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Foreword 

 
The joint meeting of 6

th
 International Conference of Bionic Engineering (ICBE2019) and 

International Symposium on Nature-Inspired Technology 2019 (ISNIT 2019) organized by the 

International Society of Bionic Engineering (ISBE) and Korean Society of Mechanical Engineers 

(KSME) is held at Jilin University in Changchun on September 23-26, 2019. This conference 

aims to establish a closer relationship between scientists and engineers worldwide in the field of 

bionic engineering. The theme of ICBE2019 and ISNIT2019 is Bionic innovations for healthy 

development, which is geared towards exploring new ideas and accomplishments for the practice 

of bio-inspired design and manufacture, while offering innovative solutions. Attendees of this 

conference are invited to present papers related to the combination of biological information and 

mechanical engineering, materials science, agriculture engineering, rehabilitation and healthcare 

engineering, robotics, fluid, fabrication, and management etc. A broad range of topics and 

application areas will be devised to reflect the interdisciplinary nature of ICBE and ISNIT. 

 

The main topics of ICBE2019 are as followings. 

 

 Bionic/biological functional structures and surfaces  

 Biomaterials & bionic materials 

 Bionic machinery 

 Management Bionics 

 Healthcare engineering 

 Biosensors and signal processing 

 Robotics, motion systems and artificial intelligence 

 Fluid and bionics 

 Industrial applications in bionics 

 Bio-inspired fabrication and bio-manufacturing 

 

The conference has received over 400 research papers from delegates of more than 30 countries 

and regions. The present book selects 384 abstracts including 7 plenary speeches and 56 

keynote papers. The conference proceedings of full papers will be in electronic format within 

the conference materials package. 

 

 

 

 

Professor Luquan Ren 

 

Conference Chair of ICBE2019 

Jilin University, China 

  



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

I 

 

Contents 
 

 
Introduction to the Platform of Bionics International ............................................................................................. 1 

 

Plenary Papers ............................................................................................................................................................ 2 

P01 Scalability in Tissue Engineering .................................................................................................................. 2 

P02 Using Ecological Network Analysis to Design Sustainable Human Infrastructure ...................................... 3 

P03 The challenge of accurate characterization of surface wetting ..................................................................... 4 

P04 Lightweight robotics with artificial intelligence ........................................................................................... 5 

P05 Musculoskeletal Mechanics and Mechatronics: Bionic Healthcare Engineering from Human and for 

Human ................................................................................................................................................................... 6 

P06 Petroleum Bionic Engineering - Today and Tomorrow ................................................................................ 7 

P07 From Mechanoreceptor to Mechanosensor: Bionic Research on Sensing Technology ................................ 8 

 

Keynote Papers ............................................................................................................................................................ 9 

K01 Separation of oil from water:Bio-inspired spindle-knotted surfaces for continuous and effective collection 

of micro-sized oil droplets from water .................................................................................................................. 9 

K02 Anti-cancer therapeutic inspired by the burr of the thistle plant ................................................................ 10 

K03 Collective Motion- From Fish Schooling to Swarming Drones.................................................................. 11 

K04 Mikro- and Nanomechanics to Fine-tune Sensory Receptors ..................................................................... 12 

K05 Biomimetics of functional shadow plant surface structures ....................................................................... 13 

K06 The Economic Impact of Biomimicry.......................................................................................................... 14 

K07 To hear the direction of sound like a fish ................................................................................................... 15 

K08 Innovative Solutions Inspired by Nature for Sustainable Development ..................................................... 16 

K09 Interfacial Strategies for Smart Slippery Surfaces ..................................................................................... 17 

K10 Bio-inspired approaches to realize practically functional surfaces ........................................................... 18 

K11 Functional morphology of animal attachment devices ............................................................................... 19 

K12 Bioinspired Dynamic Material Systems for Sensing, Harvesting, and Robotics ........................................ 20 

K13 How can we get more commercial interest biomimetics ............................................................................. 21 

K14 Closed-loop Control Using High Power Hexapole Magnetic Tweezer System for 3D Micromanipulation22 

K15 Bioinspiration of Bio-inspired Flight Systems in Micro Aerial Vehicles .................................................... 23 

K16 Strong biomechanical fixation of osteochondral scaffold enhanced cartilage healthy formation .............. 24 

K17 Revisit to wing corrugation for enhancing aerodynamic performance of a tailless flapping-wing 

MAV(KUBeetle) .................................................................................................................................................. 25 

K18 The spine: a strong, stable and flexible structure with biomimetics potential ............................................ 26 

K19 The genius of insect architecture: lessons from mound-building termites.................................................. 27 

K20 Interfacial Dynamic Behaviour on Bioinspired Micro-nano Hierarchical Surface ................................... 28 

K21 Bio-inspired mechano-functional organohydrogels through multi-phase order-structure engineering ..... 29 

K22 Bionic multi-functional slippery surfaces ................................................................................................... 30 

K23 Pushing the limit of droplet based energy generation ................................................................................ 31 

K24 Biomimetic on gecko locomotion: Understanding biology for better design of gecko-mimicking robot .... 32 

ille1
Highlight



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

II 

 

K25 Interfacial Soft Matter for Bioinspired Lubrication ................................................................................... 33 

K26 A bionic rainbow system to simulate squid iridocytes ................................................................................ 34 

K27 Bioinspired wettability gradient surfaces: from design to control droplet transport ................................. 35 

K28 Bionic Hydrogels for Controlled Drug Release.......................................................................................... 36 

K29 Adhesion Control based on Peel Zone Model ............................................................................................. 37 

K30 Multiscale toughening and stiffening mechanisms of biological materials ................................................ 38 

K31 Bio-inspired Cable-driven Robotic Arms ................................................................................................... 39 

K32 Bioinspired Multi-Scale Pores and Channels ............................................................................................. 40 

K33 Bioinspired structured adhesion ................................................................................................................. 41 

K34 On-off switchable behaviours for controllable manipulation via oil drive and droplet collection on 

structured biomimetic surfaces ........................................................................................................................... 42 

K35 Bio-inspired design for metal-air batteries and proton exchange membrane fuel cell ............................... 43 

K36 Bionic modification to improve soil scouring, stubble handing and herbicide incorporation of disc seeders

............................................................................................................................................................................. 44 

K37 Application of Finite Element Analysis in Modeling of Bionic Harrowing Discs ...................................... 45 

K38 Artificial Leaf Device for Reduction of Atmospheric Carbon Dioxide ....................................................... 46 

K39 Bionic Engineering for Space Robotics – A Survey .................................................................................... 47 

K40 Applying and developing more biomimetics to help the advances of elderly welfare ................................ 48 

K41 Nature Inspired Surfaces for Tribological Applications............................................................................. 49 

K42 Polydopamine Coating and TANNylation .................................................................................................. 50 

K43 Study concerning 3D collagen biomimetic grafts for medical use ............................................................. 51 

K44 Current progress and challenges in marine biotelemetry .......................................................................... 52 

K45 Data-Driven and Big-Data in Precision and Bionic Agricultural Applications Using Unmanned Aircraft 

Systems (UAS) to Optimize Energy and Resources ............................................................................................. 53 

K46 Achieving abrasive wear reduction using bionic surfaces in contact with bulk material: a numerical 

approach ............................................................................................................................................................. 54 

K47 On the structural integrity of dragonfly wings ........................................................................................... 55 

K48 Why is Bone Strong and Tough? ................................................................................................................ 56 

K49 Multistructured Electrospun Poly (ε-Caprolactone) Nanofibre Dressing for the Wound Healing 

Application .......................................................................................................................................................... 57 

K50 Bio-inspired Stereo Vision for Multi-UAV Scenarios ................................................................................. 58 

K51 Development of printable and bioactive hybrid:  By gellan gum-sodium alginate/thixotropic magnesium 

phosphate gel bioink for 3D bioprinting ............................................................................................................. 59 

K52 Printing surface charge as a new paradigm to program droplet transport................................................ 60 

K53 Bionic flexible flow sensors inspired by fish lateral line system ................................................................. 61 

K54 Animals and Robots Stable Climbing and Jumping: The Use of Clamping Grips and Friction Pads ........ 62 

K55 Serial-Wedge-Shaped Wettability Pattern for Pumpless and Long- Distance Transportation of 

Subaqueous Gas Bubbles .................................................................................................................................... 63 

K56 Bioinspired Superwetting surfaces for Oil Water Separation .................................................................... 64 

 

Abstracts .................................................................................................................................................................... 65 

001 Flexible Artificial Muscles Based on PVC gel ............................................................................................. 65 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

III 

 

002 Nonliear buckling of longan-shaped shells under uniform external pressure ............................................. 66 

003 A Bionic Kangaroo Leg Suspension Used for Vehicles ............................................................................... 67 

004 Design of Picking Device for Corn Stubble based on Biomimetic Optimization Model .............................. 69 

006 Bionic Design and Test of Wet Clutch Friction Plate in Power Shift Gearbox ........................................... 70 

008 Application of nanocones array to guide ionic wind for improving hotspot removal of electronics ........... 71 

009 Structure analysis of wings in dragonfly and Asian ladybird beetle for bionic deployable wing design..... 72 

010 How does ostrich foot attenuate ground impacts? A multiple coupling cushioning and shock absorption 

system .................................................................................................................................................................. 73 

011 Bionic design and performance analysis of cushioning unit for sneaker .................................................... 74 

012 Experimental Study on Drag Reduction Characteristics of Bionic Earthworm Self-lubrication Surface ... 75 

013 A Bioinspired Superomniphobic Surface with Switchable Wetting Property .............................................. 76 

016 Experimental and numerical study on the bionic tube under oblique loading and multi-objective 

optimization ......................................................................................................................................................... 77 

017 Development and Evaluation of a Draft Force for Multi-Claw Combination of Mole Rats Using the Laws 

of Classical Mechanics ....................................................................................................................................... 78 

018 Review on Different Modes of Biomimetic Wall-Climbing Robots .............................................................. 79 

019 Research of a novel bionic piezoelectric actuator ....................................................................................... 80 

020 Research on Binocular Vision in Identifying Farmland Micro Obstacles for Agricultural UAVs .............. 81 

021 The mechanism of high-performance adhesion of Sinogastromyzon ........................................................... 82 

022 Tactile Sensing of Human Hand Manipulation: Modelling, Simulation and Measurement ........................ 83 

023 Fabrication of robust superhydrophobic coatings and its durability evaluation ........................................ 84 

024 Development of a Novel Robotic Hand Inspired From Human Musculoskeletal Biomechanics ................. 85 

025 Bioinspired Surgical Grasper Based on the Study of Boundary Friction on Tree Frog‟s Toe Pads ........... 86 

026 A Bionic Wheel-foot Compound Spider Robot ............................................................................................. 87 

027 A Bionic Anti-wear Material with Lubricant Self-secretion ........................................................................ 88 

028 Experimental Investigation on the Adhesion Mechanism and Its Influence Factors of Leech (Whitmania 

pigra) Suckers ..................................................................................................................................................... 89 

029 Study on friction performance of bionic dimple-shaped piston of mud pump .............................................. 90 

030 Development and test of biphilic surfaces with biomimetic patterns for heat transfer enhancement .......... 91 

031 Drag-reduction mechanism of thermally conductive elastic bionic wall based on the method of fluid–

structure–heat coupling ...................................................................................................................................... 92 

032 Research on the high adhesion of abalone and its adhesion mechanism .................................................... 93 

033 Large-Scale and Low-Cost Fabrication of Continuous and Efficient Sarracenia-Inspired Water Collector

............................................................................................................................................................................. 94 

034 Design and experimental analysis of bionic crowns based on the layered structure of human natural tooth

............................................................................................................................................................................. 95 

036 Development of a low cost linkage and Tendon-Driven Hybrid Anthropomorphic Robotic Hand ............. 96 

037 A bionic method for the crashworthiness design of conical tube structures inspired by yak horn .............. 97 

038 Bionic Design of Thin Wall Tubes Based on Feather Structure of the Bean Goose .................................... 98 

039 Design of an assisting equipment for abdominal flexion and extension training ........................................ 99 

040 Based on Meles meles Linnaeus‟s teeth design for the bi-metal band- saw blade..................................... 100 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

IV 

 

041 Bionic design and finite element analysis of sandwich panels inspired by the structure of seagull feathers

........................................................................................................................................................................... 101 

042 Research on mechanical properties of important muscles around the human knee joint based on shear 

wave elastography ............................................................................................................................................. 102 

043 Numerical simulation of pulsating flow characteristics in stenotic femoral artery ................................... 103 

044 Analysis and Simulation of Bionic Pecking Mechanism Inspired by Woodpecker Pecking ...................... 104 

045 Bio-inspired blade sections of marine propeller for increasing efficiency ................................................ 105 

046 Fabricating waterborne superhydrophilic/superoleophobic coatings for oil-water separation ................ 106 

047 Reverse Engineering and Parametric Modeling of Back Feature Surfaces of Sandfish ............................ 107 

048 The Microstructure and Wear-resistant Properties of Cricket Wings Friction Parts................................ 108 

051 Bionic Janus Materials .............................................................................................................................. 109 

052 Study on the Micro-structure and Tribological Properties of the Sandfish Skin ....................................... 110 

053 Abrasive wear of micro-spiked convex domes surface .............................................................................. 111 

054 Study on Microstructure and Tribological Properties of the Sandfish (Scincus scincus) .......................... 112 

055 Design and experiment of the bionic drag reduction surface for soil imprinting wheel based on discrete 

element method.................................................................................................................................................. 113 

056 Development of a 3D printed bipedal robot: Humanoid research platform to study human locomotion .. 114 

058 Effects of Pheasant Toe Surface Structure on Adhesive Performance under Grassland Conditions Based on 

Reconstruction Model Test ................................................................................................................................ 115 

059 Study in bionic variable stiffness joints based on the stable and energy- saving features of the intertarsal 

joint of ostrich ................................................................................................................................................... 116 

060 Design of tailless flapping wing micro air vehicle with high flapping amplitude...................................... 117 

061 Study on the characteristics of rigid-flexible coupling biological assembly of hare torso ........................ 118 

062 Optimization design and performance analysis of bionic sprint spikes based on ostrich foot toenails ..... 119 

063 Effects of ankle push-off timing on walking speed of bionic planar biped robot ....................................... 120 

064 Adaptive structural reorientation: Developing extraordinary mechanical properties by constrained 

flexibility in natural materials ........................................................................................................................... 121 

065 Nature-Inspired Nacre-Like Composites Combining Human Tooth-Matching Elasticity and Hardness with 

Exceptional Damage-Tolerance ........................................................................................................................ 122 

066 Orientation-dependence of the mechanical behavior in mollusk shells with laminated and crossed-lamellar 

structures ........................................................................................................................................................... 123 

067 Effects of Bionic Units in Different Densities on the Wear Behavior of Bionic Impregnated Diamond Bits

........................................................................................................................................................................... 124 

068 Bioinspired nanohybrids of TiO2/Au nanoparticles for enhanced photocatalytic degradation and 

anti-bacterial property ...................................................................................................................................... 125 

069 Improving the Micro Structure of Rough Surface with Truncated Pyramid Shape to Hinder Wetting 

Transition .......................................................................................................................................................... 126 

070 Enhancement of hydrocyclone DOWS technology with alternating electrodes by mimicking earthworm 127 

071 Slippery liquid-infused porous electric heating coating for de-icing ........................................................ 128 

072 Gait smoothing transformation method for quadruped robot on rough terrain ........................................ 129 

073 Bio-inspired honeycomb film based on semiconducting polymer .............................................................. 130 

074 Sponge-like MnO2 Aerogels for Supercapacitor Electrodes ..................................................................... 131 

075 Bioinspired self-standing macroporous Au/ZnO sponges for enhanced photocatalysis ............................ 132 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

V 

 

076 Progress of Chinese “Dove” and Important Ideas for Future Studies on Flight Mechanisms of Birds and 

on Application Systems ..................................................................................................................................... 133 

077 Nanomechanical Properties and Bionic Architecture Design Based on Elytron of Frog-legged Leaf Beetle

........................................................................................................................................................................... 134 

078 Biomechanical analysis of material and structure property of German Shepherd Dog‟s paw pad........... 135 

079 Bio-inspired optimization of mincing tool ................................................................................................. 136 

080 Ion channel inspired molecular devices .................................................................................................... 137 

081 Convex lens-like nacre: excellent resistance to penetration and bending deformation ............................. 138 

082 Size effect of nacre structure in Cristaria plicata shell: Role of Microcracking ....................................... 139 

083 Effect of salt concentration on the conformation of poly (ethylene oxide) ................................................ 140 

084 Effect of Floor Morphology on Human Gait under Heeling Condition ..................................................... 141 

085 Humidity responsive nanotube bundle driven by capillary condensation and evaporation ...................... 142 

086 Dynamic Contact Angle Measurements on Lubricant-Infused Surfaces .................................................... 143 

088 Effectiveness of a New Constant Workload Cycle Ergometer for Assessing Cardiopulmonary ................ 144 

089 Hydrodynamics of Air Spreading through Wetted Cellulose Membranes Implying Safety Function of Pit 

Membranes in Plants ......................................................................................................................................... 145 

090 Investigation of spiders‟ motion kinematics and the driving modes of hydraulic joints under varied 

pavement environments ..................................................................................................................................... 146 

092 Ground reaction forces during walking on platform with acceleration motion ........................................ 147 

093 Design of a multi-modal robot on water surface capable of jumping and gliding .................................... 148 

094 Reeling thin, sticky, strong micro thread off a glue stick ........................................................................... 149 

095 Investigation of Brine Shrimp‟s Swimming Motion in Toxic Aqueous Environment ................................. 150 

096 Rigid-flexible coupling loading mechanism of ostrich foot tarsometatarsus with high strength and light 

weight ................................................................................................................................................................ 151 

097 Nanotechnology, Bionics and Scientoonics: A New Hope to Change the World ....................................... 152 

099 Aerodynamic performance of the three dimensional flexible hovering wing ............................................. 153 

100 Swarm intelligence-inspired self-assembling strategy for multifunctional optoelectronics devices .......... 154 

101 Crashworthiness investigation of a bionic multi-cell tube under axial and oblique impact loading ......... 155 

102 Design method for a bionic upper limb forearm based on tensegrity structure ........................................ 156 

104 Research on a Bionic Positionning Algorithm for Underwater Docking System Based on Active 

Electrolocation .................................................................................................................................................. 157 

105 Design of a flexible finger-inspired stretch forming machine for the fabrication of large radius bends parts

........................................................................................................................................................................... 158 

106 Aerodynamic Performance of a Passive Pitching Model on Bionic Flapping Wing Micro Air Vehicles .. 159 

107 3D printing of biomimetic shape changing actuators ................................................................................ 160 

108 Tunable Frictional anisotropy of 3D printed biomimetic surfaces/interfaces ........................................... 161 

109 3D Printing Bionic Wheat Awn Device to Realize Cargos Directional Transportation ............................ 162 

110 Bio-inspired Smart Wet Adhesive and Device ........................................................................................... 163 

112 Research on Track and Positioning Estimation of Autonomous Vehicles Based on Multi-sensor Fusion 164 

113 Classification of Diabetic Retinopathy Based on Convolution Neural Network ....................................... 165 

115 Biointerface Effects on the Viscoelasticity of Nanoparticle Hydrogels ..................................................... 166 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

VI 

 

116 Experimental Study on „Snake-type‟ Vibration Cutting Method for Cutting Force and Cutting Heat 

Reductions ......................................................................................................................................................... 167 

117 Research on the design of hybrid driving bionic flexible arm ................................................................... 168 

119 The research of biomimetic driving behavior by polymer brushes modified film ...................................... 169 

120 Bio-inspired Triboelectric nanogenerator for energy harvesting .............................................................. 171 

121 Measurement of drag force generated by tiny insect wing using a self- sensing microcantilever ............. 172 

122 Oscillating Performance and Fluid-Structure Interaction Mechanism of a Small Koi‟s Caudal Fin-Like 

Underwater Propulsion Actuated by MFC........................................................................................................ 173 

123 Application of bioinspired superhydrophobic surface in fluid drag regulation ........................................ 174 

124 Study on bionic lubrication of structural high strength hydrogels ............................................................ 175 

125 Bio-inspired Tubular Hydrogel Actuation System ..................................................................................... 176 

126 Direct ink writing of high-strength and swelling-resistant biocompatible physical-crosslinking hydrogels

........................................................................................................................................................................... 177 

127 Bionic Aqueous Lubrication Based on Interfacial Supramolecular Host-guest Interaction...................... 179 

128 High Performance, Flexible and Renewable Nano-Biocomposite Artificial Muscle Based on Mesoporous 

Cellulose/ Ionic Liquid Electrolyte Membrane ................................................................................................. 180 

129 MULTI-ANALYSIS: FROM SENSING TO PERCEPTION ........................................................................ 181 

130 Multi-functional Bio-inspired Integrated Thermal Protection Structures: Design, Numerical Simulation 

and Selective Laser Melting Fabrication .......................................................................................................... 182 

131 Functional Principle Bionic Exploration In depth Understand Nature‟s Way and Solve Human Needs .. 183 

132 Biomimetic Press Roller Type, Material, Velocity and Packing Force Effects on Compaction 

Characteristics in Black Clay Soil of Northeast China ..................................................................................... 184 

133 Ethology study of homing pigeons for geomagnetic navigation ................................................................ 185 

134 Bioinspired Soft Actuators for Biomedical Applications ........................................................................... 186 

136 Leaf vein-inspired superhydrophilic tracks for water collection ............................................................... 187 

137 Design and evaluation of bionic discs for cutting sugar cane ................................................................... 188 

138 Research on Bio-inspired Guidance Strategy Based on Visual Optical Flow Method .............................. 189 

140 Engineered Bacterial Biofilms as Living Functional Materials ................................................................ 190 

141 Optimization Design and Analysis of Bionic Beetle Flapping Mechanism with Variable Motion 

Characteristics .................................................................................................................................................. 191 

143 Preparation and Drag Reduction Performance of Marine Biomimetic Coatings ..................................... 192 

144 Design and Test of a Quadruped Wall-Climbing Robot Using Bioinspired Spine Adhesive Structure ..... 193 

145 A Bioinspired Microfluidic System with Thermal Responsive Liquid-Gating and Antifouling Properties 194 

146 What does a hand-over tell? Individuality of short motion sequences....................................................... 195 

147 Synchronized locomotion of two auto-propelled flapping foils in tandem arrangement ........................... 196 

150 Simple microfluidic oscillator using a single microvalve .......................................................................... 197 

151 Nature-Inspired anti-reflection in visible range and selective reflection in NIR nanosurface for 

concentrator photovoltaic ................................................................................................................................. 198 

152 Flexible Lateral Line Sensor Based on BTO/P(VDF-TrFE) Nanofiber Membrane for Flow Detection ... 199 

153 A bionic adhesive disc for torrent immune locomotion inspired by the Guizhou Gastromyzontidae ........ 200 

154 Design for Biomimetic Anti-Erosion of Water Hydraulic Valve Plug Based on Multi-source Coupled 

Bionic Method ................................................................................................................................................... 201 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

VII 

 

155 The formation of the attached leading-edge vortex in self-propelled fish-like swimmer with rigid and 

flexible caudal fins ............................................................................................................................................ 202 

156 Bio-inspired Motion Planning for Mobile Manipulator Based on the Tau Guidance Theory ................... 203 

157 Design method for an adaptive bio-inspired foot mechanism based on tensegrity structures ................... 204 

158 Design and Analysis of Flexible Transfemoral Prosthetic Socket Complying with Muscle Activity ......... 205 

159 The highly stable air-operating ionic polymer metal composite actuator with consecutive channels 

produced by copper foam .................................................................................................................................. 206 

160 Investigation of bionic flexible wing on a 2-DOF flapping mechanism test bench.................................... 207 

161 Bionic design and evaluation of PEEK costal cartilage prosthesis fabricated by 3D printing ................. 208 

162 The Tribological Behaviors of Bio-inspired Surface Textures from Dorsal, Lateral and Ventral Scales of 

Eryx tataricus .................................................................................................................................................... 209 

163 The design of 3D printed diabetic insoles with functional gradient modulus ............................................ 210 

164 Development of Bionic Knee Joint Inspired by Articular Surfaces and Ligaments ................................... 211 

165 Biomechanical Analysis of the Pelvis in Routine Activities ....................................................................... 212 

166 A Bionic Walking-Type Piezoelectric Actuator based on Asymmetrical Flexure Mechanisms ................. 213 

167 Scanning Electron Microscopic Analysis of the Surface Structure of Antlion ........................................... 214 

168 A Bionic Trichobothria-Slit Sensilla Combined Sensor Inspired by Scorpion Ultrasensitive Mechanism 215 

169 Bionic capillaries-based research on the fatigue characteristics of single red blood cell ........................ 216 

170 Effect of the porous surface on the flow field over an owl-based airfoil ................................................... 217 

171 Investigation of Bionic Windbreak Fences on the Capturing of Particulate Matter ................................. 218 

172 Design and Evaluation of Bionic Membrane Filter used for the Gases Detection of Electronic Nose in 

Dusty Environment ............................................................................................................................................ 219 

173 Kinematics and mechanics analysis of mandible strike of Odontomachus monticola ............................... 220 

174 Animal foot pad contact mechanism, properties and functions for bionic application .............................. 221 

175 Application of bionic technologies on the fracturing plug ......................................................................... 222 

176 Tribology performance of surface texturing plunger ................................................................................. 223 

177 Influence of carbon dioxide plasma treatment on the dry adhesion of vertical aligned carbon nanotube 

arrays ................................................................................................................................................................ 224 

178 Light-fueled soft robot for versatile terrains ............................................................................................. 225 

179 Fabrication of a Bionic Fibrous Sinusoidally- architected Helicoidal Structure Inspired from the 

Stomatopod Dactyl Clubs .................................................................................................................................. 226 

180 The foot-ground interaction mechanism and compliance behavior control for legged robots in 

unstructured environment ................................................................................................................................. 227 

181 PIV Measurement of Flow Field Structure on the Surface of Puffer Fish and its Drag Reduction 

Mechanism ........................................................................................................................................................ 228 

182 A Soft Finger Rehabilitation Device Using Shape Memory Alloys in Stroke Patients .............................. 229 

183 Influence of cervical fusion cage shape design on the postoperative implanted mechanical properties- a 

finite element analysis ....................................................................................................................................... 230 

184 The compressive response of porcine muscle: Experimental and constitutive analysis ............................ 231 

185 Development of Insect-inspired Tailless KUBeetle Flying Robot: Progress and Future Directions ........ 232 

186 Biosonar Waveform Design and Signal Processing Based on Biological Behavioral Intelligence ........... 233 

187 Effect of Bionic Vibrissae on the Classification Accuracy of Electronic Nose .......................................... 234 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

VIII 

 

188 Research on drag reduction characteristics and flow field structure of bionic non-smooth surface inspired 

by the spines of puffer skin ................................................................................................................................ 235 

189 Liquid directional control on biomimetic structures ................................................................................. 236 

190 Bionic Structural Design of Cat-Paw Motorcycle Tire Crown .................................................................. 237 

191 Study on the Heat Reduction Effect of a Biomimetic Unidirectional Transporting Channels Inspired by 

Nepthese alata ................................................................................................................................................... 238 

192 Wood-inspired multi-channel cathode prepared by 3D-printing for high-performance Zinc-air batteries

........................................................................................................................................................................... 239 

193 Bio-inspired Nano Rotor Investigation Based on UVLM .......................................................................... 240 

194 An intelligent adaptive method for quadruped robots in complex terrain ................................................. 241 

195 Bio-inspired smart surface with switchable isotropic / anisotropic wetting .............................................. 242 

196 Coating of the superhydrophobic fireproof and corrosion resistant for transmission lines ...................... 243 

197 Towards a more Biophilic future. .............................................................................................................. 244 

198 A Wheel-legged Hybrid Mechanism for Bionic Legged Robot .................................................................. 245 

199 Biomimetic groundwork for thermal exchange structures inspired by plant leaf design ........................... 246 

200 Bio-inspired Algorithms and Their Applications ....................................................................................... 247 

201 A New Ant-colony Metaheuristic Algorithm for Optimising Multi-level Truss Topological Design ......... 248 

202 Review of Bio-inspired Electromagnetic Fields and Their Effects on Health Conditions ......................... 249 

203 Structural coloration of wing scale of Papilio maackii depending on multifilm interference ................... 250 

204 Study on Anti-Reflection Performance of Titanium Alloy Microstructure Surface Based on Nanosecond 

Laser under Different Ultrasonic Cleaning Conditions .................................................................................... 251 

205 Foreleg modelling and excavation movement simulation in mole crikets ................................................. 252 

206 Development of an excavation method to stabilize a closed landfill site using a biomimetic expanding drill

........................................................................................................................................................................... 253 

207 Research on Mechanical Properties and Shape Memory Properties of Biomimetic Structural Units Based 

on NiTi Alloy ..................................................................................................................................................... 254 

208 The Biomechanical Influence of the Subscapularis Tendon Tears to Glenohumeral Joint Stability: A 

Simulation Study................................................................................................................................................ 255 

209 Research on Impingement Cooling for Bionic Surfaces in a Simplified Transition Segment .................... 256 

210 Design of a soft robotic glove for hand rehabilitation ............................................................................... 257 

211 Effects of Elastic Joints on the Performances of a Close-Chained Rod Rolling Robot ............................. 258 

212 A high real-time electromagnetic actuation drive system for locomotion of intravascular microrobot .... 259 

213 Research on Automatic Color Change System Based on Biomimetic Photonic Crystals .......................... 260 

214 Biomimetic Nanopillars and Nanocones on flexible Polymer Substrates by Plasma Nanotexturing ........ 261 

216 Fabrication of bio-inspired non-fluorinated superhydrophobic surfaces with anti-icing property and its 

wettability transformation analysis ................................................................................................................... 262 

217 Microscopic Structure of the Body Surface of Frog (Pelophylaxnigromaculata) ..................................... 263 

218 Study on structural color of birds‟ feathers ............................................................................................... 264 

219 Fabrication of superwetting Cu@Cu2O cubic film for oil/water emulsion separation and photocatalytic 

degradation ....................................................................................................................................................... 265 

220 Creeper-inspired Fibrillar Adhesive for Reversible Adhesion on Rough Surface ..................................... 266 

221 Bio-inspired Gradient Micropillars Beyond T-shaped Adhesive Microstructure ...................................... 268 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

IX 

 

222 A design of modularization pallet with honeycomb structures and compressive analysis ......................... 269 

223 Promoting Fast Droplet Bouncing on Sculptured Surfaces ....................................................................... 270 

224 Research on Restore Characteristics of Bionics Protective Self-Repairing Structure Base on NiTi Alloy 271 

225 Thrust study of membrane flapping wing micro aerial vehicle based on UVLM ....................................... 272 

226 Development of in-situ 3D bio-printing system and process for skin generation ...................................... 273 

227 Research on Multi-directional Motion Path Tribological Behaviour between CoCrMo and Highly 

Crosslinked Polyethylene .................................................................................................................................. 274 

228 Stress distribution in the design of bionic adhesive structures with variable stiffness .............................. 275 

229 Study on Boiling Heat Transfer Performance of T-Groove Microstructure .............................................. 276 

230 Development of low noise mixed flow fans with bio-inspired grooves ...................................................... 277 

231 High sensitivity sensor based on olfactory lamellae of catfish .................................................................. 278 

232 A biomimetic surface with switchable wettability and corrosion resistance for microdroplet manipulation

........................................................................................................................................................................... 279 

233 Low-Voltage-Driven Soft Actuators based on Ionic Polymer-Metal Composite Artificial Muscles .......... 280 

234 Multifunctional structural color hydrogel film towards sensing and display ............................................ 281 

235 A Novel Method for Preparation of Complex Gecko-inspired Microfiber Array Adhesion Materials ...... 282 

237 The SERS Substrate with Arrayed-nanopillar Fabricated by Nanoimprinting the Diatom Frustules ....... 283 

238 Research on Trot gait planning of imitation goat quadruped robot based on modified compound cycloid 

method ............................................................................................................................................................... 284 

239 Construction and verification of mathematical model of irregular curved surface morphology of turtle 

plastron ............................................................................................................................................................. 285 

240 Carbonized sucrose-coated PDMS sponge for efficient solar steam generation and desalination of saline 

water ................................................................................................................................................................. 286 

241 Printing Ionic Polymer Metal Composite Actuators by Fused Deposition Modeling technology ............. 287 

242 Wet adhesion inspired by tree frog for wide temperature range ............................................................... 288 

243 The impact of a flexible stern on boat speed .............................................................................................. 289 

245 4d Printing of Actuators Possessing Spatially Continuous Motions via Speed-Defined Microstructure 

Assemblies ......................................................................................................................................................... 290 

246 Fabrication of biomemitic superhydrophobic patterned surfaces on the stainless steel substrate with 

anisotropy.......................................................................................................................................................... 291 

247 Performance Analysis of Bionic Press Roller by Discrete Element Method ............................................. 292 

248 Interfacial Interaction dominated charge transfer mechanism and its transition at graphene/metal 

interfaces ........................................................................................................................................................... 293 

249 Whale baleen: Structure, mechanical properties and efforts at bioinspiration ......................................... 294 

250 A bionic gecko toe for climbing on both smooth and rough surfaces ........................................................ 295 

251 Measurement and Analysis of Internal Flow Field Characteristics of Downhole Bionic Power Generator 

Based on PIV ..................................................................................................................................................... 296 

252 Genetic Algorithm Inspired by Octopus RNA Editing ............................................................................... 297 

253 Research on motion evolution of soft robot based on VoxCAD ................................................................. 298 

254 A smart hydrogel system for visual detection of glucose ........................................................................... 299 

255 A facile modifier-free approach to fabricate antistatic superhydrophobic composite coating with 

remarkable thermal stability and corrosion resistance ..................................................................................... 300 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

X 

 

256 Bio-inspired flight-control strategy for multi-rotor drones ....................................................................... 302 

258 The Fabrication of Bionic Stingray Based on IPMC ................................................................................. 303 

259 A biomimetic multifunctional optical finger for simultaneous discrimination of surface texture, softness, 

and temperature ................................................................................................................................................ 304 

260 Driving Performance of Miniature Linear Actuator Based on Ionic Polymer Metal Composite .............. 305 

261 Study on hydrodynamic force and flow field of robot fish ......................................................................... 306 

262 Pomelo peel-inspired gradient porous structure with excellent energy dissipation .................................. 307 

263 Preparation of superhydrophobic surface on magnesium alloys by etching method ................................ 308 

264 The Optimization of Hexagon-Textured Surface For Tribological Properties Inspired by Snake Scale ... 309 

266 Influence of Geometrical Features of Objects on Active Electric Field Positioning System ..................... 310 

267 The study of cooperation mechanism of locust legs, wings and abdomen for jumping ............................. 311 

268 Bioinspired Dual-enzyme Colloidosome Reactors for High-Performance Biphasic Catalysis ................. 312 

270 Design of a Bio-inspired Anti-Erosion Structure of Water Hydraulic Valve Core: An Experimental Study

........................................................................................................................................................................... 313 

273 A study on the mechanism of catheter moving forward and backward in the form of double folding shape 

inspiring earthworm locomotion ....................................................................................................................... 314 

274 TiO2 nanotubes improve soft tissue attachment on Intraosseous Transcutaneous Amputation prosthesis 315 

276 Super-repellent and Contact-killing Antimicrobial Surface ...................................................................... 316 

277 The Effects of Bio-inspired Electromagnetic Fields on Normal and Cancer Cells ................................... 317 

278 Bionic design methodology for high toughness structure .......................................................................... 318 

279 Preparation and characterization of transparent underwater superoleophobic coatings based chitin 

nanofibers and polyvinyl alcohol .................................................................................................................... 3189 

281 Bioinspired reversible photoresponse materials based on the microstructures of butterfly wing scales .. 320 

282 Ultrasensitive flexible strain sensor based on the controlled cracks inspired from the mechanoreceptor of 

scorpion ............................................................................................................................................................. 321 

283 A Bionic High Efficiency Oscillating Wind-electric Conversion Nanogenerator For Low Wind Speed 

Inspired By Scorpion Trichobothria.................................................................................................................. 322 

284 Analysis of the relationship between superhydrophobicity and friction properties on stainless steel 

surfaces ablated by femtosecond laser .............................................................................................................. 323 

285 Biomimetic Hierarchically Structured Films with Broadband and Omnidirectional Antireflection and 

Antifogging Properties Inspired from Butterfly Wings...................................................................................... 324 

286 Biomimetic Vapor Sensor with Sandwich-Like Vapor Trapping Structures .............................................. 325 

287 Rapid fabrication of bio-inspired antireflection film replicating from cicada wings ................................ 326 

289 Bio-inspired flexible strain sensor based on paper coated with cracked graphene layer ......................... 327 

290 Bioinspired robust highly-transparent surperhydrophobic surface based on PDMS-SiO2 nanospeheres 

with antifogging and self-cleaning properties ................................................................................................... 328 

291 Biomimetic antireflection film based on rose petals .................................................................................. 329 

292 High-sensitivity and low-cost flexible strain sensor with bioinspired micro-scale cracks ........................ 330 

293 Multimodal Biometric Recognition System Based on Bionic Crack Sensor .............................................. 331 

294 A Lunar Sampling Feed Scheme based on Artificial Intelligence .............................................................. 332 

296 Preliminary Study on the Members‟ Management of International Academic Organization .................... 333 

297 What Engineers can learn from Honeybees-- -biological inspired navigation system .............................. 334 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

XI 

 

298 Properties of chitosan/starch packaging films bioinspired by the structures of the fruit peel ................... 335 

299 Preparation and characterization of hydrophobic starch nanocrystals through crosslinking modification 

for reinforcing hydrophobic polymer matrices ................................................................................................. 336 

300 Development and impact of the Newsletter to the ISBE ............................................................................ 337 

301 Biomimetics: An Academic Progress Report ............................................................................................. 338 

302 Biomimetic Nanostructured Surface with Smart Transformation between “Killing” and “Releasing” of 

Bacteria ............................................................................................................................................................. 339 

303 Observation on the microstructure of the sensory organs of the scutigera coleoptrata ............................ 340 

304 Data Acquisition and 3D Reconstruction of Peach Tree Crown Morphology based on bionic vision ...... 341 

305 Optimal wing geometry and kinematics of a rhinoceros beetle for minimum power consumption ........... 342 

306 Mesoscopic Analysis of Drag Reduction Performance of Bionic Furrow Opener based on the Discrete 

Element Method ................................................................................................................................................ 343 

307 Morphology and tensile properties of the forewing costal vein of the honeybee ....................................... 344 

308 Effect of the yaw angle on the drag reduction performance by riblets ...................................................... 346 

309 Cartilagephilic Non-slip Interface for Articular Contact Pressure Distribution Film Sensing ................. 347 

310 Experimental study on boiling heat transfer of T-shaped microstructure ................................................. 348 

312 Bionic design and optimization of vibration reduction for legged robot foot ............................................ 349 

313 Study of mucus absorbing mechanism of Dabryanus loach and bionic drag reduction ............................ 350 

314 A 3D Printed Bionic Intelligent Hydrogel Drug Controlled Release Device ............................................ 351 

316 Butterfly wing inspired micro-cavity surfaces exhibiting capillary pressure dependent wetting scenarios

........................................................................................................................................................................... 352 

318 A bionic approach of genotyping hepatitis B virus by ELISA with two genotype-specific antibodies ....... 353 

319 The dynamic non-wetting mechanism of elastic kingfishers ...................................................................... 354 

320 Bionic optimization of furrow opener ........................................................................................................ 355 

321 Nature Inspired Materials Processing to Mimic Hierarchical Biomineralization .................................... 356 

322 Numerical prediction on erosive wear reduction of bulk-solids-handling equipment surface using bionic 

design ................................................................................................................................................................ 357 

323 Analysis of wear-resistance characteristic of bionic ribbed geometrical structure surfaces .................... 358 

324 Performance Evaluation of Obsolete Agricultural Machinery Disassembly Using IFOA and Ultimate 

Cross-efficiency ................................................................................................................................................. 359 

325 Multi-objective low-carbon disassembly line balance for agricultural machinery using MDFOA and Fuzzy 

AHP ................................................................................................................................................................... 360 

326 The multi-scale structure of biomimetic rice leaf and anisotropic superhydrophobic properties ............. 361 

327 Experimental Study on Drag Reduction Characteristics of Bionic Earthworm Self-lubrication Surface . 362 

329 Development of Virtual Prototyping of Deployable Manned Lunar Vehicle and Simulation of Its Mobility 

Performance ...................................................................................................................................................... 363 

330 Noise-reduction mechanism of bionic non-smooth wing prototypes with different bionic trailing edge 

shapes ................................................................................................................................................................ 364 

332 Hot spot analysis of bionic technology in China's agricultural field ......................................................... 365 

333 Effects of Elastic Joints on the Performances of a Closed-Chain Rod Rolling Robot ............................... 366 

334 Bionic goat quadruped robot mechanism design and gait planning ......................................................... 367 

335 Trafficability evaluation model for lunar rover based on terramechanics ................................................ 368 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

XII 

 

336 Liquid marbles and liquid plasticines with nanoparticle monolayers ....................................................... 369 

337 A Bioinspired Antifogging/Frost-Resistant Surface with Self-Healing Ability .......................................... 370 

338 A Novel One-pot Synthesized Polyimine Vitrimer Composite Inspired by Biomineralization ................... 371 

339 Fabrication and Property Study of Bio-inspired Spermidine Contained Electrospun Fibrous Films ....... 372 

341 Effect of wing vortex and wake on thrust for flapping wing micro aerial vehicle based on UVLM .......... 373 

342 Flexible and soft electrically tunable photonic crystals mimicking chameleon skins ................................ 374 

343 Wearable biofuel cell in sportswear .......................................................................................................... 375 

344 Application of Cavitation Bubble and Shock Wave of Pistol Shrimp ........................................................ 376 

345 Characteristics of Mucus Secretion of Loach Skin .................................................................................... 377 

346 Research on flow field perception of moving carrier based on artificial lateral line system .................... 378 

347 Extracellular matrix-mimicking single-chain atomic crystals with exceptional biocompatibility and 

bioactivity .......................................................................................................................................................... 379 

348 Biomimetic press roller type, material, velocity and packing force effects on compaction characteristics in 

black clay soil of northeast China ..................................................................................................................... 380 

350 Computational Fluid Dynamics Study on Solid Particle Erosion on Helicopter General Rotor Blades and 

Mounting Bionic Layer Blade Surfaces ............................................................................................................. 381 

354 Mandibles of the ant Harpegnathos venator are multifunctional grippers ................................................ 382 

355 Kinematics of gecko climbing: the lateral undulation pattern ................................................................... 383 

356 Biomimetic dual-functional nanospheres for treatment of osteoarthritis .................................................. 385 

357 Structure-property-function relationship in the cuticle of locust tibiae ..................................................... 386 

359 Emission Enhancement of Fluorescent Molecules by Antireflective Arrays .............................................. 387 

360 Study on Mussel Foot-Byssus Protein Mimetic polymers .......................................................................... 388 

361 Modeling and construction of fluid bionic propulsion equipments............................................................ 389 

362 Design and Preparation of Bionic Intelligent Hydrogels and Investigation of Their Self-driven 

Mechanisms ....................................................................................................................................................... 390 

363 Improvement of Wheel Locomotion on Soft Ground by Applying Animal Shape and Motion ................... 391 

364 Trafficability evaluation model for lunar rover based on terramechanics and bionics ............................. 392 

 

 

 



ICBE2019&ISNIT2019, JILIN UNIVERSITY, CHANGCHUN 

13 

 

 

Paper ID: K05 

Biomimetics of functional shadow plant surface structures 

Cornelia F. Pichler1, Victor Merza1, Matthias P. Weinberger1, Anja M. Kositz1, H. Hutter2,  

Ille C. Gebeshuber1* 

1 Institute of Applied Physics, Vienna University of Technology, Vienna, 1040 Austria 

2 Institute of Chemical Technologies and Analytics, Vienna University of Technology, Vienna, 1040 Austria 

*Correspondence: Ille C. Gebeshuber (gebeshuber@iap.tuwien.ac.at) 

 

 

 

Abstract 

To elucidate the function of various plant parts for potential biomimetic applications can be complex due to the 

multifunctional, hierarchical structure of the inspiring creatures. Single organisms of the same plant species look 

different depending on the environment where they grow. Such plants might have the same genotype, i.e., their 

internal genetic coding is the same, but their physical appearance, their phenotype, depends on the external conditions. 

Phenotypic plasticity is a general property of organisms. The surface structures in plants are genetically controlled, 

and changes in pigmentation and structure may correlate with environmental factors. Very strong are the differences in 

plant species that have evolved ways to deal with low light conditions, such as deep shade plants in the tropical 

rainforest. The different phenotypes depend on the conditions in which the shadow plants grow (UV intensity, light 

intensity, altitude, plant and animal communities in the vicinity, latitude, etc.). The keynote presentation will introduce 

studies performed on phenotypical variations of shadow plant leaves micro- and nanostructures yielding environment 

dependent optical effects such as changes in coloration and light reflection / absorption characteristics. Such studies 

give important insights into the function of the respective micro- and nanostructures and facilitate understanding of the 

structure-function relationship and related biomimetics. Some of these changes might be pure structural changes (as 

opposed to chemical changes), and thereby easily transferable to other materials – making use of the biomimetic 

principle ―structure rather than material‖. Following a methodology that was developed by Dr. Kerstin Koch and 

coworkers, the plant surface structures are transferred to stamps (negative imprints) made from polyvinylsiloxane and 

with these master stamps further transferred to materials such as window color, beeswax, sugar, Carnauba wax and 

epoxy resin (positive imprints). These structures are then applied to technical surfaces (e.g., solar cells) and the 

changes in performance measured. 

 

Keywords: environment dependent biological structures, functional micro- and nanostructures, imprint, shadow 

plants, stamp, structure-function relationship 
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