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Preface

These proceedings contain the papers presented at Living Machines: An Inter-
national Conference on Biomimetic and Biohybrid Systems, held in Barcelona,
Spain, July 9-12, 2012. This new international conference is targeted at the
intersection of research on novel life-like technologies inspired by the scientific
investigation of biological systems — biomimetics — and research that seeks to
interface biological and artificial systems to create biohybrid systems. We seek to
highlight the most exciting international research in both of these fields united
by the theme of “living machines.”

Conference Theme

The development of future real-world technologies will depend strongly on our
understanding and harnessing of the principles underlying living systems and
the flow of communication signals between living and artificial systems.

Biomimetics is the development of novel technologies through the distilla-
tion of principles from the study of biological systems. The investigation of
biomimetic systems can serve two complementary goals. First, a suitably de-
signed and configured biomimetic artefact can be used to test theories about the
natural system of interest. Second, biomimetic technologies can provide useful,
elegant and efficient solutions to unsolved challenges in science and engineering.
Biohybrid systems are formed by combining at least one biological component
— an existing living system — and at least one artificial, newly engineered com-
ponent. By passing information in one or both directions, such a system forms
a new hybrid bio-artificial entity.

The development of either biomimetic or biohybrid systems requires a deep
understanding of the operation of living systems, and the two fields are united
under the theme of “living machines” — the idea that we can construct arte-
facts, such as robots, that not only mimic life but share the same fundamental
principles; or build technologies that can be combined with a living body to
restore or extend its functional capabilities.

Biomimetic and biohybrid technologies, from nano- to macro-scale, are ex-
pected to produce major societal and economical impacts in quality of life
and health, information and communication technologies, robotics, prosthetics,
brain—machine interfacing and nanotechnology. Such systems should also lead to
significant advances in the biological and brain sciences that will help us to better
understand ourselves and the natural world. The following are some examples:

— Biomimetic robots and their component technologies (sensors, actuators,
processors) that can intelligently interact with their environments
— Active biomimetic materials and structures that self-organize and self-repair
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— Biomimetic computers — neuromimetic emulations of the physiological basis

for intelligent behavior

Biohybrid brain—machine interfaces and neural implants

— Artificial organs and body parts including sensory organ-chip hybrids and
intelligent prostheses

— Organism-level biohybrids such as robot—animal or robot—human systems

A key focus of Living Machines 2012 was on complete behaving systems in the
form of biomimetic robots that can operate in or on different substrates, sea,
land, or air, and inspired by the different design plans found in the animal king-
dom — plants, invertebrates, and vertebrates. A further central theme was the
physiological basis for intelligent behavior as explored through neuromimetics
— the modelling of neural systems. Exciting emerging topics within this field
include the embodiment of neuromimetic controllers in hardware, termed neu-
romorphics, and within the control architectures of robots, sometimes termed
neurorobotics. Contributions from biologists, neuroscientists, and theoreticians
that are of direct relevance to the development of future biomimetic or biohybrid
devices were also included. We invited both full papers and extended abstracts.
All contributions were assessed by at least two expert referees with relevant
background (see list below). Following the conference, the journal Bioinspira-
tion and Biomimetics will publish extended and revised versions of some of the
best papers presented at the meeting.

A Brief History of Biomimetics

The ambition to mimic nature has been with us since ancient times. In the 4**
century B.C., Archytas of Tarentum is said to have built a steam-driven model of
a dove that could fly. Leonardo Da Vinci’s designs for machines, which included
a humanoid robot, were largely inspired by nature, and by his own detailed
observations of natural systems and mechanisms. By the middle of the 17"
century, Descartes was willing to assert that animals are complex automatons,
and the extension of this radical idea to our own species came a century later with
the book L’Homme Machine (1748), by Julien Offray de La Mettrie, which not
only expanded Descarte’s notion of the mechanistic nature of life to include the
human species but also identified that machines — natural or otherwise — can be
dynamic, autonomous, and purposive entities. In the 18" century the famous
automatons of the French inventor Jacques de Vaucanson, the “ancestors” of
modern theme-park animatronics, were emblematic of this emerging view of man
and of nature. It is easy to imagine that the term “living machine” was applied
to many of these early and awe-inspiring life-like artefacts, at the same time that
people were beginning to take seriously the possibility that we, ourselves, might
operate according to similar principles.

With the rise of cybernetics in the 1940s, it became clear that there was the
possibility to create inventions that would realize La Mettrie’s vision of machines
that were both autonomous and purposive. At the same time, interest in nature
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as a source of inspiration was also gathering force. The term “biomimetics” was
introduced by Otto Schmitt during the 1950s, and “bionics” by Jack Steel (popu-
larized in Daniel Halacy’s 1965 book Bionics: the Science of “Living” Machines)
emerged as part of this growing movement in engineering that sought to build
strong ties with the biological sciences and to make progress through “reverse
engineering” natural systems. The biomimetic approach has since succeeded in
overcoming many difficult challenges by exploiting natural design principles. In-
deed, in the first decade of this century there has been an explosive growth in
biomimetic research, with the number of published papers doubling every two
to three years (see Lepora et al., this volume). The Living Machines conference
sought to be a significant forum for this dialogue between nature and technology,
and to be a place where people could discuss the biomimetic and biohybrid ma-
chines of tomorrow and what they might mean for understanding the biological
machines of today.

The Living Machines Conference in Barcelona

The main conference, July 10-12, took the form of a three-day single-track oral
and poster presentation program that included six plenary lectures from leading
international researchers in biomimetic and biohybrid systems: Joseph Ayers
(Northeastern University) on synthetic neuroethology; Dieter Braun (Ludwig
Maximilians University) on synthetic life, Peter Fromherz (Max Plank Insti-
tute) on neuroelectronic hybrids; Toshio Fukuda (Nagoya University) on micro-
nano biomimetic and biohybrid devices; David Lentink (Stanford University) on
the biofluiddynamics of flight; and Barry Trimmer (Tufts University) on soft,
invertebrate-inspired robots. The meeting was hosted in La Pedrera, a building
designed by the modernist, nature-inspired Catalan architect Antoni Gaudi. La
Pedrera is a world heritage site, one of the best known buildings in Barcelona,
and a very fitting setting for the first Living Machines conference. The confer-
ence also included an exhibition of working biomimetic and biohybrid systems
including several autonomous biomimetic robotic systems.

Organization and Sponsors

We take this opportunity to thank the many people that were involved in mak-
ing LM 2012 possible. On the organizational side this included Carme Buisan,
Mireia Mora, and Gill Ryder. Artwork was provided by Ian Gwilt. Organizers for
the workshop program included Frank Grasso, Chiara Bartolozzi, Emri Neftci,
and Stefano Vasanelli. We would also like to thank the authors and speakers who
contributed their work, and the members of the International Program Commit-
tee for their detailed and considered reviews. We are grateful to the six keynote
speakers who shared with us their vision of the future.
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Finally, we wish to thank the sponsors of LM 2012: The Convergence Sci-
ence Network for Biomimetic and Biohybrid Systems (CSN) (ICT-248986) which
is funded by the European Union’s Framework 7 (FP7) program in the area
of Future Emerging Technologies (FET), the University of Pompeu Fabra in
Barcelona, the University of Sheffield, and the Institucié Catalana de Recerca i
Estudis Avangats (ICREA). Additional support was provide by the FP7 FET
Proactive Project BIOTACT (ICT-215910) and the ICT Challenge 2 project
EFAA (ICT-270490).

July 2012 Tony J. Prescott
Nathan F. Lepora

Anna Mura

Paul F.M.J. Verschure



Organizing Committee

Co-chairs
Program Manager
Local Organizer
Treasurer

Art and Design
Advisors

Program Committee

Andrew Adamatzky
Sean Anderson
Joseph Ayers
Yoseph Bar-Cohen
Jennifer Basil
Frédéric Boyer
Dieter Braun
Darwin Caldwell
Federico Carpi
Hillel Chiel

Anders Lyhne Christensen
Noah Cowan

Holk Cruse

Mark Cutkosky
Danilo de Rossi
Mathew Diamond
Stephane Doncieux
Wolfgang Eberle
Charles Fox
Michele Giugliano
Frank Grasso
Roderich Gross
Auke Ijspeert

Akio Ishiguro
Holger Krapp

Jeff Krichmar
Maarja Kruusmaa
Andres Diaz Lantada

Organization

Tony Prescott, Paul Verschure
Nathan Lepora

Anna Mura

Carme Buisan

Tan Gwilt

Stefano Vasanelli, Giacomo Indiveri

Bristol Robotics Lab., UK

University of Sheffield, UK

Northeastern University, USA

Jet Propulsion Lab., USA

Brooklyn College, CUNY, USA
IRCCyN-Ecole des Mines de Nantes, France
Ludwig Maximilians University, Germany
Italian Institute of Technology, Italy
University of Pisa, Italy

Case Western Reserve University, USA
Instituto Universitario de Lisboa, Portugal
Johns Hopkins University, USA

University of Bielefeld, Germany

Stanford University, CA, USA

University of Pisa, Italy

International School of Advanced Studies, Italy
Université Pierre et Marie Curie, France
Imec, Leuven, Belgium

University of Sheffield, UK

University of Antwerp, Belgium

Brooklyn College, CUNY, USA

University of Sheffield, UK

EPFL, Switzerland

Tohoku University, Japan

Imperial College, London, UK

University of California, Irvine, USA
Tallinn University of Technology, Estonia
Universidad Politecnica de Madrid, Spain



X Organization

Cecilia Laschi Scuola Superiore Sant’ Anna, Italy
Nathan Lepora University of Sheffield, UK

Giorgio Metta Universita degli Studi di Genova, Italy
Ben Mitchinson University of Sheffield, UK

Emre Neftci Universita degli Studi di Genova, Italy
Jiro Okada Nagasaki University, Japan

Martin Pearson Bristol Robotics Lab., UK

Andy Phillipides University of Sussex, UK

Tony Pipe Bristol Robotics Lab., UK

Tony Prescott University of Sheffield, UK

Ferdinando Rodriguez y Baena Imperial College London, UK

Mototaka Suzuki Columbia University, USA

Roland Thewes Technical University of Berlin, Germany
Jon Timmis University of York, UK

Julian Vincent University of Bath, UK

Barbara Webb University of Edinburgh, UK

Hartmut Witte Technische Universitdt Ilmenau, Germany

Paul Verschure Universitat Pompeu Fabra, Spain



Table of Contents

Full Papers

A Conserved Biomimetic Control Architecture for Walking, Swimming
and Flying Robots . ...
Joseph Ayers, Daniel Blustein, and Anthony Westphal

A Digital Neuromorphic Implementation of Cerebellar Associative
Learning . ... ..o

Luis Bobo, Ivan Herreros, and Paul F.M.J. Verschure

Simulating an Elastic Bipedal Robot Based on Musculoskeletal
Modeling . . ...t
Roberto Bortoletto, Massimo Sartori, Fuben He, and Enrico Pagello

A Soft-Body Controller with Ubiquitous Sensor Feedback .............

Alexander S. Boxerbaum, Kathryn A. Daltorio, Hillel J. Chiel, and
Roger D. Quinn

Exploration of Objects by an Underwater Robot with Electric Sense. . ..
Frédéric Boyer and Vincent Lebastard

Neuro-inspired Navigation Strategies Shifting for Robots:

Integration of a Multiple Landmark Taxon Strategy ..................
Ken Caluwaerts, Antoine Favre-Féliz, Mariacarla Staffa,
Steve N’Guyen, Christophe Grand, Benoit Girard, and
Mehdi Khamasst

Bioinspired Tunable Lens Driven by Electroactive Polymer Artificial
MUSCIES . . oottt e
Federico Carpi, Gabriele Frediani, and Danilo De Rossi

A Pilot Study on Saccadic Adaptation Experiments with Robots. . ... ..
Eris Chinellato, Marco Antontelli, and Angel P. del Pobil

Jumping Robot with a Tunable Suspension Based on Artificial
MUSCLES . . oo
Sanjay Dastoor, Sam Weiss, Hannah Stuart, and Mark Cutkosky

Static versus Adaptive Gain Control Strategy for Visuo-motor
Stabilization .. ... ...t
Naveed Ejaz, Reiko J. Tanaka, and Holger G. Krapp

Learning and Retrieval of Memory Elements in a Navigation Task. ... ..
Thierry Hoinville, Ridiger Wehner, and Holk Cruse

13

26

38

50

62

74

83

95



XII Table of Contents

Imitation of the Honeybee Dance Communication System by Means

of a Biomimetic Robot ...... .. .. . . . 132
Tim Landgraf, Michael Oertel, Andreas Kirbach,
Randolf Menzel, and Radil Rojas

A Framework for Mobile Robot Navigation Using a Temporal
Population Code . ... ..o 144
André Luvizotto, César Rennd-Costa, and Paul F.M.J. Verschure

Generalization of Integrator Models to Foraging: A Robot Study Using

the DACO Model. . ... e e 156
Encarni Marcos, Armin Duff, Marti Sinchez-Fibla, and
Paul F.M.J. Verschure

The Emergence of Action Sequences from Spatial Attention: Insight

from Rodent-Like Robots ......... ... .. ... .. . . 168
Ben Mitchinson, Martin J. Pearson, Anthony G. Pipe, and
Tony J. Prescott

How Past Experience, Imitation and Practice Can Be Combined

to Swiftly Learn to Use Novel “Tools”: Insights from Skill Learning

Experiments with Baby Humanoids ........... ... .. ... .. .. .... 180
Vishwanathan Mohan and Pietro Morasso

Towards Contextual Action Recognition and Target Localization

with Active Allocation of Attention ........ ... ... .. ... . ... ... .... 192
Dimitri Ognibene, Eris Chinellato, Miguel Sarabia, and
Yiannis Demiris

Robot Localization Implemented with Enzymatic Numerical
P Systems .. ... 204
Ana Brandusa Pavel, Cristian loan Vasile, and Ioan Dumitrache

How Can Embodiment Simplify the Problem of View-Based

Navigation? . ... ... 216
Andrew Philippides, Bart Baddeley, Philip Husbands, and
Paul Graham

The Dynamical Modeling of Cognitive Robot-Human Centered
Interaction . ... 228
Mikhail 1. Rabinovich and Pablo Varona

Internal Drive Regulation of Sensorimotor Reflexes in the Control

of a Catering Assistant Autonomous Robot ......................... 238
César Rennd-Costa, André Luvizotto, Alberto Betella,
Marti Sanchez-Fibla, and Paul F.M.J. Verschure

Incremental Learning in a 14 DOF Simulated iCub Robot:
Modeling Infant Reach/Grasp Development ......................... 250
Piero Savastano and Stefano Nolfi



Table of Contents XIII

A True-Slime-Mold-Inspired Fluid-Filled Robot Exhibiting Versatile
Behavior .. ... 262
Takuya Umedachi, Ryo Idei, and Akio Ishiguro

CyberRat Probes: High-Resolution Biohybrid Devices for Probing

the Brain . ... 274
Stefano Vassanelli, Florian Felderer, Mufti Mahmud,
Marta Maschietto, and Stefano Girardi

Crayfish Inspired Representation of Space via Haptic Memory
in a Simulated Robotic Agent ........... ... ... ... . .. 286
Stephen G. Volz, Jennifer Basil, and Frank W. Grasso

Parallel Implementation of Instinctual and Learning Neural Mechanisms
in a Simulated Mobile Robot ........ ... ... ... ... ... ... 298
Briana Young, Stefano Ghirlanda, and Frank W. Grasso

Distributed Control of Complex Arm Movements: Reaching
Around Obstacles and Scratching Itches ........... ... ... .. ... ... 309
David Zipser

Cerebellar Memory Transfer and Partial Savings during Motor
Learning: A Robotic Study ....... ... 321
Riccardo Zucca and Paul F.M.J. Verschure

Extended Abstracts

A Biomimetic Approach to an Autonomous Unmanned Air Vehicle. .. .. 333
Fotios Balampanis and Paul F.M.J. Verschure

Towards a Framework for Tactile Perception in Social Robotics ........ 335
Hector Barron-Gonzalez, Nathan F. Lepora,
Uriel Martinez-Hernandez, Mat Evans, and Tony J. Prescott

A Locomotion Strategy for an Octopus-Bioinspired Robot............. 337
Marcello Calisti, Michele Giorelli, and Cecilia Laschi

Design and Modeling of a New Biomimetic Robot Frog with the Ability
of Jumping Altitude Regulation........ ... .. ... .. . . . 339
Sadjad Eshgi, Vahid Azimirad, and Hamid Hajimohammadi

Sensation of a “Noisy” Whisker Vibration in Rats................. ... 341
Arash Fassihi, Vahid Esmaeili, Athena Akrami,
Fabrizio Manzino, and Mathew E. Diamond

Integrating Molecular Computation and Material Production in an
Artificial Subcellular Matrix .. .. ...t e 343
Harold Fellermann, Maik Hadorn, FEva Bonzli, and Steen Rasmussen



X1V Table of Contents

WARMOR: Whegs Adaptation and Reconfiguration of MOdular Robot
with Tunable Compliance .. ......... .. .. . i 345
Max Fremerey, Goran S. Djordjevic, and Hartmut Witte

Inverse and Direct Model of a Continuum Manipulator Inspired

by the Octopus Arm ... .. . 347
Michele Giorelli, Federico Renda, Andrea Arienti, Marcello Calisti,
Matteo Cianchetti, Gabriele Ferri, and Cecilia Laschi

A Biomimetic, Swimming Soft Robot Inspired by the Octopus
Vulgaris .. ..o 349
Francesco Giorgio Serchi, Andrea Arienti, and Cecilia Laschi

Toward a Fusion Model of Feature and Spatial Tactile Memory
in the Crayfish Cheraz Destructor.......... ... 352
Frank W. Grasso, Mat Evans, Jennifer Basil, and Tony J. Prescott

Development of Sensorized Arm Skin for an Octopus Inspired
Robot — Part I: Soft Skin Artifacts ............. .. ... ... ... ... .. 355
Jinping Hou, Richard H.C. Bonser, and George Jeronimidis

Development of Sensorized Arm Skin for an Octopus Inspired
Robot — Part II: Tactile Sensors .............c.iiiiiinnnn. . 357
Jinping Hou, Richard H.C. Bonser, and George Jeronimidis

Development of Sensorized Arm Skin for an Octopus Inspired Robot —
Part III: Biomimetic Suckers .............. .. 359
Jinping Hou, Richard H.C. Bonser, and George Jeronimidis

Decentralized Control Scheme That Enables Scaffold-Based Peristaltic
Locomotion . ........ 361
Akio Ishiguro, Kazuyuki Yaegashi, Takeshi Kano, and Ryo Kobayashi

Autonomous Decentralized Control Mechanism in Resilient Ophiuroid
Locomotion .. ... ... 363
Takeshi Kano, Shota Suzuki, and Akio Ishiguro

A Multi-agent Platform for Biomimetic Fish........ .. .. ... ... ... 365
Tim Landgraf, Rami Akkad, Hai Nguyen, Romain O. Clément,
Jens Krause, and Rail Rojas

The State-of-the-Art in Biomimetics. .. ......... ... .. ... .. .. ...... 367
Nathan F. Lepora, Paul F.M.J. Verschure, and Tony J. Prescott

Action Development and Integration in an Humanoid iCub Robot. . .. .. 369
Tobias Leugger and Stefano Nolfi



Table of Contents

Insect-Like Odor Classification and Localization on an Autonomous

RoOboOt .o
Lucas L. Lépez-Serrano, Vasiliki Vouloutsi, Alex Escudero Chimeno,
Zenon Mathews, and Paul F.M.J. Verschure

Autonomous Viewpoint Control from Saliency .......................
Shijian Lu and Joo Hwee Lim

Bio-inspired Design of an Artificial Muscular-Hydrostat Unit for Soft
Robotic Systems . ... ..o
Laura Margheri, Maurizio Follador, Matteo Cianchetti,
Barbara Mazzolai, and Cecilia Laschi

Texture Classification through Tactile Sensing .......................
Uriel Martinez-Hernandez, Hector Barron-Gonzalez, Mat Evans,
Nathan F. Lepora, Tony Dodd, and Tony J. Prescott

Bio-inspiration for a Miniature Robot Inside the Abdomen ............
Alfonso Montellano Lopez, Robert Richardson, Abbas Dehghani,
Rupesh Roshan, David Jayne, and Anne Newville

Systematic Construction of Finite State Automata Using VLSI Spiking
NEUTONS .« oottt et e e e e e e e e e
Emre Neftci, Jonathan Binas, Elisabetta Chicca,
Giacomo Indiveri, and Rodney Douglas

Self-burial Mechanism of Erodium cicutarium and Its Potential
Application for Subsurface Exploration ............ ... ... ... ... ...
Camilla Pandolfi, Diego Comparini, and Stefano Mancuso

Tragopogon dubius, Considerations on a Possible Biomimetic Transfer. . .
Camilla Pandolfi, Vincent Casseau, Terence Pei Fu,
Lionel Jacques, and Dario Izzo

Root-Soil Interaction Models for Designing Adaptive Exploring Robotic
SYSEEINS . .ot
Liyana Popova, Alice Tonazzini, and Barbara Mazzolai

A Soft-Bodied Snake-Like Robot That Can Move on Unstructured
TerTain . .
Takahide Sato, Takeshi Kano, Akihiro Hirai, and Akio Ishiguro

Direct Laser Writing of Neural Tissue Engineering Scaffolds

for Biohybrid Devices. .. ... ..o
Colin R. Sherborne, Christopher J. Pateman, and
Frederik Claeyssens

XV

386



XVI Table of Contents

Biorobotic Actuator with a Muscle Tissue Driven

by a Photostimulation . ........ .. ... .. . 394
Masahiro Shimizu, Shintaro Yawata, Kota Miyasaka,
Koichiro Miyamoto, Toshifumi Asano, Tatsuo Yoshinobu,
Hiromu Yawo, Toshihiko Ogura, and Akio Ishiguro

Shape Optimizing of Tail for Biomimetic Robot Fish ................. 396
Majid Siami and Vahid Azimirad

Intuitive Navigation of Snake-Like Robot with Autonomous

Decentralized Control . ....... ... ... i 398
Yasushi Sunada, Takahide Sato, Takeshi Kano, Akio Ishiguro, and
Ryo Kobayashi

Design of Adhesion Device Inspired by Octopus Sucker ............... 400
Francesca Tramacere, Lucia Beccai, and Barbara Mazzolai

Author Index . ... ... 403





