2021 IEEE 4th International
Conference on Soft Robotics
(RoboSoft 2021)

New Haven, Connecticut, USA
12 — 16 April 2021

I E E E IEEE Catalog Number: CFP21023-POD
4 ISBN: 978-1-7281-7714-4



Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP21023-POD
ISBN (Print-On-Demand): 978-1-7281-7714-4
ISBN (Online): 978-1-7281-7713-7

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

LLom



TABLE OF CONTENTS

A SOFT APPROACH TO THE EXOSKELETON WEARABLE DEVICE FOR
TEMPOROMANDIBULAR DISORDER (TIMD)......cuciiiiiieiisieieiisieieesisieiesss et ssssssesasssse e s sesessssssessssesessssesesens 1
Runzhi Zhang, Xiaojiao Chen, Jing Li, Dehao Duanmu, Juan Yi, James Lam, Zheng Wang

SMOOTH AND INCLINED SURFACE LOCOMOTION AND OBSTACLE SCALING OF A C-
LEGGED MINIATURE MODULAR ROBOT ....ooiiiiiiie sttt tas e snaeesnne e 9
Nima Mahkam, Talip Batuhan Yilmaz, Onur Ozcan

ROBOA: CONSTRUCTION AND EVALUATION OF A STEERABLE VINE ROBOT FOR

SEARCH AND RESCUE APPLICATIONS ...ttt sttt 15
Pascal Auf Der Maur, Betim Djambazi, Yves Haberthiir, Patricia Hormann, Alexander
Kubler, Michael Lustenberger, Samuel Sigrist, Oda Vigen, Julian Férster, Florian
Achermann, Elias Hampp, Robert K. Katzschmann, Roland Siegwart

RAPIDLY RECONFIGURABLE INEXTENSIBLE INFLATABLES......ccoovoieivccesee e 29
Robert L. Baines, Sree Kalyan Patiballa, Rebecca Kramer-Bottiglio

TRANSFER LEARNING FOR ACCURATE MODELING AND CONTROL OF SOFT
ACTUATORS ...ttt 2ottt e se st et e R e b e s e b et e s s e ke b e st e b e b e se st e st e be b e nsebe st e s e e te b eneebe s eresrens 51
Mats Wiese, Gundula Runge-Borchert, Benjamin-Hieu Cao, Annika Raatz

DISTRIBUTED SENSOR NETWORKS DEPLOYED USING SOFT GROWING ROBOTS.........cccovvvvveenne. 66
Alexander M. Gruebele, Andrew C. Zerbe, Margaret M. Coad, Allison M. Okamura, Mark R.
Cutkosky

BISTABLE ACTUATION IN MULTI-DOF SOFT ROBOTIC MODULES DRIVEN BY
ROLLED DIELECTRIC ELASTOMER ACTUATORS ..ottt sttt st st et s st s ta s saessnne e 82
Johannes Prechtl, Julian Kunze, Daniel Bruch, Stefan Seelecke, Gianluca Rizzello

A BIOROBOTIC SIMULATOR OF VOCAL FOLDS FOR THE REPRODUCTION AND

ANALYSIS OF ELECTROGLOTTOGRAPHIC SIGNALS ..ot 90
Arianna Conte, Martina Maselli, Andrea Nacci, Mariangela Manti, Jacopo Galli, Gaetano
Paludetti, Francesco Ursino, Matteo Cianchetti

SUPPORT LOCALIZATION STRATEGY FOR GROWING ROBOTS AIDED BY LIGHT
PERCEPTION INSPIRED BY CLIMBING PLANTS ...ttt ettt ettt st s s saeeans 105
Emanuela Del Dottore, Alessio Mondini, Barbara Mazzolai

EXTENDING THE REACH OF SINGLE-CHAMBER INFLATABLE SOFT ROBOTS USING
MAGNETORHEOLOGICAL FLUIDS ... oottt sttt sttt sttt e st ete e st e s aaa e sat e e sraessaaeeeres 119
J. Garrett Williamson, Caroline Schell, Michael Keller, Joshua Schultz

STABILITY RECOGNITION WITH ACTIVE VIBRATION FOR BRACING BEHAVIORS

AND MOTION EXTENSIONS USING ENVIRONMENT IN MUSCULOSKELETAL

[ LU LAY L@ 11 TSR 126
Kento Kawaharazuka, Manabu Nishiura, Shinsuke Nakashima, Yasunori Toshimitsu, Yusuke
Omura, Yuya Koga, Yuki Asano, Kei Okada, Koji Kawasaki, Masayuki Inaba

JAMMING JOINTS FOR STIFFNESS AND POSTURE CONTROL WITH AN
ANTHROPOMORPHIC HAND.......coitiieiiiteteii ettt ettt bese st ssese e sae s e nnesene s 134
Kieran Gilday, Josie Hughes, Fumiya llda



MODEL-FREE REINFORCEMENT LEARNING WITH ENSEMBLE FOR A SOFT
CONTINUUM ROBOT ARM ....oiiiititiiiteeieststesest sttt esa st se e sttt ssesesassese s ssesesessssesasassasessssesessssssesansases
Ryota Morimoto, Satoshi Nishikawa, Ryuma Niiyama, Yasuo Kuniyoshi

IMITATION LEARNING BASED SOFT ROBOTIC GRASPING CONTROL WITHOUT
PRECISE ESTIMATION OF TARGET POSTURE ......coociiiiiii ettt sae et
David Santiago Diaz Cortes, Geonwoo Hwang, Ki-Uk Kyung

DEVELOPMENT OF 3D PRINTED STRUCTURE THAT VISUALIZES BENDING AND
COMPRESSION DEFORMATIONS FOR SOFT-BODIED ROBOTS......ccooieiiiieeiiieiee st
Kohei Hanaoka, Masahiro Shimizu, Takuya Umedachi

SOFT ROBOTIC COMPLIANT TWO-FINGER GRIPPER MECHANISM FOR ADAPTIVE
AND GENTLE FOOD HANDLING ..ottt sttt
Andrija Milojevic, Sebastian Linf3, Heikki Handroos

VARIABLE COMPLIANCE AND GEOMETRY REGULATION OF SOFT-BUBBLE
GRIPPERS WITH ACTIVE PRESSURE CONTROL ..ottt sesnenas
Sihah Joonhigh, Naveen Kuppuswamy, Andrew Beaulieu, Alex Alspach, Russ Tedrake

MULTI-SCALE MOTION OF SOFT CONTINUUM ROBOTS USING TENDONS,
ECCENTRIC RODS, AND A CAM......cooiiee ittt ettt ettt sttt ettt st e st st e b e st e st e e st e e stessaesreesreeseeeessaeas
Shahrior Ahmed, Hunter B. Gilbert

GAUSSIAN PROCESS DYNAMICS MODELS FOR SOFT ROBOTS WITH SHAPE MEMORY
ACTUATORS ..ottt et et e b et e st et e b e s e et e s et e st e s s e s e s es e e b et e s e et et e s e st e s s e ae s es s e b e s eneane s
Andrew P. Sabelhaus, Carmel Majidi

INTEROPERABLE MODELS FOR DYNAMICS AND SHAPE TRACKING OF SOFT
LN TSR
Steeve Mbakop, Gilles Tagne, Marc-Henri Frouin, Rochdi Merzouki

CONFIGURATION TRACKING FOR SOFT CONTINUUM ROBOTIC ARMS USING
INVERSE DYNAMIC CONTROL OF A COSSERAT ROD MODEL.......cccciiiiiiriiiiiseiteieee e
Azadeh Doroudchi, Spring Berman

MODULAR SIMULATION FRAMEWORK FOR ELECTRO-RIBBON ACTUATORS........cccovvevierinnenn.
Bruno Castro, Richard Suphapol Diteesawat, Majid Taghavi, Jonathan Rossiter

SHAPE CHANGE PROPAGATION THROUGH SOFT CURVED MATERIALS FOR
DYNAMICALLY-TUNED PADDLING ROBOTS.....cocctiiititiirieieiesiniee sttt
Yuhao Jiang, Mohammad Sharifzadeh, Daniel M. Aukes

DEVELOPMENT OF A VARIABLE-SOFTNESS ROBOT BY USING THERMORESPONSIVE
HYDROGELS FOR HAPTIC INTERACTION WITH HUMANS. ...ttt
Motoki Yasuda, Arisa Ota, Fumihide Tanaka

DRONETRAP: DRONE CATCHING IN MIDAIR BY SOFT ROBOTIC HAND WITH COLOR-
BASED FORCE DETECTION AND HAND GESTURE RECOGNITION........ccccuririieinisreennsieeieseerennenes
Aleksey Fedoseev, Valerii Serpiva, Ekaterina Karmanova, Miguel Altamirano Cabrera,
Vladimir Shirokun, lakov Vasilev, Stanislav Savushkin, Dzmitry Tsetserukou

EVALUATION ON SWIMMING EFFICIENCY OF AN EEL-INSPIRED SOFT ROBOT WITH
PARTIALLY DAMAGED BODY ...ttt sttt sttt skt b b e e
Dinh Quang Nguyen, Van Anh Ho



MODULARIZED GENOTYPE COMBINATION TO DESIGN MULTIOBJECTIVE SOFT-
BODIED ROBOTS .....oictiiieieit sttt ettt b s e e bt e et et s e bt e s e et et e e s et e s et et e e e ee 295
Tomoya Kimura, Ryuma Niiyama, Yasuo Kuniyoshi

FREE TENDONS FOR TRAVELLING WAVE GENERATION IN ELASTOMER
IMEMBRAINES . ...ttt ettt e ettt e e ettt e s et teee s ettt e e sabatseseabaeesssbeeesastesesssseeesssbesesaabassssabanesssrenesans 302
Peter Wharton, Hermes Bloomfield-Gadélha, Andrew T. Conn

DESIGN OF LIGHTWEIGHT AND EXTENSIBLE TENDON-DRIVEN CONTINUUM
ROBOTS USING ORIGAMI PATTERNS.......cotit ittt sae et sas s 308
Yunti Xu, Quentin Peyron, Jongwoo Kim, Jessica Burgner-Kahrs

VACUUM INDUCED TUBE PINCHING ENABLES RECONFIGURABLE FLEXURE JOINTS
WITH CONTROLLABLE BEND AXIS AND STIFFNESS ......ccoiitiiitniiseinse e 315
Mingsong Jiang, Qifan Yu, Nick Gravish

LOBSTER-INSPIRED FINGER SURFACE DESIGN FOR GRASPING WITH ENHANCED
RO U S I N T 321
Haiyang Jiang, Yonglin Jing, Ning Guo, Weijie Guo, Fang Wan, Chaoyang Song

MATERIAL CHARACTERIZATION FOR MAGNETIC SOFT ROBOTS ....ccccoiiiiiieie e 335
Tomas Da Veiga, James H. Chandler, Giovanni Pittiglio, Peter Lloyd, Mohammad Holdar,
Onaizah Onaizah, Ali Alazmani, Pietro Valdastri

ANALYSIS OF SOFT KIRIGAMI UNIT CELLS FOR TUNABLE STIFFNESS
ARCHITECTURES ...ttt sttt ettt ettt a e b b s e et e e e st e e e b e b e s s et et es e et et en e et et ne st et anees 343
Seonggun Joe, Massimo Totaro, Lucia Beccai

MULTILAYER EXTENDING ACTUATOR FOR SOFT ROBOTIC APPLICATIONS .......ccccovvriiirieienen 351
Jonathan William Ambrose, Raye Chen-Hua Yeow

WORM-LIKE MOBILE ROBOT BASED ON A TENSEGRITY STRUCTURE..........cccconvniiniecninenenns 358
Valter Bohm, Philipp Schorr, Florian Schale, Tobias Kaufhold, Lena Zentner, Klaus
Zimmermann

RESOFT GRIPPER: A RECONFIGURABLE SOFT GRIPPER WITH MONOLITHIC FINGERS

AND DIFFERENTIAL MECHANISM FOR VERSATILE AND DELICATE GRASPING........c.ccccoceevnnae 372
Anup Teejo Mathew, Irfan Hussain, Cesare Stefanini, Ikhlas Mohamed Ben Hmida, Federico
Renda

FABRICATION AND CHARACTERIZATION OF I-CORD KNITTED SMA ACTUATORS. .........cccoo.... 379

Christopher Kim, Athena Chien, Megha Tippur, Cynthia Sung

A POLYURETHANE-BASED ELECTROSPUN NANOFIBER BUNDLE SOFT ACTUATOR:
FABRICATION, MODELING, AND CONTROL ... vttt ettt et r e eee e een e eee e st esna e 393
Riccardo D’Anniballe, Giovanni Paoletta, Raffaella Carloni

A NOVEL CONTRACTILE VACUUM ACTUATOR AND MULTI-ACTUATOR

DEVELOPMENT FOR KNEE EXTENSION ASSIST ....ov ittt 406
Lahiru S. Weerasooriya, Bhagya Chathuranga, Osanda |. Somaratna, Asitha L. Kulasekera,
Rancimal B. Arumathanthri, Damith S. Chathuranga

CAPACITIVE SENSOR MEASUREMENT RATE IMPROVES BY PRE-STRETCHING............ccceevrennen. 412
Elze Porte, Thomas Sipple, Lina Sanchez Botero, Dylan Shah, Rebecca Kramer-Bottiglio



AU/PT DOUBLE-LAYER ELECTRODES AND EXPANDING INTERNAL CHAMBER FOR
IMPROVING AIR-HOSE-FREE THIN MCKIBBEN MUSCLES .......cccooieiiiee e 419
Akio Kodaira, Hiroyuki Nabae, Tetsuya Horiuchi, Kinji Asaka, Gen Endo, Koichi Suzumori

A SOFT DUROMETER FOR TACTILE SENSING........ccoititiieiie ettt s 427
Marcos Oliveira, Akshay Vaidya, Taskin Padir, Samuel Felton

3D PRINTED SOFT EXTENSION ACTUATOR.......cciiititeirisiet ittt 435
Chao-Yu Chen, Khin Phone May, Chen-Hua Yeow

SHAPE, SIZE, AND FABRICATION EFFECTS IN 3D PRINTED GRANULAR JAMMING
GRIPPERS ...ttt ettt sttt et e e b e e et e e b e e et e s b e s e e b et e R e e b e e e be et e e ebenb e R e e be e eteete e etente e erenran 458
David Howard, Jack O’Connor, James Brett, Gary W. Delaney

SOFT IK WITH STIFFNESS CONTROL ....eoiutiitteit ettt ettt sttt sttt evt et s st ssbae st e et e ssaesraesrensnens 465
James M. Bern, Daniela Rus

SIMPLE FLAGELLATED SOFT ROBOT FOR LOCOMOTION NEAR AIR-FLUID
INTERFACE ...ttt bbbt e bbb bbb b e e b b £ e b b e b e e ek ek et ee ek b e e b ket et et et et et 472
Yayun Du, Andrew Miller, Mohammad Khalid Jawed

DETANGLING HAIR USING FEEDBACK-DRIVEN ROBOTIC BRUSHING ......cccccooviveiinneieieeneeas 487
Josie Hughes, Thomas Plumb-Reyes, Nicholas Charles, L. Mahadevan, Daniela Rus

A LARGE-SCALE, LIGHT-WEIGHT, AND SOFT BRAIDED ROBOT MANIPULATOR WITH
RAPID EXPANSION CAPABILITIES. ......oo ettt 495
K. Stoy, K. Walker, S. A. Nielsen, P. Ayres, M. K. Heinrich, D. A. Leon, A. Cheheltan

EVALUATION AND CHARACTERIZATION OF TENDON ROUTING METHODS FOR
SOFT, FLEXIBLE FOAM ROBOTS ...ttt ettt ettt ettt ettt st st ste et s sbesstssntssressresebeenns 501
Ella Moore, James McCann

TOWARD INDUSTRIAL SILICONE 3D PRINTING OF SOFT ROBOTS.......coooireiniiieinenieie s 523
Felix Weigand, Anh Minh Nguyen, Jan Wolff, Arthur Seibel

MODEL-BASED CONTROL CAN IMPROVE THE PERFORMANCE OF ARTIFICIAL CILIA.............. 527
Edoardo Milana, Francesco Stella, Benjamin Gorissen, Dominiek Reynaerts, Cosimo Della
Santina

FINITE ELEMENT ANALYSIS OF MAGNETORHEOLOGICAL ELASTOMERS FOR
STIFFNESS VARIATION IN SOFT ROBOTS .....cocitiiiieiieteie sttt ssnnens 531
Burcu Seyidoglu, Taylan Atakuru, Kilbra Uyanik, Evren Samur

REMOTE CONTROL OF A SOFT WALKING ROBOT ...ttt ettt see e se e s eeesine e 535
Lars Schiller, Arthur Seibel

COMPRESSION BEHAVIOR OF TYPICAL SILICONE RUBBERS FOR SOFT ROBOTICS
APPLICATIONS AT ELEVATED TEMPERATURES. ......oooiiii ittt sttt 539
Doruk Utkan, Duraikannan Maruthavanan, Alex Schimanowski, Arthur Seibel

VENOM: VERSATILE, ADHESIVE, AND SOFT MATERIAL FOR VARIOUS SURFACE

ADHESION. ...ttt bbbt bbb bt e b bbb e E b b e R b bt £ bkt e b bbb bt e b bt nr et 543
Tachadol Suthisomboon, Thatthep Rukpanich, Naris Asawalertsak, Pongsiri Borijindakul,
Aihong Ji, Zhendong Dai, Poramate Manoonpong



AN ALL SOFT, ELECTRO-PNEUMATIC CONTROLLER FOR SOFT ROBOTS.......cccocveirisiiveririereiinns 547
Martin Garrad, Isabella Feeney, Andrew T. Conn, Jonathan Rossiter, Markus P. Nemitz,
Helmut Hauser

A 3D PRINTABLE ORIGAMI VACUUM PNEUMATIC ARTIFICIAL MUSCLE WITH FAST
AND POWERFUL MOTION ..ottt ettt sttt sa ettt e bt be bt te b neste s anesre e e 551
Zhuang Zhang, Weicheng Fan, Genliang Chen, Junjie Luo, Qiujie Lu, Hao Wang

TOPOLOGICAL STUDY ON THE DESIGN OF SOFT STRAIN SENSORS FOR
SIMULTANEOUS MULTI-POINT CONTACT LOCALIZATION ...covovoiiiieeiscen e 555
Leone Costi, Thomas George Thuruthel, Fumiya llda

BPACTUATORS: LIGHTWEIGHT AND LOW-COST SOFT ACTUATORS BY BALLOONS
AND PLASTICS ...ttt ettt et ettt et s e b b et e ket b et e s b e b e st ket s et et e b et e s e b et eneate s 559
Qiukai Qi, Shogo Yoshida, Genki Kakihana, Takuma Torii, Van Anh Ho, Haoran Xie

CHARACTERISTIC EVALUATION OF DIELECTRIC ELASTOMER ACTUATOR BASED

ON THE STRETCHABLE ELECTRODE DENSITY ....octitiiiiiitiieiiinnnisissseieisieieie s 563
Taichi Murakami, Ayato Minaminosono, Ardi Wianata, Hozuma Okabe, Hiroki Shigemune,
Shingo Maeda

DESIGN, FABRICATION, AND CHARACTERIZATION OF A HELICAL TWISTING,
CONTRACTING, AND BENDING FABRIC SOFT CONTINUUM ACTUATOR. ......cccoeeirreeesieeees 567
Pham H. Nguyen, Imran I. B. Mohd, Katherine Duford, Xiong Bao, Wenlong Zhang

MINIATURIZED UNTETHERED SOFT ROBOTS USING HYDROGEL-BASED SOFT
VOXEL ACTUATORS ..ottt bbb bbb bbbt bbbttt bbbt 571
Roozbeh Khodambashi, Spring Berman, Ximin He, Daniel M. Aukes

M-SAM: MINIATURE AND SOFT ARTIFICIAL MUSCLE-DRIVEN WEARABLE ROBOTIC

FABRIC EXOSUIT FOR UPPER LIMB AUGMENTATION .....cocooiiiiirinisieeresisieesie e sesssseseseesenennns 575
Luke Sy, Trung Thien Hoang, Mattia Bussu, Mai Thanh Thai, Phuoc Thien Phan, Harrison
Low, David Tsai, Matthew A. Brodie, Nigel H. Lovell, Thanh Nho Do

DESIGN PARAMETERS FOR STACKED-RIBBON SHAPE-MEMORY ALLOY BENDING
ACTUATORS ...ttt bbb bbbt b ke £ b E e e b e bt £ b ek e £ £ £ e b e b e s b b e b e e e b e b et eb e ke bt e b b e ettt e e et 579
Trevor L. Buckner, Rebecca Kramer-Bottiglio

A FAST AND RELIABLE PICK-AND-PLACE APPLICATION WITH A SPHERICAL SOFT
(O] =T @ I [N 2 Y SRR 599
Jasan Zughaibi, Matthias Hofer, Raffaello D’Andrea

PNEUMATIC DRIVEN HOLLOW VARIABLE STIFFNESS MECHANISM AIMING NON-

CONTACT INSERTION OF TELESCOPIC GUIDE TUBES........ccoiiiiiicte et 615
Issei Onda, Masahiro Watanabe, Kenjiro Tadakuma, Eri Takane, Masashi Konyo, Satoshi
Tadokoro

PUSH-ON PUSH-OFF: A COMPLIANT BISTABLE GRIPPER WITH MECHANICAL
SENSING AND ACTUATION ..ottt ettt sttt bbbt b e bbbt b bt se et ebe bbb e e b 622
Jessica McWilliams, Yifan Yuan, Jason Friedman, Cynthia Sung

SHAPE MATCHING: EVOLVING FIBER CONSTRAINTS ON A PNEUMATIC BILAYER................... 630
Bilige Yang, Joshua Powers, Atoosa Parsa, Josh Bongard, Rebecca Kramer-Bottiglio

ENABLING THE CONTROL OF A NEW DEGREE OF FREEDOM BY USING ANISOTROPIC
MATERIAL ON A 6-DOF PARALLEL SOFT ROBOT ...ttt 636
Félix Vanneste, Olivier Goury, Christian Duriez



MONOCULAR DEPTH ESTIMATION FOR SOFT VISUOTACTILE SENSORS.........ccccccevvvviieiniieeiinas
Rares Ambrus, Vitor Guizilini, Naveen Kuppuswamy, Andrew Beaulieu, Adrien Gaidon, Alex
Alspach

Author Index





