TES can reduce the drag of flow, and the TES have a better drag reduction (the
drag reduction rate is up to 7.55%), which is due to its dynamic deformation and heat conduction feature. Energy
dissipation will occur in the process of regular deformation under the action of fluid, which will be expressed in the
form of heat. The heat generated by deformation will be transmitted to the surface of TEW by its thermal conductivity,
reducing the dynamic viscosity of boundary layer. The dynamic deformation of TEW could improve the effect of
boundary layer convection heat transfer and decrease the velocity gradient of the fluid boundary layer, resulting in
frictional force reduction. This investigation provides a theoretical basis for future research studies to consider
thermally conductive elastic bionic surface when augmentation of drag-reduction is sought.
Keywords: Thermally conductive, fluid–structure-heat coupling, drag reduction, boundary layer
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Abstract
In nature, many animals have excellent adhesion. Such as octopus, abalone, sinogastromyzon and so on. The sucker or
sucker like structure of its body can make it stable to adhere to the surface of the object. Abalone lives in the
fast-flowing rock reef. The great adhesion generated by its pedal foot is a powerful guarantee for hunting and crawling.
In this paper we observed the microstructure and fiber morphology of abalone pedal foot by stereomicroscope and
scanning electron microscope. The process of adsorption and desorption of abalone was photographed by high-speed
camera and the movement rule of abalone pedal foot was recorded. The adhesion force of abalone on different
substrates was measured. Based on the experimental results and the microscopic morphology pedal foot, the adhesion
mechanism of abalone was analyzed. It is found that the pedal foot is mainly divided into four regions. The pedal foot
is composed of a large number of orderly arranged cylindrical fibers. In the movement of abalone, the surface of pedal
foot has folds which alternately appearing between left and right sides. The folds ensure the adaptability and crawling
efficiency of pedal foot to the adsorption surface. According to the tensile test, the main component of abalone
adhesion force is vacuum negative pressure. And other forces play an auxiliary and enhanced role in the adhesion
force under special conditions. The research of morphology and adhesion capacity of abalone provides a new idea and
method for the design of sucker.
Keywords: Abalone; Pedal foot; Movement rule; Adhesion force; Adhesion mechanism
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Abstract
As the lack of fresh water is a global problem, collection and recycle of fresh water from air is a practical and
sustainable method. Although lots of water collectors are designed and fabricated, the large-scale and low-cost
fabrication of continuous and efficient water collector is still a challenge. It has been known that the Sarracenia
trichome possesses superior water harvesting and transporting ability due to the unique hierarchical micro-channels on
its surface, inspired from this, a new large-scale and low-cost fabrication method of continuous and efficient water
collector is proposed. By hot melting and stretching of glass fibres, artificial Sarracenia-inspired trichomes with
hierarchical micro-channels are first fabricated. Through regular arrangement and organization of the artificial
trichomes, the Sarracenia-inspired water collector is fabricated at last. Compared with former water collectors based
on cactus spine and spider silk, the Sarracenia-inspired water collector possesses better water collecting ability,
meanwhile it is easier to be manufactured with low-cost. The fabrication method of the Sarracenia-inspired water
collector provides new potential idea to deal with the global fresh water crisis.
Keywords: water collector, large-scale, low-cost, Sarracenia-inspired, glass fibres
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Abstract
In order to extend the service life of the prosthesis of oral crown restoration, a bionic layered denture with non- smooth
interface shape was designed based on the internal hierarchical structure and interlayer interface morphology of
human natural tooth. By using the optimized test design, the fatigue impact resistance and life of the bionic layered
crown denture of the first premolar of human upper jaw and the natural tooth of the conventional restoration denture
and 3D printed tooth were compared on the chewing simulation test machine developed by ourselves.
Results show that corrugated shape has obvious impact fatigue resistance of bionic layered crown denture , 2 layer
number , interlayer interface configuration for a 2 corrugated shape and corrugated height for 4 mm, is the most
homogeneous finite element analysis of equivalent stress distribution, deformation, bionic structure can effectively
reduce the tooth root stress, scattered crown stress, so as to improve the whole flexural performance of teeth, in the
fatigue test, the average compressive stress can be increased by 26.4%;
The mechanism of fatigue impact resistance of the bionic layered denture is discussed. The non-smooth interface
morphology can increase the bonding area between layers and enhance the retention force between layers. At the same
time, the gradient structure of stratification reduces the interfacial tension and absorbs more energy, but the number of
stratification should not be too more.
Keywords: bionic crown layered structure Finite element analysis
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Abstract
This research presents the design, analysis and development of an anthropomorphic robotic hand coined MCR-Hand
II. This hand takes the advantages of both the tendon-driven and linkage-driven systems, leading to a compact
mechanical structure that aims to imitate almost all the degrees of freedom of a human hand (18 servos in total). The
widely used tools, i.e. Cutkosky taxonomy and Kamakura taxonomy, are used to evaluate the performance of the hand
which evidences that the MCR-Hand II possesses remarkable high dexterity and excellent grasping capability.
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Abstract
In nature environment, the structure and material composition of yak horn determine its extraordinary mechanical
properties, which have an excellent ability to bear static and dynamic impact loads. In this paper, we conducted quasistatic mechanical experiments and drop hammer impact tests of domestic yak horn. The results show that a whole horn
can withstand a load shock of about 12 KN and has a strong ability to restore deformation. In order to improve the
crashworthiness and energy absorption of conical tube, based on engineering bionics theory and reverse engineering
principle, the yak horn was selected as a bionic prototype. The contour features of yak horn were scanned by 3D
scanner, and the structural parameters for determining the excellent crashworthiness of yak horn were extracted from
Geomagic Studio. One bionic energy absorbing tube was designed based on the structural characteristic parameters of
the yak horn. In order to study the impact resistance of the bionic energy absorbing tube in the oblique impact, the
finite element model of the biomimetic energy absorbing tube and the four-cone tube were established. Furthermore,
the crashworthiness parameters such as the specific energy absorption of the biomimetic energy absorbing tube were
compared with that of the four-cone tube. The deformation mode and energy absorption of the bionic energy
absorbing tube were analyzed and optimized by nonlinear finite element method and response surface method. The
results show that the specific energy absorption of the biomimetic energy absorbing tube is 11.17kJ/kg, which is 26%
higher than that of the four-cone tube.
Keywords: conical tube; yak horn; bionic design; crashworthiness;
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Abstract
In order to improve the crashworthiness of thin-walled tube and keep it lightweight, this paper designed a thin- walled
tube with the cross-sectional structure of bean goose feather (TCGF). It based on engineering bionics, combining
microstructure and mechanical properties of bean goose feather. The specific energy absorption and peak force were
used as the evaluation indexes, by the finite element analysis software of Hypermesh and LSDYNA ,comparing TCGF with the traditional circular tubes(CT) to simulate the collision under axial impact. The
results show that the TCGF has better energy absorption characteristics compared with the CT: in terms of specific
energy absorption, the specific energy absorption of TCGF increased by 18% than CT‘s; in terms of peak force, the
TCGF could effectively reduce the peak force generated during the collision process and decreased by 15% compared
with CT. This research can provide a useful reference for the structural crashworthiness design of engineering bionics.
Keywords: bionic design; bean goose feather; microstructure; thin-walled tube; crashworthiness
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Abstract
Core muscles which provide support for most body kinematics are the center hub for connecting upper and lower limb
strength. Recent reports have shown that core training can help with some trunk problems such as non-specific low
back pain, and may play an important role for long-term health. However, the traditional core training methods can be
considered difficult and dangerous for people with reduced core strength such as elderly or people with too much trunk
fat. In this paper, we propose a solution for the rehabilitation of these people, and design a personalized assisting
equipment for abdominal flexion and extension. In particular, a detecting system is designed for judging the motion
intention and state to adjust the driving force in real time by monitoring the pressure and distribution of surface of the
backrest produced by individual. Surface EMG (electromyography) experiments were carried out to assess muscle
activity for abdominal (e.g., rectus abdominis, external and internal oblique muscles) and nonabdominal (e.g., rectus
femoris) muscles during traditional abdominal exercises, sit-up and crunch for example, and assisted abdominal
flexion and extension training under different assistance levels. The experiments results are used to judge the effect of
different training methods on the target muscles. Analysis results are presented to prove the validity of the proposed
solution.
Keywords: Core muscles, assisting equipment, abdominal flexion and extension, surface EMG
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Abstract
As the start of machining of metals, saw cutting is one of the important processing methods in the production process.
Band-saw blade is the executive component of cutting, and the tooth geometry featuring, abrasive resistance and
impact resistance of band-saw blade are the key part of quality. The survival and function of dentition over the lifetime
of an animal depends upon the ability of the teeth to resist wear and chemical erosion, and to withstand occlusal
loading conditions without suffering debilitating fracture. The bite force represents the animal's ability to drag an
object. The bite force and characteristics of Meles meles Linnaeus's bite was tested when Meles meles Linnaeus tore
and bit into the food using the bite force sensor and the high-speed camera system. The Meles meles Linnaeus's head
was scanned using computed tomography (CT) as a bionic prototype. Sectional analysis and optimization modeling
were implement by Mimics medical imaging system and Geomagic reverse-engineering software. A clear and
complete hard tissue point cloud data and 3d model was been obtained. The two-dimensional images of the outer
surface of the upper and the inner surface of the lower canine teeth of Meles meles Linnaeus is obtained by Geomagic
software. The digital images with sharp edge contour by the tool of lasso and filling the background processing of
Photoshop software were obtained. The image expansion, corrosion processing and image segmentation were
implemented by Matlab software. The Matlab software was employed to extract the point cloud from the images and
then get rid of unusual points. The point clouds were fitted and then the coefficient of determinations (R 2) was
obtained to determine the goodness of fit. Based on bionic similarity principle, fitting equation and tooth geometry
featuring, one kind of bionic bi-metal band-saw blade were designed and machined.
Keywords: bi-metal band-saw blade, Meles meles Linnaeus, Geomagic, Matlab
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Abstract
In this paper, the bionic design method was introduced to improve the energy absorbability and crashworthiness of the
sandwich panel structure, and to reduce its own weight. According to the microstructure of seagull feather and the
structural characteristics of feather shaft, series of bionic sandwich panels with different structures were designed
and the finite element model of the structure was established. The specific energy absorption and initial collision peak
were used as evaluation indexes .Through the simulation analysis, it was found that the strength of the square section
model of the sandwich structure can be increased by two times compared with the traditional thin- walled panel model.
Compared with the traditional solid model, the mass of the model which used honeycomb reinforced plate at different
positions in the interlayer can be reduced by 10%~15%, and it also can improve the energy absorbing performance. By
controlling the micro crack area, it can absorb energy and increase the toughness. The drop hammer test was carried
out to validate the finite element analysis simulation and bionic design, the simulated damage mode was consistent
with the experimental phenomenon. The result shows that the sandwich panel which modeled after seagull feathers
has better energy absorption performance and strength than the traditional thin-walled panel structure under
lateral/axial impact. Thus, the sandwich panel has high practical value and can be used in the future.
Keywords: sandwich panels; seagull feathers; bionic design; energy absorption; lightweight.
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Abstract
The objective of this study is to explore the feasibility of using shear wave elastography (SWE) to in vivo,
noninvasively and quantitatively measure mechanical properties of important muscles around the human knee joint.
Eight healthy males were recruited to participate in the study, and the mechanical property (Young‘s modulus) of 10
muscles of each participant was measured in seven standard test positions: supine, prone, sitting, and four quasi- static
walks by using SWE. Results indicated that the ICC1,1 ranged from 0.953 to 0.987, and the 95% CI was in the range
0.836–0.992 for all the tested muscles. This indicated that the Young‘s modulus of the muscles, measured by SWE,
exhibited excellent retest reliability. In the supine, prone, and sitting positions, significant differences were observed
in Young‘s modulus of the other 9 muscles tested in different positions (P<0.05) with the exception of biceps femoris
(BF). The results demonstrated that the SWE measurements of the Young‘s modulus can be used to accurately reflect
the kinematics changes in muscles involved in human motion, and this verified the feasibilities of using SWE to make
real-time and quantitative analysis of single muscle mechanical properties.
Keywords: shear wave elastography, mechanical properties of muscle, quantitative assessment, Young‟s modulus
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Abstract
The stress-strain and hemodynamic distribution of the distal stenotic artery are remarkably influenced by the number
and length of plaques. To investigate the mechanism of distal restenosis in the stenotic femoral artery, the effects of the
stenosis throat on the distribution of flow patterns have been evaluated. Based on the finite element method, the
fully-coupled fluid-structure interaction (FSI) analysis was conducted for four idealized wall/blood models under the
physiologically realistic inlet velocity. The results showed that the peak wall stress existed in the vicinity of the lesion
stenosis area at the peak of the velocity compared with the farthest end of the blood vessel, which could damage and
destroy the endothelial cells and provide favorable conditions for the formation of atherosclerotic plaques. Moreover,
the restenosis of the femoral artery could be triggered by large deformation at the distal end of the stenosis after peak
systolic flow, which was more probably to occur when the vessels were segmental and diffuse. The study helps to raise
awareness of preventing distal restenosis in the stenotic femoral artery and providing the biomedical engineering basis
for the research community to determine early targeted therapies.
Keywords: femoral artery, local stenosis, pulsatile flow, fluid-solid interaction
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Abstract
Woodpeckers can produce high-speed, high-frequency and high-impact pecking motion within a short distance and are
not damaged. According to the mechanism of woodpecker pecking motion, a flexible-rigid pecking mechanism which
is inspired by the woodpecker pecking motion was proposed, and its kinematic characteristics were analyzed and
simulated. In this paper, the video of the woodpecker pecking is collected by a high-speed camera, and then further
processed by MATLAB, and the trajectories of five feature points on the body of the woodpecker are obtained.
Through the trajectories of the feature points, the motion state of various parts of the body during the pecking motion of
the woodpecker is analyzed. And the pecking motion process consists of three stages: the adjustment stage, the
acceleration stage, and the impact stage. According to the skeletal muscle system of the woodpecker and the motion
characteristics of the body at each stage, a rigid-flexible pecking mechanism was established. Then the kinematics
analysis was carried out by D-H method, and the multi-body dynamics simulation of the pecking mechanism was
carried out by ADAMS. The results show that the proposed biomimetic pecking mechanism is similar to the
performance of the woodpecker pecking, and it is found that the woodpecker can reduce the impact of the pecking on
itself by changing the joint stiffness.
Keywords: woodpecker pecking motion, bionic mechanism, dynamics simulation, joint stiffness
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Abstract
The main purpose of this paper is to investigate a bionic design for the marine propeller blade inspired by the
morphology of owl‘s wings. The curves of pressure side of bio-inspired blade sections are formed by second orders
B-spline curve. The main difference between conventional propeller and bio-inspired propeller is that the curves of the
pressure side are bent toward the direction of ship bow. The commercial software STAR-CCM+ and
Reynolds-Averaged Navier- Stokes (RANS) equations of steady flow are applied to this investigation. The model
validation and discretization error estimation are first performed in this paper. The numerical results show that the
numerical open water characteristics of the conventional propeller are essentially in good agreement with the
experimental results. The thrust and torque coefficients of bio-inspired propeller are both increased relative to
conventional propeller at the same advance coefficient, and the maximum efficiency of the propeller is improved by
adopting bio-inspired blade sections. When the advance coefficient is at 0.9, the high-pressure area of pressure side of
conventional propeller is in the vicinity of trailing-edge. While, with regard to bio-inspired propeller, the
high-pressure area of pressure side is mainly concentrated in the middle of the blade surface and slightly inclined to the
blade tip.
Keywords: blade sections, marine propeller, propulsion efficiency, pressure coefficient
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Abstract
Superhydrophilic/superoleophobic coating has extensive application prospect in the treatment of oil-water
separation and oil pollution for its advantages of easy cleaning, high life, high flux and high efficiency. However, such
coating is difficult to obtain on the basis of surface tension theory, and the existing greasy coatings are
not environmentally friendly, resulting in many difficulties in large-scale practical applications. To comply with the
requirements of practical applications and environmental protection, a novel environmental friendly waterborne
coating with superhydrophilic/superoleophobic property was fabricated. The main materials for the preparation of
coatings were waterborne, which were especially environmental friendly. Furthermore, the comprehensive
performances of the modified stainless steel wire mesh were investigated in wettability, separation efficiency and
water flux. Water droplets spread on the coating rapidly and completely in air. Moreover, oil droplets retained quasispheres without any penetration all the time. The superhydrophilic/superoleophobic stainless steel wire mesh
effectively separated oil and water solely driven by gravity, showing high separation efficiency and water flux.
Furthermore, the as-prepared mesh exhibited outstanding mechanical durability in the long-term mechanical wear
process. Meanwhile, the mesh still retained the superhydrophilic/superoleophobic property after continuous
separation. It has been proved that the novel waterborne coating exhibited not only excellent comprehensive
performances but also outstanding environmental friendly characteristics.
Keywords: waterborne coating, superhydrophilic/superoleophobic, environmental friendly, oil-water separation
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Abstract
The effective surface design of soil contact surface of soil tillage components directly affects the functioning
efficiency, soil surface condition and production cost. The reconstructed bionic surface can effectively reduce working
resistance, reduce damage to the surface of the arable soil and increase production. In order to overcome the traditional
agricultural machinery and tools of soil tillage components difficult to break ground, high work resistance, and slow
operation speed. In this paper, the adult sandfish used as a bionic prototype to analyze the characteristics of the head of
the sandfish. The surface shape of the head of the sandfish was achieved using a Wiiboox-Reeyee three-dimensional
scanner. Obtain point cloud data of sandfish head feature surface by Geomagic Wrap software, and by removing noise
points, packaging, surface treatment, et al, the precise surface of the sandfish head was achieved. Imported precise
surface into the imageware software to get sandfish head smooth curve point cloud and the exact coordinates of each
point in AutoCAD software. Polynomial fitting of point cloud three-dimensional coordinate data of five characteristic
curves of the head using cftool toolbox in MATLAB software. Obtained the five characteristic curve fitting equations
of the head, SSE, RMSE, R2. Finally, the parametric modelling of the head surface of the sandfish was completed by
the creation of the CATIA software. The results show that the optimal results of the SSE values of the back curve
fitting of sandfish respectively are 3.746, 7.743, 2.863, 17.3, 11.02; the optimal results of RMSE
respectively are 0.1451,
0.1893, 0.1151, 0.283, 0.2259; the optimal results of the R2 therefore are 0.9990,
0.9983, 0.9997, 0.9996, 0.9987. The fitting curve is on the brink of the topographical features of the actual curve,
which is suitable for parametric modelling of the surface in CATIA.
Keywords: sandfish back surface; bionics; reverse engineering; parameterised modelling; mathematical models
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Abstract
Crickets produce their calling sound by rubbing their wings together. It‘s deserved thinking that the cricket‘s wings are
still undamaged and can produce sound after a long period of friction. The wing surface has good wear resistance and
friction reducing effect. Its excellent wear resistance is closely related to structure and material. Using the scanning
electron microscopy (SEM), atomic force microscopy (AFM) and Fourier transform infrared spectroscopy (FTIR), we
observed the surface microstructure of cricket wings and measured the chemical composition of the wings. The results
showed that: 1.The file and the plectrum are the main parts of cricket friction parts. The file is made up of file teeth of
different sizes. File teeth are arranged according to irregular curves. The teeth of the middle section are bigger than the
two ends of the file. Plectrum is on the edge of right wing, the ventral side surface is the rubbing surface of the
plectrum. There are some irregular textures on the surface of the plectrum. The file and the plectrum intermesh and
make friction. 2. The file is not only lubricity, but also solid and toughness and it will not fall down and deform while
crickets produce sounds. Thus, the cricket sound production parts have a measure of wear-resistant. 3. Infrared spectra
showed that the chemical composition of cricket wings was very similar to that of katydid, suggesting that they had
similar materials. It shows that these materials have good properties of wear resistance. Our study reveals the main
microstructure and chemical composition of the cricket wings and provide new approaches in the improvement of
wear-resistant materials.
Keywords: cricket wings; surface microstructure; friction; wear-resistant materials
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Abstract
Janus membranes inspired by nature are a distinctive class of materials with opposite performances, which have
attracted widespread attention worldwide. Here, I summarize the recent advances in research on Janus membranes. In
the first place, I discuss the main fabrication methods, including the layer by layer composite and the single-side
modifications. There are two main approaches in the former case, including sequentially electrospinning and
sequentially vacuum filtration, as well as four approaches in the latter case, including femtosecond laser direct writing
technology, liquid or vapor deposition, photo-degradation and sequentially surface modification. Furthermore, I focus
on explaining the directional fluid transport phenomenon and discussing the transport mechanisms, athough different
Janus membranes may have different chemical compositions and properties. Owning to the asymmetric wetting
property on the two sides of Janus membranes, a common liquid transport behavior and an antigravity liquid transport
behavior are analyzed in detail. Also outlined are related applications of Janus membranes, oil-water separation and
membrane distillation inspired by the directional fluid transport phenomenon, fog-harvesting inspired by Namib desert
beetles back, and smart actuators inspired by Mimosa pudica. Finally, I propose some perspectives on the future of
Janus membranes research and development.
Keywords: Janus membranes, Femtosecond lasers, Asymmetric wettability, Membrane distillation, Sensors
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Abstract
In order to investigate mechanism of resistance characteristics of sandfish, this study takes the sandfish scales as the
research object. The ultrastructure of the sandfish back epidermis scales were observed by scanning electron
microscopy (SEM) and atomic force microscopy (AFM). The energy spectrum equipment was utilized to analyze
the chemical composition. And multifunctional frictional wear tester was used to test the friction coefficient and
analysis the anti-friction and wear characteristics. Research shows that the ultrastructure of the scales of the sandfish
epidermal scales is arranged in a line of hexagon. The hexagonal scales had spiny scale structure. The components
of the sandfish back epidermis scales are mainly carbon and oxygen. The second most is sulfur and silicon. Sandfish
back epidermis scales and stainless steel balls are repeatedly rubbed, after comparison, it is found that the friction
coefficient decreases with the increase of load and friction frequency. The friction coefficient is between 0.18 ~ 0.22.
The extremely low friction coefficient gives the sandfish epidermal scales a sizable anti-friction and wear
characteristics.
Keywords: sandfish, epidermal scales, ultra-structure, spiny scale structure, frictional wear
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Abstract
Red Swamp Crayfish (Procambarus clarkii) as a special soil-burrowing animal living in contact with abrasive
materials have surfaces optimized for reducing drag and resisting wear. In this study, inspired by Crayfish‘s cuticle,
geometrical surfaces consisting of arrays of micro-spiked convex domes were investigated to quantify their abrasive
wear resistance properties. Specimens of smooth surface, convex surface, and convex surface with different quantity
of micro-spikes were prepared. Their abrasive wear properties were experimentally tested. It was found that a wear
mass loss reduction of 86.5% was recorded for the convex domes with 2 micro-spikes. It was proved that bio-inspired
micro-spiked convex dome surface is an effective surface for abrasion reduction.
Keywords: Procambarus clarkii, wear-resistant, bionic surface, micro-spiked
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Abstract
In order to investigate the anti-friction and wear characteristics of the sandfish (Scincus scincus), the epidermis scales
of the sandfish were chosen as the research object. The ultrastructure of the epidermal scales was observed by Field
Emission Scanning Electron Microscopy (FESEM) and Atomic Force Microscopy (AFM). The chemical constituents
of the epidermal scales on the back of the sandfish were analyzed and tested by Energy Dispersive Spectrometry
(EDS).The friction coefficients of skin scales were measured by a multi-functional friction and wear tester. The
friction and wear resistance mechanism of the back of the sandfish was analyzed. From test result, it was observed that
the ultrastructure of the sandfish epidermis scales was periodically arranged by hexagons, and the hexagonal scales
have a micro-stab structure called micro-stab structure and micro-pit structure. The main chemical components of the
sandfish epidermis scales were carbon and oxygen, followed by sulfur and silicon. The scales of the sandfish are
repeatedly rubbed by stainless steel balls. It was found that the friction coefficient decreased as the load increased, and
the friction coefficient decreased as the friction frequency increased. The friction coefficient was 0.206. The extremely
low friction coefficient indicates that the sandfish epidermis scale has strong anti-friction and wear characteristics.
Keywords: sandfish (Scincus scincus), Epidermis scale, Ultrastructure, Micro scale structure, Friction and wear
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Abstract
To solve the problems of severe soil adhesion, high working resistance and high fuel consumption for imprinting
wheel operates on loam soil area in south-China. A bionic surface for imprinting wheel which could reduce working
resistance was designed inspired by the special non-smooth body surfaces of Red Swamp Crayfish (procambarus
clarkii). The geometrical surface of bionic convex with micro-spikes Crayfish was studied, and its excellent antiadhesion property was investigated by soil adhesion tester. The Discrete Element Method (DEM) was used to
establish a theoretical model to study the interaction between soil and imprinting wheel. The results showed that the
bionic micro-spiked convex surface could reduce soil-adhesion. The computer simulation and soil bin test have a good
correlation, the forwarding resistance decreased with the increase of the length of micro-spikes. The resistance
reduction was between 5%-10%.
Keywords: imprinting wheel, bionic surface, discrete element method, computer simulation, soil bin test
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Abstract
The underlying principles of agile movements in human body are not fully understood because they are the complex
interactions between the nervous system, the musculoskeletal system and the surroundings. To study human
locomotion, we propose a bipedal robot platform with high level of similarity to human musculoskeletal
biomechanics. A three-dimensional (3D) whole-body musculoskeletal model was used as the biological counterpart to
inspire the design of the robot. Anthropometric data, key kinematic parameters and musculoskeletal geometry were
measured and analysed to provide key design parameters for the bio-robot. In addition, artificial tendon groups were
designed to simulate the mechanical functions of major musculotendon units. The robot was 3D printed to assure the
mechanics in accordance with real human body. Gait measurements were conducted on the robot getting down a ramp,
recording the trajectory of the segment and joint. The effect of the ankle orientation on normal walking was studied
using computational simulation, and the results show that the best configuration in the ankle is 16°talocrural angle and
23°subtalar angle, where the robot can travel on the ramp up to 4166.2 mm, 17.4 % longer than 0°in the talocrural and
subtalar angle (parallel to the ground when standing). It can be intuitive thinking that the oblique axis of rotation in the
ankle may facilitate normal walking for biped robots. Passive walking of the robot validated the feasibility of the new
robotic developing philosophy. The presented framework would provide a powerful scientific tool to generate new
hypotheses for human biological research and reveal new insights in nature, particularly in bipedal locomotion.
Keywords: biologically inspired robot, humanoid robot, human locomotion, 3D printing, musculoskeletal
biomechanics
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Abstract
Many animals exhibit strong adhesive ability in order to achieve efficient climbing against grassland conditions by
using their pads. It was found that the planta pedis is covered with toe pads of different sizes. With these pads, a
pheasant can move on grassland conditions without slipping. In order to quantitatively study the adhesive
characteristics of different parts of toe bottom in grassland conditions of pheasant. By scanning pheasant foot and
using reverse engineering technique, the structure model of the 2nd, 3rd, and 4th toes of pheasant foot were
reconstructed. The model was made by 3D printing. According to the length of grass, three kinds of grassland were
selected. Compared with the structure without pads, the adhesive performance of the structure with pads was
evaluated using a UTM friction tester. Distinguished from structure without pads, the structure with pads can remain
high friction at constant sliding speed in different grassland environments. The structure of pheasant‘s toe pads is
crucial for amplifying the adhesive ability. It could be one of the reasons of such toe pads on pheasant‘s toe pads. The
coefficient of adhesive (COA) of the structure of the 3rd toe is larger than the 2nd and 4th toes. This indicates that the
adhesive ability of pheasant‘s 3rd toe is the strongest.
Keywords: pheasant foot, toe bottom structure, model reconstruction, grassland condition, adhesive performance
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Abstract
Knee joint is in the middle of robot‘s leg. Variable stiffness knee joint can change the joint contact stiffness with the
change of topography, thus making the robot run smoothly and reducing energy loss. The African ostriches (Struthio
camelus), which live in wasteland and desert all year round, weigh about 90-120kg and can run steadily for more than
30 minutes at a speed of 50-60 km/h. In order to adapt to the ground, the stiffness of the intertarsal joint needs changes
constantly. The stable and energy saving characteristic of the intertarsal joint provides important theoretical basis for
the improvement of the robot's stability. Taking the intertarsal joint of ostrich as biological models, designing the
bionic variable stiffness joint structure with engineering bionic technology. First, the model of the intertarsal joint was
obtained by MRI medical tomography, Mimics medical imaging processing and Geomagic Studio reverse engineering
image reconstruction. Using Opensim to analyze bone tendons, ligaments and sesamoid bones. Secondly, extracting
the meshing surface of intertarsal joint as the rigid part of the rotating joint. The flexible design part uses the spring and
tension structure to simulate the action of tendons and ligaments when the ostrich is running and joint rotation. In
addition, angle sensor is added to detect the Angle feedback of joint to realize the transformation of variable stiffness.
The design of variable stiffness can reduce impact force and energy consumption, improve the performance of motion
and prolong the service life of joints. Then, drawing joint model in 3d software, and import it in Adams to simulate the
work of the mechanism. Finally, making products and having comparative tests. This study provides a new method
and idea for the design of variable stiffness joint in the face of complex environment.
Keywords: Ostriches, robots, variable stiffness joint, stable, energy saving
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Abstract
Most of the insects are tailless and have a large flapping amplitude. The flapping motion of their wings provides not
only the lift but also the torque for their flight attitude. They usually have higher flight maneuverability than most birds.
In this paper, an insect-like tailless FW-MAV which has a wingspan of 18cm, a weight of 11g and a large flapping
amplitude of 180o is proposed. The flapping mechanism of the FW-MAV is composed of a four-bar linkage
mechanism and a pulley-string mechanism. A coreless motor is adopted as the drive motor so that the flapping
frequency can be large enough to obtain sufficient lift forces, and two flexible twisted wings are used which allow a
small deflection of the wing root spars from the vertical direction so that an enhanced aerodynamics can be generated.
A lift force measurement is carried out at a six-dimensional force/torque measurement platform and the result shows
that the designed FW-MAV can provide sufficient aerodynamic lift for flight. Finally, a flight test is conducted and
further verifies the flight feasibility.
Keywords: insect-like, FW-MAV, large amplitude
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Abstract
The hare is very flexible, robust, agile, and is good at running. It can run at speeds of 50 kilometers per hour, with the
European hare running at 72 kilometers per hour. The hare torso was selected as the research object. Based on the
anatomical experiments, the rigid-flexible coupling biological assembly model of the hare torso was established by the
medical image data acquisition, reverse engineering and the finite element analysis technology. The mechanical
characteristics and load distribution of the joints of the torso in dynamic and static modes were analyzed. The
biological assembly and dynamic changes of the joints of the torso were analyzed. The high elastic bending
characteristics, rigid-flexible adjustment mechanism and loading mechanism of the torso were analyzed. With gross
anatomy theory and method, this study determined the exact distribution location and anatomy characteristics of the
bone, tendon and ligaments of the hare torso. The feature sizes of the hare torso were measured by using morphology
metrology method. The test of the hare torso material was carried out using a biomaterial testing machine to obtain the
ultimate load, compressive strength and elastic modulus of the torso bone. This study obtained the medical image data
of the hare torso in the condition of steady stance phase by CT and MRI scan. Based on medical image processing and
reverse engineering technology, the three-dimensional solid composite model of the hare motion system was
established. This article analyzed the stress distribution characteristics of bone, tendon,and ligaments of the hare torso
under static and dynamic impact by finite element method. The study of the rigid-flexible coupling biological
assembly characteristics of the hare torso provides an important theoretical basis and research ideas for the design of
the elastic torso of the high-speed four-legged robot.
Keywords: hare torso, gross anatomy, reverse engineering, finite element simulation, rigid and flexible coupling
assembly characteristics
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Abstract
Ostriches are the largest living birds, but they can not fly. They can reach a speed of 70 kilometers per hour. Ostrich is
the only two-toed bird in the world at present. When running at high speed in the desert to effectively avoid danger,
ostrich's toe touches the sand directly and guarantees its body to be stable. This is the unique adaptability of ostrich. As
one of the most important parts of sprinting shoes, improving the performance of sprint spikes will promote the
athletic performance of sprinting athletes to some extent. Inspired by the superior fixation and traction characteristics
of the ostrich foot toenails in the high-speed running of the ostrich, as well as using the principles of engineering
bionics, sports biology and methods, the ostrich foot toenails is taken as the biological prototype. Different from the
traditional carbon steel sprint spikes, fused deposition modeling is adopted and new materials are used to manufacture
the monomer structure of a new bionic sprint spikes with low energy consumption and high acceleration performance.
Based on the existing theory of shoe stitching arrangement, and combining the structural characteristics of human foot
and the stress characteristics of the foot during sprinting by means of human wear trial, as well the maximum extrusion
resistance and sliding extrusion resistance of the individual sprint spikes of bionic running shoes were measured.
Compared with the ordinary sprint spikes, the optimized bionic sprinting tacks are adopted. The result of contrast can
be applied to optimize the design of bionic sprint spikes and improve its working performance. This research strives to
optimize the cushioning, braking and stability during the sprint, in order to obtain the best results of the minimum
energy consumption and maximum energy return of the sprinters, and help the athletes to achieve new achievements.
Keywords: ostrich foot toenail, bionic sprint spikes, structural individual design, low consumption, high speed,
sports biomechanics
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Abstract
Walking speed is an important evaluation indicator for the dynamic property of planar biped robot. Although the
dynamic characteristics of many biped robots have been improved in the past 30 years, their walking speed are still not
comparable to that of human being. Human has been confirmed as the golden standard and bionic prototype for
bipedal walking efficiency. During walking and running, the ankle joint of human plays a significant role and provides
about 70% energy by stretching Achilles tendon. When the foot plantar contact with ground, the shank rotates around
the ankle by the forward momentum and the contraction of plantar flexor muscles contributes to stretching of Achilles
tendon, which results in energy storage. During terminal stance and pre-swing phase, the Achilles tendon releases
energy and plantar flexors are activated, which provides pushing force for the shank. Based on this, investigators
improved the disturbance rejection of a limit cycle biped walker at least 60% and acquired a wide range of walking
speed by modulating ankle push-off. Pranav explored the kinetic energy between steps by controlling the ankle
push-off. Myunghee and Steven proved that discrete control of ankle push-off can improve the stability and balance of
biped robot. Daniel designed the compliant ankles with bidirectional rotational spring for plantar biped robot and
imitated the ankle push-off. However, the effect of ankle push-off timing on walking speed of planar biped robot has
not been reported. This study designs a planar biped robot with six-degree of freedom and seven segments, composed
of torso, upper-leg, lower-leg and foot, to discuss the effects of ankle push-off timing on walking speed of biped robot.
The hip joint is actuated by brushless motor. The knee joint and the ankle joint are actuated by air cylinder. Different
ankle push-off timing can be acquired by regulating the air cylinder outlet speed and then different walking speed will
be recorded. For human walking gait, ankle push-off occurs about 60% of the stance phase. By comparing the
kinematic data of the ankle push-off at different timings between the biped robot and human during walking, the
mechanism of biped robot fast walking is explored. This study has significance for studying the role of ankle joints in
biped robot locomotion.
Keywords: Ankle push-off; Bionic planar biped robot; Walking speeding; Air cylinder; Trigger timing
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Abstract
Seeking strategies to enhance the overall combinations of mechanical properties is of great significance for
engineering materials, but still remains a key challenge because many of these properties are often mutually exclusive.
Here we reveal from the perspective of materials science and mechanics that adaptive structural reorientation during
deformation, which is an operating mechanism in a wide variety of composite biological materials, functions more
than being a form of passive response to allow for flexibility, but offers an effective means to simultaneously enhance
rigidity, robustness, mechanical stability and damage tolerance. As such, the conflicts between different mechanical
properties can be ―defeated‖ in these composites merely by adjusting their structural orientation. The constitutive
relationships are established based on the theoretical analysis to clarify the effects of structural orientation and
reorientation on mechanical properties, with findings validated and visualized by computational simulation. Our study
is intended to give insight into the ingenious designs in natural materials that underly their exceptional mechanical
efficiency, which may provide inspiration for the development of new man-made materials with enhanced mechanical
performance.
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Abstract
Making replacements for the human body similar to natural tissue offers significant advantages but remains a key
challenge. This is pertinent for synthetic dental materials which rarely reproduce the actual properties of human teeth
and generally demonstrate relatively poor damage-tolerance. Here we report on new bioinspired ceramic-polymer
composites with nacre-mimetic lamellar and brick-and-mortar architectures which resemble, respectively, human
dentin and enamel in hardness, stiffness and strength and exhibit exceptional fracture toughness. These composites are
additionally distinguished by outstanding machinability, energy-dissipating capability under cyclic loading, and
diminished abrasion to antagonist teeth. The underlying design principles and toughening mechanisms of these
materials are elucidated in terms of their distinct architectures. We demonstrate that these composites are promising
candidates for dental applications, such as new-generation tooth replacements. Finally, we believe that this notion of
bioinspired design of new materials with unprecedented biologically-comparable properties can be extended to a wide
range of material-systems for improved mechanical performance.
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Abstract
Mollusk shells frequently act as a natural model for bioinspired synthetic materials owing to their outstanding
mechanical properties. As one of the most common structures in mollusk shells, nacre is featured by a
two-dimensional laminated arrangement of mineral platelets and has been widely mimicked in developing
high-performance materials. Another common structure that is created by mollusk shells to generate high fracture
resistance is the crossed-lamellar structure where the mineral constituents in neighboring lamellae are inclined by a
certain degree. Such structures lead to unique mechanical anisotropy of mollusk shells, i.e., the mechanical properties
and fracture characteristics depend strongly on the structural orientation. Nonetheless, such orientation effect, despite
its significance for bioinspired design, has not been systematically clarified so far. Here, the mechanical behavior and
its dependence on the structural orientation of mollusk shells with laminated and crossed-lamellar structures were
systematically investigated under different stress states in both dry and hydrated conditions. The correlations between
orientation and mechanical properties were established by analyzing the fracture mechanisms and fundamental
mechanics. In addition, the mechanical behavior of pearl which has a spherically laminated structure was clarified to
further demonstrate the orientation effect. This study may help advance the understanding on the structure-property
relationships of mollusk shells and provide guidance for the bioinspired design of high-performance materials
mimicking them.
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Abstract
Based on the anti-wear characteristics of soil animals, the samples of impregnated diamond bit with bionic
self-regenerated non-smooth surface were designed and fabricated. Such a bionic surface was characterized by
concave-shape units that continuously maintained their shape and function during the whole working process. In order
to investigate the relationship between the densities of bionic units and the wear behavior of samples, the bionic units
of the non-smooth surface were designed in four different densities. Abrasion tests were carried out to investigate the
wear resistance and cutting performance of samples. Results showed that the four different bionic samples all have
excellent anti-wear and cutting performance under the action of bionic self-regenerated units. Microscopic imaging
and analysis were applied to reveal the mechanism of wear resistant and cutting efficiency increase. The
self-regenerated bionic units played an important role in improving the anti-wear and cutting performance of bionic
IDB samples under the effect of providing additional gap, trapping abrasive particles and supplying self-lubricating
material. The density of unit can change the shear stress on the friction interface and the distribution of lubricating
material, which further influence the wear behavior of bionic samples. The higher the density of bionic units is, the
more count of steep edges which act as sharp blades for improving the cutting ability, the larger additional gap to trap
the wear debris and stockpile the coolant for modifying the wear resistant of sample. Nevertheless, immoderate
increment of the density has negative effect on the strength of samples matrix and the exclusion of wear debris, which
is detrimental to the wear resistance and cutting performance.
Keywords: bionic non-smooth, density of bionic units, impregnated diamond bis, wear behavior
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Abstract
We present a facile two-step procedure for synthesizing spiky nanohybrids of TiO2/Au nanoparticles. In this process,
spiky TiO2 is obtained using a hydrothermal method, followed by the introduction of plasmonic Au nanoparticles
(AuNPs) via a photoreduction approach. The AuNPs and the TiO 2 both exhibited a uniform nanostructure, with
average diameters of 25 nm and 200 nm, respectively. The photodegradation property of the resulting sample was
evaluated according to the removal of Rhodamine B (RhB) and ciprofloxacin (CIP) via excitation with visible light.
Additionally, the anti-bacterial performance of the spiky TiO2/Au nanoparticles was examined with respect to the
suppression of the growth of Escherichia coli (E. coli). Compared with commercial TiO 2, the spiky TiO2/Au
nanoparticles exhibited a significantly enhanced photocatalytic efficiency in persistent organic pollutant degradation
and bacteria inactivation under simulated environmental conditions. The photocatalysis mechanism primarily entails
the combination of AuNPs with spiky TiO2 nanoparticles, which increases the optical path owing to the unique spiky
structures of the latter. This results in an improved light-harvesting efficiency based on the localized surface plasmon
resonance (LSPR) of AuNPs and the promotion of the charge-seperation efficiency through electron-trap processes.
These nanoparticles realize the objective of effectively addressing the inherent weaknesses of bare TiO 2 and
potentially facilitate new fitting approaches for applications in sewage treatment and marine antifouling paint.
Keywords: Photocatalysis, Titania/TiO2, Spiky, Anti-bacterial, Nanohybrids
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Abstract
Superhydrophobic surfaces, such as the well-known lotus leaves and bird feathers, are quite common in the nature. A
typical superhydrophobic surface can show a strong property of water repellence, which means an extremely low
wettability is achievable on superhydrophobic surface. Both natural and manmade surfaces exhibiting
superhydrophobicity normally have roughness or hierarchical structures in microscale or nanoscale. Researches
indicate that there is energy barrier in existence to hinder the wetting transition from Cassie-Baxter state to Wenzel
state. In this work, the free energy curves based on the transition processes are presented and discussed in detail. The
existence of energy barriers with or without consideration of the gravity effect, and the irreversibility of wetting
transition are discussed based on the presented energy curves. The energy curves show that different routes of the
Cassie-to-Wenzel transition and the reverse transition are the main reason for the irreversibility. A micro structure of
patterned rough surface with truncated pyramid shape is proposed, which can hinder the wetting transition
theoretically. Both theoretical analysis and numerical investigation are carried out to validate the characteristic of
impeding wetting transition from Cassie-Baxter state to Wenzel state for the proposed micro rough surface. The
numerical simulation is implemented with a phase filed lattice Boltzmann method for large density ratio, showing that
the proposed micro structure can enhance the energy barrier significantly and thus hinder wetting transition of a water
droplet to keep a larger apparent contact angle.
Keywords: Truncated pyramid shape; Wetting transition; Energy barrier; Lattice Boltzmann method
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Abstract
With the exploitation of oil fields, most of the early oil fields in the world have entered the high water cut or super high
water cut stage. Nowadays, hydrocyclone separation has been developed to be the most widely used technology for
downhole oil water separation (DOWS) to save storage cost, energy consumption as well as environmental pollution.
However, the small oil droplets in hydrocyclones collide less because of their smaller cross-sectional area, and they
have less momentum to overcome the energy barrier for coalescence during collision. Therefore, the improvement of
small oil droplets separation efficiency has been a main issue for the hydrocyclone separation DOWS technology. The
research in this paper is based on the electrokinetics of oil droplets in aqueous solution. In this work, the electric field
effect on oil water separation inspired by the earthworm electroosmosis effect was simulated using multi-scale
simulation and experiment approach. The results show that dielectrophoresis force has effect on oil droplets in water
under weak electric field and it can promote the oil droplets coalescence, which can be helpful for promoting the
separation efficiency of DOWS in a hydrocyclone. The electroosmosis phenomenon is observed in the experiment
study and it drives the oil droplets moving in an ordered way, which provides a possible approach for electric field
application in DOWS. Fluent CFD study is implemented as well to simulate the multiphase flow in a hydrocyclone.
With alternating electrodes, low voltage (less than 10V) could be loaded on the electrodes. The electrodes
arrangement pattern, the voltage range, and the influence on oil water mixture motion are investigated. The results
show that using alternating electrodes on the inner surface of hydrocyclones can improve the oil water separation
efficiency.
Keywords: downhole oil water separation; hydrocyclone; alternating electrodes; mimicking earthworm
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Abstract
Unexpected ice accretion on surfaces can cause well-known severe problems that will disturb the normal function of
aircrafts, wind turbines, high-speed trains and power lines, and seriously threaten the security of life and property.
Here, we proposed a novel self-assembly method of fabricating slippery electric heating coating and characterized its
static de-icing performance. Direct construction of close-aligned micropores on MWCNTs/polymer-based electric
heating coating was realized by a simple breath figure method. And then the slippery liquid infused porous electric
heating coating (SEHC) was fabricated by infusing silicone oil into the porous structure. Static de-icing tests
demonstrated that SEHC can remarkably shorten the de-icing process and thus reduce the electric heating energy
consumption by up to 63%, owing to the low ice adhesion caused by the ―oil film isolating effect‖. Also, the thermal
resistance-based heat transfer model of SEHC-ice interface has been developed and the superiority of the slippery
electric heating coating in de-icing has been analyzed. As for durability, the semi-closed porous structure and its
self-repair property enhanced the immobilization of the infused liquid and ensured its long-lasting performance.
Keywords: de-icing, porous, electric heating coating, SLIPS
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Abstract
The motion of quadruped robot is planned by the trajectory of the foot and operated according to the specified rules.
Under the rough terrain, as the robot can‘t smoothly change gait movements, resulting in movement disorder or
tumbling phenomenon. Therefore, it is very important to study how to improve the smooth transformation of gait for
quadruped robot. To improve smooth of gait transformation of the quadruped robot on rough terrain, a smooth
transformation method is proposed to realize the gait transition for quadruped robot locomotion in this paper. In
addition, the proposed smooth transformation method is constructed by duty factor and the delay factor. Finally, the
quadruped robot can achieve smooth gait changes and stable walking on rough terrain.
Keywords: Quadruped robot; quadruped robot locomotion; gait smoothing transformation method; the rough
terrain;
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Abstract
Organic semiconducting materials have attracted significant attention for use in optoelectronic devices as they can
significantly
improve
device
performance.
Herein,
a
donor-acceptor
conjugated
polymer
(poly(isoindigo-thiopheneylbenzothiadiazole, PID-TBT) was synthesized, which has strong and broad absorption in
the visible region (400-800 nm). The band gap of PID-TBT is 1.65 eV. The PID-TBT honeycomb film with a porous
structure was easily fabricated by the breath figure method. Compared with the smooth PID-TBT film, the honeycomb
film shows significant enhancement in light capture capability and the efficiency of photoelectric conversion. The
reflectance of the honeycomb film is reduced by 7% and the photocurrent is tenfold higher than that of the smooth film.
Apart from designing new molecules by complex reactions, this work demonstrated that photoelectric conversion can
be easily improved by introducing micro or nanostructures into devices.
Keywords: Honeycomb structure, Photoelectric conversion, Donor–acceptor conjugated polymer,
Bio-inspired
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Abstract
Inspired by natural sponges, various 3D sponge-like architectures with different compositions have been prepared and
they are much admired by material scientists for their outstanding performances. As a consequence of low cost, natural
abundance and environmental compatibility, manganese dioxide (MnO2) is usually regarded as an ideal candidate for
the supercapacitor electrode materials. Herein, supercapacitor electrode has been fabricated from sponge-like MnO2
aerogels, which were prepared from ultrathin MnO2 nanosheets via an ice-templating approach. The supercapacitor
electrode fabricated from MnO2 aerogels has demonstrated an enhanced specific capacitance (139 F g-1 at 1 A g-1),
high rate capability (72.7% retention at 20 A g-1) and excellent cycling durability (6.7% loss after 5,000 cycles). The
improvement of supercapacitive performance can be attributed to the macroscopic 3D interconnected channels in the
aerogel structure, which can not only prompt mass transfer and reduce dead volume, but also provide additional
benefit for stress relieving. The high rate capability and cycling stability of our MnO 2 aerogels make it a promising
electrode material for future energy storage systems.
Keywords: Sponge-like; MnO2; Aerogels; Supercapacitors
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Abstract
A self-standing macroporous noble metal-zinc oxide (ZnO) sponge of robust 3D network has been fabricated through
in-situ growth method. The key to the construction of the bioinspired sponge lies in the choice of commercial
polyurethane sponge (CPS) with interconnected and junction-free macroporous structure as the skeleton to support
Au/ZnO nanorods (Au/ZnONRs). The resultant Au/ZnO/CPS not only exhibits hierarchical structures representing
physical features of CPS, but also demonstrates durable superior photocatalytic activity and hydrogen generation
capability. In addition, we have adopted various irradiations to investigate the effect of UV light and visible light on
the photocatalytic performance of Au/ZnO/CPS individually. In detail, the photocatalytic properties of Au/ZnO/CPS
and ZnO/CPS have been monitored and compared under irradiations of different wavelengths (200–1100, 350–780,
200–420 and 420–780 nm) for 90 min to reveal the effect of irradiation wavelength on the activity of photocatalysts. A
possible mechanism between irradiation wavelength and photocatalytic degradation efficiency is proposed. The facile
in-situ growth approach presented herein can be easily scaled up, affording a convenient method for the preparation of
self-standing 3D macroporous materials, which holds great potential for the application in both environmental
purification and solar-to-hydrogen energy conversion.
Keywords: Photocatalysis, Self-standing, Macroporous, Zinc oxide (ZnO), Bioinspired
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Abstract
This paper includes two parts. The first part introduces Chinese ―Dove‖—a practical application system of
bird-mimetic air vehicles developed for more than a decade by the Institute of Flight Vehicle Innovation of North
Western Polytechnical Uuniversity (NWPU), China. This part presents the main components, flight capability and
flight verification of Chinese ―Dove‖, the methods for the aerodynamic simulation and wind tunnel experiments, and
the design for high-lift and high-thrust flexible flapping wings, a series of flapping mechanisms, the gust-resistance
layout and the micro flight control/navigation system. The second part of this paper provides ideas for future studies
on the application system of bionic micro air vehicles, including observations of natural flying creatures,
aerodynamics in flight, new material mechanical drive systems, structural mechanics, flight mechanics, and
information perception and intelligent decision-making control, which are related to the research of flight
bioinformatic perception and brain science. This part also discusses some examples of the realization of complex
flapping movements, active/passive deformations of bird wings, new low-energy motion-driven systems, bionic
intelligent decision-making and control/navigation.
Keywords: Chinese “Dove”, bird flight mechanism, application system
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Abstract
The elytra of beetles have been optimized in response to the complicated environment. Beetle cuticles are light weight
with high strength, and some beetles are able to change its coloration during the process of growing. In this study, the
relationship between nanomechanical properties and microstructures of elytra of irreversibly color- changing Sagra
femorata purpurea lichtenstein were investigated, and the bionic architectures based on its elytron which are light
weight with high strength were designed for mechanical simulation. The surface morphology of elytron was obtained
by confocal laser scanning microscopy (CLSM). The interior microstructures of beetle elytra were observed by high
power microscope. Nanomechanical properties of Er and H of S. lichtenstein elytron display a fluctuant decreasing
trend from the epidermis layer to elytra stratum basale. The strong interactions in the protein matrix of the surfaces of
transverse and longitudinal sections may make it harder than the interior. The relatively low Er and H act as a buffer.
In addition, the coupled structure-nanomechanical model of S. lichtenstein elytra were established with rough surface
of convex closures microstructure and smooth surface which are aimed to 3D print. For compression simulation, the
pillars in the S. lichtenstein mesh models play an essential role for supporting the whole structure and isolating the
energy of loads, which is a part of oval rings between epidermis layer and elytra stratum basales. Therefore, almost no
deformation occurs on the stratum basales. For tensile simulation of two different models, both stratum basales
perform great deformation under hollow between two pillars while the epidermis layers occur small deformation. This
special architecture can help to maintain the whole shape and stability of elytron. The convex closures on the surface
can isolate the energy from external loads. This work will lay the foundation for designing light-weight materials
with bionic architecture.
Keywords: elytron; irreversible color-changing; nanoindentation; bionic architecture; finite element analysis
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Abstract
The paw pad of digitigrades is the first part of the body to strike the ground of each step, which is repeatedly, cyclically
subject to large transient force that may reach as high as two or three times the body weight due to the foot segment
colliding with the ground. In order to analyze the cushion contribution of the digitigrades‘ paw pad during the ground
impact phase in terms of material and structure, German Shepherd Dog(GSD) was determined as the subject, due to its
strong locomotion stability. The constitutive relationship of hyper-elastic material property of GSD pad is obtained
through the quasi-static tensile measurement. Meantime, dynamic test of GSD pad based on dymanic mechanical
analysis (DMA) device is also carried. The dynamic variation relationship between the storage modulus (stiffness),
loss modulus parameters (damping), shear modulus parameters and input excitation is also obtained. Measurement
results showed the degree of the energy storage and dissipation function depends on the frequency of the external load.
As the frequency of external load increases, the energy dissipation capacity of the GSD's paw pad is constantly
enhancing, which is beneficial to loss of external impact load and decrease interaction strength of the impact force.
Besides, a finte element (FE) model of the macro structure of the GSD's paw pad was reconstructed. Simulation results
showed that the macroscopic discrete structure of the GSD's foot pad transmits the ground reaction force along the
contact surface through the irregular curved surface and deflects the transmission path of the ground reaction force to
a certain extent, which is beneficial to reduce the overall interaction strength. These finds may help to understand how
body tissues are constructed in an effective manner, and may provide inspirations for the bioinspired design of
ground-contacting components with enhanced properties.
Keywords: GSD's paw pad, tensile measurement, locomotion stability, biomechanical analysis, dynamic test
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Abstract
In order to improve the performance of vegetable-mincing blade, a bionic design based on the mandibles of
Cyrtotrachelus Bugueti Guer was presented. The mandibles‘ morphology of the weevil larva was studied by using
Scan Electron Microscope (SEM). Inspirited by insects, the three-dimensional (3D) dynamic models of the foodstuff
and blade were built and simulated by ANSYS/LS-DYNA. Then, a physical experiment of blades was carried out to
verify the effectiveness of the established models. From dynamic simulations, the biomimetic has better cutting
capacities, lower energy consumption and higher working efficiency than the conventional blade. From
physical test, the simulation of foodstuff-blade model is effective and reasonable. Additionally, the results shown that
the bionic design approach were feasible and efficient.
Keywords: Bionic design; Mandibles; ANSYS/LS-DYNA; Cutting energy; nonlinear; dynamic
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Abstract
Ion channels located on a cell membrane have a function to control the passage of the ions and water. They selectively
transport the ion and water molecules with fast speed. It creates the action potential, a nerve signal in many kinds of
cells.
We have studied various molecular devices inspired by ion channels. Based on artificial ion channel, we devised novel
sensor system. More intensively, we investigated the skin sensory organ inspired sensor mimicking the receptors such
as Pacinian corpuscle and Merkel disks. The potential applications will be introduced.
Keywords: ion channel, sensory organ, nanochannel, nanopore device
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Abstract
The biological materials possess their most adaptive functions to survive in the nature through hundreds of million
years, since they can self-fabricate highly complicated hierarchical structure with fantastic property using simple
components. Highly mineralized biological materials in nature, such as bone, teeth or mollusk shells not only display
a higher strength, but also has a higher toughness and a lower modulus, which cannot be matched by engineering
materials. Therefore, it is significantly important to investigate the microstructure and related mechanical properties of
the biological materials, to offer a theoretical basis for developing high-performance biomimetic structural materials.
The nacre structure in Pinctada maxima shell was investigated systematically. It is observed that the shapes of the
nacre structure are various, including typical bricks, irregular platelets, and convex lens-like platelets that is newly
detected to the best of our knowledge. The convex lens-like structure shows a great capability to resist the localized
deformation illustrated by the indentation tests, and undergoes a large bending deformation by the rotation and
deformation of the platelets. In P. maxima shell, the marginal side shows a highly layered structure, i.e., a typical nacre
structure, irregular nacre structure, myostracal layer, convex lens-like and prolate convex lens-like nacre structures
from the outer to inner parts. This layered structure can prevent the penetration of the predators effectively. The
three-point bending fatigue tests were performed on different parts of P. maxima shell. It is concluded that this shell
can resist the repeated attacking from the predators. Furthermore, the fatigue life still can reach 500-1000 cycles
when the maximum fatigue stress is larger than 90% of the average bending stress. The highly layered structure on the
marginal side shows the best fatigue behavior, since the convex lens-like nacre structure can resist the interfacial
separation during the bending fatigue test.
Keywords: Pinctada maxima shell; Convex lens-like nacre; Penetration; Fatigue; Bending resistance
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Abstract
Nacre has drawn considerable attention over several decades due to its outstanding combination of high strength,
toughness, and stiffness originating from its ingenious hierarchical microstructure, and it‘s widely believed that the
various toughening mechanisms related to the biopolymer interfaces result in the synergy between strength and
toughness in nacre. Microcracking, as one of the common toughening mechanisms in nacre, could lead to energy
dissipation and play a shielding effect on the stress at the crack tip, thus enhancing fracture resistance. However, it is
still limited known that how the microcracking affects the mechanical properties of samples with different size, which
has closely related to the number of interfaces. In the present work, the there-point bending strength and fracture
behavior on a series of specimens with different thickness in Cristaria plicata shell were investigated to explore size
effect of nacre structure. The results show that the mean bending strengths increase with the thickness and then
become stable when the thickness reaches a certain value. Furthermore, it is found that the crack penetrates through
the platelets straightly in thinner specimens, while deflects along the interfaces in thicker specimens, illustrating that
the main failure mode is transferred from platelet rupture to step-like pull-out of platelet with the increase of
specimens‘ thickness. Based on the above results, a simple model was proposed, and it denotes that the percentage of
the region with microcracking in the zone under tensile stress decreases obviously with the increasing thickness of
specimens under the same applied load. Obviously, it suggests that the microcracking is sensitive to the size of
samples under bending tests, resulting in a different effect on the fracture behavior of sample with different sizes.
Therefore, it is expected to provide additional guidelines for designing and synthesizing novel biomimetic materials,
especially in size of specimens.
Keywords: Nacre; Microcracking; Size effect; Bending strength; Fracture behavior
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Abstract
The effect of salt concentration on the conformation of polyethylene oxide (PEO) in dilute solution was studied by
gel chromatography (TDA-GPC) with RI, light scattering and viscosity detectors and dynamic light scattering (DLS).
By comparing the physical parameters of [η], Rh, α and so on, the conformational changes of PEO in different salt
solutions are obtained. In the solution of lower salt concentration, PEO formed a typical random conformation. With
the increase of salt concentration, the PEO molecular chains in the solution gradually aggregate, shrink and collapse,
the size of the coil decreases, and the conformational change from random coil to densely packed collapse sphere
occurs, and the viscosity of the solution increases. This conformational change is mainly due to the fact that the salt
molecules in the solution compete with the water in the PEO solution to reduce the solvation of the PEO segment. In
addition, we also studied the effect of temperature on the conformation of PEO. When the temperature decreased, the
molecular chain of PEO contracted, and the random coils gradually contracted to collapse spheres.
Keywords: Salt concentration; Polyethylene oxide (PEO); Temperature; Conformational changes
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Abstract
Stepping friction of human is an intermittent friction between sole and floor during walking. As one of the important
factors of human gait, the effect of floor surface morphology had been paid many attentions in recent years. However,
previous research has focused on level walking, and there are only small amounts on ramp walking, especially under
heeling condition. Different surface morphology of floor planed on carbon steel, the relationship between floor
morphology and critical friction coefficient on level walking obtained with slipmeter, the effect of floor morphology
on human gait under heeling condition measured with gait friction test platform. Results showed that the critical
friction coefficient and step friction coefficient of floor increase along with the increasing of surface roughness or
decreasing of texture distance on level walking, the step friction coefficient and its lateral component increase along
with the increasing of angle under heeling condition, orientation of surface texture significantly effects on the slip
resistance of floor.
Keywords: human gait; heeling condition; surface morphology; surface roughness; texture distance; slip resistance
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Abstract
In nature, some plants have the humidity responsive materials that have porous structure and exhibit deformation. This
deformation is induced by capillary condensation causing the materials to swell. Here, we fabricated hygrometric
oxide film based humidity sensor which changes its curvature corresponding to the relative humidity. This oxide film
consists of numerous titanium oxide nano tubes having nano sized gap in between them and are stabilized by the Van
der Walls forces. This film size is ~2.5 cm length and ~8 m thickness. The curvature of the oxide film is observed by
varying relative humidity from 49% to 81%. As the humidity changes, the film moves back and forth and its curvature
changes. This behavior is sustainable, repeating multiple times without any damage. The mechanism of changing
curvature is explained by capillary condensation and evaporation at the top and bottom surface through Kelvin
equation. According to the Kelvin equation, equilibrium vapor pressure is decreased with a decreased nano sized gap.
This causes capillary condensation when the relative pressure is higher than the equilibrium vapor pressure. This gap
was calculated from equilibrium vapor pressure at the curvature using humidity graph, which was then confirmed by
the calculated gap using SEM image. Additionally, we observed that the film has different motion when it is wetted by
small water droplet. As a result, we developed nature inspired humidity sensor that can even distinguish the saturated,
i.e. fog, and oversaturated, i.e. rain, humidity conditions which gives the same 100% relative humidity as obtained by
the electrical signal based humidity sensor.
Keywords: Hygrometric, Kevin equation, Capillary condensation, Titanium oxide
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Abstract
We can find occasionally the lubricant-infused surfaces (LIS) in nature, e.g. Nepenthes pitcher plant. Although there
are numerous attempts to mimic these kinds of organisms, the fundamental studies are still lack of being conducted. In
this study, dynamic advancing and receding contact angles on lubricant-infused surfaces (LIS) were measured using a
modified Wilhelmy plate technique. Several PDMS surfaces containing precisely patterned microstructures as well as
PTFE surfaces with irregular microstructures were prepared. Fluorinated synthetic oils with different viscosities were
infused into the microstructures of the surfaces to produce the lubricant-infused surfaces. Several aqueous glycerin
solutions with different viscosities were used as working fluids so that the viscosity ratio between the lubricant and the
working fluid was varied. The continuous laser and high speed camera were used to visualize the dynamic contact
angles. The variation of the dynamic contact angles was sensitive to the change in the viscosity ratio and the capillary
number. As the viscosity ratio increased, the reduction in viscous stress at lubricant-liquid interface showed a much
weaker dependence of the dynamic contact angle on capillary number. A scaling of the dynamic contact angle with the
capillary number will be discussed.
Keywords: lubricant infused surface, LIS, Wilhelmy plate method, dynamic contact angle
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Abstract
This report describes a new constant workload cycle ergometer (CWCE) for assessing cardiopulmonary. In particular,
the CWCE could adjust the resistance automatically according to the speed of subject‘s pedalling for constant
workload exercise test. The purpose of this study was to examine the effectiveness and reliability of the CWCE
compared with the standard Monark cycle ergometer (Monark CE) for performing cardiopulmonary exercise test in
healthy adults. Forty healthy males (40males; age range: 20-35 years; height: 175.5 ± 5cm; weight: 65.5 ± 7.6 kg)
completed two YMCA (Young Men‘s Christian Association protocol) submaximal exercise tests separately on
CWCE and Monark CE. Subjects completed the four-stage progressive multistage test on the CWCE and Monark CE.
The maximal heart rate (HRmax) and the heart rate (HRstage) during the last 30 sec at each stage were measured to
calculate the maximum oxygen uptake (VO2max) by using the ACSM metabolic equations. There was no significant
difference in VO2max and HRstage of stage 1 to stage 4. The Bland-Altman plot indicated that the VO2max and
HRstage of two cycle ergometers are highly consistent. The finding would provide an accurate and low-cost constant
workload cycle ergometer for assessing cardiopulmonary exercise test.
Keywords: cardiopulmonary exercise test; cycle ergometer; constant workload; maximum oxygen uptake (VO2max)
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Abstract
Plants transport water through xylem vessels with the aid of strong negative pressure generated by leaf transpiration.
However, this transport system cause metastable state of water and the system becomes vulnerable to cavitation.
Fortunately, structural features of xylem networks have developed stable water transport in plants. Xylem vessels are
interconnected by pit membranes consisting of cellulose fibers that function as hydraulic valves to regulate two-phase
flows. In this study, we fabricated model system consists of channels embedding cellulose membranes with different
thickness to investigate the hydraulic roles of pit membranes to prevent spreading of air throughout xylem vessels.
While the air spread across the membrane, water film formed on the hydrophilic cellulose membranes was visualized
using X-ray micro-imaging technique and temporal variations of pressure difference across the membrane was
measured. When the pressure difference was less than the critical pressure, penetration of air was blocked by the water
film captured on the cellulose membrane. As the pressure reached the critical value, air bubble began to penetrate the
membrane. After the air passed the membrane, the residual water film gates the air spreading and maintained the
pressure difference. Air spreading showed two types of dynamics according to membrane thickness, continuous
spreading and discrete spreading. These results imply that the hydrophilicity of the cellulose fibers of pit membranes is
helpful to modulate the spreading of air bubbles in xylem vessels by maintaining water film.
Keywords: pit membrane, embolism, water film, xylem vessels, hydraulic valve
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Abstract
Although the hydraulic transmission system in spider legs is well known, the spider‘s mechanism of locomotion during
different terrain conditions still need further be explored. In this study, spider locomotion was observed in detail on
three pavement test platforms: horizontal hard pavement, horizontal and sloped soft pavement respectively. The
movement characteristics and joints kinematics of Grammostola rosea legs were captured by high-speed cameras and
Simi Motion 3D tracking software. These observations showed that the gait pattern was basically consistent with an
alternating tetrapod gait, however the pattern observed on the sloped soft pavement was slightly different from that of
the two horizontal pavements. In particular, the duty factor for the spiders‘ eight legs was greater than 60% in all three
pavement environments. The duty factor was largest when the spiders walked on the sloped soft pavement, secondly
on the horizontal soft pavement, and the last on the horizontal hard pavement. This pattern showed that spiders might
have better stability when walking, but their stability became lower in the sloped soft pavement environment. The
ranges of joint angles through the spiders‘ gait cycles in every pavement environments were also analysed and
compared. The findings showed that the hydraulically driven femur- patella and tibia-metatarsal joint angles varied
widely, which confirmed that hydraulically driven joints had major functions and obvious effects on the walking
process. The kinematic patterns identified in this study provided improved understanding of hydraulic transmission
mechanisms, of the factors that affect motion stability, and the design of biomimetic systems.
Keywords: Spider; Hydraulic joint; Kinematics; Gait
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Abstract
Slipping is easy when walking on locomotion platform with different acceleration. The purpose of this study was to
determine if the acceleration display alterations to ground reaction force (GRF) that increase the risk of slipping and
walking injuries. Based on ten males‘ walking on the moving platform embedded in two force plates at 1.4m/s speed
and 0.7m step length, the ground reaction force and the acceleration of motion platform were collected at a sampling
rate of 1000 Hz. A repeated measures analysis of variance design (ANOVA) was used to compare the ground reaction
forces and Newman-Keuls post hoc tests were used to analyze the differences of the ground reaction forces between
different accelerations. Results showed that the foot pressure distribution would be adjusted with the change of
platform acceleration during walking to increase stability of the body. The anterioposterior parallel braking force
peaks increased and the anterioposterior parallel propulsive force peaks decreased with increasing of platform
acceleration when the directions of walking and acceleration of motion platform were opposite (a<0), and the heel in
braking phase was easy to slip in such condition. The anterioposterior parallel braking force peaks decreased and the
anterioposterior parallel propulsive force peaks increased with the increasing of platform acceleration when the
directions were same (a>0) ， and the tiptoe in propulsive phase slipped easily in this case. Combined with previous
energetic studies, the parallel force data will make the metabolic cost increase during walking with opposite direction
(a<0) between walking and platform acceleration. The vertical impact force peaks and vertical active force peaks
changed little under different accelerations. These results will contribute to understand the mechanical principle of
slipping and falling and to provide some strategy to people during walking on the ground with non-uniform motion to
ensure body stability.
Keywords: Acceleration, Ground reaction forces, Biomechanics, Slipping, Walking injury
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Abstract
At present, most of the micro robots on water surface are limited to skating movement with low movement speed, poor
anti-interference ability, low load capacity, and difficulty in crossing some low obstacles on the water surface. In order
to solve this problem, this paper presents a multi-mode micro jumping and gliding robot on water surface. The robot
integrates the functions of water surface jumping and gliding, and is composed of glider wings, motor reducer, six-link
jumping mechanism and supporting part, which can realize jumping on the water surface and gliding in the air. Firstly,
based on the aerodynamic theory, the kinematics model of robot jumping and gliding was established, the influence of
the parameters of gliding wings on its performance was analyzed and optimized, and the necessary minimum jumping
height of robot was obtained. Secondly, the six-bar linkage is selected as the jumping mechanism of the robot, and the
influence of different spring combination forms and the six-bar geometry size on the jumping efficiency is analyzed.
Then, based on the hydrodynamics theory, the dynamic model of the jumping movement on the water surface is
established, the jumping efficiency of the robot on the water surface is calculated and optimized. Finally, ADAMS
software is used to simulate the jumping process of the robot, and the simulation results are in good agreement with the
theoretical results. The robot has the characteristics of small mass, fast response speed, continuous jumping ability on
the water surface, and can greatly improve the mobility of the robot. The research results of this paper will provide
theoretical basis for the robot fabrication and experiments. It also makes up for the deficiencies of relevant fields to
some extent, and accelerate the practical process of micro-surface robot.
Keywords: micro robot; multi-mode; jumping on the water surface; gliding in the air; kinematics and dynamics
analysis
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Abstract
Nature‘s one of the strongest materials known, the spider silk, has outstanding mechanical properties such as its
stiffness. The process how the nature produces this outstanding spider silk is easy. First softens compounds and sticks
to substrate making a liquid bridge and then stiffens while pulling, making the final form of spider silk. In this paper,
we mimic spider‘s silk production method to produce glue thread (GT) out of glue stick and studied its mechanical
properties. As spider produces its silk using different combination of chemicals for each usage, we were also able to
control GT‘s characteristics (diameter and stiffness) by varying ethanol content. GT‘s diameter increased as more
ethanol was added, but the stiffness decreased. Ethanol locates between GT structure which increases volume while
weakening binding force. As demands for micro wire is increasing, GT is very promising for future nanowire industry
as it is easy to produce and holds great mechanical properties that can be manipulated intentionally.
Keywords: micro wire, glue, spider silk, nature inspired, nano wire
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Abstract
Understanding an organism‘s behavior upon toxicant exposure will propose methods that we could mimic for efficient
response strategies. We have studied the behavior characteristics of Artemia Franciscana, which can survive in high
concentration of chloride. To efficiently observe it behavior, we have developed video processing-based multi-object
tracking method than can quantify the changes in behavioral characteristics of each Artemia exposed to toxicant (Hg2+).
The developed system showed high accuracy at detecting Artemia‘s coordinate. The coordinate data was used to
calculate various endpoints such as swimming speed, turning angle, and trajectory. Swimming speed upon different
concentration of mercury ion has showed interesting phenomenon such as hormesis. Also, avoidance response was
observed through turning angle analysis. These results demonstrate that our method for multi-tracking and trajectory
analysis of Artemia can provide abundant information about organism‘s behavior leading to providing inspiration to
bio-mimicking field of study.
Keywords: multi-tracking method, brine shrimp, mercury ion, behavior, toxicological bioassay, trajectory analysis
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Abstract
Adult ostrich (Struthio camelus) weighs as much as 130-150 kg, sustained running speed of about 50-60 km/h, the
peak speed of up to 70km/h. There is no muscle distribution on the ostrich foot tarsometatarsus, but it can effectively
bear the weight of the whole body, and absorb the impact from the ground, showing superior bearing characteristics.
From the perspective of rigid-flexible coupling, the foot tarsometatarsus of three adult ostriches were selected as the
prototype to study the support component of ostrich that was jointly assembled by skin, tendon and bone. Firstly,
reverse engineering technology was used to obtain a 3D model with a high geometric similarity with ostrich foot
tarsometatarsus through MRI scanning, combined with Mimics and Geomagic Studio. Secondly, through the
experiment of gross anatomy, we observed the skin, tendon and bone assembly of ostrich foot tarsometatarsus, and
analyzed the beneficial effects of the interaction between the components. Therefore, the material properties of skin,
tendon and bone were determined. The outermost part of the distal leg is the skin. Besides, the tendons such as M.
extensor digitorum longus and M. extensor proprius digiti III are interspersed between the skin and the bones. The
density, modulus of elasticity, stress and strain of the skin, tendons and bones were tested. Finaly, each part was given
the corresponding material properties in Abaqus. Combining the kinematic data obtained by the field tests as the
model boundary condition and loading reference, different loading conditions are applied to the finite element analysis
in the axial direction of the model. The results of finite element analysis show that the rigid-flexible coupling structure
composed of skin, tendon and bone can effectively reduce the stress caused by the bending of the structure, and has a
high bearing capacity, which provides a new research idea and method for the structural design of heavy-duty
mechanical legs.
Keywords: ostrich foot tarsometatarsus, gross anatomy, finite element analysis, heavy-duty mechanical
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Abstract
Nanotechnology is a field of applied science and technology covering a broad range of topics. The main unifying
theme is the control of matter on a scale below 100 nanometers, as well as the fabrication of devices on this same
length scale. Richard Feynman described the concept of 'building machines" atom by atom in his talk titled "There is
plenty of room at the bottom". BIONICS some times called BIOMIMETICS or BIOMIMICRY, basically biologically
inspired engineering is defined as a ―New science that studies nature's models and then imitates or takes inspiration
from these designs and processes to solve human problems". Prof. Janine Benyus suggests looking to Nature as a
"Model, Measure, and Mentor" and sustainability as an object of bionics. Bionics looks to nature and natural systems
for inspiration. After millions of years of tinkering, Mother Nature has worked out some effective processes. In nature,
there is no such thing as waste — anything left over from one animal or plant is food for another species. Human
engineers and designers often look there for solutions to modern problems.
Sea shells are safe havens for the inhabitants providing protection against any predator and harsh environmental
conditions as they are very strong. Sea shells are made up of chalk a brittle material so what makes them strong? By
studying the nano structure of shells which are made in several years we can make high strength ceramics which are
light yet very powerful. We can design turbine blades and engines. Tropical Morpho butterfly (Morpho sulkowskyi)
found in Colombia, Peru and Ecuador and is famous for their stunning colours but these colours are changed in
response to any change in the vapours. This is caused by the nanostructure of the wings scale which is capable of
reacting and detecting to the gases in the atmosphere. This will help us to build more sensitive and selective sensors
which can be used in metros, subways, stadium, sports arena, public concerts and gatherings for catching terrorists.
Development of nano clothes to the paint which doesn‘t allow to settle dust on the walls, inspired by lotus flower and
peacock feather are the best example of how Bionics uses nanotechnology.
What is most important today is that people are not aware of the promises Nanotechnology and Bionics holds for the
future as they are complimentary to each other. In Bionics many of the models of nature are perfect example of
nanotechnology done by the nature. Author who has started a novel concept of science communication called
scientoon (a new class of cartoons based on science to understand, learn and enjoy science: www.scientoon.com) and
has coined a new science called Scientoonics, will deliver a unique lecture using every slide as scientoon to create
awareness about Nanotechnology and Bionics as what enormous future these two sciences hold together specially in
the area of medical, pharmaceutical sciences, water conservation to climate change and thus helping in the sustainable
development for a better world.
Keywords: Bionics; Nanotechnology; Scientoonics
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Abstract
Flapping wing micro aero vehicle(FMAV) is a special type of MAV which is capable of working in constraint space
and complicated environment. The flexibility effects on the aerodynamics of flapping wing is one of the most
important considerations for designing this kind of vehicle. This paper aims at providing a systematic synthesis on the
flexibility effects on the characteristics of the flapping wing, based on the numerical analysis approach. Firstly, the
physical model of flexible wing and its parameter definitions are presented. Secondly, the numerical model for
simultaneously solving the in-compressible flow and flexible deformation motion of the wing is developed. Thirdly,
the effect of deformation amplitude and vibration frequency on the aerodynamic characteristics of the wing are
analyzed. Finally, the quantification effects of the deformation amplitude and vibration frequency on the aerodynamic
characteristics of the flapping wing can be obtained. The analysis in this study will provide straightforward physical
insight into understanding of the aerodynamic characteristics of flexible wing.
Keywords:Flapping wing micro aero vehicle; Flexibility; Deformation amplitude; Vibration frequency;
Aerodynamic characteristics
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Abstract
With the in-depth study of bionics engineering, researchers not only imitate the external structure of nature, but also
learn from their own internal organization and operation mode. In "bionic manufacturing", these provide a model for
―good design‖ and ―production mode‖ for humans. It is essential to solve the problem of Green and efficient
production for the construction of human and natural communities. Inspired by the optimization and high efficiency of
swarm intelligence in nature, we have established a universal micro/nano patterning strategy based on the droplet
manipulation strategy via Green Printing Technology. Firstly, 0D microdots are connected by 1D microwires through
regulating the Rayleigh-Taylor instability of materials solution or suspension, which display bright dichromatic
photoluminescense. Secondly, a 3D liquid self-shaping strategy is developed for rapidly patterning materials over a
series of compositions and accurately achieving micro- and nanoscale structures. The 3D architectures achieved by
two different quantum dots show non-interfering optical properties with feature resolution below 3 μm. Thirdly,
three-primary-color fluorescent nanoparticles can also be integrated by successively printed with retention of their
individual photoluminance efficiency (5% variances). Yellow, magenta, cyan and white colors with clearly defined
interfaces are achieved to reduce the optical cross-talk effect. Finally, nanoparticle-based curves are assembled
through pillar-patterned silicon template-induced printing, and integrated as flexible sensors to perform complex
recognition of human facial expression. Optimal interconnect are spontaneously patterned between certain nodes on
diverse substrates, as natural systems spontaneously figuring out the shortest path. The optimal interconnect leads to a
65.9 percent decrease in the electromagnetic interference. Therefore, self-assembling of nanomaterials via droplet
manipulation are achieved in all dimensions for multifunctional optoelectronics.
Keywords: Swarm intelligence; Self-assembly; Nanomaterials; Optoelectronics
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Abstract
A novel bionic thin-walled tube (BMT) with herringbone cells was developed based on dactyl clubs microstructure of
Odontodactylus scyllarus to improve the crashworthiness of thin-walled tube. The crashworthiness of BMTs with different
herringbone ratios η (the ratio of herringbone height A and length λ) were investigated under axial and oblique impact loading using
nonlinear ﬁnite element (FE) method through LS-DYNA. Secondly, a complex proportional assessment (COPRAS) method was
used to select the best possible sectional conﬁguration under multiple loading angles. According to this method, the BMT with η =
1.5 (hereinafter referred to as BMT-1.5) was determined to be the best design based on multicriteria process. Finally, a
metamodel-based multiobjective optimization method based on polynomial regression (PR) metamodel and multiobjective particle
optimization (MOPSO) algorithm were employed to optimize the dimensions of the BMT-1.5, where Fmax and EA were taken as
objectives and wall thickness t and λ regarded as the design variables. The multiobjective optimization results showed that the
BMT-1.5 has variant optimal solutions under different single loading angles. The optimal solutions of mulitobjective optimization
under the multiple loading angles was highly dependent on the selection of weighting factors for different loading cases. Further
research is required to investigate the crashworthiness of BMT under lateral impact loading.

Keywords: Thin-walled structure; bionic design; crashworthiness; complex proportional assessment; multiobjective
optimization
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Abstract
The traditional bionic upper limb structure design is limited by the motion pair and cannot guarantee the flexibility of
the mechanical structure. The tensegrity structure has the characteristics of high deformability, strong self-adaptability,
and resistance to multi-directional impact. According to the biological characteristics of the upper limbs of the human
body, an anatomical study is performed on the upper limb wrist joints that achieve adduction/abduction,
flexion/extension, in order to obtain the relationship between the movements of the related bones and muscles, and to
simplify the shape and structure of the wrist. Equivalent mapping of a mechanical model based on two-bar tensile
properties. Through the contraction and stretching of the spring, the movement characteristics of the human muscles
are realized, and the optimized bionic upper limb wrist tensioning robot without motion pair is further obtained. The
inverse dynamics method is used to solve the motion position of the mechanism, and the formula for calculating the
size parameters of the elastic elements of the bionic wrists is derived and the spring stiffness coefficient is matched,
which the theoretical method of mechanism motion analysis is given. On this basis, Adams simulation is used to verify
that the bionic tensile wrist can simulate the change movement of the human wrist, and the correctness of the
theoretical calculation formula. Finally, the experimental platform was built and a physical prototype was made and
the prototype was tested. The results show that the bionic tensile wrist can realize the adaptive motion characteristics
of human wrist well and stably, which proves the validity and feasibility of this design method.
Keywords: human wrist locomotion mechanism, tensegrity structure, bioinspired wrist design, equivalent mapping
method, adaptive locomotion
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Abstract
Positioning technology is one of the most important technologies for underwater vehicles to complete underwater
docking tasks. In order to overcome the limitations of the traditional positioning method in the underwater docking
system, this paper applies active electrolocation positioning method to the underwater docking system. And local
particle swarm optimization(LPSO) algorithm is applied to active electrolocation method in order to improve the
convergence speed and accuracy of the positioning method in the underwater docking system. Finally, not only the
simulation results but also the experimental results show that the application of this algorithm is a viable approach for
underwater active electrolocation, and that significantly increases the accuracy of underwater localization to the
millimeter level in target docking system.
Keywords: underwater docking system, positioning method, local particle swarm optimization (LPSO), active
electrolocation
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Abstract
A finger is an organ of manipulation and sensation found in the hands of humans and other primates. Each finger may
move independently of the others, though the muscle bulks that move each finger may be partly blended, and the
tendons may be attached to each other by a net of fibrous tissue, preventing completely free movement. In this paper,
the authors present a flexible finger-inspired stretch forming machine (SFM) for the fabrication of parts, which are
typically large and possess large radius bends, with small spring back and smooth surfaces. The flexible
finger-inspired SFM was composed by two pairs of clamping mechanisms in conjunction with six couples of
muscle-inspired hydraulic cylinders (the sum of numbers is 60), which only integrates six solenoid type of reversing
valves. The finite element simulation and experiment results on a series of large radius bends parts formed by the
flexible finger-inspired SFM have been reported. The remarkable results are that an effective solution for stretch
forming of sheet metal with short free edge has been founded, and an easy control process of stretch forming with
finger-inspired jaws has been developed, respectively. Furthermore, the large radius bends parts formed by the
flexible finger-inspired SFM were successfully used in the cabin of high-speed train and special-shaped buildings.
This work has an important value in implementation of stretch forming technology from aircraft to vehicle and
building.
Keywords: finger-inspired, stretch forming machine, flexible, bends parts
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Abstract
Reducing weight and increasing lift have been an important goal of using flapping wing micro air vehicles (FWMAVs).
However, FWMAVs with mechanisms to limit the angle of attack (α) artificially by active force cannot meet specific
requirements. This study applies a bio-inspired model that passively imitates insects‘ pitching wings to resolve this
problem. In this bionic passive pitching model, the wing root is equivalent to a torsional spring. α obtained by solving
the coupled dynamic equation is similar to that of insects and exhibits a unique characteristic with two oscillated peaks
during the middle of upstroke/downstroke under the interaction of aerodynamic, torsional, and inertial moments.
Excess rigidity or flexibility deteriorates the aerodynamic force and efficiency of the passive pitching wing. With
appropriate torsional stiffness, passive pitching can maintain a high efficiency while generating more lift than active
pitching. This observation corresponds to a clear enhancement in instantaneous force and a more concentrated leading
edge vortex. This phenomenon can be attributed to a vorticity moment whose component in the lift direction grows at
a rapid speed. A novel bionic control strategy of this model is also proposed. Similar to the rest angle in insects, the rest
angle of the model is adjusted to generate a yaw moment around the wing root without losing lift, which can assist to
change the attitude and trajectory of a FWMAV during flight. These findings may guide us to deal with various
conditions and requirements of FWMAV designs and applications.
Keywords: bio-inspired FWMAV, aerodynamic lift, aerodynamic efficiency, bionic fluid, computational fluid
dynamics
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Abstract
Developing flexible shape changing actuators by means of 3D printing has become an exciting research field and has
been widely used in our daily life.
We first report a new and excellent photo-thermal material MWCNT–PLA composite, in which MWCNTs are
dispersed in a thermally induced shape-changing polymer PLA matrix to enable light driven shape change. The near
infrared irradiation can trigger the shape changing behavior of 3D printed actuators，as shown in Figure 1a, the
printed bionic flower actuator demonstrate the process of opening and closing under infrared irradiation.
Architectured hydrogels with complex and controllable shape deformations were next realized by one-step 3D
printing method. Flexibility in design, manufacturing and tailorable material compositions of the present approach
allow to achieve various predictable and reversible 3D morphologies deformed from 1D strips, 2D sheets and 3D
architectures. By incorporating stimuli-responsive compositions into the hydrogel, stimuli-responsive shape
deformations can be realized readily. To demonstrate, a thermal-responsive gripper was printed to transfer items in
water with different temperatures, as shown in Figure 1b.
Owing to the versatile in materials, flexible in structure design, and the facile in 3D printing manufacturing, our study
will open new avenues for achieving complex shape-changing architectures for soft robotics, tissue engineering,
actuators, and beyond.
Keywords: 3D printing, shape changing actuators, flexible, biomimetic.

Figure1. (a)Phototriggered shape changing behavior of the 3D printed flower from the closed to open state like the
blooming of flowers. (b) Self-bending/self-twisting mechanisms of 3D printed strip with programed secondary
grooves and digital photos of the thermal-responsive gripper to grasp and release a hollowed ball.
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Abstract
Anisotropic friction is widespread in biological surfaces/interfaces which covered with micro- and nanostructures
oriented to supporting layer,1-2 and this feature is crucially responsible for the purpose of locomotion or transporting
items in nature, which is therefore attracting extensive attention3-4. Herein, take the bio-inspired surface/interface that
covered with hook-like spines for example, the anisotropic friction behaviors were explored systematically. With the
aids of 3D printing and transferred reproduction technology, the biomimetic surface structures with topographic
orientation was demonstrated that in comparison with the rigid supporting layer, the surface with flexible supporting
layer has lower friction force, but larger frictional anisotropy. Therefore, to realize the dynamic control of friction
force and frictional anisotropy, two innovations were employed by incorporating the photo-thermogenesis Fe3O4
nanoparticles (Fe3O4 NPs). For one thing, the polymeric substrate with Fe3O4 NPs of bionic surface was fabricated.
With the excellent
near-infrared (NIR)/infrared (IR) photo-thermogenesis effect, the substrate will achieves a variable rigidity with light
on/off, followed by obtains a tunable anisotropic friction performance of the biomimetic surface. For another, the
shape memory polymers (SMP) with Fe3O4 NPs were used to build the surfaces. When the temperature that induced
by NIR light is higher than the Tg of SMP, the flexible system exhibits a lower friction force and an almost
disappeared frictional anisotropy. On this basis, varieties of applications were expanded inspired from the locomotion
or transporting items in nature. For instances, under the vibration, the surface covered with structures can be
directional driving or directional rotation; under the stretching, a 3D printed microactuators with anisotropic
geometric features can generate controllable motion in cylindrical tubes, and even following a 5 g load. In summary,
we revealed the friction behaviors and its dynamic control of biomimetic surfaces/interfaces and exploit with multiple
directional driving devices, which will open new routes for exploring and mimicking the biology in nature.
Keywords: Anisotropic friction; 3D printing; surface/interfaces
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Abstract
How do wild wheat awn seeds get into the soil and achieve adaptive seeding in the field? Why do the wheat awn in the
scorpion go deeper when we cough? Behind these seemingly inconspicuous phenomena, the hidden scientific
mechanism has not yet been systematically recognized, that is the interface friction anisotropy driving mechanism.
Recently, our group systematically revealed the scientific mechanisms behind several typical anisotropic friction cases
in nature. For example, we collected the wheat awn samples from the wild and then brought them back to the
laboratory, we found there are many oriented hard thorns around the stalk of wheat awn. Subsequently, we tested the
tribological properties of the wheat awn and found its typical friction anisotropy characteristics. Subsequently, we
placed the awn into a rubber tube and observed its directional movement upward with the assistance of cyclic
stretch-recovery, which effectively simulates the movement of the awn in the esophagus. Inspired by this, we have
successfully manufactured artificial awn devices through light-curing 3D printing technology. Compared with natural
wheat awn, the size, arrangement density and inclination angle of the thorns on artificial devices can be well regulated
(Fig), which can ensure the sufficient contact between the devices and the interacted substrate to maximize the friction
anisotropy. Very interesting, we found that during the directional movement of the artificial wheat awn devices in the
rubber tube, a certain weight of cargo can move together. Surprisingly, the weight of artificial wheat awn device itself
is only about 0.01 g, but which can drive cargo with a mass of up to 120 g to move upon vercoming horizontal
friction force. In order to understand the directional migration mechanism of artificial wheat awn device from the
scientific level, we cooperated with the researchers of Imperial College and developed the ratchet model to
systematically analyze the scientific mechanism behind our experimental results from the perspective of interface
contact mechanics and tribology.
Keywords: 3D printing, bionic wheat awn, anisotropic friction, mobile device, cargos transportation
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Abstract
Inspired by nature, various polymers materials are designed and used in a wide range of fields. However, the
underwater adhesion is always one of the long-term challenges in surface science. Commonly, traditional adhesives
can only be applied to dry contact surfaces. Upon encountering a wet or complete underwater environment, the
adhesion strength would reduce rapidly or even lost. In nature, mussels and some marine organisms can bind firmly
onto many inorganic and organic surfaces in aqueous environment. Especially, such strong wet-adhesion in the ocean
is extremely stable upon subjecting to erosion or impact from sea water and waves. The responsive mechanism behind
such wet adhesion can be attributed to the proteins secreted by mussels. Studies of these functional proteins have
revealed that the presence of the unusual amino acid 3,4-dihydroxy-L-phenylalanine (DOPA) is necessary to the wet
adhesion. Inspired by this, researchers have developed a series of excellent underwater wet adhesives. Even so,
developing switchable wet adhesion is still a big challenge. That is to realize controllable adhesion and separation for
two target surfaces based on intelligent wet adhesives. In the past 3 years, we developed several intelligent wet
adhesives by functional monomers copolymerization method. Then, we coated the intelligent adhesives onto bionic
gecko-feet pillars to develop an underwater gecko-feet material with controllable attachment and detachment
capability. Finally, we equipped such gecko-feet material on tracks of mobile device to realize a remotely controlled
underwater movement upon irradiating by the near-infrared laser. Such intelligent device shows potential application
in the military and non-military fields.
Keywords: bio-inspired, underwater, gecko feet, wet adhesion, mobile devices

Fig. Controllable movement of bionic wet-adhesion device in wet (left) and underwater (right) environment.
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Abstract
Path estimation of unmanned vehicles is relative positioning. Relative positioning mainly depends on internal
somatosensory sensors such as odometers and gyroscopes. The current position of the unmanned vehicle is
determined by the displacement of the unmanned vehicle relative to the initial position. Target tracking based on
driverless vehicles. This paper proposes an iterative iteration of integration, that is, a linear distance of movement in a
very short time instead of a section of the trajectory of the vehicle. At the same time, to solve the problem that a single
sensor has its own limited amount of information. Multi-sensor information data combining odometer (ie track
derivation) data with the number of attitudes of the vehicle through extended Kalman filter fusion, estimating optimal
vehicle trajectory to achieve positioning. The algorithm is validated by a miniature version of a driverless vehicle
experiment platform equipped with a ROS(Robot Operating System) robot operating system.
Keywords: Unmanned, Cycling kinematics model, Multi-sensor information, EKF, ROS
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Abstract
Deep learning has been widely studied and applied in the field of medical photography analysis. In order to solve the
lack of quantitative analysis of clinicians' diagnosis of diabetic retinopathy, this paper proposes a deep neural network
based on transfer learning for diabetic retinal grading.The network consists of multiple Inception-V3 structures,
embedding two loss functions at different depths of the model. In the Inception-V3 module, the input data is calculated
using convolution kernels of different sizes and the maximum pooling layer, and a 1*1 convolution kernel is added to
reduce the computation amount before the convolution operation. Use transfer learning to solidify the parameter
weight values of other parts, and only train the full connection layer of the network and the SoftMax layer. The
experiment conducted a three-category study on diabetic retinal data, and the results showed that the improved
classification accuracy of the model was comparable to the current similar classification model.
Keywords: Artificial Intelligence, Deep Learning, Inception-V3, Transfer Learning, DR Photography
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Abstract
The creation of materials with new structures and properties through chemical assembly mainly involves the
interfacial interactions among all basic components. Here, we introduce some of works in our team, which use the
naturally assembled properties of basic nanocomponents to create motif. Specifically, we present how the macroscale
viscoelasticity of nanoparticle hydrogels is determined by the conformation of ligands on nanoparticle surface from
experiments and theoretical simulations.
Keywords: Nanoparticle Hydrogels; Viscoelasticity; Biointerface Effects
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Abstract
Cutting is the foundation of manufacturing in industry. The main cutting objects include metals, ceramics, glasses,
compositions and even biological materials such as tissues and bones. The special properties of each materials such as
hardness, ductility, brittleness and heat conductivity will lead to either a large cutting force or high cutting temperature.
Both of these two factors will result in a poor machinability due to rapid tool wear/break or unsatisfactory surface
integrity of the material finishing surface in the conventional cutting types. In nature, snakes have their own way to
reduce the heat accumulation on its body when moving on the hot desert surface. They move forward along an ‗S‘ type,
so the bottom of its body will separate from the desert intermittently. In this way, separation interval will both reduce
the cutting heat accumulations and realize effectively cooling by letting the air go through. In addition, the
acceleration of the two mandibles of Odontomachus monticola when striking a target can reach to 71,730g m/s2 within
180 microseconds, which can easily break the target surface by the transient huge impact. Therefore, based on the
snake motion on the desert surface and Odontomachus monticola striking on the target surface respectively, an
ultrasonic-frequent intermittent cutting method, also named ‗snake-type‘ vibration cutting (SVC) was proposed.
Firstly, its bionic kinematics was analyzed, then the design of SVC system was introduced. Finally cutting
experiments were conducted on a common typical difficult-to-cut material, titanium alloys. Cutting force, cutting
temperature and the surface integrity of the material finishing surface were measured, respectively. The results
demonstrated that, compared to conventional cutting method, SVC can realized a maximum of 50 percent and 30
percent reductions of cutting force and cutting temperature, respectively. Moreover, the surface integrity was
improved both in the surface roughness and residual stress state.
Keywords: Cutting; Force; Heat; Surface integrity; Snake; Odontomachus monticola
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Abstract
The water hydraulic flexible arm is light in weight and has extremely high degrees of freedom.It has a wide operating
range in unstructured environments such as underwater complex environment and narrow space.However, the flexible
arm has disadvantages such as poor stiffness and insufficient output force.In this paper, a new structure of bionic
flexible arm with hybrid driving (water hydraulic and jet flow) was designed based on BioTRIZ and multi- element
coupling bionics.Based on the application of the BioTRIZ theory, the two biological prototypes:octopus and jellyfish
were found,and a multi-element coupling bionic extension model of imitation octopus and jellyfish was
established.The levels between the coupling elements were analyzed, In addition, the similarity evaluation between
the bionic model and the biological model was carried out.Finally, the structural design of the flexible arm was
presented and the experiments were carryied out. The results show that the bionic hybrid driving structure improves
the stiffness of the flexible arm, increases its output force.It can also fine-tune the spatial position of the flexible arm to
increase its flexibility.
Keywords: flexible arm; multi-element coupling bionics; BioTRIZ; hybrid driving
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Abstract
The actuation phenomena of materials upon external stimulus has been attracting much attention for development of
excellently multipurpose sensors and devices.
Here, a caterpillar-mimetic bilayer actuator is based on a wrinkled PDMS elastomer decorated with a hydroresponsive
polyelectrolyte brush. We show that the functionality of the device is enhanced by introducing a pattern of wrinkles to
the surface of the elastomer. The wrinkles not only magnify the response, but their orientation also determines the
folding direction of the substrate. When the environmental humidity is repeatedly cycled up and down, the small
device walks on a surface with a roughness gradient, which is reminiscent of the muscle-like movements. This
wrinkle-directed motion mimics the movement of different biological structures, such as the caterpillar, which moves
by alternatingly expanding and contracting its soft body, thereby deforming the surface wrinkles on its skin. In
addition ， Another of polymer brush was modified on the surface of PDMS elastomers doped with Fe3O4
nanoparticles. Researches show that the film bends in response to near infrared irradiation. In the third part, two
kinds of smart polymer brushes were modified on both sides of the film by surface-initiated atom radical
polymerization. we report a non-contact mode, highly ﬂexible and rapidly humidity response smart Janus-Faced film
that exhibited novel orthorgonal actuation behavior, which as an actuator takes high sensitivity on humidity and can
exhibit rapid stress bending by an approaching water droplet (5 µl) or finger just like the actuation behavior of a
mimosa. Interestingly, we found that the film can intelligently identify different solvents. Inspired by mimosa, there
were biomimetic leaves with mimosa structures had been designed. The work may provide ideas for the practical
application of biomimetic plants.
Keywords: actuation, asymmetric modification, biomimetic, bending
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Figure1. a) Schematic illustration of elongation/contraction of the wrinkles and bending of a soft bilayer that resembles the
movement of a caterpillar. b) Self-walking of the device on the ratchet substrate driven by changing the environmental humidity. c)
film bends and stretches with near-infrared radiation. c) biomimetic leaves show their high sensitivity to humidity, actuating in
response caused by an approaching finger.
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Abstract
Harvesting energy from ambient environment has always been a hot issue and a possible solution against the energy
crisis. Herein, we have reported three different TENGs based on different triboelectric materials with bio-inspired
measures to enhance the output performance of TENGs. Firstly, inspired by gecko feet, we fabricate a polypropylene
(PP) nanowire array based triboelectric nanogenerator (TENG) with high output. The output performance can be
enhanced by adjusting the length and diameter of PP nanowires and surface functionalization for harvesting friction
mechanical energy. After surface functionalization, the output of the PP nanowire based TENG increased by more than
100 times than that of the flat PP film based TENG Secondly, a new type triboelectric nanogenerator is fabricated
directly, basing on gum wrapper coated with aluminum foil as the triboelectrode. Inspired by mussel, polydopamine
molecular is introduced to improve the surface polarity of the triboelectrode by a simple self-polymerization reaction
at room temperature to further enhance the output of the paper based TENG. Finally, triboelectric nanogenerators
based on biodegradable plant leaf and leaf powder was fabricated through a simple and cost effective method.
Poly-L-Lysine is used to modify leaf powder and enhanced the output performance of leaf powder based TENG.
Moreover, TENG tree is designed basing on the live leaves and artificial leaves, which have promising potential use in
the remote regions, such as in the mountains or islands, for early warning and indicator light.
Keywords: bio-inspired, triboelectric nanogenerator, triboelectricity, green energy
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Abstract
As the size of an insect decreases, the effect of air viscosity on the flow around it increases. In contrast to larger
flight-capable insects, micro-scale flying insect such as fairyfly and thrips (with a body length < 1 mm) can hardly
utilize the leading- edge vortex (LEV) and little lift can be generated, while the drag is large. In order to elucidate the
drag generated by the wing of tiny flying insect, a self-sensing piezoresistive microcantilever is used as the force
sensor in the measurement. The wing of a parasitoid wasp Trichogramma Chilonis (Hymenoptera:
Trichogrammatidae) is stick to the tip of the cantilever. The cantilever together with the wing is affixed perpendicular
to the airflow direction at the middle of a bench-top wind tunnel which provides a laminar airflow. The drag generated
by the wing (length < 600 m) at airflow velocities ranging from 0 to 4.5 m/s is acquired. Fringe bristles around the
wing are an essential feature for the tiny flying insect. To investigate the functional importance of the fringe bristles,
the bristles are trimmed by a laser beam. Drag generated by the wing with shorter bristles is slightly smaller than that
by the intact wing, as the percentage of the wing area covered by bristles is merely 16%. Furthermore, we carry out
another experiment using the wing of thrips with a large area of fringe bristles. The drag decreases by 45% after laser
trimming. In this study, we have put forward for the first time the experimental setup for measuring the drag generated
by the wing at this micro- scale and verify the significance of the fringe bristles around it.
Keywords: Tiny insect wing, self-sensing piezoresistive microcantilever, fringe bristles
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Oscillating Performance and Fluid-Structure Interaction Mechanism of a
Small Koi‘s Caudal Fin-Like Underwater Propulsion Actuated by MFC
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Abstract
Macro Fiber Composite (MFC) exhibits significant advantages over conventional piezoelectric actuators, such as high
actuation stress, large flexibility and excellent waterproof performance, and the disadvantage of frangibility is also
overcome. Thus, MFC actuators have great potentials in the bio-inspired locomotion and flexible actuation
applications. Mimicking the morphological characteristics and body or caudal fin (BCF) locomotion mode of koi fish,
a small koi‘s caudal fin-like underwater propulsion is designed and fabricated. Experimental results show the
maximum underwater oscillating velocity of the propulsion is 154.5mm/s. Computational fluid dynamic (CFD)
simulations for the vortexes formation and fluid-structure interaction mechanism caused by the oscillating propulsion
are conducted. Simulation results show a pair of counter-rotating vortices always can be seen near the center of the
caudal fin elongation. With the Peak-to-Peak actuation of 1000V, at 7.5 Hz, and mean and maximum instantaneous
thrust of the propulsion in the stable oscillating periods are 4.22mN and 9.8mN, respectively. Those results are in good
agreement with the Lighthill‘s slender body theory. Meanwhile, the cycle-averaged velocity fields show a pair of
counter-rotating vortices just downstream of the propulsion tip and running parallel. There is a high velocity region
between the neighboring counter-rotating vortices, and the maximum flow velocity in this region is 2 times the
oscillating velocity of the propulsion. Accordingly, a jet ejecting from the propulsion tip and spreading out in the
downstream direction is observed. Thus, the underwater propulsion is pushed forward by the reaction force of the
pseudo-jet. The propulsion mechanisms of proposed biomimetic underwater propulsion are demonstrated.
Keywords: Caudal Fin of Koi Fish; Underwater propulsion; Macro Fiber Composite (MFC); Fluid-Structure
Interaction; Body or Caudal Fin (BCF) mode
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Abstract
It has been several decades since superhydrophobic surface was discovered from the lotus leaves and there have been
several fields to which the superhydrophobic surface is applied, such as anti-fouling, anti-icing, self-cleaning and fluid
drag reduction. Of these applied directions, the fluid drag reduction is most important. With the micro/nano composite
structure and ultralow surface tension of superhydrophobic surface, an air layer is formed when superhydrophobic
surface contacts with water and prevents the direct friction between water and solid surface, from which the boundary
slip arises and the drag is reduced. according to that, lots of papers about drag reduction using superhydrophobic
surface has been published. However, the whole drag reduction in those papers are achieved on the base of numerous
discontinuous and ultrathin air layers, thus, which are microscale. As well, drag increase may be induced by a
transition from Cassie-Baxter wetting regime to Wenzel regime which is also the microscale. On the macroscale, a
macroscale thick continuous air layer can be formed and pined on the superhydrophobic surface by injecting air to the
superhydrophobic surface surrounded with hydrophilic surface when it is immersed in water for the robustness of
three phase line. We propose a new methodology of using alternating superhydrophobic/hydrophilic strips to
passively create and maintain a stable air layer with a thickness of hundreds of micrometers in Taylor-Couette (TC)
water flow. The air layer has no pinning structures along the flow direction but is strongly pinned normal to the flow
direction, and an unprecedented drag reduction is achieved without any air supply during flow. Besides, we also
arrange the alternating superhydrophobic/hydrophilic strips normal to the flow direction, and thus, drag increase is
achieved and can be tuned by tailoring the superhydrophobic/hydrophilic strips width ratio.
Keywords: Bionics; Bionic; superhydrophobic; drag reduction; drag increase
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Abstract
It is well knwn that human articular cartilage possess adaptive lubrication and load-bearing properties along with low
wear by in situ dynamically regulating its network modulus. Inspired by this, a kind of hydrogels with porous
networks was prepared as the replacement for articular cartilage, which met the requirement of high water content and
elastic properties of biological tissue. However, such soft materials exhibited poor load-bearing capacity because of
large elastic deformation under dynamic shearing, which limited their practical application.To solve this problem, we
successfully developed novel composite surface of ordered hydrogel nano-fibers embedded in AAO nano-porous
substrate, and one kind of layered biomimic material by grafting polyelectrolyte brushes onto hydrogels respectively,
which vividly mimiced the biochemical structure of natural articular cartilage and realized the combination of high
loading bearing ability with low friction performance. In these works, the hydrogel substrate with double crosslinked
network was capable of withstanding compressive stress up to 15 Mpa and the bi-layer hydrogel can achieve ultralow
friction coefficient under 10 MPa of contact stress with pure water as lubricant. In addition, as the conformation of the
polymer chains can be significantly affected by the factors of the medium, including electrolyte solution, pH,
temperature and metal ions, the regulation of the friction behaviors of brushes grafted hydrogels can be achieved as
well. These works not only exhibited the potential for engineering intelligent friction-control devices, but also
provided inspiration for developing load-bearing adaptive lubrication materials.
Keywords: hydrogels; bionic; polymer brushes; structural; lubrication
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Abstract
Inspired by nature, varieties of stimuli-responsive hydrogel actuators are designed. Currently, actuating hydrogel
materials are usually designed with layered and patterned structures. However, the traditional bulk hydrogel sheets are
difficult to achieve faster actuation both underwater and in air. In nature, diversified motions in most muscle systems
are concurrent with fluid transportation. For example, Urechis Unicinctus as-a tubular species of marine spoon worm,
possesses amazing responsive capabilities of diversified motions in water based on the typical fluid actuation
mechanism. Imitating such wonderful natural mechanisms boosts the development of similar tubular hydrogel
actuators, which demonstrate great potential as soft robots and intelligent flow- control devices. At the same time,
actuating tubular hydrogel systems are highly dependent on the process of building complex tubular asymmetric
structure, which still remains a strenuous task. Inspired by this, researchers report on facile preparation of asymmetric
hydrogel tubes with designed structures and diverse functionality for fluid-driven artificial muscles by fixed-site
selective surface catalytically initiated radical polymerization (SCIRP). Devices made with these asymmetric
hydrogel tubes can capture/release or lift objects underwater, exert thermal-control over transportation of fluid, gas or
mix different kinds of liquids as well as act as intelligent multi-channel fluidic-switchers. The work in this field is
highly anticipated to open new frontiers for developing stimuli-responsive polymers for robots.
Keywords: bio-inspired, fluid actuation, artificial muscle, tubular hydrogel tube
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Abstract
Additive manufacturing of architectured hydrogels has great potential in tissue engineering and biomedical
applications. But it still remains a challenging topic due to the lack of printable materials. Here, biocompatible
polyvinyl alcohol (PVA) and natural κ-carrageenan were employed to develop hybrid hydrogel inks, which exhibited
excellent rheological and thixotropic properties and thus can be used in extrusion-based 3D printing. Various tailored
complex architectures of physical cross-linked hydrogel were manufactured with DIW of the hybrid hydrogel inks
followed by freezing-thawing routes. The resultants demonstrate high strength, good swelling resistance,
biocompatibility and bioactivity. Our reference investigation shows that the present physical crosslinked hydrogels
have the mechanical properties a bit lower than that of chemically crosslinking ones yet much higher than that of
physical hydrogels among current 3D printed hydrogels. Meanwhile, it can remain stable when immersed in DI water
or culture medium for weeks, indicating the outstanding swelling resistance. Combining the hydrogels with
outstanding strength and swelling resistance performances and the advanced 3D printing technology, the 3D printed
hydrogels will have broad potentials. As an example, the woodpile-structured hydrogel scaffolds were built and
directly used to provide microenvironments for cell culture in vitro without any surface modification. It was found that
cells attached well on the surface of scaffolds and stretched into the microenvironments freely and healthily. Most
importantly, this method can be also extended to natural biomaterials such as chitosan, agar and gelatin to develop
similar printable hydrogel inks and thereafter various 3D printed hydrogels can be realized. Thus, the present facile
approach and resultant hydrogels are believed to be highly promising to open many opportunities to tissue engineering,
drug delivery, bone regeneration, implant medicine and so forth.
Keywords: 3D printing, physical crosslinking hydrogel, high strength, swelling resistance, biocompatibility
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Abstract
Some biological surfaces especially synovial joints show excellent aqueous lubrication in a long service life under
high loads and complex body environments, which are attributed to self- adaptive articular cartilage and
bottle-brushes like bio-macromolecules in synovia. Bioinspired by this, various wet-slippery materials were
constructed by researchers, and surface grafted polymer brushes are used to imitate the excellent lubrication of
synovial joints. In recent years, our group devoted to aqueous lubrication by polymer brushes that grafted from silicon
surface with surface initiated atom transfer radical polymerization (SI-ATRP), and achieved ultralow friction and
friction coefficient regulation. Due to the tedious preparation process and monomer waste, the application of aqueous
lubrication with grafted polymer brushes was limited. To solve above problem, we developed a simple way to achieve
ultralow friction coefficient by the interfacial supramolecular host-guest interaction. First, a hydrophilic
macromolecular polymer with terminal adamantine group was synthesized by conventional ATRP way, then the guest
ended polymer assembled on host surface (cyclodextrin surface) by host-guest recognition, and a wet and slippery
solid surface was constructed. The surface not only owns ultralow friction coefficient (COF~0.02) but shows
recoverability when friction failure under high load because of the non-covalent interaction between the guest group
and host group.

Keywords: Aqueous lubrication, Supramolecular interaction, Host-guest, Ultra-low friction coefficient,
Recoverability
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Abstract
A flexible nano-biocomposite artificial muscle based on mesoporous renewable cellulose/ ionic liquid (IL-Cel)
electrolyte membrane with high porosity of 91.31% was developed in this paper. IL-Cel electrolyte membrane
fabricated by a solution-phase separation process behaved absolute advantages in flexibility and ion transfer efficiency,
so IL-Cel regenerated actuators exhibited significantly enhancement in the peak deflection displacement and force,
which were 4 and 2 times over traditional DMAC / Li-dissolved cellulose (Dm-Cel) based actuators. A good
flexibility (from Tensile test) and small surface resistance (within 100 Ω, from SEM) of acutator was also obtained
through IL-Cel electrolyte membrane without regenerated substance (from FT-IR and XRD). With solid-state electric
double layer capacitor using multi-wall carbon nanotubes as electrodes and [Emim]Ac-Cel as polymer electrolyte,
actuators exhibited highest specific capacitance of 890 mF g-1 at 20 mV s-1, the lower internal resistance (0.098 Ω g-1)
at range of 105 Hz-0.01 Hz, and the lowest power density (149 W kg-1) at 10 A g-1. Results explained that the cathode
deflection of actuators was achieved by the action of Van Der Waals force and anion volumetric strain. These findings
suggest that the developed mesoporous IL-Cel based actuators holds great promise in the further study of
high-performance actuators.
Keywords: Artificial Muscle; Phase-separation; Electrolyte; Flexibility; Performance
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Abstract
Inspired by human olfactory system, cross-reactive sensor array has emerged as a valid approach to multi-analyte
recognition and has been widely used in food industry, environmental detection, biological screening, etc. A critical
requirement for successful multi-analyte recognition is abundant sensing information acquisition. We investigated the
correlative multi-states properties of a photochromic sensor, which is capable of a selective and cross-reactive sensor
array for discriminated multi-analytes detection by just one sensing compound. We designed and fabricated
multi-stopband PCs microchip which can selectively amplify the sensing fluorescence in different channels, and
perform a high-efficient multi-analyte discriminant testing. We developed printable curves sensor performed sensitive
and stable resistance response on deformations, which could run complicated facial expression recognition, and
contribute the remarkable application on skin micromotion manipulation auxiliary apparatuses for paraplegics. We
firstly proposed the dynamic analysis for multi-detection, adopted photonic crystal nanomaterials in multi-analyte
detection, and fabricated high-performance wearable multi-analysis sensor. Our innovative works achieved facile and
efficient complete multi-analyte recognition with single and simple material using.

Figure 1. Multi-recognition sensor arrays and the multiple channels, varieties analysis method for facile
and high-performed complex discrimination and Perception.
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Abstract
With the development of hypersonic vehicles and reusable launch vehicles, the design of integrated thermal protection
(ITP) structures needs to meet the demanding requirement of thermal protection. More complex geometries, such as
lattice structures and bio-inspired structures, have been introduced into the design of ITP structures, aiming to enhance
the thermal protection and load bearing performances. Additive manufacturing holds high flexibility in processing and
enables more complex designs, which is suitable for the fabrication of complex ITP structures. In this work, inspired
by the structures of plant stems, a series of ITP structures with different gradient hollow designs was proposed and
manufactured by selective laser melting (SLM). The thermal and mechanical behavior of those bio-inspired ITP
structures were investigated by numerical simulation. To verify the accuracy of the numerical simulation results,
Ti6Al4V components with different bio-inspired ITP structures were fabricated by SLM. Thermal conductivities and
compression properties of those SLM-processed components were experimentally measured. Results revealed that the
gradient designs greatly influenced the thermal and mechanical performance. The gradient structure with larger hollow
tubes near the top and bottom plates and smaller hollow tubes in the center possessed the best thermal insulation and
load-bearing capacities. The underlying mechanism was analyzed through the combination of numerical simulation
and experimental observation.
Keywords: Bio-inspired, Integrated Thermal Protection Structure, Gradient Structure, Thermal Insulation, Loadbearing Capacity, Selective Laser Melting
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Functional Principle Bionic Exploration In depth Understand Nature‘s
Way and Solve Human Needs
Sean X. Zhang*
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Abstract
Three major problems we are facing nowadays, such as, excessive paper consumption, enormous IT power
consumption and severe situation of food safety and environmental issues. To develop smart functional materials and
devices for energy conservation, forest preservation and disease prevention, we have designed a series of smart
molecules based on the inspiration from nature, and demonstrate some device-prototypes, such as water-jet rewritable
paper, supra-energy saving flexible display and color visible sensors. In addition, insights from these explorations,
which base on visible/fluorescence change of supramolecular interactions on molecular level or sub-molecular level,
might help people to better understand how nature works, such as in depth revealing origin of nerve conduction,
photosynthesis, cancerization mechanism, and etc.
Keywords: Functional principle bionic, Supramolecular interactions, Molecular switch, Water-jet printing,
Rewritable paper, Supra-energy saving display.
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Effects on Compaction Characteristics in Black Clay Soil of Northeast
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Abstract
Biomimetically ridged press roller (BRPR) and biomimetically polyhedral press roller (BPPR) were designed in prior
work. Meanwhile, hydrophobic material (ultra high molecular weight polyethylene (UHMWPE) and enamel coating)
were applied and compared with steel Q235. Soil bin results showed that biomimetic rollers could reduce soil adhesion
and resistance. Future investigation under real in-field soil conditions was needed. The present study was conducted to
test effects of biomimetic press roller type, material, velocity and packing force on compaction characteristics.
Conventional press roller (CPR) was used as a reference. Field tests were designed at velocities of
0.64 m·s-1 and 1.04 m·
s -1 and packing forces of 300 N, 500 N and 700 N. Traction resistance (TR), soil bulk density
(SBD), soil moisture content (SMC), emergence rate (ER) and percent change of plant spacing (PCPS) were measured.
The packing force was the most significant factor affecting each index. For all rollers, TR, SBD, ER and PCPS
increased with packing force, while the loss of SMC decreased. TR and SBD decreased with velocity. All rollers can
achieve proper SBD for corn seeds. Biomimetic press roller type had significant effect on TR, PCPS and SMC of May
12. Evaporation rate of SMC, PCPS, and TR of BRPR was lower than that of BPPR. Compared with CPR, not only
evaporation rate of SMC and PCPS of all biomimetic rollers was obviously decreased, but ER was increased. Except
for the BPPR using Q235, TR of the other biomimetic rollers was lower than CPR. BRPR decreased TR by
2.13%-22.30%, while BPPR decreased by 0.35%-18.59%. Moreover, TR of biomimetic roller using Q235 was the
highest, then was UHMWPE, lowest was enamel coating. BRPR decreased PCPS by 19.46%-48.34%, while BPPR
decreased by 9.69%- 36.99%. Biomimetic rollers increased ER by 2.17% -11.36%. By May 27, SMC of biomimetic
press rollers was 4.21%-7.75% higher than CPR when packing force was 700 N.
Keywords: Biomimetics; Press roller; UHMWPE; Enamel coating; Compaction characteristics
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Ethology study of homing pigeons for geomagnetic navigation
Zhiming Liu,1* Chengyu Jing,1 Wenhao Wang,1 Biru Hu,1 Wenjian Wu1
1

College of Liberal Arts and Sciences, National University of Defense Technology, Changsha, 410073, China
Correspondence: Zhiming Liu (lzm@nudt.edu.cn)

Abstract
The study of navigational mechanism of birds under geomagnetic field is meeting with bottleneck problems. No
direct experimental evidence has been found to confirm their ability of geomagnetic navigation so far. In our research,
the ethology experiments of racing pigeons under different light conditions in transit are carried out. A type of
electronic backpack for pigeons is designed and applied in relevant homing experiments. In the study, ten
experimental pigeons are divided into two groups, with four pigeons being transported under light-visible condition,
and with another three pigeons being transported under shaded condition. Some interesting results are obtained by
analyzing the data collected with electronic backpacks in pigeons‘ homing. Both homing time and flight tracks of the
two groups are significantly different, although all the homing pigeons returned their nest at last. How pigeons utilize
the intensity information of geomagnetic field is analyzed comprehensively. It is revealed that the geomagnetic
intensity utilized by pigeons is almost kept between 300-550 mGs, being less than the general geomagnetic intensity
on the ground (500-600 mGs). It indicates that the information of geomagnetic field are selectively utilized by homing
pigeons for navigation. According to the tracks of homing pigeons retrieved from electronic backpacks, it is difficult
for pigeons of shaded group orient from the release area to their nest, however, it is much easier for pigeons of
light-visible group find their way to home. This phenomenon is in accordance with the light-dependent
magnetoreceptor hypothesis. It reveals that pigeons need to learn the geomagnetic characteristics and use them in their
homing navigation. Meanwhile, the result shows that there is also some individual difference in the pigeons‘ ability of
utilizing the information of geomagnetic field.
Keywords: ETHOLOGY, RACING PIGEONS, HOMING, GEOMAGNETIC NAVIGATION
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Bioinspired Soft Actuators for Biomedical Applications
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Abstract
Bioinspired actuators are originated from the inspiration of nature, such as chameleon and Venus flytraps. Due to their
intriguing properties, these actuators have been wisely applied in various research fields like tissue engineering, soft
robotics, etc. Here, we would like to present our recent progress on chameleon-inspired structural color actuators
firstly, including bio-inspired fabrications and sensing applications. Then, the Venus flytraps-like actuators, which can
change their shapes accordingly after triggered with specific solvent, near-infrared light and temperature, are
followingly introduced. Based on the rapid progress in this field, we believe bioinspired actuators will find great
potential applications in wearable and implantable devices.
Keywords: Bioinspired materials; Sensors; Actuators; Responsive polymer.
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Abstract
Water collection has been extensively researched due to its potential for mitigating the water scarcity in arid and
semiarid regions. Numerous structures mimicking fog-harvesting strategies of organisms have been fabricated for
improving water-collecting efficiency. In this work, we demonstrate four levels wedge-shaped tracks inspired by leaf
vein for enhancing directional water collection. Superhydrophilic Cu(OH) 2 nanowires are introduced and prepared on
flexible hydrophobic polyethylene terephthalate (PET) substrates by alkali assistant surface oxidation at room
temperature. They provide abundant capillary paths for promoting droplet absorption, forming water film tracks. Then
the hierarchical wedge-shaped tracks enable the water to be transported to a certain accumulation region
spontaneously owing to the continuous Young-Laplace pressure difference. As a result, the four levels wedge-shaped
tracks on PET substrate achieve the highest water-collecting efficiency, increasing by nearly 1150 % and 510 %
compared to the bare PET and Cu(OH)2 nanowires on PET, respectively. After being bent for 105 cycles at a radius of
10 mm, the samples still preserve high efficiencies, indicating the synthetic structures possess outstanding durability.
Our approach provides a novel strategy for water collection and paves ways for directional liquid transportation and
microfluidic devices.

Keywords: leaf vein-inspired, wedge-shaped tracks, superhydrophilic Cu(OH)2 nanowires, directional water
collection, flexible substrate
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Abstract
Cutting disc is the key part of cane harvester, which greatly affect the working efficiency of whole machine. A good
design of cutting disc has lower cutting resistance, and then it can decrease the energy consumption of a harvester. It
has been proved that structural design and optimization on cutting equipment with bionic ideas could reduce resistance
and improve efficiency. The geometry structure of some rats' claw and toe showed excellent performance on cutting
plant residue and digging soil. Many scholars were enlightened to design and modify the cutting tools in agricultural
machines by using geometrical profile of rats' toe. Two bionic discs with curved cutting blade were designed in the
present work. In analysis of the rolling cutting theory, the bionic discs have more cutting area, compared with
traditional cutting discs with straight blades. In this paper, finite element method was used to simulate the cutting
process, and different forward speed(1200,1600mm/s) and rotation speed (30,50rad/s)were taken as consideration
factors. The result showed that the bionic disc had lower resistance than traditional disc while cutting sugar cane;
besides, the disc with six blades created lower resistance and better cutting performance than the disc with four blades.
Keywords: bionic design, disc, cutting edge, sugar cane
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Research on Bio-inspired Guidance Strategy Based on Visual Optical
Flow Method
Changing Cai, Zhengjie Wang, Weilin Huang
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Abstract
In order to improve the guidance accuracy and maneuverability of small aircraft in complex environments, this paper
studies the falcon's pursuit strategy. Falcons use different tracking strategies when chasing different preys. Based on
this discovery a visual detection based bio-inspired guidance strategy is applied on a small aircraft in order to reduce
tracking time, improve tracking efficiency and strike accuracy. In order to get the target maneuverability, using optical
flow method to extract target motion information from the environment. For targets with different flexibilities, the
aircraft adopts different guidance laws. The results show that this bio-inspired guidance strategy can shorten the
tracking time.
Keyword: Bio-inspired guidance strategy, optical flow method, guidance law
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Engineered Bacterial Biofilms as Living Functional Materials
Chao Zhong1*
1

Material and Physical Biology Division, School of Physical Science and Technology, ShanghaiTech University, 201210,
Shanghai, P.R.China
*Corresponding author: zhongchao@shanghaitech.edu.cn

Abstract
Bacterial biofilms are multifunctional and environmentally responsive assemblies of living and non- living
components. We introduce here a living functional materials platform based on engineered bacterial biofilms (E.
coli or Bacillus subtilis biofilms) by leveraging the power of synthetic biology. We demonstrate that such
programmable bacterial biofilms enable a radically different paradigm of materials synthesis and performance
and provide new opportunities for constructing smart multifunctional materials and nanotechnologies. Specific
examples include: (1) blue light-induced dynamic assembly of inorganic nano-objects with precise
spatiotemporal control, (2) recyclable organic/inorganic hybrid catalysis system for artificial photosynthesis,
and (3) living cellular glues for autonomous repairs. Notably, the engineered biofilms have the viscoelastic
behaviors of hydrogels and can be precisely fabricated into microstructures having a diversity of
three-dimensional (3D) shapes using 3D printing and microencapsulation techniques. This new tunable platform
offers previously unattainable properties for a variety of living functional materials having applications in
biomaterials, biotechnology, bioenergy and biomedicine.
Keywords: Living functional materials, Bacterial biofilms, Living cellular glues; Underwater Adhesives;
Artificial Photosynthesis
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Abstract
Aiming at the problem that the bionic flapping wing aircraft is mostly driven by a DC motor and the motion
characteristics are relatively simple, a bionic beetle flapping mechanism with variable motion characteristics is
designed. The mechanism is designed with a double crank-crank slider mechanism with variable motion
characteristics. The kinematics equation of the mechanism is established by the closed-loop vector method. According
to the bionic characteristics of the beetle flight, aiming at the stability of the flapping flight, the flapping wing
transmission mechanism is optimized by considering the flapping amplitude, frequency, angular velocity and
acceleration. A multi-objective optimization model of the flapping mechanism was established, and the numerical
calculation of the mechanism optimization is carried out. A three-dimensional model of the flapping mechanism is
established, and the motion characteristics are simulated by ADAMS software. The simulation results are consistent
with the numerical calculation results, which verify the rationality of the variable-motion-like beetle flapping wing
transmission mechanism.
Keywords: Bionic flapping aircraft, flapping mechanism, variable motion characteristics, double crank-crank slider
mechanism, optimization design
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Abstract
The surface structure of shark provides an important basis for the drag reduction design of marine coatings, which is
covered with a layer of shield-shaped scales with a strip-shaped gully structure, and the frictional resistance is reduced
by reducing the shear pressure on the skin surface. Based on the rib-like structure, simplified surface morphology are
designed, such as unidirectional groove type, pit-like microstructure, grid-like micro-groove and so on. The drag
reduction rate of the microstructures was calculated by computer simulation. Meanwhile, the effects of different
groove spacing, width and depth of microstructure on the drag reduction rate were investigated by comparison. The
surface microstructure and size of the ship coating were designed according to the computer simulation and
calculation. Then, the surface of the marine coating was embossed with a metal material as a mold-turning material,
and the drag reduction rate of the coating was tested. Results show that the unidirectional groove-type microstructure
provides the best drag reduction performance, and the marine biomimetic coating with shark-like surface structure
shows a better drag reduction efficiency.

Keywords: Biomimetic; Marine coating; Shark; Drag reduction

192

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 144

Design and Test of a Quadruped Wall-Climbing Robot Using
Bioinspired Spine Adhesive Structure
Chao Xie, 1 Xuan Wu,1 Hong Liu,1 Xiaojie Wang1*
1

1 Institute of Advanced Manufacturing Technology, Hefei Institutes of Physical Science, Chinese Academy of Sciences,
Changzhou, 213164, China
*Corresponding author: Xiaojie Wang (xjwang@iamt.ac.cn)

Abstract
Wall-climbing robots, which can perform various tasks on the steep wall for human beings, have been widely used.
The key factor for a wall-climbing robot to operate on a wall is sufficient adhesion. At present, negative pressure,
magnetic forces, and track fixing have become the main attachment solutions for commercial wall-climbing robots.
These solutions can provide considerable and stable adhesion, at the cost of high energy consumption, being noisy as
well as large volume, which constrain the applications of the robots.
Many creatures in nature are born with the ability to climb walls. Their adhesive forces mainly origin from various
interfacial forces between the fine toe pad structures and the wall surface, such as the intermolecular force between the
gecko setae and the dry wall surface, the liquid tension between the salamander foot cushion and the wet synovial
surface, the frictional interlocking between the beetle‘s spine and the rough surface, etc. These attachment methods
found in the animals have the advantages of low noise, low energy consumption and high adaptability, etc. By
imitating these animal structures, the bionic attachment materials and structures have been developed and applied to
wall-climbing robots, which have become a research hotspot in the field of robotics.
In this study, we designed and developed a quadruped bioinspired wall-climbing robot that uses spiny toe pads to scale.
First, a compliant spiny structure was designed and manufactured. Then, a quadruped robot was designed with
under-actuated limbs mechanism. The robot prototype was fabricated and tested. Gait planning was carried out.
Testing results show that the robot could achieve climbing more than 5 meters on a vertical rough wall surface stably.
Using diagonal gait, the climbing speed could reach 1.2cm/s, with maximum payload of 1kg.
Keywords: quadruped bioinspired wall-climbing robot；spiny toe pads ; rough surface ; gait planning
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Abstract
Controlling microscale flow of gas and liquid is essential in design, fabrication, and implementation of micro pores
and channel systems [1]. Microscale flows of fluids in microfluidic channels are mainly dominated by the surface
chemical modification and/or surface topography of the channel surfaces [2]. However, these solid matrices based
microfluidic channels are plagued with persistent fouling problems due to the direct contact between the fluid and
interfaces and nonspecific absorption of the fluid samples on the surfaces. In nature, the micro-porous structures of the
liquid linings in gastrointestinal tract, which are filled with protective mucus to forms a stable liquid defense layer,
separate epithelium from the highly corrosive, low-pH environment in the stomach. Inspired from this, our group
reported a bio-inspired microfluidic systems with liquid gating and antifouling properties by using adaptive air/liquid
pockets [3]. In this report, we designed a bioinspired microfluidics systems with thermal responsive liquid gating and
antifouling behaviors. The microfluidic systems were prepared by stacking of PNIPAM hydrogels and microchannels
in microporous Nylon 66 membranes. When the system temperature is higher than the LCST of the hydrogels, water
solutions were secreted from the hydrogels due to the phase change effect, and transported through the hydrophilic
pores of the Nylon membrane and filled the microfluidic channel. Filling process of microchannel with aqueous
solution increases the critical pressure for the transportation of both air and liquid in the microchannel, hence, the
microchannel changes from the open state to closed state. Therefore, the solution in the microchannel act as a gate for
fluid transportation, and the fluid behavior can be smartly controlled by the system temperature. In addition, the
dynamic solid/liquid interface formed on the microchannel surface inhibits the direct contact between the transport
fluid and the channel surface, which improves the antifouling and antiswelling properties of the system.
Keywords: Bio-inspired design; Thermal-responsive; Liquid-gating; Microfluidics
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What does a hand-over tell? Individuality of short motion sequences
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Abstract
How much information with regard to identity and further individual partic- ipant characteristics are revealed by
relatively short spatio-temporal motion trajectories of a person?
We study this question by selecting a set of individual participant characteristics and analysing motion captured
trajectories of an exemplary class of familiar movements, namely handover of an object to another person. The
experiment is performed with different participants under different, predefined conditions. A selection of participant
characteristics, such as the Big Five personality traits, gender, weight, or sportiness, are assessed and we analyse the
impact of the three factor groups ―participant iden- tity‖, ―participant characteristics‖, and ―experimental conditions‖
on the observed hand trajectories.
We find, that ―participant identity‖ seems to have the highest correlation with the trajec- tories, with factor group
―experimental conditions‖ ranking second. On the other hand, it is not possible to find a correlation between the
―participant characteristics‖ and the hand trajectory features.
The participants‘ movements are recorded via optical marker-based hand motion cap- ture. One participant, the giver,
hands over an object to the receiver. The resulting time courses of three-dimensional positions of markers are analysed.
Multidimensional scal- ing is used to project trajectories to points in a dimension-reduced feature space. Super- vised
learning is applied for the classification of the resulting projections. The observed point clustering is additionally
analysed by use of unsupervised learning.
Keywords: Hand-Over ·Individuality ·Motion Capture ·Neural Network
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Abstract
In this study, locomotion of two tandem self-propelled flapping foils is numerically investigated. An immersed
boundary-simplified circular function-based gas kinetic method is used to carry out the numerical simulations. The
harmonic oscillating motions (combining heaving and pitching motions) of identical frequency and amplitude are
utilized to drive the tandem foils. Different values of initial spacing between two foils (between the trailing edge of the
leader and the leading edge of the follower) are selected, and both in-phase and anti-phase cases are considered in the
current work. The synchronized locomotion of two tandem flapping foils is observed, in which the stable formation
and steady propulsive velocity are achieved. In addition, two types of stable formation, i.e., compact and sparse
configurations are observed. The compact formation is only found in the in-phase scenario, in which the equilibrium
spacing is much smaller than the chord length (approximately 0.2c). In the compact formation, both foils swim faster
and become more efficient than the isolated foil, although the more power is consumed. The sparse formation is
observed in both in-phase and anti-phase cases. In the sparse formation, the equilibrium spacing is also affected by the
phase difference between the flapping of two foils. After being quantized with the wavelength that traced out by the
leader, the integer and half-integer values are respectively observed in the in-phase and anti-phase cases. The
performance of the leader in the sparse formation is similar to that of a single foil. However, the follower in the sparse
formation always swims through the vortex that shed from the leader, with less power consumption and high
propulsive efficiency. The results obtained here may provide some physical insights for understanding the fish/bird
schooling behavior in nature.
Keywords: fish/bird schooling behavior, synchronized locomotion, increased efficiency
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Abstract
Self-switching microfluidic devices analogous to electronic circuits have advantages to perform biochemical
experiments in an autonomous manner without using dynamic off-chip controllers. Replacement of dynamic off-chip
controllers have potential to reduce instructions for users and external connections to simplify microfluidic devices. It
enables microfluidic devices to be user-friendly while also being multifunctional and versatile. Previous microfluidic
oscillators generate pulsatile outflow without dynamic off-chip controllers. However, they have on-chip interactions
of multiple components including multi-valves and multi-membranes, and their working process is complex. Here, we
present a single microvalve oscillator that generates pulsatile outflow driven by a constant inflow without using
dynamic off-chip controllers. The single microvalve oscillator does not have on-chip interactions of other microfluidic
components, and its structure and working process are much simpler than the previous microfluidic oscillators. The
system consists of a modular mechanical membrane, a single valve and a micro channel. The single valve oscillator
periodically and automatically opens and closes the valve driven by a constant inflow from syringe pump, thereby
converting the constant inflow to pulsatile outflows. The experimental result of oscillation periods is in a range of 0.4
s–30 min by changing the modular mechanical membranes, with duty cycles of 0.03–8 by changing the inflow of a
syringe pump. We also derive the mathematical model for the single valve oscillators using fluidic-electronic circuit
analogies. Finally, we create a microfluidic device for blood plasma filtration using the microfluidic single valve
oscillator. We continuously filtered blood plasma for more than 15 minutes without significant filter clogging by red
blood cells. Thus, our single valve oscillators can be used for multiple and parallel fluidic processing without multiple
on-chip and off-chip elements.
Keywords: Plasma filtration, single valve oscillator, microfluidic circuit, pulsatile flow

197

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 151
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Abstract
We demonstrate a simple generic principle of constructing multifunctional optical component, which is the biomimic
of Moth-eye and butterfly wing, based on particle assembly on the substrate. Using the assembled particles on the top
of substrate, plasma etching process can help to generate periodic nanopillar structure for antireflective surface based
on graded refractive index of nanopillar structure. The shape and structural dimension of nanopillar structure can be
modulated with various conditions such as time of etching process and size of particle since the functional property
depends on the surface morphology such as antireflection property of nanopillar structure. After the formation of
nanopillar structure on top of surface, the particles are assembled on bottom of substrate with the same process. Using
the thermally evaporated metal layer and elimination of residual particle, metal nanonetworks are formed on surface
periodically. Under the critical conditions such as thickness of metal layer, size of particle, and type of metal materials,
the metal nanonetworks can be applied as the IR filter which can reflect the IR range light for reduce the heat
generation by incident light. This multifunctional optical component using nanoparticle assembly will be easily
applicable in carious functional devices such as optical and opto-electrical devices with easy, cost-effective
fabrication, and enhanced functional properties.
Keywords : Antireflection, IR filter, self-assembly, nanoparticle, metal nanonetworks, optical component
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Flexible Lateral Line Sensor Based on BTO/P(VDF-TrFE) Nanofiber
Membrane for Flow Detection
Xiaohe Hu, Yonggang Jiang,* Zhiqiang Ma, Deyuan Zhang
Insitute of Bionics and Micro-nano Systems, School of Mechanical Engineering and Automation, Beihang University, Beijing
100191, China.
*Corresponding author: Yonggang Jiang (jiangyg@buaa.edu.cn)

Abstract
In most fish and some other aquatic organisms, the lateral line is an extraordinary mechanosensory organ, which plays
a vital role in navigating, detecting objects and avoiding obstacles. The paper mimicked the structure and behavior of
the fish lateral line, and presented the flexible sensor based on BTO/P(VDF-TrFE) nanofiber membrane for flow
detection. Schematic diagram of the lateral line sensor is shown in Figure 1a. The lateral line sensor involved a flexible
polyimide substrate with arrays of circular cavities. The BTO/P(VDF-TrFE) nanofiber membrane serving as the
sensing element was developed by electrospinning. The PMMA pillars were commercially available with a diameter
of 500 um. For waterproofing, a thin layer of parylene C was conformally deposited on the fabricated sensor. The
lateral line sensor was characterized using a dipole vibration source, and the dynamic response in water was
introduced by changing the distance between the dipole and the sensor. The schematic diagram of the experimental
setup is shown in Figure 1b. Figure 1c illustrates the response of the lateral line sensor to the water flow velocity of
9.44 mm/s in time domain, and Figure 1d is the corresponding FFT spectra. The frequency of the sensor output was
consistent with that of the dipole vibration. The self-powered, flexible lateral line sensor can be extended in the
applications of underwater robots, unmanned underwater vehicles and microfluidic devices.
Keywords: lateral line, nanofiber membrane, piezoelectric, flow detection

Figure 1. (a) A schematic diagram of the lateral line sensor. (b) A schematic diagram showing the experimental
setup for the characterization of the lateral line sensor. Response of the sensor to the water flow velocity of 9.44
mm/s in time domain (c) and frequency domain (d).
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Guizhou Gastromyzontidae
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Abstract
The Guizhou Gastromyzontidae showed extraordinary normal adhesion and anisotropic friction on wet and slippery
surfaces in the torrential stream.
In this paper, we firstly characterized the composite microstructures of adhesive disc of the Guizhou
Gastromyzontidae by using the Scanning Electron Microscopy (SEM). Microstructures such as the hexagonal pad-like
unculi, setae arrays and micro-pores were observed to cover the fin rays of the fish. Then, inspired by the surface
structures, the adhesive discs with surface microstructures were designed and fabricated by using the 3D printing and
molding technology. The regular disc with no surface microstructures was also fabricated as a control sample. The
adhesion properties of the bio-inspired disc samples were investigated in water condition on substrates with various
roughnesses. The results show that the artificial adhesive discs with composite microstructures have good normal
adhesion properties in water condition. The artificial disc can broaden the applications of bionic underwater robotics.

Keywords: Guizhou Gastromyzontidae, adhesion, microstructure, bionic
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Design for Biomimetic Anti-Erosion of Water Hydraulic Valve Plug
Based on Multi-source Coupled Bionic Method
Feng Sun, He Xu,* Xueshan Zhou, Min Cheng, Yuan Chi
College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin,150001, China
*Correspondence: He Xu(railway_dragon@sohu.com)

Abstract
The erosion of the valve plug by high flow speed liquid with high silt concentration is an important factor which
affects the length of lifetime of the water hydraulic valve. Since the water hydraulic valve studies carried on, the valve
anti-erosion development has seemingly been driven more by materials research than bio-inspiration. Natural
defensive structure(NDS) usually has the characteristics of variable stiffness and energy mitigating. Such parallels can
be drawn between NDS and anti-erosion valve plug. Therefore, it is likely to develop a new structure for the bionic
anti-erosion valve plug(BAEVP) of water hydraulic from the perspective of variable stiffness and energy mitigating
via bio-inspiration. In this paper, a bionic multi-source model is presented based on BioTRIZ, analogical design. The
multi-source coupled extensive model is applied to the design of BAEVP inspired by the excellent structure of beetles‘
forewing and mechanical surface structure of the conch. In addition, BAEVP has a gradient hierarchical structure in
hardness, variable stiffness materials, and non-smooth surface structure. We use the experimental to analyze the
variety of stiffness and energy mitigating of the BAEVP.
Keywords: valve plug; bio-inspired; multi-source coupled; energy mitigating
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The formation of the attached leading-edge vortex in self-propelled
fish-like swimmer with rigid and flexible caudal fins
Yikun Feng1*, Yuanyuan Su2
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Abstract
The formation of the leading-edge vortex (LEV) is found to be the most important mechanism for enhancing force in
insect, bird and bat flight. Similar to the flight, most fish in nature oscillate their caudal fins to generate force for
swimming. The formation and evolution of the LEV have been found play an important role in the thrust generation of
the caudal fin in carangiform swimming. However, the effect of the flexible deformation of the caudal fin on the LEV
is not fully understood. In this paper, the kinematics model of the swimmer is constructed using thunniform swimming,
numerical simulations are conducted to investigate the kinematics of the LEV generated by the swimmer with rigid and
flexible caudal fins under self-propulsion and the evolution of the LEV on the swimming performance and
hydrodynamics performance of the swimmer. Our results showed that the swimmer with flexible caudal fin has larger
forward acceleration in the fast-start stage and smaller cruising velocity in the cruising stage. In addition, the swimmer
with flexible caudal fin also has smaller lateral velocity and yawing angular velocity fluctuations than the swimmer
with rigid caudal fin. The visualization of the wake structures showed that the existence of the attached LEV in
thunniform swimming. The LEV is formed on alternating sides of the caudal fin per half-cycle and moves downstream
along the surface of the caudal fin, and eventually merges with the vortex generated by the trailing edge of the caudal fin
and forms a large trailing-edge vortex (TEV).
Keywords: fish-like swimming; self-propulsion; caudal fin; flexible deformation; leading-edge vortex
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Bio-inspired Motion Planning for Mobile Manipulator Based on the Tau
Guidance Theory
Zhen Zhang, Ziyi Su
School of Mechatronic Engineering and Automation, Shanghai University, Shanghai, China
*Corresponding author: Zhen Zhang( zhangzhen_ta@shu.edu.cn)

Abstract
Mobile manipulator systems are currently being proposed and developed for a variety of hazardous applications
including planetary exploration, nuclear reactor maintenance, and construction. In these applications a common task
description involves moving and reaching material from one point to another over a large space that could not possibly
be accomplished by a stationary manipulator. The motion planning problem is complicated by task requirements that
the moving task is coupling with the catching task. Unlike the motion planning of tradition robots, the bio-mechanism
allow human to perform catching or other agile reaching tasks accurately and robustly.
This paper presents a bionic motion planning approach for a mobile manipulator based on a novel tau guidance theory,
which was established from studying the motion pattern of biology by cognitive scientists. The tau guidance theory
was descripted that tau exists not only in animals‘ perceptual mechanism but also in the guidance of animals‘ general
movements. Based on the tau guidance theory, the strategies are built to guide the movement of the mobile
manipulator. With the strategies, a bio- inspired motion planning approach for a mobile manipulator is presented.
The simulation of reaching movement planning has been performed on a mobile manipulator which consists of a
3DOF manipulator and a 2DOF mobile robot. The results show that the end-effector can reach the target position and
attitude within a defined time slot with good continuity of joint velocity, acceleration and driving torque.
Keywords: mobile manipulator; motion planning; bio-inspired; tau theory
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Abstract
Traditional bio-inspired robotic feet are composed of motors, linkage mechanisms, hinges, mechanical joints, etc.,
with high precision and good stability, and flat walking, walking up and down stairs, running, bouncing, dancing, and
rehabilitation exercises have been achieved with such designs. As a result, the joint motions of traditional humanoid
robotic feet are driven by motors, controlled by controllers and tracked by sensors, but the environmental state cannot
be clearly perceived, resulting in poor locomotion function on complex terrain. Tensegrity structures have the
essential characteristics of deformability, adaptability to the environment and impact resistance. This paper proposes
ways to solve the problem of adaptive locomotion on complex terrain based on a tensegrity structure and shows that
this approach is particularly useful. According to the locomotion mechanism and morphological structure of the
human foot, an adaptive bio-inspired foot mechanism is presented through bio-inspired design. The proposed
mechanism is resilient, and can adapt terrain when conditions change. Also, the mechanism is easy to build, no need to
control, and quickly adapt its behavior when conditions change. In addition，a physical prototype manufactured using
3D printing technology is used to experimentally verify the functional characteristics of the terrain-adaptive
locomotion of the proposed mechanism. The results show that the proposed adaptive bio-inspired foot mechanism can
mimic the adaptive locomotion characteristics of the human foot on complex terrain remarkably well and the
adaptability is improved relative to the traditional robotic foot mechanism.
Keywords: human foot locomotion mechanism, tensegrity structures, bio-inspired design method, bio-inspired foot
mechanism, adaptive locomotion
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Abstract
The uncomfortable prosthetic sockets are a common problem for transfemoral amputees, which has direct impacts on
the residuum health and the overall rehabilitation outcomes. The conventional transfemoral prosthetic socket is
molded using rigid plastics according to the geometry of residual limb at a certain moment. However, the painful high
pressure at the interface formed by the residuum and the socket could well occurred due to the muscle
movement in activities of daily living. The objective of the study was to present a gradient flexibility design method
for transfemoral prosthetic socket which could comply with the muscle activity for better adaptiveness. Finite
element analysis was employed for studying the effects of muscle movement on the contact mechanics, which laid the
foundation for the distribution of flexibility gradient during the optimization process. The moduli of materials was
correlated to the internal filling structures and filling fractions. The customized sockets were manufactured using
additive manufacturing technology and put into mechanical test. Results show that the activation of residual muscles
had a significant impact on the interface mechanics and the local high pressure could be reduced by 40% through
flexible gradient structure. Compared to conventional sockets, the gradient flexibility formed by variable porous
structures, which would be difficult to implement using traditional manufacturing techniques, could
effectively reduce the potentially harmful high load of residuum and increase patient comfort.
Keywords: Transfemoral prosthetic sockets; Muscle activity; Flexibility gradient; Additive manufacturing

205

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 159

The highly stable air-operating ionic polymer metal composite actuator
with consecutive channels produced by copper foam
Qingsong He1*, Zhigang Liu2, 3, Min Yu1*, Keju Ji1, Qi Shen4, Zhendong Dai1
1

Jiangsu Provincial Key Laboratory of Bionic Functional Materials, College of Mechanical and Electrical Engineering, Nanjing
University of Aeronautics & Astronautics, Nanjing 210016, China 2College of Material Science and Technology, Nanjing
University of Aeronautics & Astronautics, Nanjing 210016, China
3
Shanghai Aerospace Control Technology Institute, Shanghai 201109,China
4
Active Materials and Smart Living Laboratory, Department of Mechancial Engineering, University of Nevada Las Vegas, Las
Vegas 89154-4027, USA
Corresponding author: Qingsong He (heqingsong@nuaa.edu.cn)

Abstract
A highly stable air-operating ionic polymer metal composite (IPMC) actuator with consecutive channels, suitable for
transportation of cations and anions of ionic liquid, was prepared by introducing and removing copper foam in this
work. The electro-chemical-mechanical properties of this novel porous IPMC were investigated. Scanning electron
microscopy observation shows that the channels and pores ranging from ~ 100 nm to ~ 50 μm are distributed in the
Nafion membrane. This porous IPMC was doped with 1-ethyl-3-methylimidazolium thiocyanate (EMImSCN) ionic
liquid (IL). A larger capacitance (285.00 mF cm-2) is obtained, which is attributed to the electric double layer
generated at the interface between the ionic polymer membrane and the platinum electrode under the input voltages.
The fast ion migration channels, high conductivity and large capacitance enable us to achieve high strain of 0.051 to
0.666 %, relatively large blocking force (17.63 mN), and excellent actuation durability (more than 180,000 cycles).
Furthermore, a highly stable air-working soft gripper, consisting of a bio-inspired micro-pillar dry adhesive glued on
one surface of this novel porous Nafion/IL-IPMC, is succefully developed.
Keyword: IPMC, ionic liquid, copper foam, migration channels, soft gripper
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Investigation of bionic flexible wing on a 2-DOF flapping mechanism
test bench
Jiwei Zou, Zhen Wei,* Zeyu Wang
Aerospace Engineering, Chong Qing University, Chong Qing, 404100, China

Abstract
Flexibility of insect wings have been shown to be important for flight, but single freedom flapping mechanism for
ornithopter cannot make the most of its advantages. Firstly, to study this flexible deformation and its application, a
2-DOF flapping mechanism test bench with flexible wings have been implemented here. The mechanism is a
differential mechanism with one main-axis gear and two crown-wheels driven by two servos respectively. (Fig. 1)
Both the stroke angle and angle of attack can be controlled in test bench, so dynamic deformation of bionic flexible
wings could be observed. The strong coupling of highly unsteady flow and wing large deformation leads to the
difficulty of computational simulation and the application of flexible wing. Secondly, a hardware-in-loop optimization
method have been employed to solve the problem in this paper. The force components and deformation are recording
during the flexible wings flapping. The aerodynamic performance has been evaluated in particle swarm optimization
(PSO) method. Before the convergence condition of PSO, motion iteration would not stop and the wing would move
following the new motion. In present paper, a bionic flexible wing has been made which is designed as the similar
stiffness distribution as termites wing. After the optimization in test bench, the aerodynamic performance has definite
increase despite the wing has sufficient deformation all the time. Comparing with the traditional method, this paper
provides a new idea to solve the problem of optimal application of bionic materials which have complex deformation.

Fig. 1 Results of flexibility test and the 2-DOF flapping mechanism test bench
Keyword: Bionic Flexible Wings,2-DOF Flapping Mechanism, Hardware-in-loop Optimization,
Particle Swarm Optimization(PSO)
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Abstract
The costal cartilage is part of chest wall, connecting sternum and rib. Chest wall reconstructions are mainly needed
after surgical treatment of oncologic disease or trauma. The currently existed sternum and rib prosthesis using titanium
or poly ether-ether ketone(PEEK) normally lack the consideration of costal cartilage, which led to unsatisfied
functional rehabilitation of breath. This study proposes a new bionic method for a costal cartilage prosthesis using the
wavy elastic structure, through which the effective properties can be adjusted. The prosthesis was fabricated by fused
deposition modelling (FDM) manufacturing technology, using poly ether-ether ketone(PEEK). Finite element analysis
was carried out for optimization of the designed costal cartilage using similar loading conditions of mechanical testing.
Mechanical test was carried out on the 3D printed PEEK costal cartilage for indicating the results of finite element
analysis. The effect module of prosthesis ranged from 5MPa to 16MPa, which is close to that of a natural costal
cartilage. The results indicate that the wavy elastic structure are effective for the design of a costal cartilage prosthesis
in PEEK. Such methodology offers considerable design freedom in terms of shape and required strength. Therefore,
the PEEK costal cartilage prosthesis has the potential as replacement of the nature costal cartilage for better breathing
function of the patient from chest wall reconstruction.
Keywords: Bionic design, Finite element analysis, Poly ether-ether ketone(PEEK), costal cartilage prosthesis, 3D
printing
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Yinghui Zhong, Long Zheng*, Yihang Gao, Zhenning Liu*, Luquan Ren
Key Laboratory of Bionic Engineering (Ministry of Education), College of Biological and Agricultural Engineering, Jilin
University, Changchun, 130022, China
*Corresponding author: Long Zheng （zhenglongcclg@163.com） and Zhenning Liu (liu_zhenning@jlu.edu.cn)

Abstract
It is known that the tribological properties of most snakes on the ground are contributed by the ventral scales, which
has inspired fabrication of scale-like surface textures in recent years. However, Eryx tataricus moves in the sand and
all its scales (dorsal, lateral and ventral scales) contact with the sands. The tribological behaviors of dorsal, lateral and
ventral scales of Eryx tataricus remain to be elucidated. In this work, the morphology of the scales from different body
sections (leading body half, middle trunk and tailing body half) and positions (dorsal, lateral and ventral) of Eryx
tataricus have been characterized and compared to investigate the corresponding effects on the tribological behaviors.
The morphological characterizations of stereomicroscope has revealed significant differences between scales in aspect
ratio and angle. The tribological properties measured by tribometer have corroboratively demonstrated substantial
differences in terms of friction coefficients. Interestingly, the ventral scales perform lower friction coefficients but the
lateral scales manifest highest friction coefficients. That phenomenon is further verified by simulation with Ansys. It
is speculated that the lateral scales can help ventral scales move body of Eryx tataricus and reduce the wear of ventral
scales. In addition, it‘s found that the angle of ventral scales can effectively help Eryx tataricus move in the anisotropy.
Simultaneously, the angle of ventral scales also disperse the weight of the snake body, which improves the carrying
capacity.
Keywords: tribological behavior, bio-inspired surface textures, morphology, scales
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Abstract
Diabetic foot is one of the most common chronic complications of diabetes. At present, due to the difference in the
symptoms of foot damage in diabetic patients, the design scheme for personalized diabetic foot protectors is
complicated, costly, and difficult to implement. This study proposed a designing method of personalized insole based
on the pressure distribution and reduction function, aiming to propose a fast, low-cost design of a personalized diabetic
foot insole. The design procedure is as follows: The patient's foot model was constructed by scaling the standard model
with patient's foot feature parameters, then the finite element analysis was carried out for plantar pressure. Afterwards,
by means of numerical mapping model, the elastic modulus of different areas of insole was adjusted and optimized on
the basis of customized insole morphology for different patients' sole morphology and stress, and the personalized
insole model was constructed. The designed insole model was sent to 3D printer for manufacture via FDM method and
used for experimental validation. Results indicated that the plantar pressure after wearing the personalized insoles has
been reduced by 25% compared to those without application of the insole. The mathematical model can optimize the
modulus of insole area accurately, and the personalized insole is designed to reduce the plantar pressure effectively and
shorten the design cycle, making it possible for the personalized diabetic insoles to be promoted.
Keywords: Diabetic foot; FEA; Numerical mapping model; Gradient modulus design
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Abstract
Human knee joint functions in comprehensive motion, load transmitting, shock absorption, and improvement of
stability. In the knee joint, the articular bones and ligaments play a crucial role in providing passive stability and
motion. Here, we present a mathematical model, which including the mechanism of ligaments fiber recruitment,
incorporated to four-bar linkages of the cruciate and collateral ligaments in the sagittal plane. The relative positions of
femur and tibiae during flexion/extension can be deduced when the four-bar model rotated, the articular surfaces
which allow the femur and tibiae successive positions while maintaining the neutral ligament fibers‘ length constant
are derived, the fiber length changes and tension forces of ligaments that in response of the motion are also calculated.
In order to verify the reliability of the model, we develop a bionic knee joint prototype based on this mathematical
model, which consist of femur, tibiae, meniscus, cruciate ligaments and collateral ligaments. We find the
self-lubricated articular surfaces of femur, tibiae and meniscus offer polycentric instantaneous center of rotation and
rolling-sliding motion during flexion/extension. The ligaments limit the joint motion range and control the impedance
of the knee by connecting diversified elastic elements to the ligamentous fibers. These features transform the
prototype into a compliant joint, which keep the knee passively stable when integrated force applied, and the varying
damping and elasticity in swing phase lead to a natural gait pattern.
Keywords: bionic knee, articular surfaces, ligaments recruitment
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Abstract
Customized prostheses are normally employed to reconstruct the biomechanics of the pelvis after resection due to
tumors and accidents. The objective of this study is to study the biomechanics of the natural pelvis under various daily
activities and to establish a functional evaluation methodology for the custom-prostheses. For this purposes, finite
element model of a healthy pelvis as well as a pelvic model with type Ⅱ+Ⅲ resection were built for biomechanics study.
The biomechanical performance of the healthy and reconstructed pelvic model under routine activities including
standing, knee bending, sitting down, standing up, walking, down stairs and upstairs was studied. Moreover, the
strength and stability of the prosthesis was evaluated under these activities. The results showed that, for the heathy
pelvic model, the stress mainly concentrated around the upper surface of the sacrum and the sacroiliac joint during all
the activities. And the maximum stress of 73.8 MPa was observed during upstairs gait for the healthy pelvis. As for the
reconstructed pelvis, the stress distribution and the maximum stress variation tendency of the bone part during all the
activities were very similar to the healthy pelvic model, which indicated that the load transferring function of the
reconstructed pelvis could be restored by the prosthesis. A maximum stress of 95.8 MPa during down stairs and 180.2
MPa during upstairs was observed on the screws and prosthesis respectively, which was within the fatigue strength of
the 3D printed Ti-6Al-4V. Thus, the prosthesis was predicted to have a reliable mechanical performance after
implantation.
Keywords: Pelvis, customized prostheses, biomechanics, finite element analysis, routine activities
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Abstract
A bionic walking-type piezoelectric actuator based on the asymmetrical flexure mechanisms is designed and
manufactured. The motion principle is inspired from the ―human walking‖ with two legs. The parasitic motion of the
asymmetrical flexure mechanism is exploited to simplify the conventional walking-type piezoelectric actuator (four
piezoelectric elements and four input signals) to be with only two piezoelectric elements and two input signals. FEM
method was utilized to investigate the parasitic motion of the asymmetrical flexure mechanism. Experiments were
carried out to investigate the stepping performance, load performance, and speed performance under different input
conditions. The minimum stepping displacement is found to be ΔL=0.18 μm, in the case that U=30 V and f=1 Hz. The
motion speed is up to Vs=39.78 μm/s under the condition of U=100 V and f=20 Hz. This study confirms the feasibility
of the utilization of parasitic motion in the simplification and design of the bionic walking-type piezoelectric actuators.
Figure 1. Motion principle of the proposed walking-type piezoelectric actuator

Keywords: walking-type, Piezoelectric, actuator, nano-positioning
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Abstract
Antlions have the ability to quickly drill into the soil, and this ability depends on its excellent surface structure. The
author used a scanning electron microscope to scan the whole body of the antlion to analyze the relationship of the
surface structure characteristics and quickly drilling into the soil. The results show that the multi-level structure of the
antlion body is conducive to its rapid entry into the soil. The whole body outline of the antlion is streamlined, which is
conducive to the overall entry; the antlion's abdomen presents a plurality of strip-shaped protrusions, each of which
has a spacing of 300μm-500μm and a height of 100μm-200μm, the structure is advantageous for soil liquefaction
during the soiling process, thereby reducing the resistance to soil penetration; the abdomen and back surface have a
furrow-like structure with a spacing of 2μm-10μm, which is beneficial to reduce the adhesion of fine sand particles.
In particular, the antlion's way of entering the soil is that the back hip vibrates and shears into the soil, which is
beneficial to soil liquefaction and can greatly reduce the soil reaction force; The pincer-shaped mandible of antlion is
good for gripping prey, the whole jaw is flat, easy to slide in the soil; and the scissor-like claw tip is beneficial to fix
the soil. The excellent surface structure of antlion can effectively reduce the contacting resistance with soil. This
research will play a certain reference role in the design of the soil-touching component of agricultural machines.
Keywords: antlion, scanning electron microscope, soil-touching component, streamlined, soil liquefaction
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Abstract
With the advanced in large data, artificial intelligence and networking concepts, as well as the related technology,
micro-flow detection, as an important part of sensing technology, has been widely concerned by governments and
researchers. The accurate measurement of micro-flow (or leakage rate) has important application significance and
practical value in each high speed developing field. Now, for the development of bionic science, bionic flexible
sensing technologies emerge endlessly, and this meet the development needs of the country and agree the mainstream
of the world development trend, therefore, biomimetic sensor with its unique nature characteristic will open up their
own piece of heaven and earth in the modern era.
Scorpions and other arthropods are found to have strong flow perception and resolution ability. In this paper, by
combining the two main sensory structures – crack- shaped slit sensilla and trichobothria, a micro flow sensing
structure based on the high sensitive sensing mechanism of scorpion is proposed. The theoretical modeling of the
bionic trichobothria-slit sensilla combined cantilever beam was carried out and the static and dynamic characteristics
were analyzed. The static mechanical process and dynamic mechanical process of the bionic cantilever beam with
different parameters are analyzed by using the finite element method (Abaqus).In the end, the sensing elements of the
bionic trichobothria-slit sensilla combined cantilever beam were manufactured, and the relevant parameters were
tested by building a test platform, and the results were analyzed.
Keywords: Scorpion, Trichobothria, Crack-shaped slit sensilla, Biological sensor, cantilever beam
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Abstract
As the most common cell in blood, red blood cells (RBCs) are well known a bio-concave shape as normal with big
ratio of surface area to volume, which enables it strong deformability to undertake the function of delivering oxygen to
the body tissues through capillaries. In vivo, RBCs could circulate through capillaries several hundred thousand times
during their 100days life span, while in vitro, RBCs are more fragile to hemolysis. RBCs experience deformation in
and out of the body circular, the repeated deformation causes the stiffen of RBCs and the loss of deformability leads to
the hemolysis of RBCs more easily. Therefore, it was hypothesized that the repeated deformation could contribute to
cell fatigue and finally to cell hemolysis. As a biological soft matter, RBCs have their own fatigue process, which
could be obtained through bionic capillaries in vitro. The structure and geometry of bionic capillaries were fabricated
through soft lithography, and the function and squeezing effect on RBCs of capillaries were controlled through
microfluidic technology. During test, the elongation of RBCs during flowing and squeezing was used to evaluate cell
state. And it was found that the outer surroundings, flow rate and circulating mode were all contributed to RBCs
fatigue, which included the changes on size, shape and morphology. The existing of Ca2+, the continuous stress as well
as the high flow rate, could increase elongation and decrease recoverability. More physiological parameters will be
considered in the future work to help on the bionic design of organ on chip. Furthermore, this research might help to
enrich the theory of single cell mechanics, and lead further cognition of RBCs eryptosis in life science field.
Keywords: bionic capillary, microfluidics, RBC deformation, cell fatigue, organ on chip
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Abstract
An extensive computational investigation is undertaken to study the interaction of flow with porous surface, in
particular in the context of the passive control of separated flow. Comprehensive flow simulations have been carried
out for a bionic airfoil with solid and porous sharp trailing edge. Unsteady lift and Reynolds stress have also been
performed to gain an in-depth understanding of the changes in the boundary layer separation and reattachment and the
transition and instability of the free shear layer. Results have shown that the porous trailing edge can effectively
influence not only the mean flow but also the transient flow over the suction side of the bionic airfoil, and thus the
generation of detached vortex structures and the vortex shedding with the limited and unstable effect. Furthermore, the
porous surface extending to the leading edge can not cause the laminar boundary layer transition due to lack of the
enough perturbation generated by rough surface. Interesting, the lift of the bionic airfoils depends on the mean
pressure distribution of the pressure side with the almost identical mean pressure distribution of the suction side.
This may be able to help more effective and tailored designs for specific engineering applications.
Keywords: Engineering bionics; Porous treatment; Flow control; Aerodynamic lift
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Abstract
With the acceleration of urbanization, atmospheric dust pollution is becoming more and more serious problem.
Windproof and/or windbreak fences have the function of reducing the generation and transportation of dust from open
sources. However, there are few studies conducted on the mitigation of fine particulate matter (PM), which greatly
affect the health of human and animals, by the porous fences at present. The purpose of this study is to investigate the
effect of porous windbreak fences on capturing atmospheric PM and optimize the structure of commercial fences.
Leaning from natural windbreak vegetation, the microscopic surfaces of leaves as well as the particles retained on the
leaf surface were observed and their features were extracted, which were scaled up to a bionic surface sheet generated
by 3D printing. Then, they were simultaneously placed in a wind tunnel exposed to PM source. The optimal surface
structure was obtained by comparing the dust retention ability. This study provides fundamental support for the
designing of structure of porous windbreak fences.
Keywords: porous windbreak fence, particulate matter, dust retention, particulate interception.
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Abstract
Particles have great influence on the sensitivity of the electronic nose used for detecting gases in extreme environment
(such as, particle-laden air, dusty mine, etc.). The purpose of this study is to design a memberane filter which may
effectively filter out particulate matters from airflow contianing sampling gases and remain the stability of air flowing
to the testing area of electronoic nose. Based on the structural characteristics of nasal cavity of sniffing zokor living in
dusty environment, a bionic nano-composite membrane filter was designed and processed by electrostatic spinning
and 3D printing. By reducing the diameter of fiber and adjusting the porosity of the membrane filter, the filtration
function and hydrophobic property of the membrane were improved. The regeneration of the membrane filter was
investigated by mechanical vibration and air backblowing. The degree of pressure drop, breaking strength, filtration
resistance and mechanical strength were evaluated to obtain better self-regulating filtration ability of bionic membrane
filter from particle-ladden air during air intake. The mechanisms of removing residual particles during exhaust and the
breathing rhythm of the intake and exhaust were also studied to acquire a bionic membrane filter with optimal
structure.
Keywords: electronic nose；nasal cavity of zokor;electrostatic spinning；particle-ladden air；particulate matter
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Abstract
Impact is a common phenomenon in our daily life and can lead to an irretrievable losses in aviation and industry field.
Therefore, the analysis of impact-resistant structure is crucial. The Odontomachus monticola owes a huge striking
velocity and acceleration compared to its weight in nature. When its mandibles bite, the left and right jaw tips are
subjected to strong collision and strike. In this way, studies were conducted to obtain the kinematics and force of
O.monticola when the mandibles striked. High-speed Visualization was used to characterize the velocity, acceleration,
position change and strained condition of the left and right mandible strikes. And then, its strike kinematics and
mechanics can be revealed. Finite element simulation (Abaqus) was used to analyze the strike force and observe the
strained condition in details. The results showed that the mandibles could withstand strong collision and strike. The
main mandibles of O.monticola were firstly impacted, and the strike force was the highest. After reciprocating closing,
the strike force was gradually decelerated. In addition, the mandible strike force can lead it to bounce. The main and
secondary mandibles were be easy to break. As a contrast, the blunt mandibles were relatively stable. Mechanics
analysis showed that the combination of mandible strikes and head rotation led to the bounce behavior of O.monticola.
These researches can provide some reference for the manufacture of bionic impact-resistant structures.
Keywords: Odontomachus monticola, Mandible strike, Kinematics, Mechanics
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Abstract
Design optimization is a critical issue in engineering design process. Bionics is applied in various fields to achieve
desirable functionality. Animal foot contact pad mechanism is one source of optimal alternatives for fulfilling some
structural design that will offer either better performance or energy efficient performance and noise reduction and
cushioning. This study reviews literature on contact characterization mechanism and functionality of animal foot pad.
The paper discusses analytical, experimental and computational work on animal foot pad mechanics and function.
Several methods for extracting the contact mechanics of animal foot pad are available with each offering its unique
functional attribute but no method is entirely appropriate to deliver all needed functions for all animals. An explicit
critique of data extraction approach and usage is presented. The study highlights details of animal contact pad
characterization and implications for new design concepts in joint bionics. It underscores the application of multiple
design concepts from nature to improve man-made designs.
Keywords: Bionics, Animal Foot, Contact Pad, Functionality, Design
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Abstract
Dissolvable bridge plug is one of the most important tools for the multi-stagehydraulic fracturing in the field of oil/gas
development. The plug provides zonal isolation to realize staged stimulationand, after fracturing the plug is fully
dissolved in produced liquids. Bionic surface has been introduced to improve the performance of the plug. The surface
dimples in micron dimension have been prepared on the dissolvable materials of the plug. The experimental results
showed that the surface dimples have changed hydrophilic and hydrophobic properties of the dissolvable materials.
The dissolution rate has great relation with the parameters of the dimples, and could be controlled by choosing the
dimple‘s parameters in some degree.

Keywords: Fracturing, dissolvable bridge plug, surface dimple, dissolution rate
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Abstract
Plunger pumps are widely used in oil pumping units around the world. The water content of the wellbore is increasing
along with the development progress, so the lubricating capacity of the well fluids between the plunger and barrel is
decreasing correspondingly. Therefore, the performance of plunger and barrel has been affected due to the poor
lubricating and eccentric wear. Non-smooth surface has been proved to improve the tribology performance in many
cases. The surface texturing plunger covered with specific dimples has been prepared by using laser surface texturing
technology. The morphology of the surface texturing plunger was characterized and analyzed. The tribology
performance of surface texturing plunger samples was tested by using standard friction and wear test machine with the
oil and water lubricating, respectively. The results indicated that the surface texturing could effectively reduce the
coefficient of friction, and the wear resistance of the surface textured samples has been improved to some extent.
Keywords: Tribology performance, Non-smooth surface, Surface texturing, Plunger, pumping unit
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Abstract
Geckos run freely on walls and ceilings, which result from their remarkable toe-pads structure, namely mesoscale
lamellae, microscale setae, and nanoscale spatulae hairs. Many gecko-inspired dry adhesives were fabricated. Vertical
aligned carbon nanotubes (VACNT) arrays, with large aspect ratio, consistent orientation and high purity, can serve as
dry adhesive material similar to gecko toe-pads. Besides, VACNT arrays can achieve better performance, with unique
thermal and electrical properties, thus having excellent potential in bionic robots, microelectronics and space
applications. The mechanism of dry adhesion of VACNT arrays, is considered deriving from its nanoscale structure,
not only related to the structure but also to the surface polarity. To improve the adhesive property, plasma enhanced
surface modification is introduced, which shows obvious advantages to avoid cohesion and allow better uniformity in
the modified surface, so it could be a promising way for VACNT arrays.
Here we investigated, for the first time, the effects of radio-frequency carbon dioxide (CO2) plasma treatment on the
adhesive property of VACNT arrays. Scanning electron microscopy demonstrated that the surface morphology of
the VACNT arrays remained almost unchanged with increasing time at low power, but formed aggregates at high
power. X-ray photoelectron spectroscopy showed that the non-polar C=C bonds, C-C bonds decreased after treatment,
while more polar groups consist of C-O, C=O and O-C=O groups were introduced, which can change the surface
polarity of VACNT arrays. The results showed that the VACNT array obtained the best adhesion strength after being
treated for 10 minutes at 30 W, which was increased by 38.5% compared with the untreated sample. Therefore, the
CO2 plasma, as mild gas, can purify the walls of carbon nanotubes by removing some amorphous carbon while
introducing polar groups, is an effective approach of modifying the purity and polarity of the VACNT arrays surface to
promote adhesive property.
Keywords: vertical aligned carbon nanotube arrays, dry adhesion, carbon dioxide plasma, purity, polarity.
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Abstract
Composed of soft materials with stimuli-responsive properties, soft robots could achieve the tasks that conventional
rigid robots can hardly realize. However, current soft robots are still difficult to retain good mobility on various harsh
substrates due to the lack of feet design. Here, a photo-driven soft robot with good terrain adaptability and large
carrying capability is designed by learning from the gait of caterpillar and the anisotropic friction property of gecko
feet. The photothermal effect by using lights ranging from ultraviolet to infrared powers this robot and allows it to
move in a caterpillar gait. The gecko-inspired feet ensure soft robot the capability to locomote on various terrains
(smooth/rough, horizontal/uphill/downhill, and dry/wet surface), at working temperatures ranging from -17 to 100 °C
and carrying preloads ~50 times of its self-weight. This photo-responsible soft robot may broaden the potential
applications of soft robots in natural environments and in vivo medical care.
Keywords: soft robot, photo-responsive, gecko, caterpillar, anisotropic friction
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Abstract
Stomatopod dactyl clubs can produce a remarkably high impact when preying on mineralized shells. The high damage
tolerance of dactyl clubs is closely related with fibrous herringbone-modified helicoidal architecture on exocuticle. To
prevent crack propagation and avoid catastrophic failure, the biological prototype has been imitated to apply in
aviation, auto industry and body armor. Even though the previous researches have shown some improvement, the
study of the key sinusoidally-architected helicoidal structure remains at a preliminary stage. Herein, inspired by
delicate biological impact-resistant structure, biomimetic are designed and assembled with common aeronautical bulk
material carbon/epoxy resin composite. Firstly, a 3D printed sinusoidal surface mold is manufactured to control the
overall sinusoidally-architected structure. Then, based on a helicoidal structure, the unidirectional epoxy resin base
carbon fiber prepreg clothes are stacked according to the design of the layer distribution angle array
[0,15,30,45,60,75,90,105,120,135,150,165,180]°. Finally, a hierarchical helicoidal structures is successfully
fabricated in sinusoidal shape through a following hot-pressing process with mold limitation. The impact test shows
that the specimen has a high performance on penetration resistance and energy absorption, which can improve damage
tolerance. This design strategy allows for convenient and reliable macroscopic control at 3D helicoidal level.
Furthermore, it can be easily extended to the fabrication of the other analogous impact-resistant aviation composite
materials.
Keywords: bionics, impact-resistance, sinusoidally-architected helicoidal structure, carbon/epoxy resin composite
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Abstract
This paper outlines the foot-ground interaction mechanism and compliance behavior control method of legged robot in
complex unstructured surface and terrain environments such as soft pavement. In terms of foot-ground interaction
mechanism, firstly, the modeling method of contact between single foot and rigid pavement is introduced; secondly,
the modeling method of contact between single foot and soft soil pavement is introduced. In the aspect of compliance
behavior control, the paper propose the position and attitude control method based on virtual servo, the compliance
control method based on force feedback, and the stability control method of the multi-degree-freedom platform based
on spring loaded inverted pendulum model. Finally, the paper can provide reference to the motion performance control
method of legged robot in unstructured environment.
Keywords: legged robot, unstructured environment, foot-ground interaction mechanism, compliance behavior control
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Abstract
In view of the application value of bionic structure in fluid drag reduction and the biological characteristics of puffer
fish migrations, particle image velocimetry (PIV) was used to measure the flow field structure on the back and
abdominal epidermis of the puffer fish in a circulating water tunnel. Taking a smooth acrylic plate as a reference object,
the effects of the special epidermis structure on the mean velocity profile, turbulence intensity and Reynolds shear
stress were discussed at the inflow velocity of 1.14m/s, 1.45m/s, 1.75m/s, 2.04m/s and 2.28m/s. The experimental
results show that the mean velocity profile of the back and abdomen epidermis of the puffer fish is shifted upward
relative to the smooth plate, which increases the thickness of the viscous sublayer and decreases the velocity gradient
to achieve the drag reduction effect; the turbulence intensity and the Reynolds shear stress on the surface of the
epidermis are smaller than the smooth plate, which indicates that the surface of the puffer fish weakens the pulsation of
the fluid in the core of the turbulent flow, reduces the exchange of momentum and kinetic energy during the movement
of the fluid, and achieves drag reduction.
Keywords: bionic structure; epidermis of puffer fish; particle image velocimetry; drag reduction.
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Abstract
In this paper, we present a novel soft finger exoskeleton device for rehabilitation of hand in stroke patients. Based on
analysis of physiological structure, a biomimetic exoskeleton structure of soft finger rehabilitation device is designed.
Shape memory alloy (SMA) wires are used as actuators to bend and unbend the finger exoskeleton. The kinematics
model and mechanical model the of the rehabilitation device are established. The control system by STM32 controller
is developed to generate signal of PWM which used to heat SMA actuators. The angles and forces of the finger
exoskeleton device are tested for different duty ratio of PWM. The experiment results show that the device can
complete prehension and looseness. The maximum flexion degrees of fingers are in agreement with the theoretical
values. The feasibility of the finger exoskeleton hand function training system is validated.
Keywords：Finger Rehabilitation Device; Exoskeleton structure; Shape memory alloy; PWM control
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Abstract
Cervical fusion cages are widely applied in the anterior surgery of cervix considering that intervertebral fusion cages
leads to satisfactory clinical results. However, cervical fusion cages exhibit postoperative subsidence and bone graft
non-fusion problems. Meanwhile, finite element (FE) method is generally used to investigate the postoperative
implantation effects of cervical intervertebral discs. An FE model of normal C5–C6 was validated, and cervical
intervertebral cages with different shapes (square, oval, kidney, clover, and 12-leaf) were designed. The implantation
of these cages into the validated FE model of normal C5-C6 was simulated under five physiological conditions. The
results showed that the 12-leaf shaped cervical cage exhibited the optimal postoperative subsidence-resistant property,
and the kidney-shaped cage showed the optimal postoperative fusion-promoting property. Moreover, the possibility of
fusion cage sinking after extension, lateral bending, and rotation motion is smaller than that after bending and static
state. The highest maximum stress in the bone graft is in the extension movement pattern. Compared with extension,
lateral bending, and rotation motion modes, the axial compression and front bending movement modes present a lower
risk of sinking during fusion but a higher possibility of bone graft fusion. This study provides a foundation for cage
shape design and a reference for evaluation of postoperative implantation effects on spine.
Keywords: fusion cage; finite element analysis; shape design; implantation; postoperative effects
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Abstract
Porcine muscle is widely used as a soft tissue simulant in physical surrogates for the human body. Historically, porcine
muscle has been used to evaluate penetrating impacts and, more recently, to evaluate blunt impact and blast loading
effects on soft tissue. There is a need for material characterisation data across a wide range of strain rates, and
appropriate constitutive relationships that can be used in models, particularly finite element models, to accurately
predict the response of porcine muscle under various loading conditions. In this study, dynamic experiments were
conducted using a split Hopkinson pressure bar and quasi-static tests performed on porcine muscle to investigate its
compressive stress-strain response at both quasi-static and dynamic rates of deformation. The experimental results
show that porcine muscle exhibits rate-sensitive and nonlinear behaviour. The visco-hyper elastic constitutive model
can adequately describe the rate-sensitive compressive behaviour of porcine muscle as good agreement was found
between experimental results and model prediction.
Keywords: porcine muscle; compressive response; split Hopkinson pressure bar; constitutive model
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Abstract
In this paper, we introduce our long-term progress on the development of insect-inspired, tailless, hovering capable
flapping-wing robot, which mimics the flight of a beetle Allomyrina dichotoma. The first testbed motor-driven
prototype was developed in 2010 using a Scotch-yoke mechanism to convert rotary motion of the motor to flapping
motion of the wings. The prototype with a weight of 6.3 g and wingspan of 125 mm could perform tethered takeoff at
a flapping frequency of 39 Hz using off-board power supply in 2012 and uncontrolled takeoff with on-board battery in
2015. To improve thrust generation for free flight purpose, we modified the flapping mechanism by a combination of
four-bar linkage and pulley-string mechanism, which enables a high amplitude flapping motion of about 190°to
implement clap-and-fling effect at each stroke reversal for thrust enhancement. For attitude control of a tailless robot,
which experiences inherent instability, a control mechanism was also designed and implemented by modulating wing
twist. In 2016, the robot weighing 21.4 g with a wingspan of 170 mm could successfully perform controlled hovering
flight for about 1 minute with its fully charged battery and feedback control using a microprocessor and a 3-axis
gyroscope. We then custom built the control board and designed a simple control mechanism, which is suitable to use
lightweight actuators for saving weight. The control mechanism is capable of regulating wing stroke plane angle and
wing twist simultaneously. The 16.6 g vehicle then could demonstrate approximately 3 minute flight in 2018. The
stability was also improved by using a 9-axis IMU consisting of 3-axis gyroscope, accelerometer and magnetometer
with heading control ability. Currently, we are under improvement of the vehicle performance to obtain a longer flight
endurance.
Keywords: flapping-wing micro air vehicle, hovering, biomimetics, beetle flight
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Abstract
Sonar of Mammals, for instance, Odontoceti sonar and bat sonar, which can be utilized to detect, locate prey and
communicate with other individuals, is the product of evolution for millions of years. To this day, Biological sonar
system still has great performance advantages over artificial sonar system especially at detection in clutter and low
SNR circumstances. Ethology, anatomy and acoustics analysis have proved that mammal sonar indeed have some
characteristics which can improved sonar performance. Previous research has shown that mammals with sonar can
adaptively adjust transmission signal and detection logic according to the changes of surrounding environment and
prey objects. For instance, repetition rate of sound waves increases rapidly when bats (Odontoceti) approaching prey
objects. Furthermore, Odontoceti whistle signal and bat echo location signal have harmonic information. These
behaviors may be the key to the study of biosonar. This paper analyzes mammal sonar signal characteristic and tries to
extract the features that are beneficial to improving artificial sonar performance. The extracted features like pulse
repetition and multiple-harmonic are modified as adaptive pulse interval and multiscale matched filter, which are
further applied to sonar waveform design and signal processing. This paper also tries to explore whether bats
(Odontoceti) utilize channel information contained in the previous received echo in signal processing. Biosonar
performance is tested after real scene reconstruction, underwater acoustic environment modeling and simulation using
Bellhop toolbox. Simulation results show that the above bionic design can effectively improve sonar performance.
Keywords: Biosonar; Multi-scale matched filter; Adaptive pulse interval waveform design; Underwater acoustic
environment modeling
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Abstract
The classification accuracy of the electronic nose may be reduced when the gas velocity changes due to the reaction
time of the gas sensors in the electronic nose. In this study, bionic vibrissae added in the inlet channel of the electronic
nose were explored to resolve this problem, taking human vibrissae as the bionic prototype.The influence of gas
velocity change on the classification accuracy of electronic nose when sampling in open environment were
evaluated.The bionic vibrissae interweave into a network under the action of natural wind, and adaptively changes the
porosity of the network with the change of wind speed. Therefore, the velocity of the gas entering the nasal cavity of
electronic nose remains at a stable value. In order to verify the effectiveness of bionic vibrissae, wind tunnel test was
conducted in this study to make the wind speed continuously change between 0.2m/s and 0.6m/s. The electronic nose
classified the volatile ethanol and acetone 80 times respectively. The results show that the bionic vibrissae improved
the sampling accuracy of electronic nose in open sampling environment.
Keywords: electronic nose, open sampling system, classification accuracy ,bionic vibrissae
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Abstract
Based on the migratory phenomenon of puffer and the unusual structure of its skin, the drag reduction characteristics
and flow field structure of the bionic non- smooth surface are presented in this paper. With the use of numerical
simulation, the flow characteristics of bionic non-smooth surfaces with different heights of drag reduction element are
researched. The results show that the trend of total drag reduction efficiency changes from flat to a remarkable decline,
while the viscous drag reduction efficiency changes from obvious increase to step-by-step steady growth. The total
drag reduction rate of bionic non-smooth surface comes to 24.1% and the viscous drag reduction rate is 34.4%. It
shows that the thickness of low-speed fluid increases with the rise of the element's height by changing the boundary
layer structure of bionic non- smooth surface on the flow field. The ratio of maximum thickness to minimum thickness
of low-speed fluid is 7.5 times. There are two kinds of vortices around drag reduction element generated by impact and
separation, which can develop and merge to fill up the spacing of two elements. With the increasing of low-speed fluid
and the reducing of near-wall fluid velocity gradient, the viscous drag of bionic non-smooth surface is weakened. The
result of pressure shows that the pressure drag mainly comes from the front rows of drag reduction elements in the
non-smooth region, the pressure difference of the first three rows accounts for more than 60%. The structures of nearwall velocity and pressure are changed by drag reduction element, and the influences of viscous drag and pressure drag
are different. This work will serve as a theoretical basis for optimizing the structure and distribution parameters of drag
reduction elements on bionic non-smooth surfaces.
Keywords: Bionic engineering, Bionic non-smooth surface, Puffer spine, Numerical simulation, Flow field structure
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Abstract
Learning from the lotus leaf margin, resists water overflow at its superhydrophobic edge, I paint superhydrophobic
coatings onto the needle nozzle to minimize drop volume and reduce liquid residual (ACS Nano 2013, 7, 10371; Adv.
Mater. 2015, 27, 1745). In contrast to eject drop from an orifice, we also control the drop ballistic trajectory that starts
from a resting drop on the superhydrophobic surface through electrostatic charging process. Similar to the sudden
spore discharging behavior, we can directionally control the ballistically jump of water drop, even in a supercool state
(Adv. Mater. 2018, 30, 1703838). When water drop impact onto a superhydrophobic surface in a high speed, it would
splash into multiple droplets. By mimicking natural leaf surfaces, we directionally control the water splashes on
artificial superhydrophobic ridges (NPG Asia Mater. 2017, 9, e415). If the splash is unwanted, it would be one of the
biggest problems that meets in agricultural sprays, where only 0.1% pesticide can perform on the leaf surface. To solve
this problem, we demonstrate the way of using a double chain vesicle surfactant as the additive to completely spread
without splash on the superhydrophobic surface. The drop can directional transport from the orifice to the
superhydrophobic surface without loss (Sci. Adv. 2017, 3, 1602188). On a hydrophilic surface, like the peristome
surface of pitcher plant, impacting rain drops tend to spread directionally. We reveal the time dependent spreading
behavior of impacting drop on the peristome surface with multi-scaled curvatures (Angew. Chem. Int. Ed. 2016, 55,
14988, Cover; Angew. Chem. Int. Ed. 2017, 56, 13623; Adv. Mater. 2017, 1702995; ACS Nano 2018, 12, 5149).
The deep understanding of directional drop control would help us with new ideas to manipulate drop based
microfluidic devices (ACS Central Sci. 2018, 4,1102).
Keywords: Electrostatic charging; Unidirectional transport; Self-Power; Liquid Rectifier
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Abstract
Motorcycle tire requires reliable grip performance. In different driving conditions, the deformation of the crown is
difficult to control, which severely affects the grip performance. With million years of evolution, cats have developed
special adaptation abilities to diverse environmental conditions, and their paw pads have reliable grip performance. In
order to acquire the dynamic characteristics of the vertical pressure of the cat-paw pad during walking, a
pressure-sensitive walkway system is used for data acquisition in whole step state. The results indicate that, the third
pad of forepaw bears the highest pressure in all pads, so they played a key role in grip performance. Furthermore, its
lateral profile presents inspiration for the bionic design of motorcycle tire crown. Laser scanner is adopted to
accurately obtain the third pad geometry of forepaw and the lateral contour of pad curve is then obtained. Based on this
curve, a bionic structure is implemented to design the crown of the motorcycle tire. Contact area and vertical pressure
distribution of specimens and bionic designed tires in different working conditions were analyzed using nonlinear
finite element method. The results show that, bionic designed tires increase the contact area and improve the
uniformity of vertical pressure distribution, which enhance the grip performance of the motorcycle tire. Bionic
structural design provides an innovative method for improving the grip performance of motorcycle tire.
Keywords: Grip performance; Cat-Paw pad; Bionic design; Nonlinear finite element
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Abstract
Heat control has been a momentous problem in engineering areas which includes manufacturing, aeronautics,
microchips and so on for a long time. The control of material thermal deformation, effective cooling in the key
components of the aerocrafts and compactly laid out microchips are urgently needed to be improved. In micro scale,
researchers are mainly focused on the mechanism, design, improvement and heat transfer of straight channels other
than developing other types of channels. A previous study on the carnivorous plant Nepenthes alata indicates that
water can be transported continuously and directionally on the surface of the rim of the pitcher because of its
multi-scale structures. Meanwhile, the transporting speed is much higher than what we thought previously. Inspired by
this unique phenomenon, the heat management ability of this biological micro channel is investigated in this research.
Firstly, based on the existing studies, features of the biological channels are extracted. And then, the unidirectional
channels are designed and fabricated by elliptical vibration cutting accordingly. The experimental platform for
thermal control is established consequently. Both bio-inspired and straight rectangular channels of same depth and
width are set for comparison. Through the comparative experiments, it is concluded preliminarily that critical point of
heat transfer performance of the two channels exists and the biomimetic structure can improve and strengthen the
cooling effects at large flow rate because of the unique geometric structure . The temperature reduction of the
bio-inspired channels can be increased by up to 84 percent compared with straight channels in single experiment when
heated up to 150centigrade.
Keywords: heat management; cooling; micro channels; directional water transport
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Abstract
Mass transfer efficiency and area of active surface are two of the significant factors for air-cathode, which are directly
related to the power outputs of metal-air batteries. Wood contains the massive, long and partially aligned channels
functioning as a mass transfer system, which help moistures transferring from root to the top branches of plants. This
multi-channel structure provides numerous ―passageway‖ and high surface area for plants to facilitate mass transfer
efficiently, which are also the air-cathode most in need of properties. Herein, inspired by wood, the multi-channeled
cathode has been fabricated for high-performance Zn-air batteries via 3D-printing. The 3D-printed biomimetic
cathode (3D-BC) forms a continuous supply of oxygen from the air during battery discharging process, which is
contributed to channels inside the cathode matrix. As a result, massive tri-phase boundary regions, where oxygen
reduction reaction (ORR) happens, are formed inside of 3D-BC. Moreover, the metal-based 3D-BC framework
facilitated the electron transfer during ORR. Benefiting from the multi-channeled framework, the assembled Zn-air
battery with 3D-BC (channel width = 400 μm) possesses a high power density of 96.0 mW cm-2. The 3D-BC can be
applied to other metal-air batteries to achieve a high power density without any materials modification.
Keywords: bio-inspired, 3D-printing, wood, cathode, zinc-air battery
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Abstract
Nano rotor is of great value in military and civilian applications. Due to its nano size, it works at an ultra-low Reynolds
number and aerodynamic performance deteriorates dramatically. The bio-inspired nano rotor is carried out to improve
the rotor propulsive performance. Unsteady vortex lattice method (UVLM) model is established fully considering the
influence of induced drag and wake vortex distortion on aerodynamic forces. The aim is to quickly and accurately
simulate the flow field around the bio-inspired nano rotor, and to efficiently perform the aerodynamic calculation to
optimize the design of the bio-inspired rotor. The rotor parameters and motion parameters such as aspect ratio, tip ratio
and camber are studied using UVLM. It is found that the aerodynamic performance of rotor increased with the aspect
ratio. The quality factor changes parabolically with the tip ratio and camber, and there is an optimal value for the ratio
and camber, respectively. The influences of pitching angle and frequency are investigated as well. Results show that
the bio- inspired motion improves the propulsion performance of nano rotor.
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Abstract
In order to improve the adaptive ability of quadruped robots for the complex terrain, an intelligent adaptive method of
quadruped robots under complex terrain is proposed in this paper. Firstly, based on the recognition and modeling of
terrain by sensing sensors, the terrain elevation map of the foothold area is established, and the irregularity and
elevation information of terrain are calculated. By introducing the threshold of terrain elevation and irregularity
information, the system will decide whether the foot area is a safe area or not. Secondly, the virtual obstacle is
established. According to the key points and size information of the virtual obstacle, the swing trajectory and foothold
of the swing leg are re-planned online. Thirdly, the body balance control strategy is integrated to realize the
autonomous dynamic obstacle crossing of the typical obstacles such as steps and trenches. Finally, the effectiveness of
this method is verified by simulation experiments.
Keywords: quadruped robot, complex terrain, intelligent adaptive, re-planning, body balance
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Abstract
Anisotropic reversible adhesion has been widely found in nature. For instance, spatula terminals on the gecko setae
generate anisotropic adhesion and friction on the contacting surface, responsible for their extraordinary abilities to
move on dusty walls and ceilings with unpredictable properties. In contrast, natural surfaces, such as butterfly wings,
beetles‘ backs, and rice leaves, exhibit anisotropic adhesion with water droplets. On the butterfly wing, a droplet can
easily roll off outwards, but pinned on place in the opposite direction. Learning from nature, the surfaces with
anisotropic adhesion either with solid or liquid is of fundamental interest and is important for the applications, like
self-cleaning surfaces, microfluidics, intelligent robots, etc.
Here, inspired by gecko and butterfly wings, we present a smart surface that can transit reversibly between the
isotropic and anisotropic wettings through dynamically tuning the microstructure parameters. The surfaces are
prepared by creating triangle micropillars array on the stretched thin polydimethylsiloxane (PDMS) film. The cycle of
stretching and releasing of PDMS films allows the array of triangle micropillars to tune its structural parameters
reversibly, and ultimately results in the smart transition between two wetting states. By varying the spacing among
pillar in x direction, the droplet adhesion on the smart surfaces can be switched from sliding to strong adhesion state
along the same axis. Furthermore, the sliding is anisotropic and the maximum anisotropy along opposite direction is
up to 274o. Given the smart adhesion performance of the surface, it is believed to be potentially used in many
applications, such as bio-separation and the microfluidic devices.
Keywords: bio-inspired, droplet adhesion, smart surface, directional wetting, pillar array
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Abstract
The safety factor of power transmission in power system is determined by the performance level of external insulation
material. There are still a lot of problems in the field of external insulation of transmission lines. Such as oil resistance,
waterproof, fire prevention, corrosion prevention and other problems should to be solved in a better way. Compared to
other coatings Scientist found that coating contained silicone rubber has more excellent performance on weather
resistance, chemical resistance, corrosion resistance, etc. In this paper, we made a superhydrophobic, fireproof and
anti-corrosion coating with the use of aluminium hydroxide (ATH), stearic acid (STA) and polydimethylsiloxane
(PDMS). The water contact angle (CA) of 154.5°and rolling angle of 4°were demonstrated on the coating. In addition,
the coating performance of superhydrophobic increased with temperature (CA 157°in the temperature of 180℃). The
contact angle kept more than 150°of the coating treated by liquids with PH values between 1 and 13.
Keywords: superhydrophobic; corrosion resistance; aluminium hydroxide nanoparticle; coating
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Abstract
According to a recent UN report, almost two thirds of the world‘s population will live in cities by 2050. The effect of
this population shift will further increase the levels of air pollution, which are already at critical highs in most of the
world‘s mega cities. Simultaneously, the number of premature deaths caused by air pollution will also continue to rise.
Therefore, as we spend almost all of our lives in buildings, it seems obvious that maintaining a high standard of Indoor
Air Quality (IAQ) for us all to live, breath and operate in safely, will become paramount as the world‘s population
increases. So what are our options?
One option is creating more Biophilic Cities. Biophilia as US biologist Edward O Wilson explains in his seminal text
of 1984, is ‗our innate desire to be close to nature‘. There‘s now a growing body of evidence based design data, which
indicates that by introducing Biophilic principles into e.g. the workplace, this can reduce absenteeism, help increase
productivity, absorb airborne toxins and generally improve the level of health and well-being of a buildings‘
occupants.
This paper examines the most effective ways of illustrating where biophilic interventions can be made in the early
stages of the design process; using advanced numerical techniques in the areas of fluid flow and particulate mass
transfer to demonstrate the efficacy of our concept.
If we are to create healthier living and working environments for us all in the future, then built environment
professional should quickly start to incorporate biophilic design principles into their working practices. This paper
will demonstrate how and when is best for them to do this.
Keywords: Biophilia, Airborne Pollution, Computational Design Strategies
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Abstract
The wheel-legged hybrid mechanism is one of effective solutions to improve the ability of the legged robot to move on
the pavement road. However, the traditional wheel-legged hybrid mechanism always sacrifices a certain foot-walking
ability due to the space occupied by the wheel mechanism, and it is difficult to pass some complicated terrain. In this
paper, a deformation wheel using a multi-linkage mechanism was proposed. The deformation wheel converts the
power output through the clutch mechanism, so that the calf can be deformed into a wheel structure without increasing
the driving mechanism. In this method, the end of the leg can be switched between the leg structure and the wheel
structure, and it allows the bionic robot to have high maneuverability both on pavement road and complex terrain.
Keywords: wheel-legged hybrid mechanism, deformation wheel, clutch
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Abstract
Geometry is a determining factor for thermal performance, affecting heat transfer in both biological and technical
systems. Even though biology has inspired thermal design before, biomimetic translation of leaf structure learnings
into technical systems remains largely unaddressed. As limited homeotherms and promising structural adaptors, plants
possess different mechanisms to manage thermal stress and endure constant environmental exposure. Shape,
specifically, modulates leaf boundary layer, transpiration, evaporative cooling and convective thermal exchange with
the environment, allowing for leaf thermal decoupling from ambient conditions. Here we lay research groundwork for
extracting design principles from leaf morphology and thermodynamics relations, to apply to structural aspects of
thermal exchangers, towards device innovation. We identified plant role models where leaf shape has a role in heat and
mass transfer, from extensive literature review on environmentally sensitive morphological patterns and case studies
of shape-dependent thermal exchange. Addressing canopy sun-shade dimorphism, leaves collected from multiple oak
species revealed significant sun-shade differences for geometrical parameters related to margin extension and shape
dissection. Geometrical features were abstracted from biological findings and explored with filter paper models of
same surface area but different designs: elongated, with finely toothed edges or constituted of few large teeth.
Significant shape-related differences in model evaporation rates were observed for two different characteristic
dimensions in a controlled environment of very low airflow, which is more likely to induce leaf thermal stress. Mass
transfer was faster for the dissected geometries, with a higher relative enhancement for the small models, and finely
toothed edges reaching the coldest local temperatures, up to 10°C below air temperature. The relation of shape
parameters to evaporative performance is discussed. This investigation and first experiments break new ground for
solution- based biomimetics to inform design and passive enhancement of evaporation-assisted thermal systems, with
applications ranging from microelectronics cooling to large-scale thermoregulating building interfaces.
Keywords: biomimetics, leaf morphology, heat exchange, thermal design, bio-inspired structures, evaporation
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Abstract
Throughout time, scientists have looked to nature and biology in order to understand and model solutions for complex
real-world problems. The study of bionics bridges the functions, biological structures and functions and organizational
principles found in nature with our modern technologies, numerous mathematical and metaheuristic algorithms have
been developed along with the knowledge transferring process from the lifeforms to the human technologies.Output of
bionics study includes not only physical products, but also various optimisation computation methods that can be
applied in different areas. Bionics Engineering and Bio-Inspired Computation have become increasing popular in the
last two decades.People have proposed, designed and developedmore than 20 different kinds of optimisation
algorithms that have been widely used in both theoretical study and practical applications.These algorithms can be
divided into three groups: (1)evolutionary based bio-inspired algorithms, (2) swarm intelligence based bio-inspired
algorithms and (3) ecology based bio-inspired algorithms.Bio-inspired algorithms such asneural network, ant colony
algorithms, bee algorithms, fish swarm algorithms, cuckoo search, particle swarm optimization and artificial immune
system algorithms have been applied in almost every area of science and engineering with a dramatic increase of
number of relevant publications. This paper provides a systematic, pragmatic and comprehensive review of the latest
developments in Evolutionary based Bio-Inspired Algorithms, Swarm Intelligence based Bio-Inspired Algorithms and
Ecology based Bio-Inspired Algorithms from both the theory and application standpoint. In addition, the paper will
also provide a complete resource that analyses and discusses the latest and future trends in research directions.
Keywords: Bio-inspired, Optimisation, Evolutionary Based Algorithms, Swarm Intelligence Based Algorithms,
Ecology Based Bio-inspired Algorithms
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Abstract
Topological design truss problems are known to be difficult to solve to optimality, partly due to the inaccuracies of
computational strategies to evaluate the impact of external forces acting on a specific edge (truss), which can have
significant resultant effect on other trusses, through the individual vertices (node) and the magnitude of these resultant
effects are difficult to accurately estimate due to the damping effect of the vertices (nodes). Besides, the largeness of
the search space can be an issue, which can only be resolved with superior computational power and strategies. The
complexities of these problems becomes exponentially larger when it involves multi-level hierarchies.
This paper proposes a new ant-colony metaheuristic algorithm (ACO) including a local search metaheuristic. In this
algorithm, the ACO will be used exploitatively to identify high performance area of the search field, through the
continuous interactions between the search agents (ants) and then using the local search algorithms, such as
hill-climber to localise the search solutions. The feasibility of the structure of each combinatorial solutions, i.e. the
discrete options and the corresponding continuous design variables will be evaluated using the Grubler‘s criteria
(degree of freedom), to determine the kinematic stability i.e. the statistical and dynamic balancing of a solution
(structure).
The algorithm has been verified and tested using a typical truss design problem. By comparative analysis and
evaluation, it has been shown that the proposed algorithm can be used simultaneously, in searching across multi- level
hierarchies for solving trust topological design problems with both the discrete and continuous design parameters
within a given set of constraints. It is effective and more efficient than the existing algorithms such as GA for the
similar problems.
Keywords: ACO, optimisation algorithm, multi-level-hierarchies, truss topological design
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Abstract
It is believed that the health of our body is totally dependent on the health of our cells. We are in essence, cellular
beings. The cell is the basic structural, functional and biological unit of all known living organisms. Cells consist of
cytoplasm enclosed within a membrane. The membrane of a cell pulses at certain frequency with certain magnitudes.
More the cell pulse is, the more active and energetic the cells are and the higher the cell health. Besides, our human and
other animals lives in the environment on the earth with the extremely low natural frequencies (ELF) that the earth
produces both high in the atmosphere (Schumann (7.83Hz)) as well as on and below the planet's surface (Geomagnetic
(10 Hz)). Schumann and Geomagnetic frequencies are vital to the wellbeing of all living things. It is believed that if we
are in an environment with bio-inspired electromagnetic signals generated by mimicking natural earth magnetic fields
and the frequencies, magnitudes and waveforms of the body and cell pulsations, then our cells will be more energetic
and active, so we are healthier.
There have been many reports about the bio-inspired electromagnetic fields and their effects on healthy conditions of
human beings. This paper will provides a systematic and comprehensive review of the latest developments of the
research in this area: the theory and applications, especially the problems associated with the previous researches. In
addition, the paper will also analyses and discusses the latest and future trends in research directions.
Key Words: Bionics system, health enhancement, bio-inspired electromagnetic fields, human health
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Abstract
Structural coloration is a widely used method to produce bright color by various living creatures such as insect, bird,
reptile, fish etc. From an engineering point of view, it is an effective and eco-friendly method representing a color,
because it can produce various colors with relatively few types of material. Thus, in terms of color related industries
such as displays and paints, it is meaningful to understand how the living creatures use nano or microstructures to
create colors.
In this work, we observe nanostructures of the wing scales of Papilio maackii which shows a iridescent color by using
a scan electron microscope with a focused ion beam sectioning, to verify the role of each anatomical elements of the
wing scales in structural coloration. The wing scale has wavy multilayers composed of air and cuticle underneath
tapered line structures aligned in parallel. Especially, the air layers have several rooms separated by very thin cuticles.
Computational simulations based on finite different time domain methods show following facts. Although main
reflectance spectrum is determined by multifilm interference mechanism, the compartments inside the air layers act as
a refractive index regulator and have an decisive effect on the color of the wing scale. We try to reproduce the color
that can be observed from the butterfly wings using a nanoscale self- assembly technique.
This research was supported by the Basic Science Research Program of the National Research Foundation of Korea
(NRF) funded by the Ministry of Education (NRF-2017R1D1A1B04033182)
Keywords: Structural coloration, Multifilm interference, Papilio maackii, Self-assembly
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Abstract
Titanium alloys have been widely used in the aerospace industry because of their low density, high specific strength
and high temperature resistance. The high reflectivity of titanium alloy, however, hinders its practical applications. It
is therefore of great importance to improve the anti-reflection performance of the titanium alloy surface. The strong
trapping properties of the metal surface can be achieved by constructing a rough microstructure so that enhances its
absorption of incident light. Nevertheless, traditional processing methods make it difficult to construct such
microstructures due to the discontinuity of the built microstructures, laser processing methods are often used in this
regard. In this paper, the surface of titanium alloy was processed by nanosecond laser, and the reflectivity of the alloy
sample was measured by a microscopic angle resolution spectrometer. In addition, confocal laser scanning microscope
(CLSM or LCSM), scanning electron microscope (SEM) and energy spectrum analyzer (EDS) were used to observe
the morphology of the microstructure in two-dimensional and three-dimensional manner, and conduct elemental
composition analysis. The effects of ultrasonic treatments on the reflective properties of laser-treated titanium alloy
reflective surfaces were investigated using different cleaning conditions. The results show that the reflectivity of
titanium alloy microstructures changes significantly in the visible and near-infrared regions under different
ultrasonic cleaning conditions.
Keywords: Titanium alloy; anti-reflection; ultrasound; nanosecond laser; microstructure
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Foreleg modelling and excavation movement simulation in mole crikets
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Abstract
Mole crickets, Gryllotalpa orientalis, have a pair of fully specialized forelegs for burrowing and employ an efficient
digging-expanding underground excavating pattern, which provide excellent biological example for bionic studies on
underground excavation equipments. In the bionic design, it is very important to determine the key physical
parameters related to the excavation motion, including joint angle, joint motion range, body segment orientation, etc.
In this paper, the physical 3D model of the forelegs, which include coax, femur and specialized tibia segments, in joint
limit positions were established by 3D scanner. The range of joint motion angle and the orientation of the joint
revolution axis parameters of the foreleg were determined. The kinematic analysis was conducted to determine the
relationship between excavating postures and forelegs attitudes. Based on the 3D model, the excavating processes of
mole crickets were simulated to analyze the excavation performance including the maximum digging, expanding and
digging-expanding distance, mechanical property and excavating force. The 3D model and the simulation results were
verified by comparing with animal experiment results. This study can provide basis for bio-inspired design of bionic
tunneling mechanisms or underground excavation equipment.
Keywords: bionics, experimental biology, mole cricket, excavation, forelegs

Fig The 3D model of mole cricket‘s foreleg
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Abstract
The end-of-use landfill generally exists in an anaerobic state where no air is introduced into the landfill. Organic
matter in landfills is mainly converted to methane and carbon dioxide by anaerobic decomposition, and some convert
to toxic substances such as ammonia and hydrogen sulfide. When excavating and transporting the landfill without
separate pretreatment, odor and harmful gas are discharged, and a large amount of methane gas is released and mixed
with air, resulting in explosion hazard, which has a negative effect on safety accidents and health. In this study, we
develop a new concept of biomimetic excavation that can stabilize anaerobic waste in a short time while minimizing
toxic gas leakage during excavation.
Keywords: Biomimetics, Landfill site, Stabilization, Expanding, Excavation method
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Research on Mechanical Properties and Shape Memory Properties of
Biomimetic Structural Units Based on NiTi Alloy
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Abstract
The fabrication of niti-based shape memory bionic structure devices based on bionic structure design and additive
manufacturing technology has become a research hotspot in the field of aerospace and bio-medicine.In order to obtain
an optimized high recovery characteristic and a high compressive structure, this paper systematically researches the
mechanical properties and shape memory properties of different structural units. The structural units are considered as:
regular trihedron, regular tetrahedron, regular pentahedron, regular hexahedron and their combination. In this paper,
Abaqus FEA software was used to analyze the deformation and resilience of different structural units. And then, we
print out the envisaged 3D model through SLM process for experimental verification. Through the deformation
analysis under the same load conditions and the comparison of the recovery characteristics, The regular hexahedral
monomer and honeycomb structure proved to have the better mechanical properties. On this basis, we can use the
shape memory properties of niti alloy to realize the intelligent deformation of bionic structure, and provide better
bionic structure for medical applications,etc.
Keywords: NiTi; addictive manufacturing;bio-mimetic structural units; finite element analysis; mechanical
properties
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Abstract
Due to the advent of arthroscopy, the occurrence of subscapularis tendon tears was found to be more frequent than it
was commonly recognized. The Biomechanical effects of subscapularis tears are no clear, not to mention its
treatment. The objective of this study is to examine the biomechanical influence of the subscapularis tendon tears
propagation on glenohumeral joint stability in a previously constructed and validated finite element shoulder model.
The tears of the subscapularis tendon were created in two directions: (1) inferior direction: from the superior portion
of its osseous insertion site and propagated inferiorly until a complete tear extended through the entire subscapularis
tendon and (2) superior direction: the opposite direction. The simulated subscapularis tendon tears sizes were top 1/4,
top 1/2, top 3/4, bottom 1/4, bottom 1/2, bottom 3/4 and full tear. Finite element simulations were performed in the
same physiological loading and boundary conditions as in the original model. It was found that in both propagating
directions, the bone-on-bone contact forces, contact areas and effective depth of the contact position in the glenoid
fossa decreased with the increasing of the tear sizes, where those results decreased more dramatic in the superior
direction than the inferior direction. For example, the bone-on- bone contact force for top 1/4 and top 1/2 tears were
405 N and 391 N respectively whereas for bottom 1/4 and bottom 1/2 were 354 N and 288N, respectively. The
stability analysis showed that when the tear occurred in the superior half of the subscapularis tendon the joint
remained relatively stable; while in the inferior half, the joint becomes unstable. It was concluded that the interior
half of the subscapularis tendon plays a more important role than the superior half in maintaining joint stability.
Keywords: Subscapularis tendon tear, finite element, glenohumeral stability, biomechanics
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Research on Impingement Cooling for Bionic Surfaces in a Simplified
Transition Segment
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Abstract
Man‘s understanding of nature is developing all the time, indicating that many naturally formed structures are worth
studying and drawing. Being enlightened by the shaping principle of dune, a crescentic dune profile model was taken
to design the bionic turbulent generator applied in the internal passage of the gas turbine transition piece with single
row impingement jets for enhancing the heat transfer performance and reducing the pressure drop in the present
numerical investigation. During the analysis, conservation equations for mass, momentum and energy were solved by
using finite volume method with Realizable k-e turbulence model. Five different types of detached length (L) from
nozzle to the dune rib and three height ratios between the rib and duct (H/D) were simulated as the influence factors in
the actual working conditions of transition piece with HTHP. Flowing structure, heat transfer characteristics, and
overall performance had been discussed. The numerical result revealed that: (1) inserting of profiled-dune-shaped-rib
(PDSR) could obviously enhance the heat transfer performance adjacent; (2) the smaller the detached L was, the better
heat transfer PDSR presents; (3) the application of PDSR could decrease flow resistance due to the Coanda effect and
appropriate height ratio (H/D) could avoid the generation of recirculation dead zone. In the present investigation, case
9 with L=30mm and H/D=0.23 shown the best overall performance. This work will provide a reference for new
cooling structure design and inspire the application of the bionic structures.
Keywords: Bionic; Impingement cooling; Crescentic dune; CFD
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Abstract
Repeated rehabilitation training is an important way for the stroke patients to do spontaneous rehabilitation training.
In this paper, a soft wearable robotic glove for rehabilitation is proposed based on the bending characteristics of
human hand. This glove has a light weight and is easy to be actuated. The system includes a rehabilitation glove, a
small air pump, shunts, controllers. The rehabilitation glove consists of a normal fabric glove and five soft
pneumatic actuators. Actuators are wrapped by fabric and attached to the fabric gloves. To move the fingers, the soft
fabric glove is used to adjust the soft actuators. Actuators are made of silicone and are customized according to the
size of the human finger bones. The stiffness gradient method is used to ensure a higher degree of fit between the
actuators and hand in the structural design of this glove. The structural deformation analysis of the actuators is
carried out by the finite element software ABAQUS, and the simulation results show that this design has a high
feasibility. In this work, the performances of the soft actuators are evaluated through experiments. Additionally, the
further experimental results show that this robotic glove can meet the normal rehabilitation training for the
patients.Keywords: Rehabilitation training, Robotic glove, Soft pneumatic actuators, Silicone
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Abstract
In rolling experiments, the performances of the spider-like robot are limited greatly by its motors‘ driving ability,
meanwhile the ground reaction forces are so big that they damaged the rods. In this paper, we solve above problems
both mechanically and by control. Firstly, we design the parameters of the CPG network based on the kinematics of
the robot to enable a smooth rolling trajectory. Secondly, we add torsion springs to the passive joints of the spider-like
robot aiming to making use of its energy storage capacity to compensate the insufficient driving capacity. Thirdly, we
change the shape of the connecting rods from straight cylinders to arced plates. The simulation results show that
optimized CPG control parameters can reduce the fluctuation of the center of mass, torsion spring can reduce the peak
torque requirements of the actuated joints by 50% and arc rod can increase the rolling speed by nearly 100%.
Keywords: Spider-like robot, Rolling locomotion, Central pattern Generators, Elastic joint, Curved rod
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Abstract
This paper proposes a new design of high real-time EtherCAT-based electromagnetic actuation (EMA) drive system,
which is dedicated to controlling the locomotion of a microrobot that treats vascular disease. The drive system is
modular and easy to expand to fit the different coil numbers of EMA systems. The drive module consists of a primary
board and two actuation boards and is controlled by a computer through EtherCAT communication. The primary
board include a DSP chip. It interacts with the control computer by an EtherCAT communication board and control the
actuation board by PWM. The actuation board consists of a H-bridge and drive chip DRV8703 with protection
features including: overcurrent protection, gate driver faults, and thermal shutdown. Owing to EtherCAT protocol, the
drive system is high real-time and fast command response. For evaluating the performance of the drive system, we
established an EMA coil system which consists of four stationary electromagnetic coils. The uniform magnetic field
and the gradient magnetic field can be produced by independently changing the current in each coil of electromagnetic
coils and generates magnetic torque and magnetic force acting on the microrobot. The experimental results show the
system command time is as fast as 0.1ms. The locomotion of robot shows high controllability even with an open-loop
control method. Finally, we tested the robot motion in a blood vessel model. The result of the test verified the motion
feasibility of intravascular microrobot by the new drive system.
Keywords: High real-time, network topology, electromagnetic actuation (EMA) drive system, microrobot
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Abstract
By sensing external environment, chameleon can control the density changes of the nanophotonic crystals in
iridophores of the inner layer of skin cells to achieve accurate response of the skin color to the external environment.
This precise and fast color response process has important application value for military camouflage and chemical
detection. Therefore, this paper studies the discoloration response mechanism of chameleons, realizes the
discoloration effect of photonic crystal materials by changing the refractive index of photonic crystal materials, and
builds an intelligent color-changing system that can change the color of photonic crystal films according to the color
changing of the surrounding environment. The image recognition algorithm based on threshold segmentation method
and the automatic color change control algorithm are used to achieve a fast response to the orange-green color of
environment. The color change response time is 45-55s.
Keywords: Bionic, Photonic crystal, Image processing, Automatic color change
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Abstract
Nanoscale structures are often found in multifunctional organs that enable animals and plans to adapt to harsh living
environments. In order to mimic the multifunctionality of dragonfly wings and cicada wings, all three of the following
features are necessary: dense array of nanostructures, hydrophobic wax layer, and flexible substrate. A universally
applicable technique for large-area fabrication of biomimetic nanopillars and nanocones on flexible polymer
substrates is needed. In this work, the biomimetic nanopillars and nanocones on various polymer substrates inspired
by cicada and dragonfly wings were fabricated by the combination of the plasma etching and the plasma
polymerization deposition. Maskless etching of various polymer substrates with oxygen plasma for a certain duration
leads to the formation of nanopillars dependent on the natural crystalline state and degree of different polymer
materials. Subsequent plasma polymerization of perfluorocyclobutane gas atop the nanostructure array tapers the
cross-sectional diameters so that the nanopillars evolve into nanocones. All polymer surfaces with nanopillars and
nanocones demonstrated the reduced reflectance over the visible and near-infrared spectrum compared with the
pristine surfaces. The weaker angle dependence of reflectance was achieved for the surfaces with nanocones. The
surfaces with nanopillars and nanocones exhibit also superhydrophobicity due to the plasma polymerization
deposition of fluorocarbon film. The nanocones exhibit better anti-warterdrop impacting ability than the nanopillars.
The excellent broadband and omnidirectional anti-reflection property and superior superhydrophobicity when
impacted by waterdrops of biomimetic nanocones are in consequence of gradient of both refractive index and
anti-wetting capillary pressure. The plasma nanotexturing methods composed of the plasma etching and the plasma
polymerization deposition could be appropriate to fabricate biomimetic nanostructures on flexible polymer substrates.
Keywords: Biomimetic nanostructure, Plasma nanotexturing, Dragonfly wing, Cicada wing, Anti-reflection,
Anti-wetting
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Abstract
Ice accumulation leads to inconvenience to life or even damages in cold regions. Here, we report an efficient,
non-toxic and scalable method to fabricate hierarchical superhydrophobic surfaces on the aluminum alloy with a water
contact angle of 155 °and a sliding angle of 5 °. Silver mirror effect proved that the wetting state between a water
droplet and the recovered superhydrophobic surface was the Cassie state. Based on the self-established testing
machine, the ice adhesion strength and ice shear strength of the as-prepared surfaces and untreated aluminum surface
were summarized. Results show that ice adhesion strengths on different wettability surfaces strongly depend on the
efficient specific surface area of the ice-solid interface, and the ice shear strengths were determined by different
ice-solid interface contact form. Besides, the freezing delay time was recorded and different mechanisms of the icing
process were analyzed by specific heat transfer models. From the de-icing and self-cleaning test, the air cushion on
superhydrophobic surface can prevent the melted water from secondary icing and potential contaminations, especially
at low temperature. Our results indicate that the recovered superhydrophobic surface still presents excellent
anti-/de-icing property, and the special contact conditions and heat transfer process of the ice-substrate interface
contribute to the anti-icing property of superhydrophobic surface.
Keywords: Anti-icing; Superhydrophobic; Aluminum alloy; specific surface area; Heat transfer.
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Abstract
Frog (Pelophylax nigromaculata) is typical amphibian`s species. In this paper, the surface morphology and structural
features of frog was observed by stereo microscope (SM) and scanning electron microscope (SEM). The surface
morphology and the microstructure in different parts of frog was contrasted and analysised. The results show that the
structural properties in the different parts of frog are different significantly.
Keywords: frog (Pelophylax nigromaculata); microscopic structure; bionic.
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Abstract
Colors can be largely divided into pigmentary colors, which are characterized by melanin and carotenoids, and
structural colors, which are characterized by microstructure, diffraction and light interference. Bird feathers are a
typical example of a structural color, and the coloration mechanism of the blue feathers was analyzed. Four species of
birds-the common kingfisher, broad-billed roller, azure-winged magpie, and Eurasian jay-were examined. Using both
a scanning electron microscope and a transmission electron microscope, we observed the microstructure of the
feathers and measured the size of keratin, air space, and cortex. Additionally, we analyzed the sequence of the MC1R
locus, which is related to the color of bird feathers, to determine whether this locus evolved differently from the
existing classification. The results showed that there were significant differences between the color and the size of the
microstructure, but we could not confirm the consistency. MC1R gene followed the existing phylogenetic
classification for these four species of birds. In order to discover a correlation between structural factors and
reflectivity spectra, we use Fast Fourier Transform of electron microscopic images, ultraviolet and visible (UV-Vis)
spectrophotometer, and modeled using finite difference time domain (FDTD) method. The nanostructures, reflectivity
spectra, and diffraction patterns of the blue feathers were analyzed. The result showed that the non-iridescent collation
of bird feathers was the result of the concentration of coherence scatterings that occur with short cycles of repeatability
or regularity. As evidenced in the results, it is difficult to conclude that blue colors are expressed for one reason or
another. However, it is expected that a convergence analysis of structural, biochemical analysis, and optical studies
will be able to clearly identify detailed processes. By close investigation of the feathers‘ coloration mechanism,
underlying design rule for its brilliant color will have a potential for the industrial bio-inspired applications.
Keywords: bird feather, structural color, microstructure, MC1R
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Abstract
Facing the increasing oily wastewater problem and organic pollutants in the world, it is urgent to develop materials for
efficient oil-water separation and water purification. Herein, a superwetting and visible light catalytic Cu@Cu2O film
was fabricated by one-step electrodeposition method. The as-prepared film showed underwater superoleophobicity
and underoil superhydrophobicity. Combining its unique wettability and the small pore size, the as-prepared film
could be used to separate various water-in-oil emulsions and oil-in-water emulsions under gravity action and showed
high separation efficiency. In addition, the as-prepared film exhibited outstanding antoil-fouling capability and
excellent chemical stability and mechanical stability. Besides, the as-prepared film could be used to photodegrade
organic pollutants under visible light irradiation, the degradation efficiency can be reached to 96%. This newly
as-prepared film is expected to have great potential in oil-water emulsion separation and organic contamination
degradation.
Keywords: Cu2O; electrodeposition; oil/water emulsion separation pollution; degradation; photocatalytic
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Abstract
Both animals and plants have evolved marvelous adhesion abilities with different specialties. Among them, gecko and
creeper are presentative species. Gecko owns remarkable reversible adhesion with high switch ratio on most
surfaces，while creeper has extremely strong adhesion especially on rough surface. Inspired by gecko and creeper,
artificial composite adhesive pads are fabricated using polyurethane (PU) as the backing layer and graphene-shape
memory polymer (G-SMP) as the fibrillar arrays. Making use of the photothermal effect of graphene, the SMP fibrillar
could be switched from glassy to viscoelastic state, resulting in a great decrease in elastic modulus from 1600MPa to
0.4MPa. When attaching under UV irradiation or at high temperature, the low elastic modulus of G-SMP guarantees
the adaption of adhesive pads to the counterpart surface, whether it is smooth or rough, forming reliable contacts. After
the attachment, by controlling the detaching temperature, the separation can be switched between strong adhesion and
easy detachment. When the temperature is decreased below the Tg of G-SMP, the stress is dispersed homogeneously
across the whole contact area, hindering the formation of cracks under detaching stress and showing the strong
adhesion. On the contrary, a temperature above the Tg of G-SMP softens the micropillar. The surface tension of
G-SMP introduces extra stress at the asperities of the interface which may initiate the separation at the interface
causing the easy detachment The artificial adhesive pads present here may find applications in wall-climbing robots,
transferring printing and micro manipulation.

Figure 1. (a) The foot of gecko and (b) attaching foot of creeper.
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Figure 2. (a) The 3D Optical Surface Profiler image of structure of PU/GSMP component adhesive pad. (b) Strong
and reversible adhesion on 3000# sandpaper.
Keywords: component fibrillar adhesive, reversible adhesion, rough surface, shape memory polymer, elastic
modulus, stress dispersion
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Bio-inspired Gradient Micropillars Beyond T-shaped Adhesive
Microstructure
Quan Liu1, Fandong Meng1, Di Tan1, Xin Wang1, Chang Nie1, Shiqi Hu1, Longjian Xue1*
1
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Abstract
Gecko-inspired micropillars with T-shape tips have long been demonstrated in various materials possessing the
greatest normal adhesion performances. The existence of roughness and dust particles on contact surface, the
misalignment of contact surfaces and the damage of T-shape tips may cause the failure of adhesion during the
application of gecko-inspired reversible adhesions. Therefore, it is highly necessary to further enhance the adhesion
efficiency of T-shape tip-terminated micropillar arrays. In the current work, we present a new kind of T-shape tipterminated micropillar arrays incorporated with gradient material in the composite stalk, showing greatly enhanced
adhesion than that of conventional T-shape tip-terminated micropillar arrays. The gradient composite micpillars (TG) is fabricated by using centrifugation to generate gradient dispersion of CaCO3 nanoparticles in PDMS
micropillars , exhibiting stiff tips and softer roots. T-G shows an excellent adhesion of ~218 kPa, ~5 times of the
pristine PDMS micorpillar terminated with T-shape tips (T-P) (~47 kPa). The structure design of T-G could be extend
to other material combinations and would push forward the bioinspired adhesion towards practical applications.
Keywords: Gecko-inspired, T-shape tips, adhesion, gradient, composite
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A design of modularization pallet with honeycomb structures and
compressive analysis
Xinju Dong,1 Xue Guo,1 Xiaolong Zhang,1 Zhenglei Yu,1 * Wei Yan2
1
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2
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Abstract
With the demand for pallets as general cargo transportation is increasing, the requirements for economy and common
use of pallets are gradually increasing. In order to improve the resource- efficient and load-bearing performance of
pallets, this paper designs a series of commonly pallet model. The modularization has been developed and a mechanics
properties analysis theoretical model of honeycomb was established. The pallet is composited by tray and pedestal,
which could reduce waste due to the advantage that some damaged components can be replaceable. At the same time,
the tray of pallet model with inclined honeycomb structures provides stronger force which has the better load-bearing.
The paper establishes a pallet model with modularization and compression resistance, and prints out a pallet scaling
model based on 3D printing technology. Meanwhile, by using the OptiStruct software to establish a mechanics
properties analysis theoretical model of honeycomb that simulates and analyzes the static and dynamic load and the
stress situation when the pallet is dray to the ground. The static pressure compression test of the 3D printing sample is
carried out. According to the analysis result, when comparing with the traditional pallet, the modularization pallet with
the honeycomb structures do not reduce the carrying capacity. Instead, the modularization pallet has more
load-bearing with the reduced weight of the product itself. The 3D printing compression test shows that the pallet has
better bearing and safety, which is consistent with the analysis result. This paper provides a reference for further
improving logistics efficiency and enhancing the load-bearing of pallets.
Keywords:pallet; modularization; inclined honeycomb structures; bio-mimetic structural units; numerical
simulation; addictive manufacturing
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Promoting Fast Droplet Bouncing on Sculptured Surfaces
Yahua Liu*
School of Mechanical Engineering, Dalian University of Technology, 116024, China
*Corresponding author: Yahua Liu (yahualiu@dlut.edu.cn)

Abstract
A droplet impacting on a superhydrophobic surface usually manifests an elastic rebound due to the negligible viscous
dissipation caused by the air pockets trapped underlying the impinging drop. The impacting process usually consists of
spreading and retracting stages, during which the droplet contacts the underlying substrate. However, there exists a
theoretical contact time limit when it comes to how long it takes for an impinging droplet to bounce off the surfaces. In
this talk, I will briefly discuss our recent efforts and exciting progress to this classical and important problem. Several
droplet bouncing mechanisms were put forward to reduce the contact between impinging droplets and the underlying
solid surfaces and the corresponding textured superhydrophobic surfaces have been sculptured to realize this goal. We
believe that the discovery of these new bouncing pathways which can achieve significantly shortened contact time will
stimulate new applications. For example, the complete and fast rebound of droplets, especially impinging supercooled
droplets, from the underlying solid surface may considerably suppress the ice nucleation to achieve an overall
anti-icing performance.
Keywords: superhydrophobic surfaces; droplet bouncing; contact time; anti-icing
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Research on Restore Characteristics of Bionics Protective Self-Repairing
Structure Base on NiTi Alloy
Xue Guo,1 Xinju Dong,1 Zhenglei Yu,1 * Xiaolong Zhang,1 Wei Yan2
1
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Abstract
In order to improve the ability of armored military vehicle in modern warfare, protective technique is emphasized by
various countries in the world. As the battlefield environment changes, having strong protection ability is the basic
requirement of modern military vehicle. The foot pads of felines have the buffering and energy absorption
characteristics, which has inspired the designing of bionic protective self-repairing structure. The microstructure of the
felidae‘s foot pads is negative poisson's ratio structure.This paper used superelastic properties of NiTi alloy and the
mechanical properties of negative poisson's ratio structure to establish the bionic protective self-repairing model. The
compression and restoration characteristics of the model was simulated and analyzed by using LS-DYNA simulation
software. The test model was producted by strip NiTi alloy which was conducted comparative analysis in compression
experiment. The results show that the simulation analysis can accurately simulate the overall deformation process.
Within the range of 1200N, the model can completely restore its original shape after removed the pressure. The
research results which has importantly academic and practical significance to improve the impact resistance of
armored military vehicles. It can make the automatic rebound repair to realize under the action of pressure load and
improve the endurance and material utilization rate of the total range of armor.
Keywords:bionic protective structure, NiTi alloy, compression characteristics, shape memory properties, numerical
simulation
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Thrust study of membrane flapping wing micro aerial vehicle based on
UVLM
Chunjin Yu*, Wanli Yang, Fang Wang
Institute of Flight vehicle, Nanchang Hangkong University, Nanchang, 330063, China

Abstract
Instantaneous thrust and lift produced by wing vortex and wake were been studied. Development of flapping wing
aerial vehicles (FWAV) has been of interest in the aerospace community with ongoing research into unsteady and low
Reynolds number aerodynamics based on the vortex lattice method. Although most of the previous research has been
about pitching and plunging motion of the FWAV, aerodynamic influences of wing vortex and wake on vehicle thrust
should be investigated in order to accurately model the vehicles. In this paper, three dimentional unsteady vortex
lattice method is applied on the FWAV models by varying wing vortex and wake for different angle of attack, flapping
angle, flying speed, and flapping frequency and advance ratio. Some prelimary results show that wing vortex and
wake have significant influence on vehicle thrust, and wing vortex is more important than wake to generate thrust.
The study is helpful to understand the mechanism of flapping wing motion.
Keywords: Flapping-wing ; FWMAV; UVLM ;membrane wing
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Development of in-situ 3D bio-printing system and process for skin
generation
Sang Hyun Ahn,1 Su A. Park,1 Wan Doo Kim,1 Duck-Gyu Lee,1 Junhee Lee1*
1
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Abstract
3D bio-printing is using 3D printing technology to fabricate the three-dimensional artificial tissues or organs by
layering tissue specific cells and biomaterials. In this study, we developed an in-situ 3D bio-printing system to
regenerate damaged skin. Developed 3D bio-printing system can directly apply the cells and biomaterials to the
wound healing at the damaged skin. The 3D bio-printer consisted of a scanner part that can scan the wound and
printing heads that can print the material (cells & bio-ink) on the wound. The depth, size and shape of a wound are
measured using the laser scanner, and a wound map for printing is generated as a STL (STereoLithography) file using
skin restoration software. Then the STL file is converted to a NC (Numerical Control) code for the 3D bio-printing
system to control the printing head. The 3D bio-printing system can control the nozzle size, dispensing pressure and
printing speed of the printing head to print accurate volume of bio ink directly on the wound. The bio-ink for the
printing composed of collagen, hyaluronic acid and fibrinogen. To verified the proof- of-concept of in-situ printing,
rats and pigs are used for the animal model. A round shape of 30 mm in rat dorsal skin and a square shape of 4 x 4 cm2
in pig dorsal skin were removed. The printed skins were monitored and histological analyses were performed for 14
days. In rat model, the results showed that the epidermal regeneration rate was 54% in the control group and 80% in
the cell & bio-ink groups. In both animal models, the cell & bio- ink groups have good epidermal regeneration rate
compared to the control groups. This study shows the possibility of regenerating the damage skin using the in-situ 3D
bio-printing system.
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Research on Multi-directional Motion Path Tribological Behaviour
between CoCrMo and Highly Crosslinked Polyethylene
Xinyue Zhang,1 Dekun Zhang,2* Kai Chen 2
2
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School of Materials Science and Engineering, China University of Mining and Technology, Xuzhou Jiangsu 221116, People‟s
Republic of China
* Corresponding authors: Dekun Zhang (dkzhang@cumt.edu.cn)

Abstract
The tribological behavior of a prosthetic material is closely related to the movement form of the counter pairs due to
the diversity and complexity of lower limb joint movements. According to the human hip motion curve and the motion
path measurement and simulation of the hip joint tester, it was found that the motion path and wear path of the hip joint
present ellipse or double ellipse. Therefore, the CoCrMo alloy and highly crosslinked polyethylene (XLPE) are
selected as the counterpairs in this study to carry out friction and wear testing over different elliptical motion paths on
the multi-directional motion path friction testing device. Here, the analytical methods for the periodic friction
coefficient and special point wear are proposed to explore the laws of different multi-directional motion paths on
friction and wear behaviour and the deformation and wear mechanism of the XLPE based on the deformation
mechanism model of the XLPE. The test results show that the friction coefficients and wear morphologies are highly
affected by the cross-shear angle, based on the motion path. The friction coefficient decreases and the wear depth and
width increase with the decrease in the K value. Surprisingly, the friction coefficient curve shows obvious "W"
periodic variation, and the "W" friction coefficient curve clearly corresponds to the motion path. Meanwhile, the main
wear mechanism of XLPE is plastic deformation, but there is a different degree of wear in different positions of the
elliptical motion path. Moreover, the establishment of the wear model of XLPE in elliptical motion paths in this paper
may provide a foundation for discussion of wear along other multi-directional motion paths.
Keywords: hip joint; elliptical path; wear mechanism; periodicity

Fig. 1. Multi-directional Motion Path Tribological Behaviour between CoCrMo and XLPE (a) the experimental
scheme; (b) the main
experimental results and mechanism
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Stress distribution in the design of bionic adhesive structures with
variable stiffness
Keju Ji 1*, Yiqiang Tang 1, Cong Yuan 1, Jian Chen 1, Zhouyi Wang 1, Zhendong Dai 1
1 Institute of Bio-inspired Structure and Surface Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing
210016, China

Abstract
The functional structure evolution of organisms characterized by adhesion is affected by many factors, but often
―remain essentially the same despite all apparent changes‖, and this ―core‖ is the regulation of adhesion contact stress.
With the gecko as a biomimetic template, the good adaptability of the environment of its motion function is
inseparable from its multi-level and cross-scale material structure characteristics. The difference in stiffness of the
material structure in the direction of the load inevitably leads to the shunting or distribution of stress, forming the
so-called "stress shielding effect" in biomechanics. Based on the influence of structural stiffness on adhesion stress,
the stress shielding effect of variable stiffness adhesion structure system is studied hierarchically. It has important
guiding significance for us to understand the biological adhesion system and design the biomimetic adhesion system.
Keywords: Adhesion; Gecko; Stiffness
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Study on Boiling Heat Transfer Performance of T-Groove
Microstructure
Wen Cheng,* Yonghua Wang*
1
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* Corresponding authors: Wen Cheng(462479990@qq.com)
Yonghua Wang(45050524@163.com)

Abstract
The T-shaped groove microstructure was fabricated on the copper surface via electric discharge machine, and the
boiling heat transfer performance was studied. The medium was deionized water. The results shown that the heat
transfer coefficient of the T-shaped microstructure surface is significantly improved compared with the smooth copper
surface, accompanied by a decrease in the diameter of the bubble and a decrease in the frequency of the separation.
Furthermore the heat transfer performance of the microstructures with different structural parameters is different, and
the temperature difference is further changed with the heating temperature. In addition the surface morphology of the
sample was obtained by scanning electron microscopy (SEM, JMS-6700F). It was found that in addition to the
micron-sized T-shaped groove structure, many submicron-scale pits and mastoids were irregularly distributed on the
surface of the sample. which can greatly increase the solid-liquid contact area and promote more bubble formation.
When the bubble rises in a small space, it generates a disturbance and takes away a large amount of heat, thereby
achieving the purpose of enhancing heat transfer.
Keywords: T-shaped microstructure copper surface boiling heat transfer
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Development of low noise mixed flow fans with bio-inspired grooves
Jinxin Wang,123 Toshiyuki Nakata,2 Hao Liu123*
1
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3
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Shanghai, 200240, China
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Abstract
Mixed flow fan is a kind of widely used turbomachine, which faces problems of further performance improvement in
traditional design methods in recent decades. Inspired by the microgrooves observed in the forms of riblets and
denticles on birds‘ feathers and sharks‘ skins, we here propose some biomimetic designs of a mixed flow fan with
various grooved blades in terms of the wavy and the riblet shape. Based on a systematic study of computational fluid
dynamic simulations, we found that these designs had the potential in noise suppression even with macroscopic
grooves. Our new designs show the ability to suppress turbulence kinetic energy by more than 36% at the blade
leading edge while their aerodynamic efficiency loss is below 0.6 percentage point. These results are comparable with
our previous successful biomimetic design. Therefore, we believe that these biomimetic designs could revolutionize
conventional mixed flow fans by making grooves of ideal flow passages on the suction faces of blades in accord with
the theory of pump design.
Keywords: bio-inspired grooves，computational fluid dynamics, mixed flow fan, Turbulence Kinetic Energy, groove
forms, groove design parameter optimization
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High sensitivity sensor based on olfactory lamellae of catfish
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Abstract
Biomimetic sensor technology is always superior to existing human technologies. Catfish is a nocturnal animal with
poor vision, and it relies entirely on smell and tentacles to prey and avoid predators. The sense of smell of fish is
mainly achieved by the sensory cells distributed on the olfactory lamellae. Therefore, We conduct morphological
research of the catfish olfactory organ ,which aims at designing the contact surface of the sensor by the
microstructure of the olfactory lamellae. The two olfactory capsules of the catfish contain bilaterally symmetric
olfactory rosettes composed of numerous lamellae radiating outward from the central axis. The anterior end of each
capsule is composed of small lamellae which become larger towards the posterior end of the capsule. Then, simulating
the swimming movement of catfish in the water, analyzing the influence of flow field changes on the odor of the
olfactory lamellae, and optimizing the design to get the best design. Experiments have shown that the sensor surface of
the squid-like lamellae can significantly improve its sensitivity.
Keywords: biomimetic sensor, microstructure, olfactory lamellae, flow field
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A biomimetic surface with switchable wettability and corrosion
resistance for microdroplet manipulation
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Abstract
Recently, superhydrophobic surfaces with switchable wettability have attracted much attention. The ability to
control the contact angle and adhesion of the multifunctional smart surface will be more beneficial to meet the
complex practical applications, but until now this is still a challenge. Inspired by rose petals, we report a smart,
rose-petal-like, superhydrophobic surface whose wettability can switch reversibly between superhydrophobicity and
superhydrophilicity on the Cu substance. At the same time, we can control the adhesion on the as-prepared
superhydrophobic surface by covering and removing the ink. Thus, as-prepared surface can be used as a medium for
microdroplet transfer and storage. Compared with original Cu substrate, electrochemical measurements show that
the corrosion inhibition of the superhydrophobic surface is significantly improved. Good corrosion resistance allows
the platform to be used to manipulate or store more types of microdroplets, especially corrosive microdroplets. In
addition, the as-prepared surface has a good stability which facilitates the practical application of as-prepared smart
surface. This work provides a smart and effective strategy for lossless transfer and patterned storage of
microdroplets. It is also promising for the design of new smart interface materials such as biological cell
manipulation, chemical microreaction and other types of microfluidic devices.
Keywords: Biomimetic; Switchable Wettability; Corrosion Resistance; Manipulate Microdroplets
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Abstract
Artificial muscle is a class of materials which are represented by bionic smart materials. Devices based on artificial
muscles can reversibly expand, bend, or rotate under an external stimulus such as voltage, light, temperature, humidity,
etc. Voltage-driven artificial muscles are the most promising materials in the field of soft robotics since that the
voltage can be precisely controlled in a wide expanded range, and the driving part can be as small as a dry cell. The
steps of developing voltage-driven artificial muscles can never stop, including the insights into the bionic modeling,
working mechanism, fabricating processes, and so on.
Here, inspired by the actuati mechanism of mimosa, we designed a three-layer bionic actuation model based on Nafion
ionic polymer-metal composite (IPMC) artificial muscle. Followed by optimizing the bionic structure, material
component, and manufacturing process, soft actuators based on IPMC artificial muscle can be achieved with high
material strength and good actuation performance. The soft actuator can bend its tip to the anode side under a low
voltage of 2V since the water content in the soft actuator between anode and cathode is greatly unbalanced after
ion/water migration under the stimulus of voltage. Additionally, the large actuation force generated by the soft IPMC
actuator can make it possible to lift an object with a weight of 2 g, which is 20 times of the actuator‘s self-weight.
Keywords: bionic structure, soft actuator, artificial muscle, ionic polymer-metal composite

Figure 1 (a) The petiole of mimosa bends after being touched; (b) Actuation mechanism of the soft actuator based on
IPMC artificial muscle.
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Abstract
Discolourable photonic crystals, as a highly ordered microscopic periodic structure, have attracted wide attention
because of their unique discoloration property upon stimulation. Herein, we have demonstrated the fabrication of a
multifunctional structural color hdryogel film by a facile UV polymerization of carbon-encapsulated Fe3O4 colloidal
nanocrystal
clusters (Fe3O4@CNCs) nonaqueous suspensions containing NIPAM and AM under
magnetic field. The Fe3O4@CNCs, which self-assemble to 1D chain-like periodic structure under external magnetic
field, can act as the build blocks of photonic crystal to determine vivid structural color. The flexibility hydrogel matrix
can adaptive its volume along with the environment, with the result that interparticle distance regulation of the 1D
chain and further color variation. Thus a hydrogel film integrated with stress, humidity, and ion concentration
responsive can be achieved and shows color tunability in a wide range of visible spectrum accompanying with fast
reponsiveness, high sensitivity, stability and full reversibility. Moreover, it can be designed as a reusable photonic
display board or applied on colorimetric measurements for humidity and ion strength similar to pH test paper. This
structural color hydrogel make it easier to recognise environmental dynamic changes and provide a wider application
prospect in optics devices, sensing, diaplay and diognostics.
Keywords: Structural color, Photonic crystals, Hydrogel, Color change
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1 Institute of Bio-inspired Structure and Surface Engineering, Nanjing University of Aeronautics and Astronautics, 29 Yudao
Street, Nanjing 210016, China

Abstract
Gecko foot has excellent adaptability to surface and environment and many excellent properties. Therefore, the
adhesion materials made of bionic gecko foot setae array have good application prospects. Although there are many
conventional methods to fabricate bionic gecko foot microarrays, it is still difficult to fabricate fibers with complex
shapes and controllable sizes at a low cost and in a simple way. Here we report a new processing method which dry
etched silicon wafer is used as the mold, and the complex profile on the side of the arrays is used as the mask shape. By
thinning, slicing, and aligning etched silicon wafers, them can be assembled into the mold we need. Finally, simple
replication of the template using a polymer material allows the fabrication of any microfiber arrays. By varying the
etching depth and the number of silicon wafers that are laminated and assembled, the process can produce arrays of
different densities. In this paper, we have applied a method of simplifying a three-dimensional structure into an
approximate two-dimensional process, which provides a new processing idea for the manufacture of microfiber arrays
adhesive materials of any shape.
Keywords: gecko-inspired; etch; microarray; complex shape
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Abstract
Surface-enhanced Raman spectroscopy (SERS) has been widely applied in different fields since it can provide
powerful sensing capabilities. However, there are still great challenges to design and fabricate reliable SERS substrate
with high detection sensitivity. Herein, we demonstrated a facile nanoscale biotemplating approach to fabricate SERS
substrate, using nanoimprint technique to replicate the regular micro- nano patterns of diatom frustules onto PDMS
film, followed by sputtering Au nanoparticles to form nanostructure metal surface. The minimum diameter and height
of the highly ordered nanopillars on the PDMS replication were ~40 nm and ~30 nm, respectively, which were
identified with the dimensions of the nanopores on diatom frustules. The size and density of the deposited Au
nanoparticles can be precisely controlled by adjusting the sputtering duration. The as-fabricated SERS substrate
showed a high detection sensitivity (enhancement factor ~2.24×10 7) with good Raman signal reproducibility for the
probe molecule Rhodamine 6G (relative standard deviation of the intensity at 612 cm-1 < 20%). More importantly, the
limit of concentration of the probe molecule can reach as low as 10-11 M. The SERS substrate fabricated in this
research can be potentially applied in different fields such as food safety and security inspections.
Keywords: SERS; diatom frustule; nanoimprint; sputtering
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Research on Trot gait planning of imitation goat quadruped robot based
on modified compound cycloid method
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Abstract
Gait planning was the control system basis of quadruped robot. The walking control method of the existing quadruped
robot was compared and analyzed based on the imitation goat quadruped robot. The Trot gait of the imitation goat
quadruped robot was planned in the walking direction and the lifting leg of the quadruped robot using the modified
composite cycloid trajectory planning method. The acceleration was divided into three stages according to the order of
lifting the legs, stepping and landing, in which the acceleration of the step is 0, the acceleration of the lift and landing
phases was extracted as a sine function, and the gait parameters of the designed quadruped robot, average gait length
S=30cm, average step height H= 7cm, the average gait cycle T=1s, were obtained. The variation curve of the
acceleration, the speed and the variation of displacement with time of the single-leg foot end trajectory were obtained
using Matlab software, when the quadruped robot walking in the Trot gait. The step-up sequence of the leg-lifting step
of the quadruped robot walking in the Trot gait was obtained. This study provides a theoretical basis for the walking
control of imitation goat quadruped robot.
Keywords: imitation goat quadruped robot; gait planning; motion control
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Abstract
The irregular surface morphology of the plastron of tortoise is one of the key factors affecting the movement of the
turtle in the water to reduce the fluid resistance. Studying the surface characteristics of the plastron of tortoise will help
to apply this superior feature to the paddy field machine, which can reduce the sliding resistance during the current
navigation of the paddy field machine. The living adult Brazilian tortoise was used as the research object, and the laser
three-dimensional scanner was used to obtain the ventral point cloud data of the turtle. The plastron precise surface of
the tortoise was reconstructed through a series of point cloud processing included denoising, sampling, encapsulation
and surface treatment by Geomagic Studio software. The surface deviation analysis of the tortoise surface was
researched, and the plastron of the turtle was extracted into two curved surfaces according to the leading edge and the
trailing edge structure of the plastron of the tortoise. The three-dimensional coordinate data of the two regional feature
point clouds are derived based on the feature points of the surface topography by the Digitized Shape Editor module in
Catia software. The three-dimensional polynomial fitting of the point cloud three-dimensional coordinate data of the
feature surface was obtained using the cftool toolbox in Matlab software, and the fitting equation, residual squared
(SSE), mean square error (RMSE) and coefficient of determination R2 of the two surfaces were obtained respectively.
The results show that the standard deviation of the irregular surface of the plastron of the turtle is 1.3052mm, the
square of the residual surface fitting residual (SSE) is 28.24, the mean square error (RMSE) is 0.2473, the coefficient
of determination (R2) is 0.9812. The right side bottom surface of turtle fitting residual squared (SSE) is 30.53, the
mean square error (RMSE) is 0.2712, and the coefficient of determination (R2) is 0.9852. The mathematical model of
the construction is verified. The maximum relative error between the fitted and the actual values of the model is 8.43%
and 8.96%, respectively. The relative error mean is 4.26% and 4.61%, respectively. The relative error mean can meet
the engineering design. The error range is 5%, which verifies the validity of the model and realizes the transformation
of the irregular surface of the turtle's plastron from the biological model to the mathematical model. The research will
provide theoretical and applied foundation for the bionics application of the bionic irregular surface morphology of the
plastron of the tortoise.
Keywords: bionics; reverse engineering; mathematical model; the laparoscopic irregular;surface; the paddy field
machine
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Abstract
Solar steam generation is a promising technology for desalination and water purification. However, state-of-the-art
technologies require complicated fabrication processes and have low evaporation efficiency. Here, we demonstrate a
simple and highly efficient solar-energy converter consisting of carbonized sucrose and Polydimethylsiloxane(PDMS)
sponge. This carbon-coated PDMS sponge has interconnected macroporous networks with microcracks, low thermal
conductivity, and super-hydrophilicity. The high light absorption and effective light-to-heat conversion of the carbon
layer increase efficiency of solar-heat generation. The highest evaporation rate of 2.0 kg/h/m2, 5.1 times higher than
that of only water, was achieved with 91.5% efficiency under 1 sun intensity. This membrane was used to obtain pure
drinkable water from 10 mole of saline water with a 99.997% desalination efficiency. In addition, the macro-pore size
of the membrane facilitates detachment of the precipitated ion layer generated during the evaporation of saline water.
It removed 86% of the precipitation layer with substantially decreasing fouling problem of the membrane. The present
results demonstrate a highly effective and long-lasting solar steam generator, which could be applicable for a solar
thermal water purification system.
Keywords: solar steam generation, desalination, membrane, ion precipitation
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Abstract
Ionic polymer-metal composite (IPMC) is an ionic electroactive material with light weight, high flexibility, superior
response and noiseless. It can produce large deformation under low actuation voltage. Owing to its unique actuation
and sensing properties, IPMC is widely used in soft robotics, bio-inspired systems and medical fields. However, it is
difficult to obtain the IPMC with complex shapes by traditional casting method, which greatly limits the application of
IPMC. The three-dimensional (3D) fused deposition modeling (FDM) technology is one of the commonly used
additive manufacturing technology, which has the advantages of high printing speed, good reliability and low cost. In
this paper, 3D printing was used to print Nafion precursor membrane. Nafion precursor membrane with better ion
exchange capability was obtained by hydrolysis. IPMC was performed after two times of electroless platinum plating
on the Nafion membrane. Subsequently, the IPMC actuators with copper ions were prepared by immersing it in a
copper sulfate solution to improve its actuation performance. Finally, the actuation performance of IPMC was
measured in the air under sinusoidal, square wave and DC voltage, respectively. The test results show that the
3D-printed IPMC can generate a displacement of 7.5 mm and a blocking force of 10.5 mN under the square wave
voltage of 3.5 V at 0.1 Hz. The actuation performance of 3D-printed IPMC actuators is similar to that of the IPMC
actuators made of commercially available Nafion sheets, which verifies the feasibility of this method. Therefore, the
method of 3D printing IPMC actuators provides a new idea for the preparation of IPMC, thus broadening the
application of IPMC.
Keyword: fused deposition modeling (FDM); ionic polymer metal composite (IPMC); Nafion precursor resin;
hydrolysis; blocking force; displacement
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Wet adhesion inspired by tree frog for wide temperature range
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Abstract
Many natural temporary adhesive utilize fluids, such as tree frog, beetle and spider, indicating the vital role of mucus
for the system‘s performance. Inspired by the abilities of these animals, wet adhesion has received more and more
attention in recent years. Mostly, these wet adhesives were prepared by applying a layer of fluid to the microstructured
surface. It is different from the real biological adhesive system where the mucus is secreted continuously to the contact
surface during the steps.
In this contribution, a set of hydrogel adhesives mimicking the smooth adhesive pad of tree frog are fabricated, where
the mixtures of glycerol and water (GlyW) with different mixing ratios are utilized to mimic the adhesive mucus. The
presence of GlyW provides the hydrogel adhesives with functions like, anti-freezing and anti- evaporation. The
increase of viscosity of the mixture results in the improvement of pull-off force. Interestingly, it is found that the major
contribution to the adhesion enhancement under the increase of preload is mainly originated from the solid-solid direct
contact by analyzing the work of adhesion. Increasing the temperature from room temperature up to 50 °C, the
adhesion is found to decrease following the temperature. On the other hand, GlyW hydrogel adhesives can maintain
their adhesion abilities at -2 °C, which is far beyond the abilities of their biological prototypes. The proposed
anti-freezing and temperature-dependent hydrogel adhesive will deepen our understanding of the biological wet
adhesions and may trigger the design of new bio-inspired adhesive materials.
Keywords: Wet adhesion, hydrogel, tree frog, anti-freezing
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Abstract
When scientists explored the Arctic regions they were fascinated by the Inuit boats because of the high speed and
maneuverability. They studied the boats, and discovered that the Inuit used flexible materials and that the boats
therefore experienced less drag forces - they smoothly glided through water.
In this work, we sought to combine the Inuit‘s boat design with the Fin Ray® effect. Our objective was to install a
flexible stern (using a Fin Ray®) on a paddle boat. We used a down-scaled boat model to study the forces acting on
different prototypes in a water channel. We therefore made a dimensional analysis to guarantee similarity between the
prototype and the original boat. Elastomers with various flexibilities were used for the stern construction. In the
experiments conducted in the water channel we determined the forces acting on the boat with different stern models,
ranging from a stiff to a highly flexible model with a shore hardness of 00-30.
The results show that the flexible stern damps the lateral boat movement and hence could enhance the speed of the
boat.
Keywords: flexible stern, Fin Ray® effect, canoe/kayak boat, lateral boat movement
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Abstract
Microstructures with the capacity to deform actively have been employed by nature for billion years to perform
dynamic functions of biological organisms. But so far, it is still difficult or not yet possible to duplicate in synthetic
systems. Recently, the emergence of 4D printing offers an attractive option to fabricate dynamic bioinspired materials
given its unparalleled flexibility in producing complex shapes and exquisite architectures. However, the potential of
4D printing has not been fully excavated yet. Here, it is discovered that simply by modifying certain processing
parameters (namely print speed in our work), microstructure assemblies and dynamic performance of active materials
could be manipulated. Through this approach, not only the domains but also the amplitude of deformation could be
modified on the fly. The spatially continuous motions in each layer, each path or even in one path are attainable.
Moreover, the underlying mechanism is revealed via two theories and confirmed by ultrasound image diagnosis. This
study mines the potential of 4D printing on the performance management of smart materials, and provides an efficient
and versatile pathway in developing soft actuators with localized and intelligent response.
Keywords: 4D printing, spatially continuous motions, speed-defined microstructure assemblies, soft actuators
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Fabrication of biomemitic superhydrophobic patterned surfaces on the
stainless steel substrate with anisotropy
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Abstract
Combining the unique microscopic structure and characteristics of lotus leaf, butterfly wing and rice leaf, patterned
surfaces with single or mixed morphological structures were designed and fabricated by optimizing laser processing
parameters. Herein, anisotropic superhydrophobic surfaces were prepared on stainless steel substrates by combining
patterned surfaces and modification treatment. For the patterned superhydrophobic surfaces containing both convex
and stripy structures, the value of contact angle (CA) in the direction perpendicular to the stripe was larger than the one
in the parallel direction, and the adhesion of water droplets on the surface also exhibited an anisotropic state.
Furthermore, in order to better understand the physical mechanism of anisotropic wetting, the theoretical CA values
were calculated via the molecular thermodynamic equation, which were consistent with the actual measurement
results. Meanwhile, the continuity of the three-phase contact lines in different directions and the energy difference
mainly could attributed for the surface anisotropic wetting mechanism. The developed anisotropic surface will benefit
a wide range of applications such as microﬂuidic, droplet manipulation.
Keywords: biomemitic; anisotropic; superhydrophobic; stainless steel
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Abstract
Appropriate compaction of soil after tillage could decrease soil wind erosion, provide better soil-seed contact,
strengthen the capillary action and therefore protect soil moisture as well as increase crop yield. Press roller is a typical
tool that used widely to compact farmland soil appropriately after tillage. A discrete element model of soil were
established and calibrated in EDEM for analyzing the performance of bionic press roller. The geometric models of
traditional press roller (TPR), bionic press roller with ridged structures (BPR-R) and bionic press roller with convex
hull structure (BPR-CH) were imported into EDEM. The soil particles were farmed by subsoiler and then pressed by
the three press roller respectively according to the state of cultivation in field. The roughness of soil surface,
penetration resistance of soil and traction resistance of press roller were analyzed after simulation finished. The results
showed the roughness of soil surface created by TPR was flatter than those of BPR-R and BPR-CH. The penetration
resistances of soil were 1.05Mpa, 1.12Mpa and 1.16Mpa for TPR, BPR-R and BPR-CH. That mean the penetration
resistance created by BPR-CH was most suitable for seedling emergence and root penetration. The traction resistance
of BPR-CH wad smaller than those of TPR and BPR-R. Even though the roughness of soil surface created by TPR was
most smooth among three press roller, but the soil surface with microstructure is more conducive to soil moisture
conservation and seedling emergence. Thus, it can be known that the discrete element method can be used to analyze
the performance of press roller and the comprehensive performance of BPR-CH was more significant than TPR and
BPR-R.
Keywords: bionic press roller, bionic geometric structure, discrete element method, soil compaction

292

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 248

Interfacial Interaction dominated charge transfer mechanism and its
transition at graphene/metal interfaces
Jing Tao,123 Linfeng Wang,12 Zhendong Dai,12
1

Institute of Bio-inspired Structure and Surface Engineering, College of Astronautics, Nanjing University of Aeronautics and
Astronautics, Nanjing, 210016, China
2
Jiangsu Key Laboratory of Biomimetic Functional Materials, Nanjing University of Aeronautics and Astronautics, Nanjing,
210016, China
3
College of Aerospace Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing, 210016, China

Abstract
Electricity is the base stone of modern life, and research on it originate from the early observation and study of
triboelectric phenomena. Even though, remarkably little is known about the underlying mechanism of
tribo-electrification. In this work, the mechanism of contact electrification is investigated from perspective of
electronic interactions, where the interactions and charge transfer between graphene and metal Au or Ni (111) surface
are studied by using the first-principles calculations. Charges are predicted to transfer from the graphene to the metal
surface at the interface, while the values of transferred charge in the two systems are quite different, which are closely
related with the distinction of interfacial interactions. In the graphene/Au system, the charge transferred from
graphene to Au mainly comes from the π orbits of carbon atoms, while electrons from σ orbits of carbon atoms play a
dominant role during the charge transfer for the graphene/Ni system. The volume of charge transfer increases
exponentially with decrease of interfacial distance for both systems. Especially, for the graphene/Ni system, as
interfacial distance increases, the electrons playing a leading role during charge transfer turn from the σ orbital
electrons to those on the π orbits, manifesting a charge transfer mechanism transition due to the distance change or
load difference. This study advances our understanding on charge transfer and contact electrification at the interfaces,
and sheds light on the control of them for engineering applications.
Keywords: charge transfer, contact electrification, interfacial interaction, first- principles
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Abstract
Being the origin of life on earth, the ocean possesses a cornucopia of organisms that thrive through their ingenious
strategies, which provide a wealth of knowledge and inspiration for innovation. Whale baleen represents one such
highly developed structure; it ensures life-long (40-100 years) filter-feeding for baleen whales in place of teeth, due to
the exceptional mechanical properties. We provides a comprehensive investigation of baleen from different species,
elucidating the hierarchical architecture ranging from nanoscale microfibrils to microscale lamellae and mesoscale
sandwich-tubular structures. We uncover the underlying mechanisms of baleen for strengthening and toughening
when subjecting to competing external effects of hydration and varying loading rates. In addition, we create
prototypes through three-dimensional (3D) printing which replicate the key structure and mechanical advantages of
baleen hierarchical structure, and our results provide evidence that the architecture plays a role in determining the
strain-rate behaviour of the materials. These findings suggest new bioinspired engineering materials which could be
utilized to applications where toughness and strength with favourable weight savings are sought, e.g., wave energy
devices.

Keywords: Whale baleen, structure, mechanical properties, bioinspired composites
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Abstract
In order to facilitate the application of gecko robot on various surfaces, this research proposed a bionic adaptive gecko
toe. It consists of a soft body with adhesive bottom surface and a hard claw at the end. The basic functions of gecko toe
abduction and adduction are realized based on the mechanism for fiber reinforced soft actuator. This toe can not only
climb on smooth surface due to adhesion, but also apply on rough surfaces by mechanical locking using its claw.
Through the channels which are to fill with fluids the bending motions of the soft toe are achieved. This toe has
demonstrated high and steady adhesive force due to the friction motion during abduction. Besides, swift detachment
under low hydraulic pressure is shown due to the bottom lamella structure. Furthermore, a third channel is used to
enable the claw to scratch on rough surfaces in addition to adhesive force. For applying the toe to gecko robot, three
such bionic toes are fabricated and assembled. A simple electromechanical controlled hydraulic system is developed
to perform adhesive climbing tests of the foot subjected to smooth and rough surfaces. This work promotes further
envisions to design of gecko inspired adhesive robots for walking on various surfaces.
Keywords: gecko attachment, hydraulic driven, adaptive toe, soft robot
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Abstract
In recent years, the types and number of downhole electronic control tools have increased dramatically, and downhole
power supply is the basis for operation of such tools. At present, the commonly used cable and battery power supply
methods have problems such as high cost, complicated construction, and short service life. In order to solve the above
problems, this paper proposes a downhole vibration generating set that simulates electric eel. Using downhole fluid
flow to make piezoelectric materials vibrate regularly, the unit converts the mechanical energy of the fluid into
electrical energy, realizing long-term power supply for downhole tools. Taking the electric eel-inspired generating set
as the research object, the flow characteristics of the fluid in the generating set were measured and analyzed
experimentally by means of PIV velocity measurement technology. The influencing rules of bluff body and oscillator
on the flow field characteristics were mastered, and meanwhile the vortex street distribution characteristics generated
from the fluid impacting the bluff body at different flows were obtained. The results showed that: when the flow rate
changed within the range of 2.5m /h ~ 5.1m /h, the extension length of vortex street decreased from 133mm to 68mm,
and the maximum axial velocity of the fluid medium decreased first and then increased under the action of the bluff
body. When the inner diameter of the pipe was 80mm and the flow value was 2.5m3/h, the bluff body had the greatest
influence on the flow fluid and under the flow condition, the vortex street could reach the maximum length.
Keywords: bionic power generation, flow field characteristics, velocity measurement, flow around blunt bodies,
vibration power generation
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Abstract
The Octopus is known for its ability to perform complex behaviors, and its intelligence has gone beyond human
recognition. Researches have shown that Octopus can sacrifice the evolution of its own genomic DNA in exchange for
extensive RNA editing. Inspired by the ability of self-editing RNA to modify its own genetic information, by encoding
the four bases A, C, G, U, writes RNA genetic algorithm, and calculate the different test functions. After many
comparative experiments, it is concluded that this algorithm has certain effectiveness in optimization performance,
which can be found quickly jump out of the local loop, and then find the global optimal value. The research of this
algorithm is helpful to further explore the influence of RNA editing mechanism on the evolution of Octopus.
Keywords: Genetic Algorithm; RNA editing; Biomimetic
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Abstract
The soft robot with variable morphology mimics the "survival of the fittest" rule in Darwin's theory of evolution. By
using the shape of a specific rule to simulate the display environment, the evolution process of the virtual life is
realized. In this paper, the multi-objective combined mode generation network (CPPN-NEAT) algorithm is used to
evolve the software robot. By inputting a simple random function as a genotype, the functions can be weighted and
combined to generate the desired phenotype and realize the gene. The mapping relationship between type and
phenotype is carried out. Then the VoxCAD simulation software is used to build the three-dimensional topology of the
software robot, and the simulation analysis is carried out. The software robot with four-legged walking is evolved in
the experiment, and the gait is deeply analyzed.
Keywords: Compositional pattern producing networks; VoxCAD; Genotype; Phenotype; Fourlegs Walking
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Abstract
Structural colors are widely applied in nature, such as butterflies, beetles and chameleons, which have raised great
interest in biomedical applications. Diabetes is a metabolic disease characterized by high blood glucose in the body,
detection of blood glucose level is necessary for diagnosis and treatment of diabetes.
Inspired by the color regulation of chameleon, which can change its own color according to the changes in their
surroundings, in this work, we have developed a smart hydrogel system that can intelligently perceive glucose
changes and produce color changes according to the glucose concentrations. In details, we integrated the glucose
oxidase (GOX) into the hydrogels, where the GOX can catalyze the reaction between glucose and oxygen, and
produce gluconic acid. The hydrogel was sensitive to the pH changes in the glucose reaction, and exhibited different
structural colors. Therefore, according to the different structural colors from the hydrogels, we can visually monitor
the blood glucose levels both in vitro and in vivo. This smart hydrogel system, with the function of monitoring
glucose levels, may have great potential in diabetes market.
Keywords: Structural colors; hydrogel; diabetes; blood glucose
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Abstract
Developing multifunctional superhydrophobic surface has important academic and applied value for widening its
application field. The research on antistatic superhydrophobic surfaces has attracted wide attention in some fields such
as coal mine, aviation, defense and petrochemical. However, in the application of superhydrophobic materials,
fabricating stable and practical superhydrophobic surfaces through facile and low cost approaches still faces great
challenges. Herein, the polyphenylene sulfide (PPS)-based antistatic superhydrophobic composite coating was
fabricated on the Q345 steel surface through a simple spray-coating method without any modifier. In short, a certain
amount of carbon nanofibers modified by Sodium Dodecylbenzene Sulfonate (SDBS-CNFs) and Cerium dioxide
(CeO2) particulates were ultrasonically dispersed and stirred for 2 h in absolute ethyl alcohol. Afterwards, PPS,
Polytetrafluoroethylene (PTFE) and polydimethylsiloxane (PDMS) were successively added into the above
homogeneous solution, ultrasonically dispersed and adequately agitated to form a well dispersed suspension.
Subsequently, the prepared dispersed suspension was sprayed onto the substrate surface using a N2 gas spray gun.
Finally, the antistatic superhydrophobic composite coating (ASC-coating) was obtained by heating the sprayed
samples at 330 °C for 2 h. The results indicate the prepared ASC-coating, with the high water contact angle (166°)
and the low sliding angle (2°), displays the excellent superhydrophobicity for different pH water droplets, as well as
the self-cleaning, anti-fouling and anti-icing properties. Moreover, the superhydrophobic coating still remains its
superhydrophobicity after calcined at 350 °C for 1 h, indicating its outstanding thermal stability. In addition, the
surface resistivity (SR) and superhydrophobicity of the prepared coating are related to the SDBS-CNFs content. As the
SDBS-CNFs content is 0.020 g, the antistatic superhydrophobic coating possesses both optimal hydrophobicity and
excellent antistatic property. Furthermore, the superhydrophobic coating displays excellent corrosion resistance in 3.5%
NaCl aqueous solution. This approach with facile and inexpensive preparation process may realize true industrial
applications.
Keywords: without modifier; superhydrophobicity; thermal stability; antistatic property; corrosion resistance
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Fig. 1. The main experiment results: (a) variations of contact and sliding angles of the ASC-coating at different
temperatures; (b) variations of the surface resistivity and contact angle of the ASC-coating at different SDBS-CNFs
contents; (c) contact and sliding angles of the ASC-coating under different pH conditions; (d) Tafel plots of the bare
and different coated Q345 steel sheets in 3.5% NaCl aqueous solution.
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Abstract
Multi-rotor drones, that have been drawn wide attentions on surveillance, delivery and other fields, generally perform
flight control merely by altering and adjusting the rotors‘ frequencies with the stroke plane unchangeable during flight,
which is complex on signal adjusting and has disadvantages in maneuverability. Inspired by the high maneuverability
in insect and bird flights, which achieve rapid steering and maneuvering by wings flapping and time-varying
inclination of stroke plane, in this study we propose a novel flight control design for multi-rotor drones. Firstly, we
introduce an insect-inspired concept of achieving high-performance flight control by adjusting the time-varying stroke
plane angle under various conditions. Then, we conduct a systematic study of CFD-based simulations on investigating
the aerodynamic performances of a drone of DJI phantom 3 advanced, through adjusting the stroke plane angle under
various flight conditions. We further evaluate and discuss extensively the validity of the stroke-plane-based flight
control strategy with conventional flight control methods. Our results indicate that the flight strategies based on stroke
plane angle adjusting may innovate the flight control associated with multi-rotor drones.
Keywords: multi-rotor drones, bio-inspired, stroke planes angle, rotors’ frequencies, CFD, lift
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Abstract
Compared with the single degree-of-freedom motor drive in traditional robots, the organisms driven by artificial
muscles have the advantages of greater dexterity, softer, warmer, humanized and easy to miniaturize. Therefore, the
robot driven by artificial muscle is the trend in the future. In this paper, bionic ant is designed by using ionic polymer
metal composite. The preparation process of IPMC is studied, the relationship of driving voltage, dimension,
displacement and tip force output is measured and analyzed, and the system of bionic ant has been established, the
bionic ant was made and the control of the bionic ant was realized.
Keywords: IPMC; smart material; soft robot
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Abstract
Touching sensing is essential to robotic hands for objects recognition and manipulation. Tactile sensors that can
provide multiple information about the target objects play a key role in realizing such function, yet, to date, most of
which are realized by integrating various single-function sensor into one sensing unite. Here we report a biomimetic
multifunctional optical finger for simultaneous measurement of material properties such as surface texture, softness,
and temperature. This optical finger is based on a single fiber-optic probe integrated with two cascaded Fabry–Perot
cavities. The first silicon cavity serves as an active temperature sensor for detecting the temperature of the object, and
the second soft polydimethylsiloxane (PDMS) cavity works as a pressure sensor for the measurement of surface
texture and softness. This highly compact multifunctional sensor probe can be easily integrated into a robotic finger
and will find wild applications in objects recognition and manipulation.
Keywords: Biomimetic; Multifunctional optical probe; Tactile sensing
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Abstract
Miniature linear actuators (MLAs) have been widely used in areas of medical devices and bionic robots. However,
traditional MLAs driven by servo motors have many disadvantages such as complex transmission structure, high
power consumption and large noise. An alternative solution is to develop new linear actuators with smart materials
like ionic polymer metal composite (IPMC). IPMC, which is an electro-active material, can produce large deformation
in the presence of low voltage. It is characterized by simple structure, rapid response but no noise, as well as good
driving performance. In this paper, an innovative type of linear actuator based on IPMC was designed. More
specifically, the conventional electroless plating method was used to coat platinum electrode on the surface of Nafion
membrane to fabricate IPMC, which was then spirally shaped and heated in bath of deionized water to obtain an MLA.
Our experiments showed that the MLA manufactured was able to exhibit three types of deformations (i.e., axial
movement, radial expansion and overall torsion). Furthermore, compared to square wave and sine wave signals, the
MLA driven by direct current signal illustrated the best linear motion effect. This research suggests that the MLA
based on IPMC is expected to solve the defect of traditional actuators and has a great application in the future.
Keywords: ionic polymer metal composite (IPMC), miniature linear actuator (MLA), driving performance, axial
movement

305

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 261

Study on hydrodynamic force and flow field of robot fish
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Abstract
In this paper, a three-joint robotic fish with BCF mode of propulsion was designed to simulate tuna, it can realize the
afterbody fluctuation and tail fin swinging. For the robot fish, a multi-component force measurement test was carried
out in the large circulating tank of CSSRC. Meanwhile, PIV is used to measure the the wake flow field. The pressure
distribution on the fish surface was measured by using the artificial lateral line. The variation of hydrodynamic force
and surface pressure distribution with the wave frequency, amplitude and other parameters were obtained. The
characteristics of tail vortex structure were also obtained. The research lays a foundation for the design of bionic
robotic fish.
Keywords: robot fish BCF mode flow filed hydrodynamic force
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Pomelo peel-inspired gradient porous structure with excellent energy
dissipation
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Abstract
Due to the ubiquity of impact, energy dissipative materials/structures, especially lightweight ones are highly and
widely needed. Many natural materials have excellent damping properties. For instance, pomelo peel can protect its
fruit as it impacts on the ground without showing obvious damage. The excellent properties of impact resistance and
energy dissipation are due to the gradient foam-like structure. Transferring structural features of pomelo peel into
artificial materials may create new impact resistant materials. Here, we present a new lightweight gradient porous
Polydimethylsiloxane membrane (GP-PDMS) inspired by the structure of pomelo peel. The gradient micro-cell along
the direction of thickness is achieved by mixing NaCl grains in PDMS prepolymer (NaCl-PDMS) and then
layer-by-layer stacking the thin layers of NaCl-PDMS with gradually changed grains size of NaCl. After the proper
curing of PDMS NaCl grains are etched away in water. The comparison of in-situ uniaxial compression tests of PDMS
membranes with uniform and gradient pores indicates the excellent impact resistant as well as superior stiffness of
gradient porous structure.
Keywords: pomelo peel, bioinspired, PDMS, gradient, porous material
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Abstract
Magnesium alloys have attracted considerable attention as the lightest structural metals. Superhydrophobic surface
were constructed on Mg alloys for their wide range of applications, such as self-cleaning, corrosion protection, anti-ice
and so on. Through simple chemical etching process and surface modification, superhydrophobic surfaces with
tunable water adhesion were constructed on Mg alloy. The different water adhesion properties were applied in no-loss
microdroplet transportation. Based on the results of electrochemical measurement, the superhydrophobic surface
showed excellent corrosion resistance property. The simple and efficient method will make Mg alloys a wide
engineering application prospects.
Keywords: Magnesium alloys; Superhydrophobic; Tunable water adhesion; Corrosion resistance.
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Abstract
Friction and wear are the major reasons for many mechanical failures and thus tremendous efforts have been made to
improve anti-friction and anti-wear properties for a variety of materials. In the nature, snake scales exhibit superior
tribological properties, especially the hexagon-textured scales on the ventral. In this paper, the potential of bionic
hexagon-textured surface has been explored to improve tribological properties. The bionic hexagon-textured units
have been extracted from the ventral scales of snake exuvium and four factors (angle, aspect ratio, length and groove
width) have been investigated by friction tests under dry. Through the multivariate orthogonal regression design, the
angle and aspect ratio have performed the significant effects on the friction coefficients and wear. Then it has been
experimentally studied for the tribological behaviors of the hexagon-textured specimens with varieties of angles and
aspect ratio. The results have indicated that the friction coefficients first decreased and then increased with the change
of both angles and aspect ratios. Subsequently, the friction coefficients have been treated as the optimization target and
the genetic algorithm has been adopted to obtain the optimum parameters of angle and aspect ratio. After optimized,
the mechanism of the hexagon-textured surface has been investigated using the commercial software Ansys.
Keywords: Hexagon-Textured Surface; Snake Scale; Bionic; Tribological Properties; Optimization
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Influence of Geometrical Features of Objects on Active Electric Field
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Abstract
With the development of human society and the needs of production-manufacturing, bionics closely links the research
of life sciences and the exploration of engineering technology through practice, which greatly promotes the
development of science and technology.By simulating the biological mechanism of weakly electric fish in shallow
waters to sense the surrounding environment by means of tail organ discharge, we built an experimental platform for
underwater electric field detection. This platform allows us to transmit and acquire electric signals similar to those
obtained a weakly electric fish. In the experiment, the multi-azimuth sweep detection experiments of metal objects
with different materials and different geometric shapes are used to obtain the distorted electric field information of the
target object on the electric field, and the general law of the influence of different geometric features of objects on the
underwater active electric field positioning system is studied.
Keywords: underwater active electrolocation, detect frequency dead zone, frequency inflection point

310

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 267

The study of cooperation mechanism of locust legs, wings and abdomen
for jumping
Weiqiang Guo1, Tengfei Liu1, Yudan Zhang, Huaixing Cang*, Huimeng Lu*
1

School of Life Sciences, Key Laboratory for Space Bioscience and Biotechnology, Northwestern Polytechnical University,
Xi‟an 710072, Shaanxi, PR China
*Corresponding authors: Hui‐Meng Lu (luhuimeng@nwpu.edu.cn) and Huai‐Xing Cang (hxcang@nwpu.edu.cn).

Abstract
Through billions of years of evolution, locusts (a kind of insect, or called as grasshopper) have both strong jumping
ability and strong flying ability, which enables locusts to avoid danger and improve their survival ability. During the
process of locust hopping, due to external disturbance, the jumping posture of locust is not always stable, and may
occur yawing, pitching or rolling. Locust can adjust its posture in the hopping process to achieve stable takeoff.
In this paper, the effect of the front and rear wings of locusts on the air posture of locusts was studied. When the
anterior wings, posterior wings were removed separately, the change of body Euler attitude angle and the change of
flying height were recorded by high-speed cameras. The results showed that the anterior wings of locust played a
major role in changing flight direction, the posterior wings of locust mainly provided flight upward power and
changed the pitch angle of the body, and the rolling of the body of locust was the result of the joint action of the
anterior wings, abdomen and legs.
This study may shed light on insect jumping posture control mechanism. And several patents was applied based on this
mechanism. Therefore, it can be the bases for improving the stable of bionic flapping wing aircraft.
Keywords: Locust, jumping mechanism, posture adjustment
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Abstract
Inspired by the natural cascade reactions and cellular structures, a dual-enzyme colloidosome reactor was designed for
the high performance biphasically catalyzed oxidation of N-heteroaromatic compounds in this paper. A lipase-glucose
oxidase enzyme pair is employed in this system. A water-soluble enzyme glucose oxidase (GOx) is
compartmentalized inside the colloidosomes. A hydrophobic environment-favored enzyme, Candida Antarctica lipase
B (CalB) is adsorbed on the outer surfaces of the colloidosomes.Lipase molecules are adsorbed on the colloidosome
surfaces, which provide unique reaction interfaces for the oxidation of the N-heteroaromatic substrates dissolved in
the oil phase.The catalysis system is set up by introducing these dual-enzyme-immobilized microcapsules into acetic
ether. Hydrogen peroxide (H2O2) is produced in the aqueous phase by the doped GOx, then H2O2 diffused out the
microcapsules is utilzized by CalB to catalyze the oxidation of ethyl acetate. Finally, the formed peracids oxidized
N-heteroaromatic in situ. Furthermore, no obvious yield decline is observed in four reaction cycles. Thus, our work
provides a new strategy for the design of high performance biomimicking reactors for multiple-enzyme cascade
reactions and further expends the potential application area of colloidosome.
Keywords: bioinspired colloidosome, dual-enzyme, biphase, micro-reactors, pyridine oxidation
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Design of a Bio-inspired Anti-Erosion Structure of Water Hydraulic
Valve Core: An Experimental Study
Haihang Wang, He Xu,* Yonghui Zhang, Siqing Chen, Zitong Zhao
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Abstract
Animals and plants have numerous active protections for adapting to complex and severe environments. which
provide endless inspiration for extending the service life of materials and machines. Conch, a marine animal living
near the coast and chronically suffering from the erosion of sand in water, has adapted to the condition by the
anti-erosion conch shell. Romanesco broccoli, a plant whose inflorescence is self-similar in character, has a natural
fractal bud‘s form. Coupling bio-inspired from the convex domes on the conch shell and the fractal structure of
Romanesco broccoli, a novel valve core structure of a water hydraulic valve was design in this paper to improve the
particle erosion resistance and valve core‘s service life. And 3 models were built to compare the effect among the
normal structure, bionic structure and multi-source coupling bionic structures, and were made using 3D printing
technology. A 3D printed water hydraulic valve was manufactured to simulate the working condition of valve core
under the erosion from sand in water, and capture the experimental images of the two-phase flow. Furthermore, based
on the water hydraulic platform and one-camera-six-mirror 3D imaging subsystem, the experiment system was
established and used to compared the performance of the 3 different valve cores. As a result, the results show that the
coupling bionic structure can effectively improve the anti-erosion property of valve core and protect the sealing face
on the valve core from wear. This paper presents a novel thinking for combining the advantages from both animal
(function bionic) and plant (shape bionic) in one component design.
Keywords: Bio-inspired design; Water hydraulic valve; Multi-source coupling bionic; Fractal structure;
Anti-erosion; 3D printing
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A study on the mechanism of catheter moving forward and backward in
the form of double folding shape inspiring earthworm locomotion
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Abstract
Folding shape structures can be secured safety due to their soft property and has an advantage that various movements
can be realized depending on the form and combination of wrinkles even with simple control. Due to these advantages,
research on folding shape structures is being conducted for applications in the field of pneumatic/hydraulic actuators
and soft robots and has also been carried out on the deformation of folding structures such as origami. However, In the
case of blood vessel and natural orifice in human body insertion medical devices such as catheters, development of
movement control mechanisms such as steering and forward and backward movement is required. Therefore, in this
paper, we propose a double wrinkled catheter tube structure and develop a forward and backward movement
mechanism to control the pneumatic/hydraulic of double folding shape structure inspiring earthworm motion. The two
folding shape structures fixed to the catheter tip are structure in which a small-diameter folding shape structure is
inserted into a large-diameter folding shape structure, and they cause a longitudinal direction change through separate
pneumatic/hydraulic pressure input and output processes, thereby causing the catheter to move forward and backward.
For the verification of motion and control performance of developed the structure and control mechanism, Simulation
is performed to analyze the magnitude of the forward and backward movements and the level of control accuracy due
to internal pressure variation of each structure. In addition, a simple double folding shape catheter is manufactured and
the feasibility of the development structure and algorithm is verified through the manufactured catheter experiment.
Keywords: double folding shape, inspiring earthworm movement, pressure control, large deformation, origami
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TiO2 nanotubes improve soft tissue attachment on Intraosseous
Transcutaneous Amputation prosthesis
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Abstract
Common problems for the external prosthesis users are pressure sores, infections and unnatural gait1. Intraosseous
Transcutaneous Amputation Prosthesis (ITAP) was developed as a new generation of limb replacements that can
provide an alternative solution to amputees. ITAP is designed as one pylon osteointegrated into the bone and
protruding through the skin, allowing the mechanical forces be directly transferred to the skeleton and the external
skin being freed from frictions and infections. The skin attachment to the implant is critical for the success of the ITAP,
as it provide a barrier for preventing bacteria invasion that often leading to the infection, subsequently implant failure2
3.
A thin layer of novel TiO2 nanotube was coated to the titanium implant surface with an aim to improve skin
attachment to the implant and prevent infection caused by bacteria invasion. This study is to test the effect of TiO2
nanotube on the cell viability and attachment.
TiO2 nanotubes with different sizes (18-30nm, 40-60nm and 60-110nm) were prepared on Ti disc by using anode
oxidation method, and Human keratinocytes and human dermal fibroblasts were used in this study to evaluate the cells
attachments. The cells were seeded on to these nanotune coated discs and cultured for three days. A Mann-Whitney U
test was used to compare groups where p values < 0.05 were considered significant.
The results showed that the viability and cell attachment for keratinocytes were significantly higher after three days on
controls comparing with all nanotubes (p=0.02), while attachment was higher on bigger nanotubes and controls. Cell
viability for fibroblasts was significantly higher on nanotubes between 40 and 110nm comparing with smaller size and
controls (p=0.03), while investigation of cell attachment is ongoing. From these early results, we can say that TiO2
nanotubes can improve the soft tissue attachment on ITAP. Further in-vitro and ex-vivo experiments on cell
attachment will be carried out.
References:
Pendegrass, C. J., Gordon, D., Middleton, C. A., Sun, S. N. M. & Blunn, G. W. J. Bone Jt. Surg. - Br. Vol. 90–B, 114–
121 (2008).
Fitzpatrick, N. et al. Vet. Surg. 40, 909–925 (2011).
Varilly, P. & Chandler, D. NIH Public Access. v, 265–275 (2012).
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Abstract
Bacterial contamination has long been a health concern in our daily life, which can trigger negative consequences in
diverse fields, ranging from bio-induced corrosion of industrial piping and other facilities, to serious health
implications in infected individuals. Herein, a super-repellent and contact-killing antimicrobial surface based on
hierarchical structure is prepared via a layer-by-layer particle deposition approach. Superhydrophobic property
endows the surface with excellent bacterial repellency, while antimicrobial property possessed by the surface exhibits
effective contact-killing activity. As a result, due to the synergistic effect of quaternary ammonium compound (QAC),
low surface-energy perfluoroalky tail and tunable nano-scale topography, hierarchically structured surface exhibits
excellent super-repellent and antimicrobial properties, causing total bacteria inactivation. These coatings could find
potential applications in addressing challenges associated with bacterial infections, especially for the long-term
effectiveness.
Keywords: Super-repellent; Contact-killing; Antibacterial; Low surface energy
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Abstract
The electromagnetic field (EMF) is one of the many environmental factors, which earth creatures are exposed to.
There are many reports on the effects of EMF on living organisms. However, since the mechanism has not yet been
fully understood, the biological effects of EMF are still controversial. In order to explore the effects of bio-inspired
EMF (BIEMF) on normal and cancer cells, various cultured cells have been exposed to BIEMF of different directions,
i.e. vertical, parallel and inclined. Significantly reduced ATP production in Hela and A549 cancer cells is found for the
parallel and vertical BIEMF. More careful examination on Hela cells has revealed a cell density dependent inhibition
on colony formation. The morphological observation of BIEMF-exposed Hela cells has suggested that the retarded
cell proliferation is probably caused by cell death via apoptosis. Together these results may afford new insights for
cancer prevention and treatment.
Keywords: electromagnetic fields (EMF), bio-inspired electromagnetic fields (BIEMF), directionality, cancer, cell
proliferation
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Abstract
A high toughness structure has the particularity of strongly resisting cracking subjected to various loading conditions.
Many industrial products such as rudder wing desire high toughness to minimize the influences under impact, tensile
or bending forces. Biological organisms exhibit highly tough characteristics in dealing with natural environment,
which provides inspirations for increasing toughness of industrial components. To obtain high toughness structure
based on biological organisms, this research develops a bionic design methodology for the high toughness structures
of engineering designs. Using this methodology, a bionic model used for rudder wing inner structure is proposed,
which is verified under practical conditions. In comparison with a conventional design, the toughness of the
proposed bionic model is increased, while maintaining required strength and stiffness. Thus, it is demonstrated that
this design methodology can be used for designing high tough structures aiming to industrial applications.
Keywords: bio-inspired design, toughening mechanisms, structure-mechanics, minimal surface
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Abstract
In the visible light region, the contribution of the surface roughness of a coating to transparency and wettability of the
coating is contradictory. The wettability of a coating increases with the increase of the surface roughness. However,
the transparency of a coating decreases as the surface roughness increases. How to prepare a transparent superwetting
surface has been a big challenge. In this paper, chitin nanofibers (ChNFs) were selected as the main component for
fabricating environmentally friendly transparent underwater superoleophobic coatings. Polyvinyl
alcohol（PVA）was used to improve film forming ability of the casting solutions. In order to reduce the swelling of
the coatings, glutaraldehyde (GA) was added to the ChNFs/PVA casting solutions as a crosslinking agent. Fourier
transform infrared spectroscopy was used to analyze the interaction between ChNFs, PVA and GA in the coating.
Effects of the coating composition on surface morphology and roughness were investigated by scanning electron
microscope (SEM) and atomic force microscope (AFM). It was found that, with increase of ChNF and GA, the surface
roughness of the coatings gradually increased, and the transmittance of the coating decreased. By adjusting the coating
composition, the transmittance of the coatings could be controlled between 40-90% in the range of 400-800 nm
wavelength. The coatings also showed underwater superoleophobicity and low adhesion to oil. Underwater oil droplet
contact angle of the obtained coatings surface could be up to 159.2° and slide angle was only 3˚. This work opens a
new route for the preparation of transparent underwater superoleophobic coatings.
Keywords: coating, underwater superoleophobicity, transparency, chitin nanofibers
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Abstract
With the development of science and technology, sensor plays an increasingly important role in various fields.
Traditional contact sensors have some limitations such as long measurement time, inability to measure elastic or brittle
materials etc., while optical non-contact sensors can overcome the above defects, and have become a research hotspot
in recent years. Nature is a perfect and great art gallery of new ideas and inspirations for designing and fabricating new
type sensor, because the fittest surviving creatures evolved through brutal evolution and natural selection from one
generation to another. The surface of butterfly wings has a super fine photosensitive nanostucture which can make fast
spectral response to various physical changes in the environment. What‘s more, the response is non-contact. It is
capable of providing accurate and reliable spectral responses to external stimuli in a variety of harsh or extreme
environments. In this work, the non-contact photosensitive sensing mechanism of light response structure of typical
butterfly scales to the changes of various physical quantities was studied. Firstly, the nanostructures of butterfly wing
scales were characterized by a Field Emission Scanning Electron Microscope (FESEM). Secondly, the gas sensitivity
of various butterflies was selected through experiments. Butterfly wing scales of Morpho Menelaus have the excellent
sensitivity to vapor, ether and ethanol. Importantly, the sensitivity is repeated. So, Morpho Menelaus butterfly wing
scales were selected as the research prototype for sensitive element. Finally, the sensitivity of Morpho Menelaus wing
scales to vapor ether, ethanol and carbon dioxide was tested. It was found that the sensitivity is cyclical. Based on the
multi- layer film interference theory, we analyzed the reason of selective vapor response. The calculation results agree
with the test results. It is shown that the multi-layer structure of butterfly wing scales is the root cause of its gas
sensitivity. In addition, butterfly wings scales of Morpho Menelaus were copied by biological template to get its
reverse geometry. This study provides guidance for the application of micro-nano structure bionic manufacturing of
butterfly wing scales in non-contact sensors.
Keywords: Butterfly wings, Bioinspired sensor, Photosensitive, Bionic manufacturing
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Abstract
The flexible strain sensor based on cracks inspired from the mechanoreceptor of scorpion can be widely used in
electronic skin, personal health monitoring, motion detection and various engineering applications. The distribution,
length and width of cracks have a great influence on the sensitivity of the crack-based sensors. However, there is a
challenge to fabricated strain sensors with controllable crack structure. In this work, the ultrasensitive strain sensor
with controlled cracks was fabricated through notch‘s stress concentration effect and the swellability of the epoxy
resin under the organic solvent. The results indicate that the controlled straight cracks were produced along the stress
concentration point of the conductive film with a thickness of 50nm. In addition, the length and width of the crack can
be controlled by temperature and swelling time as well as the type of solvent. The strain sensors with controlled cracks
has high sensitivity (GF=2032) and superfast response time. Moreover, by this way, we can easily achieve simple,
low-cost and large-scale manufacture of the crack-based sensors, which is beneficial to the factory production of
crack-based sensors.
Keywords: flexible strain sensor, controllable crack structure, fabricated, electronic skin, motion detection, stress
concentration.
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Abstract
Wind-electric conversion is an important part of the energy conversion field, but existing blade wind power
installations are limited by high wind speed requirements and low conversion efficiency. However, in some
arthropods, such as scorpions, a natural ultra-sensitive trichobothria structure has evolved in order to perceive a slight
change in airflow near. We found that the reason why the scorpion has ultra-sensitive perception is the trichobothria
themselves are an ultra-low wind speed "wind power converter".
In this paper, the mechanism of wind power conversion of scorpion trichobothria is theoretically analyzed, and a kind
of imitation trichobothria nano-power generation structure is proposed. This wind-electric conversion structure can
transmit tiny mechanical energy to the nerve dendrites through a small range of vibration of the hair shaft, and the
process enables efficient energy conversion without causing hair shaft breakage. Finally, a bionic trichobothria
oscillating nanogenerator was fabricated and analyzed at low wind speed. The results demonstrate that the
nanogenerator is capable of converting wind energy into electric energy via swing power generation, and can easily
realize high-efficiency energy conversion at low wind speed. In the future, bionic trichobothria wind power
conversion elements can be used for self-powered devices such as wireless sensor applications, flexible electronic
devices, micro robot.
Keyword：Trichobothria，Wind-electric conversion，Scorpion，Nanogenerator，Low wind speed
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Abstract
The surface microstructures of some organisms in nature have some unexpected properties and functions, such as the
self-cleaning ability of lotus leaves. Inspired by these special properties of living things, people began to combine
these special properties with practical applications to fabricate biomimetic surfaces, which can improve product
performance. However, how to accurately and massively prepare bionic microstructures remains challenging. The
potential to produce biomimetic microstructure surfaces with precise and large-scale industrialization of femtosecond
laser processing technology that has the advantages of extremely short pulse duration, high energy density, negligible
heat-affected zone, and high resolution. Friction and wear is one of the common problems in mechanical equipment.
How to solve the problem is extremely urgent, and the solution of the problem using femtosecond laser has great
significance for future production and life. In this paper we describe a method for preparing periodic surface structures
with superhydrophobicity by controlling the fluence of femtosecond laser and surface texture cycles on stainless steel
surfaces and then analyze the relationship between superhydrophobicity and friction properties on prepared
microstructure surfaces. The experimental results show that the laser induced periodic surface structures induce
changes in the surface hydrophobicity and surface friction properties of the stainless steel surfaces.
Keywords: Biomimetic surface microstructures; Femtosecond laser; Friction and wear; Superhydrophobicity
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Abstract
The fine nanostructures on the butterfly wings of Trogonoptera brookiana, which exhibit hydrophobicity and
antireflectivity, are carefully examined. A promising strategy is proposed for replicating the natural functional
nanostructure of the butterfly wing onto PDMS surfaces. First, a silica replica with tapered nanopillars is fabricated by
combining sol−gel method and selective etching process with the natural butterfly wing as an original template. Then,
using microinjection and polymerization, with the silica replica as a template, the tapered nanopillars are transcribed
onto the PDMS surface, resulting in orderly and densely arranged nanopores with a mean diameter of about 200 nm
and a mean pitch of about 1 µm. The fabricated silica replica is reusable. Interestingly, the PDMS replica surface
exhibits a water contact angle of 143°± 2°and a reflectance of about 4% in the wavelength range of 380–900 nm.
These results mean that the bionic PDMS replica not only inherits the nanostructure of the natural wing, but also its
hydrophobic and antireflective properties. The mechanisms for the hydrophobic and antireflective properties are
revealed via composite wetting interface and effective medium layer on the replica surface, respectively. The
proposed fast and efficient replication strategy can be an excellent candidate for mimicking bio- inspired functional
micro/nanostructures without complicated procedures and expensive materials.
Keywords: broadband and omnidirectional antireflection, antifogging property, multiscale hierarchical structures,
biotemplate fabrication
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Abstract
Morpho-inspired materials have been attracted increasing attention due to their elaborate structures, which also
demonstrate expansive potential applications in sustainable energy and environment fields, such as water collection,
photocatalysis, and solar cell. However, it remains a considerable challenge to design an integrated platform on chip to
bridge the gap between the novel structures with specific practical applications. Here, we report a biomimetic ultrathin
film with 3D hierarchical vapor trapping structure system using a low-cost and effective bio-template method for
real-time vapor detection. Target vapors can be cleverly trapped by the film due to its fancy sandwich-like hierarchical
structures, which consists of top porous plate, middle pagoda structure, and bottom SiO2-based substrate. This
structure system and the entrapped target vapors together make up a vapor-solid heterogeneous microenvironment.
Meanwhile, refractive indexes of the entire microenvironment are variable due to the adjustable entrapped vapors.
Thus, optical responsive signals of the film toward different ambient vapors demonstrate quite distinct features so that
they can be real-timely distinguished by the self-built in situ vapor detection platform. It is anticipated that this
advanced biomimetic film as a vapor sensor shows great potential in practical applications for fast detection of
multiple vapors at room temperature and would benefit the design and fabrication of intelligent multifunctional
materials, new-generation chemical sensors, and responsive devices.
Keywords: Morpho butterfly, Biomimetic fabrication, Vapor sensor, Hierarchical structures
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Abstract
Inspired by the excellent multifunctional properties of cicada wing, a flexible self-cleaning broadband antireflection
film was fabricated by a rapid, straightforward and cost-effective method. The cicada wing was selected as the
original template, and a SiO2 negative replica was obtained by 1st sol-gel process. Then removing the original
template by chemical corrosion to remain the pure negative replica. Subsequently, the polymethyl methacrylate
(PMMA) positive replica could be fabricated after 2nd sol-gel process. The morphologies and performances of the
nanostructures covered on the surface of cicada wing were inherited perfectly. At the same time, the excellent
optical property of cicada wing was investigated experimentally and theoretically. Compared with flat PMMA film,
the average reflectivity of structural PMMA film was reduced from 10 % to 2% in the wavelength range of 450-800
nm. These excellent antireflection properties of bio-inspired antireflection film can be attributed to the
nanostructures which achieve a gradient refractive index between air and the materials, and the mechanism of the
antireflection properties were revealed and explained via effective medium theory. Besides, the bio-inspired film
with a thickness of 0.18 mm exhibited satisfactory comprehensive performances with low reflectivity (≤2 %) in
broadband visible region, as well as superhydrophobic property and perfect flexibility. This work provided a rapid
and simple method to fabricate the exquisite biological structures, realizing the transfer of structure and function.
Moreover, the multifunctional antireflection film exhibited the potential value for applications in optical
communications, flexible display screens, and anti-dazzle glasses.
Keywords: Antireflection, self-cleaning, multifunctional surface, flexible film, biomimetic fabrication.
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Abstract
Traditional strain sensors cannot achieve both a high sensitivity and a large strain sensing range simultaneously, which
results in their limited applications in wearable fields. There is an urgent need to develop a strain sensor to make a
breakthrough in both sensitivity and working range. Here, we present a unique cracked graphene-paper strain sensor,
which is bioinspired by a scorpion‘s crack-shaped slit organ. The slit sensillum distributed on legs accounts to an
excellent vibrational sensing ability of scorpions. By coating the reduced graphene on the surface of paper, the
non-conductive paper becomes conductive. Through a pre-compression treatment, a cracked morphology emerged on
the RGO layer, which renders the piezo-resistive behavior and strain sensing ability to the RGO@Paper composite.
The as-prepared structural flexible sensor realizes the optimization of sensitivity and working range, which is
especially suitable for wearable applications. In addition, the device displayed a short response/recovery time,
exceptional stability, repeatability and durability over 500 cycles. Moreover, the performance of the strain sensors can
be easily tuned by adjusting the patterns of the graphene. Furthermore, we demonstrate that the graphene sensor could
be applicable for pulse detection as well as various intense motion detections, such as phonation, knee bending and
wrist bending. Herein, the graphene-paper strain sensor will undoubtly promote the development of high-performance
flexible wearable sensors.
Keywords: Scorpion, Crack-shaped slit sensilla, piezo-resistivity, strain sensor, paper-based sensor
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Abstract
Transparent surperhydrophobic coatings with antireflection, antifogging, and self-cleaning properties can
dramatically enhance the efficiency and convenience of photoelectric devices, and thus have attracted extensive
research interests owing to their promising applications. However, the transparence and superhydrophobicity are
normally two contradictory characters due to their specific needs for the roughness factor. Accordingly, developing
the robust highly-transparent surperhydrophobic materials remain a challenge. Herein, drawing inspirations from the
multiscale hierarchical structures in nature, we described the design and preparation of the highly-transparent
surperhydrophobic silica coatings with antifogging and self-cleaning properties. The silica nanospeheres (NSs) were
synthesized by sol-gel process using tetraethylorthosilicate (TEOS) as precursor, ammonia as catalyst and ethanol as
solvent, as well as hydroxyl-terminated polydimethylsiloxane (PDMS) as modifier. And the SiO2 NSs and
PDMS-SiO2 NSs were assembled on glass substrates for constructing binary architectures through a facile two-step
spraying technology, respectively, followed by the annealing process to improve the mechanical robustness.
The resulting coating exhibited highly transparent with an average transmittance of over 96% in the entire visible
wavelength range, and a water contact angle (WCA) of about 160°as well as a sliding angle (SA) of about 5°.
Significantly, the attained coating showed a high transmittance (>90%) and antifogging performance when exposed to
fog, as well as good clarity even when the temperature dived to ten below zero in a humid environment. Furthermore,
the resultant coating presented an excellent mechanical robustness against sandpaper abrasion and knife-scratch. Also,
it possessed well self-cleaning performance and chemical stability. The results in this study demonstrate that the
bioinspired highly-transparent surperhydrophobic coatings present multifunctional characteristics and improve the
adhesion ability at interfaces between the glass substrate and coating. And meanwhile this technology is suitable for
large-scale production due to its simple and cost effective, as well as using environmentally friendly materials.
Keywords: transparent; surperhydrophobic; mechanically robust; PDMS; adhesion
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Abstract
An artificial rose petal was proposed by studying rose petals with anti-reflective and superhydrophobic properties. The
artificial petal is a film having anti-reflection property and superhydrophobic property prepared by combining
anisotropic etching of silicon and phase separation methods. And the petal is composed of micro-structure and
nano-structure on the surface of polymethyl methacrylate ( PMMA ). The corrosion rate of silicon on the (110) and
(100) crystal surface in the low concentration lye is much larger than that on the (111) crystal plane. After corrosion
for a certain time, four pyramids consisting of (111) planes are left on the surface of (100) single crystal silicon wafers.
The pyramid structure is very similar to that of rose petals. Phase separation can form nanopores attached to the
micron-scale pyramid to form a micro-nano structure, and the characteristic of this structure is that when the incident
light is irradiated to the interface between the material and the air, a large amount of reflection occurs due to the
sudden change of the refractive index of the propagation medium, and the effective refractive index of the material can
be flattened to the air refractive index, eliminating the sudden change of the refractive index, thereby suppressing the
reflection, through the gradual change of the microscopic surface topography. We have fabricated four different types
of surfaces, namely, smooth, nanostructured, microstructured, and hierarchically micro-nanostructured surfaces, and
the four types of surfaces were also chemically treated with trichlorosilane in order to reduce the surface energy. By
contrast analysis, it is found that the reflectivity of the micro-nano structure is lower than that of other surfaces and the
contact angle is large. And meanwhile this technology is suitable for large-scale production due to its simple and cost
effective, as well as using environmentally friendly materials.
Keyword: anti-reflective; rose petal; phase separation; PMMA; hierarchical structure
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Abstract
Excellent biological functions often inspire human the new inspiration. The scorpion rely on the micro crack shaped
slit sensillum on its legs to detect surrounding unnoticeable vibrations. Meanwhile, PDMS is a widely used flexible
substrate material. In this work, we present a PDMS substrate flexible strain sensor (PSFSS) with micro-scale cracks
strain sensor, which combining scorpion's super sensitivity with PDMS's flexible and lightweight advantages. The
micro-scale cracks are fabricated by a low cost process that utilizes screen-printing to coat carbon black (CB) ink onto
a flexible PDMS substrate. When bending at a certain angle, micro cracks will formed on the solidified ink layer. The
working principle of the PSFSS is due to the connection and disconnection of cracks on the conductive ink layer under
the action of external stress. In addition, the gauge factor (GF) of the PSFSS is 351，and
the response time is 0.2s.Based on its appealing performance ,the
PSFSS has various applications. The sensor can be applied to detect the human motion. And the results
demonstrates profound application in various fields. In order to monitor stresses on complex surfaces, rosette-type
sensors were designed to synchronously measure strains in multiple directions. This work has significant
implications for
the
high
sensitivity
strain
sensor .Moreover, the manufacturing method is simple
and the sensor will have great application prospects.
Keywords: carbon black, PDMS, strain sensor, micro-cracks, simple manufacturing, human motion
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Abstract
Bionic flexible crack-based sensor has received lots of attention because of its advantages of high sensitivity,
flexibility and durability. However, there are few practical applications in real-world. In the paper, we have
established a multimodal biometric recognition system, in which the finger bending force and hand vein image are
applied for identification. Particularly, high-performance flexible strain sensors bioinspired by scorpion are first used
to collect signals of finger bending force because of their excellent characteristics of high sensitivity, flexibility and
durability. Experimental results show that the multimodal biometric recognition system is superior for personal
recognition to independent hand vein system in terms of accuracy which is improved about 1.5%. Most importantly,
this paper explores the application of bionic flexible crack-based sensors as biometric identification system.
Keywords: crack-based sensor; signals of finger bending force; multimodal biometric recognition system; hand vein
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Abstract
Sampling on the lunar surface is one of the main objectives of Lunar Exploration Project. It is difficult to cover all
kinds of lunar soil type and mechanics state during ground test on the earth limited to complexity of the lander device
and diversity of lunar environment. This may lead to uncertainty in decision-making of mining feed instructions for
in-situ sampling, and bring hidden trouble to the work of lunar sampling. The indentation of lunar touch experiments
were conducted based on Artificial Intelligence technology, at the soil bin laboratory of Jilin University and the
sampler assembly internal field of China Academy of Space Technology respectively. Different type of lunar soil
simulant and their different mechanical states were prepared. Surface sampling task instructions from technicians
were collected during test. The relevance and regularity of instructions were analyzed for imitating mining feed
decision-making method of technical experts to deal with different lunar soil states. The new established model takes
into account the degree of success of the operation that may occur in the field of moon. Then a lunar sampling feed
scheme based on artificial intelligence was studied. The corresponding application software system was developed.
This work provides the technical support with bionic idea for the upcoming lunar exploration sampling mission.
Keywords: Artificial Intelligence, Lunar Exploration, Feed Scheme, Bionics
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Abstract
Members are considered to be an essential core stake holder of any professional academic organization. The
International Society of Bionic Engineering (ISBE) is in the rapid developing stage with a large number of members
influence it by various ways. This paper analyzed the different paths for expanding ISBE by members. It also looks
at the important roles played by members for the development of ISBE and promoting China‘s global influence
especially in bionic research field. The ways for the development of international academic organizations were
proposed aiming to provide reference for strategies for right progress of any other scientific-and-technical
community.
Keywords: International academic organization,management of members,globle influence, development strategy
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Abstract
The worker honeybee carries a tiny brain. It occupies a volume of about a cubic millimeter, weighs about one
milligram and contains fewer than a million neurons. However, honeybees are smart. A bee can learn a new color in
about half an hour, a new pattern in about half a day (after 20-30 rewarded visits), and a new route to a food source in
about 3-4 trips. Our homing experiments revealed that the foragers could return home from the releasing spots longer
than 10 KM even a few days after release.
How do bees perceive the world around them? How do bees receive orientation and distance information? How do
bees navigate home from unknown releasing sites? The biology of the honeybee thus offers a tailor-made opportunity
for studying the mechanisms by which sensory stimuli are recognized and navigational strategies are learned,
remembered and applied.
Bionics is driven by an interest in understanding and applying biological principles, rather than outright biological
mimicry.
Keywords:Honeybee, orientation and distance information, biological inspired, navigation system
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Abstract
With inspiration from the barrier and antimicrobial properties of fruit peel, the packaging films based on chitosan and
starch were prepared by casting method. Physicochemical, water vapor barrier properties, antimicrobial properties as
well as morphological characteristics of the chitosan/starch packaging films were characterized. Chitosan and starch
could interact through hydrogen bonding as confirmed from the shift of the main peaks to higher wavenumbers in
attenuated total reflectance-fourier transform infrared analysis and the reduction of crystallinity in X-ray diffraction.
Compared to starch films, the incorporation of chitosan resulted in an increase in film solubility, total color differences,
water vapor permeability and antimicrobial properties. The results suggest that this chitosan/starch active films could
potentially be used for food packaging applications.
Keywords: packaging films, fruit peel, chitosan, barrier properties, antimicrobial ability
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Abstract
Starch nanocrystals prepared by an acid treatment process were modified through crosslinking modification using
citric acid as reactant by a dry reaction method. Fourier transform infrared spectroscopy and swelling degree. X-ray
diffraction, wettability tests and contact angle measurements were used to characterize the modified starch
nanocrystals. The results showed that the crosslinked starch nanocrystals displayed a higher affinity for low polar
solvents such as dichloromethane. The surface of starch nanocrystals became more roughness after crosslinking
modification with citric acid and the size decreased as revealed by scanning electron microscopy and dynamic light
scattering results. The crystalline structure of starch nanocrystals was basically not changed after the crosslinking
modification with shorter heating time. The resulting hydrophobic starch nanocrystals can be used as reinforcements
in hydrophobic polymer matrices.
Keywords: hydrophobicity; crosslinking; starch nanocrystals, hydrophobic polymer,matrices
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Abstract
As we know, publicity is essential to the development of the society. Newsletter serves as a important tool for the
publicity of ISBE which is able to make constant exchange of the latest news, academic information among members.
This paper gives an overview of ISBE newsletters since December 2012 which includes its purposes, content and
impact to the members and so on. We expect to obtain continuous concern, encourage and support from our members.
Contributions, articles and advises made on the newsletter are warmly welcome.
Keywords:( ISBE, Newsletter, academic communication, society)
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Abstract
Biomimetics is an emerging interdisciplinary domain that has the potential of becoming an essential methodology to
the scientific research related to humankind. To better understand the global research progress in the field of
biomimetics, the International Society of Bionic Engineering (ISBE) has carried out a series of analysis and
simultaneously put forward an academic progress report. The analysis is based on the research publications included
in the Web of Science database. Six commonly used keywords including biomimicry, biomimetic, biomimic,
bioinspired, bionic, and nature-inspired were tracked by employing an indigenously-developed software combined
with the manual supervision. The report has revealed the ranking list of the Countries, Institutes, Journals and
Research Areas in the field of biomimetics and further elucidated its global trend, and is expected to provide reference
for the scholars to carry out international collaboration, talent cultivation and to eventually promote the scientific
advancement.
Keywords: Biomimetics, International Society of Bionic Engineering, Web of Science, Ranking list, Global trend
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Abstract
Multidrug-resistant (MDR) bacteria are becoming more widespread due to excessive use of antibiotics. Unfortunately,
the development of effective and biocompatible methods for the killing of MDR bacteria has not effectively ground to
a hold yet. Inspired by the nature, the surfaces with nanostructures have been demonstrated to be valid bactericidal
strategies. Based on physically killing bacteria through nanostructures rather than chemicals, this method has been
considered to be a promising strategy to overcome the challenge of antimicrobial resistance. However, the lack of
bacteria repellent efficacy will result in the accumulation of dead bacteria on the material surface, further, limit its
long-term performance in antibacterial applications. In this point, we constructed a smart ―cleaning‖ polymer brush
layer with stimuli-responsive properties on the surface of nanostructure. In dry conditions, the polymer brush
collapses so that the subjacent bactericidal nanostructure can be exposed, which could exert the contact-active
bactericidal property. On the other hand, the polymer brush will extend to form a hydration layer which could
significantly inhibit the attachment of planktonic bacteria and exclude the accumulation of dead bacteria largely while
in the aqueous environment. Thus, with the aid of stimuli-responsive polymer brushes, we endow this biomimetic
antibacterial nanostructure surface with prominent properties realizing the smart transformation between ―killing‖ and
―releasing‖ of bacteria. The results of this study represent an effective methodology in combating pathogenic bacterial
infection and the rising challenge of antimicrobial resistance.
Keywords: Biomimetic, Nanostructured, Bactericidal, Multidrug-resistant
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Abstract
In natural environment, the genus centipede has strong environmental perception and survivability, and the sensory
organs on its body surface have great influence on its habitat, reproduction, predation and other activities. In order to
understand the sensory organs of the scutigera coleoptrata, the abdomen, antennae and anterior tarsus of the animal
were observed by scanning electron microscope (SEM). There are two kinds of hairy sensilla in antennae, spiny
sensilla and conical sensilla in abdomen, hairy sensilla and two kinds of spiny sensilla in tarsal ganglion. Combined
with the morphology and structure of the receptors, the sensory organs and their functions were analyzed. There were
mechanical, chemo-sensors and temperature and humidity sensors on the surface. The existence of many kinds of
receptors was helpful for the scutigera coleoptrata to find humid environment, identify food and avoid danger.
Keywords:scutigera coleoptrata; sensory organ; scanning electron microscope; microstructure

340

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 304

Data Acquisition and 3D Reconstruction of Peach Tree Crown
Morphology based on bionic vision
Jiangtao Qi,12* Hongli Tian, 12 Huibin Sun, 12 Yang Li, 3 Hang Liu, 12 Honglei Jia 12

Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130025, China;
School of Biological and Agricultural Engineering, Jilin University, Changchun 130025, China;
3.
Graduate School of agriculture, Kyoto University, Kyoto 606-8502, Japan
*Corresponding author: Qi Jiangtao (qijiangtao@jlu.edu.com)

Abstract
Peach is the fourth largest fruit in China. Peach planting area in China ranks first in the world. In order to improve the
utilization rate of pesticides in peach plant protection and enhance the technology of intelligent and accurate target
application, human visual characteristics are used as bionic object in this study. Tree crown data is collected through
Intel RealSense Depth Camera D435, which will reconstruct the 3D model of peach tree and provide a foundation for
precise and on-demand pesticides application of peach.
Firstly, human eye is acted as visual bionic object to study the mechanism of human visual attention and establish a
visual bionic model. Then, the depth image and RGB image of peach tree are acquired by Intel RealSense D435, and
the interest region is segmented from RGB image. The brightness, direction and color features of the image are
extracted by linear filtering, and a Gauss pyramid is built based on multi-resolution analysis method. Local visual
contrast is calculated by "center-periphery" operator, and local saliency image is obtained based on normalized
combination of normalized operator fusion. The interest region is obtained by segmenting the local saliency image
based on the region splitting and merging algorithm. The simulation model of peach tree is reconstructed by matching
the segmented image with the depth image based on Intel official SDK.
The results showed that the established tree crown model could well retain the 3D morphological characteristics of the
tree crown and could provide data support for the target and decision of precise pesticides application.
Keywords: Bionic vision; crown; 3D reconstruction; precise pesticide application
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Abstract
The optimal wing geometry and motion for minimum power consumption of a hovering rhinoceros beetle are
investigated. The rhinoceros beetle has two pairs of wings: elytra and hind wings. During a hovering flight of a beetle,
the motions of both wings are measured using high speed camera. With the measured motions and geometries of wings
and body, we conduct numerical simulations using an immersed boundary method. Numerical results indicate that the
effects of elytra and body on the vertical force generation and aerodynamic power requirement are negligible and the
enhancement of aerodynamic performance due to twist of hind wings is marginal. Thus, we consider rigid and flat
hind wings, and develop a predictive aerodynamic model which can accurately predict the force generated and power
required by the flapping wing. Using this model with a hybrid of a clustering genetic algorithm and a gradient-based
optimizer, we find the optimal wing motions and geometries which minimize aerodynamic and mechanical power
consumptions, respectively. Optimization results show that the optimal wing geometry and motion for mechanical
power consumption are similar to the measured ones, indicating that the measured geometry and motion of the hind
wing are nearly optimal for mechanical power consumption.
Keywords: rhinoceros beetle, flapping, hovering flight, aerodynamics, optimization.
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Abstract
In order to study the dynamic interface mechanical behavior between soil and agricultural machinery and reveal the
causes of tillage resistance, three kinds of bionic furrow opener were designed according to the characteristics of
earthworm head surface curve, and using the discrete element method to simulate and analyze the process of the
furrow openers. The results showed that the order of ditching resistance from large to small is traditional opener,
bionic corrugated opener, bionic ridgeline opener, bionic composite opener. With the same ditching speed, the drag
reduction effect of the three bionic openers increases with the increase of the ditching depth. With the same ditching
depth, the bionic composite opener reached the highest drag reduction rate of all bionic openers when the speed is 100
mm/s, and the value is 9.08%. The width of the ditch of the three bionic openers is smaller than that of the traditional
opener. Bionic corrugated opener can improve the ditch height and reduce the ditch width, and the corrugated structure
creates a gap between the surface of the core and the particles, reducing the number of contact and contact area of the
particles. The number of contact particles of the three bionic openers is smaller than that of the traditional opener. The
bionic composite opener has the smallest force field and the soil disturbance caused by the core share surface is small,
and the soil is evenly distributed along the core surface. The discrete element simulation shows that the bionic opener
can effectively reduce the ditching resistance and improve the quality of ditching, which provides a theoretical basis
for subsequent research and optimization.
Keywords: Morphological bionic; Contact interface; Furrow Opener; Earthworm body surface; Drag reduction
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Abstract
The costal vein (i.e. costa) is a dominant supporting part of the leading edge of the insect. In this study, we investigated
morphological features and tensile properties of the forewing costa of the honeybee (Apis mellifera) in fresh, dry and
in-vitro-time varied conditions. The costa is composed of an outer sub-vein and an inner one starting from wing base
to nearly 50% of wing span and then they are fused into one vein extending to the wing tip. Confocal laser scanning
microscopy results revealed that the outer sub-vein with red autofluorescence is stiffer than the inner one with green
autofluorescence, and the membrane in the gap between the sub-veins exhibited a long blue resilin stripe. Considering
the irregular cross-sectional shape of the costa, cross-sections of the tested specimens after tensile failure were
captured using scanning electron microscopy, to precisely calculate their cross-sectional areas by customized
MATLAB program. The Young‘s modulus E and tensile strength σb of fresh specimens were 4.783±0.512 GPa and
119.843±36.618 MPa, which are much lower than those of dry specimens (9.077±0.786 GPa and 154.450±33.969
MPa). However, the tensile strain εb had the opposite relationship (fresh: 0.031±0.011, dry: 0.018±0.005). Thus,
specimen desiccation results in an increasing stiffness and brittleness. The structural configuration of the forewing
costa of the honeybee stiffens its rigidity to resist bending and in the meanwhile, the morphological features and
material properties endow the costa with a tradeoff between both deformability and stiffness. Our study provides
guidance for material selection and bionic design of the wings of flapping micro aerial vehicles.
Key words: honeybee, costal vein, autofluorescence, tensile property, desiccation

Figure 1. SEM result of the costal vein. Scale bar: 500 µm.
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Figure 2. CLSM results of the costal vein. (A) Whole costal vein. Scale bar: 500 µm. (B-D) Cross-sections of postion
1, 2 and 3 in (A). VS: ventral side. Scale bar: 20 µm. (E) Magnified view of position 4 in (A). Scale bar: 100 µm.
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Abstract
Riblets, which are inspired by grooved structures of shark skin, have been one of the most successful control devices
for reducing skin-friction drag. Previous experimental studies, however, showed that the drag reduction performance
is not maintained when the mean flow direction is not aligned with the riblets. In this study, we perform direct
numerical simulations of turbulent flow over riblets by varying mean flow direction to investigate the effect of the yaw
angle (α) on the drag and flow characteristics. The results show that the drag reduction performance by riblets is
degraded with increasing yaw angle, but the drag reduction still occurs up to the yaw angle of about 20°, which is
consistent with previous experimental results. As the yaw angle increases, the form drag increases rapidly, and the
strength of near-wall vortical structures becomes strong. We investigate the functional relation between the drag and
yaw angle, to estimate the critical yaw angle where the drag reduction no longer occurs. A scaling analysis is
conducted to find the relation between the yaw angle and form drag, and FIK identity is used to investigate the skinfriction drag. We show that the variation of the drag on riblets is proportional to the square of sin α.
Keywords: riblet, turbulent flow, skin-friction drag, drag reduction, yaw angle
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Abstract
Assessment of glenohumeral contact mechanism is crucial in the shoulder biomechanics. The glenohumeral contact
stress distribution and kinematic path directly affect the peel back of labrum or surrounding soft tissues, and Bankart
lesion of the glenoid and humeral head. Until now, the development of the glenohumeral pressure sensors is limited
due to nonuniform concave geometry of the glenoid and insufficient settle stability of the sensor along the cartilage.
Scan pressure sensor (Tekscan, Boston, MS, USA) is the only one commercially available glenohumeral articulation
pressure sensor. K-Scan has a limited application in measurement of the pressure distribution since its surface is pretty
slippery against glenoid cartilage and severally wrinkled along concave glenoid geometry. This study aims to search
for a pressure film sensor interface which is flexibly adjustable along the concave glenoid cartilage geometry while
keeping interface nonslip.
Fresh porcine fore shoulders were used for the test. PDMA films, developed by Korean Institute of Mechanical Eng.
And Materials (KIMM), K-scan (Tekscan) were compared in terms of shearing bonding force, glenohumeral
translational dislocation force. To promote the adherence of the sensor surface to cartilage, Gecko biomimetic
adhesive film and Scapa epidermal adhesive film were applied for the PDMA sensor and were compared.
In results, the PDMA sensor itself showed good morphological flexibility with the cartilage, while K-scan did not. The
Scapa adhesive film enhanced adherence of the PDMA sensor to the cartilage, while the Gecko biomimetic adhesive
film did little.
Keywords: Articular contact, pressure sensor, Cartilagephilic, Non-slip interface
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Experimental study on boiling heat transfer of T-shaped microstructure
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Abstract
Based on the heat dissipation mechanism of bionic non-smooth surface, combined with the structural characteristics of
typical bio-hydrophobic surfaces, a T-shaped groove microstructure was fabricated on the copper surface via EDM,
and the boiling heat transfer performance was studied. The medium was deionized water. The results shown that the
heat transfer coefficient of the T-shaped microstructure surface is significantly improved compared with the smooth
copper surface, accompanied by a decrease in the diameter of the bubble and a decrease in the frequency of the
separation. Furthermore the heat transfer performance of the microstructures with different structural parameters is
different, and the temperature difference is further changed with the heating temperature. In addition the surface
morphology of the sample was obtained by scanning electron microscopy (SEM, JMS-6700F). It was found that in
addition to the micron-sized T-shaped groove structure, many submicron-scale pits and mastoids were irregularly
distributed on the surface of the sample. which can greatly increase the solid-liquid contact area and promote more
bubble formation. When the bubble rises in a small space, it generates a disturbance and takes away a large amount of
heat, thereby achieving the purpose of enhancing heat transfer.
Keywords:T-shaped microstructure boiling heat transfer bionic surface
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Abstract
Vibration and impact are severe when the feet of the legged robot contact with the unstructured environment, it is very
meaningful to solve this problem. Inspired by the goat capsula ungulae with excellent anti-shock ability, a new bionic
design method was developed to reduce the vibration and impact. Based on the macrostructures and the
microstructures of goat capsula ungulae which were observed using stereomicroscope and scanning electron
microscopes, the bionic foot with shock absorption cushion was designed. Modal analysis and transient analysis were
carried out using finite element software, and the buffer and vibration response characteristics were analyzed. The
results show that the bionic foot with shock absorption cushion which was designed with inclined holes changes the
natural frequency of the system, expands the range of vibration reduction frequency, and is beneficial to the absorption
of vibration energy. The frictional energy consumption of the bionic foot is much larger than that of the ordinary shock
absorption cushion, and the residual kinetic energy is smaller. With the decrease of the slope, the frictional energy
consumption is more and the residual kinetic energy is smaller. Meanwhile, the ground reaction force of the bionic foot
is less than that of the ordinary shock absorption cushion, and the force becomes smaller with the decrease of the
designed hole.
Keywords: bionic, legged robot, vibration reduction, capsula ungulae
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Abstract
Underwater machinery are required to withstand great resistance in the water, which can result in consumption of a
large amount of power. Some traditional design methods have achieved good drag reduction performance, and
lubrication is one of these methods. Inspired by some aquatic creatures such as loaches that can swim quickly, the
self-lubrication drag reduction was explored in this paper. When subjected to the compression and scraping of the
water and sediments, the loach can not only secrete a lubricating mucus film, but also importantly, it can retain the
mucus layer well on its surface micro structure. Therefore, even though the mechanical parts of underwater machinery
cannot secrete mucus, they can also be designed by imitating the bionic micro-morphology to absorb and store water
content from the surroundings, thus forming a self-lubrication film to reduce the resistance.
In this study, Dabryanus loach was taken as the biomimetic object to learn how to avoid or slow down the mucus loss
from their body surface. The mucous adsorption mechanism was revealed by analyzing the surface micro structure of
the scales on the loach. The "micro topography surface-water" system model was established to analyze the variation
of interfacial flow and force field, as well as the interaction mechanism between micro structure surface and water
medium under different conditions. Finally, the bionic samples were manufactured through vacuum casting method
and tested in the water channel. The experimental results showed excellent drag reduction performance with drag
reduction rate up to 2%. This bionic self-lubricating method provides a useful guide for drag reduction of water-field
machines.
Keywords: Underwater machinery; Drag reduction; Bionic; Dabryanus loach
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Abstract
The Drug controlled release device can release the appropriate dose of drug molecules at an appropriate speed in
specific parts of the body, so as to fully exert the efficacy of the drug. In addition, the drug concentration is maintained
in the body for a relatively long time and does not require repeated administration, thus reducing the cost of treatment
and the toxic side effects on normal tissues. 3D printing can accurately construct three-dimensional complex
structures, and realize the stacking of various materials step by step, greatly reduce the processing process, shorten the
processing cycle. Inspired by the opening of the pine cone shell during drying due to changes in humidity, using
N-Isopropylacrylamide, Acrylic acid, N, N' - methylenebisacrylamide, Potassium persulfate, Sucrose and Irgacure
819 as the main raw materials, we prepared a hydrogel drug controlled release device that can respond intelligently
under different temperature and PH stimulation conditions by means of stereoscopic lithography.The hydrogel drug
controlled release device was characterized by Fourier transform infrared, scanning electron microscopy and
differential scanning calorimetry. The effects of raw material ratio and processing technology on the performance of
hydrogel controlled release device were analyzed. The swelling degree of hydrogel controlled release device under
different temperature and pH conditions was determined. The controlled release performance of Ibuprofen was
studied as a model drug. The results show that the prepared hydrogel drug controlled release device can release the
drug intelligently under specific temperature and pH conditions. In addition, the intelligent drug controlled release
device has potential applications in controlling the release of macromolecule active agents and toxin removal.
Keywords: 3D printing; Intelligent hydrogels; Drug controlled release device; N-Isopropylacrylamide
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Abstract
Scales on butterfly wings are made of cavity like structures which exhibit superhydrophobic and directional wetting
characteristics. These structures have excellent contact and wear resistance compared to the free standing pillar-like
superhydrophobic structures. We evaluated the time dependent wetting characteristics of microcavity structures
inspired from butterfly wing as a function of their capillary pressure. We fabricated a series of microcavity surfaces in
Silicon (Si) using conventional deep reactive ion etching technique. The capillary pressure of these surfaces was
modified using 20nm coatings of polytetrafluoroethylene (PTFE), diamond-like carbon (DLC) and
fluorine-incorporated diamond-like carbon (FDLC). A drop evaporating on these surfaces exhibited metastable mixed
wetting states and time dependent inhomogeneous wetting transitions. Importantly, we report two types of
inhomogeneous wetting transition: 2-D-random on weakly hydrophilic surfaces and 1-D radially inward on weakly
hydrophobic surfaces. We used in situ fluorescence microscopy to understand the mechanisms of these wetting
transition at individual cavity level. We showed that the interplay between capillary pressure of the surfaces and
internal flow of the drop during evaporation determined nature of wetting transition. Overall, we determined that drop
evaporation on our butterfly wing inspired microcavity structures is dominated by four distinct capillary pressure
dependent wetting scenarios during evaporation.

Fig. 1. Schematics showing mixed wetting states on butterfly wing inspired
microcavity structures displaying inhomogeneous wetting transitions.
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Abstract
Hepatitis B (HB) caused by hepatitis B virus (HBV) infection is one of the most common infectious diseases in the
world. Previous study has shown that distinct HBV genotypes can lead to different prognosis of the HB patients,
indicating the significance of HBV-genotype-based treatment regime. However, the traditional genotyping method
based on DNA sequencing of HBV is impractical for clinical diagnosis with tedious process and low success rate.
Herein, we have established a bionic ELISA-based genotyping method to quickly determine the HBV genotype of HB
patients in China. First, two commercial antibodies, 16D12 and 6H3 specific for genotype B and C respectively, are
chosen as coating antibodies, since genotype B and C of HBV dominate in Chinese HB patients with roughly 95%
prevalence. Then HBsAg-HRP antibody is used as the detection antibody of genotype B and 7H11-HRP is selected as
the detection antibody for genotype C. The results of this innovative genotyping are compared with traditional method
and have shown high consistency (98.8%) and specificity (100%). With high accuracy and operability, it would
provide a more practical tool for easier clinical prognosis and treatment of HB patients.
Key words： Hepatitis B virus ， genotyping method ， ELISA ， clinical prognosis
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Abstract
Flying in the rain presents a greater challenge for smaller animals such as kingfishers, compared with aircraft in the
same situation. Regardless, kingfishers have developed advanced water repellency as reflected in the hydrophobicity
and elasticity of their feathers. Therefore, it is possible to confirm that the elastic superhydrophobic surface can
enhance the water repellency of the surface by experimental and theoretical analysis. A simplified device simulating
droplet impact on a kingfisher feather was configured for comparison. Moreover, the dynamic behavior of droplets
(with varying Weber numbers—2≤We≤42) impinging on the elastic and rigid substrate was analyzed, such as
spreading, retraction, lift-off, the secondary droplet, and contact time with a high-speed camera. The elastic substrate
significantly affected the retraction and lift-off of the droplet—that is, an earlier and more efficient morphological
rearrangement of the droplet—reducing the contact time by up to 8.3% (17<We ≤32). The combination of elasticity
and hydrophobicity is a new bioinspired strategy that provides an insight into one of the mechanisms by which birds
flying in the rain cannot be bedewed while guiding the design of water-repellent surfaces.
Keywords: rain; kingfisher; feather; elastic; contact time; weight redistribution;
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Abstract
Furrow opener is one of the common contact parts in agricultural seeding machinery. The ridge line at the front of
traditional core-share furrow opener is usually an arc with a radius of 250mm-350mm. This structure has obvious
squeezing effect on the soil, and the furrow resistance is large, so it is not suitable for high speed seeding. In order to
solve the problem of excessive resistance of the traditional core-share furrow opener, this study selected the core-share
furrow opener with a radius of 250mm as the optimization object, combined with the principle of bionics, to seek the
structure of the furrow opener that can effectively reduce the operating resistance. The badger's canine teeth were
scanned in a 3D scanner to obtain complete 3D point cloud data of canine teeth. In the fitting, four contour lines of two
anterior orthogonal longitudinal profiles of canine teeth were extracted to obtain 4 groups of 3D point cloud data. The
3D point cloud data was imported into Matlab software for polynomial fitting, and the contour curve equation of
different positions of canine teeth was obtained. The four fitted curves are the ridge lines of the four furrow openers.
Discrete element simulation results are shown: the canine - tooth furrow opener has a significant drag reduction effect.
Among them, the most obvious drag reduction is curve no.4. Compared with the standard core-shaped furrow opener
with circular ridges, the simulation results show that the drag reduction is 28.525%.
Keywords: furrow opener badger canine resistance discrete element simulation
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Abstract
Hard tissues, i.e., bones and teeth, are highly mineralized and hierarchically structured organic-inorganic composites
that are primary physique of type I collagen (Col-I). The acid residues charged on the surface of the Col-I, which acts
as a physique in the hard tissue, readily bind to calcium ions as nucleation sites for the initial formation of
calcium-based materials in biomineralization. Among the calcium-based materials, calcium phosphates (CaPs) are the
main inorganics of hard tissue. For this reason, the CaPs have already been used as bone graft materials in orthopedics
and dentistry, but the biomineralization mechanism by biological factors or reaction with other ions in the body is still
under study. Various synthesis methods have been developed. Recently, in order to find such a mechanism,
temperature and pH of various parameters in process conditions are proceeding in a manner similar to the actual
conditions in the body. Based on the above-mentioned conditions, we synthesized CaPs similar to those regularly
arranged in the hard tissue. Unlike the conventional precipitation method, the synthesis can be carried out under
conditions similar to body temperature, and extracted Col-I fibrillar structure, which can help to induce crystal growth
direction, can be used. To orient the CaP crystal growth, we calibrated certain band parts of the extracted Col-I and
ordered them regularly. The prepared surface modified Col-I fibrils were immersed in simulated body fluid, which is a
solution with an ion concentration close to that of human blood plasma, kept under mild conditions of pH and identical
physiological temperature. This process was carried out for four weeks, and the CaP crystal arrangement and structure
grown at specific time were observed. Highly arranged, CaP crystal is confirmed in the extracted and surface modified
Col-I fibrils (and also in the polymeric nanofibrous bundle as a control group), which successively facilitates
nucleation and the direction of crystal growth.
Keywords: biomineralization, nucleation, crystal growth, hierarchical structure, collagen, calcium phosphates
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Abstract
Erosive wear can cause surface damage of bulk-solids-handling equipment surface. Reducing the Erosive wear is
beneficial to lower the maintenance cost. Previous research elaborated on the bionic design methodology to reduce
wear of bulk-solids-handling equipment surface. To facilitate the application of the bionic design methodology in
bulk-solids-handling, this research examines the effectiveness of the bionic model using numerical simulations. First,
finite element method (FEM) is employed to predict the mechanical properties of the bionic model. Then discrete
element method (DEM) is used to predict particle behaviors under bulk-solids-handling conditions. Thus the
theoretical analysis of the wear reduction mechanisms is numerically verified. Subsequently, a reference case of an
erosive wear scenario in bulk-solids-handling is simulated, and the wear volume of a smooth chute surface is predicted
using DEM. By applying a bionic model to the chute surface and using the same simulation model, the wear volume of
a bionic surface is predicted. By comparisons, it is identified that the bionic surfaces produce less wear than the
smooth surface. In addition, the sensitivities for the wear reduction by the geometrical parameters are studied.
Therefore, the erosive wear reduction effectiveness of the bionic model is demonstrated.
Keywords: particle transport, chute wear, biomimetics, wear prediction
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Abstract
subsoiler are rapidly wore due to touching with soil. In order to improve the wear-resistance of the components, bionic
method was applied to the structural design of the components in this research. Some animals‘ organ possesses
excellent wear-resistant structure, which can provide design inspiration to improve wear-resistance of agricultural
mechanical parts. The previous research found that there are plenty of ridges on the surfaces of Pangolin scale and
Chlamys Farreri shell. Those ridges make Pangolin scale and Chlamys Farreri shell have perfect wear-resistance.
Therefore, the ridge structure was applied to the design of experimental subsoler samples (bionic samples) to enhance
the wear-resistance of subsoiler in this research.
The abrasive wear experiments were carried out under the special experimental conditions by using abrasive wear
tester. The experimental conditions involve sliding speed, size of soil particle, space between ridges and moisture
content. Finally, nine experiments were conducted utilizing the bionic samples and the smooth samples under the
different experimental conditions. The mass loss of experimental samples was measured. The experimental results
show that the mass loss of bionic samples is less than that of smooth samples under the same experimental conditions.
The wear-resistances of the bionic samples are improved by 77%, 73.8%, 66.9%, 45.4%, 58.9%, 65.5%, 33.1%, 66.4%
and 42.6% respectively comparing with smooth samples under the same experimental conditions. According to the
analysis results of orthogonal test, The size of soil particle has most significant effect on wear-resistant ability of the
samples, followed by the space between bionic ridges and the sliding speed.
Bionic samples have such excellent wear-resistance is mainly because soil particles generate ―guiding effect‖ and
―rolling effect‖ on the bionic ridges surface , which reduce the ―micro-ploughing‖ generated by soil particles moving
on the touching surface. In addition, The mutual interference among soil particles is another reason of reducing wear.
Keywords: Bionic ridge, Abrasive wear, Wear-resistance, Optimal design
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Abstract
The recycling and dismantling of obsolete products is one of the frontier issues in the field of green remanufacturing.
Looking at the research status in this field, most of them use intelligent algorithms to optimize the sequence of
disassembly, and there are few performance evaluation studies on waste products. In view of this, we combined the
multi-target fruit fly algorithm with data envelopment analysis(DEA) cross efficiency to establish an evaluation
system for disassembly performance. Firstly, a set of Pareto solutions is obtained by the improved fruit fly algorithm
(IFOA), and the group of 15 disassembly schemes is used as the decision-making unit (DMU) of the DEA. The final
cross-efficiency model is obtained by improving the traditional average cross-efficiency method. The performance
indicators of the disassembly plan were evaluated from three aspects: disassembly time, economic benefit and
environmental performance. Finally, the three indicators are weighted by grey relational analysis to get the final
ranking, which is the optimal disassembly sequence.
Keywords: Disassembly; DEA; IFOA; Performance evaluation; Grey relational analysis
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Abstract
The issue of disassembly line balance and remanufacturing has become an increasingly hot topic recently. However,
little research focusing on carbon dioxide reduction and resource utilization has been done in the field of disassembly
line balance. For the purpose of being environmentally friendly, the disassembly line balance should aim at low carbon
emission,low energy consumption and cost reduction during the disassembly process. Considering this, this study
proposes a multi-objective disassembly line balancing fruit fly optimization algorithm (MDFOA) for the disassembly
sequence of waste agricultural machinery considering low-carbon design. We try to optimize the disassembly line
balance model using the fruit fly optimization algorithm. To satisfy the stability of MDFOA, the olfactory operation is
cross-operated, and the Pareto non-dominated sorting method is adopted in the visual operation stage. In order to avoid
falling into local optimum, a global cooperation mechanism is added to screen individuals with different degrees of
dissimilarity. An illustrative example of the disassembly line of corn harvester cutting table is provided in this work.
Comparison between our proposed MDFOA and other four frequently-used algorithms is conducted in this work. The
results show that our method performs better than other algorithms for the disassembly line balance problem, thus
verifying the practicability and feasibility of it. In the end, 12 Pareto solutions are obtained through MDFOA and we
evaluated and selected the most satisfactory solution among them using Fuzzy AHP, for the determination of the
optimal disassembly sequence.
Keywords: Low-carbon, disassembly, remanufacturing, MDFOA
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Abstract
With the continuous exploration of the special morphologies and properties of skin of some animals and plant leaf
surfaces in the nature, new hydrophobic surfaces are developed through imitation of the observed surface effects. The
aluminum alloy surface which is similar to multi-scale hierarchical structure surface of biomimetic rice leaf can be
obtained by combining high speed wire electrical discharge machining (WEDM) method and electric brush-plating
technique. The surface was investigated using scan electron microscopy (SEM),confocal laser scanning microscopy
(LSCM) and X-ray diffraction (XRD).The results showed that double scale (micro-submicro) microscopic structure
obtained by electric brush-plating can play a key role on the hydrophobicity of the surface. The regular submillimeter
groove ridge structure obtained by high speed wire electrical discharge machining further enlarged the hydrophobic
properties of the direction of parallel groove. The sample surface showed excellent superhydrophobic properties, and
the contact angle of the direction of parallel groove could reach up to 151°. The sample surface also showed different
hydrophobic properties in the direction of the parallel groove and the direction of the vertical groove. Due to the
existence of the edge structure make the two directions, and the two directions have different static wettability, which
also led to the surface anisotropy. With the deepening of the study, this research will rise to certain guiding
significance on the applications of combining the anisotropic functional materials with the superhydrophobic
materials.
Keywords: superhydrophobic, multi-scale, anisotropy, biomimetic rice leaf
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Abstract
In the present study, a binary coupling method is employed to study the drag reduction characteristics of earthworm
non-smooth or corrugated lubrication surface. The current study aims to provide a new theory and method for the
design of soil- engaging components with high efficiency and low consumption.
In order to explore the drag reduction features, forehead shrinking surface specimen of earthworm was prepared.
Based on the reverse engineering method, non-smooth curve of earthworm surface was extracted and the bionic
corrugated sample was designed, and the position of lubrication hole was established by experimental testing. By
using the self-developed test rig for lubricating drag reduction performance, the influence of normal pressure, forward
velocity and flow rate of lubricating fluid on the forward resistance of the sample was analyzed through single factor
test. The equation between forward resistance and the three factors were established through the ternary quadratic
regression test. The results show that the drag reduction effect is obvious, the drag reduction rate is 22.65% to 34.89%,
and the forward resistance decreases with the increase of the forward speed, increases with the increase of the normal
pressure, and decreases first and then becomes stable with the increase of flow rate of lubricating fluid. There are
secondary effects on forward resistance by the three factors, and the influencing order is: normal pressure > flow rate
of lubricating fluid > forward velocity.
Keyword: Earthworm surface; Coupling bionic; Drag reduction; Experimental study
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Abstract
For the purpose of effective research on mobility performance of deployable manned lunar vehicle at low gravity，
the virtual prototyping development system is built. Firstly, a manned lunar vehicle is proposed. Then, the lunar soil
model, the dynamic model of manned lunar vehicle and the control system are developed and worked together. The
mobility performance is simulated under different working conditions．
The simulation results show that the virtual
prototyping system is effective and the moon surface model and wheel to ground model can meet the requirements of
the design for manned lunar vehicle.
Keywords: Deployable Manned Lunar Vehicle; Virtual Prototyping; Mobility Performance;
Simulation Analysis
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Abstract
The unique surface structure of bird wings, composed of numerous feathers that overlap with each other, can bring a
lot of benefits on their flight performance (e.g., noise reduction, separation avoidance, drag reduction and so on). The
paper presents several bionic non-smooth wing prototypes with different bionic trailing edges and traditional smooth
wing prototypes, to adequately verify advantages of both the bionic non-smooth surface structures and bionic trailing
edge structures from the viewpoints of aerodynamic noise characteristics and vortex structure. The in- house acoustic
code is used for the present simulations. In this paper, both the noise measurements and vortex measurements were
carried out in a low-turbulence acoustic wind tunnel using a high-precision microphone array system and a
high-frequency PIV system. The results show that the position relationship between adjacent feathers and their trailing
edge shape have significant effects on the noise characteristics and vortex structures of the bionic non-smooth surface
structures. Compared with the traditional smooth wing prototypes, the bionic trailing edge structure can change the
distribution law of the noise peak in the flow field, so as to reduce the noise peak, and the aerodynamic noise in most
of the frequency ranges is reduced to some extent. Also, the bionic trailing edge structure can change the shedding
position of wake vortexes in each section, so as to increase the distance between the vortex centers, suppress the
disturbance of shedding vortexes to wake flow, and thus reduce the unsteady pressure pulsation on the airfoil surface
and aerodynamic noise caused by wake vortexes.
Keywords: bionic non-smooth surface; trailing edge shape; vortex structure; noise-reduction mechanism
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Abstract
With the continuous development of China's economy, the issue of sustainable agricultural development has received
more and more attention. Bionic technology plays an increasingly important role in promoting sustainable agricultural
development. In order to measure the level of the development of bionic science and technology in China, we put
forward the concept of bionic development index. By applying the analytic hierarchy process, a hierarchical structure
model for the bionic development index calculation is constructed. The target layer includes: the contribution of bionic
technology to the development of human society;The criterion layer includes: generating social benefits, improving
economic benefits, and promoting scientific and technological progress; The layer of measures are: bionic patents,
bionic projects and bionic papers. An expert survey was conducted to determine the weight of each layer with
specifically designed questionnaire. Finally we calculated the bionic development index using the collected data and
analyzed it in detail.
In order to analyze the contribution of China's biomimetic technology to the agricultural field, this work analyzes the
research hotspots of Chinese agricultural biomimetic technology in recent years based on Scientometric method.
Using China Knowledge Network (CNKI) as the database, Vosviewer visualization software as the analyzing tool,
hotspots of research papers in the agricultural field published from 1978 to the present are identified. The results show
that the bionic technology in the agricultural field has provided a continuous source of motivation for the innovation of
agricultural science and technology since the 1980s. The main conclusions are summarized as follows:
(1) The application of biomimetic technology in the agricultural field has generally experienced diversified themes
such as biomimetic pesticides, genetic algorithms and biomimetic agricultural machinery with bionic cultivation as
the core hotspot theme; (2) Research fields of biomimetic technology in agricultural field include the application of
simple engineering techniques such as cultivation and pesticides in agriculture, to the cross- disciplinary integration of
engineering technology and computer, information science, biology and ecological science; (3) The study of
biomimetic agricultural machinery has experienced soil adhesion to the ground mechanical drag reduction, bionic
design, and bionic intelligent machinery on the ground, and is constantly evolving. (4) Research methods of bionic
technology in the agricultural field has experienced a process of innovation and expansion, from simple experimental
analysis to high-tech application such as computer simulation and intelligent control.
Keywords: agriculture; bionics; co-word analysis; analytic hierarchy process (AHP); hotspot analysis; visual
analysis
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Abstract
In rolling experiments, the performances of the spider-like robot are limited greatly by its motors‘ driving ability,
meanwhile the ground reaction forces are so big that they damaged the rods. In this paper, we solve above problems
both mechanically and by control. Firstly, we design the parameters of the CPG network based on the kinematics of the
robot to enable a smooth rolling trajectory. Secondly, we add torsion springs to the passive joints of the spider-like
robot aiming to making use of its energy storage capacity to compensate the insufficient driving capacity. Thirdly, we
change the shape of the connecting rods from straight cylinders to arced plates. The simulation results show that
optimized CPG control parameters can reduce the fluctuation of the center of mass, torsion spring can reduce the peak
torque requirements of the actuated joints by 50% and arc rod can increase the rolling speed by nearly 100%.
Keywords: Spider-like robot, Rolling locomotion, Central pattern Generators, Elastic joint, Curved
rod

366

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 334

Bionic goat quadruped robot mechanism design and gait planning
Fu Zhang,12 Shuai Teng,1 Yafei Wang,1 Tianhua Chen,1 Zijun Chen1
1. College of Agricultural Equipment Engineering, Henan University of Science and Technology, Luoyang 471003, China;
Collaborative Innovation Center of Manufacturing of Mechanical Equipment, Advanced Manufacturing of Henan Province,
Luoyang 471003, China)

2

Abstract
In order to adapt to the new requirements of modern agriculture for robots, based on the principle of bionics, a
motor-driven goat-like quadruped robot was designed. Firstly, the bionic structure of the quadruped robot is designed,
and the corresponding coordinate system is used to model the kinematics of the robot. The kinematics model is used to
calculate the forward and inverse kinematics of the robot, and the joint variables of the supporting leg are obtained.
The phase relationship of the single leg during the movement is analyzed, and the servo motor is used to drive the legs
of the test prototype to realize the gait planning walking of the quadruped robot. Finally, the foot-foot trajectory
planning test of the four-legged robot is carried out. The four-legged robot has a leg height of 7.37cm and a gait length
of 28.4cm. Compared with the planned S=30cm and H=7cm, the leg is lifted. The error between height and gait length
is 5.28% and 5.33%, respectively. The designed gait planning achieved the expected results, proved the rationality of
the robot mechanism design, and the correctness of the foot motion trajectory planning.
Keywords: Quadruped robot, D-H coordinates, Foot track, Gait planning
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Abstract
The environment on an extraterrestrial planet is complex, with soft surfaces and low gravity, which make it easy for
rovers to sink and skid. Excessive sinkage may occur under large slip conditions of probe rovers and could influence
the survey mission. Predicting the sinkage of rovers is important for its trafficability evaluation. This paper presents a
simplified model between sinkage and drawbar pull based on the linearization of wheel-soil interaction theory, which
be. Function relationship between wheel and soil is linearized to establish simple drawbar pull model for sinkage
estimation. ―Yutu‖ lunar rover is taken as an example for revising the proposed model based on wheel-soil tests and
sinkage estimation model used to estimate the sinkage of the lunar rover in orbit. Error between the calculation of the
drawbar pull model and the tested value is less than 9%. The proposed model can be used to warn before excessive
sinkage occurred on the rover, and provide the sinkage data for the ground simulation and rescue mission if the rover
get stuck. This method can also be used for rapid sinkage estimation when wheeled machinery performs various
operations on the sand, beaches and other soft terrain.
Keywords: Lunar rover, trafficability, sinkage, drawbar pull, terramechanics
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Abstract
Liquid marbles, as particle-covered macroscopic liquid drops in an air environment, have exhibited great value as
self-standing liquid containers in various areas, such as material synthesis, chemical analysis, and cell culture.
However, traditional liquid marbles obtained by the rolling-on-powder-bed method usually feature micron-sized or
larger particle agglomerates, which harm marble transparency and fine control of marble shape and thus results in
considerable limitations for marble applications. Recently, we have realized monolayer nanoparticle (NP) coverage
using a sol-gel film instead of a powder as the particle source. The NP monolayer structure can not only result in
highly transparent liquid marbles with very smooth and symmetrical profiles, but can also lead to liquid entities with
arbitrarily designable shapes, as called liquid plasticines. Monolayer NP-covered (mNPc) liquid marbles and
plasticines have generated important results in both fundamental and practical applications, as ideal physical models
or advanced self-standing containers, showing great advantages in some conditions over traditional powder-derived
liquid marbles. In this presentation, the preparations and current applications of the two mNPc systems will be
introduced.
Keywords: superhydrophobic, liquid marble, liquid plasticine, microcontainer
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Abstract
Although many antifogging surfaces have been successfully developed, constructing a surface with both antifogging
and frost resistance properties is still a great challenge since the condensed water inevitably turns into an ice layer
under freezing conditions. Inspired by the prominent antifreezing properties of Chinese chive roots, an
antifogging/frost-resistant polymeric coating consisting of poly(vinyl alcohol) and salicylic acid is developed on the
basis of a hydrogen bond cross-linking strategy. Unlike conventional superhydrophilic antifogging surfaces, the
excellent antifogging/frost-resistance performance over a broad range of temperatures (ca. - 196.6∼85 ◦C), is ascribed
to a water-absorbing capability of the coating. Moreover, the coating also exhibits a self-healing propertie due to
diffusion in a wet environment. Due to its simplicity and efficiency, this type of coating may serve as an excellent
antifogging/frost-resistant platform for a broad range of applications in optics-related areas.
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Abstract
Most polyimines(Pi) are considered as good vitrimer materials because of their unique Schiff base dynamic covalent
chemistry. Various inorganic micro and nano structures had been applied as the fillers to enhance the mechanical
properties of Pi materials. Inspired by natural biomineralisation, a series of robust polyimine vitrimer composites were
designed and obtained via one-pot synthesis. Diethylenetriamine and glutaraldehyde were used as the monomers of
the dynamic covalent Pi matrix. A silica precursor, (3-Aminopropyl)trimethoxysilane(APTMS) was employed to
developing silica enhancing phases in situ. With amine groups on their surfaces, the silica phases derived from
APTMS also functioned as the crosslinkers of the composites. The mechanical, thermal properties of these materials
were investigated. The reforming experiments were performed, and the mechanical properties of the composites after
each cycle were studied. The presence silica phase and its effects on the properties of the composites were studied and
discussed.
Keywords: Bioinspired, Biomineralization, Vitrimer, One-pot Synthesis, Polyimide,
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Abstract
Electrospinning is widely used in the preparation of chemical and biological materials as a special fiber manufacturing
process. We use the idea of bionics, combined with electrospinning, to study and prepare a biomaterial that has good
biological activity and helps cells to adhere to artificial skin. Through exploration experiments, it was found that a
mass fraction of 10% polyvinyl alcohol (PVA) was used as a spinner, and a mass fraction of 2% chitosan, a mass
fraction of 8% collagen, and a volume fraction of 2% acetic acid were mixed and spun. A fiber film excellent in both
physical and biological properties can be prepared. On this basis, a fiber membrane with a core-shell structure with
better structure was prepared by co-spinning with 10% mass fraction of collagen and 2% mass fraction of chitosan.
The prepared material was subjected to cell culture and the natural anti-rejection small molecule spermidine was
added to study, and the prepared material had good biological activity and anti-inflammatory factor.
Keywords: Electrospinning, Spermidine, Biological Activity, Anti-inflammatory,
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Abstract
Instantaneous thrust generated by wing vortex and wake vortex were been studied. Development of flapping wing
micro aerial vehicles (FWMAV) has been of interest in the aerospace community with ongoing research into unsteady
and low Reynolds number aerodynamics based on the unsteady vortex lattice method (UVLM). Although most of the
previous research has been about pitching and plunging motion of the FWMAV, aerodynamic influences of wing
vortex and wake on vehicle thrust should be investigated in order to accurately model the vehicles. In this paper, three
dimension unsteady vortex lattice method is applied on the FWMAV models to study instantaneous thrust generated
by wing vortex and wake for different flapping frequency. The result show that 1) The average thrust increase with the
increase of flapping frequency; 2) Wing vortex generate much more thrust than the wake vortex;3) The thrust ratio of
wing vortex and wake vortex increase with increase of flapping frequency. This research is helpful to understand the
flight mechanism of animals and improve the design of bionic FWMAV.
Keywords: Flapping-wing, FWMAV,UVLM, Wing vortex, Wake
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Abstract
A novel electrically tunable photonic crystals (ETPCs), which is flexible and soft all-solid-state form, is proposed
through chemically induced polymer swelling and lattice control in photonic crystals using dielectric elastomer
actuators (DEAs). The proposed ETPCs show a wide range of color changes from red to blue-green by active control
of the lattice distance; this mechanism mimics the camouflage in chameleon skins. The DEA coated with transparent
compliant electrodes stretches the chemically swollen colloidal crystal-polydimethylsiloxane (PDMS) composite
(redshift) under an applied electric field. The conformable color change of the ETPCs on a 3D structure is successfully
demonstrated owing to their unique flexibility by covering 3D surfaces with the developed ETPCs. The proposed
flexible all-solid-state ETPCs are expected to be used as artificial camouflage skins in the future.
Keywords: photonic crystals, flexible, all-solid-state, dielectric elastomer actuators, camouflage
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Abstract
In this study, we proposed a novel wearable textile-based biofuel cell using quick water absorbing and wicking in
sportswear. Moisture management fabrics (MMF) in the sportswear is composed of polyester with modified crosssectional shapes, so naturally continuous flow with a high flow rate can be induced. It results in improved and longterm power generation with biofuel cells using body fluid (sweat) in human. The proposed fuel cell is fully composed
of textile materials including MMF, carbon cloth treated with Prussian blue (PB) and glucose oxidase (GOD), and
conductive thread. Owing to the low-cost and scalable fabrication process, it can be easily integrated into clothes to
utilize human body fluid to generate energy for wearable devices.
Keywords: Wearable, Textile, Glucose fuel cell, Sportswear
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Abstract
The pistol (or snapping) shrimp has asymmetrical claws, which are typically capable of producing a loud snapping
sound and shock wave. Unlike most shrimp claws, it has a pistol-like feature made of two parts. A joint allows the
"hammer" part to move backward into a right-angled position. When released, it snaps into the other part of the claw,
emitting an enormously powerful wave of bubbles capable of stunning larger fish and breaking small glass jars. In this
study, we apply the bubble shock wave for the generation of nanobubbles and the removal of microalgae. The mega
hertz resonance frequency of a circular-type piezoelectric transducer is obtained for maximal generation of acoustic
cavitation nanobubbles, and then the collapse and shock wave of generated bubbles around the air-water interface
increase the concentration of nanobubbles. The proposed low-cost ultrasonic method generates nanobubbles with the
average size of 80 ~ 200 nm with the maximum concentration of 108 /ml using 1 ~ 3 MHz piezoelectric transducers.
Moreover, the collapse and shock wave of bubbles is applied to disrupt and remove microalgae causing algal bloom
which is a rapid increase or accumulation in the population of algae in freshwater or marine water systems.
Keywords: Pistol Shrimp, Snapping Shrimp, Cavitation Bubble, Nanobubble, Shock Wave, Algae Bloom
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Abstract
Functional morphology studies on loach skin require precise analysis of 3D anatomical morphological structures. Few
methods are available for visualization of loach skin, because conventional optical bio-imaging techniques are limited
due to hard tissues and pigmentation. Synchrotron X-ray micro-computed tomography (SR-μCT) is a nondestructive
bio-imaging technique that can provide information about the 3D internal morphological structures of bio samples.
However, direct application of this SR-μCT technique to soft tissues is difficult because of their low X-ray attenuation.
To overcome this technical limitation, the 3D microstructures of a loach skin were visualized by using SR-μCT with
the aid of high-contrast staining method using osmium tetroxide or phosphotungstic acid to enhance image contrast of
soft tissues. The high-spatial resolution of the SR-μCT combined with the high-contrast staining method revealed the
quadrate pieces stuck on the basement membrane of loach scales. Based on this morphological features, the scales of a
loach can move freely and bend flexibly. In addition, the live imaging of loach skin using the dark-field optical
coherence tomography (OCT) imaging technique made it possible to observe the cross- sectional lateral
microstructures of flat, concave, and convex loach skins. The thickness of loach skin was changed with varying empty
space between the mucus cell layer and the scales by bending motion of loach. In addition, through direct measurement
of drag reduction of loach skin, mucus layer was found to have strong influence on reduction of skin friction. The
present results would be helpful for better understanding on the functional morphologies of mucus layer of loach to
secrete mucus for skin friction reduction.
Keywords: drag reduction, fish scale, loach skin, mucus secretion, OCT, X-RAY
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Abstract
At present, autonomous underwater vehicles (AUVs) cannot perceive local environments in complex marine
environments, where fish can obtain information about the surrounding environment through lateral line. Inspired by
this biological function, an artificial lateral line system (ALLS) was built on a moving carrier using the pressure sensor
in this paper. The pressure distribution characteristics of the carrier with different speeds in the flow field at different
fluid velocity were analyzed by numerical simulation. Subsequently, the pressure distribution characteristics that vary
with the flow angle were analyzed, where the flow angle is the angle of the fluid velocity direction with the carrier's
navigation direction. The flume experiment was carried out in accordance with the simulation conditions, and the
analysis results of the experimental data were consistent with those in the simulation. The relationship between
pressure and fluid velocity was established by fitting method. At the same time, the differential pressure method was
used to establish a relationship model between the pressure difference on both sides of the carrier and the flow angle.
Finally, back propagation (BP) neural network model was used to predict the fluid velocity, the flow angle and carrier
speed successfully in the unknown fluid environment. The local fluid environment perception by moving carrier
carrying ALLS was studied, which promotes the engineering application of the artificial lateral line in the local
perception, positioning and navigation on AUVs.
Keywords: ALLS; fluid velocity; flow angle; carrier speed; neural network
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Abstract
Extracellular matrix (ECM) provides nanotopography, tensile strength, elasticity, and negative surface charge, which
are crucial to enhance its interaction with surrounding cells. So it is very important to develop a scaffold material that
properly mimics ECM for improved tissue engineering applications.
In this study, Mo3Se – single-chain
atomic crystals (SCACs) with atomically small chain diameters of ∼0.6 nm, large
3
surface areas, and mechanical flexibility were synthesized and investigated as an extracellular matrix
(ECM)-mimicking scaffold material for tissue engineering applicationns. The proliferation of L-929 and MC3T3-E1
cell lines increased up to 268.4 ±24.4% and 396.2 ±8.1%, respectively, after 48 h of culturing with Mo3Se3– SCACs.
More importantly, this extremely high proliferation was observed when the cells were treated with 200 μg mL–1 of
Mo3Se – SCACs, which is above the cytotoxic concentration of most nanomaterials reported earlier. An
ECM-mimicking scaffold film prepared by coating Mo3Se – SCACs on a glass substrate enabled the cells to adhere
to the surface in a highly stretched manner at the initial stage of cell adhesion. Most cells cultured on the ECMmimicking scaffold film remained alive; in contrast, a substantial number of cells cultured on glass substrates without
the Mo3Se3– SCAC coating did not3 survive. This work not only proves the exceptional biocompatible and bioactive
characteristics of the Mo3Se – SCACs but also suggests that, as an ECM-mimicking scaffold material, Mo3Se3–
SCACs can overcome several critical limitations of most other nanomaterials.
3
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Abstract
Biomimetically ridged press roller (BRPR) and biomimetically polyhedral press roller (BPPR) were designed in prior
work. Meanwhile, hydrophobic material (ultra high molecular weight polyethylene (UHMWPE) and enamel coating)
were applied and compared with Q235. Soil bin results showed that biomimetic rollers could reduce soil adhesion and
resistance. Future investigation under real in-field soil conditions was needed. The present study was conducted to test
effects of biomimetic press roller type, material, velocity and packing force on compaction characteristics.
Conventional press roller (CPR) was used as a reference. Field tests were designed at velocities of 0.64 m·
s -1 and 1.04
m·
s -1. Traction resistance (TR), soil bulk density (SBD), soil moisture content (SMC), emergence rate (ER) and percent
change of plant spacing (PCPS) were measured. The packing force was the most significant factor affecting each
index. For all rollers, TR, SBD, ER and PCPS increased with the increase of packing force, while the loss of SMC
decreased. TR and SBD decreased with the increase of velocity. All rollers can achieve proper SBD for corn seeds.
Biomimetic press roller type had significant effect on TR, PCPS and SMC of May 12. Evaporation rate of SMC, PCPS,
and TR of BRPR was lower than that of BPPR. Compared with CPR, not only evaporation rate of SMC and PCPS of
all biomimetic rollers was obviously decreased, but ER was increased. Except for the BPPR using Q235, TR of the
other biomimetic rollers was lower than that of CPR. BRPR decreased TR by 2.13%-22.30%, while BPPR decreased
by 0.35%-18.59%. Moreover, both types of biomimetic press rollers had the highest TR when using Q235, followed by
UHMWPE, and the smallest was enamel coating. BRPR decreased PCPS by 19.46%-48.34%, while BPPR decreased
by 9.69%-36.99%. Biomimetic rollers increased ER by 2.17% - 11.36%. By May 27, SMC of biomimetic press rollers
was 4.21%-7.75% higher than that of CPR when packing force was 700 N.
Keywords: Biomimetics, Press roller, UHMWPE, Enamel coating, Compaction characteristics
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Abstract
Due to the characteristics of the helicopter, it can be used in a variety of complex and extreme environments. In sandy
conditions, helicopter rotors are more vulnerable to erosion. The cost of using helicopters for erosion experiments is
too high, so it is possible to use numerical methods to calculate the degree of sand erosion on helicopter rotors during
flight.In this paper, titanium alloys (Ti-4Al-1.5Mn), magnesium alloys (Mg-Li9-A3-Zn3) and aluminum alloys
(Al7075-T6) were chosen as the outer skin material for helicopter blades. In the case of numerical study, we studied
the corrosion resistance of the three materials at different angles of attack (6°, 3 ° , 0 ° ) and particle collision
speeds (70, 150, 220 m/s) .We performed a comprehensive comparative analysis of the performance of these three
materials. In addition, we have installed different types of (V-type, VC-type) bionic anti-erosion layers on the
helicopter blades, as well as different angles of attack (6°and 3°, 0°) and different particle collision speeds (70 m / s,
150 m / s, 200 m / s) Erosion effect of the biomimetic layer. The finite volume method, the discrete phase method, and
the erosion model were used to perform numerical analysis. The results show that
Ti-4Al-1.5Mn has the best corrosion resistance at high velocity, and Mg-Li9-A3-Zn3 has the worst corrosion
resistance under all impact conditions, while the performance of Al7075-T6 is between the two materials. Finally,
through the erosion model simulation experiment, it is found that the VC-type biomimetic layer has better erosion
resistance than the V-type bionic layer under the same conditions.
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Abstract
We reveal the multifunctionality in the mandibles of the ant Harpegnathos venator facilitated by the specific
mandible microstructures and characteristic kinematics. First, we find that the ant can pull off a spider's
(Heteropoda venatoria) leg by closing its long mandibles. We observe that, intriguingly, the ant usually clamps
the spider‘s leg at the distal or middle part of the mandible. Second, the ant's mandibles can grip its fragile eggs
without causing damage, and notably proximal parts on the mandibles contact the egg. We examine the breaking
force of the spider legs from its body by experiments and find that, the friction force can be as high as 500 times
of the ant's body weight while dragging a spider's leg, and the maximum force can be controlled to less than 2
10-6 N While gripping an egg. By combining the microstructure imaging, kinematic tracking and mathematical
modeling, we uncover that the featured sharp teeth and dense bristles on the internal side of the mandibles
determine the high friction force, and the concave teeth and bi-axial rotation of mandible facilitate a gentle
gripping. Inspired by the ant's mandibles, we fabricate an artificial mandible pair to validate the models. This
work may not only expand the awareness of physiological multifunction in ant mandibles, but provide novel
ways to reveal the multifunctionality in insect appendages by applying the tools of mechanical analysis and
related experimental devices.
Keywords: Multifunctionality; ant mandibles; gripping behaviour; microstructures; kinematics

382

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 355

Kinematics of gecko climbing: the lateral undulation pattern
Wei Wang, Aihong Ji*
Institute of Bio-inspired Structure and Surface Engineering, College of Mechanical and Electrical Engineering, Nanjing
University of Aeronautics and Astronautics, Nanjing, 210016, China;
*Corresponding author: Aihong Ji (meeahji@nuaa.edu.cn)

Abstract
Geckos are exceptional at terrestrial locomotion and capable of moving on diverse terrains and surface orientations.
Here we studied the kinematics of lateral undulation pattern of geckos moving at various speeds on an inclined plane.
An optical motion capture system was used to record eight G. geckos moving over a slope with velocity ranging from
0.47 - 7.66 SVL s-1 (Snout-Vent Length). Geckos employ the cyclical lateral bending of the flexible trunk to
coordinate the limb movements and speed modulation to adapt the variation in locomotion velocities. The geckos
increased both stride frequency and stride length to enhance motion speed however the effect of stride frequency on
locomotion velocity was greater than that of the stride length. As the geckos‘ locomotion speed increased lateral
frequency of the trunk also increased while lateral amplitude of the trunk remained nominally constant or even slightly
reduced. Remarkably, gecko shows the transition from the standing wave to the traveling wave to adapt to the changes
in speed. The waveform of the geckos‘ trunk appears as single-peak curves in the standing wave at low speeds and as
serpenoid waves in the traveling wave at higher speeds. The phase relationship between body and limbs is maintained
in phase in the standing wave, but diminished in the traveling wave condition. This transition likely reflects the
presence of the central pattern generator (CPG) mechanism for the locomotion control in vertebrates with sprawling
posture.
Keywords: lateral undulation pattern; flexible trunk; body-limb coordination; speed modulation; CPG model

Fig. 1 Optical motion capture system.

Fig. 2 Tracking markers and variables definition
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.
Fig. 3 Micro-CT.

Fig. 5 Skeleton of gecko.

Fig. 4 Angular variables.

Fig. 6 Standing wave and traveling wave of lateral undulation pattern

Fig.7 The relationship among the stride length,
stride frequency and locomotion velocity.

Fig. 8 Average velocity vector of markers.
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Abstract
The development of osteoarthritis is highly associated with the progressive and irreversible destruction of articular
cartilage, which is caused by the significantly increased friction at the interface. In order to effectively treat
osteoarthritis we developed biomimetic lubrication-enhanced and drug-loaded nanospheres using mesoporous silica
nanoparticles via photopolymerization. The biomimetic nanospheres could enhance lubrication due to the formation
of a tenacious hydration layer surrounding the zwitterionic charges of polymer brushes, and achieve local delivery of
an anti-inflammatory drug by the nanocarriers. Additionally, the in vitro and in vivo experiments revealed that the
nanospheres were biocompatible and effectively inhibited the development of osteoarthritis through up-regulation of
anabolic components and down-regulation of catabolic proteases of articular cartilage. The dual-functional
nanospheres developed herein can be a promising intra-articular nanomedicine for the treatment of osteoarthritis.
Keywords: osteoarthritis, articular cartilage, hydration lubrication, mesoporous silica nanoparticles
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Abstract
A striking characteristic of insect cuticle is the ability to exhibit a wide range of material properties. Previous studies
showed that the elastic modulus of cuticle from different insects ranges from 1 KPa to 20 GPa. Even in a single species,
the difference in the elastic modulus of different body parts can reach over four orders of magnitude. What is the
structural background underlying this characteristic of insect cuticle? To understand the role of various structural
parameters on the properties of insect cuticle, here we investigate the relationship between the structure, material
properties and functional loads in fore-, mid- and hind tibiae of the locust Schistocerca gregaria. We use scanning
electron microscopy and confocal laser scanning microscopy to examine the microstructure and material composition
of the tibial cuticle. Using nanoindentation, we measure the elasticity modulus of the cuticle in three different
directions. We show that difference in the elasticity moduli of the cuticle originate from its different sclerotization
level and from its specific microstructure. Our study presents one of the only a few comprehensive investigations of
the relationship between the structure, material properties and functional significance of the cuticle within single
insect species.
Keywords: locust tibiae, material property, cuticle microstructure, sclerotization
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Abstract
Traditional fluorescence enhancement based on match of the maximum excitation or emission of fluorescence
molecule with the spectra of nanostructure can hardly enhance blue and red fluorescent molecules. Here an enhanced
method based on antireflective array has been developed to enhance emission enhancement for blue and red
fluorescent molecules. The fluorescent emission is enhanced by increasing the absorption at excitation wavelengths of
the fluorescent molecules and reducing the fluorescent energy dissipation with antireflective array. The emission
enhancement for blue and red fluorescent molecules is respectively up to 14 and 18 fold with the antireflective arrays.
It is a universal and effective method for enhancing fluorescence emission, which could be applied to enhance the
intensity of organic LED and imaging.
Keywords: Emission Enhancement;Antireflective Array ;Nanoimprint
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Abstract
Mussel foot-byssus proteins (mfps) are well known for their strong adhesive properties at different substrate surfaces
and wet/underwater conditions. By incorporating the functional groups (catechols etc.) in mussel adhesion proteins
into synthetic polymers, a new research area called mussel-inspired artificial polymers has become the focus of
academic, aiming at obtaining similar or even superior adhesive properties compared with the natural one. Here, we
have reported the recent progress in mussel protein-inspired polymers in our group, including polytetramethylene
glycol-based, polyvinylpyrrolidone-based, polyvinyl alcohol-based and polyethyleneimine-based mussel-inspired
polymers. These polymers have been applied in adhesive for wet and underwater conditions, antibacterial and
antifouling coating and so on. Meanwhile, a brief outlook for functional mussel-inspired polymer in advancing this
area is also depicted.
Keywords: Mussel protein, catechol, synthetic polymer, backbone structure, biomimetic.
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Abstract
Several prototypes and design models about bionic propulsion are presented. Two types of bionic propulsion modes
are addressed. First, a two-joint bionic propulsion fish is designed with two waterproof servos and with a large aspect
ratio on its tail. Streamline-shaped exterior design reduces the water resistance and the propulsion unit which made
from the soft silicone demonstrates good ductility as well as higher propulsion efficiency. Second, the slider- crank
propulsion unit is also used as the thrust when one single joint is considered on the rear part of a robotic fish. The
two-joint prototype exhibits highly realistic swimming movements which follows the swing law of a real natural fish.
Nonetheless, the slider-crank-propulsion prototype demonstrates a far faster underwater speed since a rapid flapping
frequency can be guaranteed with such mechanism. The main bodies are made from resin through 3D printing. Real
underwater tests show that the two-joint robotic fish, which the aspect ratio of its tail of 5.1, generally achieves a speed
about 0.31m/s, whereas the other prototype can swim 5 times faster. Based on these two propulsion modes, several
other prototypes are constructed to validate the propulsion theories, respectively. Additional to the bionic tail
propulsion design modes, bionic ornithopter is also designed with basic aerodynamics and crank mechanism. The
design modes and prototypes are all of great promise in the civilian market and may contribute to the science
popularization education among students.
Keywords: bionic propulsion, robotic fish, slider-crank mechanism, 3D printing, ornithopter
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Abstract
As one of typical intelligent soft materials, intelligent hydrogels own properties of abundant stimulation models, linear
driving force output and high biocompatibility, which has been widely used in soft actuators, artificial muscle,
electron device, medical instrument and so on. But, in the widespread application, the combination of mechanical
property, intelligent property and functional property is the bottleneck problem of intelligent hydrogel design and
preparation. The wild wheat awn in nature owned high mechanical property and the self-driven deformation and
movement under stimulation of humidity variation via the gradient micropore structure, which provided an important
bionic inspiration for the researches of intelligent hydrogel materials. The wild wheat awn was treated as the
biological model. Based on microstructure characteristics of wild wheat awn, the bionic layered gradient micropore
structure model were built to guide the design of bionic intelligent hydrogels. The poly N-isopropyl acrylamide
intelligent hydrogels with layered gradient structure was fabricated via ―one-step‖ molding technology and
hydrothermal synthesis technology. The controllable distribution of graphene oxide in gradient hydrogels was
innovatively realized by graphene oxide infiltration method including the entirety infiltration method and the locality
infiltration method, which controlled the heat transfer models and deformation scale effectively. Based on high
response rate and structure design, the static deformations and dynamic movements including bionic origami, bionic
palm, bionic chrysanthemum and bionic inchworm were realized successfully. The self-driven mechanism of static
deformations and dynamic movements of bionic intelligent hydrogels were explained via mechanical analysis
effectively.
Keywords:Bionic structure, Intelligent hydrogel, Mechanical strength, Response rate, Self-driven
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Abstract
One of the problems for traveling wheels on a soft ground such as loose sand is their sinkage as they move forward,
which increases running resistance and makes the travel difficult. By suppressing the sinkage, it is possible to prevent
an increase in running resistance and keep the wheel moving forward. The shape and movement of animals evolved in
nature may be useful for mobile devices such as wheels on soft ground. In this report, the author describes the shape of
a camel's foot in a desert and the dynamics of a meandering snake as examples of application to the shape and
movement of wheels. As a camel walks, when the feet touches the ground, the pad spreads, increasing the contact area,
reducing pressure and preventing sinking. Observation of the camel's footprint on a soft sandy ground shows that the
rim is deeper than its center. It is effective in suppressing foot sinkage by holding the sand tightly around the tread so
that the sand under the foot does not escape outside. Based on the idea, the author examined the effect of a wheel with
a concave tread shape on suppressing sinkage. Snakes have a sufficiently small friction in the longitudinal direction as
compared to the lateral direction, and by meandering, the large lateral friction is utilized as a force in the forward
direction. Wheels have low longitudinal resistance due to rolling but high lateral resistance. Since similarity is
observed in the anisotropy of friction in the longitudinal and lateral directions of the wheel and snake, the author
proposed a traveling method to reduce the sinkage by traveling the wheel on soft sand.
Keywords: wheel, sand, sinkage, concave tread, meandering, snake, camel foot

391

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Paper ID: 364

Trafficability evaluation model for lunar rover based on terramechanics
and bionics
Xiaotao Luo1, Zhenyu Hu1, Jianqiao Li2, Han Huang3, Dianfu Liu1, Liangliang Ding1,
and Meng Zou2

1
Aerospace System Engineering Shanghai, Shanghai, China, 201109
Key Laboratory for Bionics Engineering of Education Ministry, Jilin University, Changchun, 130022, China
3
State Key Laboratory of Automotive Safety and Energy, Tsinghua University, Beijing, 100084, China

2

Abstract
The lunar surface is covered with regolith, rocks and crater, which make the lunar rovers easy to slip and sink under
1/6G gravity. Excessive sinkage may cause the lunar rover lost of mobility. So, predicting the sinkage of rovers is
important for its trafficability evaluation. This paper presents a simplified model between sinkage and drawbar pull
based on the linearization of wheel-soil interaction theory, the model is suitable for quickly tractive trafficability
evaluation of rover in orbit. And a bionic suspension is designed inspired by the movement mode of inchworm to solve
the sinkage problem for yutu lunar rover. Error between the calculation of the drawbar pull model and the tested value
is less than 9%. The proposed model can be used to warn before excessive sinkage occurred on the rover, and provide
the sinkage data for the ground simulation and rescue mission if the rover gets stuck. This method can also be used for
rapid sinkage estimation when wheeled machinery performs various operations on the sand, beaches and other soft
terrain.

392

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Index by author names
Abu Alam..................................................................................................................................................248
Aifen Tian .................................................................................................................................................303
Aiguo Ming ...............................................................................................................................................129
Aihong Ji ............................................................................................................................................62, 383
Ana S. Moita ..............................................................................................................................................91
Ana Sofia Moita .......................................................................................................................................262
Anja M. Kositz ...........................................................................................................................................13
Anna T. Stadler .......................................................................................................................................289
Antonio L. N. Moreira ...............................................................................................................................91
Ariana Rupp .............................................................................................................................................246
Atsushi Hozumi .........................................................................................................................................18
Bairu Shi ...................................................................................................................................................223
Baisong Yang ..................................................................................................................225, 266, 288, 307
Baoguang Wu..........................................................................................................................................214
Baogui Qiu ...............................................................................................................................................363
Benard Chirende .......................................................................................................................................45
Benhua Zhang .........................................................................................................................................350
Bentil Asafo-Duho ...................................................................................................................................237
Bentil Mawunya Kwaku Asafo-Duho....................................................................................................221
Bert Bras ......................................................................................................................................................3
Bifeng Song .............................................................................................................................................133
Bin Li .........................................................................................................................................................169
Bin Luo .......................................................................................................................................................65
Bin Wang..................................................................................................................................................294
Bin Zhan ...................................................................................................................................................265
Bing Li...............................................................................................................................................184, 380
Bingdi Wang ............................................................................................................................................312
Bingqian Li ...............................................................................................................................................290
Binjie Zhang .............................................................................................................................................329
Biru Hu......................................................................................................................................................185
Bo Li ..................................................................................................................................324, 325, 326, 328
Bo Lu ........................................................................................................................................................372
Bo Su ................................................................................................................................227, 241, 245, 349
Bo Yu ........................................................................................................................................................169
Bo Zhao ............................................................................................................................................218, 219
Boogeon Lee ...........................................................................................................................................342
Boshuai Ma ................................................................................................................................................90
Boyue Su..................................................................................................................................................306
C.S. Kim .....................................................................................................................................................46
Caidong Wang.........................................................................................................................................191
Ce Guo .....................................................................................................................................................318
Chang Nie ................................................................................................................................................268
Changchao Zhang ..................................................................................................................215, 321, 322
Changfeng Jia .........................................................................................................................................228
Changing Cai ...........................................................................................................................................189
Changjiang Ge ........................................................................................................................................217
Chang-Soo Han ......................................................................................................................................137
Changyou Yan ........................................................................................................................................177
Chao Liu ...................................................................................................................................................134
Chao Wang ..............................................................................................................................................117
Chao Xie ..................................................................................................................................................193
Chao Zhong .............................................................................................................................................190
Chaofei Wang..........................................................................................................................................263
393

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Chaoping Dong .......................................................................................................................................233
Chaoying Zhou ........................................................................................................................................117
Chaozong Liu ....................................................................................................................................24, 315
Chen Wang ..............................................................................................................................................118
Cheng Luo .........................................................................................................................................76, 323
Cheng Wang..............................................................................................................................................59
Chengchun Zhang ..................................................................................................................103, 262, 354
Chenglong Liao .......................................................................................................................................223
Chenguang Zhang ..................................................................................................................................208
Chengwei Wu ............................................................................................................................................36
Chengxiong Wei........................................................................................................................................36
Chenliang Zhao ...............................................................................................................................258, 366
Chenqing Liu ...........................................................................................................................................235
Chihyun Kim ....................................................................................................................................149, 150
Chu Shiang Chen .....................................................................................................................................48
Chuchu Li .................................................................................................................................................386
Chunbao Liu ......................................................................................................................................87, 146
Chunjin Yu .......................................................................................................................................272, 373
Cong Wang ..............................................................................................................................................375
Cong Yuan .......................................................................................................................................275, 282
Congzhen Liu ..................................................................................................................................221, 237
Cornelia F. Pichler ....................................................................................................................................13
Craig Wheeler ...........................................................................................................................................54
Cuihong Liu..............................................................................................................................................350
Cunqing Shan..........................................................................................................................................205
Da Jiao .............................................................................................................................................122, 123
Dakai Wang .....................................................................................................................321, 322, 329, 330
Daniel Weihs .............................................................................................................................................11
Daoai Wang .............................................................................................................................................171
Daolun Chen............................................................................................................................................138
Dashuai Tao ..............................................................................................................................................37
Dawei Li....................................................................................................................................................308
Debao Gao ..............................................................................................................................................306
Dehui Wang ...............................................................................................................................................60
Dekun Zhang ...................................................................................................................................274, 300
Deok-Jin Jeon .................................................................................................................................250, 264
Deqiang Chen .................................................................................................................................141, 147
Deyuan Zhang ..................................................................................... 61, 86, 167, 172, 199, 238, 259, 283
Dezhu Shen .............................................................................................................................................213
DF Liu .......................................................................................................................................................368
Di Tan ....................................................................................................................... 225, 266, 268, 288, 307
Dianlei Han ................................................................................................................................................73
Dianfu Liu .................................................................................................................................................392
Dichen Li ..................................................................................................................................205, 208, 212
Dingena L. Schott .....................................................................................................................................54
Dohyung Kim ...........................................................................................................................................143
Donghui Chen ............................................................................................. 69, 70, 218, 219, 247, 249, 335
Dongsen Zhao .................................................................................................................................218, 219
Dongsheng Zhang ..................................................................................................................................303
Dongsong Wei .........................................................................................................................................308
Dongyue Wang .......................................................................................................................................238
Duck-Gyu Lee .................................................................................................................................253, 273
Elena Giusto ............................................................................................................................................315
Emanuele Teodori ....................................................................................................................................91
Enchun Dong ...........................................................................................................................................212
Eryang Ming ............................................................................................................................................296

394

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Eui-Sung Yoon ..........................................................................................................................................49
Eunae Park ..............................................................................................................................................376
Eunjin Shim..............................................................................................................................................375
Eunok Lee ........................................................................................................................................250, 264
Eunseok Seo ...........................................................................................................................................377
Fabio Galbusera .......................................................................................................................................26
Fadong Li .................................................................................................................................................134
Fan Feng ..................................................................................................................................................371
Fandong Meng ................................................................................................................225, 266, 288, 307
Fang Wang ..............................................................................................................................272, 353, 373
Fangshuo Cao ...........................................................................................................................................89
Fanhao Meng ..........................................................................................................................................355
Fei Li .........................................................................................................................................................180
Fei Meng ..................................................................................................................................................129
Feng Liu .....................................................................................................................................................81
Feng Sun..........................................................................................................................................168, 201
Feng Wu...................................................................................................................................................194
Feng Zhou.......................................................................... 33, 162, 163, 169, 171, 174, 175, 176, 177, 179
Fengshu Yu .............................................................................................................................................168
Fengyu Li .................................................................................................................................................181
Fengyu Xu................................................................................................................................................257
Friedrich G. Barth .....................................................................................................................................12
Fu Liu ........................................................................................................................................................331
Fu Zhang ..................................................................................................................................284, 285, 367
Ganesh C. Bora ................................................................................................................................53, 336
Gang Chen ..............................................................................................................................................364
Gang Long .................................................................................................................................................70
Gil-Sang Jeong .......................................................................................................................................250
Glen McHale ..............................................................................................................................................17
Götz T. Gresser...........................................................................................................................................9
Guang Ma ................................................................................................................................................259
Guangdong Tian .............................................................................................................................359, 360
Guanglan Liao .........................................................................................................................................187
Guangming Chen..............................................................................................................54, 295, 318, 357
Guangong Tian .......................................................................................................................................360
Guangsheng Song..........................................................................................................................156, 204
Guijie Liu ..................................................................................................................................................378
Guilin Yang ................................................................................................................................................39
Guisong Chen .........................................................................................................................................200
Guizhong Tian .................................................................................................................................228, 235
Gun-Young Yoon ....................................................................................................................................377
Guobiao Zuo ....................................................................................................................................107, 112
Guolin Wang ....................................................................................................................................221, 237
Guolong Lu ..............................................................................................................................................239
Guolong Yu ..................................................................................................................................73, 74, 116
Guomin Liu ............................................................................................................ 75, 77, 97, 127, 343, 362
Guoqi Tan ................................................................................................................................................122
Guoru Zhao................................................................................................................................................59
Guowu Wei ....................................................................................................................................83, 85, 96
Guoxiao Yin .....................................................................................................................................287, 305
Guoyong Wang ...............................................................................................................................262, 279
Guoyu Li ...................................................................................................................................................115
H. Hutter .....................................................................................................................................................13
Haecheon Choi ...............................................................................................................................342, 346
Haejin Bae ...............................................................................................................................................264
Hae-Nyeok Kim .......................................................................................................................................377
Haeshin Lee ..............................................................................................................................................50

395

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Haibin Huang ...........................................................................................................................................164
Haichao Zhou ..........................................................................................................................................237
Haihang Wang.........................................................................................................................................313
Haixiao Shi ...............................................................................................................................................369
Haiyang Liu ..............................................................................................................................................299
Hamed Rajabi....................................................................................................................................55, 386
Han Fang .................................................................................................................................................187
Han Huang ........................................................................................................................................155,392
Hanbok Seo .............................................................................................................................................376
Hang Huang ............................................................................................................................................368
Hang Liu ...................................................................................................................................................341
Hang Sun .........................................................................................................................................125, 131
Hanpeng Gao ..........................................................................................................................................279
Hans- Jürgen Butt .....................................................................................................................................60
Hao Liu .......................................................................................................................................23, 277, 302
Hao Pang .................................................................................................................................................151
Hao Xue ...................................................................................................................................................320
Haosen Yang .............................................................................................................................................96
Haosheng Chen ......................................................................................................................................216
Haotian Guo ............................................................................................................................................256
Haoyu Li .....................................................................................................................................................64
Hassan Chizari ........................................................................................................................................247
He Liu ...................................................................................................................................7, 127, 222, 223
He Xu ........................................................................................................................................168, 201, 313
Helge J. Ritter..........................................................................................................................................195
Heng Li .......................................................................................................................................................36
Hoang Vu Phan .......................................................................................................................................232
Holger H. Bekemeier ..............................................................................................................................195
Hong Liu .............................................................................................................................................63, 193
Hong Nam Kim ........................................................................................................................................352
Hong Seok Lim........................................................................................................................................314
Hong Wang ..............................................................................................................................................303
Hong Zhang ...............................................................................................................................................95
Hongbo Xu ...............................................................................................................................................387
Hongchao Yang ......................................................................................................................................242
Hongfei Shang ........................................................................................................................................223
Honggen Zhou ................................................................................................................................228, 235
Hongguang Cui .......................................................................................................................................350
Hongkai Li ................................................................................................................................................287
Honglei Jia .......................................................................................................................................341, 355
Hongli Tian ...............................................................................................................................................341
Hongliang Sun .........................................................................................................................................188
Honglie Song ...........................................................................................................................................325
Hongmei Ji .......................................................................................................................................138, 139
Hongtao Gao ...........................................................................................................................................105
Hongwei Yao ...........................................................................................................................................148
Hongyu Zhang .........................................................................................................................................385
Hoon Cheol Park...............................................................................................................................25, 232
Huadong Yu .............................................................................................................................................251
Huaibin Miao ............................................................................................................................................135
Huaixing Cang .........................................................................................................................................311
Huan Wang ..............................................................................................................................................350
Huanhuan Hao ........................................................................................................................................378
Huawei Chen .........................................................................................................................28, 86, 94, 128
Hubiao Wang ...........................................................................................................................................100
Hui Liu ......................................................................................................................................................175
Hui Wang .................................................................................................................................................381

396

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Hui Ye .......................................................................................................................................................217
Hui Zhou ...................................................................................................................................................109
Huibin Sun ...............................................................................................................................................341
Huijie Wang .............................................................................................................................................364
Huijuan Lin ...............................................................................................................................................176
Huimeng Lu .............................................................................................................................................311
Huimin Chen ....................................................................................................................................141, 147
Huiyuan Wang .........................................................................................................................................308
Hujun Wang .........................................................................................................................76, 88, 323, 351
Huoling Chen .............................................................................................................................................65
Hye Rim Kim............................................................................................................................................375
Hyeonjoon Park...............................................................................................................................149, 150
Hyun Eui Im .............................................................................................................................................347
Hyuneui Lim .............................................................................................................................................198
Hyung-Kwan Chang ...............................................................................................................................374
Hyungmin Park........................................................................................................................................342
Hyunjung Shin .........................................................................................................................................356
Hyun-Kwan Chang .................................................................................................................................375
Iain A. Anderson .......................................................................................................................................15
Ille C. Gebeshuber....................................................................................................................................13
J.C. Montgomery.......................................................................................................................................15
Jaehyeon Lee ..........................................................................................................................................286
Jae-Young Choi ......................................................................................................................................379
Jan T. Czernuszka......................................................................................................................................2
Jeongeun Ryu .........................................................................................................................................145
Jeong-Hyun Kim .....................................................................................................................................143
Jiafeng Cao..............................................................................................................................................252
Jiafeng Song..........................................................................................................................77, 97, 98, 101
Jiahao Shi ..................................................................................................................................................67
Jiahui Wang .............................................................................................................................................158
Jiajia Wang ......................................................................................................................................230, 304
Jiaju Hong ................................................................................................................................................105
Jiajun Xu ....................................................................................................................................................79
Jian Chen .........................................................................................................................................275, 282
Jian Li .........................................................................................................................................................64
Jian Yu......................................................................................................................................................259
Jian Zhang .........................................................................................................................................66, 122
Jian Zhuang .....................................................................................................................................214, 355
Jianan Wu ................................................................................................................................................102
Jianbin Lin ................................................................................................................................................187
Jianbing Zhang........................................................................................................................................174
Jianfei Zhou .......................................................................................................................................98, 101
Jianfeng Kang .........................................................................................................................................208
Jiang Zhou .......................................................................................................................................319, 336
Jianghao Wu............................................................................................................................................159
Jiangtao Qi ...............................................................................................................................................341
Jianguo Ning............................................................................................................................................344
Jianing Wu ...............................................................................................................................................382
Jianjuan Guo ...........................................................................................................................................227
Jianming Wen..........................................................................................................................................213
Jianping Li ................................................................................................................................................213
Jianqiao Li ............................................. 2, 44, 45, 73, 74, 115, 116, 118, 119, 151, 155, 332, 357, 362,392
Jianwei Sun .....................................................................................................................................156, 204
Jianyang Zhu ...........................................................................................................................................153
Jiaru Li ......................................................................................................................................................251
Jiaxi Cui ......................................................................................................................................................60
Jiaxiang Fan ..................................................................................................................................82, 89, 93

397

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Jiayi Li .......................................................................................................................................................353
Jie Cui .......................................................................................................................................................235
Jie Wu.......................................................................................................................................................196
Jie Zhao....................................................................................................................................316, 339, 370
Jiegang Peng ..................................................................................................................................157, 310
Jihong Yan ...............................................................................................................................................148
Jihui Wang .................................................................................................................................................71
Jin Tong................................................................ 72, 78, 134, 136, 184, 214, 218, 219, 263, 292, 358, 380
Jin Woong Lee ........................................................................................................................................379
Jin Xu ..............................................................................................................................................82, 89, 93
Jinbo Zhang .............................................................................................................................184, 358, 380
Jinfu Liu ......................................................................................................................................................79
Jing Li ....................................................................................................................... 102, 114, 117, 211, 361
Jing Liu .............................................................................................................................102, 114, 117, 211
Jing Tao....................................................................................................................................................293
Jingcheng Chen ........................................................................................................................................99
Jingjing Wang ..........................................................................................................................................192
Jingli Dou .................................................................................................................................................105
Jinguang Li ..............................................................................................................................188, 263, 292
Jinguang Lia ............................................................................................................................................292
Jinguo Liu .................................................................................................................................................104
Jinguo Wang............................................................................................................................................308
Jingyu Wang ............................................................................................................................................217
Jingze Xue ...............................................................................................................................................281
Jinjing Hao ...............................................................................................................................................159
Jinkai Xu ...................................................................................................................................................251
Jinkee Lee........................................................................................................................................142, 143
Jinlong Song ..............................................................................................................................................63
Jinsung Park ....................................................................................................................................149, 150
Jinxin Wang .............................................................................................................................................277
Jinyi Wu ....................................................................................................................................................288
Jiupeng Zhao ...........................................................................................................................................387
Jiuyuan Yao .............................................................................................................................................343
Jiwei Zou ..................................................................................................................................................207
Jiyu Sun..............................................................................................................................72, 134, 214, 292
Jonathan Maycock ..................................................................................................................................195
Jonghwan Park .......................................................................................................................................346
Jong-Souk Yeo................................................................................................................................250, 264
Joohyung Park ................................................................................................................................149, 150
JooYoung Park........................................................................................................................................145
JQ Li..........................................................................................................................................................368
Julian Vincent ............................................................................................................................................21
Jun Cai .....................................................................................................................................................283
Jun Zhang ................................................................................................................................................306
Jungyul Park ....................................................................................................................................374, 375
Junhee Lee ......................................................................................................................................253, 273
Junhong Wang ........................................................................................................................................144
Junjian Che ..............................................................................................................................................100
Junmin He ................................................................................................................................................229
Junqiang Lou ...........................................................................................................................................173
Junqiu Zhang ........................................................... 158, 215, 321, 322, 324, 325, 326, 327, 328, 329, 330
Junya Yamakawa ...................................................................................................................................391
Junyi Song .................................................................................................................................................34
Junyuan Huang .......................................................................................................................................223
K. -Y. Chun ..............................................................................................................................................137
Kai Chen ..........................................................................................................................................274, 300
Kai Yang ...................................................................................................................................................148

398

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Kaijie Lin ...................................................................................................................................................182
Kaiwei Li ...................................................................................................................................................304
Kamal Bechkoum............................................................................................................................248, 317
Karoline von Häfen .....................................................................................................................................5
Ke Li ..........................................................................................................................................................157
Ke Wang ..................................................................................................................................................331
Kehan Chen .............................................................................................................................................260
Keju Ji ...............................................................................................................................206, 275, 282, 318
Kejun Wang .....................................................................................................................................321, 330
Kongliang Xu ...........................................................................................................................................131
Kui Shi ......................................................................................................................................................242
Kun Hu......................................................................................................................................................191
Kun Liu .....................................................................................................................................................231
Kunyang Wang........................................................................................................ 102, 114, 120, 135, 211
Kyeong-Hwan Lee ....................................................................................................................................46
Lei Jiang ...................................................................................................................................227, 241, 245
Lei Ren ................................................. 6, 83, 85, 87, 96, 102, 114, 120, 135, 146, 211, 255, 280, 290, 390
Lei Tang ...................................................................................................................................................205
Li Guo ................................................................................................................... 2, 188, 218, 219, 234, 336
Li Li............................................................................................................................................................233
Li Xin .........................................................................................................................................................217
Liang Yang ...............................................................................................................................................303
Liangliang Ding .......................................................................................................................................392
Liangwen Wang ......................................................................................................................................191
Liangyu Li .................................................................................................................................................141
Lidong Wang ...........................................................................................................................................100
Lihan Xu .............................................................................................................................................98, 101
Lijun Li ......................................................................................................................................................242
Lili Ren..............................................................................................................................................335, 336
Limei Tian ..........................................................................................................................................92, 370
Lin Chen ...................................................................................................................................................222
Lin Feng ...................................................................................................................................................260
Lindong Mu ..............................................................................................................................................245
Linfeng Wang ..........................................................................................................................................293
Ling Gong ................................................................................................................................................200
Ling Wang ........................................................................................................................205, 208, 210, 212
Lingjian Duanmu .....................................................................................................................................100
Lingwan Hao............................................................................................................................................339
Lingxi Kong ..............................................................................................................................................119
Linlin Wang ................................................................................................................................................81
Linpeng Liu ..............................................................................................................................321, 322, 330
Linsen Xu ...................................................................................................................................................79
Lirong Tang..............................................................................................................................................192
Liwen Zhang ........................................................................................................................................28, 86
Liyan Wu ..................................................................................................................................................350
LL Ding .....................................................................................................................................................368
Long Zheng..............................................................................................................................122, 209, 309
Longhai Li ................................................................................................................................................136
Longjian Xue...................................................................................... 41, 225, 242, 266, 268, 288, 299, 307
Longquan Chen ........................................................................................................................................60
Longxiang Guo ........................................................................................................................................233
Louis W. Rogowski ...................................................................................................................................22
Luchao Bai .................................................................................................................................................81
Luquan Ren
88, 102, 103,120, 124, 146, 209, 230, 262, 279, 280, 290, 309, 317, 320, 324, 325,
326, 328, 329, 330, 339, 370
Lutz Richter................................................................................................................................................47
Lvzhou Li ....................................................................................................................................................37

399

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Lynn Reaser ..............................................................................................................................................14
M. Lopez Cavestany.................................................................................................................................10
M.R. Lee .....................................................................................................................................................46
Manxu Zheng ..........................................................................................................................................255
Marc J. Weissburg ......................................................................................................................................3
Martin Schönauer ...................................................................................................................................289
Maryam Aliabadi .........................................................................................................................................9
Maryam Tamaddon ..................................................................................................................................24
Matthias P. Weinberger ...........................................................................................................................13
Mei Lin ......................................................................................................................................................388
Mei Su ......................................................................................................................................................323
Mei Ye ......................................................................................................................................................221
Meihong Gao ...........................................................................................................................................103
Meirong Cai .............................................................................................................................................177
Meng Su ...................................................................................................................................................154
Meng Wang .............................................................................................................................................192
Meng Yao .................................................................................................................................................332
Meng Zou ................................................................................ 77, 97, 98, 101, 108, 155, 343, 362, 368,392
Mengjiao Wang .......................................................................................................................................283
Mengmeng Wang ...................................................................................................................................378
Michael Clark ...........................................................................................................................................317
Michael Nwaki .........................................................................................................................................248
Michael R. King .........................................................................................................................................10
Mihai Chirita ...............................................................................................................................................51
Min Cheng................................................................................................................................................201
Min Yu ......................................................................................................................................206, 287, 305
Mingfei Jiang ...........................................................................................................................................231
Mingjie Liu ..................................................................................................................................................29
Mingkai Lei ...............................................................................................................................................261
Mingkang Zhu..........................................................................................................................................153
Mingming Wu.............................................................................................................................................64
Mingxin Wu ..............................................................................................................................................299
Mingyang Li .............................................................................................................................................165
Mingyue Lu ......................................................................................................................................224, 295
Mingzhe Li................................................................................................................................................158
Min-Ho Hong ...........................................................................................................................................356
Minjun Kim .................................................................................................................................................22
Minki Lee ..........................................................................................................................................142, 143
Minwoo Kim .....................................................................................................................................149, 150
Mo Li ........................................................................................................................... 78, 136, 184, 188, 380
N. A. Norzain .............................................................................................................................................57
Na Li............................................................................................................................................................72
Nen Wan ..................................................................................................................................................213
Noshir S. Pesika .......................................................................................................................................37
Pan Jiang .................................................................................................................................................177
Paula Thomas .........................................................................................................................................249
Pedro Pontes .............................................................................................................................................91
Peeyush Soni ..........................................................................................................................................338
Peng Ding ..................................................................................................................................................87
Peng Li .....................................................................................................................................................168
Peng Wang ..............................................................................................................................................243
Peng Xi ...........................................................................................................................................82, 89, 93
Peng Xu............................................................................................................................................227, 241
Peng Zhao ...............................................................................................................................................172
Pengfei Yang ...........................................................................................................................................364
Pengfei Zhang ...........................................................................................................................................28
Pengpeng Lu ...........................................................................................................................................370

400

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Petra Gruber ............................................................................................................................................246
Ping Liu ....................................................................................................................................................106
Ping She ...................................................................................................................................................132
Pradeep Kumar .......................................................................................................................................152
Prashant Pendyala ...........................................................................................................................49, 352
Preyojon Dey ...........................................................................................................................................197
Qi Shen ....................................................................................................................................................206
Qi Wang ...........................................................................................................................................108, 252
Qian Cong .......................................................................................................... 82, 89, 90, 93, 95, 340, 349
Qian Li ......................................................................................................................................225, 242, 288
Qian Zhao ................................................................................................................................................390
Qiang Fu ..................................................................................................................................................361
Qiang Wang .............................................................................................................................................135
Qiangqiang Sun ........................................................................................................................................60
Qianwei Zhuang ......................................................................................................................................365
Qiaoli Ji .............................................................................................................................................120, 211
Qichang Yao ............................................................................................................................................241
Qigang Han..............................................................................................................................................158
Qindan Deng ...........................................................................................................................................245
Qinghai Yang .......................................................................................................................................7, 296
Qinghui Lai ...............................................................................................................................................112
Qingping Liu ....................................................................................................................................281, 290
Qingqiu Cao .............................................................................................................................................116
Qingsong He....................................................................................................................206, 224, 287, 305
Qingzhu Zhang................................................................................................................184, 188, 358, 380
Qiuxuan Wu .....................................................................................................................................297, 298
Quan Liu ................................................................................................................... 225, 266, 268, 288, 307
R. Renciu ...................................................................................................................................................51
Ran Wei....................................................................................................................................................222
Rashid Qaisrani.........................................................................................................................................44
Ricardo Cautela ........................................................................................................................................91
Robert O. Ritchie ............................................................................................................................121, 122
Robin H. A. Ras ..........................................................................................................................................4
Ronaldo Maghirang ................................................................................................................................218
Rong Fu......................................................................................................................................................71
Rong Song ...............................................................................................................................................255
Rongnian Xu ............................................................................................................................................179
Rongwei Cui ..............................................................................................................................................59
Roozbeh Aslani .......................................................................................................................................289
Rui Du .........................................................................................................................................................67
Rui Zhang .................................................................................................... 73, 74, 115, 116, 118, 119, 151
Ruijuan Du .................................................................................................................................................72
Ruina Dang ......................................................................................................................................227, 241
Ruitao Qu .................................................................................................................................................123
Rujian Jiang .............................................................................................................................................339
Runmao Wang ........................................................................................................................333, 337, 338
Saebom Lee ............................................................................................................................................142
Sang Hyun Ahn .......................................................................................................................................273
Sang Joon Lee ........................................................................................................................145, 286, 377
SangJoon Lee .........................................................................................................................................145
Sanjay P. Sane .........................................................................................................................................27
Sean X. Zhang ........................................................................................................................................183
Sehyeong Oh ..........................................................................................................................................342
Seongjae Jo .....................................................................................................................................149, 150
Seoungbae Oh ........................................................................................................................................379
Seungchul Park ...............................................................................................................................198, 253
Seungmuk Ji ....................................................................................................................................250, 264

401

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Seung-Yop Lee .......................................................................................................................................376
Shanyong Zhao .......................................................................................................................................240
Shaoming Sun ...................................................................................................................................99, 144
Shaowu Zhang ........................................................................................................................................334
Sheng Liu .................................................................................................................................................127
Shengfu Liu............................................................................................................................77, 97, 98, 101
Shengkai Liu ............................................................................................................................................129
Shengyan Yin ..........................................................................................................................................130
Shengyi Jin ..............................................................................................................................................332
Shicai Zhao ......................................................................................................................................220, 361
Shichao Niu ..................................................................................... 158, 320, 324, 325, 326, 328, 329, 370
Shichuang Liu............................................................................................................................................67
Shihao Dong ..............................................................................................................................................86
Shiqi Hu ............................................................................................................................................268, 288
Shiqi Li ......................................................................................................................................................240
Shoukun Jiang ........................................................................................................................................331
Shuai Shao ..............................................................................................................................................378
Shuai Teng ..............................................................................................................................284, 285, 367
Shuai Wang .............................................................................................................................................260
Shuaihui Gan ...................................................................................................................................107, 112
Shuanghong Ma ......................................................................................................................................161
Shuanhong Ma ................................................................................................................162, 163, 175, 176
Shucai Xu .....................................................................................................................................77, 97, 155
Shuikuan Liu ............................................................................................................................................378
Shujun Zhang ..................................................................................................................247, 248, 249, 317
Shuli Wang ..............................................................................................................................................194
Shun Xu....................................................................................................................................................136
Shuo Zu ....................................................................................................................................................351
Shuqing Kou ............................................................................................................................................278
Shuxin Qu ..................................................................................................................................................59
Shuxu Guo ...............................................................................................................................................165
Shuyi Li .............................................................................................................................265, 279, 291, 308
Si Hyun Kim .............................................................................................................................................379
Sijia Wang ..................................................................................................................................................95
Simin Liang ..............................................................................................................................................139
Simon Song .............................................................................................................................................352
Siqi Chen..................................................................................................................................................215
Siqi Liu ......................................................................................................................................................106
Siqing Chen .............................................................................................................................................313
Siyao Zhu .................................................................................................................................................210
So Yeon Woo ..........................................................................................................................................347
Sole Eo .....................................................................................................................................................143
Song Liang ...............................................................................................................................312, 371, 372
Songbo Wei .....................................................................................................................................222, 223
Sree Subha Ramaswamy ........................................................................................................................27
Sreekrishna Varma Raja .........................................................................................................................27
Stanislav Gorb ...................................................................................................................................41, 344
Stanislav N. Gorb........................................................................................................................19, 55, 386
Stephen Edge..........................................................................................................................................244
Stephen Malone ..........................................................................................................................................3
Steven Aurecianus .................................................................................................................................232
Su A. Park ................................................................................................................................................273
Sudong Chae ..........................................................................................................................................379
Sung Min Kim ..........................................................................................................................................314
Sung-Gee Kim .........................................................................................................................................347
Sung-Jin Kim ...........................................................................................................................................197
Suqian Ma ................................................................................................................................................280

402

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Taesam Kang ..........................................................................................................................................232
Taesik Go .................................................................................................................................................145
Taidong Dai .........................................................................................................................................69, 70
Taimoor Iqbal...........................................................................................................................................212
Tao Fu ......................................................................................................................................................296
Tao Geng .................................................................................................................................................120
Tao Hou....................................................................................................................................................331
Tao Sun ............................................................................................................ 321, 322, 327, 329, 330, 385
Tao Xu ......................................................................................................................................................256
Tehuan Chen ...........................................................................................................................................173
Tengfei Liu ...............................................................................................................................................311
Thanh Tien Dao ........................................................................................................................................25
Thi Kim Loan Au .......................................................................................................................................25
Thomas Stegmaier .....................................................................................................................................9
Tianhua Chen ..........................................................................................................................284, 285, 367
Tianjiang Hu ..............................................................................................................................................58
Tianjiao Dang ..........................................................................................................................................240
Tianyi Zhang ............................................................................................................................................256
Tianyu Gao ................................................................................................................................................90
Tielin Shi ..................................................................................................................................................187
Tillmann Philippi ......................................................................................................................................289
Tingting Yang ..........................................................................................................................................378
Tito Bassani ...............................................................................................................................................26
Tong Ran .............................................................................................................................................28, 94
Tony C.H. Tse ...........................................................................................................................................15
Toshiyuki Nakata ....................................................................................................................................277
Tze Chuen Ngnow ....................................................................................................................................47
Urasawadee Amornkitbamrung ............................................................................................................356
Vadim Pavlov.............................................................................................................................................52
Victor Merza ..............................................................................................................................................13
Vilas M. Salokhe .............................................................................................................................333, 337
Volkmar von Arnim .....................................................................................................................................9
Vollmer Doris .............................................................................................................................................60
Wan Doo Kim ............................................................................................................................16, 253, 273
Wang Lei ..................................................................................................................................................129
Wang Ning ...............................................................................................................................................343
Wanli Yang ......................................................................................................................................272, 373
Wei Gong .........................................................................................................................................126, 127
Wei Liang .................................................................................................................................114, 120, 211
Wei Wang ........................................................................................................................................370, 383
Wei Wu .....................................................................................................................................................134
Wei Xu ..............................................................................................................................................241, 349
Wei Yan ....................................................................................................................................254, 269, 271
Wei Zhang..................................................................................................................................36, 340, 382
Wei Zhi .......................................................................................................................................................59
Wei-Chih Lin ..............................................................................................................................................57
Weihua Ming ............................................................................................................................................316
Weijun Tian ......................................................................................................................................340, 349
Weijun Wang ...........................................................................................................................................363
Weilin Huang ...........................................................................................................................................189
Weimin Liu ...............................................................................................................................................171
Weimin Wang ............................................................................................................................................66
Weiqiang Guo..........................................................................................................................................311
Wen Cheng ......................................................................................................................................276, 348
Wencai Chu .............................................................................................................................328, 329, 330
Wencai Zhu..............................................................................................................................................105
Wenhao Wang.........................................................................................................................................185

403

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Wen-Hsing Cheng ..................................................................................................................................335
Wenjian Wu .......................................................................................................................................34, 185
Wenjing Tian............................................................................................................................................280
Wenping Song .........................................................................................................................................133
Wenqiang Zhang.....................................................................................................................................260
Wenxian Tang ...........................................................................................................................................66
Wenxing Ma .............................................................................................................................................146
Wenxuan Fan ..........................................................................................................................................239
Wenzhe Dai ...............................................................................................................................................84
Werner Baumgartner..............................................................................................................................289
Williams Sayers.......................................................................................................................................247
Wonseok Lee ..................................................................................................................................149, 150
Woochang Kim ................................................................................................................................149, 150
Woong Kim ......................................................................................................................................149, 150
Wouter Vreeburg.......................................................................................................................................54
Wufang Yang ...........................................................................................................................................174
Wuling Huang ..........................................................................................................................................164
Xia Liu .......................................................................................................................................................261
Xiancun Meng .................................................................................................................................321, 322
Xiang Liu ..................................................................................................................................................300
Xiangjin Deng ..........................................................................................................................................332
Xiangli Zeng ...............................................................................................................................................80
Xiangyu Zhang ................................................................................................................167, 220, 226, 238
Xianhua Tan ............................................................................................................................................187
Xianyou Yan ............................................................................................................................................259
Xiao Liang ................................................................................................................................................256
Xiao Zhang ................................................................................................................................................22
Xiaobo Wan .............................................................................................................................................388
Xiaochen Zhang ......................................................................................................................................353
Xiaodong Li ................................................................................................................................................56
Xiaoguang Li............................................................................................................................................369
Xiaohe Hu ..........................................................................................................................................61, 199
Xiaohong Zhou ........................................................................................................................................307
Xiaohu Jiang ............................................................................................................................................292
Xiaohu Li ....................................................................................................................................................79
Xiaojie Wang ...................................................................................................................................193, 200
Xiaolin Liu ................................................................................................................................................128
Xiaolong Wang ................................................................................................................160, 161, 162, 177
Xiaolong Zhang .......................................................................................................................254, 269, 271
Xiaoming Feng ........................................................................................................................324, 326, 328
Xiaoming Liu ............................................................................................................................................165
Xiaoni Chi .................................................................................................................................................297
Xiaoqin Zhang .................................................................................................................................160, 177
Xiaoqing Li ...............................................................................................................................................235
Xiaoqing Yang .........................................................................................................................................363
Xiaotao Luo...............................................................................................................................363, 368,392
Xiaowei Zhang...........................................................................................................................................67
Xiaowu Li..........................................................................................................................................138, 139
Xiaoyang Wang .......................................................................................................................110, 111, 113
Xiaoyu Li ..................................................................................................................................................261
Xiaoyu Wen .............................................................................................................................................353
Ximei Tian ................................................................................................................................333, 337, 338
Ximin He .....................................................................................................................................................20
Xin Hao .....................................................................................................................................................146
Xin Jia .......................................................................................................................................................177
Xin Jin .........................................................................................................................................................36
Xin Liu .........................................................................................................................................................59

404

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Xin Wang.................................................................................................... 41, 225, 242, 266, 268, 288, 307
Xin Yin ......................................................................................................................................................261
Xin Zhang .................................................................................................................................................148
Xingjian Lin ..............................................................................................................................................196
Xingjun Hu ...............................................................................................................................................217
Xingwei Wang .........................................................................................................................................174
Xinhui Shen .............................................................................................................................................104
Xinjie Wang..............................................................................................................................................191
Xinju Dong .......................................................................................................................................269, 271
Xinliang Xu ...............................................................................................................................................225
Xinquan Yu ..............................................................................................................................................106
Xinxin Li ....................................................................................................................................................262
Xinxin Yin ...................................................................................................................................................64
Xinyan Zhou ............................................................................................................................................135
Xinyue Zhang ..........................................................................................................................................274
Xinzhong Wang .......................................................................................................................................222
Xiong Li ....................................................................................................................................................304
Xiqiang Guan ...........................................................................................................................................363
Xiqiao Feng................................................................................................................................................38
Xiujuan Li ...........................................................................................................................98, 101, 108, 254
Xiuli Zhang .......................................................................................................................................258, 366
Xu Deng .....................................................................................................................................................60
Xu Hou................................................................................................................................................40, 194
Xuan Jiao ...................................................................................................................................................84
Xuan Wu ....................................................................................................................................79, 193, 200
Xuanjie Zong ...........................................................................................................................................336
Xue Guo ...........................................................................................................................................269, 271
Xuecheng Zhang.............................................................................................................................297, 298
Xuegong Hu ...............................................................................................................................................71
Xuejiao Wu ..............................................................................................................................................343
Xuejie Xu ....................................................................................................................................................65
Xuelei Liu .........................................................................................................................................249, 317
Xueli Sheng .............................................................................................................................................233
Xueli Zhou ................................................................................................................................................290
Xuemin Cao .............................................................................................................................................204
Xuemin Du ...............................................................................................................................................186
Xueqiao Wu .............................................................................................................................................362
Xueshan Zhou .................................................................................................................................168, 201
Xueyan Li .................................................................................................................................................165
Xun Guan .........................................................................................................................................184, 380
Xupeng Bai ..............................................................................................................................................381
Xuxiao Fan ...............................................................................................................................................129
Y. J. Son ...................................................................................................................................................137
Y.S. Choi ....................................................................................................................................................46
Yachuan Sun ...........................................................................................................................................240
Yafei Wang ..............................................................................................................................284, 285, 367
Yafeng Gong ...........................................................................................................................................234
Yahua Liu .................................................................................................................................................270
Yali Zhang ..................................................................................................................................................81
Yalong Li ..................................................................................................................................................237
Yan Liu ............................................................................................. 9, 42, 91, 262, 265, 279, 281, 291, 308
Yan Wang ..........................................................................................................................................86, 120
Yan Xu ......................................................................................................................................................350
Yanan Li .....................................................................................................................................................60
Yanan Tang .............................................................................................................................................125
Yanfei Ma .................................................................................................................................................163
Yang Gao .................................................................................................................................................127

405

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Yang Li .............................................................................................................................................224, 341
Yang Tao..................................................................................................................................................243
Yang Wu ..................................................................................................................................................179
Yange Feng .............................................................................................................................................171
Yangeng Shang ........................................................................................................................................92
Yangjun Wang ...........................................................................................................................................92
Yangwei Wang ........................................................................................................................................229
Yangyang Xiang......................................................................................................................................169
Yanlai Zhang ...........................................................................................................................................159
Yanlin Song .............................................................................................................................................154
Yanlong Shao ......................................................................................................................................76, 88
Yanqiang Liu............................................................................................................................................259
Yanzhi Xia ................................................................................................................................................140
Yao Li........................................................................................................................................................387
Yaochu Cao .............................................................................................................................................306
Yaoyao Zhang .........................................................................................................................................200
Yayun Wang ............................................................................................................................................294
Ye Mei ......................................................................................................................................................237
Yeon Soo Lee..........................................................................................................................................347
Yesheng Zhu ...........................................................................................................................................228
Yi Li ...........................................................................................................................................................302
Yi Qiao ......................................................................................................................................................296
Yi Song .......................................................................................................................................................32
Yichen Wang .............................................................................................................................................72
Yifan Yan..................................................................................................................................................278
Yifeng Lei ...........................................................................................................................................41, 299
Yihang Gao ..............................................................................................................................................209
Yihua Zheng ....................................................................................................................................103, 354
Yikun Feng ...............................................................................................................................................202
Yilei Li .......................................................................................................................................................146
Yiling Yang ...............................................................................................................................................173
Yilun Liu......................................................................................................................................................81
Yiming Zhu .................................................................................................................................................85
Ying Li.......................................................................................................................................110, 111, 113
Yinghao Yue ............................................................................................................................................287
Yinghui Zhong .........................................................................................................................209, 309, 372
Yingluo Zhou ...........................................................................................................................................361
Yinheng Yue ............................................................................................................................................210
Yining Sun..........................................................................................................................................99, 144
Yinsheng Yang ........................................................................................................................359, 360, 365
Yiqi Wang .................................................................................................................................................369
Yiqiang Tang ...................................................................................................................................275, 282
Yiquan Guo ..............................................................................................................................................257
Yiwei Jiang ...............................................................................................................................................365
Yixuan Zhang ..........................................................................................................................................238
Yong Fan..................................................................................................................................................370
Yong Song .................................................................................................................................................67
Yong Zhang .............................................................................................................................................296
Yonggang Jiang ........................................................................................................................61, 172, 199
Yonghua Wang ...............................................................................................................................276, 348
Yonghui Zhang ........................................................................................................................................313
Yongjae In ................................................................................................................................................356
Yongmei Zheng .........................................................................................................................................35
Yongmei Zhua ...........................................................................................................................................66
Yongming Yao .........................................................................................................................................381
Yongping Niu ...................................................................................................................................141, 147
Yongzhen Zhang.............................................................................................................................141, 147

406

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

You Chen ...................................................................................................................................................59
You Wu.....................................................................................................................................................307
Youbing Mu..............................................................................................................................................388
Youfa Zhang ......................................................................................................................................84, 106
Youhong Sun ...........................................................................................................................................124
Youngdo Jung .........................................................................................................................................253
Yu Gu........................................................................................................................................................295
Yu Ning .....................................................................................................................................................191
Yu Tian .......................................................................................................................................................37
Yuan Chang ...............................................................................................................................................58
Yuan Chi ..................................................................................................................................................201
Yuan Gang .......................................................................................................................................359, 360
Yuan Qi ......................................................................................................................................................81
Yuanjian Han ...........................................................................................................................................310
Yuanyuan Chen ......................................................................................................................................216
Yuanyuan Su ...........................................................................................................................................202
Yubin Lan ...................................................................................................................................................81
Yuchen Zhang .............................................................................................................................69, 70, 335
Yudan Zhang ...........................................................................................................................................311
Yue Gao ...................................................................................................................................333, 337, 338
Yue Wu.......................................................................................................................................................80
Yue Zhu ....................................................................................................................................................157
Yueming Wang........................................................................................................................................134
Yueqin Gu ................................................................................................................................................298
Yujin Xu ....................................................................................................................................................349
Yulin Ma ...................................................................................................................................................234
Yulong Sun ..............................................................................................................................................385
Yumin Li ...................................................................................................................................................353
Yun Ma .....................................................................................................................................................344
Yun Pei .............................................................................................................................................164, 165
Yung Kun Kim .................................................................................................................................250, 264
Yunhai Ma .......................................................................................................... 78, 100, 214, 218, 219, 292
Yunhong Liang ........................................................................................................................254, 280, 390
Yunjie Xu ..................................................................................................................................................184
Yunlong Zhou ..........................................................................................................................................166
Yunpeng Zhang.......................................................................................................................................280
Yupeng Li .................................................................................................................................................261
Yupu Yan .................................................................................................................................................226
Yuqiu Ma ..................................................................................................................................................318
Yuqiu Song ..............................................................................................................................................350
Yurong Song............................................................................................................................................257
Yurun Guo..................................................................................................................................................86
Yuwan Yang ..............................................................................................................................................78
Yuwei Wu .........................................................................................................................................287, 305
Yuxin Cui ..................................................................................................................................................263
Yuxin Zhang ............................................................................................................................................169
Yuxiong Guo ............................................................................................................................................177
Yuyang Wei ...............................................................................................................................................83
Yuying Yan .............................................................................................................. 105, 126, 127, 128, 362
Zachary Morris ............................................................................................................................................3
Ze Wang ...................................................................................................................................324, 326, 328
Zelai Song ..........................................................................................................................................72, 214
Zengqian Liu ............................................................................................................................121, 122, 123
Zewen He .................................................................................................................................................129
Zeyu Wang ..............................................................................................................................................207
Zhang Yan ...............................................................................................................................................252
Zhaoguo Zhang .......................................................................................................................................112

407

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Zhaoxin Li ................................................................................................................................................180
Zhaoyang Guo.........................................................................................................................................299
Zhaozhi Wang .........................................................................................................................................124
Zhe Hui .....................................................................................................................................................364
Zhefeng Zhang ........................................................................................................................121, 122, 123
Zhen Liu ...................................................................................................................................................240
Zhen Qin ..................................................................................................................................................125
Zhen Wei ..................................................................................................................................................207
Zhen Yang ...............................................................................................................................................340
Zhen Zhang .............................................................................................................................................203
Zhendong Dai ............................................................................................ 32, 206, 224, 275, 282, 293, 295
Zheng Qin ................................................................................................................................................372
Zhengjie Wang ........................................................................................................................................189
Zhenglei Yu......................................................................................................................254, 256, 269, 271
Zhenglin Li ...............................................................................................................................................197
Zhengyang Wu ........................................................................................................................................103
Zhengyi Song ..........................................................................................................................................290
Zhengzhi Mu ............................................................................................................................324, 325, 328
Zhenhu Wang ..........................................................................................................................................283
Zhenjie Liang ...........................................................................................................................................245
Zhenning Liu ...................................................... 43, 125, 131, 209, 239, 249, 309, 312, 317, 353, 371, 372
Zhenquan Cui ......................................................................................................................................76, 88
Zhenyu Hu ................................................................................................................................363, 368,392
Zheyu Liu ...................................................................................................................................................37
Zhibin Jiao........................................................................................................................324, 326, 328, 329
Zhichao Dong ..........................................................................................................................................236
Zhicheng Song ........................................................................................................................................229
Zhigang Liu ..............................................................................................................................................206
Zhigang Wu .............................................................................................................................................382
Zhigang Yang ............................................................................................................................................80
Zhiguang Guo....................................................................................................................................30, 109
Zhihong Zhang ........................................................................................................ 107, 110, 111, 112, 113
Zhihua Meng ............................................................................................................................................140
Zhihui Qian ................................................................................ 87, 102, 114, 120, 135, 146, 211, 230, 237
Zhihui Zhang................................................................................................ 76, 88, 124, 254, 309, 323, 351
Zhihui Zhao ..............................................................................................................................................140
Zhilin Wu ..................................................................................................................................................231
Zhiming Liu ..............................................................................................................................................185
Zhipeng Xie..............................................................................................................................................192
Zhiqiang Ma .......................................................................................................................................61, 199
Zhiwei Liu .................................................................................................................................................158
Zhiwu Han .................... 8, 103, 158, 247, 262, 279, 320, 321, 322, 324, 325, 326, 327, 328, 329, 330, 331
Zhiyong Chang ............................................................................................ 69, 70, 218, 219, 234, 278, 335
Zhiyuan Li ................................................................................................................................................239
Zhongxu Lian ...........................................................................................................................................251
Zhongying Ji ....................................................................................................................................160, 161
Zhouyi Wang .....................................................................................................................................32, 275
Zhuangzhi Sun ........................................................................................................................................180
Zhuangzhuang Tian ...............................................................................................................................291
Zibo Gao ..................................................................................................................................................214
Zicai Zhu ....................................................................................................................................................65
Zihao Dong ..............................................................................................................................................172
Zijun Chen................................................................................................................................284, 285, 367
Ziqi Zhao ..........................................................................................................................................104, 165
Ziqiang Li..................................................................................................................................................243
Ziting Liu ...................................................................................................................................................339
Zitong Zhao..............................................................................................................................................313

408

ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN

Zixuan Yan ...............................................................................................................................................225
Ziyi Su .......................................................................................................................................................203
Ziyuan Li .....................................................................................................................................................92
Zongming Liu ...........................................................................................................................................317
Zuankai Wang .....................................................................................................................................31, 60

409

