Springer Tracts in Advanced Robotics

Editors

Prof. Bruno Siciliano Prof. Oussama Khatib
Dipartimento di Informatica Artificial Intelligence Laboratory
e Sistemistica Department of Computer Science
Universita di Napoli Federico 11 Stanford University

Via Claudio 21, 80125 Napoli Stanford, CA 94305-9010

Italy USA

E-mail: siciliano@unina.it E-mail: khatib @cs.stanford.edu

For further volumes:
http://www.springer.com/series/5208

78



Editorial Advisory Board

Oliver Brock, TU Berlin, Germany

Herman Bruyninckx, KU Leuven, Belgium

Raja Chatila, LAAS, France

Henrik Christensen, Georgia Tech, USA

Peter Corke, Queensland Univ. Technology, Australia
Paolo Dario, Scuola S. Anna Pisa, Italy

Riidiger Dillmann, Univ. Karlsruhe, Germany

Ken Goldberg, UC Berkeley, USA

John Hollerbach, Univ. Utah, USA

Makoto Kaneko, Osaka Univ., Japan

Lydia Kavraki, Rice Univ., USA

Vijay Kumar, Univ. Pennsylvania, USA

Sukhan Lee, Sungkyunkwan Univ., Korea

Frank Park, Seoul National Univ., Korea

Tim Salcudean, Univ. British Columbia, Canada
Roland Siegwart, ETH Zurich, Switzerland
Gaurav Sukhatme, Univ. Southern California, USA
Sebastian Thrun, Stanford Univ., USA

Yangsheng Xu, Chinese Univ. Hong Kong, PRC
Shin’ichi Yuta, Tsukuba Univ., Japan

D
w



Tin Lun Lam and Yangsheng Xu

Tree Climbing Robot

Design, Kinematics and Motion Planning

@ Springer



Authors

Tin Lun Lam Yangsheng Xu

The Chinese University of Hong Kong The Chinese University of Hong Kong
William M.W. Mong Engineering Building University Administration Building
RM 302 RM 212

Shatin, N.T. Shatin, N.T.

Hong Kong Hong Kong

China, People’s Republic China, People’s Republic

E-mail: tllam @mae.cuhk.edu.hk E-mail: ysxu@cuhk.edu.hk

ISSN 1610-7438 e-ISSN 1610-742X

ISBN 978-3-642-28310-9 e-ISBN 978-3-642-28311-6

DOI 10.1007/978-3-642-28311-6
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2012933103

(© Springer-Verlag Berlin Heidelberg 2012

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered
and executed on a computer system, for exclusive use by the purchaser of the work. Duplication of
this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of pub-
lication, neither the authors nor the editors nor the publisher can accept any legal responsibility for any
errors or omissions that may be made. The publisher makes no warranty, express or implied, with respect
to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



To our families



Foreword

Robotics is undergoing a major transformation in scope and dimension. From a
largely dominant industrial focus, robotics is rapidly expanding into human envi-
ronments and vigorously engaged in its new challenges. Interacting with, assisting,
serving, and exploring with humans, the emerging robots will increasingly touch
people and their lives.

Beyond its impact on physical robots, the body of knowledge robotics has pro-
duced is revealing a much wider range of applications reaching across diverse
research areas and scientific disciplines, such as: biomechanics, haptics, neuro-
sciences, virtual simulation, animation, surgery, and sensor networks among others.
In return, the challenges of the new emerging areas are proving an abundant source
of stimulation and insights for the field of robotics. It is indeed at the intersection of
disciplines that the most striking advances happen.

The Springer Tracts in Advanced Robotics (STAR) is devoted to bringing to the
research community the latest advances in the robotics field on the basis of their
significance and quality. Through a wide and timely dissemination of critical re-
search developments in robotics, our objective with this series is to promote more
exchanges and collaborations among the researchers in the community and con-
tribute to further advancements in this rapidly growing field.

The monograph by Tin Lun Lam and Yangsheng Xu is based on the first author’s
doctoral thesis under the supervision of his co-author. Tree-climbing robots have
been receiving an increasing interest in the research community in view of the num-
ber of challenges posed to the design by the application scenario. Several approaches
in autonomous tree-climbing, including the sensing methodology, cognition of the
environment, path planning and motion planning are proposed in the text. Further,
a novel biologically inspired prototype is presented and its enhanced performance
over the state of the art in the field is demonstrated in a number of experiments for
both known and unknown environments.

The first contribution to the series on climbing robots, this volume constitutes a
fine addition to STAR!

Naples, Italy Bruno Siciliano
December 2011 STAR Editor



Preface

Climbing robot is a challenging research topic that has gained much attention from
researchers. Most of the climbing robots reported in the literature are designed to
work on manmade structures, such as vertical walls, glass windows or structural
frames. There are seldom robots designed for climbing natural structures such as
trees. Trees and manmade structures are very different in nature. For example, tree
surfaces are seldom flat and smooth, and some trees have soft bark that peels off
easily. It brings different aspects of technical challenges to the robot design. In the
state-of-the-art tree-climbing robots, the workspaces are restricted on tree trunks
only. They cannot act like arboreal animals such as squirrels to reach any position on
irregularly shaped trees with branches. As branches and curvature are presented in
many kinds of trees, the application of these robots is strongly restricted. It is clearly
that the tree-climbing technology in robotics still has big room for improvement.

Through billions of years of evolution, many types of arboreal animals have
evolved and developed diverse methods to deal with these challenges. The rigorous
competition of natural selection process confirms the effectiveness and efficiency of
the present solutions in nature. It is believed that the solution in nature can inspire
an idea to solve the captioned technical challenges in certain level.

In this book, a comprehensive study and analysis of both natural and artificial
tree-climbing methods is presented. It provides a valuable reference for robot de-
signers to select appropriate climbing methods in designing tree-climbing robots
for specific purposes. Based on the study, a novel bio-inspired tree-climbing robot
with several breakthrough performances has been developed and presents in this
book. It is capable of performing various actions that is impossible in the state-of-
the-art tree-climbing robots, such as moving between trunk and branches. This book
also proposes several approaches in autonomous tree-climbing, including the sens-
ing methodology, cognition of the environment, path planning and motion planning
on both known and unknown environment.

This book originates from the PhD thesis of the first author at the Chinese Uni-
versity of Hong Kong, supervised by the second author. In this book, you can find
a collection of the cutting edge technologies in the field of tree-climbing robot and
the ways that animals climb. You can also find the development and application



X Preface

of a novel type of climbing mechanism. Although the novel mechanism is applied
for tree climbing in this book, it has high potential to apply on others fields due
to its distinguish characteristics. In addition, the work also illustrates a successful
example of biomimetics as several important aspects in the work such as maneuver
mechanism and the method of environment cognition in autonomous control.

This book is appropriate for postgraduate students, research scientists and engi-
neers with interests in climbing robots and biologically inspired robots. In particular,
the book will be a valuable reference for those interested in the topics of mechanical
design, implementation, and autonomous control for tree-climbing robots.

The Chinese University of Hong Kong Tin Lun Lam
November 2011 Yangsheng Xu
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