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ADVANCED ROBOTOCS Call for Papers

Special Issue on Biologically Inspired Robotics

Guest Editors: Prof. Huosheng Hu (University of Essex, UK.)
Prof. Hong Zhang (University of Alberta, Canada)
Editor: Prof. Shugen Ma (Ritsumeikan University, Japan)

Publish in Vol. 28, No. 5 (March 2014)
SUBMISSION DEADLINE: March 31, 2013

The evolution of robotics has enabled today’s robots to operate in a variety of unstructured and dynamically
changing environments in addition to traditional structured environments. Intelligent robots will soon be ready to
serve in our home, hospital, office and outdoors. One key approach to the development of such intelligent and
autonomous robots draws inspiration from behavior demonstration of biological systems. In fact, using this
approach, a number of new application areas have recently received significant interests in the robotics
community, including service robots, medical robots, education robots, and entertainment robots. It is clear that
bio-inspired methods are becoming increasingly important in the face of the complexity of today's demanding
applications. Biological inspiration in robotics is leading to complex structures with sensory-motor coordination,
in which learning often plays an important role to achieve adaptation.

This special issue will focus on the theoretical and technological challenges of evolutionary transformation from
biological systems to intelligent robots. Selected papers presented at 2012 IEEE International Conference on
Robotics and Biomimetics (ROBIO 2012) will be invited for consideration of publication in this special issue, at
the recommendation of the Program Chair of ROBIO 2012. All submitted papers must be substantially
expanded from their conference version and meet the publication requirements of Advanced Robotics. All aspects
of biologically inspired robots are welcome, including - but not limited to - the following topics:

¢ Robotics, mobile robots, aerial robots, and underwater robots

e Biomimetics, biologically inspired robots, climbing robots, snake robots, walking robots
e Automation, control systems, simulation techniques, and control applications

e MEMS, nanotechnology, NEMS, and micro/nano systems

e Tele-robotics, human-robot interaction, and human computer interaction

* Sensor design, multi-sensor data fusion, and wireless sensor networks

e Medical robotics and biomedical and rehabilitation engineering

e Multi-robot systems, and distributed robotics

e Computer vision and image processing

Submission:  PDF format file of the full-length manuscript should be sent by March 31, 2013 to the office of
Advanced Robotics, the Robotics Society of Japan through the homepage of Advanced Robotics
(http://www.rsj.orjp/advanced e/submission). Sample form of the manuscript is available at the
homepage. Also, send another copy to Professor Prof. H. Hu (hhu@essex.ac.uk), Prof. H. Zhang
(zhang(@cs.alberta.ca), or Prof. S. Ma (shugen@se.ritsumei.ac.jp) for the submission confirmation.

JRSJ Vol. 30 No. 7 —BHLE 20— Sept., 2012
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ADVANCED ROBOTICS Vol.26, No.8-9

Abstract

Full Papers
Effect of Terrain Traction, Suspension Stiffness and Grasp Posture on the Tip-Over Stability of
Wheeled Robots with Multiple Arms
Khalil Alipour and S. Ali A. Moosavian
Abstract-—.In this paper, dynamics, postural stability and control of suspended wheeled mobile manipulators for
cooperative heavy object manipulation are elaborated considering the effect of grasping posture. The presented model
considers a system equipped with multiple manipulators with flexible suspension, which also contains an accurate
nonlinear behavior of the tires. Moreover, it includes the vibratory response of the tires as unsprung masses. Therefore,
this is one of the most complete models that have been presented for wheeled mobile manipulators to date. First, based
on the Newton—-Euler formulation for a chain of rigid bodies, the dynamics model of such complicated systems in
three-dimensional maneuvers is developed without considering a nonlinear frictional model of tires, which was verified
using the ADAMS multibody simulator. Then, a proper nonlinear friction model is added to the developed dynamics to
provide a more complete one. Considering pneumatic tires, the Dugoff tire friction model is adopted to describe the
longitudinal and lateral forces produced at the contact patch of the wheels. Using the obtained dynamics along with the
moment-height stability measure the effect of frictional effects as well as suspension attributes on the postural stability
of such systems are accurately investigated for maneuvers over flat and rough terrains. Finally, the effect of grasping
posture and relevant configuration of the robot on the stability of the system is examined during a heavy object
manipulation task.

Keywords: Wheeled mobile robots, suspension system, postural stability, Dugoff friction model, cooperative
manipulation control, grasp condition

Visual Servoing Path Planning for Cameras Obeying the Unified Model
Tiantian Shen and Graziano Chesi
Abstract—This paper proposes a path planning visual servoing strategy for a class of cameras that includes
conventional perspective cameras, fisheye cameras and catadioptric cameras as special cases. Specifically, these
cameras are modeled by adopting a unified model recently proposed in the literature and the strategy consists of
designing image trajectories for eye-in-hand robotic systems that allow the robot to reach a desired location while
satisfying typical visual servoing constraints. To this end, the proposed strategy introduces the projection of the
available image features onto a virtual plane and the computation of a feasible image trajectory through polynomial
programming. Then, the computed image trajectory is tracked by using an image-based visual servoing controller.
Experimental results with a fisheye camera mounted on a 6-d.o.f. robot arm are presented in order to illustrate the
proposed strategy. Keywords: Visual servoing, path planning, unified model

Robot Finger Using Electro-Conjugate Fluid
Akihiro Yamaguchi, Kenjiro Takemura, Shinichi Yokota and Kazuya Edamura

Abstract-— An electro-conjugate fluid (ECF) is a kind of functional fluid, which produces a jet flow (ECF jet) when
subjected to high DC voltage. It is known that a strong ECF jet is generated under a non-uniform electric field (e.g., a
field with a pair of needle and ring electrodes (a needle-ring electrode pair)). This study introduces the ECF jet to
develop a novel flexible robot finger. First, we propose a concept for a novel robot finger. The robot finger mainly
consists of a bending actuator, an ECF tank and ECF jet generators, which could be a micro fluid pressure source of the
robot finger. Second, we characterize each component of the robot finger (i.e., the bending actuator and the ECF jet
generator). We investigate the influences of electrode parameters on ECF jet generator performance in order to design
the finger prototype. Finally we clarify the characteristics of the robot finger. The length, the diameter and the mass of
the robot finger are 34.2 mm, 12 mm and 3.8 g, respectively. The robot finger can generate a force of 0.28 N and bend
approximately 70°.

Keywords: Quadratic sliding mode filter, finite time convergence, backward Euler discretization, chattering avoidance,
overshoot reduction

Real-Time Quadratic Sliding Mode Filter for Removing Noise
Shanhai Jin, Ryo Kikuuwe and Motoji Yamamoto

Abstract— This paper presents a sliding mode filter for removing noise. It effectively removes impulsive noise and
highfrequency noise, producing a smaller phase lag than linear filters. In addition, it is less prone to overshoot than
previous sliding mode filters and it does not produce chattering. It is computationally inexpensive and thus suitable for
real-time applications. The proposed sliding mode filter employs a quadratic surface as its sliding surface, which is
designed so that the output converges to the input in finite time when the input value is constant. Its algorithm is
derived by using the backward Euler discretization, which can be used to prevent chattering. The effectiveness of the
filter was shown by experiments using an ultrasonic sensor and an optical encoder.

Keywords: Robot, actuator, twisted strings, kinematics, stiffness
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Motivation-Based Dependable Behavior Selection Using Probabilistic Affordance
Sang Hyoung Lee and Il Hong Suh

Abstract—In this paper, we generate probabilistic affordances to select a dependable behavior based on motivation
values. Dependable behavior, in our context, refers to behavior that is situation-adequate as well as goaloriented. The
probabilistic affordance is designed as a multilayer naive Bayesian classifier with respect to uncertainties and
reusability. A multilayer naive Bayesian classifier is a probabilistic model with multiple layers comprising conditional
probability tables or probability distributions based on equivalence classes. The affordances consider
situation-adequateness in given situations and suggest possibilities of behaviors based on Bayesian inference. In order
to select a dependable behavior to achieve a task, the affordances are arranged based on a sequential structure. This is
because accomplishing a task usually requires sequentially performed behaviors. Motivation values are generated using
the arranged affordances and a motivation value propagation algorithm. A robot selects a dependable behavior based
on these motivation values. To validate our proposed methods, we present experimental results of an entertainment
robot called AIBO handling three tasks.

Keywords: Probabilistic affordance, motivation value propagation algorithm, goal-oriented behavior,
situation-adequate behavior, behavior selection

Combined Inverse Kinematic and Static Analysis and Optimal Design of a Cable-Driven Mechanism
with a Spring Spine
Bingtuan Gao, Jing Xu, Jianguo Zhao and Ning Xi

Abstract— A special humanoid neck with low motion noise requirements yields a cable-driven parallel mechanism to
imitate the rotational motion of a human neck. The fixed base and moving platform of the mechanism are connected by
four cables and a column compression spring. The four cables are actuated separately, while the spring can support
weight on the moving platform. Although similar mechanisms exist in the literature, the analysis of them is scarce
because a flexible spring instead of a rigid kinematic chain is used as the spine. With the spring’s lateral buckling
motion, a new approach must be adopted to solve the kinematics. In this paper, we propose a method that combines the
kinematics with the statics to solve them simultaneously. The configuration of the moving platform is parameterized
with four parameters, one of which is considered as parasitic motion. Using the spring’s lateral buckling equation, we
can obtain the parasitic motion and solve the inverse position problem. The optimal design for cable placements is then
performed to minimize the actuation force. The method in this paper provides a novel way to analyze parallel
mechanisms with a spring spine and it can be applied to other mechanisms with flexible spines.

Keywords: Myoelectric potential, artificial rubber muscles, joint stiffness estimation, master—slave system

Evaluation of the Unified Model of the Sphere for Fisheye Cameras in Robotic Applications
Jonathan Courbon, Youcef Mezouar and Philippe Martinet
Abstract— A wide field of view is required for many robotic vision tasks. Such an aperture may be acquired by a
fisheye camera, which provides a full image compared to catadioptric visual sensors, and does not increase the size and
the weakness of the imaging system with respect to perspective cameras. While a unified model exists for all central
catadioptric systems, many different models, approximating the radial distortions, exist for fisheye cameras. It is shown
in this paper that the unified projection model proposed for central catadioptric cameras is also valid for fisheye
cameras in the context of robotic applications. This model consists of a projection onto a virtual unitary sphere
followed by a perspective projection onto an image plane. This model is shown equivalent to almost all the fisheye
models. Calibration with four cameras and partial Euclidean reconstruction are done using this model, and lead to
persuasive results. Finally, an application to a mobile robot navigation task is proposed and correctly executed along a

200-m trajectory. Keywords: Fisheye camera, projection model, robotics
Study on Roller-Walker — Improvement of Locomotive Efficiency of Quadruped Robots by Passive Wheels
Gen Endo and Shigeo Hirose

Abstract— Roller-Walker is a leg—wheel hybrid mobile robot using a passive wheel equipped on the tip of each leg.
The passive wheel can be transformed into sole mode by rotating the ankle roll joint when Roller-Walker walks on a
rough terrain. This paper discusses the energy efficiency of locomotion in wheeled mode. We define a leg trajectory to
produce forward straight propulsion, and discuss the relationships between the parameters of the leg trajectory and
energy efficiency of the propulsion using a dynamics simulator. We find optimum parameter sets where optimization
criterion is specific resistance. The results indicate that faster locomotion achieves higher energy efficiency. We then
carry out hardware experiments and empirically derive the experimental specific resistance. We show that wheeled
locomotion has an 8-times higher energy efficiency than the ordinary crawl gait. Finally, we compare the specific
resistance of Roller-Walker with other walking robots described in the literature.

Keywords: Leg—wheel hybrid robot, Roller-Walker, roller skating, energy efficiency, specific resistance

Roadmap Coverage Improvement Using a Node Rearrangement Method for Mobile Robot Path Planning
Byungjae Park, Jinwoo Chot andWan Kyun Chung
Abstract— This paper proposes a method to efficiently abstract the traversable regions of a bounded two-dimensional
environment using the probabilistic roadmap (PRM) to plan the path for a mobile robot. The proposed method uses
centroidal Voronoi tessellation to autonomously rearrange the positions of initially randomly generated nodes. The
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PRM using the rearranged nodes covers most of the traversable regions in the environment and regularly divides them.
The rearranged roadmap reduces the search space of a graph search algorithm and helps to promptly answer arbitrary
queries in the environment. The mobile robot path planner using the proposed rearranged roadmap was integrated with
a local planner that considers the kinematic properties of a mobile robot, and the efficiency and the safety of the paths
were verified by simulation.

Keywords: Navigation, path planning, probabilistic roadmap, centroidal Voronoi tessellation, mobile robot

Sampling-Based Tabu Search Approach for Online Path Planning
Weria Khaksar, Tang Sai Hong, Mansoor Khaksar and Omid Reza Esmaeili Motlagh
Abstract— Path planning in unknown environments is one of the most challenging research areas in robotics. In this
class of path planning, the robot acquires the information from its sensory system. Sampling-based path planning is one
of the famous approaches with low memory and computational requirements that has been studied by many researchers
during the past few decades. We propose a sampling-based algorithm for path planning in unknown environments
using Tabu search. The Tabu search component of our method guides the sampling to find the samples in the most
promising areas and makes the sampling procedure more intelligent. The simulation results show the efficient
performance of the proposed approach in different types of environments. We also compare the performance of the
algorithm with some of the well-known path planning approaches, including Bugl, Bug2, SRT, potential fields and the
visibility graph. Furthermore, two different sampling strategies were used in the sampling procedure, including uniform
and Gaussian distributions.
Keywords: Path planning, unknown environment, sampling-based, Tabu search
Reference Trajectory-Based Visual Predictive Control
Adrian Burlacu and Corneliu Lazar
Abstract— In this paper we present an image predictive controller for an eye-in-hand-type servoing architecture,
composed of a 6-d.o.f. robot and a camera mounted on the gripper. A novel architecture for integrating reference
trajectory and image prediction is proposed for use in predictive control of visual servoing systems. In the proposed
method, a new predictor is developed based on the relation between the camera velocity and the time variation of the
visual features given by the interaction matrix. The image-based predictor generates the future trajectories of a visual
feature ensemble when past and future camera velocities are known. In addition, a reference trajectory is introduced to
define the way how to reach the desired features over the prediction horizon starting from the current features. The
advantages of the new architecture are the reference trajectory used for the first time in the sense of the predictive
control and the predictor based on a local model. Simulations reveal the efficiency of the proposed architecture to
control a 6-d.o.f. robot manipulator.
Keywords: Visual servoing, predictive control, reference trajectory, point features

Novel Sonar Salient Feature Structure for Extended Kalman Filter-Based Simultaneous Localization and
Mapping of Mobile Robots
Se-Jin Lee, Dong-Woo Cho and Jae-Bok Song

Abstract— Not all line or point features capable of being extracted by sonar sensors from a cluttered home
environment are useful for simultaneous localization and mapping (SLAM) of a mobile robot. This is due to
unfavorable conditions such as environmental ambiguity and sonar measurement uncertainty. We present a novel sonar
feature structure suitable for a cluttered environment and the extended Kalman filter (EKF)-based

SLAM scheme. The key concept is to extract circle feature clouds on salient convex objects by sonar data association
called convex saliency circling. The centroid of each circle cloud, called a sonar salient feature, is used as a natural
landmark for EKF-based SLAM. By investigating the environmental inherent feature locality, cylindrical objects are
augmented conveniently at the weak SLAM-able area as a natural supplementary saliency to achieve consistent SLAM
performance. Experimental results demonstrate the validity and robustness of the proposed sonar salient feature
structure for EKF-based SLAM.

Keywords: Sonars, feature maps, simultaneous localization and mapping, home navigation, wheeled robots

Transition Motion from Ladder Climbing to Brachiation with Optimal Load-Allecation Control
Zhiguo Lu, Tadayoshi Aoyama, Kosuke Sekiyama, Yasuhisa Hasegawa and Toshio Fukuda

Abstract— This paper describes the transition motion from ladder climbing to brachiation for a multi-locomotion
robot (MLR). The MLR has versatile modes of locomotion, such as biped walking, quadruped walking, brachiation and
ladder climbing. The transition is a challenging motion, because the environmental boundaries change and the robot
has to switch the form of its locomotion depending on its surroundings, situations and purposes. The robot supports
itself with three end-effectors that maintain its stability, while one hand transfers from a rung on the vertical ladder to a
new rung behind the robot for brachiation. A closed kinematic chain is formed by the robot links and the ladder. In this
case, if the number of position-controlled active joints is greater than the number of the chain’s degrees of freedom, an
internal stress appears because of unavoidable position errors. The huge internal stress may lead some motors to
become overloaded. Since the safety of each motor is very important for a serial-link robot, a load-allocation algorithm
is proposed to balance the loads of the joint motors. The algorithm is verified through experiments.

Keywords: Multi-locomotion robot, transition, ladder, load allocation, internal stress
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