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Call for Papers

The Seventeenth International Symposium on

ARTIFICIAL LIFE AND ROBOTICS
(AROB 17th '12)

January 19- 21, 2012
B-Con Plaza, Beppu, Oita, JAPAN

International Organizing Committee of International Symposium on Artificial Life and Robotics (AROB)
MITSUBISHI ELECTRIC CORPORATION ADVANCED TECHNOLOGY
R&D CENTER

Qita Gas Co., Ltd

ME Systems Co.,Ltd

SANWA SHURUI Co.,Ltd

The Society of Instrument and Control Engineers (SICE, Japan)

The Robotics Society of Japan (RSJ, Japan)

The Institute of Electrical Engineers of Japan (IEEJ, Japan)

The Institute of Systems, Control and Information Engineers (ISCIE)

The Institute of Electronics, Information and Communication Engineers (IEICE)
IEEE Japan Council (IEEE Robotics and Automation Society Japan Chapter)
Japan Robot Association (JARA)

Santa Fe Institute (SFI, USA)

Chinese Association for Artificial Intelligence (CAAIL P. R. China)

Masanori Sugisaka (Nippon Bunri University and ALife Robotics Co., Ltd., Japan)

J. L.Casti (Institute for Applied Systems Analysis, Austria)
Y. Jia (Beihang University, P. R. China)

J. J. Lee (KAIST, Korea)

H. H. Lund (Technical University of Denmark, Denmark)
H. Tanaka (Tokyo Medical & Dental University, Japan)

J. M. Lee (KAIST(Pusan National University), Korea)
Fumio Harashima (Tokyo Metropolitan University, Japan)

Hiroshi Tanaka (Tokyo Medical & Dental University, Japan)

Takao Ito (Ube National College of Technology, Japan)

OBJECTIVE OF SYMPOSIUM : is the development of new technologies for artificial life and robotics which have been recently
born in Japan and are expected to be applied in various fields. This symposium will discuss new results in the field of artificial life and robotics.

IMPORTANT DATES:
September 1,2011
September 15,2011
October 1, 2011
October 15,2011

TOPICS :
Artificial brain research
Artificial living
Bipedal robot
Cognitive science
Control techniques
Evolutionary computations

Human-machine cooperative systems

Intelligent control & modeling
Medical surgical robot
Molecular biology
Nano-robotics

Pattern recognition

Resilient Infrastructure Systems

Virtual reality

Deadline for abstract submissions
Notification of acceptance

Author’s kit except final camera-ready papers
Final camera-ready papers

Artificial intelligence
Artificial mind research
Brain science
Complexity

Date mining

Fuzzy control
Human-welfare robotics
Learning
Micromachines
Multi-agent systems
Neural networks
Quantum computing
Robotics

Visualization

All correspondence related to the symposium should be addressed to :

AROB Secretariat

1068-1 Oaza Oshino, Oita, 870-1121, JAPAN

TEL/FAX: +81-97-594-0181
E-MAIL: arobsecr@isarob.org

PUBLICATION :

Home Page : http:// isarob.org /

Artificial life

Bioinformatics

Chaos

Computer graphics

DNA computing

Genetic algorithms

Image Processing

Management of Technology

Mobile vehicles

Nano-biology

Neurocomputing technologies
and its application for hardware

Soccer Robot

Others

Accepted papers will be published in the Proceedings of the AROB. Extended versions of the selected papers will be published in the international
journal : ARTIFICTAL LIFE AND ROBOTICS and in the special issue on special topics of Artificial Life and Robotics, Applied Mathematics and

Computation.
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ADVANCED ROBOTICS Call for Papers

Special Issue on Sensor Information Processing
in Robot Competition and Real World Robot Challenge

Editors: Professor Shin’ichi Yuta (University of Tsukuba, Japan)
Professor Daniel D. Lee (Univ. of Pennsylvania, USA)
Professor Keiji Nagatani (Tohoku University, Japan)
Professor Yasushi Nakauchi (University of Tsukuba, Japan)

Publish in Vol. 26, No. 14 (August 2012)
SUBMISSION DEADLINE: September 30, 2011

Recently, many big efforts have been devoted to the implementation of the real robots and experiments in the
various environments in Robot Competition as Robocup and/or the Real World Robot Challenge as DARPA
Grand Challenge and Tsukuba Challenge, etc. In these competition and challenges, it is required to realize a
practical robot system which work in the given surroundings or real environments to perform the defined task.
For this purpose, the robot should acquire the environment information via its own various sensors and process
them to understand the surroundings situation. The processed results may be used to help the remote operators or
to decide robot’s autonomous motion. In these sensor and environment recognition technology for the real
robot systems, the reliability and robustness are extremely important. And the accumulation of the practical
experiences and knowledge on the many concrete experiments of the use of real sensor systems are necessary to
realize the good robot systems.

This special issue will collect the practical experiences on the sensor and there processing technology in Robot
Competitions and Challenges. The experimental results with the analysis of the conventional methods in the
applications to the Competition and Challenges are encouraged to submit, as well as the proposals of the novel
sensor information processing methodologies with experimental results. The editors believe that, this collection
of practical experiences will be useful for the design of future robot systems to be applied to the various real
problems.

Submission: PDF format file of the complete manuscript should be sent by June 30, 2011 to the office of
Advanced Robotics, the Robotics Society of Japan through our homepage (http://www.rsj.or.jp/AR/index_e.html).
Sample form of the manuscript is available at the homepage, too. Additionally, please send the copy of the

submitted manuscript to Prof. Shin’ichi Yuta (yuta@roboken.esys.tsukuba.ac.jp), and Prof. Yasushi Nakauchi
(nakauchi@iit.tsukuba.ac.jp) for the confirmation.

JRSJ Vol. 29 No. 4 —BHILE 14— May., 2011
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ADVANCED ROBOTICS Vol.25, No.1-2  Abstract

Full Papers
Control of an Autonomous Electric Bicycle with both Steering and Balancer Controls
Lychek Keo and Masaki Yamakita

Abstract— In this paper, we propose a new cooperation control algorithm for stabilizing and trajectory tracking of an
unmanned electric bicycle. The simplified model of the bicycle with the balancer is derived from Lagrangian and
non-holonomic constraints with respect to translation and rotation relative to the ground plane. The stabilizing control
and trajectory control of an autonomous bicycle are derived independently based on the simplified model. The
balancing control is derived based on the output-zeroing controller. The steering and balancer for stabilizing the bicycle
are used when the linear velocity is zero or the system starts up. It is shown that a balancing control using both the
steering and the balancer has a better performance than conventional ones with only balancer or steering. The trajectory
tracking control is derived by an input—output linearization approach to track the path in the ground plane. The steering
and the back wheel are used to design the trajectory control. The coupling of the steering between the balancing control
and the trajectory control are set by weighting gain. The balancing and the trajectory control have been implemented
with the real bicycle by using MATLAB XPC-TARGET. An autonomous electric bicycle can be controlled remotely
via a host PC. Numerical simulation and experimental results are shown to verify the effectiveness of the proposed

control strategy.
Keywords: Balancing control, cooperation control, trajectory tracking, output-zeroing controller, autonomous bicycle

Generic Motion Planner for Robot Multi-fingered Manipulation
Jean-Philippe Saut, Anis Sahbani and Véronique Perdereau
Abstract— This paper addresses the dexterous manipulation planning problem, which deals with motion planning for
a multi-fingered hand manipulating objects among static obstacles, under quasi-static movement assumption. We
propose a general manipulation approach able to compute object and finger trajectories, as well as the finger relocation
sequence, in order to link any two given configurations of the composite system hand + object. It relies on a
topological property that characterizes the existence of solutions in the subspace of configurations where the object is
grasped by the n fingers. This property helps reduce the problem by structuring the search space. The developed
planner captures in a probabilistic roadmap the connectivity of submanifolds of the composite configuration space. The
answer to the manipulation planning query is then given by searching a path in the computed graph. Simulation
experiments are reported for different multi-fingered manipulation task examples showing the efficiency of the

proposed method.
Keywords: Manipulation planning, multi-fingered manipulation, finger gaiting, grasp computation, motion planning

Territorial and Effective Task Decomposition for Rearrangement Planning of Multiple Objects by Multiple
Mobile Robots
Norisuke Fujii and Jun Ota

Abstract— In this paper, we address a rearrangement task planning problem. The method proposed here is suitable for
various environments with narrow corridors, and an unbalanced arrangement of robots and objects. As the solution
space is too large for the search method to be applied directly, we will limit the search space. The proposed method
develops an initial plan by using a simple rule and improves the task decomposition of the initial plan. That is, it
effectively determines which object should be transported where. We employ the concept of the critical path method to
select the task that should be modified and the concept of a territorial approach to set up new task decomposition. New
task decomposition is set up so that a robot can operate without considering the movement of other robots. These
concepts render our method fast. The proposed method is tested in a simulated environment with up to four robots and
12 movable objects. The simulation results show that in a feasible calculation time, our method can reduce the task
time by 10% as compared to the previous method. In particular, the proposed method is much more applicable to the
working environments than was the previous method.

Keywords: Rearrangement, multiple robots, task decomposition, territorial approach, movable objects

Dynamic Rolling-Walk Motion by the Limb Mechanism Robot ASTERISK
Chayooth Theeravithayangkura, Tomohito Takubo, Kenichi Ohara, Yasushi Mae and Tatsuo Arai
Abstract— New dynamic rolling-walk motion for amulti-legged robot with error compensation is proposed. The
motion is realized by using the isotropic leg arrangement and the dynamic center of mass control inspired by bipedal
robots. By using the preview control of the zero moment point (ZMP) with a cart-table model based on the bipedal
robot’s technique, the robot’s center of mass trajectory is planned for the dynamic motion. The resolved momentum
control for manipulating the multi-links robot as a single mass model is also implemented in the system to maintain the
stability of the robot. In the new dynamic rolling-walk motion, the robot switches between the two-leg supporting
phase and three-leg supporting phase to achieve dynamic motion with the preview control of the ZMP and resolved
momentum control as dynamic motion controllers. The authors analyzed the motion and confirmed the feasibility in

HAOKRy MEaik29 % 475 —BHILE 15— 201145 H
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the Open Dynamics Engine before testing the motion with an actual robot. Due to the difficulties of controlling the
ZMP during the two-leg supporting phase, the authors implemented error compensation by using a gyro sensor and
compared the results. Keywords: Dynamics, preview control, resolved momentum control, multi-legged robot, mobile robot

A Robot Swarm Assisting a Human Fire-Fighter
Jacques Penders, Lyuba Alboul, UlfWitkowski, Amir Naghsh, Joan Saez-Pons, Stefan Herbrechtsmeier and Mohamed El-Habbal
Abstract— Emergencies in industrial warehouses are a major concern for fire-fighters. The large dimensions, together
with the development of dense smoke that drastically reduces visibility, represent major challenges. The GUARDIANS
robot swarm is designed to assist fire-fighters in searching a large warehouse. In this paper we discuss the technology
developed for a swarm of robots assisting fire-fighters. We explain the swarming algorithms that provide the
functionality by which the robots react to and follow humans while no communication is required. Next we discuss the
wireless communication system, which is a so-called mobile ad-hoc network. The communication network provides
also the means to locate the robots and humans. Thus, the robot swarm is able to provide guidance information to the
humans. Together with the fire-fighters we explored how the robot swarm should feed information back to the human
fire-fighter. We have designed and experimented with interfaces for presenting swarm-based information to human
beings. Keywords: Swarm robotics, search and rescue, human robot (swarm) interface, mobile ad-hoc networks

CRABOT: A Biomimetic Burrowing Robot Designed for Underground Chemical Source Location
R. Andrew Russell

Abstract— This paper describes the biomimetic inspiration and development of a burrowing robot called CRABOT.
This robot is one part of a project to investigate novel techniques for locating the source of volatile chemicals released
underground. A range of chemicals, including petrol, kerosene and diesel fuel, are commonly stored in underground
tanks or transported by buried pipelines. All of these structures are prone to corrosion and the development of leaks.
Currently, finding the source of underground chemical leaks is a difficult task. As part of an automated system to locate
chemical leaks a prototype burrowing robot has been developed modeled on the mole crab Emerita talpoida. The
current version of this robot functions in a ‘semi-submersed’ configuration that allows the operation of the burrowing
mechanism to be easily observed. Later versions will burrow completely below the surface. This paper provides details
of the design and performance of the prototype burrowing robot.

Keywords: Burrowing robots, chemical source location, biomimetics, Emerita talpoida

Simultaneous Localization of a Mobile Robot and Multiple Sound Sources Using a Microphone Array
Jwu-Sheng Hua, Chen-Yu Chan, Cheng-KangWang, Ming-Tang Lee and Ching-Yi Kuo

Abstract— Sound source localization is an important function in robot audition. Most existing works perform sound
source localization using static microphone arrays. This work proposes a framework that simultaneously localizes the
mobile robot and multiple sound sources using a microphone array on the robot. First, an eigenstructure-based
generalized cross-correlation method for estimating time delays between microphones under multi-source
environments is described. Using the estimated time delays, a method to compute the farfield source directions as well
as the speed of sound is proposed. In addition, the correctness of the sound speed estimate is utilized to eliminate
spurious sources, which greatly enhances the robustness of sound source detection. The arrival angles of the detected
sound sources are used as observations in a bearingonly simultaneous localization and mapping procedure. As the
source signals are not persistent and there is no identification of the signal content, data association is unknown and it
is solved using the FastSLAM algorithm. The experimental results demonstrate the effectiveness of the proposed
method. Keywords: Sound source localization, microphone array, time delay estimation, bearing-only SLAM, generalized cross correlation

Real-Time Pose-Invariant Face Recognition Using the Efficient Second-Order Minimization and the Pose
Transforming Matrix
Hyun-Chul Choi and Se-Young Oh

Abstract— We propose a real-time pose-invariant face recognition algorithm from a gallery of frontal images only.
(1)We modified the second-order minimization method for the active appearance model (AAM). This allows the AAM
to have the ability of correct convergence with little loss of frame rate. (ii) We proposed a pose transforming matrix
that can eliminate warping artifacts of the warped face image from AAM fitting. This makes it possible to train a neural
network as the face recognizer with one frontal face image of each person in the gallery set. (iii) We propose a simple
method for pose recognition by using neural networks to select the proper pose transforming matrix. The proposed
algorithm was evaluated on a set of 2000 facial images of 10 people (200 images for each person obtained at various
poses), achieving a great improvement in recognition. Keywords. Pose-invariant face recognition,
active appearance model, efficient second-order minimization, pose transforming matrix, neural network

Biomimetic Pinching Movements of a Musculo-Skeletal Dual-Finger Model
Kenji Tahara, Suguru Arimoto, Ryuta Ozawa and Zhi-Wei Luo
Abstract— The present paper investigates pinching movements using an index finger and a thumb actuated by
redundant nonlinear digitorum muscles mimicking the configuration of human fingers. A dual-finger model with
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2-d.o.f. joints for each finger and redundant nonlinear digitorum muscles is formulated to mimic the structure of human
fingers. First, the kinematics and dynamics of the overall finger—object system, as well as the nonlinear muscular
dynamics, are derived in accordance with the results of physiological studies. Next, a sensory-motor control law is
proposed to enable stable pinching simultaneously with orientation regulation of an object. This control law includes
an internal force term generated by co-construction of the redundant muscles. It is shown that the internal force term
can modulate the damping factor in the joint space by its nonlinearity. Based on this effect, it is then shown by
numerical simulation that our sensory-motor control law with co-contraction of each digitorum muscle makes it
possible to realize pinching movements. Therefore, the pinching movements may be realized by means of a
musculo-skeletal dual-finger system with the sensory-motor control law and co-contraction of redundant digitorum
muscles. Keywords: Multi-fingered hand, stable pinching, redundancy, musculoskeletal system, biomimetics

Robust Adaptive Stabilization of Skid Steer Wheeled Mobile Robots Considering Slipping Effects
E. Mohammadpour and M. Naraghi

Abstract— This paper represents the posture stabilization of a skid steer wheeled mobile robot (SSWMR). Although
in mobile robots lateral skidding of the wheels occurs when turning at high speed, wheels of a SSWMR laterally skid
in every rotational maneuver even at low speeds. Also, longitudinal slipping for wheeled mobile robots with pneumatic
tires is inevitable due to tire deformation. In order to compensate for the effects of tire slippage and parameter
uncertainties, an adaptive torque controller is developed based on a tunable dynamic oscillator. The globally uniformly
ultimately bounded stability of the system to an arbitrarily small neighborhood of the origin is proved. The internal
dynamics stability of the system is guaranteed employing a supervisory fuzzy logic-based controller. To demonstrate
the performance of the proposed controller, modeling of a SSWMR was implemented through automatic dynamic
analysis of mechanical systems (ADAMS).

Keywords: Posture stabilization, skid steer, robust adaptive control, longitudinal slipping, ADAMS

Control System Design for an Upper-Limb Rehabilitation Robet
Guozheng Xu, Aiguo Song and Huijun Li

Abstract— Control system implementation is one of the major difficulties in rehabilitation robot design. The purpose
of our study is to present newly developed control strategies for an upper-limb rehabilitation robot. The Barrett WAM
Arm manipulator is used as the main hardware platform for the functional recovery training of the past-stroke patient.
Passive and active recovery training have been implemented on the WAM Arm. A fuzzy-based PD position control
strategy 1s proposed for the passive recovery exercise to control the WAM Arm stably and smoothly to stretch the
impaired limb to move along predefined trajectories. An adaptive impedance force controller is employed in the active
motion mode in which a fuzzy logic regulator is used to adjust the desired impedance between the robot and impaired
limb to generate adaptive force in agreement with the change of the impaired limb’s muscle strength. In order to
evaluate the change of the impaired limb’s muscle power, the impaired limb’s mechanical impedance parameters as an
objective evaluation index is estimated online by using a recursive least-squares algorithm with an adaptive forgetting
factor. Experimental results demonstrate the effectiveness and potential of the proposed control strategies.

Keywords: Rehabilitation robot, parameter identification, fuzzy logic, position control, impedance control

A Micro Macro Neural Network to Recognize Rollover Movement

Takeshi Ando, Jun Okamoto and Masakatsu G. Fujie
Abstract— Many motion support robots for the elderly and disabled have been studied all over the world. We have
developed a rollover support system (rollover is one of the activities of daily living). Our ultimate goal is to develop an
effective rollover support system for patients with cancer bone metastasis. The core of this system is a pneumatic
rubber muscle that is operated by electromyogram (EMG) signals from the trunk muscle. The traditional neural
network, the time delay neural network (TDNN), used to recognize movement shares the problems of response delay
and false recognition. In this paper, we proposed a new neural network, called the micro macro neural network
(MMNN), to recognize the rollover movement earlier and with more accuracy. The MMNN is composed of a micro
part, which detects rapid changes in the strength of the EMG signal, and a macro part, which detects the tendency of
the EMG signal to continually increase or decrease. As a result, recognition using the MMNN with an optimized
structure is 40 = 49 ms faster than recognition using the TDNN. Additionally, the number of false recognitions using
the MMNN is one-third of that using the TDNN.

Keywords: Neural network, motion recognition, rollover, trunk orthosis and cancer bone metastasis

Experimental Study of Dynamic Bipedal Walking Based on the Principle of Parametric Excitation with
Counterweights
Takeshi Hayashi, Kazuaki Kaneko, Fumihiko Asano and Zhi-Wei Luo
Abstract— This paper reports some interesting results from our experimental study of parametrically excited dynamic
bipedal walking. We describe the details of the walking machine that has telescopic legs, semicircular feet, free hip
joint and counterweights. The walker can sustain stable dynamic walking on level ground based on mechanical energy
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restoration in accordance with the principle of parametric excitation utilizing the effects of semicircular feet and
counterweights. Results of numerical analysis on the effect of the counterweights on the gait efficiency are also
described. Keywords: Bipedal Walking Robot, Dynamic Walking Machine, Prismatic Joint, counterweight

ADVANCED ROBOTICS Vol.25, No.5

Special Issue on Physical Human-Robot Interaction through Force Interface  Abstract

Full Papers

Safe and Compliant Guidance by a Powered Knee Exoskeleton for Robot-Assisted Rehabilitation of Gait

P. Beyl, K. Knaepen, S. Duerinck, M. Van Damme, B. Vanderborght, R. Meeusen and D. Lefeber

Abstract-— In the research field of robot-assisted gait rehabilitation there is increased focus on the improvement of
physical human-robot interaction by means of high-performance actuator technologies and dedicated control strategies.
In this context we propose a combination of lightweight, intrinsically compliant, high-torque actuators (pleated
pneumatic artificial muscles) with safe and adaptable guidance along a target trajectory by means of proxy-based
sliding mode control. We developed a powered knee exoskeleton (KNEXO) to evaluate these concepts. In addition to
the trajectory-based controller a torque controller was implemented with a view to minimizing the interaction during
unassisted walking. First, various treadmill walking experiments were performed with unimpaired subjects wearing
KNEXO to evaluate the performance of the proposed controllers. Test results confirm the ability of KNEXO to display
low actuator torques in unassisted mode and to provide safe, adaptable guidance in assisted mode. Subsequently, a
multiple sclerosis patient participated in a series of pilot experiments. Provided there was some patient-specific
controller tuning KNEXO was found to effectively support and compliantly guide the subject’s knee.
Keywords: Robot-assisted gait rehabilitation, physical human-robot interaction, powered knee exoskeleton, pneumatic muscles,
proxy-based sliding mode control

Effects of Impedance Reduction of a Robot forWrist Rehabilitation on Human Motor Strategies in Healthy
Subjects during Pointing Tasks
Nevio Luigi Tagliamonte, Maria Scorcia, Domenico Formica, Domenico Campolo and Eugenio Guglielmelli

Abstract— Studies on human motor control demonstrated the existence of simplifying strategies (namely ‘Donders’
law’) adopted to deal with kinematically redundant motor tasks. In recent research we showed that Donders’ law also
holds for the human wrist during pointing tasks and that it is heavily perturbed when interacting with a highly
back-drivable state-of-the-art rehabilitation robot. We hypothesized that this depends on the excessive mechanical
impedance of the pronation/supination (PS) joint of the robot and in this work we analyzed the effects of its reduction.
To this end we deployed a basic force control scheme, which minimizes human-robot interaction force. This resulted
in a 70% reduction of the inertia in the PS joint, and in decrease of 81 and 78% of the interaction torques during 1- and
3-d.o.f. tasks. To assess the effects on human motor strategies, pointing tasks were performed by three subjects with a
lightweight handheld device, interacting with the robot using its standard PD control (setting impedance to zero) and
with the force-controlled robot. We quantified Donders’ law as two-dimensional surfaces in the three-dimensional
configuration space of rotations. Results revealed that the subject-specific features of Donders” surfaces reappeared
after the reduction of robot impedance obtained via the force control.

Keywords: Back-drivability, wrist robots, human motor control, neural kinematic constraints, force control

Fast Reinforcement Learning for Three-Dimensional Kinetic Human—-Robot Cooperation with an
EMG-to-Activation Model
Tomoya Tamei and Tomohiro Shibata
Abstract— Kinetic human—machine cooperation has been investigated in research fields such as power assist and
rehabilitation. Electromyographic (EMG) signals have often been used for this purpose instead of force sensors, since
the EMG signals reflect the motor intention of a user, observed prior to actual movements, leading to more natural
interaction. However, an inherent problem in using EMG signals is their time-varying nature caused by the fact that
muscle coordination can vary over time because of differences between the closedloop feedback systems in the
calibration stage and in the actual task. This paper proposes the use of a policy gradient type of reinforcement learning
for overcoming this problem by formulating EMG-based kinetic human-robot cooperative tasks as goal-oriented tasks,
in which the force exerted by the user for kinetic interaction is estimated to achieve a goal shared with the robot. The
reinforcement learning enables the force estimator to be adaptive to the time-varying nature of the EMG signals. The
force estimator is based on the so-called EMG-to-activation model which is biologically plausible and has only a small
number of parameters, enabling fast learning. A three-dimensional cooperative transfer task demonstrates the
feasibility of our approach. Keywords: Human-machine interaction, reinforcement learning, electromyogram, motion capturing
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Imitation Learning of Positional and Force Skills Demonstrated via Kinesthetic Teaching and Haptic Input
Petar Kormushev, Sylvain Calinon and Darwin G. Caldwell
Abstract— A method to learn and reproduce robot force interactions in a human-robot interaction setting is proposed.
The method allows a robotic manipulator to learn to perform tasks that require exerting forces on external objects by
interacting with a human operator in an unstructured environment. This is achieved by learning two aspects of a task:
positional and force profiles. The positional profile is obtained from task demonstrations via kinesthetic teaching. The
force profile is obtained from additional demonstrations via a haptics device. A human teacher uses the haptic device to
input the desired forces that the robot should exert on external objects during the task execution. The two profiles are
encoded as a mixture of dynamical systems, which is used to reproduce the task satisfying both the positional and force
profiles. An active control strategy based on task-space control with variable stiffness is then proposed to reproduce the
skill. The method is demonstrated with two experiments in which the robot learns an ironing task and a door-opening
task. Keywords: Imitation learning, kinesthetic teaching, programming by demonstration, physical human—robot interaction, haptics

A Direct Physical Interface for Navigation and Positioning of a Robotic Nursing Assistant
Tiffany L. Chen and Charles C. Kemp

Abstract— People often use direct physical contact to guide a person to a desired location (e.g., leading a child by the
hand) or to adjust a person’s posture for a task (e.g., a dance instructor working with a dancer). When a user is in close
proximity to a robot, physical contact becomes a potentially valuable channel for communication. We define a direct
physical interface (DPI) as an interface that enables a user to influence a robot’s behavior by making contact with its
body. We evaluated a DPI in a controlled laboratory setting with 18 nurses and compared its performance with that of a
comparable gamepad interface. The DPI significantly outperformed the gamepad according to several objective and
subjective measures. Nurses also tended to exert more force at the robot’s end-effectors and command higher velocities
when using the DPI to perform a navigation task compared with using the DPI to perform a positioning task. Based on
user surveys, we identify various nursing tasks where robotic assistance may be useful and provide design
recommendations specifically in the area of healthcare. This paper is based on ‘Lead me by the hand: evaluation of a
direct physical interface for nursing assistant robots’, by Tiffany L. Chen and Charles C. Kemp, which appeared in the
Proceedings of the 5th ACM/IEEE International Conference on Human—Robot Interaction. © 2010 IEEE [1].

Keywords: Healthcare robotics, nursing, direct physical interface, human—robot interaction, user study

On the Ability of Humans to Apply Controlled Forces to Admittance-Type Devices
Manikantan Nambi, William R. Provancher and Jake J. Abbott

Abstract— Human-robot collaborative systems have the potential to dramatically change many aspects of surgery,
manufacturing, hazardous-material handling, and other dextrous tasks. We are particularly interested in precise
manipulation tasks, which are typically performed under an admittance-control regime, where the controlled velocity
of a non-backdrivable robot is proportional to the sensed user-applied force. During fast movements, there is a
noticeable degradation in control precision and prior results have indicated that system velocity, and not system
admittance, is the factor that is most correlated with force control precision. In this paper, we report evidence that
system admittance is more important than velocity in determining the user’s ability to control applied force and that
both factors are less important than the force level itself, and we provide an explanation as to why prior results might
have indicated otherwise. We find the conditions under which human force control performance is best when operating
under admittance control. We also report the conditions under which human force control on a moving admittance-type
device is indistinguishable from isometric force control, which can be used to design better device controllers.
Keywords: Human force control, admittance control, proportional-velocity control, haptics

Performance Analysis of a Haptic Telemanipulation Taskunder Time Delay
Michael C. Yip, Mahdi Tavakoli and Robert D. Howe

Abstract— There is ample research on the effect of haptic teleoperation under delayed communication channels in
terms of stability and system performance. Little attention, however, has been paid to the effect of delayed force
feedback on users’ task performance and whether force feedback is beneficial under significant communication delays.
This paper investigates whether force feedback improves user’s task performance in delayed teleoperation. We study
peg-in-the-hole insertion/retraction, dexterous manipulation tasks involving high degrees of freedom and high forces at
certain points during task execution. A user study involving unilateral (without force feedback), bilateral (with force
feedback) and graphical feedback teleoperation under various delays is presented. We observed that for all feedback
modalities, task completion times increase as delay increases. Haptic feedback helps reduce contact forces and the
occurrence of large robot/environment forces. Furthermore, graphical feedback helps users maintain the lowest range
of forces at the cost of higher task completion times. With users mindful of minimizing contact forces, haptic/graphical
feedback causes the task to take more time than unilateral control. Therefore, when short completion times are crucial
given a tolerance for larger forces, force feedback only serves to increase the time required to perform the task; thus,
unilateral control may be sufficient.

Keywords: Haptic teleoperation, task performance, manipulation task, delayed teleoperation
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