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Conference Location

The conference will be held at Ruxin Conference Center, Beihang University.

LOCATION AND MAP OF RUXIN CONFERENCE CENTER
Ruxin Conference Center, Beihang University
Address: NO.37, Xueyuan Road, Haidian District, Beijing
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Conference Programme

Wednesday, October14, 2015, Vision Hotel
15:00-18:00

Registration

Thursday, October15, 2015
Ruxin Conference Center, Beihang University
8:00-8:20

RegistrationContinued

Welcome Address
Chair: Prof. Huawei Chen, Beihang University
Welcome Address from Prof. Jun Cai, Deputy dean of School of Mechanical
Engineering and Automation, Beihang University.
8:30-8:50
Welcome Address from Prof. Julian F. V. Vincent, President of ISBE, Oxford
University.
Plenary Session
Chair: Xiqiao Feng
Lei Jiang
Beihang University, Chinese Academy of Sciences
8:50-9:20
Topic: Smart Interfacial Materials from Super-Wettability to Binary Cooperative
Complementary Systems
Julian F. V. Vincent
9:20-9:50

University of Oxford, UK
Topic: Trade-offs, evolution and biomimetics

9:50-10:10

Photo and Coffee Break

Session 1: Biomaterial
Chair: Zhiwu Han; Co-Chair:Jianmin Miao
Friedrich G. Barth
University of Vienna, Austria
10:10-10:35
Topic: FIBER REINFORCED BIOMATERIAL: on the adaptability of cuticular
structures
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Xiqiao Feng
10:35-11:00

Tsinghua University
Topic: Multiscale Mechanics of Silk
Haecheon Choi

11:00-11:25

Seoul National University, South Korea
Topic: Bio-mimetic Flow Control Based on Surface Morphological Features
Di Zhang

11:25-11:50

Shanghai Jiao Tong University
Topic: Bio-inspired materials templates by nature species

12:00-13:00

Lunch (Restaurant of Beihang Training Center)

Session 2: Bio-inspired sensor and actuator
Chair: Haecheon Choi; Co-Chair: Qingwen Li
Wenjian Wu
13:30-13:55

National University of Defense Technology
Topic: Biological Perception and Bionic Sensor
Iain Anderson

13:55-14:20

University of Auckland, News Zealand
Topic: Multifunctional Artificial Muscles
Tao Mei

14:20-14:45

Hefei Institutes of Physical Science, Chinese Academy of Sciences
Topic: Design and Fabrication of Bionic Micro/Nano Systems
Yezhong Tang
Chengdu Institute of Biology, Chinese Academy of Sciences

14:45-15:10
Topic: Biophysical Mechanisms for Infrared (IR) Sensing and Interactions
between IR and Visual Systems in Snakes
Jianmin Miao
15:10-15:35

Nanyang Technological University, SINGAPORE
Topic: Bio-mimetic and Bio-inspired Water Flow and Chemical Sensors

15:35-15:55

Coffee Break
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Session 3: Bio-inspired Materials
Chair: Wenjian Wu;Co-Chair: Kyeong-Hwan Lee
Zhiguang Guo
Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences
15:55-16:20
Topic: An omnipotent liquid for various substrates with superhydrophobicity
inspired by nature and its beyond
Zhiwu Han
Jilin University
16:20-16:45
Topic: Functional Surface Biomimetics in Machinery System: Challenge and
Application
Francisco del Mote
16:45-17:10

Insitute de Ciencida de Materials de Madrid
Topic: Bioinspired Materials
Qingwen Li
Suzhou Institute of Nano-Tech and Nano-Bionics,Chinese Academy of Sciences

17:10-17:35
Topic: Bio-Inspired Design and Fabrication of Nanocarbon based Multifunctional
Composites
Changyong Wang
17:35-18:00

Academy of Military Medical Sciences
Topic: Bioengineered Biomaterials Based on Synthetic Biology

Banquet (Committee and invited speakers : Dongfanghong Restaurant)
(Others: Restaurant of Beihang Training Center)
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Friday, October16, 2015
Ruxin Conference Center, Beihang University
Session 4: Bio-inspired materials and Biomimetic surface
Chair: Yezhong Tang; Co-Chair: Zuankai Wang
Chengwei Wu
8:30-8:55

Dalian University of Technology
Topic: Surface Thermal Shock Protection Inspired by Bionic-Microstructure
Yongzhen Zhang

8:55-9:20

Henan University of Science and Technology
Topic: Mechanical Principle of Step Tribology
Kyeong-Hwan Lee

9:20-9:45

Chonnam National University, South Korea
Topic: Application of Bionic Engineering to Smart Agriculture
Zhendong Dai
Nanjing University Of Aeronautics And Astronautics

9:45-10:10
Topic: Synergistic interaction between claws and adhesive pads in insects:
crucial for reliable attachment on various surface textures
10:10-10:20

Tea Break

10:20-11:50

Poster Section

12:00-13:00

Lunch (Restaurant of Beihang Training Center)

Session 5: Bio-inspired materials and Biomimetic surface
Chair: Tak-sing Wong; Co-Chair: Zhendong Dai
Marc Weissburg
13:30-13:55

Georgia Institute of Technology,USA
Topic: The Ecology of Human Infrastructure
Tak-Sing Wong

13:55-14:20

The Pennsylvania State University
Topic: Biologically Inspired Slippery Rough Surfaces
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Marie Tani
14:20-14:45

Ochanomizu University
Topic: Physical approach to Capillary Rise on Legs of a Small Animal
Zuankai Wang
City University of Hong Kong

14:45-15:10
Topic: Reducing the contact time of a bouncing droplet on bio-inspired interfacial
materials: Basic sciences and practical applications
Jinkui Chu
Dalian University of Technology
15:10-15:35
Topic: Navigation sensor research and the polarization navigation mechanism of
insects
15:35-17:00

Visiting Aerospace Museum

18:00-20:00

Dinner (Restaurant of Beihang Training Center)
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Abstracts
Smart Interfacial Materials from Super-Wettability to Binary Cooperative
Complementary Systems
Lei Jiang
Beihang University, Chinese Academy of Sciences
Learning from nature and based on lotus leaves and fish scale, we developed super-wettability
system: superhydrophobic, superoleophobic, superhydrophilic, superoleophilic surfaces in air and
superoleophobic, superareophobic, superoleophilic, superareophilic surfaces under water. Further,
we fabricated artificial materials with smart switchable super-wettability, i.e., nature-inspired
binary cooperative complementary nanomaterials (BCCNMs) that consisting of two components
with entirely opposite physiochemical properties at the nanoscale, are presented as a novel
concept for the building of promising materials.
The smart super-wettability system has great applications in various fields, such as
self-cleaning glasses, water/oil separation, anti-biofouling interfaces, and water collection system.
The concept of BCCNMs was further extended into 1D system. Energy conversion systems
that based on artificial ion channels have been fabricated. Also, we discovered the spider silk‟s
and cactus's amazing water collection and transportation capability, and based on these nature
systems, artificial water collection fibers and oil/water separation system have been designed
successfully.
Learning from nature, the constructed smart multiscale interfacial materials system not only
has new applications, but also presents new knowledge: Super wettability based chemistry
including basic chemical reactions, crystallization, nanofabrication arrays such as small molecule,
polymer, nanoparticles, and so on.
Lei Jiang
Lei Jiang received his B.S. degree in solid state physics (1987), and
M.S. degree in physical chemistry (1990) from Jilin University in China.
From 1992 to 1994, he studied in the University of Tokyo in Japan as a
China-Japan joint course Ph.D. student and received his Ph.D. degree
from Jilin University of China with Prof. Tiejin Li. Then, he worked as a
postdoctoral fellow in Prof. Akira Fujishima’s group in the University of
Tokyo. In 1996, he worked as researcher in Kanagawa Academy of
Sciences and Technology, Prof. Hashimoto’s project. In 1999, he joined
Institute of Chemistry, Chinese Academy of Sciences (CAS). In 2015, he
moved to the Technoligical Institute of Physics and Chemistry, CAS.
Since 2008, he also served as the dean of School of Chemistry and
Environment in Beihang University. He was elected as members of the
Chinese Academy of Sciences and The World Academy of Sciences in 2009 and 2012. He has
published over 500 papers including 2 papers in Nature, 1 paper in Nature Nanotechnology, 1
paper in Nature Materials, 4 papers in Natural Communication, 2 papers in Chem. Rev., 5 papers
in Chem. Soc. Rev., 5 papers in Acc. Chem. Res., 32 papers in Angew. Chem. Int. Ed., 23 papers in
J. Am. Chem. Soc., and 82 papers in Adv. Mater, the works have been cited more than 33000
times with an H index of 84.
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Trade-offs, evolution and biomimetics
Julian F. V. Vincent
University of Oxford, UK
The idea of a trade-off goes back to the ancient Greeks, when Heraclitus pointed out that it was
the basis of defining a problem. Hegel called it the dialectic, Engels used the idea to model
evolution and Marx applied it to economics. At some point Pareto pointed out that it was
something to do with optimisation, and Genrich Altshuller used the same notion in his
formulation of TRIZ (Theory of Solving Problems Inventively) which was based on a Marxist
view of the World. The Pareto set is being introduced into ecological theory to model adaptive
evolution and (almost) to define “ecological niches” as a series of mutually exclusive trade-offs,
which can co-exist in any number. With such a broad set of applications, it should come as no
surprise that the trade-off can form the basis of a means of equating biology and engineering,
yielding a tool to describe and analyse biomimetics. I‟m doing this by generating an ontology,
based on TRIZ. Part of the outcome is a series of recommendations for making engineering
„greener‟.

Prof. Julian F. V. Vincent
Prof. Julian F. V. Vincent from University of Oxford is the President of International Society of
Bionic Engineering (ISBE). His MA (zoology) was from Cambridge; his PhD (insect hormones) and
DSc (insect cuticle) were from Sheffield. He is a Chartered engineer and a Fellow of the Institute
of Mechanical Engineers. He spent most of his research career in Zoology Department at the
University of Reading, studying the mechanical design of organisms and working out ways in
which aspects of the design can be used in technology. During his last 9 years at Reading he ran
the Centre for Biomimetics, which he had started with a professor from the Department of
Engineering in Reading. He was then invited to a Chair in the Department of Mechanical
Engineering at the University of Bath where he established the Centre for Biomimetic and
Natural Technologies. He has published over 320 papers, articles and books covering aspects of
mechanical design of plants and animals, complex fracture mechanics, texture of food, design of
composite materials, use of natural materials in technology, advanced textiles, deployable
structures in architecture and robotics, smart systems and structures. His book Structural
Biomaterials is a standard text. He works part-time for Swedish Biomimetics 3000.
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FIBER REINFORCED BIOMATERIAL: on the adaptability of
cuticular structures
Friedrich G. Barth
University of Vienna, Austria
Both in technology and biology composite materials are used where both high strength and
stiffness and low weight/little mass are required. Lightweight structures are an obvious advantage
for living organisms, saving material mass and energy needed to produce it and to carry it around
as in the case of animals. Not surprisingly then, evolutionary selection pressures have led to an
abundance of such structures in nature. Apart from the material they are made of, their structure
and overall shape determine their mechanical properties and the degree of their adaptedness to
their particular function.
Arthropods have an exoskeleton made of cuticle. This is a fiber-reinforced laminated
composite, which consists of chitin fibers, embedded in a proteinous matrix and precisely aligned
and arranged in different patterns. Thanks to the remarkable versatility of this biomaterial and its
mechanical properties, exoskeletal cuticular structures can cope with an impressive diversity of
functions. Among the most obvious of these are the protection of inner organs, the provision of an
efficient lever system for locomotion, and the embedding and formation of myriads of highly
specialized sensors.
With some 50 000 known species spiders are a large and successful group of arthropods.
Based on earlier studies on the general structure of their cuticle, recent research has tried to detail
the relationship between structural and functional properties of selected cuticular structures. As
shown by FE-analysis, micromechanical measurements, chemical analysis and research on details
of fiber arrangement, functional adaptation can be seen down to the micro- and nano-level.
Two cuticular structures are selected to illustrate this: (a) Slit sense organs, which are strain
sensors embedded in the cuticle. They demonstrate how to make otherwise unwanted “cracks” in
the material safe and how to adapt their arrangement to particular sensitivities. Recent results
show the “clever” use of cuticular microstructures and their visco-elastic properties to modify and
fine tune the adequate stimulus on the way to a highly sensitive vibration receptor. (b) Cheliceral
fangs, which are used to penetrate the cuticle of prey arthropods and to inject venom. Well
adapted stiffness and damage resilience is suggested by the fine-structural (i.a. fiber arrangement)
and chemical gradients (inclusion of metals) found.
Friedrich G. Barth
From 1975 to 1986, Barth was full professor for Zoology at the University of Frankfurt am
Main, and from 1987 to 2008, he was full professor of Zoology/Neurobiology at the University of
Vienna/Austria. 2008, Barth was rated as professor emeritus, University of Vienna. His research
topics including sensory biology, neuroethology and biomechanics, with spiders and stingless
bees as the main experimental animals. Barth has published more than 200 archived scientific
publications, mainly dealing with sensory biology, neuroethology, and biomechanics. Since 1996,
he worked as editor in chief for Journal of Comparative Physiology-A. He is member of various
Scientific Academies: Austrian Academy of Science, Academia Europaea, German National
Academy of Science, Leopoldina, and Bavarian Academy of Science.
Selected Barth’s honors include:Karl von Frisch Award of the German Zoological Society (2002);
Award of the City of Vienna for Science and Technology (2007).
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Multiscale Mechanics of Silk
Xiqiao Feng
Tsinghua University
Some experimental and theoretical results of biological fibers are presented with the aim to
understand their function-property-structure-composition relation. First, the structures and
mechanical properties of silkworm cocoons and silks, Bombyx mori, are studied at macro, meso,
and nano scales. The properties of cocoons and their gradient variations are measured. The
variability of mechanical properties of Bombyx mori silk is studied at the intraspecific and
intraindividual levels. Second, a facile approach is introduced to extract protein nanofibers from
natural materials, e.g., spider and silkworm silks, chitin fibers, collagen, cotton, bamboo, ramee
and hemp fibers. Third, the mechanical properties of spider webs are investigated, both
experimentally and theoretically. Especially, we reveal the physical mechanisms underpinning the
superior adhesive property of silk. Finally, spider silk and silkworm silk are systematically
compared from the viewpoint of structures and mechanical properties. Potential applications of
the results in such fields as medical engineering are briefly discussed.

Xi-Qiao Feng
Xi-Qiao Feng is a Chang Jiang Chair Professor and the head of
Department of Engineering Mechanics, Tsinghua University. He earned
a Ph.D. degree in Solid Mechanics in 1995 at TsinghuaUniversity. From
1997 to 1999, he worked as an Alexander von Humboldt research
fellow in Technical University of Darmstadt and Delft University of
Technology. He rejoined TsinghuaUniversity as an associate professor
in 1999 and was promoted to a full professor in 2001. Currently, he is
the director of Institute of Biomechanics and Medical Engineering
(IBME). He also serves as a member of editorial board of more than 10
journals, e.g., Applied Physics Letters, Journal of Applied Physics,
Engineering Fracture Mechanics, and Acta Mechanica Sinica. In addition, he was the
secretary-general of Chinese Society of Theoretical and Applied Mechanics (CSTAM) during
2010–2014.
His current interests include mechanics and biomimetics of biological materials, soft matter,
damage and fracture mechanics. He has authored and co-authored two books and more than
200 international journal papers. Selected Feng’s honors include the Award of Science and
Technology for Young Scientists of China (2007), Distinguished Young Scholars Award of NSFC
(2005), Young Scientist Award of Fok Ying Tong Education Foundation (2004), Award for Best
Doctoral Theses of China (1999), etc.
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Bio-mimetic Flow Control Based on Surface Morphological Features
Haecheon Choi
Seoul National University, Korea
The biomimetic engineering is a scientific discipline of implementing nature-inspired ideas to
engineering systems for their performance enhancement. Based on the premise that the features
of living organisms are potentially optimal solutions for their survival and reproduction, the
flow-control society has shown much interest in applying plant- and animal-based solutions to the
development of novel concepts or techniques for successful flow control. In this talk, we show
that some morphological features of living creatures such as the ridges on the leatherback sea
turtle, grooves on the scallop, tubercles on the flipper of humpback whale, alula on the feather of
the magpie, etc., are not aligned in the streamwise direction, generate strong streamwise vortices,
and control flow around or behind them, resulting in drag reduction and/or lift enhancement.
Examples of applying these morphological features to engineering devices will be introduced.

Haecheon Choi
Haecheon Choi received his B.S. and M.S. in Seoul National University in 1985 and 1987,
respectively. And he received his Ph.D. in Stanford University in 1992. Since 1993-09, Haecheon
Choi was rated as professor of Seoul National University, and from 2013-06 to 2015-06 he was
the chair of Department of Mechanical & Aerospace Engineering. Choi is the member of the
National Academy of Engineering of Korea and the Korean Academy of Science and Technology
and the fellow of the American Physical Society. His research interests include:Turbulence, Flow
Control, Computational Fluid Dynamics and Bio-Mimetic Engineering. He is associate editor of
Journal of Fluid Mechanics and Journal of Computational Physics, advisory board associate
editor of Physics of Fluids, editorial adv. board of International Journal of Multiphase Flow,
advisory editor of Flow, Turbulence and Combustion, editorial board of International Journal of
Heat and Fluid Flow, Chair of Fluid Engineering Division, Korean Society of Mechanical Engineers,
and member of IUTAM Symposia Panel for Fluid Mechanics.
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Bio-inspired materials templates by nature species
Di Zhang
Shanghai Jiao Tong University
Biological materials naturally display an astonishing variety of sophisticated nanostructures
that are difficult to obtain even with the most technologically advanced synthetic methodologies.
Inspired from nature materials with hierarchical structures, many functional materials are
developed based on the templating synthesis method. This review will introduce the way to
fabricate novel functional materials based on nature bio-structures with a great diversity of
morphologies, in State Key Lab of Metal Matrix Composites, Shanghai Jiao Tong University in
near five years. We focused on replicating the morphological characteristics and the functionality
of a biological species (e.g. wood, agriculture castoff, butterfly wings). We change their original
components into our desired materials with original morphologies faithfully kept. Properties of
the obtained materials are studied in details. Based on these results, we discuss the possibility of
using these materials in photonic control, solar cells, electromagnetic shielding, energy harvesting,
and gas sensitive devices, et al. In addition, the fabrication method could be applied to other
nature substrate template and inorganic systems that could eventually lead to the production of
optical, magnetic. or electric devices or components as building blocks for nanoelectronic,
magnetic, or photonic integrated systems. These bioinspired functional materials with improved
performance characteristics are becoming increasing important, which will have great values on
the development on structural function materials in the near future.

Figure 1. Bioinspired materials templates by nature species with various applications
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Di Zhang
Di Zhang is a professor of materials science of the “Yangtze River
(Changjiang) Scholarship Scheme” and the Chief Scientist of National
973 (Key Basic Research) Project. He got his bachelor of Sciences in
Materials Science from Xi-an Jiao Tong University China in 1982. And
got the master and doctor degree of Sciences in Materials Science from
Osaka University, Japan in 1985 and 1988. From 1991 to 1998, he
worked as visiting scholar or professor in Yuasa Corporation, Japan,
Kyoto University, Osaka University, Max Planck Institute for Metals
Research and Saga University. Now, he is the executive director of the
Chinese Society of Composite Materials. Director of Professional
Committee of Ceramic Matrix and Metal Matrix Composites. Associate editor of “Composite
Materials”, in China and editorial board of international journals of "Composites Science and
Technology", “Bio-mimetic, Bio-inspired, Nanomaterials”.
Professor Zhang’s research fields are process of advanced metal matrix composites, basic and
applied research of biomorphic materials and morpho-genetic materials. He is interested in the
study of biomimetic metal matrix composites with nacre laminated structures, such as metal
matrix composites reinforced with carbon nanotubes (CNTs), Graphenes, SiC and boron carbides
et al. The idea of biomorphic materials he proposed breaks through the traditional thought of
composite materials by introducing the perfect structure of nature in the traditional process of
materials science. In the above research field, he has published more than 300 papers, 3 books.
In the biomimetic research filed, he has published more than 100 papers especially in Advanced
Materials, Advanced Functional Materials, Angewandte Chemie International Edition and one
book published by Springer. He has been invited to talk 30 times at international conferences.
Applied and obtained 43 patents, ten papers were selected as cover paper, nine papers were
indexed as hottest paper, and highlighted six times. His work has attracted many attentions from
scientists and industries in the field of environment and new energy. And major works were
reported by famous international scientific media (such as, Discovery Channel, NewScientist,
ScienceDaily, Nature China, Semiconductor International). Moreover, he accepted the interview
from Discovery Channel News and was reported in their TV programs ‘Daily Planet’.
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Biological Perception and Bionic Sensor
Wenjian Wu
National University of Defense Technology
We are aiming to construct a geomagnetic sensor that will works like an pigeon. Up to now,
following researches have been performed: (1) A new member of magnetosensitive protein,
cryptochrome 1 (ClCry1), isolated from Columba livia, has been cloned and expressed
successfully. The key cofactor, flavin adenine dinucleotide (FAD), is bounded non-covalently to
the protein in its semireduced state. (2) With yeast two-hybrid experiments and high-throughput
sequencing, we have isolated seven candidate proteins that interact with ClCry1. Understanding
downstream receptor protein in vivo is critical to get an amplified signal in developing a bionic
geomagnetic sensor. (3) Based on the biological mechanism and the structure of the protein, a
series of ternary compounds have been synthesized with flavin and Trp connected by a carbon
chain. Different number of carbon atoms in the bridge chain can adjust the separation between
electron donor and receptor as happens in protein. (4) With transient fluorescence spectroscopic
observation at room temperature, we see that both the protein ClCry1 and bionic molecule are
sensitive to applied magnetic fields ranging from 50 to 300 μT, the approximate strength of the
Earth‟s field or a little above, but there is no measurable response to a magnetic field above 1 mT.
This is the first demonstration of a static magnetic field as weak as that of the Earth (~50μT) can
produce detectable changes in a protein or an artificial molecular at physiological temperature.
Insects exhibit exquisite sensitivity and selectivity to special kinds of odorous stimuli, and their
olfactory system are much simpler than mammalian‟s due to independent of G-protein signaling
pathway. By cloning some key genes of odor receptor (OR) from fruit fly and ionotropic receptor
(IR) from mosquito, and expressing the proteins in xenopus oocytes, we are trying to construct a
bionic odorant sensor, which will works alike a real nose, and will be sensitive to explosive vapor
and human skin volatile. This study provides an alternative way for the construction of odorant
sensors, and would promote the development and application of bionic odorant sensors,
especially service for life rescue and disease diagnosis.
The miraculous sonar system make dolphin can recognize different fish and find out its food in
sludge or sand underwater. We have scanned heads of dolphin, pygmy sperm whale, and cowfish
with computed tomography, dissected their physiological structure of respiratory system, and
measured mechanical properties of their related organs and tissues. Based on these sets of three
dimensional data and observation results, we can do our researches carefully on biological
mechanism of dolphin's sonar, and it is expected reasonably to develop a lifelike sonar. We have
rebuilt mathematic modeling of skull, breathing tube, and air sac for a Chinese white dolphin, it
will be used for 3D printing to prepare an artificial air tube for our bionic sonar.
Wenjian Wu
Wenjian Wu received Ph.D. in chemistry at Central South University
(Changsha, China) in 1994, whereafter, he has been working at National
University of Defense Technology. He was promoted to be professor in
2000, and served as head of Department of Chemistry and Biology
(2009-2013). Currently, his research interests are biosensing and bionic
navigation, biomaterial and bionic structure, and his group focus on
researching biological mechanism and simulation of the life vitality in
bionic researches. He also serves as fellow membership of International
Society of Bionic Engineering, vice chairman for Applied Chemistry
Committee in Chinese Chemistry Society, and guest professor at State
Key Laboratory of NBC Protection for Civilian in Beijing.
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Multifunctional Artificial Muscles
Iain Anderson
University of Auckland, News Zealand
Dielectric elastomer (DE) artificial muscles are multifunctional; they can be used for the
construction of soft robots, sensors, and energy harvesters. DE that are arranged antagonistically,
like muscles, can turn a shaft in an action that mimics the thumb and forefinger turning a pencil.
Electrically DE resemble capacitors and when they are stretched or compressed, strain can be
inferred through measured capacitance change. When deformed, mechanical energy can be
imparted to surface electrical charge. This energy can be harvested using passive electronic
circuitry that enables the harvester to be coupled to natural motions, such as swaying trees, and
moving limbs. Strain dependent resistance change can also be used for charge control using
dielectric elastomer switches (DES) that are patterned on the DE surface and that can be used in
the place of electronics.
New research vistas will involve devices that utilize more than one DE function at the same
time. For instance DES have been used in conjunction with DE muscles to produce a
self-commutating DE motor, a DE oscillator, and a DE computer. DE strain sensing can be
combined with actuation to produce self-sensing; something akin to proprioception[3]. We are
currently exploring the use of DES with DE muscles to produce a crawling robot with no control
electronics. We are also combining DE sensing with DE energy harvesting to produce a
self-powering sensor. This could be useful for wearable applications involving body motion.
In my talk I will elaborate further on the functions of DE and finish on the recent work that
involves crawling robots and self-powered sensing.

Iain A. Anderson
Iain Anderson is an Associate Professor with the Auckland Bioengineering Institute (ABI) and
the Department of Engineering Science at the University of Auckland. He has worked as a
product designer (Fisher and Paykel Ltd) and a research engineer (Industrial Research Ltd., New
Zealand). In 2006 he founded the Biomimetics Laboratory at the ABI. His research interests
include control and self-sensing aspects of artificial muscle technology for energy harvesting and
soft robotics applications. He is a founder, director and Chief Scientist for StretchSense Ltd., a
Biomimetics Lab spin-out company, launched in 2012 that produces soft elastomer sensors for
monitoring human motion.
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Design and Fabrication of Bionic Micro/Nano Systems
Tao Mei
Hefei Institutes of Physical Science,Chinese Academy of Sciences
The paper is a brief summary of a five-year research project, „Bionic design and fabrication
method of micro/nano optic-mechatronics systems‟, supported by the National Basic Research
Program of China (973 Program). The research purpose of the project is to develop a systemic
method to invent high performance optic-mechatronics systems by mimicking the micro/nano
functional structures related with the extraordinary sensing, controlling and manipulating abilities
of nature creatures.
Learning from nature creatures, modeling the functional structures and fabricating the required
micro/nano structures are the theory and technical bases to achieve the goal. Many
extraordinary abilities of nature creatures are related with the micro/nano structures of their
functional tissues. Noise reducing ability of owls is related with the micro structures of the
feather and the skin. Navigation ability of ants in deserts is based on the nano polarized optical
grating in some ommatidia in the ommateum. Scrambling ability of inserts is determined by the
micro/nano setae or hooked spines of the paws mainly. The structure features related with these
abilities in the model organisms are investigated firstly. Then, the mathematic models of the
functional micro/nano structures are developed by analyzing the scale effects of the functional
properties. Furthermore, the fabrication processes of micro/nano structures are developed to
mimic the specific patterns in the functional tissues of the model organisms.
Noise reducing surfaces and structures with micro holes and biomimetic shapes, polarized
skylight navigation sensors with nano grating and scrambling robots with micro/nano setae and
hooked spines have been developed to verify the proposed theory and technic method.
Experiment results show that the bionic structures, devices and systems have the abilities like the
model organisms.

Tao Mei
Tao Mei has been the director of Robot Institute, China Security &
Surveillance Technology, Inc. since January 2014. He received B.S.
degree from the Department of Mechanical Engineering of Zhejiang
University of China on July 1982, and PhD degree from the Department
of Mechanics of the University of Science and Technology of China on
Dec. 2001. He was the director of the Institute of Advanced
Manufacturing Technology, and vice president of Hefei Institutes of
Physical Science, Chinese Academy of Sciences (CAS).
His research interests are included in biomimetic robots and sensors,
intelligent vehicle, and MEMS. He is the PI of 973 program “Biomimetic
Design and Fabrication of Micro/nano Optic-electro-mechanical Systems”, NSFC key project
“Key Technologies and Platforms for Unmanned Vehicle in Urban Environment”, and CAS
innovation project “Humanoid Robot”. He has published 218 papers and holds 16 patents.
He is the standing committee member of Chinese Society of Automation and vice-chairman of
Sensor Technology Committee in Chinese Society of Instrumentation.
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Biophysical Mechanisms for Infrared (IR) Sensing and Interactions
between IR and Visual Systems in Snakes
Yezhong Tang
Chengdu Institute of Biology, Chinese Academy of Sciences
Many animals have developed specific organs to detect the infrared (IR) radiation of middle
and long wavelengths while only Crotalinae snake species (pit vipers) are considered to be
capable of infrared (IR) imaging. The pit organ located between the eye and nostril on each side
of the viper‟s face. Thousands of IR receptors anchored on the pit membrane which serves as an
IR detector. The facial pit appears to function as an „eye‟ because it can compensate largely for
visual deprivation. Pit viper brains process a visual-thermal multispectral image. It has been
argued for a long time what the physical base is for IR sensing, e.g. photo or heat mechanism.
How the visual system interacts functionally with IR one is still an open topic since visible
(0.38-0.75 µm) lights and IR (0.8-30 µm) radiations emitted by endotherms have the same
physical characteristics.
Combined morphological, behavioral and neurophysiological protocols, we measured
structures of pit organs, tested patterns of behavioral response and recorded neural potentials
when stimulating pits and eyes with different wavelengths of light in varied intensities. The
results show that 1) there are two mechanisms for IR sensing, i.e. photo and heat coexist,
suggesting at least two types of receptor in the pit membrane; 2) pit orientations varied on the
base of head shapes, and pit sizes correlated inversely with eye sizes, implying a functional
overlap between visual and IR systems; 3) the infrared senses normally worked in concert with
the visual system in three patterns: corporation, compensation and inhabitation.

Yezhong Tang
Yezhong Tang is a professor and director of Department of Herpetology,
Chengdu Institute of Biology, Chinese Academy of Sciences. His
professional memberships include:International Committee of the World
Congress of Herpetology, Deputy President of Animal Behavioral Seciaty of
China, Deputy Director of Sichuan Zoology Seciaty, Deputy Director of
Sichuan Seciaty for Cognitive Science, Deputy President of Sichuan Wildlife
Conservation Association, Member of the Society for Neuroscience,
Member of International Society for Neuroethology. His research is
focused on two biophysical fields: infrared perception in beetles/snakes
and acoustic communication in frogs/geckos. The research aims of infrared
perception are to shed lights on 1) molecular and physical mechanisms for
infrared sensing and imaging and 2) integrative processing of visual and infrared information.
The goals of studying acoustic communication are to understand 1) what drives evolution of the
acoustic signal system and 2) how the neural underpinnings of acoustic communication function.
# 9, Section 4, South Renmin Road, Chengdu, Sichuan PR China 610041
Tel: 86-28-8289-0799 E-mail: tangyz@cib.ac.cn
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Bio-mimetic and Bio-inspired Water Flow and Chemical Sensors
Jianmin Miao
Nanyang Technological University, SINGAPORE
In the past eight years, bio-mimetic and bio-inspired MEMS sensors have been intensively and
successfully developed for the water flow and chemical monitoring in close collaboration with
MIT at SMART (Singapore-MIT Alliance for Research and Technology). A bio-mimetic and
bio-inspiration approach has led to microsensors with better performance for a wide range of
possible applications.
Fishes use their mechanosensory lateral-line system to detect minute disturbances underwater.
The fish lateral-linesconsist of superficial and canal neuromast sensory sub-systems for direct flow
measurement, higher immunity to noise and greater signal selectivity. In this paper, design,
fabrication and experimental characterization ofultrasensitive MEMShair cell sensors encapsulated
into biomimetic canals will be presented. The experimental characterization of the MEMS canal
encapsulated sensors in the presence of steady and unsteady flow conditions validates the
biomechanical high-pass filtering function of the canals.
Shark has well reputed smelling capacity as its olfactory organs are highly responsible for
perceiving and analyzing odorant information to initiate food searching, and to mediate
reproductive behavior. Shark‟s ultrasensitive olfactory sensing is significantly attributed to the
presence of cilia (ciliated receptor cells) on sensory epithelium, which is scattered on the side
wall of each olfactory lamella. The abundance of these micro-sized standing cilia substantially
increases surface area in contact with odorant molecules, providing the shark more opportunities
to capture scents in water.Inspired by morphological structure of ciliated receptor cells, we design,
fabricate and characterize a miniaturized MEMS chemical sensor with micropillar electrode array,
which mimics the biological function of shark‟s olfactory sensor. Electrochemical experiments
with our biomimetic chemical sensor show excellent redox repeatability and accuracy under wide
range of scan rates. Measurement of Pb yields undistorted, well-defined stripping peaks with
good linearity. Limit of detection (LOD) down to 0.8 ppb is obtained, suggesting our sensor is
capable of detecting very low Pb concentration in water samples given international guideline
value is 10 ppb.
Jianmin Miao
Professor Jianmin Miao received his bachelor degree from the Tongji University, Dipl.-Ing. and
Dr.-Ing. degree in Microelectromechanical Systems (MEMS) from the Darmstadt University of
Technology, Germany. After spending several years in industry for sensor/MEMS development,
he joined the Nanyang Technological University in 1998 to establish the Micromachines (MEMS)
Centre as the Founding Director. Professor Miao has collaborated with MIT at the
Singapore-MIT Alliance for Research and Technology (SMART) since 2007 and was a visiting
professor at MIT in 2013. He has been a distinguished visiting professor at the Shanghai Jiantong
University since October 2013. He has authored or co-authored nearly 400 papers in
international journals and conferences, several book/chapters, and holds 20 patents. He is the
member of the editorial board of the Sensors, the Journal of Microelectromechanical Systems,
the Journal of Micromechanics and Microengineering, has served as Chair and Co-Chair of
MEMS/nanotechnology international conferences, technical committee member of
international conferences, including the IEEE-MEMS and Transducers conference. He was
invited by several international MEMS/Nanotechnology conferences as plenary speaker,
keynote lecturer, and invited speaker.
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Physical approach to Capillary Rise on Legs of a Small Animal
Marie Tani
Ochanomizu University
In these days, micro structures of animals, insects or plants and their roles have been paid
much attention from not only bioengineering but also physical interests. In particular, imbibition
of textured surfaces, which is the surfaces covered with homogeneous micro-pillar arrays, has
been actively studied partly because of the potential for transport of a small amount of liquids. In
most cases, the imbibition dynamics is described by a scaling law which is similar to that for
capillary rise in a tube (Washburn‟s law), namely imbibition length scales with the square root of
elapsed time, although different scaling laws have been recently found, for example in. In both
cases, imbibition slows down with time, which limits applications with long distance transport of
liquid especially in the case of high viscous liquid. However, in this study, we found non-slowing
down dynamics on a macroscopic scale for the imbibition of the legs of the wharf roach (Ligia
Exotica), which is a small animal that lives by the sea and absorbs water from the sea with their
legs covered with a remarkable array of small blades of micron scale. Inspired by its remarkable
features, we also studied imbibition of the artificially textured surfaces mimicking the surface of
the legs. Unlike the case of the wharf roach, the linear (non-slowing down) dynamics were not
reproduced, but the non-linear dynamics for imbibition of the artificial textured surfaces revealed
that hybrid structures on the artificial surfaces speeds up the water transport compared with
non-hybrid ones. Furthermore, the dynamics was well described by a composite theory which we
developed. This result gives us useful guiding principles for designing hybrid textured surfaces
for rapid imbibition. This is a collaboration work with Daisuke Ishii, Shuto Ito, Takahiko
Hariyama, Masatsugu Shimomura and Ko Okumura.

Marie TANI
Marie TANIis a research fellow of JSPS (Japan Society for the Promotion of Science), and
currently she is also a Ph.D. candidate of Department of Physics, Ochanomizu University, JAPAN.
Her supervisor is Prof. Ko OKUMURA. The field of her interests is quite wide, but consistently she
is interested in natural phenomena seen in our daily lives, and wants to understand them
physically. In these days, she has been working on wetting of micro-patterned surfaces by
carrying on simple experiments and developing simple theoretical models. Her first paper
published in 2014, which is about capillary rise on surface of the legs of a small animal, is a
collaboration work with a biologist, chemical engineers, a polymer chemist, and physicists.
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Functional Surface Biomimetics in Machinery System:
Challenge and Application
Zhiwu Han
Jilin University
Nowadays, there are more and more machineries in the world instead of people to do some
heavy work, which is almost beyond our limit. Absolutely, they bring convenience to our lives.
Whereas a lot of problems also emerge at the same time, among which are adhesion of particle,
severe wear, and frequent friction, etc. Not only would they lead to low efficiency, but also
enhance the cost on both manufacture and maintenance.
Natural selection is survival of the fittest. The properties of the organism have reached nearly
perfect. Many biological surfaces have distinguishing properties, some of which have inspired
materials design and manufacture. Such as the problem of clay adhesion, it has been solved by
some soil-burrowing animals like dung beetle, pangolin and earthworm, having a significant
ability to prevent soil from sticking to their bodies because of the evolution of their biological
systems through the exchange of matter, energy and information with soil over millions of years.
In this study, traditional methods manufacturing some typical devices are introduced, and
problems of conventional machineries are also discussed. Most of all, many characteristics, for
example, the anti–adhesion of dung beetle, the self-cleaning of lotus leaf, reducing digging
resistance of microtus, reducing skin friction drag of shark, are presented. The typical
morphological structures and mechanism have been well analyzed. These good features have
been successfully applied to the mechanical system interface.
The results show that the bionic plow, inspired from the surface of dung beetle, can save the oil
consumption to 5.6%～12.6% and reduce the plowing resistance to 15%～18%. Compared with
conventional deep-shovel, the bionic deep-shovel could reduce resistance to 19%. Compared with
deep-shovel made in Japan, it could reduce resistance to 6%-8%. And the performance of other
bionic machinery is also improved significantly.
We believe, in the near future, there must be more and more biological models applied to the
machinery system. The world will become more efficient, and our life will become more colorful.
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Zhiwu Han
Dr. Zhiwu Han is a professor in Bionic Science and Engineering, and
Dean in Key Laboratory of Bionic Engineering (Ministry of Education),
JilinUniversity. His research interests include machinery biomimetics
and simulation, functional surface biomimetics, biomimetics sensor,
and bionic technology applied in engineering, etc.
He has been selected Distinguished professor of Chang Jiang
Scholars Program, the Distinguished Young Scholar of Natural Science
Fund of China, the State Candidate of Millions of Talents Project in the
New Century, the Cross-century Excellent Talents of Ministry of
Education, the Expert of the State Council Special Allowance. He was
senior visiting scholar at OxfordUniversity in UK. He is the State Representative of International
Society of Bionic Engineering (ISBE), and Fellow.
Prof. Han has attained 4 scientific and technological awards on the state and provincial level
and 2 international academic awards. He has authorized 20 pieces of the state invention patent,
and taken charge of 15 projects on the state and provincial level. He has published more than
150 articles, and 70 articles are indexed in SCI. He has published two articles as front cover
paper in Nanoscale.
Prof. Han is Editor-in-chief of Journal of Advanced Biotechnology and Bioengineering,
Associate Editor of International Journal of Complex Systems -- Computing, Sensing and Control
(IJCS), the editorial Board Member of Journal of Bionic Engineering, .and the editorial Board
Member of Tribology.
His research results has sparked domestic and overseas attention in science and technology,
industry, aviation and business field, and were highly evaluated and reported in long interview
by more than 60 famous domestic and overseas science and technology magazines or web sites,
including NSFC, ACS News Service Weekly PressPac, Scientific American, ScienceDaily, EurekAlert
and The Economist. ACS News Service Weekly reported in Press Release.
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Bioinspired Materials
Francisco del Mote
Insitute de Ciencida de Materials de Madrid
The most complex hierarchically organized chemical structures (e.g., from the nanoworld of
proteins to the macroscopic structures of oyster shells, bone and enamel, among others) can be
found in nature. This is why the imitation of Nature has called the attention of numerous research
groups during the last years. The understanding of the processes through which inorganic atoms
and organic macromolecules self-assemble into organized architectures and complex forms must
allow for the design of new bioinspired routes for materials preparation. In this talk, we will
describe different bioinspired approaches providing hierarchical materials – e.g. from regular
synthetic processed based on self-assembly to those based on the activity of enzymes and/or
microorganisms themselves. We will also see how the performance of these materials
(irrespective of the particular field of application, ranging from microbial fuel cells and
supercapacitors to gas adsorption up to biomaterials) depends on the integration of the individual
components into the hierarchical structure.

Francisco del Monte
Francisco del Monte is a Scientist at the Instituto de Ciencia de Materiales de Madrid
(ICMM-CSIC) in Spain. He received a BSc degree in organic chemistry in 1991, an MSc degree in
polymer science in 1992, and a PhD in chemistry in 1996. He then spent two years as a
postdoctoral fellow at the University of Los Angeles, California. Since 2004, he leads the Group
of Bioinspired Materials at the ICMM-CSIC. His current scientific interest is the use of biomimetic
chemistry and deep eutectic solvents for the preparation of hierarchically organized materials.
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Bio-Inspired Design and Fabrication of Nanocarbon based
Multifunctional Composites
Qingwen Li
Suzhou Institute of Nano-Tech and Nano-Bionics,Chinese Academy of Sciences
To design the structure for high performance and multifunctional composites, nature has
offered us with rich scientific and technological clues from the formation of biological
composites using common organic componentsvia mild and green approaches.For
example,super-tough spider fibers are derived from desirable orderly organization of linear
protein molecules,strong hard nut skins are assembled from the mixture of cellulose and lignin
molecules,and wear-resistant molluscanshells are a result of biomineralization of calcium
carbonates in a brick-and-mortar manner.To make these natural composites mechanically strong,
an orderly organization and a homogeneous distribution of majorcomponents such as
proteins,cellulose molecules, or nanometer-sized crystals of carbonated calcium phosphates or
calcium carbonates is a key structural feature.However, for synthetic functional composites,
uniform dispersion and well controlled assemble of nanosized components in the second matrix
are usually hard to be achieved due to severe aggregation induced by strong nanoscale
interfacial interactions, especially upon a high percentage loading of nanocomposnent.Herein,
wedemonstrateaapproach to enable the composite structure with highly aligned and unaggregated
one-dimensional CNTs, by learning the formation process of biological composites. The resultant
CNT composites exhibit ultra-high and stable tensile strengths up to 6.27–6.94 GPa and
toughnesses up to 117–192 MPa, corresponding to the energies absorbed before rupturing of
75–124 J g-1 by considering the mass density of ~1.55 g cm-3. Such tensile strengths have been
more than 100% higher than those of carbon fiber/epoxy composites. We also anticipate that our
processing method can be generalized for developing multifunctional and smart nanocomposites
where all the surfaces of nanometer-sized components take part in shear transfer of mechanical,
thermal, and electrical signals.
Qingwen Li
Dr. Qingwen Li got her M.S. and PhD in physical chemistry in 1990
and 2000 from Shandong University and Tsinghua University,
respectively. She started her research in carbon nanotubes in 2001
when she joined Prof. Zhongfan Liu’s group as a postdoc. Her interests
include carbon nanotube controllable growth, surface modification and
application development. She once worked with Prof. Alan Windle in
University of Cambridge from 2003 to 2005 on wet-processing of
carbon nanotubes, and Dr. Y. T. Zhu at Los Alamos national laboratory
from Mar. 2005 to Dec. 2007 on growing ultralong carbon nanotube
arrays and spinning strong carbon nanotube fibers. She joined Suzhou
Institute of Nano-tech and Nano-bionics (SINANO) at the end of 2007,
as a professor of “hundred talent project” supported by Chinese Academy of Science. She has
published over 100 peer reviewed journal articles and achieved 50patents. Dr. Li won the Nano
50TM and Micro 25 awards in 2007 (US) and also award of excellence by Los Alamos National
lab. Dr. Li's current research focus is on the development and applications of carbon nanotube
based composites.
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Bioengineered Biomaterials Based on Synthetic Biology
Changyong Wang
Academy of Military Medical Sciences
Natural protein biomaterials traditionally have been drawing much attention as great materials
having many applications in biotechnology and biomedicine owing to their distinct material
characteristics such as outstanding strength, toughness, and elasticity as well as biodegradability
and biocompatibility. With various applications foreseeable in industry, there has been much
effort to produce recombinant protein biomaterials in large amounts. However, owing to the
difficulties in their production using prototypic creatures, alternative host systems and the
emergence of synthetic biology provides a new opportunity for the natural biomaterials
development. Here, we reviews the application of synthetic biology in natural protein
biomaterials development and manufacturing, including novel biomaterials discovery,
biosynthetic elements screening, rationaldesign-based natural biomaterials biosynthesis, natural
biomaterials biosynthesis and optimization in the heterologousartificial chassis cells. In
particular,attentions were paid on ourrecent study on the producingof bioengineered biomaterials,
such as spider silk and resilin.

Changyong Wang
Prof. Changyong Wang is Vice Dean of Institute of Basic Medical
Sciences, Directorof the Department of Advanced Interdisciplinary
Studies, Director of Tissue Engineering Research Center in Academy of
Military Medical Sciences, and Visiting Professor of ‘Pearl River’
Scholar in Guangdong Province. He is the Director of Branch of
Bio-material of CSMS,vice chairman of the Chinese Society of
Bio-manufactural Engineering, deputy director of Tissue Engineering
and Regenerative Medicine Branch Committee and the Member of the
Whole Organ Tissue Engineering thematic group(WOTE) of TERMIS.
Prof. Wang’s research focuses on tissue engineering, bionic
engineering and neural engineering, with emphasis on studies related to vital living organ
bioengineering including Cardiac tissue,neural tissue, hepatic tissue,kidney as well as Uterus
tissue engineering, Scalable expansion and differentiation of stem cells, fabrication of high
performance bionic biomaterials including spider silk, resilin-based bio-rubber, and neural
engineering-related equipment and system.
Prof. Wang is the owner of National Natural Science Funds for Distinguished YoungScholar,
Special engagement foreign expert of Romania medical societies. Assume theresponsibility of
several key national program of China, including Key Program of NationalNatural Science
Foundation, National Key Basic Research and Development Program, Major International
(Regional) Joint Research Project, National High Technology Research and Development Program
of China.
Tel: +86-10-66931305E-mail: wcy2000@yahoo.com
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Surface Thermal Shock Protection Inspired by Bionic-Microstructure
Chengwei Wu
Dalian University of Technology
To prevent the nuclear power facilities from crack caused by the cold water thermal shock at
the primary pump shaft and the piping system，a new method for thermal shock protection is
proposed. The proposed thermal shock protection technique is based on bionic surface with
microstructure covered with a layer of water film. Due to the low thermal diffusivity of the water
film，the thermal stress at the surface caused by the thermal shock is reduced and the probability
of the thermal fatigue failure of the structure will be decreased. In the present paper，using
COMSOL multi-field coupling analysis software，the temperature field and thermal stress
distribution of microstructure at the solid surface are analyzed combining finite elements method
and infinite elements method. Effects of thermal shock time, the transition corner between
microstructure and bulk material, the thickness of viscous boundary layer and the boundary
temperature difference on the surface thermal stress are studied. Based on the simulation results，
it is found that the surface microposts or microtubes can remarkably reduce the thermal stress
resulting from the water thermal shock. The thermal stress generated in the surface is released
due to the surface microstructure，and the transition corner between microstructure and bulk exits
an optimal value.

Chengwei Wu
Chengwei wu is the vice dean of Faculty of Vehicle Engineering
Mechanics (FVEM). Chengwei Wuobtained his Ph.D. degree in
mechanical engineering from Tsinghua University, Beijing, China, in
1987. He has worked in Dalian University of Technology since 1988. He
was promoted to associate professor in 1990 and full professor in 1992,
respectively. From 1994 to 1997, he had worked in Advanced Materials
Lab. in North Carolina State University as a visiting professor. He has
received many awards from China government, including Outstanding
Specialist awarded by Dalian city government, Outstanding
Specialist awarded by Liaoning Province government, Award of China Youth Science &
Technology by China government, etc. He has published over 200 papers, half of which are
published in English in international journals, and co-authored four books with domestic and
abroad professors. Now his main research interests include: bio-materials and bionic-design,
biomechanics and solid mechanics.
Tel: (0411) 84706353Email: cwwu@dlut.edu.cn
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Mechanical Principle of Step Tribology
Yongzhen Zhang
Henan University of Science and Technology
The slipping and falling accidents are a serious problem in many countries during walking，
researches show that slipping is one of the most common causes of falling accidents, but the
occurrence and the mechanisms of slipping of has not been studied systematically up to now. In
this study, mechanical principle of step tribology when people walking on level static platform,
slope platform, level platform with accelerated motion was studied by gait friction tester
developed by Henan University of Science and Technology. Dynamic force acting on sole can
represent the contacting process of walking, based on dynamic force, the stepping process
consists of two states (landing and taking off). Landing state is braking process, whichdetermines
the velocity of the body and makes the body change from accelerated motion state to static state
momently; while taking off state is speeding up process, whichprovidedriving force to body to
make it change from instantaneous statics to accelerated motion. Dynamic friction coefficient can
be used as criterion of slipping possibilities, larger friction coefficient means more dangerous in
slippery. The friction coefficient of braking process increases with larger slope inclination when
walks down, which makes slipping backward easily; the friction coefficient of taking off process
increases with larger slope inclination when walks uphill, which leads to slipping forward easily.
When walking on accelerated motion platform which the direction of acceleration is opposite to
that of walking, the tendency of slipping backward increases with larger acceleration; slipping
forward is easier with larger acceleration in taking off process when the direction of acceleration
is same to walking. The impulse can represent the change of energy when people walking,
furthermore, the impulse and the dynamic friction coefficient have same trend at different
walking conditions as above.
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Application of Bionic Engineering to Smart Agriculture
Kyeong-Hwan Lee
Chonnam National University, South Korea
Nature has evolved objects with high performance using commonly found materials. These
function on the macroscale to the nanoscale. Agriculture works in nature. It has been developed
in harmony with nature. Bionic engineering is to apply biological methods and systems found in
nature to the study and design of engineering systems. Therefore, agriculture could be the hottest
application area of bionic engineering.
With the advanced technology, smart agriculture was emerged in 1990s. The concept of smart
agriculture is to optimize the yield per unit of farming land by using modern technologies in a
sustainable way, achieving best in terms of quality, quantity, and economic return. The
technologies required for smart agriculture include global navigation satellite systems (GNSS),
sensors and controls, big data-based decision making system, plant and animal physiology, and
robotics.
The major objective of this study was to review bionic engineering technology and find the
possibility of its application to smart agriculture. Sensorics, robotics, material science,
information and communication technology were chosen for study because, among other things,
they were well-established fields within bionic engineering and key areas for smart agriculture. In
this study, we focused on the following questions: What are the most technological challenges for
the implementation of smart agriculture? And how bionic engineering can contribute to solve the
problems?

Kyeong-Hwan Lee
Kyeong-Hwan Lee received the B.S. and M.S. degrees in Agricultural Engineering from
Chonnam National University, Gwangju, Korea, in 1996 and 1998, respectively and the Ph.D.
degree in Biological and Agricultural Engineering from Kansas State University, Manhattan,
Kansas, U.S.A. in 2005.
He joined Chonnam National University in 2010, where he is currently an associate professor
in Rural and Biosystems Engineering and a director of Agricultural Robotics and Automation
Research Center. His research interests include sensors, intelligent biosystems, miro/nano
biosensors, and nature-inspired biosystems.
Dr. Lee received the best Ph.D. Dissertation Award and Honorable Mention Paper Award from
American Society of Agricultural and Biological Engineers in 2006 and 2008, respectively, Best
Paper Award from Korean Society of Agricultural Machinery in 2012. He is a member of the
editorial board of Transactions of the ASABE, Applied Engineering in Agriculture, Engineering in
Agriculture Environment and Food, and Journal of Biosystems Engineering.
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Synergistic interaction between claws and adhesive pads in insects: crucial for
reliable attachment on various surface textures
Zhendong Dai
Nanjing University Of Aeronautics And Astronautics
To meet the requirement of reliable attachment on inclines with various rough surfaces, many
insects have evolved both claws and adhesive pads on their feet. The functional significance of
each type of attachment devices were extensively studied before. However, we still have a very
little knowledge about the interaction of these organs during attachment on substrates of various
rough substrates. Here we carried out mechanical tests using a bio-inspired attachment device and
demonstrated strong interaction between claws and adhesive pads which synergistically improve
performance of the entire system. The results revealed that claws dissipate high amount of energy
and generate strong forces, if the radii of surface asperities are comparable to the claw radii.
However, attachment ability of stiff claws falls with an increase of protrusions sizes and at certain
dimensions becomes insufficient to prevent sliding. On the other hand, adhesive pads generate
considerable adhesion on large protrusions due to large contact areas. Comparisons shown that he
attachment device which consists of stiff claws and adhesive pads perform better than the
preceding two in large range of protrusions because of the complementarity between claws and
pads. Such synergy between claws and adhesive pads significantly enhances the adaptive
capacity to surface protrusion of various sizes, and this combined technique can be considered to
be the major technique employed by insects to increase the attachment reliability in the natural
3D terrain.

Zhendong Dai
Prof. Dr. Zhendong Dai graduated from Nanjing University of
Aeronautics and Astronautics with master and doctor degree in 1986
and 1999 respectively. He carried out his postdoctoral researches and
senior visiting scholar in Institute of Development Biology,
Max-Plank-Institute, Tuebingen, Germany. He is the founder and
director of Institute of Bio-inspired Structure and Surface Engineering,
Nanjing University of Aeronautics and Astronautics, Associate Editor of
<International Journal of Vehicle Autonomous Systems>, <J of Bionic
Engineering>, <Friction> , <Chinese Science Bulletin> and <Tribology>.
He is a person charged two 863 projects, two NSFC key projects, Two
NSFC key international key Projects and Four NSFC projects.He authored 6 books and more than
300 papers. His research interests:Biomimetics on legged locomotion —gecko-mimicking robot,
biological gecko-robot, locomotion dynamics and artificial adhesive, Lightweight structures and
materials —Bio-inspired lightweight structure, multifunctional foamed metal, Tribology.
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The Ecology of Human Infrastructure
Marc Weissburg
Georgia Institute of Technology,USA
Humans build infrastructure systems that exchange material and energy between actors that
occur together. A complex industrial plant, a collection of co-located industries (eco-industrial
parks, EIPs), a city, all function in this way. Material and energy flows between actors also are
basic features that define ecosystems. Rather than looking at ecology as a metaphor for human
systems, we use ecology as a source of both analysis tools to examine the operation of human
systems, but also a source of principle regarding how to organize interactions in human systems.
Ecological network analysis (ENA) is a series of tools used by ecologists to map network
structure and flows in natural systems. We have applied ENA to 48 EIPs and compared them to
analysis of over 100 natural ecologies (NEs). This shows that EIPs do not strongly resemble real
ecological networks. Although EIPs do produce energy and material savings via recycling among
actors, EIP network structure strongly diverges from that displayed by NEs, which limits the
number of cyclic pathways. Using a small number of network structural parameters, we show
that organizing industrial systems in a more “ecological‟ way can minimize waste and cost
when judged using traditional engineering analysis. Thus, ecological systems provide design
rules for human infrastructure. We also show that ENA can be used to examine the resilience of
systems by investigating the tradeoff between efficiency and redundancy. Ecological systems
may represent network structures that have a desirable balance between efficiency and
redundancy; compared to NEs, human systems generally are either too efficient, or too redundant.

Figure 1. An ecological system (left) is a network described by who eats who, and can be
represented as a matrix composed of either links or flows. A human system (right) is composed of
a series of actors (in this case, industries) that can be represented the same way.
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Marc Weissburg
Dr. Marc Weissburg is Professor of Biology the Co-director of the Center for Biologically
Inspired Design at Georgia Tech and a Brook Byers Fellow for Sustainability. Dr. Weissburg has
been teaching biologically-inspired design for 10 years to a variety of audiences, ranging from
undergraduate students in science, engineering, architecture and design, to industry
professionals and practicing scientists. He has been active in developing biologically-inspired
design pedagogy for K12 programs and informal science learning organizations. Dr. Weissburg
also works with various companies to develop biologically-inspired design solutions and embed
biologically-inspired design methods into industry design cycles. An ecologist by training, he is
using principles derived from ecological network analysis as ways to develop more sustainable
resilient infrastructure in a variety of applications (including steel mills in China), and examining
how principles of animal navigation may be adapted for use in autonomous underwater
vehicles.
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Biologically Inspired Slippery Rough Surfaces
Tak-Sing Wong
The Pennsylvania State University
By combining the unique surface architectures of lotus leaves and Nepenthes pitcher plant, we
have developed a new class of cross-species biologically inspired materials, termed as slippery
rough surfaces. Our surfaces were developed by engineering hierachical nano- and microscale
textures and infusing liquid lubricant into the nanotextures alone to create a highly slippery rough
surface. Based on these slippery rough surfaces, we have shown for the first time that droplet
mobility can be retained even after the Cassie-to-Wenzel transition. These results contrast the
conventional concept that Cassie drops are slippery and Wenzel drops are sticky. Furthermore, we
have shown that these surfaces, owing to their high surface areas and slippery interface,
outperform the state-of-the-art liquid repellent surfaces in fog harvesting and dropwise
condensation applications. Our surfaces may inspire a new type of liquid repellent strategy for
many industrial applications where enhancing droplet mobility and removal is important,
particularly in applications such as liquid harvesting, condensation heat transfer, and frost
prevention where the formation of Wenzel state droplets is inevitable.

Tak-Sing Wong
Tak-Sing Wong is currently an assistant professor of mechanical engineering and the holder of
Wormley Family Early Career Professorship at The Pennsylvania State University. His research
focuses on surface and interface, micro- and nanomanufacturing, as well as designing
multi-functional biologically inspired surfaces with applications in materials, energy, and health.
His research has been published in Nature, Nature Materials, Nature Communications, and The
Proceedings of National Academy of Sciences USA. His work on bio-inspired materials has been
recognized with a 2012 R&D 100 Award, a National Science Foundation CAREER Award (2014)
and a Young Faculty Award from the Defense Advanced Research Projects Agency (2014). He has
been cited as one of the top young engineers in the United States through the invitation to the
National Academy of Engineering’s Frontiers of Engineering symposium. More recently, he has
been named one of the world’s top 35 Innovators Under 35 by MIT Technology Review. He
received a bachelor's degree in automation and computer-aided engineering from the Chinese
University of Hong Kong and a Ph.D. degree in mechanical engineering from the University of
California, Los Angeles. He completed his postdoctoral research at the Wyss Institute for
Biologically Inspired Engineering at Harvard University.
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An omnipotent liquid for various substrates with superhydrophobicity
inspired by nature and its beyond
Zhiguang Guo
Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences
Superhydrophobic surfaces are of tremendous scientific and technological interests for their
commercial needs in antifouling on versatile substrates,aczoiling and treating oil pollution.
However, it is a major challenge to coat the superhydrophobic films with high transparency on
versatile substrates through feasible methods. Herein, a transparent spray is prepared, which can
be fabricated transparent superhydrophobic films on versatile surfaces by spraying. This spray
that interlinking hydrophobic silica nano-particles（NPs） disperse in n-heptane exhibits excellent
thermal stability (-10℃-60℃) which is needed for industrial applications. To obtain high
transparency as well as superhydrophobicity, the size of hydrophobic silica NPs are designed
about 10 nm. Importantly, the coatings exhibit not only the thermal stability but also the
mechanical stability. Moreover, the films can sustain superhydrophobic property even impinging
100 sand grains (100-300 μm in radius) to the surface from a height of 40 cm. The transparent
superhydrophobic coatings can be used as the materials for antifouling, corrosion protection of
metals and oil/water separation

Zhiguang GUO
Professor Zhiguang GUO, received his PhD from Lanzhou Institute of
Chemical Physics (LICP), Chinese Academy of Sciences (CAS) in 2007.
From Oct 2007 to Aug 2008, he worked in University of Namur
(FUNDP), Belgium, as a post-doctor. From Sep 2008 to Mar 2011, he
worked in Funds of National Research Science (FNRS), Belgium, as a
“Charge de Researcher”. During Feb 2009 to Feb 2010, he worked in
Department of Physics, University of Oxford, UK, as a visiting scholar.
Now he is a full professor in LICP financed by “Top Hundred Talents”
program of CAS and by the National Science Fund for Excellent Young
Scholars of NFSC. Till now, he has published more than 100 papers
about the interfaces of Materials with special wettability cited more than 2100 times and H=24.
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Reducing the contact time of a bouncing droplet on bio-inspired interfacial
materials: Basic sciences and practical applications
Zuankai Wang
City University of Hong Kong
Nature has long provided limitless source of inspiration for engineers. Indeed, many biological
systems in nature orchestrate a high level of functionalities and adaptability to their environments
enabled by intricate control of solid-liquid-vapor interfaces, for example self-cleaning lotus
leaves and insect-capturing pitcher plant. The fundamental understanding and our ability to
control those interfaces have transformative effects on some of the emerging challenges facing
us.
One central question in the emerging field of bio-inspired surfaces for multifunctional
applications is the maximization of water repellency or the minimization of the contact time of a
droplet with solid surface. However, there exists a theoretical contact time limit which is imposed
by the classical hydrodynamics. In this talk, I will briefly discuss our recent efforts and exciting
progress to this classical and important problem. By designing novel surface made from an array
of widely spaced tapered posts, the impinging droplet can bounce off with a pancake-like shape
without retracting, leading to a fourfold reduction in contact time compared with conventional
complete rebound. Our approach signifies a new direction in the design of bio-inspired materials
for various applications. Then, I will discuss an asymmetric bouncing on cylindrical surfaces with
a convex/concave architecture of size comparable to that of the drop, which leads to a 40%
reduction in the total contact time. I will also discuss a new bouncing regime that combines the
inherent advantage of lotus leaves and pitcher plant surfaces. We find that there exists a
superhydrophobic-like bouncing on thin liquid films, characterized by the contact time, the
spreading dynamics, and the restitution coefficient independent of the underlying liquid substrate.
Through experimental exploration and theoretical analysis, we demonstrate that the sustenance of
such substrate-independent (superhydrophobic-like) bouncing necessitates an intricate interplay
between the Weber number, and the thickness and viscosity of the liquid substrate.
Finally, I will discuss how to translate the fundamental insights learned from the quest for the
maximum water repellency to multifunctional applications including dropwise condensation,
boiling heat transfer, water harvest, anti-icing, antibacterial.
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Navigation sensor research and the polarization navigation mechanism of
insects
Jinkui Chu
Dalian University of Technology, Dalian 116024, China
Key Laboratory for Micro/Nano Technology and System of Liaoning Province, Dalian, China
The perfect navigational capabilities of some insects afford us plenty of technology reference
on novel navigation sensor research. Based on the polarization sensitivity mechanism for
navigation of desert ants (Cataglyphis), a novel bionic polarization navigation sensor(see Fig1) is
designed. The work principle, function structure design, work environment character, polarization
sensor performance test (Fig.2)and the novel sensor application to outdoor mobile robot
navigation(Fig.3) are investigated systematically.

Fig.1 Polarization navigation sensor

Fig.2 Laboratory setup of calibration instrument

Fig.3 The robot in the experiment field
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Improved flow performance of a centrifugal compressor based on pit
formation on the notum of the whirligig beetle
Limei Tian，Ziyuan Li，Qingpeng Ke
Key laboratory of Bionic Engineering of Ministry of Education, Jilin University,
Changchun, 130022, China
Many studies have shown that bionic forms reduce drag through the control fluid medium. In
the present study, the evenly aligned pits of the whirligig beetle (Gyrinidae Latreille) notum were
selected as the bionic form to be studied. They were used in centrifugal compressor impellers,
called bionic centrifugal compressors, and the flow characteristics were simulated and compared
to the prototype compressor. The simulation results show that compared to the prototype
compressor, the pressure drag of bionic centrifugal compressors were reduced dramatically, while
the pressure ratio was significantly improved. The pressure drag decreased by 19.24%, while the
compression ratio increased by 9.8%.

The research of drag reduction baced on form/elastic biological
coupling surface
LimeiTian,QingpengKe,E Jin, Ziyuan Li
Key laboratory of Bionic Engineering of Ministry of Education, Jilin University,
Changchun, 130022, China
In the fluid medium, the skin of aquatic organisms can make dynamic changes according to the
fluid load. The skin surface coupled with the subcutaneous tissue who has nonsmooth structure to
form a specific drag reduction surface. This study aims to master the dynamic laws between the
form/elastic biological coupling surface and the fluid resistance through the biological coupling
phenomenon. According to the similarity principle of bionics, building the form/elastic bionic
coupling function surface. The function surface consists of two different properties
materials .Using the elastic deformation of surface membrane materials and the dynamic coupling
between surface of the membrane material and bionic nonsmooth structure on the basal material
to control fluid medium and realize the drag reduction function. Using the typical mechanical
parts work in the fluid medium as the carrier to explore the reduction mechanism of dynamic
coupling bionics function surface. This study provide a new effective method to reduce drag for
the fluid mechanical components.

38

Bio-inspired Gradient Surfaces with Controlling of Wettability
Yongmei Zheng
School of Chemistry and Environment, Beihang University, Haidian District, Beijing 100191,
China
Biological surfaces in natural environment that collect water have evolved unique mechanisms,
such as the capture silk of the cribellate spider, which collects water through a combination of
multiple gradients in a periodic spindle-knot structure after wet-rebuilding process. Such
structures drive tiny water droplets directionally toward the spindle-knots for highly efficient
water collection. Inspired by the roles of micro- and nanostructures in the water collecting ability
of spider silk, a series of functional fibers are designed by using nanotechnology-related methods.
The “spindle-knot/joint” structures demonstrate the cooperation of multiple gradients in driving
tiny water drops to collect water at micro- and nano-level. By integrative gradient features of
surfaces between spider silk and beetle back, a kind of wettable star-shape pattern surface also
realizes the effect water repellency rather than others. Besides, a wettable gradient also appears
along the exterior surface of papillae including nanohairs on fresh lotus leaf to suspend up
microdroplets in water condensation. A multi-gradient effect resulted from the flexibly
ratchet-oriented micro- and nanostructure on butterfly wings triggers the directional water
repellency and even low-temperature superhydrophobic properties.Learning from butterfly wing
and plant leaf display water repellency and low-temperature superhydrophobicity, bioinspired
surfaces with optimal micro- and nanostructures display distinctly anti-icing, ice-phobic and
de-ice abilities. These studies are greatly significant to help to design the novel functional
engineering wettability-controlled surfaces.
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Study on Key Technology for Locust-Like Jumping Robot
Diansheng Chen1, Kewei Chen1, Ziqiang Zhang1
1

School of Mechanical Engineering and Automation, Beihang University, Haidian District,
Beijing 100191, China;

Locust can cross rough terrain or obstacles easily because of its strong jumping ability. So it is
one of the important insects to be imitated by the bionic jumping robot. This type of robot has a
wide application prospect and important strategic significance for military reconnaissance and
life rescue. In order to solve the existing problems for the jumping robot, the key technology of
locust-like jumping robot is studied. (1) Stable take-off. In order to obtain the good jumping
performance, the hybrid rigid-flexible model of jumping leg is established, and the dynamic
response of the bionic robot is studied by considering the flexibility according to the locust
jumping dynamics mechanism[1-2]. (2) Air posture adjustment. Locusts can recover their bodies in
the air for flight or landing stability. To increase jumping distance and avoid landing collision of
bio-inspired jumping robots, the mechanism of air posture adjustment of locusts is examined.
This mechanism can be used to improve robot stability[3-4]. (3) Landing buffering performance.
Landing buffer is an important problem in the research on bionic locust jumping robots. Landing
buffering performances are analyzed and compared in different modes of landing and buffering
based on the landing buffering dynamic model[5]. (4) Prototype development. The bionic locust
jumping robot is developed to verify the correctness and feasibility of the above research. These
studies offer primary theories for take-off, air posture adjustment and landing buffer, as well as
establish a theoretical basis for studies and engineering applications.
Hindleg
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Experimental observation Prototype of bionic locust jumping robot
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Canal-type artificial lateral line system inspired by
Sinocyclocheilus macrophthalmus
Yonggang Jiang1,2, Jianchao Fu1, and Deyuan Zhang1
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School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2

International Research Institute for Multidisciplinary Science, Beihang University, Beijing
100191, China.

Cave fish, with sensitive lateral lines, can swim freely and locate preys in nonvisible and
complex cave environments. In order to reveal the high-sensitivity mechanism of the lateral line
systems of cave fish such as S. macrophthalmus, their lateral line systems are investigated
through microscopic analysis and behavior experiments. S. macrophthalmus comprises of
cephalic and trunk lateral line systems. The cephalic lateral line system mainly comprises of
superficial neuromasts, whereas sensory mechanism of the trunk lateral line system is due to the
canal neuromasts in lateral line canals. The unique structure of the canal lateral line system of
Sinocyclocheilus can give inspiration to the development of underwater pressure sensor array.
The prototype of canal-type lateral line device (CALL) shows great improvement in resolution
compared to commercial sensors.
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Biomimetic Functional Surface for Green Aviation
Huawei Chen, Xiaolin Liu, Weipeng Kou, Xin Zhang, Tong Ran, Deyuan Zhang
School of Mechanical Engineering and Automation, Beihang University
Objective:
The main objective is to develop biomimetic functional surface under the inspiration of
natural surface, to reduce fuel consumption and icing adhesion, improve safety of airplane and
aero-engine. Surface function is very necessary to improve performance of airplane and
aero-engine. How to design and fabricate superior surface is gradually becoming a hot study topic.
And all the studies on functional surfaces have attracted attention of Aviation Industry
Corporation of China, China Shipbuilding Industry Company, and China National Petroleum
Corporation.
The research intends to design and fabricate functional surface under the inspiration from
natural surface. The mechanism of natural surface is expected to disclose for creative design of
surface structure. The methodologies and tools of bio-inspired functional surface are developed to
achieve superior surface function such as drag reduction, anti-icing, and anti-fouling. Reduction
of fuel consumption, noise and icing adhesion is expected to be realized for green aviation.
Core Research Areas
•

Characterization of Natural Surface

According to requirements of aviation, structural characteristics of typical natural surfaces are
chosen to be explored. One database of natural surfaces is built for supporting creative design of
functional surface. Especially, on basis of natural surface database, design methodologies of
biomimetic function surface will be established to realize the reduction of fuel consumption,
noise and even icing adhesion.

•

Mechanism Study of Biomimetic Surface Function

In order to achieve superior surface function, mechanism of biomimetic surface function
should be investigated to make clear relationship between surface structure and the surface
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function. The multi-phase, multi-field CFD models are expected to be built for investigation of
the effect of surface structure and material on surface function, which includes 3D scanning of
hierarchical surface structure, abstraction of structural characteristics, mathematic model
construction.

1)Biomimetic drag reduction riblet: The research is to develop novel riblet surface for superior drag
reduction. CFD model is built to study the effect of the detailed riblet structures such as riblet
depth, width and different riblet type on its drag reduction performance. 2) Anti-icing: The
research focuses attention on anti-icing of airplane. Anti-icing coating is expected to be
developed for its advantages in low cost, easy-operation and so on. The effect of coating material
and surface microstructure on icing is investigated on basis of multi-phase CFD analysis and
experiments.
•

Fabrication of biomimetic functional surface

In order to widen application of biomimetic surface on aviation, the fabrication technology
should be developed for various materials, which includes single diamond point turning of
surface texture, micro/nano imprinting, ultrasonic vibration assisted manufacturing and large-area
rolling.

43

Abrasive Wear Reduction of Bulk Materials Handling
Equipment Using Bionic Design
Guangming Chen*, Dingena L. Schott and Gabriel Lodewijks
Section Transport Engineering and Logistics, Delft University of Technology
Mekelweg 2, 2628 CD Delft, The Netherlands
Bionic design is the application of biological abilities to modern engineering products or
systems. One illustration is the utilization of self-cleaning ability by lotus leaf to engineering
surface design. In the bulk materials handling industry, the transfer equipment (e.g. chute, silo)
surfaces surfer from severe abrasive wear, which brings about extra maintenance cost. The aim of
this research is to reduce the abrasive wear of bulk materials handling equipment using the bionic
design methodology.
The soil and sand creatures have advantageous biological surface morphologies in resisting
abrasive wear against the surrounding particulate solids. The wear-resistant mechanisms involve
the broken of continuous contact force and provision of friction anisotropy, and based on which a
kind of bionic model constructed with ellipsoids was proposed. To verify the ability of the bionic
model, the discrete element method (DEM) simulations are utilized to characterize the flow
behaviors of bulk materials and predict wear loss of the handling equipment.
In the DEM simulation, the loading process of a kind of iron ore material in a transfer chute
is simulated. Under the same discharging rate, the flow behaviors of iron ore material and the
wear loss of equipment surface with respect to the bionic model and conventional model are
compared. The simulation research will verify the ability of abrasive wear reduction of the bionic
model, which will demonstrate abrasive wear reduction of bulk materials handling equipment can
be achieved.
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Research on The Location Characteristic and Location Algorithms
of Underwater Active Electrolocation System
Yue Zhu, Jiegang Peng, Tao Yong
School of Automation Engineering and Center for Robotics
University of Electronic Science and Technology of China, Chengdu, Sichuan PR CHINA
E-mail: pjg2000cn@hotmail.com or pengjiegang@uestc.edu.cn
Motivation:
Biologists have discovered that some fishes, which are called weakly electric fishes, have
an ability to emit a low-frequency electric field actively and sense its change to locate the
surrounding object in complete darkness. This ability is called underwater active electrolocation.
In our work, an experimental platform of underwater active electrolocation system which mainly
includes launcher, receiver and controller was designed by simulating the weakly electric fish. On
the platform, a novel feature, which is named as the location characteristic, of underwater active
electrolocation system was researched. Based on the location characteristic, localization
algorithms using Fast Fourier Transform (FFT) feature extraction were adopted to process the
information of electrical field. Our work can realize accurate, fast, efficient positioning and may
have reference value for further underwater detection study.
Major results:
The collected data was converted from time domain to frequency domain by FFT. For the
frequency of the sine excitation signal was 200Hz, spectrum showed that there was an obvious
amplitude only at the frequency of 200Hz. This amplitude is represented as A(x). The curve
formed by values of A(x) is called electrical characteristic curve. In the study, the electrical
characteristic curve was convex for insulator while it was concave for conductor. When receiving
electrodes approached to the object, the curve appeared an obvious positive or negative inflection
point. At the place where the object located, the value of A(x) was maximum or minimum and
would gradually decrease or increase while receiving electrodes leaving the probed object.
Experiments also implied that the amplitude of the electric field excitation signal and the size of
the probed object would only influence the amplitude corresponding to the frequency of the
electric field excitation signal. Based on these researches, we have designed three localization
algorithms:
Cross location algorithm: Briefly speaking, the coordinate of probed object can be determined
by two steps. Firstly, the Y coordinate can be obtained by controlling the location device move
parallel to Y axis while keeping X coordinate. Then, the X coordinate can be obtained by
controlling the location device move parallel to X axis while keeping Y coordinate we have
confirmed already. If reach error limit , stop searching.
Stochastic location algorithm: Supposing each position is regarded as a particle, location task
can be achieved with the method of finding the optimal particle by comparing A(x) of every
particle. At the beginning, some particles are generated randomly and then will be updated based
on fixed rules until we get the optimal particle.
Particle Swarm Optimization (PSO) location algorithm: It optimizes a problem from random
solutions and iteratively trys to improve potential solutions, here called particles, with regard to
the quality of A(x). These particles fly through search-space by following personal optimal
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particle and local optimal particle according to simple mathematical formulae over the
particle‟s position and velocity until the global optimal particle is found.
A large number of experiments has proved that above localization algorithms are feasible
and the underwater active electrolocation system is stable and usefulness.
Conclusion:
An experimental platform of underwater active electrolocation was designed by simulating the
weakly electric fish. After researching on the electrical characteristic of underwater active
electrolocation system, another way to locate submerged object with localization algorithms was
found. And a prototype of underwater active electrolocation was developed. It would provide a
technology foundation for further engineering application and related research of underwater
active electrolocation system.
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Design and biomechanical study of a novel standardized hemi-pelvic
prosthesis
Dongxu Liu1, Zikai Hua1*, Xinyi Yan1,Zhongmin Jin2,3
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Objective:
A pelvic endoprosthesis is the primary means of pelvic reconstruction after internal
hemipelvectomy. The motivation of this study is to develop a novel type I+II+III standardized
prosthesis, including artificial pubic rami, artificial acetabular cup, artificial ilium, pubic rami
connecting rod, and the pedicle screw-rod system. In this study, a detailed design process is
demonstrated and the finite element method is utilized to investigate the biomechanics
performance of the new prosthesis during normal walking. Understanding how the reconstructed
pelvis behaves during activities of daily living furthers our understanding of the factors involved
in possible pelvic prosthesis designing rationales and the effects of treatment. A reverse
engineering method was used to design the prosthesis based on the geometrical features of
massive Chinese human pelvis. Then a finite element study was carried out to evaluate the
biomechanics performance of a pelvis reconstructed with the prosthesis. Two models, including
the reconstructed pelvis and the natural pelvis (control model) with related soft tissues, were
established according to the geometry from CT data of a human male patient.
Results:
The results show that the distribution trend of the von Mises stresses observed in the
reconstructed pelvis model is consistent with that observed in natural pelvis model. The peak von
Mises stress values in the cortical bone and prostheses of this reconstructed pelvis model are still
within a low and elastic range below the yield strength of cortical bone and Ti6Al4V respectively.
Obvious von Mises stresses are observed in the sacrum-hook and the pedicle screw-rod system.
The value range of the principal stress vector in the trabecular bone of the reconstructed pelvis is
close to the data obtained in the natural pelvis. No significant difference in the distribution trend
of the principal stress vector is observed between the reconstructed and natural pelvis.
Conclusion:
The results predict that the biomechanical function of the pelvic ring can be reestablished using
this prosthesis. The sacrum-hook and pedicle screw-rod system can bear some force from the
sacrum and effectively decrease the sheer stress on the ilium screws. This prosthesis may have a
good long-term performance.
Keyword: hemi-pelvic prosthesis, finite element analysis, standardized prosthesis
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