Advances in Bionic Engineering
ISBN(softcover): 978-3-03785-932-2  ISBN(eBook): 978-3-03826-313-5

Table of Contents

Preface, Committees and Sponsors

Chapter 1: Bionic Structures

A Method for Quantitative Analysis of Geometrical Structure of Animal Organs in Meso-
Scale: The Dung Beetle Foreleg End Tooth as a Case Example
J. Tong, Z.H. Zhang, D.H. Chen, H.C. Wang and Y.H. Ma

A Model of Sheath of Bovine Horn Coupled Nano-Mechanical Properties and
Microstructures
R.Q. Wang, X.H. Wang, Y.M. Wang, J.H. Gao, J. Tong and J.Y. Sun

Acoustic Performance Analysis of Bionic Coupling Multi-Layer Structure
Y.H. Wang, C.C. Zhang, L.Q. Ren, M. Ichchou, M.A. Galland and O. Bareille

Anatomical Study of Insect Flight Structure
C.B.Ge, AH.Ji, T. Han and C.L. Li

Study on Wear of Bionic Roller Based on Arca Subcrenala Lischke
F.M. Teng, X.W. Zhang, F.Y. Liu and Q. Cong

Characteristics on Stability of a Hydraulic-Driven Bionic Structure Based on Undulating
Rhythm Motion
H.J. Xu, S.Y. Yi, T.A. Zou and L. Zhang

Design and Experiments of a Bionic Hook-Shape Subsoiler
Q. Zhang, L.L. Yu, H.L. Jia, X.J. Liu and L. Zhang

Design of the Lightweight Structure and its Mechanical Properties
X.T. Jiang, C. Guo, X.Y. Cao and Z.Y. Lu

Effects of Bionic Geometric Structure Press Rollers on Reducing Rolling Resistance and
Adhesion against Soil
J. Tong, Q.Z. Zhang, D.H. Chen, Y. Chang and H.C. Wang

Multi-Functional Optimization of Sandwich Panel with Bio-Inspired Lightweight Structure
Cores
Z.Y. Ly, C. Guo, C.S. Zhu and Z.D. Dai

Structural Integrity Analysis of Hole Shape and Location in Lotus Root
C.J. Wang, J.L. Choon and K. Kibble

Study on Design of Metallic Sandwish Structure and its Mechanical and Thermal Properties
R. Qiao, C. Guo, C.S. Zhu, Z.D. Dai and X.T. Jiang

The Research on Noise Reduction Device Based on Micropore Structure of Honeycomb
Y.M. Yao, S.A. Liu, T. Shang, Y. Lu, L.H. Yang and X.H. Zhou

Trial Manufacture of Bionic Honeycomb Plates and their Bending Properties
C.L. Gu, C.L. He, J.X. Liu and J.X. Chen

Reconstruction of Geometrical Structure of Claw of Mole Rat (Scaptochirus moschatus) and
Finite Element Analysis of Claw against Soil
W.F. Ji, J. Tong and D.H. Chen

Simulation and Analysis of Butterfly-Inspired Eclosion Deployable Structure
S.F. Sun, J.G. Liu and H. Chen

The Bearing Capacity and the Rational Loading Mode of Pigeon during Takeoff
T.T. Liu, L. Cai, H. Wang, Z.D. Dai and W.B. Wang

Biomimetic Studies of the Beetle Forewing in China
C.L. He and J.X. Chen

Grasshopper [Chondracris rosea rosea (De Geer)] Incisors Cutting Edge Contour Data
Extraction and Quantitative Analysis
C.Y. Li, H.L. Jia, Z.H. Zhang, G. Wang and H.C. Wang

What is a Physicist Doing in the Jungle? Biomimetics of the Rainforest
I.C. Gebeshuber and M.O. MacQueen

17

22

31

37

44

50

57

63

73

81

85

95

101

108

114

122

128

144

152



Chapter 2: Biomechanics

A Biologically Motivated Flight Control System for PAVs
Y. Yu, Z.J. Wang and M.F. Guo

Aerodynamic Force Test on Tethered Bamboo Beetle Otidognathus davidis fair
W. Li, H.C. Ding, A.H. Ji and Z.D. Dai

Bionic Flexible Wings Design of the Flapper
B.Z. Dong, C.L. Li and A.H. Ji

Bionic Jump Mechanism Analysis Based on Locust Hind
D.H. Chen, H. Xie, S.B. Ye, T. Wu, X. Luand Z.Y. Chang

Design and Kinematics Analysis of a Bionic Mechanical Goat Hoof
Q. Zhang, X.L. Ding, K. Xu and H. Chen

Drag Reduction Study about Bird Feather Herringbone Riblets
H.W. Chen, F.G. Rao, D.Y. Zhang and X.P. Shang

Experimental Research on a Novel Design of Variable Area Caudal Fin
B. Liu, L. Wang, B.Y. Chen, F.H. Qin and S.W. Zhang

Finite Element Analysis in the Characteristics of Ostrich Foot Toenail Traveling on Sand
R. Zhang, H.B. Liu, S.H. Zhang, G.Y. Zeng and J.Q. Li

High-Lift Mechanism of a Bionic Slat
C.J. Ge and M.C. Ge

Hydrostatic Stress and Triaxiality Factors in a Lotus Root Cross Section
C.J. Wang and D. Mynors

Locomotive and Adhesive Behavior of Apopestes spectrum on Murals in Mogao Grottoes,
Dunhuang
A.H. Ji, W.F. Wang, J.F. Yan and F.S. Wu

Mechanical Performance Tests of Bamboo Beetles Otidognathus davidis fairs’ Abdominal
Shells
Y. Song, Z.Y. Wang, A.H. Ji and Z.D. Dai

Mechanics of Locomotion Energetics in Chinese Mitten Crab Eriocheir sinensis Milne-
Edwards
X.D. Zhang, J.Q. Li, H. Huang and M. Zou

Morphing Models of a Bat Wing in Flapping Flight
Z.W.Guanand Y.L. Yu

New Design, Kinematic and Static Force Modeling of a Bio-Inspired Leg Mechanism for
Rough Terrain
L. Zhang, D.W. Ma, Z.L. Zhu and J. Hu

Propulsive Performance of Flexible Fin with Fluid-Structure Interaction Study
B. Liu, M. Xu, L. Wang, J. Yang and S.W. Zhang

Research on Kinematic Modeling of Octopus-Like Arm Manipulator Composed with Mixed
Joints
J.H. Zhao, X.D. Ye and W.H. Qian

Research on Morphology Specificity of Gecko Feet at Different Scales
L. Cai, H. Mei, W.B. Wang, H. Wang and Z.D. Dai

The Mechanism of Air-Righting Performance in Tree Frogs

Wing Kinematics of Long Eared Owl and Sparrow Hawk in Flapping Flight
K. Chen, Q.P. Liu, W.L. Sun, G.H. Liao and L.Q. Ren

Surface Texture and Mechanical Behavior of Claw Material in Beetle Dorcus titanus
(Coleoptera: Lucanidae)
Z.X. Yang, Z.H. Liu and Z.D. Dai

Modeling of Fish Adaptive Behaviors in Unsteady Flows
Z.W.Ma, T.J. Hu, H. Zhou, G.M. Wang and D.B. Zhang

Chapter 3: Bionic Actuator

A New Kind of Electro-Active Nano-Composite Actors Based on SSMA-Reinforced Nafion
J.Ru, M. Yu, Q.S. He, B.L. Wang and Z.D. Dai

165

172

178

184

191

201

206

213

220

230

235

241

247

254

262

271

278

284
291

297

305

313

323



An Inchworm Bionic Stepping Actuator Based on PZT/ER Hybrid Dive and Control
G.J. Liu, J.F. Liu, J.Q. Li, Z.G. Yang and J. Zhu

Analysis of Characteristics and Applications of IPMC Material Using Nafion Membrane
Y. Xu, G. Zhao, Y.M. Zhu, L.M. Yang, C.S. Ma, Z.Z. Sun and Z.Y. Sui

Design of a Portable IPMC Actuator Tester
M. Zhang, M. Yu, Q.S. He, B.L. Wang, J. Ru and Z.D. Dai

Implementation and Control of a Rotary Manipulator Driven by Soft Dielectric
Electroactive Polymer
H.M. Wang, H.A. Luo and B. Yang

Investigation on a Linear Actuator Using an Ionic Polymer-Metal Composite
B.L. Wang, M. Yu, Q.S. He, J. Ru and Z.D. Dai

Chapter 4: Materials

A New Ortho-POD Biotribometer for Orthopaedic Biomaterials Wear Testing
Z.K.Hua and Y.W. Fan

Biomimetic Films of BLMs Based on Conductive Hybrid Films of Au NPs and Cellulose
Z.M. Liu, X.F. Wang and W.J. Wu

Effect of Top Structure on Adhesion of Carbon Nanotubes Based Gecko Inspired Dry
Adhesive

D. Li, A.W. Zhao, D.P. Wang, H.H. Sun, E.H. Liu, R. Wu, M.F. Zhang, H.Y. Guo, Q. Gao and T.
Mei

Hybrid Biological Fiber-Reinforced Resin-Based Friction Materials Friction and Wear
Performance Test
Y.H. Ma, S.S. Ma, S.L. Shen, J. Tong and L. Guo

Model and Fabrication of Biomimetic Integrated Porous Core Laminated Composite
JM. Fan

Preparation and Characterization of SPS-PMHS Hybrid Ionic Polymer-Metal Composites
Studies
Y. Ding, Z.S. Jiao, Y.X. Xu, D.J. Guo and Z.D. Dai

Research on the Performance Influence of Partly Granulation Technology for Friction
Materials
S.S. Ma, Y.C. Liu, J. Peng, X.W. Chai, B.G. Wang, J. Zhuang and Y.H. Ma

Research on the Performance Influence of Second Adhesive to Friction Materials
J. Peng, Y.C. Liu, Z.F. Yan, B.G. Wang, F.D. Lin, J. Zhuang and Y.H. Ma

Study on the Tribological Behavior of the Foamed Copper Filled with Epoxy Matrix
K.J.Ji, Y.S. Xu, H.H. Zhao, Z.G. Huang and Z.D. Dai

Study on Shear Property of Corn Root-Soil Complex
D.H. Chen, H. Xie, T. Wu, R.J. Pan and J. Tong

Electrophoretic Deposition of Foam Ni/CNT Composites and their Electromagnetic
Interference Shielding Performance
H.H. Zhao, K.J. Ji, T.T. Liu, Y.S. Xu and Z.D. Dai

Prokaryotic Expression and Functional Characterization of the 19 kDa Protein in Balanus
albicostatus Cement
C. Liang, Y.Q. Li, B.R. Huand W.J. Wu

Simulation Platform for Fishlike Swimming
H. Zhou, T.J. Hu, G.M. Wang, D.B. Zhang and Y.X. Lv

Chapter 5: Agricultural, Industry Application & Engineering

A New Approach to the Similarity Analysis in Bionic Engineering and its Applications
J. Tong, M. Li, J.L. Wang and Q.Z. Zhang

Advancement and Prospect of Bionic Techniques in the Conservation of the Cultural
Heritage
W.F. Wang, F.S. Wu, A.H. Ji and H.Y. Feng

Application of Bionic Non-Smooth Theory in Solid Expandable Tubular Technology
B.R. Shi, X.H. Pei, S.B. Wei, T. Li, Y.L. Li and T.M. Shao

330

342

347

352

358

367

373

381

388

397

402

407

415

421

430

436

445

451

461

469

476



Application of Management Bionics to Technological Innovation in Agriculture
Y.S. Yang, Y.M. Jiang and H.N. Wang

Bionic Sawblade Based on Grasshopper Incisor for Corn Stalk Cutting
C.Y. Li, H.L. Jia, Z.H. Zhang and G. Wang

Design and Analysis of the Bio-Inspired Rear Under-Run Protection Devices for Heavy
Truck
B.H. Sun, J. Zhao, Z. Yang, L.Q. Ren and B. Zhu

Design of Control Strategy for Autonomous Perching with a Quadrotor
W.C. Chi, K.H. Low, K.H. Hoon and J. Tang

Improvement of Torque Control in EPS Using Induction Motor
F.X. Zhao, J.W. Zhang, K.H. Guo and L.H. Zhang

Power Supply Design of Magnetic Resonance Sounding Equipment for Detecting Mine
Groundwater
C. Sun and J. Lin

Prospects of Using Bionic Technologies in Oil/Gas Development
H. Liu, B.R. Shi, L.C. Zheng, L. Chen, Q.H. Yang and X.H. Pei

Research on the Design of Intelligent Obstacle Avoidance Car Model Based on Ultrasonic
Wave
Y. Zhu, Z.X. Han, P.K. Sun, T.H. Wang and Y.H. Gao

Simulation of Bionic Anti-Drag Subsoiler with Exponential Curve Feature Using Discrete
Element Method
J.B. Zhang, J. Tong and Y.H. Ma

The Study of Prediction of Agricultural Source Pollution Emissions of Ammonia Nitrogen
(AN) and Chemical Oxygen Demand (COD) Based on Bionic Neural Network Algorithm
H.P. Guo, G.Y. Feng, C.X. Liu and X.Y. Zhang

The Role of Bionic Modifications in Reducing Adhesion and Draft of Agricultural and
Earthmoving Machinery
R. Qaisrani, J.Q. Li and M. Igbal

Chapter 6: Biomedical Engineering

A Multi-Step Neural Control for Motor Brain-Machine Interface by Reinforcement
Learning
F. Wang, K. Xu, Q.S. Zhang, Y.W. Wang and X.X. Zheng

An Equipment Used for Studying the Vestibular Perception of Gekko gecko
L. Shang, W.B. Wang, T.T. Liu, L. Cai, H. Wang and Z.D. Dai

Design and Fabrication of One-Chip MEMS Microphone for the Hearing Impaired
Y .H. Lee, Y.D. Jung, J.H. Kwak and S. Hur

Design and Realization of a Wireless Data Acquisition System Based on Multi-Nodes and
Multi-Base-Stations
Y K. Ning, D. Liang, H.Q. Li, Q. Zhang and G.R. Zhao

Design and Simulation of a PAM Based Bionic Elbow Joint
L.N. Hao, C.Q. Xiang, Y. Peng, X.Y. Xu and Q.L. Wang

Design of the Bionic Rehabilitative Leg Based on the Passive Gait Biped
Z.Z. Liu, D.J. Liu, L. Zhang and Y.T. Tian

Dynamic Electromyographic Models to Assess Elbow Joint Torque
W.Z. Chen, Y.Y. Fan, J. Lei and B.F. Sun

Emotional Expression System Based on Expression Intensity Recognition and Affective
Model
C. Wan and Y.T. Tian

Review of Current Available Dental Articular Simulators
L. Wang, K. Alemzadeh and H. Hu

Study on Optimization of CPG Model for Lower Limb Prosthesis
X.Guo,M.Y. Liand C.Y. Xu

Succulent Intracalvarium Enclosing and Protecting the Brain of a Falling Gecko
J.D. Shao, H. Wang, W.B. Wang, Z.D. Dai, X.X. Wang and H. Lei

482

491

499

506

513

519

524

531

535

544

553

565

570

577

581

589

597

608

618

623

633

641



Topology Analysis of a Metabolic Functional Gene Transcriptional Regulatory Network of
Escherichia Coli
Q.Y. Zou, F. Liu and H. Tao

Tracking Time Variant Neuron Tuning Properties of Brain Machine Interfaces
Y .X. Liao, H.B. Li, X. Chen, Q.S. Zhang, Y.W. Wang and X.X. Zheng

Design and Realization of an Early Pre-Impact Fall Alarm System Based on MEMS Inertial
Sensing Units
H.Q. Li, D. Liang, Y.K. Ning, Q. Zhang and G.R. Zhao

Design and Realization of a Wearable Hip-Airbag System for Fall Protection
Q. Zhang, H.Q. Li, Y .K. Ning, D. Liang and G.R. Zhao

Chapter 7: Bio-Inspired Functional Surface

Controllable Adjustment of Bio-Replicated Shark Skin Drag Reduction Riblets
X. Zhang, D.Y. Zhang, J.F. Pan, X. Li and H.W. Chen

Coupling Function and Mechanism of the Bionic Coupling Functional Surface (BCFS)
Caused by the Dual Factors of Form and Flexible Material
L.M. Tian, Y.C. Wang, Z.H. Gao, Z.G. Bu, L.Q. Ren and J.H. Gao

Experimental and Numerical Study on Aerodynamic Noise Reduction of Cylindrical Rod
with Bionic Wavy Surface
C.C. Zhang, W.Q. Wang, L. Shi, J. Wang and L.Q. Ren

Experimental Study of the Concave Bionic Drag Reduction Needles
J.Y. Wang and Q. Cong

Friction and Wear Properties of the Tergum Surface of Mole Cricket, Gryllotalpa orientalis
Y. Zhang, H. Huang, J.X. Zhang, S.B. Zhang and L.Q. Ren

Hydrodynamics Analysis of Air Flow over Pitted Surface
X.P. Zhang, Y.H. Wang and L. Shi

Influence of Jet Hole Configuration on Drag Reduction of Bionic Jet Surface
Y.Q. Gu, J. Ru, Z. Gang, Z.Y. Li, W.B. Liu and M. Farid Khattak

Microstructure and Wettability on the Elytral Surface of Aquatic Beetle
M.X. Sun, A.P. Liang, G.S. Watson, J.A. Watson, Y.M. Zheng and L. Jiang

Preparation of Biomimetic Multi-Scale Oleophobic Surface on X70 Pipeline Steel
S.R. Yu, W. Wang, H. Li and J. Xu

Simulation and Analysis of Flow Field Control in Bionic Jet Surface for Drag Reduction
Z. Gang, F. Li, J.W. Du, M. Farid and D.Y. Zang

The Effect of Bionic V-Ring Surface on the Aerodynamic Noise of a Circular Cylinder
L. Shi, W.Q. Wang, C.C. Zhang, J. Wang and L.Q. Ren

Visual Reconstruction and Analysis of the Surface of Earthworm in AVS
Y.W. Li, P. Gao, L.M. Tian and J.H. Gao

Wind Tunnel Test for Drag Reduction of Airfoil Bionic Soft Surface
X.P. Zhang, Y.H. Wang and L.Q. Ren

Chapter 8: Bio-Inspired Sensor

A Method of Rapid Position Estimation
Q. Xing, Z.D. Dai and H. Wang

A Method to Improve the Accuracy of the Ultrasonic Detection for Drainage Pipeline
J.J. Hou, M. Huang and W.Y. Fu

A New Mobile Visual Search System Based on the Human Visual System
B. Zhao, H.W. Zhao, P.P. Liu and G.H. Qin

Artificial Olfactory System Technology on Chicken Freshness Detection
D.H. Chen, S.B. Ye, X.H. Weng, J. Tong and Z.Y. Chang

Culturing and Bonding of Diatom on a Microfluidic Chip for Biosensing Application
J. Cai, J.F. Pan, M.L. Chen, Y. Wang and D.Y. Zhang

Design of a Bionic Olfactory, Tactile Integrated System and its Application in Chicken Meat
Quality Inspection
Z.Y. Chang, D.H. Chen, Z.H. Zhang, Y.Y. Tong, J. Tong and L. Dai

648

654

659

667

677

681

690

702

707

712

725

731

741

746

751

763

767

781

786

792

801

809

814



Insect Olfactory Receptors as Essential Detectors for Volatile Chemicals in Biomimetic
Odorant Sensors
Y. Liu, Q. Chen, Y.H. Man and W.J. Wu

Chapter 9: Robotics and Artificial Intelligence

A Gecko-Inspired Robot for Wind Power Tower Inspection
X.S. Gao, J. Shao, F.Q. Dai, C.G. Zong and W.Z. Guo

A New Parameterised Feature-Based Generic 3D Human Face Model for Emotional Bio-
Robots
X. Zhang, S.J. Zhang and K. Hapeshi

A Rat-Robot Control System Based on Optogenetics
S.C. Guo, H. Zhou, Y.M. Wang, X.X. Zheng and K.D. Xu

A Robotic Swarm Searching Method for Unknown Environments Based on Foraging
Behaviors
S.T.Li, L.N. Li and G. Lee

Analysis and Design of Hydraulic System of a Hydraulically Actuated Quadruped Robot
Z.Li, HK. Li, H. Zhang and Z.D. Dai

Bionic Methods for Quadruped Robot Design and Control
R.B. Cai, Q. Wei and H.X. Ma

Color Image Processing and Self-Localization for a Humanoid Soccer Robot
W. Hong, Y.H. Zhang, Y.T. Tian and C.J. Zhou

Design of a New Bionic Swimming Robot for Vascular Unclogging
B. Chen, P. Wang, Y.J. Li, S. Chen and Y.Y. Kou

Dynamic Humanoid Gait Simulation of Biped Robot Based on ADAMS
Z.W. Yu, L.Q. Wang, P. Wang and Z.D. Dai

Modeling and Control of Passive Dynamic Walking Robot with Humanoid Gait
Z.C.Zhu, Z. Sui, Y.T. Tian and H. Jiang

Simulation and Experimental Study of the Direction Control Based on the Torque
Compensation of a Snake Robot
D.F. Zhang, C.D. Wu, B. Li and M.H. Wang

The Analysis Model of Torsion Behavior for Octopus-Inspired Robotic Arm
H.H. Sun, A.W. Zhao, M.F. Zhang, D. Li, D.P. Wang, L.K. Zhu and M. Tao

The Experimental Study of the Influence of the Foot Articulated Structure on the Biped
Robot Walking
X.C. Hu, X.P. Li, Q.Q. Zhang, B. Zhao and Q. Xia

Thrust Force Modeling of the Flagella-Like Swimming Micro-Robot
L. Wang, B. Chen, P. Wang, S. Chen, Q.Y. Zhu and Y .J. Li

Biological System Behaviours and Natural-Inspired Methods and their Applications to
Supply Chain Management
X.M. Fan, S.J. Zhang, K. Hapeshi and Y.S. Yang

Chapter 10: Bio-Inspired Methods

Optimal Distribution Strategy for Vehicle Active Yaw Moment Using Bio-Inspired
Computing

J. Zhao, J.Q. Luo, J. Wu, W.W. Deng and B. Zhu

Preliminary Study on Self-Sensing Method for Ion-Conductive Polymer Metal Composite
(IPMC) Actuator Based on Current Detection

S.R. Li, Z.D. Dai and M. Yu

Research on Calculation Method of the Target Parameters of K&C Test-Rig
L.H. Zhang, K.H. Guo, F.X. Zhao and S.Q. Chen

Second-Order Statistics-Based Multi-Parameter Estimation of Near-Field Acoustic Sources

X.B. Li, N.N. Liu, N. Jiang, X.B. Long and X.Y. Jiao

Self-Noise Analysis of Four-Electrode Microflow-Electrochemical Accelerometer Inspired
by Hemodynamic Model
Q.Z. Zhou, D.Y. Li and Y.J. Wang

822

831

838

848

853

861

869

877

886

894

903

908

917

924

930

942

961

967

972

977

984



The Effects of Mini Implant and Anterior Arch Hook Heights on En Masse Retraction: A
Finite Element Analysis
W.W. Deng, F. Wang, F.M. Machibya, S. Gao, X.L. Wang and M. Hu 993



	Table of Contents

