
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 ISBN: 978-1-7138-6157-7 
ISSN: 1757-8981 

International Workshop on 
Embodied Intelligence 

 

Online 
24 September 2021 

 

 

IOP Conference Series: Materials Science and Engineering 
Volume 1261 

 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 

 

 

 

 

 

 

 

 

 

 

 

 

This work is licensed under a Creative Commons Attribution 3.0 International Licence.  

Licence details: http://creativecommons.org/licenses/by/3.0/. 

 

No changes have been made to the content of these proceedings. There may be changes to pagination  

and minor adjustments for aesthetics. 

 

Printed with permission by Curran Associates, Inc. (2022) 

  

For permission requests, please contact the Institute of Physics 

at the address below. 

  

Institute of Physics 

Dirac House, Temple Back 

Bristol BS1 6BE UK 

 

 

Phone:    44 1 17 929 7481 

Fax:   44 1 17 920 0979 

 

techtracking@iop.org 
 

 

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 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

Preface  

Peer Review Statement  

Embodied Artificial Intelligence: Enabling the Next Intelligence Revolution ..................................................... 1 

Josie Hughes, Arsen Abdulali, Ryman Hashem, Fumiya Iida 

Embodied Intelligence in Soft Robotics: Joys and Sorrows ................................................................................. 7 

Cecilia Laschi 

Embodied Intelligence in Plants ......................................................................................................................... 12 

Barbara Mazzolai, Emanuela Del Dottore, Francesca Tramacere, Alessio Mondini, Laura 

Margheri 

From Bioinspired to Biological Robots, and Back Again. ................................................................................. 22 

Josh Bongard 

Embodied Intelligence & Morphological Computation in Soft Robotics Community: 

Collaborations, Coordination, and Perspective................................................................................................... 26 

S.M. Hadi Sadati, Marwa ElDiwiny, Surya Nurzaman, Fumiya Iida, Thrishantha 

Nanayakkara 

Adopting Physical Artificial Intelligence in Soft Aerial Robots ........................................................................ 34 

Pham Huy Nguyen, Mirko Kovač 

Bio-Inspired Robots Imitating Human Organs with Embodied Intelligence Behaviour .................................... 53 

Ryman Hashem, Weiliang Xu, Fumiya Iida 

Multifunctional Underwater Soft Robots: A Simulation Essay .......................................................................... 65 

Anup Teejo Mathew, Costanza Armanini, Aysha Ali Samra Ali Alshehhi, Ikhlas Mohamed Ben 

Hmida, Federico Renda 

Leveraging Embodied Intelligence for Dexterous Robotic Manipulators Through Iterative Co-

Design ................................................................................................................................................................. 74 

Kai Junge, Josie Hughes 

Intelligent Soft Hands and Benchmarking Towards General-Purpose Robotic Manipulation ........................... 87 

Kieran Gilday, Fumiya Iida 

Morphological Computation and Control Complexity ....................................................................................... 96 

Thomas George Thuruthel, Fumiya Iida 

Physical Intelligence in Biomechanics ............................................................................................................. 102 

Shiqiang Wang, Yongqi Shi, Li Wen 

Mechanical Sensing in Embodied Agents ........................................................................................................ 107 

Matteo Lo Preti, Thomas George Thuruthel, Kieran Gilday, Lucia Beccai, Fumiya Iida 

Coevolution of Internal Representations in Physical Human-Robot Orchestration – Models of the 

Surgeon and the Robot in Robotic Surgery ...................................................................................................... 118 

Ilana Nisky, Leone Costi, Fumiya Iida 



Robot Swarms as Embodied Extensions of Humans ........................................................................................ 132 

Jonas D Rockbach, Maren Bennewitz 

Embodiment in Dialogue: Daily Dialogue Android Based on Multimodal Information .................................. 145 

Takahisa Uchida, Takashi Minato, Hiroshi Ishiguro 

Benefits and Challenges of Morphological Adaptation in Real-World Robots ................................................ 161 

Tønnes F. Nygaard, Kyrre Glette 

Taking Shape: A Perspective on the Future of Embodied Cognition and a New Generation of 

Evolutionary Robotics ...................................................................................................................................... 166 

David Howard, Jack Collins, Nicole Robinson 

Meta-Brain Models: Biologically-Inspired Cognitive Agents .......................................................................... 174 

B Alicea, J Parent 

Active Inference, Preference Learning and Adaptive Behaviour ..................................................................... 193 

Noor Sajid, Panagiotis Tigas, Karl Friston 

Embodiment and Metaphorising in the Learning of Mathematics ................................................................... 207 

Jorge Soto-Andrade, Daniela Díaz-Rojas, Amaranta Valdés-Zorrilla 

The Deep Time Perspective: How Insights from Millennia of Evolving and Extinct Animals Can 

Inform Robot Design Decision Making ........................................................................................................... 222 

Aja Carter, Sonia Roberts 

What Could Models of Superorganismal Cognition Offer to Embodied AI? ................................................... 233 

Edmund R. Hunt 

Embodied Intelligence in Physical, Social and Technological Environments .................................................. 238 

Ilona Straub 

On the Importance of Embodiment for Artificial Design Intelligence in the Context of 

Sociotechnical Systems .................................................................................................................................... 255 

Thomas E. F. Witte, Jessica Schwarz, Verena Nitsch 

Thinking Like a State : Embodied Intelligence in the Deep History of Our Collective Mind .......................... 260 

Avel Guénin—Carlut 

Author Index 

 




