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ABSTRACT
Human-robot interaction (HRI) focuses on the study of functionality and usability of robots when performing
tasks that involve humans. There are an increasingly large number of HRI researchers in the United States,
leading to an emergence of targeted funding opportunities. In order to better understand the scope of the
research pursued by HRI researchers outside the United States, NSF and WTEC tasked a study of HRI
research in Asian countries. This report compiles the findings of a panel of experts who conducted a series of
site visits in Japan, South Korea, and China. Based on the limited time for travel and availability of the
hosting institutions, this report should be viewed as a representative sample of HRI research in the countries
visited.
The report is organized in six chapters and four appendices. Chapter 1 introduces the goals of the study, the
panelists, and the process and draws some general conclusions. Chapter 2 focuses on HRI in health care
applications. Chapter 3 discusses the approaches followed in human cognitive modeling as used by different
research programs. Chapter 4 concretely addresses the wide area of service robotics, surveying the
applications in which robots provide services to humans in daily life environments. Chapter 5 presents the
modeling and use of social interactions in robot behaviors. Chapter 6 concludes the report with a
comprehensive presentation of the underlying technical and scientific components of the HRI systems
described in the study.
Each chapter draws conclusions on the research methodology, funding models, and relationships with
education and industry. The panel ultimately felt that the research in the visited countries was of an
equivalent technical level with the research carried out in the United States, possibly with more emphasis on
product development and targeted applications. We further felt that it could be interesting to create more
long-term funding in the United States. Furthermore, this report may be able to provide information for
international collaborations, which we learned would be very appreciated and welcome.
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CHAPTER 1

INTRODUCTION
Manuela Veloso

BACKGROUND
Human-robot interaction (HRI) is a new area of research that aims at extending the functionality
and usability of robots by making their interactions with humans more natural and compatible with
human expectations and capabilities. In this volume we report on a study funded by the U.S.
National Science Foundation (NSF) and managed by WTEC with the aim of assessing the state of
human-robot interaction research in Asian countries. The study is restricted to the countries where
panelists were able to visit working laboratories, namely Japan, South Korea (hereinafter referred
to as Korea), and China. Even within these countries, there are definitely other HRI efforts that we
were not able to visit and are not included in this report. This report therefore should be viewed as
a sample of HRI research in Asia.
This chapter consists of four sections. The first section presents the process followed to create the
team and carry out the study. The next section elaborates on the objectives of the study by
presenting a set of questions that were made available to the sites visited. Our interactions and
discussions during the visits aimed at gathering answers to these questions. The third section
summarizes the schedule of the visits to each country. The final section introduces the rest of the
report and draws some global conclusions of the study.
PROCESS AND TEAM FORMATION
In September 2010, Ephraim Glinert of NSF invited Manuela Veloso to chair a panel of experts in
the area of human-robot interaction to assess the advances in the field in a limited set of Asian
countries. The chosen methodology was to visit sites in selected countries, observe research being
done at these sites, and to report the results, with assessment by the panel of experts, in the form of
a workshop to be held at NSF headquarters in Arlington, VA, and in a report to be published by
WTEC. The time period for conducting the site visits was tentatively set for autumn 2011.
In November of 2010, Manuela Veloso met with Duane Shelton (WTEC) and discussed the
proposed details of the study. WTEC has a long experience of carrying out studies of this type, and
several examples of the logistics and contextual details of past studies were presented. In February
of 2011, Manuela Veloso presented the proposed study to interested government parties invited by
WTEC to an initial workshop. The scope of the study was presented and further refined. A
conclusion of this meeting was that there was an interest in focusing the study on HRI research
with actual real physical robots (as opposed to virtual or simulated robot research) and in medical
applications addressing cognitive and physical limitations. Furthermore, it was recommended that
the number of panelists be six, including the Chair.
The team formed by Manuela Veloso consisted of panelists with a rich complementary set of
expertise in different aspects of HRI, as follows:
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Panel Member
Mindy Lipson Aisen,
M.D.

Ted A. Conway, Ph.D.

1. Introduction

Affiliation
Clinical Professor, University
of Southern California
Chief Medical Officer, Rancho
Los Amigos National
Rehabilitation Center
Program Director, National
Science Foundation

Ayanna Howard, Ph.D.

Associate Professor, Georgia
Institute of Technology

Chad Jenkins, Ph.D.

Associate Professor, Brown
University

Bilge Mutlu, Ph.D.

Assistant Professor, University
of Wisconsin-Madison

Brian Scassellati, Ph.D.

Associate Professor, Yale
University

Manuela M. Veloso, Ph.D.
(Panel Chair)

Herbert A. Simon Professor,
Carnegie Mellon University

Areas of Expertise
Neurology
Neurorehabilitation
Rehabilitation engineering

Theoretical and applied mechanics
Tissue engineering mechanics
Rehabilitation engineering
Assistive robots
Intelligent control
Wearable interfaces
Environmental sensing
Robot learning
Humanoid robotics
Computer vision
Mobile manipulation
Social robots
Computer-supported collaborative
work
Brain-computer interfaces
Social HRI
Developmental modeling
Assistive technology
Humanoid robotics
Multi-robot systems
Artificial intelligence
Perception, cognition, action
Planning and learning
Human-robot symbiotic autonomy

(Note: In addition to panel members, the team also included administrative staff from WTEC, who handled all the
challenging logistics of the visit and the study process, including the editing of this report. More extensive
biographical information on panel members can be found in Appendix A. Delegation Biographies.)

Conduct of the Study
In May 2011, a kickoff workshop was held at NSF with the complete panel and several government
representatives invited by WTEC. Each of the six panelists presented his or her own research
interests in the field of HRI and proposed five different main chapters for the report of the study.
The five proposed areas at that time are not exactly the same ones of the chapters of this final
report, but are quite close, as we detail below. We decided on the dates of the visit.
During the summer of 2011, sites to be visited were determined based on input from the panelists,
WTEC, and scheduling availability of the site hosts. The process was meticulous, with multiple
conference calls and interactions with the WTEC team in Asia, which converged into a final
schedule for the visits to Japan and Korea. For China, we decided to hold a workshop in Beijing
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rather than tour individual laboratories. Panel Chair Manuela Veloso identified a colleague in
China who was able to make all the arrangements.
Site visits took place took place from October 16–22, 2011, with the complete delegation visiting
Japan from October 16-18, followed by half of the team visiting Korea and the other half visiting
China, October 19-21. The team had a final meeting jointly in China on October 22, 2011, before
the return to the United States.
Upon returning to the United States, panelists prepared site visit reports, with one of the attending
panelists taking the lead as the author of each report. The reports were submitted to the WTEC
report editor, who formatted them and then sent each one to the host organization for review and
correction. Reports on the 25 sites visited (or presented during the Beijing workshop) are in
Appendix B. Site Visit Reports in the present volume.
In December 2011, a final workshop was held at NSF to review the results of the site visits. Funder
representatives and a few researchers in the HRI area attended the workshop. Each panelist
reported his or her views and experiences in a presentation; topics generally aligned with the five
main chapters that make up the present final report. These chapters were submitted in February
2012 and editing and production of the report took place during the month of March.
OBJECTIVES AND QUESTIONS
The field of human-robot interaction addresses the challenging question of how humans and robots
should interact. The field is very broad and can range from how humans teleoperate robotic
platforms to how humans and autonomous robots interact and collaborate. As such, the area is very
broad including a wide variety of research topics and applications. Based on the interests of the
organization funding this study (NSF), as well as on the expertise and interests of the expert team,
we constrained the technical objectives of our study to human-robot interaction where robots would
be serving humans in indoor daily environments or where robots would be assisting people with
cognitive or physical disabilities.
We were curious to learn about the concrete robot artifacts developed in the different research labs,
in terms of their perceptual, cognitive, and actuation capabilities in their interaction with humans.
We were further interested in understanding the applications and possible deployments and
underlying subject studies. At the organizational level, the study also sought to identify how the
research was supported, as well as the possible experience, interest, and feasibility of international
collaborations. We were further interested in how research was integrated with training and
education. To answer these questions, we devised a detailed set of questions that aimed to capture
the objectives of the study and were given to the hosts of the visited sites. After the visits, we
realized that the questions, as we list below, were extensive and probably too specific, but they
definitely served to ground our interactions with our hosts.
The questions were organized in different categories and stated as questions to the host research
institutions and individuals.
Grand Challenges and Accomplishments
•

What are the major challenges that the field of HRI aims at?

•

What scientific or technological advances must be made to achieve these grand challenges, and
what are the roadblocks to achieving these advances?
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Laboratory-Specific Research
•

What are the research contributions and directions on robot perception, cognition, and
actuation for HRI? Mainly, what do the robots process from the surrounding environment and
people? What types of sensors do your robots used in HRI have?

•

Do you have a single robot or more robots for your HRI research?

•

What deployment scenarios and real-world environments has your work been applied in? What
is the average operating time for testing in these scenarios?

•

What type of human subjects approvals are required for such deployment scenarios? What
measures of performance are you using to evaluate system success? Does any of your research
have involvement in any way with the military or veterans?

•

What are the key research questions that must be addressed to make robots a practical solution
for the needs of your target population?

•

How do you integrate technical and social-scientific aspects of the research in your work?
What are your procedures for testing your systems, both hardware software, and evaluating
their performance?

•

How have your research results influenced the HRI field from (a) a scientific perspective, and
(b) an application perspective?

Area-Specific Research
•

What are the key accomplishments that have been made in your specific research area with
respect to indoor-outdoor service robotics?

•

How do you select populations who could benefit from service robots?

•

In what way does your robot engage with problems for the community? Is your focus on
intervention, therapy, diagnosis, daily activities, or on other areas?

•

How is your laboratory’s research and development effort with respect to transforming
mobility for people with a disability?

•

Do you have experience with robots for assisting people with spinal injury, stroke, and
cognitive impairment? How do you assess success (functional independence scales, quality of
life scales, and caregiver comments?) What control mechanisms for the devices have you
developed or are you considering developing: brain-computer interface, voice recognition, or
other “Switches.” How do the assistive robots compare with human assistants?

•

How does your group interact with clinicians, patients, families, and other stakeholders? Is
access to a restricted group a difficulty for your group? Do you work with domain experts in
application areas (e.g., teachers for educational applications, therapists for rehabilitative
applications)?

Technology Transfer, Commercialization, and Regulatory Issues
•

Are there any commercial products resulting from your research?

•

How many HRI-related patents has your laboratory or institution generated, what countries are
these patents for, how many have been licensed, and are the patents critical for the
commercialization?

•

Does your work involve human subjects research? What regulations are you required to follow
to conduct research with human subjects? How do you comply with these procedures? What
are the ethical implications of your work?

Manuela Veloso
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•

Are there specific benchmarks or comparisons that you use in evaluating the effectiveness of
your research?

•

How do you evaluate the impact of your work on the target user population and the broader
society? How does the broader public respond to the robotic systems you develop? Do you
have examples of surveys that you provide to human users to assess the impact of your HRI
research?

•

Do you release your infrastructure (or a subset) for use outside your group, such as
commercially, within your institution, or for open use? How are your systems used in these
external projects? How widespread is the use of your systems?

Funding – Government and Commercial
•

What funding agencies support your research in indoor service robotics?

•

What funding agencies support your research in assistive robotics?

•

Do you typically collaborate with other investigators and/or institutions to secure these funds?

•

What are these funds typically used for (e.g., salary support, student support, equipment)?

•

To what extent do these mechanisms involve government, private, and commercial sources?

•

Are funding mechanisms typically single-investigator, multi-investigator, or multiinstitutional? In your opinion, what do you think works best?

International Collaborations and Comparisons
•

What do you see as the strengths of your research relative to the United States and vice versa?

•

What areas do you see ripe for future collaboration between you and the United States?

Training and Education
•

What types of training programs in robotics, and in particular HRI, science and technology
exist at your institution?

•

To what extent do these training programs involve industry?

•

What kinds of backgrounds do your researchers/students come from? How do you train your
researchers/students for the various interdisciplinary aspects of your work?

•

What jobs do your HRI students take after they finish their studies?

SITES VISITED
Table 1.1 details the sites visited in Japan, Korea, and China. We visited 17 sites in Japan, 5 sites in
Korea and 3 sites in China, where we also conducted a workshop with 13 presentations.
Table 1.1 Sites visited in Japan, Korea, and China
Site

Host(s)

Delegation

Date

ATR Intelligent Robotics and
Communication Laboratories

Dr. Norihiro Hagita and
Takayuki Kanda

Aisen, Howard,
Imaizumi, and
Jenkins

Oct. 17, 2011

Igarashi Design Interface Project - Japan
Science and Technology Agency, ERATO

Dr. Masahiko Inami,
Sunao Hashimoto,
Keita Watanabe, and
Haipeng Mi

Kahaner, Mutlu, and
Veloso

Oct. 17, 2011

JAPAN
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Site

Host(s)

Delegation

Date

Keio University-Anzai Imai Lab. Dep. of
Information & Computer Science - Faculty
of Science & Technology

Dr. Michita Imai and
Hirotaka Osawa

Conway, Scassellati,
and Veloso

Oct. 18, 2011

Kyoto University-Nishida Lab. Dept. of
Intelligence Science and Technology

Dr. Toyoaki Nishida

Aisen and Jenkins

Oct. 18, 2011

National Institute of Advanced Industrial
Science & Technology (AIST)

Dr. Masaaki
Mochimaru and Satoshi
Kagami

Aisen, Conway,
Foland, Howard,
Imaizumi, and Mutlu

Oct. 19, 2011

National Institute of Advanced Industrial
Science & Technology (AIST)- Tsukuba
Central 2

Dr. Hirohisa Hirukawa,
Woo-Keun Yoon,
Yosuke Matsusaka, and
Hiroji Tanuma

Conway, Foland ,
Satoh, and Scassellati

Oct. 17, 2011

Osaka University- Intelligent Robotics
Laboratory (IRL)

Dr. Yuichiro
Yoshikawa

Aisen, Howard, and
Jenkins

Oct. 17, 2011

Osaka University –Asada Laboratory

Dr. Minoru Asada

Aisen, Howard, and
Jenkins

Oct. 17, 2011

Tokyo Institute of Technology -Imaging
Science and Engineering Laboratory

Dr. Osamu Hasegawa
and Aram Kawewong

Conway, Scassellati,
and Veloso

Oct. 18, 2011

Toyohashi University of Technology (TUT)
- Integrated Circuit and Sensor Group (ICG)

Dr. Makato Ishida

Aisen and Jenkins

Oct. 17, 2011

University of Tokyo - Global Center of
Excellence for Mechanical Systems
Innovation

Dr. Mamoru Mitsuishi
and Kanako Harada

Howard, Kahaner,
and Mutlu

Oct. 18, 2011

University of Tokyo - Intelligent
Cooperative Systems Laboratory

Dr. Tomomasa Sato

Mutlu, Veloso, and
Kahaner

Oct. 17, 2011

University of Tokyo - Intelligent Systems
and Informatics (ISI) Lab

Dr. Yasuo Kuniyoshi
and Tatsuya Harada

Kahaner, Mutlu, and
Veloso

Oct. 17, 2011

University of Tsukuba – Early Childhood
Education Lab.

Dr. Fumihide Tanaka

Conway, Foland,
Satoh, and Scassellati

Oct. 17, 2011

University of Tsukuba – Gestureman Lab.

Dr. Hideaki Kuzuoka

Conway, Foland,
Satoh, and Scassellati

Oct. 17, 2011

Waseda University - Humanoid Robotics
Institute

Dr. Atsuo Takanishi,
Kenji Hashimoto, and
Zhuohua Lin

Howard, Kahaner,
and Mutlu

Oct. 18, 2011

Waseda University - Intelligent Machine
Lab.

Dr. Shigeki Sugano

Jenkins, Scassellati,
and Veloso

Oct. 19, 2011

Electronics and Telecommunications
Research Institute (ETRI) - Robot/Cognitive
System Research Dep.

Dr. Young-Jo Cho, Ho
Sub Yoon, Jaeyeon Lee

Mutlu, Howard, and
Park

Oct. 21, 2011

Korea Advanced Institute of Science and
Technology (KAIST)

Dr. Dong-Soo Kwon

Howard, Mutlu, and
Park

Oct. 20, 2011

Korea Institute of Industrial Technology
(KITECH), Gyeonggi Technology
Application Division

Dr. Hyun Sub Park, In
Hun Jang, and Ho Seok
Ahn

Aisen, Conway, and
Foland

Oct. 20, 2011

Korea University of Technology and
Education (KUT), School of Mechanical
Engineering

Dr. Jee-Hwan Ryu

Aisen, Conway, and
Foland

Oct. 20, 2011

KOREA
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Site

Host(s)

Delegation

Date

Sungkyunkwan University (SKKU)

Dr. Sukhan Lee and
Dong Ryeol Shin

Aisen, Conway, and
Foland

Oct. 21, 2011

Beihang U. School of Electronic and
Engineering Information, Engineering
Information Dep.

Dr. Xia Mao and YuLi
Xue

Jenkins, Scassellati,
and Veloso

Oct. 20-21,
2011

Chinese Academy of Sciences, Institute of
Computing Technology (ICT)

Dr. Xilin Chen and
Xiujuan Chai

Jenkins and
Scassellati

Oct. 20, 2011

Peking University, PKU-SHRC Humanoid
Robotics Laboratory

Dr. Dingsheng Luo

Jenkins and
Scassellati

Oct. 20, 2011

CHINA

In addition to the three sites visited in China as listed in Table 1.1, we held a one-day workshop on
October 21, 2011 at Tsinghua University in Beijing. This very successful event was the first ChinaU.S. Joint Workshop on Human-Robot Interaction, co-Chaired by Xiaoping Chen, Xiaoyan Chu,
and Manuela Veloso. Table 1.2 shows the complete agenda of the workshop.

8

1. Introduction

Table 1.2. China-U.S. Joint Workshop on Human-Robot Interaction

Program, October 21, 2011, Tsinghua University, Beijing
8:30 am - 8:45 am – Welcome (Manuela Veloso, Xiaoping Chen, and Xiaoyan Zhu)
8:45 am - 10:00 am - Physical Interaction (Chair: Manuela Veloso)
 Yangming Li, Yubing Wang, Jian Sun, Feng Shuang and Yunjian Ge
Machinery Perception and the Application to Exoskeleton Robots
Institute of Intelligence Machines, Chinese Academy of Sciences
 Jingchuan Wang, Weidong Chen and Qinan Li
Human-Wheelchair Cooperation through Dynamic Shared Control
Shanghai Jiao Tong University
 Q.C. Ding, A.B. Xiong, X.G. Zhao and J.D. Han
A Novel EMG-driven State Space Model for the Estimation of Continuous Joint
Movements
Shenyang Institute of Automation, Chinese Academy of Sciences
 Zeng-Guang Hou
Rehabilitation and Minimally Invasive Interventional Surgical Robots
Institute of Automation, Chinese Academy of Sciences
 Brian Scassellati
Using Human-Robot Interactions to Study Human Behavior
Yale University
10:00am - 10:15am - Panel (all authors above) - Discussion/Questions
10:30am - 11:30am - Information Interaction (Chair: Xiaoyan Zhu)
 Lijiang Chen, Xia Mao
Mandarin Emotion Recognition in Speech
Beihang University
 YuLi Xue, Xia Mao, and Qing Chang
Context-aware Facial Expression Understanding in Human Computer Interaction: A Pilot
Study
Beihang University
 Shangfei Wang, Zhilei Liu, Xiaoping Chen, Xufa Wang
Affective Human-Robot Interaction Research in USTC
University of Science and Technology of China
 Chad Jenkins
Depth-based Person and Gesture Recognition for Mobile Human-Robot Teaming
Brown University
11:30am - 11:45am - Panel (all authors above) - Discussion/Questions
11:45am - 1:00pm – Lunch and Social Interaction
1:00pm - 2:00pm - Information/Integration Interaction (Chair: Chad Jenkins)
 Xiujuan Chai, Yili Tang, Xilin Chen, Shiguang Shan
Image and Depth Fusion based Intelligent Robot Guidance
Institute of Computing Technology, Chinese Academy of Sciences
 Sheng Guo, Qiang Guo, Wanmi Chen
Face Detecting Based on SURF Algorithm and OpenCV for RoboCup@Home of Strive
Shanghai University
 Fan Wang, Liping Ouyang, Yongsheng Ou, Xinyu Wu and Yangsheng Xu
Real-Time Human Mimicking System Based on Kinect
Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences
 Fuchun Sun
Brain-Computer Interface Risk Model for Vehicle Navigation
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Tsinghua University
 Tao Mei, Minzhou Luo, Xiaodong Ye, Bin Kong, Rujin Wang, Jun Chen and Lan Wang
Prototype Development of a Service Robot for Elders
Institute of Advanced Manufacturing Technology, Chinese Academy of Sciences
2:00pm - 2:15pm - Panel (all authors above) - Discussion/Questions
2:30pm - 3:30pm - Integration Interaction (Chair: Brian Scassellati)
 Xiaoping Chen
HRI-Based Knowledge Acquisition in KeJia Project
University of Science and Technology of China
 Changle Zhou
Conscious Robot Project
Xiamen University
 Xiong Rong, Yichao Sun, Junnan Wang, Jian Chu
Brief Introduction of Two Interaction Robots
Zhejiang University
 Manuela M. Veloso
Symbiotic Autonomy for Effective Service Robots
Carnegie Mellon University
3:30pm - 3:45pm - Panel (all authors above) - Discussion/Questions
3:45pm - 4:00pm - Wrap/Conclusion (Manuela Veloso, Xiaoping Chen, Xiaoyan Zhu)

SUMMARY AND READER’S GUIDE
This final report consists of six chapters. In addition to this Introduction chapter, there are five
technical chapters, each authored by one of the panelists, as follows:
•

Chapter 2 – “Robotics in Health Care: Human Robotics Interface” by Mindy Aisen

•

Chapter 3 – “Cognitive Modeling” by Brian Scassellati

•

Chapter 4 – “Indoor Service Robots in HRI” by Ayanna Howard

•

Chapter 5 – “Interaction with Robotic Technologies” by Bilge Mutlu

•

Chapter 6 – “Systems, Platforms, and Components” by Chad Jenkins

The themes of each chapter were finalized based on the sites visited. The contents of each chapter
reflect the organization of the extensive research activities observed. Tables 1.3, 1.4, and 1.5 show
an approximate distribution of the sites in terms of the subject areas of each chapter.
Each chapter draws conclusions, but we here identify a few main conclusions from the complete
study. In terms of research, it is clear that the visited laboratories invest in concrete robot design
and manufacturing, and carry out research with complex real artifacts, ranging from novel gadgets
to sophisticated humanoid or human-scale, robust robot platforms. The research is carried forward
based on enabling functionality assuming, rather than necessarily surveying, usability. The number
of operating effective robots is significant and new platforms seem to be updated or newly
developed frequently.
In terms of funding, it was interesting to note that research proceeds with large, long-term funding,
which seems to enable individuals or groups of researchers to follow long-term grand visions of
future robot technologies and applications. Furthermore, research seems to be extensively funded
by industrial companies, who also provide support in equipment and working space. Education and
training is well embedded in the research, as teams are mostly composed of undergraduate and
graduate students. Applications varied in terms of deployment and impact in society, and in
particular humans with limitations, as was one focus of the study.
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In conclusion, the panel felt that research in the visited countries was of an equivalent technical
level with research carried out in the United States, possibly with more emphasis on development
and targeted applications. We further found that it could be interesting to create more long-term
funding in the United States. International collaborations were appreciated and welcome at the sites
we visited. We hope that this study will serve as a vehicle for enabling researchers and developers
in the United States to approach similar counterparts in China, Japan, and Korea.
Table 1.3. Sites Per Chapter, JAPAN
Site

Robotics in
Health Care

ERATO, Igarashi



U. Tokyo, Sato



Cognitive
Modeling

Indoor
Service
Robots

Interactions
with Robotic
Technologies

Systems,
Platforms,
Components













U. Tokyo, Kuniyoshi







Osaka U., Ishiguro

































U. Tsukuba, Kuzuoka







U. Tsukuba, Tanaka









Osaka U., Asada
Waseda U., Takanishi








Kyoto U., Nishida
Toyohashi U.T. ,Makoto



Waseda U., Sugano



AIST, TeleCom,
Mochimaru



AIST,Tsukuba, Shibata



Tokyo I.T., Hasegawa



Keio U., Imai



U. Tokyo, Mitsuishi










ATR, Kanda
















Interactions
with Robotic
Technologies

Systems,
Platforms,
Components









Table 1.4. Sites per Chapter, KOREA
Site

KITECH, Park

Robotics in
Health Care

Cognitive
Modeling





Indoor
Service
Robots










KAIST, Kwon











SKKU, Lee







KUT, Ryu
ETRI, Cho



Table 1.5. Sites per Chapter, CHINA
Site

Robotics in
Health Care

Cognitive
Modeling

Indoor
Service
Robots

Interactions
with Robotic
Technologies

Systems,
Platforms,
Components

Manuela Veloso


Beihang University
CAS-ICT
Peking University
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CHAPTER 2

ROBOTICS IN HEALTH CARE: HUMAN-ROBOTICS INTERFACE
Mindy Aisen

INTRODUCTION
This chapter will review the current role of robotics in health care and potential new applications as
advances in technology converge with evolving health care needs; the technological advances
described are based on findings of the WTEC team visiting academic laboratories and faculty
visited in Japan, Korea, and China in October 2011, with particular emphasis on the role of
addressing the need for enhancing human robotic interfaces and interactions. In this chapter are
detailed the role of robots as assistive devices for seniors and persons with disability, robots as
caregivers and caregiver extenders, robots for replacing motor functions in persons with weakness
or paralysis, robotics in neurorehabilitation for neural restoration (with emphasis on the role of
socially assistive robots, robotics in tele-health, and brain-computer interfaces for persons with
profound motor and communication disorders.
ROBOTIC ASSISTANCE FOR SENIORS AND PERSONS WITH DISABILITY
For decades finding robotic solutions for extending and replacing human assistance with activities
of daily living has been a challenge for engineers, clinicians, and the clients they serve. Although
the potential efficiencies and precision of the robotic assistant have been celebrated, in practice
there have been many obstacles to operationalizing robotic assistants, observers/data collectors in
the home, and direct hands-on carers. An important issue has been the acceptance of clients and
clinicians; in addition the devices themselves have lacked the technical sophistication to perform
certain tasks without frustrating the client.
As described by J. Hammel (2003) “Findings from needs assessments and abandonment studies
point to issues with health care providers, particularly in their ability to listen to the needs of the
consumer … there is a need to listen to what people are telling them or, in many cases, what they
are not telling them. Actions and nonverbal messages can speak very loudly. Strategies to
communicate and collaborate with consumers need to be developed. Regardless of ability to
communicate or the severity of the impairments the person may be experiencing, it is important to
withhold judgments that may underestimate a person’s potential or desire to be in control of life
decisions….” Using the technology and adapting the environment to provide opportunities for
consumers to “voice” their wishes and control their lives can be an effective strategy. Although in
this case the needs assessment emphasized the skills required by human carers, the obvious
additional obstacles for robotic carers and assistants speak to the need for optimizing the humanrobotic interface.
Robots can serve as social companions, particularly for those who are homebound and have
intellectual compromise. They can also enhance safety, by collecting and transmitting information
about physical activity, falls, and leaving a safe controlled environment (for example persons with
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Alzheimer’s disease and other dementias not uncommonly “wander” out of their homes or attempt
tasks they can no longer safely perform such as driving a car or using a stove).
Intelligent Caring Environment
One center dedicated to research, development, commercial, and clinical translation of this concept
is the University of Tokyo’s Intelligent Cooperative Systems Laboratory, led by Dr. Tomomasa
Sato, which the WTEC team (Veloso, Mutlu, Kahaner) visited on October 17, 2011. This
laboratory combines sensing and robotic technologies to create an “intelligent environment” for
collecting data about human-machine interaction (to allow ongoing analyses of new approaches).
Beginning in 1998, a room was developed to gather information about the needs and reactions of
bedbound people and people with profound cognitive limitations. The room was extensively
equipped with sensors for collecting and transmitting information about breathing, location of the
person in the room, and postures. In addition a robotic arm was provided to bring objects to the
user at their request through gesturing. Over a period of years, extensive data was accumulated
about “subject behavior” and analyzed to enhance the practical usefulness of the robot and predict
user needs. Over the next decade the project expanded from bedbound/bedroom to become
functional for users with greater mobility within the home. Factors relevant to the individual with
memory impairment and other medical conditions that often require close observation by a carer
include: room illumination that follows the client, continued monitoring of positions and postures
and information about breathing patterns. Newer relevant innovations include a “robotic organizer”
that uses “intelligent organization” of objects in the home: storing items according to their category
(e.g., food), assisting the client in retrieving them, and reducing clutter. Selected references on the
work of the Intelligent Cooperative Systems Laboratory are provided in elsewhere in this volume
(Appendix B. Site Visit Reports).
Service Robots for Nursing and Home Care
At The Sungkyunkwan University (SKKU), which the WTEC team visited on October 21, 2011,
Dr. Sukhan Lee presented his research team’s advances in human-robotic interfaces focused on
creating mass market service robots for nursing assistants in hospital environments and home care
assistive robots. A major focus is developing new service robots and robotic platforms. This
includes the Korus Tech project (Korea/U.S. collaboration with Georgia Institute of Technology
and Bonavision). Cognitive activities of robots have been expanded from object recognition to
“action recognition”—enabling the robot to recognize actions of human behavior such as gestures,
and appropriately responding. An evolving product of this research is “HomeMate,” which was
developed to function as a cognitive, consumer robot (Figure 2.1). HomeMate is now in a second
generation phase and applications that are being developed and tested include medicine delivery.
Research goals include creating devices that are self-contained and highly dependable: they must
be at least as dependable as a human assistant. In addition they focus on enhancing action
recognition by the robot to ensure that it is dependable enough for human interaction.
Another area of research addresses aspects of robots that make them more appealing and promote
more human robot interaction. This includes exploring the “uncanny valley.” (Studies have shown
that when a robot becomes “too human” in appearance and behavior, human beings find interacting
with the devices unpleasant or frightening.) To counter this effect, SKKU researchers conducted
many surveys with people of different backgrounds before embarking on designing the devices.

Mindy Aisen

Figure 2.1.
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HomeMate robot (courtesy of Sungkyunkwan University/Lee).

Translational activities are impressive. SKKU teams are creating a set of consumer robots to
perform human-like, robotic services, such as elder-care, and assistive robots for persons with
disability. Target populations include home-based seniors and persons with disability and those
residing in skilled nursing facilities. Plans are under way for a trial to assess the feasibility and
efficacy of these devices in skilled nursing facilities affiliated with Penn State University. Selected
references on the work of the SKKU research teams are provided in elsewhere in this volume
(Appendix B. Site Visit Reports).
Robot as Therapist for Neurological Conditions: Socially Assistive Robots
Decades of neurorehabilitation research now suggest that the damaged brain can learn, and that
optimal recovery requires intensive, meaningful, task-specific practice, with guidance to produce
“normal” limb movement during motor tasks. Principally this has been done with techniques using
hand-over-hand occupational and physical therapy, although sophisticated studies have shown that
assist as needed exoskeletal robots are also effective in brain conditions such as cerebral palsy,
stroke, and autism. A “forced use” paradigm, using constraint-induced movement therapy, in which
a more functional limb is physically constrained in order to force the use of the weaker limb in
performing meaningful tasks also has proven effective (Lo et al. 2010, Shi et al. 2011, Krebs et al.
2009, Fasoli et al. 2008).
Assistive, but not social robot-mediated therapy, has been an emerging area for rehabilitation of
brain disorders. Socially assistive robots (SARs) represent an advanced field of robotics that
merges machine learning algorithms, artificial intelligence, and real time control issues. SARs
assist users primarily through social, rather than physical interaction. Robots automate supervision,
coaching, motivation, and companionship aspects of interactions with clients needing
rehabilitation. SARs can provide visual stimulation, encourage mimicking movements and provide
immediate supportive feedback—all critical elements of successful neurologic rehabilitation
programs, without requiring physical contact with the patient. Impairments in memory, motivation,
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attention and social connectedness may be obstacles for improving function in persons with brain
impairments and enhanced SARs may be a technique for uniquely addressing these challenges;
children with autism-related social limitations have shown better responsiveness to SAR than
human arm movement priming. Feedback, along with practice, is considered to be a potent variable
affecting motor skill learning. When one performs a task, two general types of performance-related
information, or feedback, are available. One type of feedback is called “task-intrinsic” (or inherent)
feedback, which is the sensory perceptual information that is a natural part of performing a skill.
The second type of feedback is called “augmented feedback”, which refers to adding to or
enhancing task-intrinsic feedback with an external source, such as the therapist providing verbal
encouraging feedback.
HRI issues are of paramount importance for the SAR to effectively motivate, model, assess
response of the person, and iteratively increase difficulty or complexity of task to be mimicked (or
alternatively drop back to an easier task to be mastered). Whether the extremely “human”
appearance and emotive facial expressions pursued by laboratories creating android and geminoid
robots with the capability of providing a convincing, nearly human interaction versus a hybrid
“anime/android” robots are important for SAR therapy remains to be seen. The laboratories most
focused on these issues are in Osaka, Japan, directed by Dr. Yuichiro Yoshikawa and at the Korea
Institute of Industrial Technology (KITECH). The activities of these two laboratories are described
further in Appendix B. Site Visit Reports, including the advanced technologies necessary for the
robot to correctly visualize human motor skills and adjust and coach the subject receiving
therapies.
Exoskeleton Robots for Replacing Motor Functions
Standing up and walking is an important goal for most people living with spinal cord injury (SCI).
Although neural restoration with treatments such as stem cells, growth factors, and transplant
remain areas of intense scientific study, such solutions will likely not be available in the near
future. Rehabilitation strategies for enabling gait, including orthotic devices such as reciprocating
gait orthoses (RGOs) and knee-ankle-foot orthoses (KAFOs), have limited utility because they are
so labor intensive and physically exhausting for the user, and gait velocities are not functional.
Similarly, functional neuromuscular stimulation with orthotic devices has failed to gain wide
acceptance and use in the SCI community. Advances in robotic technologies and miniaturization of
computers have recently led to the possibility of exoskeleton robotic orthoses for the lower limbs
(EROLLs), which have been shown to enable individuals with SCI to walk, at functional velocities
without excessive cardiovascular demand (Dollar 2008, Marchal-Crespo and Reinkensmeyer 2009,
Sergi 2011). In theory exoskeleton motorized interactive systems can be used by persons with
complete and incomplete paraplegia. Although such technology has had limited exposure through
corporate sponsored pilot feasibility trials, and there appears to be enthusiasm from the community
of persons with SCI who have used the devices, there are still many unanswered questions.
Issues include identifying persons most suited to the use of the device, impact on quality of life,
how much the use of the device will enhance access and participation, the functional limitations of
the device. Beyond the question of usability, safety, genuine improvement in access, and quality of
life are other important clinical considerations. Could such devices enhance recovery in those with
incomplete SCI? Can daily standing and externally driven walking improve bone density, reduce
spasticity, and increase range of motion in complete and incomplete SCI? Can such devices
enhance general health and help prevent common complications of SCI? Is it possible to identify
the optimal control parameters to ensure sufficient exertion as well as adequate safety? How much
impact does EROLL-enabled ambulation have on cardiovascular health and metabolic
abnormalities?
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The Korea Institute of Industrial Technology (KITECH), Gyeonggi Technology Application
Division, was visited on October 20, 2011. Hyun Sub Park, Ph.D., Principal Researcher and In Hun
Jang, Ph.D., Senior Researcher, hosted the visit. This team has an impressive program dedicated to
creating exoskeleton robots for restoring walking to persons with paraplegia from spinal injury and
hemiplegia from stroke or other brain disorders. This group has exoskeleton type of rehabilitation
robot, ROBIN (ROBot for INdependent life). ROBIN-P series is for the paraplegic and ROBIN-H
series is for hemiplegia (Jang et al. 2010, Jung et al. 2010, Jung et al. 2011).
These devices may have potential for persons with diagnoses resulting in leg weakness, balance
impairment, and other conditions (e.g., elderly, spinal injured, post stroke). Exoskeleton robot
capabilities developed to date include: sit to stand, sit-down, walk, climb stairs, and descend stairs.
Testing of exoskeleton robots has already begun at the Chungnam National University Hospital in
Korea according to conversations the WTEC panel had with investigators (Figure 2.2).

Figure 2.2.

Testing of exoskeleton robots in a hospital setting (courtesy of Rehabilitation
Robotics Lab, KITECH).

CONCLUSIONS
Robotic devices have the potential to greatly enhance quality of life for persons with disability and
for those aging into disability. Over the past decade we have seen enhanced capabilities of robots
for performing assistive actions to help perform activities of daily living such as delivering
medications. In areas of close human/robotic contact (such as exoskeleton assist as needed
therapeutic devices and exoskeleton strength “replacement” for paralyzed limbs), it is critically
important that the human feels “in control” regardless of robotic application, and technological
advancements have kept pace with this critical need. Improved haptics have led to ever more
accurate robotic devices for microsurgery. The fascinating ongoing investigations into the
social/emotional needs of humans when developing robots that perform in socially assistive rather
than physically assistive roles were perhaps the most interesting to this participant, as robots are
more visible and accepted in daily life in the Japanese and Korean cultures than in the United
States (Figure 2.3).
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Figure 2.3.

Dr. M. Aisen and android friend (courtesy of P. Foland).

Collaborations across the Pacific could lead to more rapid solutions for providing home health care,
liberating persons with paralysis, improving neuro-rehabilitation and socially assistive therapies for
treatment. As human robotic interfaces become increasingly “natural” and robots become safer,
more reliable, and affordable, health care and quality of life will be greatly enhanced.
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CHAPTER 3

COGNITIVE MODELING
Brian Scassellati

INTRODUCTION
A central component of human-robot interaction research is the development, implementation, and
use of models of cognitive function. This chapter serves two purposes: (1) to assess how research
on the construction of cognitive functions in robotic systems is undertaken in Japan, Korea, and
China and (2) to understand the relationship between robotics and the human-centered sciences that
are often the origin of these cognitive models.
Every research group approaches these topics from a unique perspective, based in part on the
experience of the individual research teams, the primary area of focus of their research, and the
anticipated target outcome of their research program. While the particular perspective and
motivations adopted by each of the research groups that we visited varied substantially, and even at
times varied from project to project within the same research group, commonalities can be seen in a
few types of approach that appear in many different research groups across Japan, Korea, and
China. Our purpose here is to summarize these trends by grouping together research approaches
based on these commonalities. By design, this assay limits the detail with which we describe
individual research motivations and structures in the interest of describing the common aspects that
unite many of these research efforts.
These motivations are also, unfortunately, rarely documented explicitly in scholarly publications in
robotics and human-robot interaction. The methods and motivations that drive research are often
left unstated. As such, the documentation and support provided for the conclusions drawn by this
chapter are contained primarily within the site visit reports (see Appendix B) and within the
discussions that occurred during the individual site visits.
TAXONOMY OF APPROACHES TO COGNITIVE MODELING
This chapter will describe four main categories of cognitive system research that can be found in
the laboratory groups that our team visited (Figure 3.1). As noted above, multiple approaches were
often found within a given research group, and mixtures of approaches were commonplace.
However, the taxonomy presented here will allow for a discussion of the fundamental
commonalities in cognitive systems research observed during our visits.
The primary division that this taxonomy makes is to divide research groups that act as consumers
of cognitive models that are produced by other research disciplines from those that actively
collaborate with other research disciplines in order to build novel cognitive architectures or study
cognitive systems. This distinction more than any other defines the context within which cognitive
systems research is undertaken, shapes the range of methodologies employed by a research group,
and delineates the value that results within this research area can have. Within both divisions, there
is a clear recognition of the research that occurs in other fields that produce cognitive models,
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including psychology, neuroscience, and cognitive science. All research groups tend to cite work
that spans multiple disciplines. Groups that utilize this information from other disciplines without
directly engaging researchers in those disciplines as collaborators will be labeled as consumer
approaches to denote that the robotics research group acts primarily as a consumer of research
models or human-centered data sets developed in other disciplines. Consumer approaches are
contrasted with collaborative approaches in which researchers actively collaborate with colleagues
from other disciplines. This taxonomy further divides each of these two broad categories based on
the common research methods and topics addressed by groups within those categories.

Figure 3.1.

A taxonomy of approaches to cognitive modeling observed in the laboratories
participating in WTEC site visits.

Consumer approaches are subdivided based upon the type of data consumed: data-driven methods
utilize human-centered data sets including collections of human-human interactions, audio
recordings, video recordings, gaze tracking datasets, and others while model-driven methods do not
utilize primary data sources but rather the models and representations derived by other disciplines.
Both types of methods employ the work products of other disciplines in a principled manner, but
differ in the methodologies employed by the research group, the extent to which novel data is
generated, and the applicability of the results that are generated.
Collaborative approaches are subdivided into two groups: developmental approaches and user
studies. This division is both based on topical areas and methodological foundations. Groups
involved in developmental approaches typically collaborate with researchers in developmental
psychology or neuroscience and investigate methods for constructing behaviors and skills
according to a model of infant development such that more complex skills are constructed by
leveraging the capabilities of simpler skills (a process called bootstrapping). Groups involved in
user studies aim to understand human social behavior and human intelligence through focused
studies of human-robot interactions, facilitated by collaborations with researchers in social
psychology and human-computer interaction.
The following sections describe each of these four categories in detail and provide examples of
each methodology drawn from the site visits.
CONSUMER APPROACHES: DATA-DRIVEN METHODS
This category contains research groups that study human-robot interactions through primarily datadriven methodologies that rely on the collection and usage of large sets of recordings of human
activity in order to produce appropriate cognitive models for guiding robot behavior. Most
frequently, this category of robotics and HRI research relies on the work product of humancentered disciplines, typically in the form of large data sets of human data (voice, activity, gaze,
etc.) or in the methodology for collection of similar data sets. When possible, these groups tend to
use data collections from the human-centered sciences, although because of the unique nature of
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some human-robot interactions, this is not always possible. When directly comparable data sets are
not available, these groups borrow from the methodologies of human-centered disciplines to create
their own data sets. As these research groups do not collaborate directly with researchers in the
human-centered disciplines, one challenge is to replicate the expertise required to construct these
data sets in a reliable and reproducible manner. Projects within this category typically provide
useful cognitive systems for robot control but rarely produce data that is useful in understanding
human behavior or interactions directly. Data-driven consumer approaches are found throughout
Japan, China, and Korea, and the following paragraphs provide three examples of this research
approach that were observed by the site visit team.
The Intelligent Cooperative Systems Laboratory at the University of Tokyo, under the direction of
Prof. Tomomasa Sato, develops intelligent environments that use robotics and sensing systems to
support day-to-day tasks. The functioning of these systems relies on leveraging statistical
regularities in the activity data of individuals operating within these environments. Large data sets
of both task-specific activities and unconstrained activities are heavily utilized with statistical
learning methods for activity recognition (e.g., Fukui, Mori, and Sato 2011). In this and in previous
work, long-term user behavior (called “behavior accumulation”) is used to develop systems capable
of inferring user goals and offering assistance.
At Beihang University, Prof. Xia Mao’s group investigates affective interfaces for humancomputer interaction with a potential application to human-robot interaction. The component
technologies developed by this group include automatic affect recognition systems for auditory
data, lifelike agent appearance designs (Figure 3.2), and facial expression recognition and
generation. Many of these systems rely on statistical models that operate over large data sets of
affective utterances or gestures. For example, their system for recognition of facial expressions
(Xue, Mao, and Zhang 2006) was developed from a database of 25 facial expressions of 32
individuals and contains over 1600 video frames. This dataset was collected by the group.
Similarly, their recent effort at developing prosodic classifiers has utilized statistical methods
applied to a self-collected dataset of prosodic intonations from Mandarin speakers. While other
collections of facial expressions are available, there are to date no other collections of prosodic
intonations in Mandarin.
Sukhan Lee’s group at the Sungkyunkwan University (SKKU) develops cognitive functions to
enhance the capabilities of service robotics. The focus of their most recent project is the
development of cognitive models for the domestic service robot HomeMate. One component of
HomeMate is an attention-directing system that directs limited sensory and computational
resources toward specific stimuli in the environment.
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Figure 3.2.

Automatic affect recognition system (top) and vocal affect recognition pipeline
(bottom). (Courtesy of X. Mao, Beihang University.)

During the site visit, Dr. Lee described how eye-tracking studies were being used to construct the
attention system. The gaze behavior of volunteers was recorded during similar situations that the
robot might face and this data was being used to derive models of cognitive attention control for
the robot system. Both the collection and modeling was done by the research group without outside
collaboration.
CONSUMER APPROACHES: MODEL-DRIVEN METHODS
This category of research approaches cognitive modeling by exploiting existing published models
from the human-centered disciplines, but without direct collaboration with experts from these same
disciplines. The use of published models typically allows for rapid application development as the
model details are available immediately at the inception of the project. The challenge in using these
models is that they are rarely specified in the level of detail that is necessary in order to produce a
viable robotic implementation. Models also often are specific to a single cognitive function or task
and the integration of these models with other cognitive systems is typically unspecified. A unique
aspect of this category is that in some cases, novel computational approaches (such as crowdsourcing) that are not typically considered in cognitive systems research can be employed in
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linking models to other systems or in the development of specific model details. Human-robot
interaction research within this category typically does not involve testing with human participants
until the final system evaluation is performed near the conclusion of the research project. Like the
data-driven methods, projects within this category typically focus on cognitive system
implementation but rarely produce data that is useful in understanding human behavior or
interactions directly. Model-driven consumer approaches are found throughout Japan, China, and
Korea, and the following paragraphs provide three examples of this research approach that were
observed by the site visit team.
The Humanoid Robotics Institute at Waseda University under the direction of Atsuo Takanishi
develops physical platforms and cognitive systems for robots that coexist with humans in society.
One of the primary areas investigated by Dr. Takanishi’s group is on constructing systems that can
produce postural and expressive emotion generation (Ogura et al. 2006). Many of these systems
use models of emotion drawn from social and cognitive psychology. The models allow for an
initial implementation that produces an operational system that is later evaluated with a target
population (Zecca et al. 2010), although this evaluation focuses on the overall task-level acceptance
of the robot’s emotional expressive capabilities and not an evaluation of the underlying generative
model.
At the Korea Advanced Institute of Science and Technology (KAIST), Dong-Soo Kwon and
colleagues are developing algorithms for emotion recognition, generation, and expression based on
published models of emotion characterization from social psychology (Park et al. 2009). These
models are being deployed on both a prototype system for emotion generation (the Sil-bot project)
and a telepresence robot for English tutoring (the robot Roti). These models are being instantiated
based on their published descriptions and not based on collaboration with experts in social
psychology. Evaluation of these models typically is done through surveys of users following
interactions with the complete deployed system and focuses on user satisfaction.
Xiaoping Chen’s research group at the University of Science and Technology (USTC, China)
develops service robots with a focus on natural language understanding in complex domains. Their
speech understanding software systems are based upon a cognitive model of parsing drawn from
linguistics and cognitive science. Their KeJia architecture combines these cognitive models with
novel computational approaches to language understanding based on a boosted parsing network
established by web-based searches (Chen et al. 2011, and Figure 3.3). The application of this
architecture is focused on task-based performance and on increasing the robustness of human-robot
dialogue systems rather than on extending the usage of the cognitive model to explain human
dialogue or performance.
COLLABORATIVE APPROACHES: DEVELOPMENTAL MODELING
This category of research focuses both on how models of infant development can inform the design
of cognitive systems for robotics and on how the development of robotic implementation of these
models can inform future investigations of human development. Researchers in this area typically
collaborate directly with investigators in developmental psychology or developmental
neurobiology and frequently publish in both computational and human-centered venues (as well as
a small selection of mixed-community venues). The majority of these collaborations with humancentered research groups are international, with many of the contributing collaborators coming
from the United States. One challenge specific to this category of research is that because there is a
focus on the emergent properties of developmental systems, projects require a large, multi-faceted
cognitive model; investigations into individual sub-systems or specific capabilities are often
difficult to perform. Furthermore, the evaluation of these large, integrated systems can be difficult
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to perform rigorously. Research from this category is most prevalent in Japan, although isolated
instances were observed by the site visit team in China as well.

Figure 3.3.

KeJia, a service robot with natural language processing (top) and KeJia
architecture (bottom). (Courtesy of X. Chen, University of Science and
Technology.)

Minoru Asada’s laboratory at the University of Osaka constructs cognitive systems that follow the
developmental progression of skills observed in human infants. They describe their approach as
“synergistic intelligence” to highlight the convergence of brain sciences and cognitive sciences
with the design, implementation, and operation of symbiotic humanoid robots. Drawing from
collaborations with developmental psychologists in the United States and neuroscientists in Japan
and the United States, this group has constructed a variety of cognitive systems to investigate earlydeveloping cognitive skills including joint attention (Sumioka, Yoshikawa, and Asada 2008),
vowel and phoneme discrimination (Miura, Asada, and Yoshikawa 2007), and models of personal
space (Fuke, Ogino, and Asada 2008). These systems are typically integrated into larger projects
that involve the construction of complete cognitive systems for humanoid robots, including their
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recent work with platforms such as the Child-robot with Biomimetic Body (CB2) and the M3Kindy child robot (see Figure B.5).
At the University of Tokyo, Yasuo Kuniyoshi’s group focuses on developing a better
understanding of fundamental aspects of human cognitive development toward designing robot
systems that can achieve completely autonomous, open-ended interactions (Asada et al. 2011). One
of the primary goals of their specific research program is to generate open-ended, emergent
behavior for human-robot social interactions. Similar to Asada’s group, Kuniyoshi’s group
collaborates extensively with medical doctors and developmental psychologists, in particular on
projects that target applications for individuals with developmental disabilities. Their research is
integrated onto humanoid platforms such as Noby (Figure 3.4), an infant robot designed to display
the cognitive capabilities and emergent behaviors of a 9-month-old.

Figure 3.4.

Noby, an infant robot intended to generate open-ended emergent behavior for
human social interaction (courtesy of B. Mutlu).

Dingsheng Luo at Peking University has just begun a project to construct perceptual and cognitive
functions for locomotion and spatial navigation in humanoid robots (Luo, Wang, and Wu 2011).
Dr. Luo and his students have drawn inspiration for their cognitive systems from similar work in
developmental psychology and are currently investigating collaborative efforts with developmental
psychologists outside of China.
COLLABORATIVE APPROACHES: USER STUDIES
This category of research attempts to build, refine, and evaluate cognitive models through direct
user studies and in collaboration with experts in the human-centered sciences. These research
projects involve the construction of complete functioning systems that may or may not be
biologically inspired, but that extend our knowledge of human social and cognitive behavior
through interactions with unique robotic systems. Because user studies often involve either the
longitudinal collection of data for single users or a shorter-term session with large numbers of
users, there is an emphasis in these groups on producing highly robust systems that can withstand
the lengthy data collection process. Groups within this category often publish outside of traditional
robotics venues, primarily in conferences concerned with human factors or human-computer
interaction. Collaborations typically involve international relationships with researchers in humancentered disciplines from Europe and the United States. This category of work is most prevalent in
Japan, but is beginning to see some adoption in Korea.
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Working at the Advanced Telecommunications Research Institute International (ATR) in Japan,
Norihiro Hagita and Takayuki Kanda study human-robot interactions in public spaces (Figure 3.5).
They have deployed a variety of robots in shopping malls, train stations, museums, and schools,
with some deployments lasting multiple years (e.g., Kanda et al. 2007, Hayashi et al. 2007). These
deployments sometimes involve structured, controlled experimental evaluations and at other times
offer a more naturalistic sociological evaluation of human responses to interactions with a robot.
Evaluations of these robots focus on communication skills, social acceptance, and usability. This
research group has had extensive collaborations with social psychologists and human factors
researchers, with most of these collaborations occurring between Japan and the United States.

Figure 3.5.

Robovie, which has been deployed for multiple years in public spaces (courtesy of
N Hagita and T. Kanda, ATR).

Fumihide Tanaka at the University of Tsukuba constructs cognitive systems for robots that support
early childhood education (Ghosh and Tanaka 2011). These robots must support cognitive models
for teaching as well as models of the skill levels of individual children. Their methodology focuses
on the in situ evaluation of robots deployed in homes and classrooms. These evaluations are
sometimes focused on interactions with individual children and sometimes with the robot in an
open interaction with a classroom of children. Tanaka’s group interacts with researchers in
developmental psychology in the United States and has conducted field trials in both the United
States and Japan.
Also at the University of Tsukuba, Hideaki Kuzuoka’s group studies how robots can engage in
remote instruction scenarios for collaborative physical tasks. Their research focuses in part on how
non-verbal expressions, postures, and gestures can enhance communication in human-robot
interactions (Kuzuoka et al. 2000). Cognitive models of gesture identification in context,
communicative intent through gesture, and attention selection and prediction are integral parts of
these research projects. Kuzuoka’s experiments often involve the testing of multiple participants
engaged remotely on a single collaborative physical task, such as a physician remotely guiding the
activities of a team of paramedics or an architect remotely supporting the activities at a
construction site. This group maintains active collaborations with social scientists in Japan, Europe,
and the United States.
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CONCLUSIONS
Cognitive modeling, in one form or another, was found in nearly every human-robot interaction
research group visited by our team. There are a wide range of methodologies being used and an
even wider set of approaches to these methodologies; very little standardization exists in how
cognitive modeling is integrated into human-robot interaction research. In this chapter, we outlined
four major groupings of experimental approaches that situate cognitive modeling in HRI, although
these are by necessity generalizations. The primary divisions among these categories were the
extent to which collaboration with human-centered disciplines occurred within the robotics groups
and the methodology employed in linking cognitive models from other disciplines.
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CHAPTER 4

INDOOR SERVICE ROBOTICS IN HRI
Ayanna Howard

INTRODUCTION
In this chapter we discuss human-robot interaction related to service applications that do not
overlap with applications focused on medical or health care. We define the service indoor robots
segment as any robot that operates semi- or fully autonomously to perform services useful to the
well-being of humans. The primary objective of service robots is therefore to cater to the general
public in a variety of indoor settings, from restaurants to the home, from offices to classrooms. In
this chapter, we provide an assessment of the research found in this domain, with an emphasis on
comparing the types of applications and theories derived from the different research groups and
projects.
Although there is some overlap between types of service applications existing in the human-robot
interaction domain, we classify the service indoor robotics research found in Japan, Korea, and
China into the following general focus areas:
•

Entertainment

•

Education

•

Public spaces

•

Domestic spaces

Since service robots require the integration of aspects of hardware, software, and interaction, we
will not provide in-depth technical details regarding every component required to enable
deployment of these robots, but rather, will provide an overview of the entire system, its purpose,
and key elements specifically contributing to enabling the service/application.
SERVICE ROBOTS IN ENTERTAINMENT
In the entertainment domain, service robots can be seen in the context of:
•

Made for the sole subjective purpose of engaging the human for amusement (i.e., interact with
the general public)

•

Made for the sole subjective purpose of interacting with the artist to enable augmentation of
artistic experiences (i.e., engage with the artist)

The majority of the research projects observed during the WTEC site visits fell under the first
category, engaging the public. The common thread among these projects was a focus on
recognizing and tracking human body “intent” such that the robots could adapt to human
movement. Three examples of service robots in the entertainment domain include the
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flutist/saxophonist robot from Waseda University, Japan; the ping-pong playing robot from
Zhejiang University, China; and the advertising robot from Keio University, Japan.
Research on the anthropomorphic flutist/saxophonist robot started at Waseda University in the
1990s (Solis, Petersen et al. 2009, Solis, Taniguchi et al. 2009, Solis et al. 2010; Figure 4.1).
Originally, the primary goal of the Flutist Robot was to create music, but now it has evolved to
focus on three main goals: (1) clarifying human motor control while playing a musical instrument,
(2) enabling communication with humans at the emotional level of perception (i.e., enable
interaction with other musicians through cues), and (3) transferring musical-playing skills to novice
musicians. This entertainment robot has been showcased at a number of live venues, in public
spaces, and has interacted with artists in creating musical scores. This is an example of an
entertainment robot that achieves both goals, as discussed, of engaging the public, as well as
providing an interaction tool for the artist. The anthropomorphic flutist/saxophone robots possess
high degrees of actuation in order to enable accurate playing of the musical instrument. The WF4RIV (Waseda Flutist No. 4 Refined IV) has 41 DOF whereas the Waseda Saxophonist Robot No.
2 (WAS-2) has 22 DOF, which includes a human-like hand with 16 DOF. Both anthropomorphic
platforms, consisting of upper-humanoid torsos with arms, have lip mechanisms and an air
compressor for simulating the lung functions. To enable some of the robotic applications, stereo
camera and microphone systems are utilized to enable interaction with human musicians. Visionbased perception algorithms are used to visually track instrument movement whereas the stereo
microphone data is used to provide acoustic information. Computation for both robot-types is
conducted via off-board computers. For the WAS-2, two computers are utilized: one for controlling
the robot, and the other to generate the accompaniment MIDI data. For the WF-4RIV three
computers are used to control the robot’s musical performance: one for controlling the robot, one to
generate the accompaniment MIDI data, and one for processing the data from the stereo cameras.

Figure 4.1.

Waseda saxophonist robot (courtesy of Waseda University-HRI).

The advertising robot (Keio University, Japan) is a robot consisting of a smart phone screen
mounted on a 4 degree-of-freedom platform and a laser range finder (Figure 4.2). The robot was
designed to attract attention by orienting itself toward approaching people such that it forced
individuals to face in the direction of displayed objects. The primary objective of this robot
interface was for marketing.
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Advertising robot (courtesy of Keio University).

At Zhejiang University, China, two adult size humanoid robots, named Wu and Kong, were
developed to play ping-pong (Figure 4.3). The motivation was that the techniques needed for
achieving quick actions in response to human behaviors in such a game would help improve
general interaction between human and robot. The ping-pong playing robot was shown to be able
to rally with a human player, with its best record recorded at 145 strokes. The humanoid robots,
Wu and Kong, are 1.6 meters tall and weigh 55 kg each. Their actuation includes 30 joints and
motors for making backhand and forehand movements. For perception, they possess eye-mounted
cameras that are used to track ping-pong balls, predict their movement and react accordingly. The
cameras capture 120 images per second, and it takes just 50 to 100 milliseconds for the robots to
respond after calculating the ball’s position, speed, landing position and path.

Figure 4.3.

Ping-pong playing robot, Zhejiang University, China (courtesy of Zhejiang
University).

SERVICE ROBOTS IN EDUCATION
In the realm of education-based applications, the role of service robots has primarily focused on
providing a telepresence for a teacher to engage with students in a remote classroom. This process
enables mediated communication to occur between teachers and robots. The large majority of the
service robots found in this domain focus on designing English teaching robots, with the overall
motivation of expanding teacher presence in more rural areas. For these types of applications, a
combination of teleoperation and semi-autonomous behavior allows a remote teacher to interact
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with their students, without having to focus on issues of low-level control. Three examples of
service robots in the education domain include the English teaching robot from Korea Advanced
Institute of Science and Technology (KAIST); Tutoring Robots from ATR, Japan; and the
Robosem robot from Yujin Robot Co. and ETRI, Korea.
KAIST in Korea has transferred a number of technologies in human-robot interaction, such as
hierarchical control for teleoperation and emotion generation, to enable the generation of tutor
robots (Park et al. 2010, Kwon et al. 2010). These include Roti (Rastech Inc.), a telepresence robot
for English tutoring (Figure 4.4), the English tutoring robot EngKey (CIR, KIST), and Sil-bot
(CIR, KIST), a robot that enables hosting of an English class to remote participants. The hardware
for these telepresence robots commonly consists of a mobility platform along with a video
communication interface. The mobility platforms commonly consist of two differential wheels
controlled by a main controller and ultrasonic sensors used to prevent collision with obstacles or
humans. The video communication interface commonly consists of a camera system, monitor,
microphone, and speaker. To operate the robot, the English teachers, who are located remotely,
control the telepresence robot, as well as the reactions to the students. Emotions on an avatar face
(located on the monitor) are generated to match the facial expressions of the remotely-located
teacher.

Figure 4.4

Roti, an English tutoring robot (courtesy of Rastech, Inc./KAIST).

In the ATR Intelligent Robotics and Communication Laboratories (ATR-IRC Lab.), Japan, there
has been a focus on integrating learning science to enable teachers to interact through a robot
interface for establishing a peer relationship with students (Kanda, Sato, Saiwaki, and Ishiguro
2007, Kanda, Hirano, Eaton, and Ishiguro 2004). These platforms (Figure 4.5) have been used in a
number of field trials in elementary schools to evaluate the long-term benefits of using robots as
social partners and peer tutors for children. The applications have ranged from English tutoring to
robot-education camps. These communication robots, all examples built on the Robovie platform,
are capable of human-like expression and can recognize individuals by using various actuators and
sensors. The platform structure consists of highly articulated arms (with 4 DOF), eyes (2 DOF),
and a head (3 DOF), which are designed to produce gestures for communicating effectively with
humans. The sensor suite incorporates a range of modalities, including auditory, tactile, ultrasonic,
and vision sensors. Processing is done on-board and the interaction control scheme includes a range
of interactive behaviors, such as shaking hands and pointing. Included in the interaction protocol is
also a language module for recognizing a library of words and uttering sentences for interacting
with children.
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Robovie R3, a communication robot (courtesy of ATR-IRC Lab.).

The Electronics and Telecommunications Research Institute, Korea, has developed a number of
robot platforms that integrate telepresence support with autonomous navigation and touch-screen
based interaction capabilities. As an example, the Robosem robot (Figure 4.6) was used by an
English tutor as a telepresence platform for the educational setting. The platform, which consists of
a mobility base, sensors to avoid obstacles, and a large LCD screen, is able to display a remotelocated teacher’s face or an animated avatar.

Figure 4.6.

Robosem classroom robot, a telepresence robot for English tutoring (courtesy of
Yujin Robot Co. and ETRI).

SERVICE ROBOTS FOR DOMESTIC SPACES
When it comes to the inclusion of robots in the home environment, service robots must have the
primary ability to interact and adapt to the different user bases they may encounter. With respect to
domestic spaces, service robots can be seen in the context of:
•

Mediated communication

•

Home automation

•

Providing assistance in daily chores

Robots for Mediated Communication
The role of robots in mediated communication is to establish a channel of communication between
local and remote users. The primary goal has been to go beyond traditional modes of
communication schemes, such as dial-up, by utilizing the robot as an avatar for the remote user—
either to provide the remote user a first-person point of view or to establish with the local user a
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more intimate connection. Three examples of service robots in mediated communication are the
telepresence robots using immersive interactive interfaces from Kyoto University, Japan; Teroos
from Keio University, Japan; and the Telenoid Robot from ATR, Japan.
The Nishida Laboratory at Kyoto University research focuses on the use of immersive interactive
interfaces for telepresence through embodied robotic avatars (Ohmoto et al. 2010). These interfaces
attempt to visually immerse the user in the remote environment, often by rendering the user’s
remote perspective on large displays that surround their field of view (Figure 4.7). The interfaces
also attempt to translate the user’s actual motion into the motion of their remote avatar using a
variety of human motion sensing technologies. These immersive interfaces are then integrated with
common Internet-based conferencing and telecommunications software, such as Skype, to provide
a communication mechanism. The interactive environment, itself, is composed of infrared range
sensors, cameras, speakers, and an immersive display, which reproduces a 360-degree image
around the teleoperated robot agent. The system captures human behavior, such as head direction,
posture of the upper body and 3D angles of arms, and reflects this behavior onto the teleoperated
robot in real time.

Figure 4.7.

Immersive Collaborative Interaction Environment (ICIE, courtesy of Nishida
Laboratory, Kyoto University).

At Keio University in Japan, a wearable avatar, called Teroos (Figure 4.8), has been developed to
enhance joint activities between a local and a remote user (Taguchi, Ishii, and Imai 2008). The
Teroos robot is controlled remotely with an audio-video Skype interface and allows a remote user
to take part in an activity with the robot wearer. The Teroos robot has a camera, microphone, and
speaker, and can move its head through six degrees of freedom. The camera operates within the
wearer’s field of view, so the wearer and the remote user can communicate as if they are located in
the same space.
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Teroos shoulder-mounted telecommunication robot (courtesy of Keio University).

In the ATR Intelligent Robotics and Communication Laboratories (ATR-IRC Lab.), Japan, the
Telenoid is a child-sized telepresence robot through which users can interact with others from a
distance (Figure 4.9). Motions and voice of the remote user are captured and relayed to the
Telenoid robot, which then expresses them while interacting with the local user (Ogawa 2011). The
objective is to design a minimalist interface to support interfaces that enhance the conversational
experience. The term Telenoid is a new term coined from a prefix “tele-,” as telephone and
teleoperation, and the Latin suffix “oides,” which indicates similarity, as in humanoid. The
Telenoid R2’s small-size body and simple internal structure is enabled by the use of electric (DC)
motors. The Telenoid R2 is approximately 70 cm in size and has 9 degrees of freedom (3 for eyes,
1 for mouth, 3 for neck, and 2 for arms). The sensor package consists of one camera, two
microphones, and one posture sensor (3-axes accelerometer and 2-axes gyro).

Figure 4.9.

Telenoid, a telepresence robot (courtesy of ATR-IRC Lab.).

Robots in Home Automation
Research in service robotics for home automation focuses on designing robotic technologies that
are integrated directly into the physical environment to enable support of individualized services.
These systems use sensor devices and interfaces to monitor user behaviors and actions, and provide
information displays to support the user. The home automation field with respect to human-robot
interaction has primarily focused on providing support for older adults who would prefer to stay in
the comfort of their homes rather than move to a health care facility. Examples of these types of
systems include Robotic Rooms from the University of Tokyo, and attachable interfaces for
anthropomorphizing devices from Keio University, Japan.
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At the University of Tokyo, Japan, the Robot Room and Infrastructure projects integrate a number
of robotic systems and sensors into people’s living environment to provide personalized service
(Sato, Harada, and Mori 2004). Multiple sensors are typically distributed throughout the room, on
such objects as floors, beds and desks (Figure 4.10). From these sensors, information on human
position and use conditions of household objects can be extracted and used to enable the delivery
of robotic services. Robotic services range from adaptive room illumination that caters to the user’s
location, a kitchen counter that adjusts its height to the task and the user height, and a humanoid
robot that makes deliveries. The concept of the robot room is based on a three-part strategy:
Environment – the infrastructure where robots can freely move around
Motion recognition – provides decisions on robot movement based on recognition of a person’s
daily habit and behavior pattern in a room
Content – refers to the content of service provided by the robots

Figure 4.10. Environment type robot system in the configuration of a room with embedded
robotic components (courtesy of University of Tokyo/Sato).

As home appliances become more functional, and, correspondingly, more complicated, it is felt
that users are having more difficulty intuitively understanding what functions a device can or
cannot provide. Instead of changing the physical designs of these household appliances,
information can be provided via anthropomorphic and communicative agents such as proposed by
Keio University (Osawa et al. 2009). At Keio University in Japan, attachable interfaces that imitate
human body parts are used for anthropomorphizing devices. Through anthromorphization,
household appliances are able to communicate with human users and provide services using
environmental information. The attachable interfaces consist of small actuator/sensor packages that
could be flexibly mounted on appliances to enable a social interface with those devices. For
example, an attachable interface representing “eyes” and another representing simple “hands”
could be mounted to a vacuum cleaner and used to explain features of the appliance (Figure 4.11).
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Figure 4.11. H. Osawa and anthropomorphized vacuum cleaner (courtesy of MIT AgeLab and
Keio University).

Robots for Daily Chores
In providing assistance for achieving daily chores, the focus of the research in service robotics is to
provide supporting robotic technologies that enable a range of activities for daily living and
household chores, from fetch and carry to manipulation of common household objects. The
primary focus is on making consumer robots that are dependable, sociable, and affordable for the
home environment. Three examples of service robots in providing assistance in daily chores is
HIRO from the Tokyo Institute of Technology, Japan; HomeMate from SKKU, Korea; and
@Home service robot from Zhejiang , China.
At the Tokyo Institute of Technology, Japan, a commercial humanoid robot platform named HIRO
is taught to generalize across context to enable manipulation of objects, such as cup pouring, based
on direct user requests (Figure 4.12).
The robot uses an algorithm called E-SOINN (Enhanced-Self-Organizing Incremental Neural
Network; Shen, Ogura, and Hasegawa 2007). When confronted with a new problem, HIRO tries to
“remember” past actions and accesses stored information in order to solve it. When stored
information is insufficient for solving the current problem, the robot can connect to other sources,
such as the web, to obtain more information by itself or even connect to other robots that have
experience in overcoming a specific obstacle. In this regard, HIRO can learn adaptively in realworld scenarios.
The @Home service robot from Zhejiang University, China (Figure 4.13) has basic functions to
follow, search, and recognize individual people in a relatively complicated environment, such that
the robot provides service to the right person. It integrates supporting technologies in face
recognition, object detection, person detection, mapping, localization, and navigation. Its sensor
suite consists of a long focal length camera for face and object recognition, a stereoscopic camera
for localizing the face and objects, and a time-of-flight camera for gesture recognition, person
detection and plane extraction. In addition, two laser range finders are installed on the underpan
and in the middle of the robot for obstacle avoidance and path planning. To enable speech-based
interaction with people, a microphone and a speaker are incorporated in the @Home robot
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platform. In terms of actuation, the @Home robot platform possesses a pair of arms with 7 DOF, a
pair of two-finger hands for grasping, and a two-wheel di
tial drive system.
ﬀeren

Figure 4.12 HIRO performing a cup pouring operation (courtesy of Tokyo Institute of
Technology).

Figure 4.13 ZJU Panda for @Home 2010 (left) and working in a real environment for @Home
2011 (courtesy of Zhejiang University).

The HomeMate robot, now in its second-generation phase, derives from Sungkyunkwan
University, Korea. The HomeMate robot (Figure 4.14) is designed as a general-purpose consumer
robot capable of performing a range of robotic services ranging from home security to errand
services. The HomeMate features include cognitive recognition for interacting with humans as well
as for searching for target objects to be delivered. The cognitive recognition behaviors include the
selection of features optimal for the given visual environment, the proactive collection of data for
reducing uncertainties and ambiguities in recognition, and interactive conversation with humans for
verifying facts or receiving assistance.
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Figure 4.14 HomeMate Robot, a personal care consumer robot (courtesy of Sungkyunkwan
University).

SERVICE ROBOTS IN PUBLIC SPACES
When it comes to the inclusion of robots in public spaces, service robots require the integration of
various forms of communication mechanisms for friendly interactions between humans and robots
and the development of algorithms and/or sensors for understanding people’s intentions and
interests. Service robots in public spaces can be classified into two primary categories:
•

Restaurant service robots

•

Shopping service robots

Although robotic systems for public spaces incorporate a wide variety of algorithms, common
research themes found among the different systems include the ability to localize individuals within
crowds of people, modeling intent of both crowds and individuals, ability to participate in
interactive dialogue, such as required for taking food orders, and the ability to identify and track
specific individuals of interest. An example of a restaurant service robot includes FURO from
KAIST, Korea and an example of a shopping service robot includes Robovie from ATR, Japan.
FURO (Figure 4.15) is a restaurant service robot developed with fundamental technologies from
the Korea Advanced Institute of Science and Technology, Korea, and in conjunction with FutureRobot Co. Ltd., uses emotion generation and user modeling to enable the robot to interactively take
orders and payments for providing a restaurant service application (Kwon et al. 2009). The FURO
robot features an LCD displaying a feminine face that is capable of displaying emotions and
gestures, such as nodding, and a larger LCD touch screen for human interaction. The full system is
of humanoid size and can autonomously move on flat surfaces while avoiding obstacles and
seeking approaching humans. The sensor suite includes a webcam camera for user recognition and
a laser scanner for the obstacle avoidance behavior.
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Figure 4.15 FURO, a restaurant service robot that interactively takes orders in a public
environment (courtesy of KAIST).

Robovie from the Advanced Telecommunications Research Institute International (ATR), Japan
has been designed with the ability to assist in the grocery shopping experience (Iwamura et al.
2011). Robovie has been successfully deployed in a local grocery store, and has had a permanent,
dedicated space in the store for the last 2 years (Figure 4.16). In a typical scenario, shoppers, while
at home, build a shopping list on a mobile device. Once at the grocery store, the robot detects the
mobile device and follows the user around with a shopping basket, reminding them what’s on their
list and even making suggestions along the way. Robovie has a human-like appearance with two
arms (4*2 DOF), a head (3 DOF), a mobile base and a height of 120 cm. A laser range finder and
bumpers are attached to the mobile base for safety. It also has cameras and a speaker on its head, an
external speaker attached to the back of its body, and a microphone attached to its pole. It holds the
shopping basket by its arm and makes gestures when it isn’t holding the shopping basket.
CONCLUSIONS
Most of the indoor service robots found in Japan, Korea, and China have been deployed and tested
with the general public in real-world environments, whether in department malls or in elementary
schools. The majority of these systems focus on providing teleoperation support so that remote
users have the ability to remotely control the system without being hindered by low-level control
issues. Although the full suite of service applications has not been integrated into a unified network
of capabilities, the emphasis on research that is heavily application-focused enables successful
deployment of these robots that work in dynamic human environments, at least for short- term
scenarios. In essence, the research in indoor service robots has successfully integrated many
fundamental theories found in the robotics arena to create a fully capable system that interacts with
a general user base.
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Figure 4.16 Robovie II, a shopping assistant robot (courtesy of ATR-IRC Lab.).

REFERENCES
Iwamura, Y., M. Shiomi, T. Kanda, H. Ishiguro, and N. Hagita. 2011. Do elderly people prefer a conversational
humanoid as a shopping assistant partner in supermarkets? In Proceedings of the 6th ACM/IEEE International
Conference on Human-Robot Interaction (HRI 2011), pp. 449-456.
Kanda, T., T. Hirano, D. Eaton, and H. Ishiguro. 2004. Interactive robots as social partners and peer tutors for
children: a field trial. Journal of Human Computer Interaction (Special issues on human-robot interaction)
19(1-2):61-84.
Kanda, T., R. Sato, N. Saiwaki, and H. Ishiguro. 2007. A two-month field trial in an elementary school for longterm human-robot interaction. IEEE Transactions on Robotics 23(5):962-971.
Kwon, O.-H., S.-Y. Koo, N.-S. Yuk, and D.-S. Kwon. 2009. Two-wheel mobile platform with active assistant
wheels for expressive service robot. In 6th International Conference on Ubiquitous Robots and Ambient
Intelligence(URAI2009), Gwangju, Korea, pp.152-155.
Kwon, O.-H., S.-Y. Koo, Y.-G. Kim, and D.-S. Kwon. 2010. Telepresence robot system for English tutoring. In
6th IEEE Workshop on Advanced Robotics and its Social Impacts (IEEE ARSO).
Ogawa, K., S. Nishio, K. Koda, G. Balistreri, T. Watanabe, and H. Ishiguro. 2011. Exploring the natural reaction
of young and aged person with telenoid in a real world. Journal of Advanced Computational Intelligence and
Intelligent Informatics 15(5):592-597.
Ohmoto, Y., H. Ohashi, A. Takahashi, and T. Nishida. 2010. Capture and express behavior environment (CEBE)
for realizing enculturating human-agent interaction. In T. Ishida (Ed.), Culture and Computing, LNCS 6259,
pp. 41-54. Berlin, Heidelberg: Springer.
Osawa, H., K. Ishii, T. Osumi, R. Ohmura, and M. Imai. 2009. Anthropomorphization of a space with
implemented human-like features. ACM SIGGRAPH 2009, Full Conference DVD-ROM.
Park, J.-C., H. Song, S. Koo, Y.-M. Kim, and D.-S. Kwon. 2010. Robot’s behavior expressions according to the
sentence types and emotions with modification by personality. In 6th IEEE Workshop on Advanced Robotics
and Its Social Impacts (IEEE ARSO).
Sato, T., T. Harada, and T. Mori. 2004. Environment-type robot system “Robotic Room” featured by behavior
media, behavior contents, and behavior adaptation. IEEE/ASME Transactions on Mechatronics 9(3):529-534.
Shen, F., T. Ogura, and O. Hasegawa. 2007. An enhanced self-organizing incremental neural network for online
unsupervised learning. Neural Networks 20(8):893-903.
Solis, J., K. Petersen, T. Ninomiya, M. Takeuchi, and A. Takanishi. 2009. Development of anthropomorphic
musical performance robots: from understanding the nature of music performance to its application in
entertainment robotics. In Proceedings of the IEEE/RSJ International Conference on Intelligent Robots and
Systems (IROS’2009), pp. 2309-2314.
Solis, J., K. Taniguchi, T. Ninomiya, K. Petersen, T. Yamamoto, and A. Takanishi. 2009. Implementation of an
auditory feedback control system on an anthropomorphic flutist robot inspired on the performance of a

44

4. Indoor Service Robots in HRI

professional flutist. Advanced Robotics 23(14):1849-1871, doi:
http://dx.doi.org/10.1163/016918609X12518783330207.
Solis, J., N. Takeshi, K. Petersen, M. Takeuchi, and A. Takanishi. 2010. Development of the anthropomorphic
saxophonist robot WAS-1: mechanical design of the simulated organs and implementation of air pressure.
Advanced Robotics 24:629-650, doi: http://dx.doi.org/10.1163/016918610X493516.
Taguchi, M., K. Ishii, and M. Imai. 2008. The effect of simultaneous behaviors for sharing real world information.
In Proceedings of the 17th IEEE International Symposium on Robot and Human Interactive Communication
(RO-MAN 2008), pp. 154-159.

CHAPTER 5

INTERACTION WITH ROBOTIC TECHNOLOGIES
Bilge Mutlu

INTRODUCTION
Robotic technologies include a wide range of systems that vary in their symbiotic relationship with
people, particularly in how they interact with their users. These interactions are shaped to a great
extent by numerous aspects of the design of the robot and the context in which the robot is situated,
resulting in a wide range of systems from agentic service robots that use natural language to
communicate with a large number of users to robots that use low-level control and feedback
mechanisms to extend the occupational capabilities of experts in a domain. The goal of this chapter
is to provide an overview of the design and contextual factors that shape people’s interactions with
robotic technologies, drawing on the observations of the study team across Japan, Korea, and
China. It focuses particularly on three key aspects of human-robot interaction: (1) the paradigms
that the robots followed to interact with their users, (2) the interface modalities that facilitated these
interactions, and (3) the contexts in which these interactions were situated.
The first section presents three interaction paradigms that these robot systems followed: (1) robots
as agents, (2) robots that extend human capabilities, and (3) robots as automation. It describes how
these paradigms shape robot design and people’s interactions with robots, providing examples from
systems that the WTEC study team observed. The second section describes the interaction
modalities that facilitated human-robot interaction in these paradigms, particularly (1) natural
language, (2) authoring and demonstration, and (3) low-level real-time control and feedback. The
final section outlines the contexts in which these interactions were situated, categorizing these
contexts into (1) domestic, (2) occupational, (3) service, and (4) personal, and describes how robots
are physically, socially, and occupationally situated in these contexts. The chapter closes with a
brief conclusion.
INTERACTION PARADIGMS
The design of the robotic technologies that the WTEC panel observed followed a wide range of
interaction paradigms that are shaped by the targeted functionalities, level of autonomy, and
context of the use of the robot. These paradigms determine how users interact with robots, offering
users with a set of affordances for interaction (e.g., speech vs. haptic control), and how these
systems should be designed, providing the designers of these systems with specifications for
development (e.g., natural language processing vs. joystick input). The interaction paradigms of the
observed robotic systems fall within three main categories: (1) robots that act as agents, (2) robots
that extend human capabilities, and (3) robotic tools for automation. The paragraphs below provide
detail on and examples of these categories.

46

5. Interaction with Robotic Technologies

Robots as Agents
A large number of robotic systems that the study team observed were designed as agents—robots
that use high-level, explicit or implicit input from users to autonomously or semi-autonomously
achieve specific tasks. These robots were designed with internal representations of the real world,
including the users, the task, and the environment, capabilities to sense and interpret explicit (e.g.,
speech commands) or implicit (e.g., gaze shifts) user input, and specifications for communicating
internal states and seeking user input. The robots use these representations, capabilities, and
specifications to achieve specified goals (e.g., making deliveries) and interact with users to seek
task-related input from them (e.g., asking for user preferences or intent) and to provide users with
task-related information (e.g., informing users of task completion).
The agency offered by these robots is further emphasized by the use of metaphoric embodiments in
their designs such as human-like and animal-like morphologies and forms of communication. The
choice of such metaphors is shaped by the intended functions (e.g., conversational robots tend to
follow humanlike designs), use contexts (e.g., animal-like designs are common among therapeutic
and educational robots), and decisions by the designers of the robot (e.g., specifications for
character, size, materials, colors, and so on). These metaphors extended beyond the physical
designs and communicative capabilities of the robot; they also included specific scenarios in which
the design of the robot was contextualized. For instance, the study team observed a “journalist
robot” (Figure 5.1) at the Intelligent Systems and Informatics Lab at the University of Tokyo. This
particular robot identified significant changes in the environment, interviewed people about these
changes, and used this information to draft and publish stories in an online news page (Matsumoto
et al. 2007). The human-robot interaction that this robot afforded followed the metaphor of a
journalist.

Figure 5.1

From left to right, journalist robot, shopping assistant robot, and the Paro seal
robot (courtesy of University of Tokyo, ISI Lab., ATR-IRC Lab., and AIST,
respectively).

The robots that served as agents also employed interface modalities that were consistent with the
metaphors that their designs followed and used—recognized and displayed—primarily human
language or animal communicative behavior to interact with their users. These interactions
followed the conventions of human-human and human-animal social interaction and included
behaviors such as speech, nonverbal behaviors such as gaze, gestures, facial expressions, and
prosodic expressions that resembled animal behavior. For instance, the KOBIAN humanoid robot
that the study team observed at Waseda University’s Humanoid Robotics Institute used facial and
postural expressions to display a large number of emotions (Zecca et al. 2009). Paro, a therapeutic
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robot designed to follow the metaphor of a “robotic seal” (Figure 5.1) by researchers at the
National Institute of Advanced Industrial Science & Technology (AIST), used seal-like prosodic
expressions to communicate internal states (Wada et al. 2004).
The majority of these robots were designed to carry on known societal or occupational roles and to
function in domestic, workplace, and public environments. In these roles, the robots provided users
with shopping assistance (Iwamura et al. 2011), animal-assisted therapy (Wada et al. 2004),
learning companions (Tanaka et al. 2007), and so on. These robots were designed to perform in
environments that were consistent with their roles such as shopping malls, therapeutic facilities
such as a Dementia rehabilitation center, and classrooms, respectively.
Robots that Extend Human Capabilities
The study team also observed a large number of robot systems that were designed to extend human
capabilities toward achieving tasks that go beyond human capabilities such as being present or
manipulating objects in remote locations. These robots displayed a minimum level of agency and,
instead, served as embodied telepresence media for communicating with remote individuals and
teleoperation interfaces for manipulating the environment. The designs of these robots conformed
to their intended their functions; telepresence robots afforded humanlike morphologies and
language abilities, while the designs of the teleoperation robots involved dexterous arms or
integrated manipulation mechanisms. Examples of telepresence robots include the educational
Roti, Sil-bot, and Robosem platforms that were designed by South Korean institutions such as
KIST, KAIST, and ETRI in collaboration with industry partners (e.g., Yun et al. 2010, Figure 5.2).

Figure 5.2

From left to right, Robosem, Sil-bot, and Roti educational telepresence robots
(courtesy of Yujin Robot Co./ETRI, KIST, and Rastech, Inc./KAIST,
respectively).

Examples of teleoperation robots (Figure 5.3) include the various versions of the Robotic Room
developed by the Intelligent Cooperative Systems Laboratory at the University of Tokyo (Fukui et
al. 2011) and surgical robot systems developed across several institutions in Japan and Korea (e.g.,
Nakano et al. 2009).
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Figure 5.3

From left to right, manipulators in Robotic Room 1 and Robotic Room 3, and a
wheelchair (courtesy of University of Tokyo, Intelligent Cooperative Systems
Lab. and AIST [wheelchair]).

The majority of the telepresence robots that the study team observed followed a stylized humanlike
morphology and afforded humanlike language through speech and nonverbal behaviors such as
gaze, gestures, and emotional expressions. The designs of these systems included large screens
where the face of the humanlike form would be and either projected a live video feed of the remote
user and channeled the speech of the remote users. The interaction of the local users with the robotmediated remote users followed a paradigm similar to that in interaction between two co-located
individuals or between users and robots with agency. Remote users of these systems controlled the
robots using desktop interfaces that allowed them to navigate and orient the robot and provided the
user with a dynamic representation of the local environment through video. These interfaces used a
continuous video feed to present the remote user’s video on the robot and low-level controls to
capture explicit user control for navigation and expressive functions.
The teleoperation robots varied significantly in morphology, ranging from dexterous arms designed
to manipulate artifacts in the human living environment to surgical manipulators designed to
achieve complex maneuvers inside the human body. For instance, the first version of the Robotic
Room included a robotic arm mounted on the ceiling that extended the manipulation capabilities of
bedridden individuals to retrieve and organize artifacts in their environment (Sato et al., 1996). The
third version of the robotic room used a similar ceiling-mounted manipulator arm and containers
specifically designed to support a wide range of user activities to retrieve artifacts (e.g., soda cans
in a refrigerated container) as well as services (e.g., a portable sink for brushing teeth) for users and
reduce clutter in the user’s environment (Fukui et al. 2008). The study team also observed a large
number of surgical manipulators that extended the surgeon’s ability to perform complex operations
in constrained spaces across various institutions in South Korea and Japan. These systems provided
surgeons with highly precise low-level control interfaces and real-time video feed from the
operation site and supported co-located or remote surgery (Figure 5.4). The research teams at these
laboratories have developed innovative manipulators to achieve specific microsurgical maneuvers
and visual displays (e.g., 3D displays) to provide the surgeons with a more realistic representation
of the operational site (Mitsuishi 2000).
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From left to right, surgeon feedback and control interfaces, robotic manipulator
performing the surgery, and the site of the surgical operation (courtesy University
of Tokyo, GMSI).

Two types of manipulators—those used to support disabilities in the home and those designed to
extend the capabilities of surgeons—differed in the interface modalities they afforded. The
manipulators designed for the home environment used explicit speech commands from users and
inferences that they made based on sensor data from the environment to determine courses of
action, while the manipulators designed for surgery required explicit real-time low-level input from
users.
The majority of the robots that followed this interaction paradigm were designed to support
specific types of human activity in specific contexts such as classroom education, supporting
disabilities in the home, and remotely operated surgery. For instance, the educational telepresence
robots were designed to present the video feed of a remote teacher’s face at a height accessible to
students in a classroom and to provide the teacher with the ability to change the orientation of the
robot to attend to students at different parts of the classroom (Kwon et al. 2010). The robots that
were designed to support physical disabilities were primarily situated in the home environment and
integrated into existing support structures such as the ceiling of a room (Fukui et al. 2011) or a
wheelchair (Yamanobe et al. 2010). Surgical robots designed to be used either as manual
manipulators with high precision and maneuverability alongside traditional tools (e.g., Takahashi et
al. 2008) or as advanced surgical stations for computer-aided and remote surgery (e.g., Mitsuishi et
al., 1998; Asai et al. 2004).
Robots as Automation
In the third interaction paradigm that the study team observed, the robots were designed as
programmable tools to automate tasks that their users were capable of performing or perform these
tasks with increased precision or convenience for the users. These robots were designed to display
a minimum amount of agency and follow user-generated instructions to perform specific tasks. The
research teams designed highly innovative techniques and interfaces for users to generate these
instructions. The Igarashi Design Interface Project demonstrated some of the best examples of this
approach (Figure 5.5). These examples included AirSketcher, a robotic fan that provided users with
the ability to program its air blow path by freely moving a wand in space (Watanabe 2012);
Snappy, a photo-based interface for a small countertop robot that used pictures of a physical
arrangement (e.g., how a meal might be set up on the table) to replicate this arrangement
(Hashimoto et al. 2010); Cooky, a system of small countertop robots that followed instructions
provided by users through a graphic interface to stir materials and cook them at the right
temperature (Sugiura et al. 2010); and Foldy, a small countertop robot that used folding
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instructions that the user provides through a graphical user interface to fold garments (Sugiura et al.
2009).

Figure 5.5.

Robots as automation (clockwise): AirSketcher robotic fan, Snappy, Cooky, and
Foldy (courtesy of Igarashi Design Interface Project).

The morphologies of the robots that followed the automation paradigm included daily artifacts
augmented with sensors and actuators (e.g., AirSketcher, Smoon, a robotic measuring cup that
assists users in baking) or small generic mobile robots instrumented with sensors and manipulators
required for the particular task at hand (e.g., Snappy, Cooky, and Foldy). Some of these
applications required supporting robotic systems as well as modifications in the environments in
which they functioned. For instance, the Cooky robot system required a counter space above the
pots and pans used for cooking. Similarly, the snappy system required a lift system that helped the
robot transport itself and plates across kitchen counters at varying heights and the dinner table.
User interaction with the robots in this category involved providing the robot with instructions on
the task that the user wanted to automate. These instructions were provided through graphical
interfaces, photographs, visual markers, and combinations of these elements. These instructions
were in the form of demonstrations (e.g., showing on a simulated garment on a graphical interface
how the folding might be done by the garment folding robot), sequences of actions and appropriate
timings for each action (e.g., creating keyframes on a graphical timeline for each step of a cooking
task for the Cooky robot), tagged photographs of the completed task (e.g., tagging items on a
photograph of plates laid out on a dining table for the Snappy robot), and physical or gestural paths
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that the robot should follow (e.g., drawing on a tablet computer a path for a cleaning robot)
(Sakamoto et al. 2009).
The robots that the study team observed in this category served as easy-to-use automation systems
for end users. These systems were situated in domestic environments such as general living spaces
(e.g., AirSketcher), kitchens (e.g., Cooky), and laundry rooms (e.g., Foldy) and designed to
perform day-to-day tasks that their users would like to automate (e.g., folding garments, setting the
table, cooking, cleaning).
INTERFACE MODALITIES
The robot systems that the study team observed afforded interaction through a wide range of
interface modalities, ranging from natural language to low-level real-time control and feedback
systems. The choice of modalities was shaped primarily by the interaction paradigm that the design
of the robot followed and the context and application domain in which the robot was situated. For
instance, robots that were designed as agents used human-like or animal-like verbal and nonverbal
language to interact with their users (e.g., journalist, shopping assistant, learning companion
robots). On the other hand, robots that were designed to extend human manipulation capabilities
for surgical contexts afforded low-level real-time control and feedback. The examples that the
study team observed fell within three families of interface modalities: (1) natural language, (2)
authoring and demonstration, and (3) low-level real-time control and feedback.
Natural Language
The majority of the robots that served as agents and a subset of the robots that were designed to
extend human capabilities used natural language, human-like verbal, prosodic, and nonverbal or
animal-like prosodic and nonverbal behaviors, to interact with their users. These robots produced
language using speech, prosodic expressions, facial expressions, gaze, gestures, posture, and so on
to communicate their internal states to users, provide them with information, or seek information
from them. They also recognized natural language, recognizing explicit and implicit user input
such as speech commands and gaze direction. Examples of these systems include the KOBIAN
(Zecca et al. 2009) and KaMERo (Yuk and Kwon 2008, Figure 5.6) robots that used facial
expressions and posture to display emotions; the journalist robot that used natural language
dialogue including speech synthesis and recognition to conduct interviews with people (Matsumoto
et al. 2007); and the Robovie robot, which used gaze and gestures to effectively establish common
ground with its users (Sugiyama et al. 2007, Figure 5.6).
These robots’ use of natural language was driven by internal models of social behavior, emotion,
and dialog management. For instance, researchers at KAIST in South Korea developed a
“sentiment relation model” that directed the robot’s affective behaviors toward establishing a
positive relationship with its users (Kim et al. 2007). Similarly, researchers at ATR in Japan
developed several models of humanlike behavior and applied these models to robots, such as a
model of “attention-drawing behavior” that allowed the robot to recognize when a user attempted
to draw the robot’s attention and to draw the user’s attention using a combination of verbal and
gestural prompts (Sugiyama et al. 2006).
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Figure 5.6.

Left to right, KaMERo, KOBIAN, and Robovie robots. (Photos courtesy of
KAIST [KaMERo], Waseda University-HRI [KOBIAN], and ATR-IRC Lab.
[Robovie]).

Authoring and Demonstration
Another interface modality that the study team observed was techniques and interfaces that allowed
end users to author or demonstrate specifications for robot behavior and actions. This modality was
used primarily with robots that users programmed to automate day-to-day tasks. Authoring
involves users specifying sequences of actions over a timeline or an end goal using graphical
interfaces or annotated photographs that the robot uses to carry out the tasks. Some examples of
authoring interfaces that the study team observed were the graphical user interface for the Cooky
that allowed users to express the sequence of actions (e.g., adding ingredients, stirring, temperature
changes) required to prepare a recipe on a visual timeline with iconic representations of actions
(Sugiura et al. 2010) and the photo-based interface of the Snappy robot that allowed the user to
take a snapshot of the end goal (e.g., a specific arrangement of plates set on a dining table) and use
visual markers to annotate the scene, which the robot used to recreate the end goal in an automated
way (Hashimoto et al. 2010).
Demonstration involves users training a model or recording a sequence of actions by performing
the action in a simulated or physical environment. An example of this approach was used in the
design of the Foldy robot system (Sugiura et al. 2009). The system included a graphical user
interface that provided users with a simulation of different types of garments and allowed them to
perform and record the sequence of actions required to achieve the task (Figure 5.7). In addition to
displaying a visual simulation of the folding action, the graphical interface provided users with
feedback on the quality of each action, guiding the user with a set of pre-programmed constraints
for the actions. Users performed each step of the task and recorded the actions that they found
satisfactory based on the feedback provided by the simulation, creating a sequence of actions for
the robot to perform in order to replicate the task in the real world.
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Authoring interface for the Cooky robot (left) and the demonstration interface for
the Foldy robot (both images courtesy of Igarashi Design Interface Project).

Low-level Real-time Control and Feedback
Some of the robots observed during the study tour were designed to offer their users low-level,
real-time control and feedback toward achieving a tight control and feedback loop between users
and robot systems. This modality was observed primarily in robots that were designed to extend
human capabilities for teleoperation and, to some extent, telepresence. Some of the robots designed
as agents also used this modality in semi-autonomous or user-guided operation. The best examples
of this interface modality were observed in robotic systems designed to support surgery across
various institutions in Japan and South Korea (e.g., Takahashi et al. 2008). These systems were
designed to extend the manipulation, navigation, and communication capabilities of their users to
remote environments or situations with low accessibility, thereby providing their users with
interfaces to carry these capabilities between these environments and the user’s environments in
real time (Figure 5.8).

Figure 5.8.

Low-level control mechanism (left) and 3-D display for real-time feedback (both
images courtesy of University of Tokyo, GMSI).

This interface modality involved two main components: control and feedback. Control mechanisms
allowed users to steer the robot’s behaviors or low-level movements such as grabbing tissue or
navigating inside the body in the context of a surgical operation and changing body orientation or
navigating in a classroom in the case of an educational telepresence robot. The designs of these
control mechanisms varied from high-precision, high-degree-of-freedom manual operators to
continuous-operation software buttons—all allowing real-time continuous operation of the robotic
systems. Feedback mechanisms provided users with real-time information on system status through
video feeds, maps updated with real-time data, abstract graphical representations that indicate
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system status, and so on. For instance, in the context of surgical operation, these mechanisms
involved enhanced video feeds of the robotic manipulators at the site of the surgical operation, such
as a three-dimensional display that provides the surgeon with depth information (Baek et al. 2010).
CONTEXTS OF INTERACTION
The robotic technologies that the WTEC study team observed also varied in the context in which
they were situated, particularly in the physical environment for which the robot was designed, the
social and occupational roles that were envisioned for the robot, and the tasks that the robots were
designed to perform. The context in which the robot was situated also shaped the interaction
paradigm followed and the interface modalities used in the design of the robot. The robots
observed during the study tour primarily followed four contexts: (1) domestic, (2) occupational, (3)
service, and (4) personal. The paragraphs below provide detail on how robotic technologies were
situated in these contexts.
Domestic Context
A large number of the observed robot systems were designed for the context of the home, assisting
individuals or families in day-to-day tasks or automating these tasks for them. These robots were
situated in general-use living spaces or spaces with specific functions such as a kitchen or a
bedroom. These systems displayed a minimum amount of agency and followed commands that the
users provided using natural language or authoring interfaces to carry out user-specified actions.
Examples of such systems include the Robotic Room 1 (Sato et al., 1996) that assisted bedridden
individuals in simple tasks such as retrieving objects; Robotic Room 3 (Fukui et al. 2008) that
assisted residents in organizing their belongings; and robot systems such as Cooky, Foldy, and
Snappy that automated repetitive household tasks such as folding laundry, cooking, and arranging
objects in the environment (Sugiura et al. 2009; Sugiura et al. 2010; Hashimoto et al. 2010). Some
of these robot systems were integrated into the environment (e.g., ceiling-mounted manipulators in
Robotic Room 1 and 3), while others were designed as flexible mobile platforms that were adapted
to specific tasks using specific manipulators that allowed the robot to perform operations such as
folding, stirring, pouring, pushing, and so on.
Occupational Context
The study team also observed a significant number of robots designed for occupational contexts,
extending the occupational capabilities of experts such as surgeons. Robots in these settings served
as advanced, specialized equipment that enabled specific advanced occupational practices. These
systems used a minimal amount of agency, relying primarily on real-time low-level input from
their users. An example of such systems is a highly precise “master-slave” robotic system for
microsurgery developed at the University of Tokyo (Baek et al. 2010). This system included a
“master” interface for the surgeon to provide precise real-time input into the system on the surgical
manipulations that the “slave” robot would perform. This input is conveyed to the robot in realtime and stereo images of the operation site are sent back to the master interface as feedback for the
surgeon. The master interface can control the slave robot remotely, enabling occupational practices
to be performed collaboratively and to take place across distributed environments such as health
care facilities in the case of surgical robots. Another example of robots situated in occupational
contexts is educational telepresence robots (e.g., Kwon et al. 2010). These robots also support the
occupational needs of a teacher and distributed practice by connecting a remote teacher with a local
classroom.
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Service Context
A significant number of robot systems across the three countries in the study tour were
contextualized in services. Rather than by occupants of a home or experts in a particular
occupational context, these robots are used by members of the general population who are
interested in obtaining a service from the robot or the service structure in which the robot is
situated. Functioning in service contexts requires robots to interact with a large number of users,
many of whom are interacting with the robot for the first time. Unlike users in domestic contexts
who author the actions of the robots in this use or experts in occupational contexts whose practices
the robots are designed to support, users in service contexts might have no knowledge of the
functioning and interaction capabilities of the robots. Therefore, robots designed for service
contexts show high agency and use interaction modalities such as natural language or touch-screen
interfaces with which their potential users might be familiar.
Two examples of such robots are the FURO general purpose service robot platform designed by the
Future Robot Co. Ltd. in South Korea (Alonso 2011; Future Robot 2012) and the shopping
assistant robot designed by ATR in Japan (Iwamura et al. 2011). The FURO robot combines
humanlike natural language and touch screen-based interaction to provide users with information
on services such as the menu at a restaurant. ATR’s shopping assistant robots uses conversational
conventions to interact with its users. A study conducted by researchers at ATR showed that
shoppers preferred a conversational shopping assistant robot over a non-conversational shopping
assistant robot, suggesting that natural language might be an effective interaction modality for
robots designed for service contexts.
Personal Context
A final context for the robots observed by the WTEC panel was personal use of robotic
technologies. These robots were designed with high level of agency as social companions or served
as communication media for human companions. The majority of the robots in this context were
situated around the primary user of the robot rather than a specific physical domestic or
occupational context, thereby moving across physical contexts with the user. These robots were
designed to follow human-like or animal-like metaphoric embodiments or to represent the
morphology or language of a communication partner. An example of a social companion designed
for the personal context is the Paro robot, a robot designed to have animal-like morphology and use
prosodic expressions to interact with its users (Wada et al. 2004). This robot was designed as a
mobile, therapeutic personal companion suited for a wide range of physical environments from
hospice care facilities to homes. A second example is the Teroos system, a shoulder-worn robotic
avatar and telepresence system that supports shared experiences between a remote user and a local
user (Gorman 2012). The robot provides the remote user with a real-time video feed of the local
user’s environment and with the ability to communicate with the local user through speech, gaze,
and facial expressions. The robot is designed to function exclusively in the personal context of its
user and to move with its primary user as the user changes contexts.
CONCLUSION
This chapter provided an overview of the factors that shape people’s interactions with robots,
focusing particularly on the paradigms that the robots followed to interact with their users, the
interface modalities that afforded these interactions, and the contexts in which these interactions
were situated. Drawing on the observations of the WTEC panel across the three countries, the
chapter demonstrates that various aspects of the design of the robot—the interaction paradigm, the
interface modalities for interacting with people, the context of use (particularly the physical
environment in which the robot is situated), the social and occupational roles that the robot plays,
and the profiles of the robot’s users—drastically change the interactions afforded by robots. These
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interactions varied from agentic robots situated in service contexts that used interface modalities
that the general population knows, such as touch-screen interfaces and natural language, to robotic
tools situated in occupational contexts that use real-time, precise, low-level control and feedback
mechanisms to extend the capabilities of expert users. The three key factors discussed in this
chapter, (1) interaction paradigms, (2) interface modalities, and (3) contexts of interaction, might
serve as useful concepts to guide future design of robotic technologies that interact with people and
assess how they might afford human-robot interaction.
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CHAPTER 6

SYSTEMS, PLATFORMS, AND COMPONENTS
Chad Jenkins

INTRODUCTION
The WTEC panel’s visits in Japan, Korea, and China revealed vigorous efforts throughout the region to
integrate robotic technologies into people’s day-to-day lives. These efforts are motivated by an
enthusiastic vision of the roles robots can play. For example, Figure 6.1 illustrates the Japanese vision of
robots becoming deeply integrated into every day human activities.
This chapter has two primary sections: (1) “platforms” – outlining the types of robotic systems
encountered during the study and (2) “components” – offering additional detail about the types of
components used and integrated by robot platforms.

Figure 6.1.

“Ubiquitous Network Robots” are envisioned to become natural collaborators for human
users in Japan (courtesy of Robotic Room Project, University of Tokyo).

PLATFORMS
Telepresence: Mobile Communications/Service Robots
Mobile robots are an emerging communications medium for engagement with human users across remote
physical spaces (e.g., telepresence) and other applications (e.g., domestic service, education). Robots in
this space emphasize sociability with human users through features such as human scale form factors,
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wheeled mobility in common indoor environments (typically through differential drive), and expressive
heads and faces (either as physical components or animated in a head-level display). Network
connectivity and visual sensing is often assumed to be available to these robots, and is essential for
telepresence applications. These robots do not necessarily feature capabilities for dexterous manipulating
of objects (SKKU HomeMate is an exception), but can have arms for expressive capabilities (e.g., the
Yujin Robot Co./ETRI Robosem, Tsukuba Talk Torque) or very coarse manipulation (e.g., ATR
Robovie) or no arms at all (KAIST Roti). Some telepresence robots are shown in Figure 6.2.

Figure 6.2.

Robosem telepresence robot (top row); Roti and Sil-bot telepresence robots (middle row);
Gestureman 4 and Talk Torque 2 telepresence robots (bottom row). (Images courtesy of
Yujin Robot Co./ETRI [Robosem], Rastech, Inc./KAIST [Roti], KIST {Sil-bot], and
University of Tsukuba/Kuzuoka [Gestureman and Talk Torque 2]).

Videos at:

http://www.smashingrobots.com/robosem-is-a-robotic-english-tutor/ [Robosem]
http://youtu.be/bvihaTQyhgc, http://youtu.be/e_HwamrFOEQ [Roti, Sil-bot]
http://youtu.be/8mkA-TOhwqs [Talk Torque 2].

Although technically less ambitious than humanoid or lifelike robots, telepresence robots are more mature
technologically. They are readily poised to create new markets and have a lasting impact on society.
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These systems can be compared against similar telepresence robots from companies in the United States
(e.g., Suitable Technologies Texai, VGo Communications VGo, AnyBots QB) and Europe (e.g., Giraff
Technologies Giraff, Fraunhofer Care-o-Bot, Gostai Jazz), as well as emerging platforms from academic
research (e.g., CMU CoBot).
Example: Shopping with ATR Robovie
The deployment of the ATR Robovie II as a personal robotic shopping assistant is a compelling example
of ubiquitous network robotics (Figure 6.3). The Robovie has been in continual operation at the Apita
Town department store in Kansei Science City since 2009. The application of Robovie as an assistant for
elderly consumers is described in Webb (2009).

Figure 6.3.

Robovie assisting a shopper (courtesy of ATR-IRC Lab.).

Robovie II accepts a pre-transmitted shopping list and assists the customer by carrying goods while
communicating and offering suggestions. The aim of Robovie II is to make shopping easy and
entertaining for seniors. According to Webb “a user inputs their shopping list on a mobile device from
home, telling the robot’s on-screen avatar what they require. This information is wirelessly transmitted to
a waiting robot, which greets the customer by name as they enter the supermarket. The robot then
proceeds to carry the user’s shopping, verbally read out the next item to be collected while also making
suggestions for suitable additional items.” The following videos show Robovie II helping and
communicating with a 67 year old shopper:
http://youtu.be/RuZFZay7XWU
http://youtu.be/BckK1EcRA60
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Robovie II has a form factor roughly the size of a large child. The robot platform has a wheeled
differential drive for navigating on planar surfaces and two articulated arms without end-effector
manipulators that would be used for grasping. The primary use of the arms is to carry the shopping basket
for the user. For perception, the Robovie is equipped with laser rangefinders for localization and
navigation in the store, cameras for visual detection of people and its human user, and a microphone for
spoken communications from the user. The Robovie’s perception of its environment is aided by
additional laser range finders placed in various locations throughout the store. These range finders help
the Robovie to perceive and navigate through crowds of people walking throughout the store. Figure 6.4
illustrates some of the components of the Robovie shopping experience.

Figure 6.4.

Shopping with Robovie: (top left) user makes an appointment with Robovie at the store
(top right). Robovie greets user upon arrival (bottom left), then follows user through the
store, carrying purchases (bottom right). (All images courtesy of ATR-IRC Lab.).

The back-end computing system for Robovie, (Figure 6.5) is the primary point of operations according to
the project’s researchers. Although the Robovie is primarily autonomous, the back-end system enables the
operator to monitor the robot’s performance, see the robot’s perception of the store and user, alter its
behavior, and, when necessary, take direct control over the robot (as a form of shared autonomy). This
system is located in a room in the back of the store with quick access to the shopping floor. This room is
large enough to house the back-end system, additional equipment, and the robot itself (especially as
repairs are needed).
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Back-end robot operation system for Robovie installed at Apita Town department store.
In the display, people perceived by the robot are shown as long red cylinders. (Courtesy
of ATR-IRC Lab.).

The deployment of the Robovie in Apita Town for such an extended duration has enabled human-robot
interaction to be studied at unprecedented depth. Such findings are important to both technology and
usability factors necessary for deployment in human daily life. Such a level of commercial-academic
collaboration is rare in the United States.
Humanoid Robots
Humanoid robots attempt to model the overall anthropomorphic structure and functionality of the human
body. Although humanoid robots vary greatly in scale and implementation, almost all humanoids have
two legs, two arms, a torso, and some form of head. Unlike lifelike robots, the goal of research into
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humanoids is not produce robots that are indistinguishable from humans or perfectly replicate the human
embodiment. The primary advantage of humanoids is their ability to better use environments and tools
made for human use. Walking up stairs, opening doors, grasping drink cans, using screwdrivers are
common examples of tasks particularly suited towards humanoid robots and mobile manipulators (a
superset of humanoid robots that includes any robot with the ability to navigate and manipulate physical
environments).
There is a strong emphasis on building humanoids and mobile manipulators among the labs visited as part
of the study, such as the Waseda University’s Wabian-2R humanoid (see Figure B.31). At the scale of an
adult human, the AIST HRP-2 (Figure 6.6) can walk, pick-and-place various objects (such as boxes), and
traverse stairs.

Figure 6.6.

AIST HRP-2 is capable of mimicking dance motions, manipulating objects with its
hands, and bipedal locomotion, including going up stairs. (Courtesy of AIST/Kagami and
Carnegie Mellon University).

Videos at:

http://youtu.be/2kp7V8qNbxQ
http://youtu.be/yzdoAayQRos
http://www.youtube.com/watch?v=pzHRjP59gs8

Humanoid robots produced by Zhejiang University demonstrated the ability to play ping-pong with
human players and other robots (see Figure 4.3), assuming an external motion capture system for tracking
the ball. Humanoid robots have been involved in robot soccer competitions for several years, such as the
ones produced by Osaka University for the RoboCup Humanoid League (see Figure B.6). Several groups
have developed smaller scale humanoid robot systems (Figure 6.7) to further their own in-house expertise
(e.g., the Peking PKU-HR3 humanoid) and/or serve as a platform for education (e.g., the KUT Creabo
humanoid).
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Figure 6.7.

Two examples of smaller humanoid systems developed by individual labs: (left) Creabo
humanoid (courtesy of KUT/Ryu) and (right) PKU-HR3 (courtesy of Peking University).

Video at:

http://www.expo21xx.com/automation21xx/15442_st3_university/default.htm [Creabo]
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In addition to in-house development of humanoid robots, the WTEC panel noted an emerging trend
toward using existing commercial off-the-shelf (COTS) humanoid robots as components. In such
projects, the emphasis was less on the construction of the robot and more on using the robot as a tool for
broader study in human-robot interaction. The Nao humanoid, from the France-based Aldebaran
Robotics, is one popular COTS robot in human-robot interaction. The Nao was used in a number of
projects seen during this study, including the Care Receiving Robot of the University of Tsukuba and a
human motion imitation system at the Chinese Academy of Sciences (Figure 6.8).

Figure 6.8.

Commercial off-the-shelf (e.g., Nao) in HRI research projects: Tsukuba Care Receiving
Robot (left), and Chinese Academy of Sciences motion imitation system (right).
(Courtesy of University of Tsukuba/F. Tanaka Lab. and Shenzhen Institutes of Advanced
Technology, CAS, respectively).

For more:

http://en.wikipedia.org/wiki/Nao_%28robot%29 [Nao]

Another example is the immersive robot telepresence system at the University of Kyoto (see Figure 4.7).
The immersive robot telepresence system allows a remote user to take the perspective of the robot using
large displays that project the camera feed from the robot. The human can control the pose and
locomotion of the robot through the combination of a force plate (sensing the stepping pattern of the user)
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and depth cameras similar to the Microsoft Kinect (used for estimating the body pose of the human user).
In terms of COTS components, it is worth noting that the CAS imitation system also uses the Microsoft
Kinect input system. Moreover, audio communications for several projects use common voice-over-IP
software, such as Skype.
Beyond the challenges for social mobile robots (described above), humanoid robots face additional
challenges for bipedal balance and locomotion on various surfaces and dexterous manipulation of
physical objects, as well as large-scale integration of their components. The engineering and construction
of humanoid robots is a highly complex process that necessitates the integration of many components and
consideration of several factors. For example, the Honda ASIMO, arguably the world’s most well-known
humanoid (see http://asimo.honda.com/downloads/pdf/asimo-technical-information.pdf), is a welldesigned balance of large numbers of onboard components (power, motors, joints, sensors, computers,
software, perception, control, links using various materials) and offboard components (operator
interfaces) optimized against the overall weight, scale, and performance of the robot. Underlying each
type of component is an active area of robotics research.
The state of humanoid robotics in Asian robotics R&D significantly outpaces what can be found in the
United States, due in large part to a distinctly different approach to advancing components versus
integrated systems. Robotics research in the United States tends to focus on advancing the state-of-the-art
for individual components (or “nuggets”). Such research is often conducted by relatively large numbers of
relatively small research groups and small government-sponsored research projects. This emphasis allows
for exploration over a more diverse range of existing and emerging areas. There is an implied “bottom
up” assumption that developers and industry are best suited to select and integrate the most appropriate
component-level advances (independently from researchers) to produce complete robotic systems for
viable commercialization. In contrast, Asian robotics research focuses on “top down” advancement of the
state of the art for complete integrated robotic systems. Such research is often conducted by small
numbers of large research groups with large government and industry sponsored research projects, as well
as close continual collaborations with industry partners. The emphasis on integrated systems allows for
research in the “solution space” with real-world grounding provided by various target applications in
health care, education, domestic service, and other applications (described in other chapters of this report)
and more focused projects at the component level.
Mobile Manipulators and Biped Locomotors
Bipedal locomotion and dexterous manipulation are individually difficult challenges for robotics research.
As such, the field of humanoid robots heavily overlaps with research that focuses solely on bipedal
locomotors (with little to no manipulation capability), humanoid torsos (with arms and a head but no
lower body, e.g., the Tokyo Institute of Technology Hiro humanoid), or mobile manipulators (typically an
arm or humanoid torso with a wheeled base). For example, work at the University of Osaka from the JST
ERATO Project explores the use of muscle-like pneumatic actuators separately for locomotion and
manipulation. Pneumatic actuators offer a potentially safer, more compliant, and biologically faithful
alternative to commonly used actuators (such as electric or hydraulic motors). However, pneumatic
actuators of this type still face several challenges to achieve the strength and fine control necessary for
biped balance and locomotion.
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Muscle-like pneumatic actuators offer a potentially safer and biologically plausible
alternative for robotic manipulation arms (left, courtesy of Osaka University/Hosad Lab.)
and bipedal locomotors (right, courtesy of JST ERATO and Osaka University).

In recent years, platforms for mobile manipulation have been a critical focus for the robotics community
as a practical alternative to a traditional humanoid. Mobile manipulators offer the ability to reliably move
in many human environments (especially indoors) and perform human-level dexterous tasks, but without
the instability and risks associated with bipedal locomotion. At the higher-end of this space, there are
several mobile manipulation platforms that feature a full humanoid torso on an omnidirectional mobile
base, such as the Waseda TWENDY-ONE, which combines a wheeled, omnidirectional mobile base with
a
humanoid
torso
to
assist
the
physically
disabled
(see
videos
at
http://www.youtube.com/watch?v=CETUmThm8Rg
and
http://www.youtube.com/watch?v=59YZyXMT10). Another example is the Chinese Academy of Sciences HuiHui (Figure 6.10). The HuiHui is
noteworthy because it was designed and built within a single year through collaboration among several
large Chinese robotics research groups.

Figure 6.10. The HuiHui Elder Service Robot, a mobile manipulator designed and constructed in 1
year (courtesy of Tao Mei, Institutes of Advanced Manufacturing Technology, Chinese
Academy of Sciences).
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Video at:

http://www.ubergizmo.com/2011/07/huihui-service-robot/

On the more practical, lower-cost end of the mobile manipulator range, there are systems that feature a
single robot arm on a differential drive base, such as the University of Science and Technology (USTC,
China) KeJia robot. This mobile manipulator can understand natural language commands from human
users through the use of various software modules and data corpora. Videos of KeJia are available at:
http://ai.ustc.edu.cn/en/demo/ServiceRobot_oven.php
http://ai.ustc.edu.cn/en/demo/microwaveoven.php
Another example is the Shanghai Jiao Tong University Intelligent Wheelchair (Figure 6.11). This
platform can navigate in human environments, find and deliver objects, and respond to speech-based
commands.

Figure 6.11. The Intelligent Wheelchair is a mobile manipulator with one arm mounted on a
wheelchair base to assist disabled users (courtesy of Shanghai Jiao Tong University).

Other mobile manipulators combine various components. For example, the Zhejiang @Home and Haibao
Service Robots (see next section) feature a full humanoid torso on a differential drive mobile base. The
SKKU HomeMate is a single arm mobile manipulator with an omnidirectional based. In addition to
mobile manipulators, the WTEC panel observed a number of compelling non-mobile, non-humanoid
manipulation platforms during our site visits. Of particular note was a dual-arm construction robot in the
Sugano Laboratory that could achieve bimanual manipulation of long pieces of wood, steel, and other
construction materials.
Example: @Home and Haibao Service Robots
The @Home Service Robot is a mobile manipulator aimed towards domestic service applications, shown
with a description of its components in Figure 6.12. Similar to other robots described in this chapter, the
@Home Service Robot requires a number of recognition capabilities—for detecting people, recognizing
faces and gaze direction, recognizing objects under partial occlusion, and localizing its position within
maps it builds of its environment. The @Home Service Robot appears to have moved beyond the
prototype stage and into the production robot world.
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Figure 6.12. @Home Service Robot (courtesy of Zhejiang University).

The Haibao service robot has been manufactured and 37 units have been deployed for helping and
entertaining tourists at the Shanghai World Expo Park (Figure 6.13). In addition, these robots often appear
at events such concerts and parades. The following announcement from Zhejiang University:
Commissioned by Shanghai World Expo Business Coordinated Bureau, the Department
of Control Science and Engineering of Zhejiang University, cooperating by Supcon
Research Corporation, developed an intelligent service robot, Haibao, for the 2010
Shanghai World Expo. As a humanized robot, Haibao integrates great amount of
advanced technologies, such as the data collection of varied sensors, motion planning and
control of the multi-joints arm, face detection and recognition, object recognition, speech
recognition, simultaneous localization and mapping, navigation, etc. It possesses five
main service functions: information consultation, reception and guide, freely chat,
photographing, talent show. Moreover, Haibao is able to express his feelings through rich
facial expressions, color’s change of the bang, body movements and outstanding
linguistic
competence.
(From
(http://fit.zju.edu.cn/english/redir.php?catalog_id=5197&object_id=5225.)

Figure 6.13. One of 37 Haibao service robots at Shanghai World Expo Park. (courtesy of Zhejiang
University/Rong).
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For more:

http://shanghaiist.com/2010/03/09/expo_future_haibao_robots.php

Example: SKKU HomeMate
The Sungkyunkwan University (SKKU) HomeMate (Figure 6.14) is a single arm mobile manipulator
with an omnidirectional base aimed for domestic service applications, involving tasks such as conversing
with and retrieving objects for human users. It performs various modes of recognition for detecting
people, recognizing objects, and building semantic maps of objects and their locations.

Figure 6.14. ISRI/SKKU HomeMate mobile manipulator (courtesy of Sungkyunkwan
University/Lee).

Medical Robots and Assistive Technologies
The WTEC study found a number of projects that developed robot technology for medical and health care
applications. Platforms for this area primarily featured assistive technologies to enable users with physical
disabilities to independently perform tasks that would prove difficult or impossible otherwise. Such
technologies include wheelchairs with robotic manipulators for tasks involving increasing levels of
dexterity, powered exoskeletons to provide or restore movement capabilities, and autonomous
automobiles for the elderly. Outside the assistive domain, the study also found considerable work in
medical domains for surgery, namely robotic telesurgery and various surgical trainers, as well as devices
for remotely monitoring the state of injured individuals.
Wheelchairs and Mobile Manipulation
A common design found across several projects is the addition of robotic manipulators to powered
wheelchairs. These devices enable a disabled user to move around various human environments as well as
perform common dexterous tasks, including collecting objects, consuming food and drinks, and opening
doors. The Intelligent Wheelchair is a representative example of a platform that provides mobility and
manipulation capabilities to physically disabled users (Figure 6.15).
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Figure 6.15. The Intelligent Wheelchair and its components (courtesy of Shanghai Jiao Tong
University).

The RAPUDA 5 kg retractable arm from the National Institute of Advanced Industrial Science &
Technology (AIST, Japan, see Figure B.3) aims for a minimal design to avoid an elbow joint, which is
proposed to be hazardous in human environments. This robot arm is lightweight and conveniently fits on
wheelchairs and hospital beds (see http://youtu.be/yqOUexGKusg).
Exoskeletons and Sensors
To create a successful exoskeleton, certain challenges must be met (1) flexibility, (2) 3D measurement of
forces (force sensing), (3) repeatability of motion, and (4) stability. Managing weight and power
requirements are other, more purely technical issues. Exoskeletons for the elderly and disabled have been
developed at Korea University of Technology and KITECH (Figure 6.16), among several places that are
working in this space.
Exoskeletons for the arm and leg can increase human capacity for manipulation and mobility. Systems
such as those developed by Yang-Ming Li at the Chinese Academy of Sciences use tactile sensors for
artificial skin to sense different phases of human motion so the exoskeleton can help (and not hinder)
movement (Y.M. Li et al. pers. comm. at workshop; see Table 1.2). Some laboratories have used EEG
devices to decode neural state at a coarse-level for driving wheelchairs (Shanghai’s Jiao Tang University)
and automobiles (Tsinghua University) from human thought. EMG devices have been used by the
Shenyang Institute of Automation at the Chinese Academy of Sciences to decode human muscle activity
for control of various robot devices such as exoskeletons and prosthetics.
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Figure 6.16. Robot for Independent Life Exoskeleton (courtesy of KITECH/Park).

Surgical Robotic Systems
The challenges of development of a surgical robotic system include haptics (i.e., tactile feedback), force
sensing, latency for remote operation, and usable displays for the operator. Various groups have been
working in the surgical arena, such as Mitsuishi’s group at the University of Tokyo, Hou’s group at the
Shenyang Institute of Automation, Chinese Academy of Sciences, KAIST (see Figure B.23), and
Takanishi’s group at Waseda University (see Figure B.35). Korean University of Technology and
Education (KUT) researchers working under the direction of Professor Jee-Hwan Ryu have developed a
system for telesurgery over the Internet (Figure 6.17).
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Figure 6.17. Telesurgery over the Internet (courtesy of KUT/Ryu).

Autonomous Transportation
Tsinghua University and Ryu’s group at the Korean University of Technology and Education (KUT) have
both developed autonomous robotic automobiles to be used by the disabled. Figure 6.18 shows the
Tsinghua University model.

Figure 6.18. Tsinghua autonomous car for the disabled (courtesy of Tsinghua University).

Lifelike Robots – Androids
With the aim of providing the most socially engaging experience possible, the field of lifelike robotics has
strived to produce androids—robots that look and act like real humans. Although humanoid in form, the
current state of android research places a greater emphasis on robot appearance and behavior that is
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indistinguishable from humans. Towards this goal, androids face the problem of the “uncanny valley” a
phrase coined by Mori in 1970 (see http://en.wikipedia.org/wiki/Uncanny_valley).
In addressing the uncanny valley, research androids have focused on materials (such as silicone) for
artificial skin and hair, realistic facial expressions and body movement, and interfaces and authoring tools
for generating social behaviors. Although not a principal focus for androids, tactile sensors for artificial
skin are becoming increasingly important.
Bipedal locomotion has not been a focus of android research. However, there are exceptions, such as the
AIST HRP-4, which can walk across planar surfaces in indoor and outdoor environments (Figure 6.19).
The advanced version of this humanoid robot features a lifelike head and hands.

Figure 6.19. The HRP-4 android (courtesy of AIST).
For more:

http://my.opera.com/igun/blog/2011/05/16/hrp-4c-japan-robot-humanoid
http://www.youtube.com/watch?v=g5hsT6wtKHM
http://youtu.be/YvbAqw0sk6M, http://youtu.be/A0CCINEIbcM

The EveR robot is a female android developed at KITECH that can convey lifelike expressions (Figure
6.20). Originally the EveR android was stationary, but current versions use a wheeled mobile base.
Another approach to android building is the geminoid, a robot designed to resemble a living person. The
Ishiguro Lab at Osaka University has pursued this approach with a female geminoid android and a male
geminoid that is a likeness of Hiroshi Ishiguro. The geminoids are controlled from an operator console
that uses motion capture and visual face tracking to control the head and facial expressions of the
geminoid. The operator can see and speak with users through a video feed from cameras in the robot’s
eye sockets and microphones and speakers located throughout the geminoid’s room.
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Figure 6.20. The EveR android platform has been used in theater productions and can perform a wide
array of facial expressions (courtesy of KITECH).

Figure 6.21 shows a gathering of geminoids with their human counterparts. Videos of geminoids can be
seen at:
http://youtu.be/J71XWkh80nc
http://www.youtube.com/watch?v=eZlLNVmaPbM
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Figure 6.21. Geminoids with their human counterparts (courtesy of ATR-IRC Lab.).

Based on research at Osaka University, the Actroid android series is a commercial product from Kokoro
Company Ltd. Actroids are available for rental for theatrical performances, shows, and other appearances.
Videos of Actroids in action are available at:
http://www.kokoro-dreams.co.jp/english/robot/act/index.html
http://www.youtube.com/watch?v=EfNlI3jT8DE
http://www.youtube.com/watch?v=DF39Ygp53mQ
http://youtu.be/TNBPMhK_E8U
http://youtu.be/efumWDcOhnE
http://news.cnet.com/8301-17938_105-20014981-1.html
http://www.itechdiary.com/actroid-f-robot-robot-can-appear-almost-like-facial-human-expression.html
Infant and Child-like Robots – Developmental Robotics
Infant and child-like robots are used to synergistically explore biological development in humans and
adaptive mechanisms for robot learning. The JST ERATO Asada Project has produced a number of robots
that possess infant and child-like embodiments and emulate human cognitive development. These robots
include the M3-Noby (see Figure B.22) and M3-Kindy (see Figure B.5), CB2, and AFFETTO. The
AFFETTO uses pneumatics and elastics extensively to better emulate human biomechanics. Videos of
these robots are available at:
http://gadgets.softpedia.com/news/M3-Kindy-and-M3-Noby-Will-Help-Scientists-Better-UnderstandThe-First-Years-of-Our-Lives-10224-01.html
http://youtu.be/dMCAQXyKcSc
http://youtu.be/bcTYosDaTZc
http://youtu.be/UQjtEMokT_Q
http://youtu.be/rYLm8iMY5io
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http://www.youtube.com/watch?v=t_hOjEQNJbU
http://www.physorg.com/news/2011-02-affetto-realistic-robot-baby-video.html
http://youtu.be/Quai3SpKD08
http://youtu.be/VXgKNFQE-4I
Another example of developmental robotics is Hiro, a humanoid torso robot that uses neural networks to
develop general problem solving skills. The robot, manufactured by Kawada Industries is being tested in
the Hasegawa laboratory at Tokyo Institute of Technology (see Figure 4.12 and
http://youtu.be/OC2TTslf_YM).
Non-human and Simplified Robot Forms
Non-human and simplified robots avoid the uncanny valley through using a more cartoon-like form of
expressiveness. Examples include the AIST Paro therapeutic seal robot (Figure 5.1), NEC PaPeRo,
NICT/Miyagi Keepon, and ETRI’s Kobie, Rabie and POMI (Figure B.9), which focus on cohabitating
with human partners, and have been used in various treatments for human psychological conditions.
Videos of these robots are at:
http://www.parorobots.com/
http://youtu.be/oJq5PQZHU-I
http://www.nec.co.jp/products/robot/en/index.html
http://youtu.be/aSOjPS69-8A
http://en.wikipedia.org/wiki/Keepon
http://youtu.be/nPdP1jBfxzo
http://global.kita.net/engapp/board_eco_view.jsp?seq=108
http://www.youtube.com/watch?v=vvfOSSKi6hg
In addition, Peking University has created robots based on star and reptile robots using commodity
components. The ATR Telenoid (Figure 4.9) is aimed at being an abstracted version of a humanoid that
can serve as a medium for telecommunications, such as being the form factor for a cell phone design.
COMPONENTS
Robots consist of multiple components each of which is designed to enable or assist a robot function.
Components can be grouped as either emerging (i.e., still under laboratory or early commercial
development) or commercial off-the-shelf (COTS, i.e., readily available for purchase in the marketplace).
Examples of emerging components include:
•

Recognition of human characteristics (face, pose, gesture, affect, etc.)

•

Planning, navigation, localization, and mapping

•

Semantic mapping

•

Manipulators, hands, and arms

•

Force/tactile sensing, haptics, and artificial skin

•

Learning and disseminating massive data repositories

•

Natural language interfaces

•

Operator interfaces, including shared autonomy

•

Middleware and software frameworks
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Motors and actuators (e.g., pneumatic actuators, omnidirectional drive systems)

Examples of COTS commonly used in robotics projects include:
•

Complete robots (e.g., Aldebaran Robotics’s Nao [used at the University of Tsukuba], AR.Drone’s
parrot quadricopter)

•

Smartphones

•

Voice-over-IP (e.g., Skype)

•

Depth sensing

•

Microsoft Kinect RGB-depth camera, laser range finders (used at Keio University)

•

Inertial measurement unit (IMU) sensors (such as those used in the Nintendo Wiimote)

•

Motion capture systems (e.g., Vicon, used at AIST)

The remainder of this section expounds on component technologies mentioned in the Platforms section.
Detection and Recognition Functions
Components for detection and recognition of humans and their features enable robots to perceive and
interact with humans. These recognition modules can identify faces in crowds, determine eye gaze, detect
speech, and recognize gesture, as is done by systems from ETRI, the University of Tsukuba, and the
Institute of Computing Technology (ICT) of the Chinese Academy of Sciences. ICT also has systems for
3D reconstruction of faces from a single image.
Although less common, affect recognition is about detecting the emotional state of the human user so the
robot can respond appropriately. In a system from USTC (Figure 6.22), thermal imaging was shown to
serve as a good sensing modality to complement color video.

Figure 6.22. Affect recognition using thermal imaging (courtesy of Xiaoping Chen, University of
Science and Technology).

Object recognition is a critical component that enables robots to perceive and manipulate objects across a
wide variety of categories for various pertinent tasks. As the number of relevant objects has grown, large
databases of objects and their descriptions, both in terms of appearance description and semantic purpose,
have developed. This growth has given rise to ontologies for categories for object use in daily life and the
area of semantic mapping. (Figure 6.23). Perception of semantic maps is increasingly complemented with
user interfaces based on natural language understanding, where human users can give spoken commands
to the robot. While similar in concept to Apple’s Siri application, the perceptual uncertainly associated
with recognition and semantic mapping poses a continuing but tractable challenge.
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Figure 6.23. Behavior-object mapping relevant to robotics (courtesy of AIST/Kagami).

Activity modeling and recognition attempt to capture the behavior of humans in an environment so that
robots can respond appropriately. For example, a system from the National Institute of Advanced
Industrial Science & Technology (AIST, Japan) uses planar laser range finders to detect human users and
occupancy in various locations of a building. Based on the patterns of occupancy, various activities can be
distinguished for movement throughout the building. An activity modeling and recognition system has
also been deployed at a shopping mall. This system comprises cameras and laser range finders. Based on
the patterns of movement in the mall, clustering algorithms could distinguish different modes of activity
that occur at different periods during the week (personal communication to WTEC team at ATR
Intelligent Robotics and Communication Laboratories, Japan, October 2011).
Localization is another critical function in robot development. When walking, AIST’s HRP-2 humanoid
(Figure 6.6) simultaneously builds a geometric map of its environment using visual features. Given a map
of its environment, the humanoid can navigate through the environment, including planning the proper
placement of footsteps over uneven terrain. Other approaches to this same problem include use of devices
such as the Microsoft Kinect RGB-depth camera to provide both color and depth images (Figure 6.24).
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Figure 6.24. Depth imagery helps robots to better perceive their environment and recognize distinct
objects, such as the floor (pink), box (lavender), and various facets of the walls (courtesy
of Xiujuan Chai, ICT, CAS).

Robot Programming and Operator Interfaces
Ubiquitous and Ambient Networks
Ubiquitous network capabilities (Figure 6.1) are seen as a means to provide a seamless experience for
people with robots across society. Such networks will link robots, various sensors, and home automation
into a unified system. Each device on the network runs software capable of executing in real time and
performing necessary computational tasks (such as for perception, control, and decision making). These
devices need not be simply robots, but can take on a variety of forms. For example, the Robotic Room
(see Figure B.21) is an example of a networked ambient system for home automation that monitors,
analyzes, and adjusts the room to the daily life a human inhabitant.
Robot Software
Most of the sites visited by the WTEC panel are focused on development of custom software for their
robots. They seem to have little use of existing general robot middleware (such as ROS, Yarp, or
Lightweight Communications and Marshalling [LCM], although they do use some emulation products
(e.g., SuroROS). There are numerous challenges related to robot middleware, including:
•

Network transport (standard protocols similar to TCP/IP for networks)

•

Real-time performance

•

Platform support (as many as possible)

•

Code reuse (avoid reinvention)

•

Interoperability (easy plug-and-play of software modules)

•

Fragmentation (avoid reinvention and “not invented here”)

Architectures for robot middleware provide frameworks for developing robot controllers in a manner that
generalizes across many applications. Although most sites visited by WTEC used custom, closed source
codebases, more general robot middleware systems were encountered during this study, including
SuroROS from Zhejiang University (Figure 6.25), a variant of Willow Garage’s ROS), the Ubiquitous
Network Robot Architecture from the Advanced Telecommunications Research Institute International
(Japan), robot virtual middleware from SKKU, and ART Linux from AIST. Several sites mentioned
participating in the emerging IEEE Technical Committee on Networked Robots (see http://networkedrobots.cs.umn.edu/).
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Figure 6.25. SuroROS architecture (a variant of Willow Garage’s Robot Operating System, courtesy
of Zhejiang University).

Planning in Human Environments
Planning is a common form of decision making algorithms that enable robots to perform autonomously.
Planning often involves a search over future actions and possible outcomes towards a stated goal in order
to determine the optimal action to take in the robot’s current situation. Motion planning for robots is a
common software component of nearly all robots that navigate in the world. However, robot navigation in
human spaces remains a near-term development challenge to achieve the levels of safety, reliability, and
speed acceptable to human users. Primary among these challenges are learning models of social
proxemics and pedestrian behavior to guide the planner’s decision making, such as in projects by ATR for
navigating shopping centers and Tsinghua University for autonomous driving.
Operator Interfaces and Scripting
While planning enables robots to perform tasks autonomously, it also can introduce unexpected behavior
when the optimal plan to the goal (given to the robot) does not match expectations. Often such
unexpected behavior is due to a logical misunderstanding in the goal provided by a human programmer or
user, but sometimes the planner’s search mechanism will err due to inaccurate predictions or unexpected
events. To avoid problems with reliability, several projects encountered by the study relied more on
human operators and/or authoring tools for scripted behavior for robot performances. Operator interfaces
allow a human teleoperator to take the perspective of the robot both for perception and actuation. For
example, the ATR Geminoid (Figure 6.26) is controlled by a remote operator who receives audio and
visual information from the robot’s sensors, speaks to users via a microphone, and controls the head and
facial expressions of the robot through motion capture and computer vision.
For control of the robot bodies, depth imaging, such as through Microsoft’s Kinect RGBD camera, have
become standard, matured components for perceiving human pose without instrumenting the human
operator. However, retargeting motion from the proportions of the operator’s to the skeleton of the robot
is an emerging component.
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Figure 6.26. Operator interface (left) for the ATR Geminoid (right) employs motion capture and
computer vision (courtesy of ATR-IRC Lab.).

Scripting robot behavior is an in between human teleoperation and programming autonomous decision
making. Robots can be scripted “open loop” to execute a specific motion trajectory, similar to a character
in an animation. For example, the Active Marionette (Figure B.12) from the JST ERATO Igarashi Project
allow an animator to use a robot to edit or “keyframe” motion that can be then executed by the robot, or
an animated character. For more lifelike “closed loop” interactions with people, robots such as KITECH’s
EveR (Figure 6.27) require body motion editing as well as facial motion editing, speech and dialogue
management, and a scenario editor for triggering responses to perceived events.

Figure 6.27. Scripting tool suite used for crafting behaviors for the KITECH EveR android so it can
interact with human users (courtesy of KITECH).

Microphone Arrays
Microphone arrays are an interesting technology that was not covered in the preceding coverage of robot
platforms. Microphone arrays are used to detect the location and source of sounds in an environment,
such as for erroneous noises in power plants (ball microphone array), localization of a mobile robot
(spiral array), or the relative movement of human users in a room (Figure 6.28).
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Figure 6.28. Detecting movement of human users in a room (courtesy of AIST/Kagami).

Robots Using Big Data and the World Wide Web
Robots are increasingly using the web both as a source of data and means of communication. For
example, the Journalist Robot (Figure B.24) records interesting stories and publishes them to the web. In
complement, several projects observed by the WTEC panel used a data-driven approach to developing
software capabilities and analyzing human behavior, such as through building and analyzing large
databases for learning algorithms (e.g., Figure 6.29).

Figure 6.29. An approach to shared database and retrieval for daily life activities (courtesy of the
University of Tokyo/Sato).

CONCLUSIONS
Visits to research organizations in China, Japan, and Korea uncovered some important differences in
between U.S. and Asian approaches to research and development of robotic systems:
•

More emphasis is placed on producing complete integrated robotic systems, rather than specialization
for advancing individual component technologies (as is common in U.S. robotics research). Many
projects encountered during the WTEC study addressed all components of the robot (mechanical,
electrical, software, perception, and decision making, motion control, etc.) at some level.

•

Several efforts involved close connections with industry and consortia, more closed-source
development, and greater focus on proprietary systems and components.

•

The study team encountered several large research groups taking a “top-down” approach by
developing complete platforms that are anticipated to drive market choices of components and
interfaces for applications developers. This contrasts with the “bottom-up” U.S. model that
emphasizes unique contributions from a larger number of small research groups, where commercial
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entities are primarily assumed to independently integrate these contributions into developed
commodities.
REFERENCES
Webb, N. 2009. Robovie II - the personal robotic shopper. gizmag, from http://www.gizmag.com/robovie-ii-roboticshopping-assistant/13664/. Viewed 9 March 2012.
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Manuela Veloso (Panel Chair), Carnegie Mellon University
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Hospital; Attending Neurologist of the Multiple Sclerosis Research and Training Facility at the Albert Einstein College of
Medicine; Attending Physician at the Hospital of the Albert Einstein College of Medicine; and Assistant Professor of
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and Developmental Medicine, and member of the National Leadership Board VHA and honorary fellow of the
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Technology. She received her B.S. from Brown University, her M.S.E.E. from the University of Southern California, and
her Ph.D. in Electrical Engineering from the University of Southern California. Her area of research centers on the concept
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scientific rover navigation in glacier environments to assistive robots for the home. Her accomplishments have been
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Ph.D. in Computer Science at the University of Southern California (2003). Prof. Jenkins was selected as a Sloan Research
Fellow in 2009. He is a recipient of the Presidential Early Career Award for Scientists and Engineers (PECASE) for his
work in physics-based human tracking. He has also received Young Investigator awards from the Office of Naval
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AIST Telecom Center
Site Address:

National Institute of Advanced Industrial
Science & Technology (AIST)
Waterfront 3F Digital Human Research
Center
2-3-26, Aomi, Koto-ku
Tokyo 135-0064, Japan

Date Visited:

October 19, 2011

WTEC Attendees:

A. Howard (report author), M. Aisen, T. Conway, P. Foland, M. Imaizumi, B. Mutlu

Host(s):

Dr. Masaaki Mochimaru, Director
Digital Human Research Center
National Institute of Advanced Industrial Science and Technology (AIST)
m-mochimaru@aist.go.jp
Dr. Satoshi Kagami, Deputy Director
Digital Human Research Center
National Institute of Advanced Industrial Science and Technology (AIST)
s.kagami@aist.go.jp

OVERVIEW
The Digital Human Research Center is a research unit of the National Institute of Advanced Industrial
Science and Technology (AIST), a public research institution. The overarching goal of the Digital Human
Research Center is to develop computational models of the human element that can be realized through
visualization and computing in order to describe, analyze, simulate, and predict human functions and
behaviors. Such models become useful for designing and operating systems that interact with humans, so
that the systems are more individualized, easier to use, and more harmonious with humans.
FUNCTIONAL FOCUS
The Digital Human Research Center is subdivided into four research areas: Human Modeling Research
Group, the Humanoid Interaction Technology, Enabling Environment, and Human Centered Design. The
Human Modeling Research area focuses on modeling and predicting human reactions to environmental
stimuli through the measurement of human body shapes, senses, and psychological functions. The
Human-Centered Design group focuses on researching methods that utilize the human models in the
design of devices and tools that conform to a person’s unique characteristics. The Enabling Environment
group focuses on measuring and observing human activities to develop systems that provide health
support, educational help, and home security as part of their daily environment. The Humanoid
Interaction Technology group focuses on developing a humanoid robot that provides ideal support for
human beings as an integrated and physical realization of the human models.
RESEARCH FOCUS
Current research in the Humanoid Interaction Technology group focuses on the generation of the robot’s
whole body motions based on models of human motions. 3D vision is used to recognize humans and the
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environments for enabling service applications. Example research theories include navigation among
movable obstacles, motion capture of humans and humanoids, and autonomous behavior of humanoid
robots.
Research in the Enabling Environments group uses sensor networks for observing human activities.
Example research theories include ultrasonic 3D positioning systems, omnidirectional stereoscopic
microscopes, and localization of sound sources. These networks can be used in human-centered system
applications such as sickbed monitoring, health care for prevention of life-related disease, and home
security.
In the Human-Centered Design group, research focuses on methods for designing wearable goods based
on individual models of body shapes. And in the Human Modeling Research group, research includes
methodologies to enable the prevention of accidents of elderly people by monitoring their behavior,
visualization of human mental states from motions, and analysis/comparison between humanoid walk and
robot walk to produce natural walking behavior.
TRANSLATION
The Digital Human Research Center has a number of collaborations to translate technology to the
commercialization sector. This includes an existing consortium, with 13 companies and a number of
university participants, as well as a number of joint activities with commercial companies such as Ai
Wear Laboratory, Furukawa Sanki System, and Kansei Electric Company.
SOURCES OF SUPPORT
Beyond primary funding, which derives from the parent company, AIST, other sources of support come
from grants provides by the Japan Science and Technology Agency (JST) and the Ministry of Economy,
Trade, and Industry (METI).
ASSESSMENT
As the primary focus in the Digital Human Research Center is focusing on the modeling of humans, the
center hosts a number of studies with human participants to both develop and improve the technology.
SELECTED REFERENCES
Nishiwaki, K., and S. Kagami. 2011. Simultaneous planning of CoM and ZMP based on the preview control method for
online walking control. Proceedings of the 2011 IEEE-RAS International Conference on Humanoid Robots, pp. 745751, Bled, Slovenia.
Nishiwaki, K., J. Chestnutt, and S. Kagami. 2011. Autonomous navigation of a humanoid robot on unknown rough terrain.
15th International Symposium on Robotics Research, Flagstaff, Arizona, USA.
Thompson, S., S. Kagami, and M. Okajima. 2011. Selection of polygon sets for 6DOF localisation of autonomous
vehicles. Proceedings of the 2011 IEEE International Conference on Systems, Man, and Cybernetics, pp. 2369-2374,
Anchorage, Alaska.
Tsubota, H., S. Kagami, and H. Mizoguchi. 2011. SIFT-Cloud-model generation method for 6D pose estimation and its
evaluation. Proceedings of the 2011 IEEE International Conference on Systems, Man, and Cybernetics, pp. 33233328, Anchorage, Alaska.
Urata, J., K. Nishiwaki, Y. Nakanishi, K. Okada, S. Kagami, and M. Inaba. 2011. Online decision of foot placement using
singular LQ preview regulation. Proceedings of the 2011 IEEE-RAS International Conference on Humanoid Robots,
pp.13-18, Bled, Slovenia.
Yoshizaki, W., Y. Sugiura, A.C. Chiou, S. Hashimoto, M. Inami, T. Igarashi, Y. Akazawa, K. Kawachi, S. Kagami, and
M. Mochimaru. 2011. An actuated physical puppet as an input device for controlling a digital manikin. Proceedings
of the 29th Annual CHI Conference on Human Factors in Computing Systems, pp. 637-646, Vancouver, Canada.
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AIST Tsukuba
Site Address:

National Institute of Advanced Industrial
Science & Technology (AIST)
Tsukuba Central 2
1-1-1, Umezono
Tsukuba, Ibaraki 305-8568, Japan
Tel.: +81-29-861-5201
Fax: +81-29-861-5989
http://unit.aist.go.jp/is/index.html

Date Visited:

October 17, 2011

WTEC Attendees:

P. Foland (report author), T. Conway, T. Satoh, B. Scassellati

Host(s):

Hirohisa Hirukawa, Ph.D.
Director of Intelligent Systems Research Institute
National Institute of Advanced Industrial Science and Technology (AIST)
hiro.hirukawa@aist.go.jp
Woo-Keun Yoon, Ph.D.
Senior Research Scientist
National Institute of Advanced Industrial Science and Technology (AIST)
wk.yoon@aist.go.jp
Yosuke Matsusaka, Ph.D.
Interaction Modeling Research group
Intelligent Systems Research Institute
National Institute of Advanced Industrial Science and Technology (AIST)
yosuke.matsusaka@aist.go.jp
Hiroji Tanuma, Ph.D.
National Institute of Advanced Industrial Science and Technology (AIST)
tanuma-hiroji@aist.go.jp

OVERVIEW
The AIST-Tsukuba laboratory at the Intelligent Systems Research Institute is divided into groups that
specialize in one type of application to solve society issues. Their mission is to develop robots to help
humans in daily life. The site visit team saw three demonstrations from two different groups: Taizo, an
interaction robot designed to socialize and motivate elderly populations to exercise, from the Interaction
Modeling Research Group (IMRG); ACTROID-F, a communication robot; and (3) an assistive robot arm
(RAPUDA) from Service Robotics Research Group(SRRG).
FUNCTIONAL FOCUS
The AIST laboratory focuses on developing and industrializing service robots. They envision their robots
coexisting with humans in a variety of daily activities and scenarios. They are also investigating how they
can make use of android robots in medical and welfare fields. The applications they demonstrated are
directed towards human interaction in general but especially towards people with disabilities as well as
elderly populations.
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RESEARCH FOCUS
Three demonstrations were presented (Figures B.1, B.2, B.3, and B.4). AIST is also investigating the
psychological effects of robot interactions on humans.

Figure B.1. Taizo, an interaction robot designed to motivate elderly people to exercise (courtesy of P.
Foland).

The Taizo robot uses a dialog engine “SEAT/SAT” and could be used on RT middleware. The robot is
still in development and the research group is working on optimizing the interaction strategy. ACTROIDF (Figure B.2) is a communication robot developed for use in hospitals and geriatric institutes. These
robots have a realistic look and are able to synchronize behavior with the human subject. Behaviors also
can be controlled via a computer interface.

Figure B.2. ACTROID-F android robots (courtesy of P. Foland).

An assistive robot arm (RAPUDA, Figure B.3) from Service Robotics Research Group (SRRG) is
designed to assist people with upper limb limitations. One highlight of RAPUDA is the expansion and
contraction mechanism. It does not use an elbow rotation joint and has the ability to use different controls
depending of the needs of the user (Figure B.4). This approach solves some of the visibility, safety, and
comfort issues of other models. The expansion and contraction mechanism is patented by AIST and
Kawabuchi Mechanical Engineering Laboratory, Inc.

94

Appendix B. Site Visit Reports

(b)

(a)

(c)

Figure B.3. RAPUDA is a modular wheelchair provided with a PC and an arm that can be removed
when not needed (a, b) or installed in a patient’s bed (c). (Courtesy of AIST.)

(a)

(b)

(c)

Figure B.4. Control devices for RAPUDA: (a) USB keypad with each key programmed for a
different movement; (b) joystick/button control with movements allocated to various
buttons; (c) control panel that enables person to control robot with multiple degrees of
freedom using a button with only one degree of freedom. (Courtesy of W.K. Yoon,
AIST-Tsukuba.)

TRANSLATION
Research results from AIST-Tsukuba are commonly published, mainly at the IEEE International
Conference on Robots and Systems (IROS), and in such local venues as the Annual Conference of the
Robotics Society of Japan, Home Care & Rehabilitation Exhibition, as well as in newspapers and on
television stations including NHK and NNN.
SOURCES OF SUPPORT
AIST received government funding from JSPS (Japan Society for the Promotion of Science) and the
Japanese equivalent of U.S. Department of Homeland Security. They also partner with private companies.
About 60% of its budget goes to external university/industrial collaboration grants. The funding range is
$5K-$1M with an average of $100K per grant. Government budgets may be increasing, which
underscores the importance science and engineering in Japanese society.
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ASSESSMENT
AIST-Tsukuba is primarily focused on developing and industrializing robots that coexist with humans in
their own environments. AIST work is geared especially towards the elderly and people with disabilities.
Caregivers to the aging population are an increasing influence on the direction of technology development
in Japan. Japanese culture desires to serve the needs of the increasing elderly population. Like the United
States, Japan is currently experiencing a budget crisis. Generally, the elderly do not want to be burdens on
children but want to maintain independent living. They seem to embrace the technology. Currently,
Alzheimer’s disease is one of the most prevalent disabilities in Japan. Robotic interaction can be very
useful with this disease.
AIST and partnering companies are working on developing software and safety standards and have a
modular vision to build their robots.
SELECTED REFERENCES
Hirukawa, H. 2010. An assistant robot “Taizo” for rehabilitation exercises for seniors - To increase the motivation of the
elderly for exercises. AIST Today 10(1):21. http://www.aist.go.jp/aist_e/aist_today/2010_36/pdf/2010_36_p19.pdf
Kokoro Company, Ltd. Teleoperated Actroid-F. http://www.kokoro-dreams.co.jp/english/actroid_f_e/index.html
Takano, E., T. Chikaraishi, Y. Matsumoto, Y. Nakamura, H, Ishiguro, and K. Sugamoto. 2009. Psychological effects on
interpersonal communication by bystander android using motions based on human-like needs. In IROS’09,
Proceedings of the 2009 IEEE/RSJ International Conference on Intelligent Robots and Systems, pp. 3721-3726.
Piscataway, NJ: IEEE Press. ISBN: 978-1-4244-3803-7.
http://dl.acm.org/citation.cfm?id=1732661&CFID=78574939&CFTOKEN=74077562
Yoon, W.K. 2010. Robotic Arm for Persons with Upper-limb DisAbilities (RAPUDA) - A safe and cost-effective measure
for improving the quality of life. AIST Today 10(2):17.
http://www.aist.go.jp/aist_e/aist_today/2010_36/pdf/2010_36_p20.pdf
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Asada Laboratory, Osaka University
Site Address:

Osaka University Suita Campus
1-1 Yamadaoka, Suita, Osaka 565-0871 Japan
Tel.: 06-6879-7347 (Ms. Hiroko Takoaka Secretary)
http://www.er.ams.eng.osaka-u.ac.jp/English/Welcome.html

Date Visited:

October 17, 2011

WTEC Attendees:

C. Jenkins (report author), M. Aisen, A. Howard

Host(s):

Dr. Minoru Asada
Professor
asada@er.ams.eng.osaka-u.ac.jp

OVERVIEW
Since 1992, the Asada Laboratory has focused on the research area of emergent robotics, towards the
development of design principles for robot behaviors through the interaction between the robot and its
environment. In their recent work, the Asada Laboratory has pursued research in cognitive developmental
robotics. The area of developmental robotics aims to understand the development of increasingly complex
cognitive processes in natural and artificial systems and how such processes emerge through physical and
social interaction. Modeling the bodies of infants and children, the Asada Laboratory has developed
several robot platforms for their research in cognitive developmental robotics. These robots include the
Child-robot with Biomimetic Body (CB2), M3-Noby infant robot (see Figure B.22), and M3-Kindy child
robot (Figure B.5). In addition, many research results from the Asada Laboratory related to robot
programming and learning have been applied to RoboCup competitions (http://www.robocup.org/; Figure
B.6), addressing various problems such as behavior generation and multiple task cooperation based on
reinforcement learning. RoboCup robot platforms contributed from the Asada Laboratory include
pneumatic-driven humanoid robots capable of playing soccer.
FUNCTIONAL FOCUS
The Asada Laboratory focuses on the idea “synergistic intelligence” as a convergence of the brain
sciences with humanoid robots to both experimentally understand and artificially construct human
intelligence. Synergistic intelligence concurrently pursues the design, implementation, and operation of
symbiotic humanoid robots, while concurrently verifying these design methods according to the standards
of cognitive and brain science experimentation. In their approach to synergistic intelligence, constructive
macroscopic models from the brain sciences and psychology are implemented and evaluated on actual
humanoid robots. Designing artifacts capable of passing these verifications necessitates innovations in
current materials, such as robot sensors and actuators, and conventional artificial intelligence and control
technologies. In complement, the biological authenticity of models for humanoid control can be verified
experimentally through brain functional imaging during experiments with humans and animals.
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Figure B.5. CB2 (left) and M3 Kindy child robot (right) (Courtesy of JST ERATO and Osaka
University).

Figure B.6. The Asada Lab participates in RoboCup soccer. Shown here are all the teams in the
humanoid league and their robots (courtesy of Osaka University, Asada laboratory; see
also http://www.robocup.org).

RESEARCH FOCUS
The domain of synergistic intelligence has four primary thrusts (illustrated in Figure B.7):
Physically synergistic intelligence (Physio-SI, http://jeap.jp/physio.html) addresses the generation of
dynamic motions by artificial muscles allows co-creation of the intelligence through the interaction
between the body and the environment. Much of the work in the Asada Laboratory focuses on the use of
pneumatic actuators and redundant mechanisms to emulate the motion produced by biological muscles.
Such actuators are used in a variety of different systems for bipedal locomotion, robot manipulator arms,
and childlike robots.
Interpersonally synergistic intelligence (Perso-SI, http://jeap.jp/perso.html) addresses the acquisition of
early communication abilities in human and robot babies, including early language, by clarifying and
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modeling the emergence and development of cognition and behavior from bodily interactions. This thrust
studies sensorimotor learning in embodied systems, body schema and body image acquisition and their
extensions (e.g., through tool usage), as well as imitation and other kinds of interactions with caretakers
or parents. Robots and simulations are used as tools to synthetically model cognitive development.
Socially synergistic intelligence (Socio-SI, http://jeap.jp/socio.html) addresses the emergence of
communication between many humans and robots, specifically the essential human ability to
anthropomorphize objects for conversational purposes. This thrust studies developmental mechanisms of
communication and evaluations of intelligence based on human subjects and the human society. Research
in this thrust has been cast into a cross-interdisciplinary framework called Android Science, which strives
to realize robots that can be accepted by human society both in appearance (such as for the “uncanny
valley”) and social behavior.
Synergistic intelligence mechanism (SI-Mechanism, http://jeap.jp/si-mech.html) verifies these processes
studied in the above thrusts by comparing autism and Williams syndrome, which highlight extreme
aspects of language and cognition capabilities, and promote development for new models for the brain
sciences. This thrust aims to clarify the neural mechanisms underlying cognitive developmental
processes, including understanding of transitive and intransitive action, action and auditory imitation, and
verbal and non-verbal communication. Behavioral and neuroimaging studies are performed with braindamaged patients, autistic patients, and individuals with Williams syndrome, as well as
neurophysiological studies in monkeys.

Figure B.7. Four primary thrusts in the domain of synergistic intelligence (courtesy of JST ERATO
and Asada Laboratory).

TRANSLATION
Research results from the Asada Laboratory are commonly published in internationally recognized
robotics and cognitive development venues and journals, such as the IEEE International Conference on
Developmental Learning and the International Journal of Humanoid Robotics. The Asada Laboratory is
also able to produce larger integrated robotic systems through its association with larger collections of
Japanese robotics groups (such as through the JST ERATO Asada Project) and international
collaborations.

Appendix B. Site Visit Reports

99

SOURCES OF SUPPORT
The Asada Laboratory is funded by a number of large government grants in collaboration with other
academic groups. Prof. Asada is the leader of the JST ERATO Asada Project (http://jeap.jp/index.html,
summarized below) a US$21M project funding collaboration among several research laboratories on the
common topic of “cognitive developmental robotics” for understanding the development of human
intelligence through the use of robots. The Asada Laboratory is also part of a US$7.5M project led by
Hiroshi Ishiguro for graduate training. This project is funded by the Japan Society for the Promotion of
Science (JSPS) and is similar to an NSF IGERT. Prof. Asada is a principal member of Osaka University’s
Global COE (Center of Excellence, http://www.mat.eng.osaka-u.ac.jp/coe21/eng/indexe.html) Advanced
Structural and Functional Materials Design, maintaining global alliances to international research groups.
The ERATO project is defined on the Japan Science and Technology Agency (JST) website
(http://www.jst.go.jp/erato/basics.html) as follows:
The research funding program, Exploratory Research for Advanced Technology
(ERATO) was founded in 1981 to promote basic researches in science and technology.
Its mission was to make Japan a world leader in science and technology, bringing a
brighter future for Japan as well as making significant contributions to international
community… In ERATO, for the purpose of achieving national strategic sectors, JST
[Japan Science and Technology Agency] establishes key research areas which offer high
potentials for creating seeds for new technologies, then appoints a research director (from
academia or industry) to be responsible for each of these strategic research areas. The
research director’s job is to draw up a detailed plan for his research, recruit researchers,
and direct and manage the research which may also be performed in smaller sub-groups,
to achieve his vision as well as national strategy.
ASSESSMENT
The Asada laboratory, a major contributor to Hocoma (http://www.hocoma.com/en/), provides an
outstanding model for how companies and universities can work together to move valuable technology
from the research lab to the clinic. Funding from the Swiss government has been instrumental in that
process, and a better understanding of how that funding mechanism works could be valuable for
developing more effective funding mechanisms in the United States to foster closer productive ties
between academic research labs and small companies seeking to package and market new technologies.
SELECTED REFERENCES
Asada, M., K.F. MacDorman , H. Ishiguro, and Y. Kuniyoshi .2001. Cognitive developmental robotics as a new paradigm
for the design of humanoid robots. Robotics and Autonomous Systems 37:185–193.
Fuke, S., M. Ogino, and M. Asada. 2008. VIP neuron model: head-centered cross-modal representation of the peripersonal space around the face. In Proceedings of the 7th IEEE International Conference on Development and
Learning, 20, CD-ROM. http://www.er.ams.eng.osaka-u.ac.jp/Paper/2008/Fuke08b.pdf
Kitano, H., M. Asada, Y. Kuniyoshi, I. Noda, and E. Osawa. 1997. RoboCup: The robot world cup initiative. In
AGENTS’97: Proceedings of the First International Conference on Autonomous Agents, pp. 340-347.
Miura, K., M. Asada, and Y. Yoshikawa. 2007. Unconscious anchoring in maternal imitation that helps finding the
correspondence of caregiver’s vowel categories. Advanced Robotics 21(13):1583-1600. http://www.er.ams.eng.osakau.ac.jp/Paper/2007/Miura07d.pdf
Sumioka H., Y. Yoshikawa, and M. Asada. 2008. Development of joint attention related actions based on reproducing
interaction contingency. In Proceedings of the 7th International Conference on Development and Learning, 20, CDROM. http://www.er.ams.eng.osaka-u.ac.jp/Paper/2008/Sumioka08d.pdf
Takahashi, Y., K. Noma, and M. Asada. 2008. Efficient behavior learning based on state value estimation of self and
others. Advanced Robotics 22(12):1379-1395. http://www.er.ams.eng.osaka-u.ac.jp/Paper/2008/Takahashi08g.pdf
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ATR Intelligent Robotics and Communication Laboratories
Site Address:

ATR Intelligent Robotics and Communication
Laboratories
2-2-2 Hikaridai, Keihanna Science City
Kyoto 619-0288, Japan
Tel.: 0774-95-1405
http://www.irc.atr.jp/en/

Date Visited:

October 17, 2011

WTEC Attendees:

A. Howard (report author), M. Aisen, , M. Imaizumi, C. Jenkins

Host(s):

Dr. Norihiro Hagita, Director, ATR Fellow
ATR Intelligent Robotics & Communication Laboratories
hagita@atr.jp
Dr. Takayuki Kanda, Senior Research Scientist
ATR Intelligent Robotics & Communication Laboratories
kanda@atr.jp

OVERVIEW
ATR, the Advanced Telecommunications Research Institute International, was founded in 1986, and
moved to its current location in 1989. The ATR Intelligent Robotics and Communication Laboratories,
directed by Dr. Hagita, started in 2002 and currently hosts 50 researchers (including postdoctoral
students), 15 international researchers, and additional trainees (most whom are international). The ATR
Intelligent Robotics and Communication Laboratories (ATR-IRC Lab.) focus their research on the
premise that robots are essentially the physical existence of communication and human interfaces. As
such, the labs focus on developing a unified environment that combines ubiquitous network technology
and high precision sensing technology, for designing communication robots that provide assistance in our
daily lives. This research, primarily hosted in the Ambient Intelligence Department, is focused on four
primary project areas:
•

Human-Robot Interaction in which a variety of communication mechanisms for friendly interactions
between humans and robots are analyzed, designed, and verified

•

Network Robot System, which develops methodologies for coordinating and combining teams of
robots as well as Internet agents with other embedded devices such as cameras, electronic tags, and
wearable sensors to provide services in public places

•

Human Behavior Analysis, which develops algorithms and/or sensors for understanding people’s
intentions and interests

•

Life Care Systems, which researches assisted communication technologies that can be helpful for
reducing caregiver workload.

FUNCTIONAL FOCUS
The ATR Intelligent Robotics and Communication Laboratories designs communication robots that
blends ubiquitous network technology with high precision sensing technology. They classify their robots
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into three types (all networked together): visible/tangible, virtual, and unconscious/ambient intelligence.
Their projects focus on research that ranges from ubiquitous networked robots that enable a seamless
experience with robots that are connected across spaces/scenarios to integrating learning science to enable
a teacher to interact through a robot interface for establishing a peer relationship with students.
RESEARCH FOCUS
The research focus of the ATR Intelligent Robotics and Communication Laboratories is to create
communication robots through four primary project domains: Human-Robot Interaction, Network Robot
System, Human Behavior Analysis, and Life Care Systems. For human-robot interaction, corresponding
research focuses on developing a communication robot, Robovie, which naturally interacts with humans
and supports daily human activities by supporting conversational interfaces that use both verbal and nonverbal expressions. The lab is also researching science and technology that can be used to project one’s
presence over a long distance through the geminoid. The goal is to enable interaction using a human-like
robot, rather than a robot-like robot, and has examined the effect of maximal versus minimal design
through the geminoid/telenoid/elfoid interface. In the network-robot system group, the aim is to
coordinate the three different kinds of robots visible type, vertical type, and unconscious type into one
cooperating system, to provide better dialog services based on the type of environment—whether a
science museum or a shopping mall. In this arena, obtaining position information with respect to
individuals in the environment is an essential component for providing robotic services to people. In this
domain, human position and visual tracking from networked laser, visual, and RFID enables mapping of
spatial activity for providing information. The majority of the projects in the human behavior analysis
domain focus on integrating sensors for understanding attributes such as gazes and pressure from tactile
sensors. And the Life Care Systems projects are investigating networked interaction therapy for offsetting
caregiver workload.
TRANSLATION
Promising research that derives from the ATR Intelligent Robotics and Communication Laboratories is
typically patented by the parent company, ATR.
SOURCES OF SUPPORT
Funding for the research primarily comes from government-sponsored agencies ranging from the Ministry
of International Trade and Industry (MITI), the Ministry of Internal Affairs and Communications (MIC),
and the Ministry of Education, Culture, Sports, Science and Technology (MEXT). In addition, the ATR
Intelligent Robotics and Communication Laboratories receive approximately $6M/year from the parent
company, ATR, directly.
ASSESSMENT
The technology that derives from the ATR Intelligent Robotics and Communication Laboratories is
consistently deployed into public spaces, and refined based on performance. Robovie has been deployed
in a local department store, and has had a permanent, dedicated space in the store for the last 2 years.
Assessment in this domain has focused on the ability for Robovie to assist in the grocery shopping
experience. A version of Robovie has also been deployed in an elementary school setting to enable a
teacher to interact with the students through the robot interface. The geminoid/telenoid/elfoid series are
assessed by having these remote-controlled communication robots participate in a meeting instead of the
person. In general, the assessment of the research is accomplished by deployment in public environments
with general participants.
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SELECTED REFERENCES
Hayashi, K., D. Sakamoto, T. Kanda, M. Shiomi, S. Koizumi, H. Ishiguro, T. Ogasawara, and N. Hagita, humanoid robots
as a passive-social medium - a field experiment at a train station. In ACM 2nd Annual Conference on Human-Robot
Interaction (HRI2007), pp. 137-144.
Kanda, T., H. Ishiguro, M. Imai, and T. Ono. 2003. Body movement analysis of human-robot interaction. Proceedings of
the International Joint Conference on Artificial Intelligence (IJCAI 2003), pp.177-182.
Kanda, T., H. Ishiguro, M. Imai, and T. Ono. 2004. Development and evaluation of interactive humanoid robots.
Proceedings of the IEEE 92(11):1839-1850.
Kanda, T., H. Ishiguro, N. Hagita. 2004. Human Robot Communication for Network Robots -insights from field
experiments. IEEE/RSJ International Conference on Intelligent Robots Systems (IROS’04, Sendai) Workshop
presentation.
Kanda, T., R. Sato, N. Saiwaki, and H. Ishiguro. 2007. A two-month field trial in an elementary school for long-term
human-robot interaction. IEEE Transactions on Robotics 23(5):962-971.
Kanda, T., S. Nabe, K. Hiraki, H. Ishiguro, and N. Hagita. 2007. Human friendship estimation model for communication
robots. Autonomous Robots 24(2):135-145.
Kanda, T., T. Hirano, D. Eaton, and H. Ishiguro. 2004. Interactive robots as social partners and peer tutors for children: a
field trial. Journal of Human Computer Interaction (Special issues on human-robot interaction) 19(1-2):61-84.
Kanda, T., T. Miyashita, T. Osada, Y. Haikawa, and H. Ishiguro. 2008. Analysis of humanoid appearances in human-robot
interaction. IEEE Transactions on Robotics 24(3):725-735, doi:10.1109/TRO.2008.921566.
Kooijmans, T., T. Kanda, C. Bartneck, H. Ishiguro, and N. Hagita. 2007. Accelerating robot development through integral
analysis of human-robot interaction. IEEE Transactions on Robotics (Special Issue on Human-Robot Interaction)
23(5):1001-1012.
Miyashita, T., T. Tajika, K. Shinozawa, H. Ishiguro, K. Kogure, and N. Hagita. 2004. Human position and posture
detection based on tactile information of the whole body. IEEE/RSJ International Conference on Intelligent Robots
Systems (IROS’04, Sendai), Workshop presentation.
Shiomi, M., T. Kanda, H. Ishiguro, and N. Hagita. 2007. Interactive humanoid robots for a science museum. IEEE
Intelligent Systems 22(2):25-32.
Sviestins, E., N. Mitsunaga, T. Kanda, H. Ishiguro, N. Hagita. 2007. Speed adaptation for a robot walking with a human.
In ACM 2nd Annual Conference on Human-Robot Interaction (HRI2007), pp. 349-356.
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Beihang University
Site Address:

School of Electronic and Engineering Information c Engineering Information Department
P.O. Box 206, XueYuan Road No.37
Beijing 100191
China
Tel.: 86-10-82316739
http://www.ee.buaa.edu.cn/

Date Visited:

October 20-21, 2011

WTEC Attendees:

B. Scassellati (report author), C. Jenkins, M. Veloso

Host(s):

Xia Mao, Ph.D., Professor
Laboratory of Pattern Recognition and Artificial Intelligence
moukyoucn@yahoo.com.cn, moukyou@buaa.edu.cn
YuLi Xue, Ph.D. Lecturer
yuli_xuecn@yahoo.com.cn

OVERVIEW
Professor Xia Mao’s group at Beihang University investigates affective interfaces for human-computer
interaction. Their research portfolio includes work on lifelike agent design, vocal prosody recognition,
facial expression recognition and generation, and detection of affect in text passages. The site visit team
visited Beihang University briefly on October 20, 2011 and viewed two presentations from the research
group as part of the U.S.-China HRI workshop on October 21, 2011 at Tsinghua University.
FUNCTIONAL FOCUS
The research group has a focus on developing affective interfaces and is seeking a functional focus. but
does not have a strong functional focus. Potential applications mentioned by the group include
telepresence, remote education, and translation.
RESEARCH FOCUS
The site visit team saw a high-level overview of all of the research projects the group was engaged in, but
two projects were highlighted:
•

Speech Emotion Recognition (presented by Lijiang Chen). The group has developed a database of
spoken utterances in Mandarin that have high prosodic content: the Beihang University Database of
Emotional Speech (BHUDES), consisting of 6300 total utterances taken from 15 individuals. A novel
set of feature identification algorithms based on correlation density and fractal dimension (rather than
the traditional glottal excitation and articulator modulation features) was used to perform automated
classification of this database for prosodic category. The results are competitive with other prosody
recognition algorithms (approximately 80% accuracy across 5 classes); this is the only system that
operates on spoken Mandarin Chinese.

•

Context-Aware Facial Expression Recognition (presented by YuLi Xue). This system uses a variant
of Active Appearance Models for a set of tracked facial features. The group has also begun to develop
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a facial expression database for public release. The research system also performs facial expression
generation for an on-screen avatar to match the recognized expressions from a user in real time.
TRANSLATION
Research results are published in international conference and journal venues, most notably in the
International Conference on Autonomous Agents and Multiagent Systems (AAMAS) and the ACM
International Conference on Human Factors in Computing Systems (ACM CHI). There is also a strong
emphasis on producing publicly-accessible databases for benchmarking.
SOURCES OF SUPPORT
The group obtains research funding from government funding programs, including those sponsored by
NSFC (National Natural Science Foundation of China) and MOST (Ministry of Science and Technology
of China).
ASSESSMENT
Professor Xia Mao’s group at Beihang University is a well established group that has excellent
representation at international conference venues. Their work on affective interfaces is unique among
research groups in China.
SELECTED REFERENCES
Caleanu, C-D., X. Mao, G. Pradel, S. Moga, and Y. Xue. 2011. Combined pattern search optimization of feature extraction
and classification parameters in facial recognition. Pattern Recognition Letters 32(9):1250-1255.
Li, Z., and X. Mao. 2010. Effects of virtual agent’s pupil size, blink rate and saccade on person impressions. 10th
International Conference on Intelligent Virtual Agents (IVA’10), Philadelphia, PA.
Mao, M., Z. Li, and Y.L. Xue. 2009. Emotional Gaze Behaviors Generation in Human-agent Interaction. In 27th ACM
International Conference on Human Factors in Computing Systems (ACMCHI’09), Extended Abstracts, pp. 36913696. Boston, MA.
Mao, X. and L. Chen. 2010. Speech emotion recognition based on parametric filter and fractal dimension. IEICE
Transactions on Information and Systems 93-D(1):2324-2326.
Mao, X., and Z. Li. 2010. Agent based affective tutoring systems: a pilot study. Computers & Education 55(1):205-208,
doi:10.1016/j.compedu.2010.01.005
Mao, X., and Z. Li. 2010. Emotional eye movement markup language for virtual agents. 10th International Conference on
Autonomous Agents and Multiagent Systems (AAMAS’10), Toronto, Canada.
Mao, X., and Z. Li. 2010. Web-based affective human-agent interaction generation. In Agent and multi-agent system
technology for Internet and enterprise systems, pp. 323-345. Ronald Hartung (ed.), Berlin/Heidelberg: SpringerVerlag, ISBN: 978-3-642-13525-5.
Mao, X., and Z. Li. Implementing emotion-based user-aware e-learning. In 27th ACM International Conference on Human
Factors in Computing Systems (ACMCHI’09), Extended Abstracts, pp. 3787-3792. Boston, MA. 2009.
Mao, X., Z. Li, and L. Liu. 2009. Providing expressive eye movement to virtual agents. In 11th International Conference
on Multimodal Interfaces (ICMI-MLMI’09), pp. 241-244. Doctoral Spotlight Session. MIT Media Lab, Boston, MA.
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ETRI [Electronics and Telecommunications Research Institute]
Site Address:

Robot/Cognitive System Research Department
218 Gajeong-ro, Yuseong-gu
Daejeon, 305-700, Korea
Phone: +82-42-860-1529
http://www.etri.re.kr/eng/res/res_0101020201.etri

Date Visited:

October 21, 2011

WTEC Attendees:

B. Mutlu (report author), A. Howard, Y.P. Park

Host(s):

Dr. Young-Jo Cho
Principal Member of Engineering Staff
youngjo@etri.re.kr
Dr. Ho Sub Yoon
Principal Member of Engineering Staff
yoonhs@etri.re.kr
Dr. Jaeyeon Lee
Principal Member of Engineering Staff
leejy@etri.re.kr

OVERVIEW
The Robot/Cognitive System Research Department at ETRI focuses on developing robot platforms that
offer services in education, entertainment, workplace, and domestic contexts. They develop software and
hardware components for these platforms and develop standards toward widespread commercialization.
During the site visit, the hosts demonstrated software and hardware components, particularly speech and
vision processing systems, and robot platforms, particularly their latest robot platform Robosem, which
was originally developed by Yujin Robot Co., and now employs HRI software from ETRI. The research
group has transferred these technologies to companies and worked with standards organizations to
establish specifications for robot systems.
FUNCTIONAL FOCUS
The primary focus of the research group is the development of service robots for educational,
entertainment, workplace, domestic, and public use. The services they have explored to date include
indoor and outdoor surveillance, gameplay, bio-signal monitoring, and military applications. The group is
also interested in the standardization of robot systems and hardware and software components toward
developing robot platforms that can be used across a broad range of service applications.
RESEARCH FOCUS
The research group presented two types of HRI-related work: (1) cognitive systems that serve as software
and hardware components that enable interactive capabilities in integrated robot systems and (2) robot
platforms that they developed over the years.
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Cognitive systems that the site team observed included a speech processing system and a vision
processing system (Figure B.8). The speech system uses a microphone array to localize users and
recognize speech. The vision processing system uses live video feed to detect all users in a room
(whether or not they are facing the camera) and recognize a set of predefined gestures. This system
also performs specialized tasks such as recognizing equations written on paper and computing
solutions.

(a)

(b)

(c)

(d)

Figure B.8. (a) Speech processing system that uses a microphone array and speech detection and
recognition capabilities; (b) vision processing system that detects all users in the
environment and key body parts; (c) gesture recognition system for basic robot control
commands; and (d) the vision system recognizing an equation and computing the solution
(photos courtesy of B. Mutlu).

•

Robot platforms that the hosts demonstrated integrated these cognitive systems along with
autonomous navigation and touch-screen based interaction capabilities. The group has developed a
number of platforms over the years. Their latest platform is Robosem (Figure B.9, c and d). In 2009,
the group deployed five different platforms and a total of 19 robots (built by partner companies; e.g.,
Robosem was originally developed by Yujin) in u-City, a residential complex with public services.
The robots operated continuously, charging autonomously, offering interaction through touch-screen
interfaces, responding to human touch, and performing services such as surveillance and carrying
loads for users.

(a)

(b)
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(c)
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(d)

Figure B.9. (a) Kobie and Rabie robots designed to provide mentally ill patients with psychological
comfort; (b) POMI robot designed to express emotions through multiple modalities
including emitting scents; (c) Robosem robot designed for educational use; (d) Robosem
robot used by an English tutor as a telepresence platform. (photos a, b, and c, courtesy of
B. Mutlu, photo d from http://www.smashingrobots.com/robosem-is-a-robotic-english-tutor/).

TRANSLATION
The primary goal of the research activities of the group is technology transfer and commercialization. All
technology transfer is done to companies. The institution has a large portfolio of patents (largest in Korea)
and receives $40M each year in patent royalties. The group also has efforts toward standardizing robot
system components. The hosts indicated the need to separate the service application requirements from
the basic functions that robots across different applications share. The group has an ongoing project for
standardizing the application- and hardware-independent functions of robot systems. The goal of the
project is to define OMG (Object Management Group) specifications for robotics.
SOURCES OF SUPPORT
The main source of support for the research group’s work is MKE (Ministry of Knowledge Economy),
which provides approximately 80% of the group’s funding and funds primarily the robotics research. For
applications of cognitive systems to other systems, the group seeks funds from other sources, for instance,
the Ministry of Education for educational applications. The technologies that they transfer to companies
also provide funding to the research group through royalties.
ASSESSMENT
The research group has developed a number of core software and hardware components and a number of
robot platforms over the years. These platforms have been deployed in a number of service applications in
domains such as education and public services. While the group does not regularly publish their research
in scholarly venues, their efforts to facilitate widespread commercialization and standardization are found
to be significant by the site visit team.
SELECTED REFERENCES
Broxvall, M., M. Gritti, A. Saffiotti, B.S. Seo, and Y.J. Cho. 2006. PEIS ecology: integrating robots into smart
environments. In Proceedings of the IEEE International Conference on Robotics and Automation (ICRA), Orlando,
FL, pp. 212-218.
Ha, Y.G., J.C. Sohn, and Y.J. Cho. 2005. Service-oriented integration of networked robots with ubiquitous sensors and
devices using the semantic Web services technology. In IEEE/RSJ International Conference on Intelligent Robots and
Systems (IROS 2005), pp. 3947-3952.
Ha, Y.G., J.C. Sohn, Y.J. Cho, and H. Yoon. 2005. Towards a ubiquitous robotic companion: design and implementation
of ubiquitous robotic service framework. ETRI Journal 27(6):666-676.
Ha, Y.G, J.C. Sohn, Y.J. Cho, and H. Yoon. 2007. A robotic service framework supporting automated integration of
ubiquitous sensors and devices. Information Sciences 177(3):657-679.
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Han, J., J. Lee, and Y. Cho. 2005. Evolutionary role model and basic emotions of service robots originated from
computers. IEEE International Workshop on Robot and Human Interactive Communication (ROMAN 2005), pp. 3035.
Jang, C., S.I. Lee, S.W. Jung, B. Song, R. Kim, S. Kim, and C. H. Lee. 2010. OPRoS: A new component-based robot
software platform, ETRI Journal, 32 (5): 646-656.
Ji, M., S. Kim, H. Kim, K.C. Kwak, and Y.J. Cho. 2007. Reliable speaker identification using multiple microphones in
ubiquitous robot companion environment. In 16th IEEE International Conference on Robot & Human Interactive
Communication, pp. 673-677.
Kim, H., Y.J. Cho, and S.R. Oh. 2005. CAMUS: A middleware supporting context-aware services for network-based
robots. 2005 IEEE Workshop on Advanced Robotics and Its Social Impacts, pp. 237-242.
Moon, S., K.H. Park, S.G. Lee, Y.J. Cho, and Y. Ryuh. 2009. Standardization activities for service robots in Korea.
ICCAS-SICE, 2009, pp. 1884-1888.
Park, C., and Y.J. Cho. 2008. Emotion expression and environment through affective interaction. International Federation
of Automatic Control, World Congress 17(1):12691-12696, doi: 10.3182/20080706-5-KR-1001.02147.
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Igarashi ERATO Project
Site Address:

Igarashi Design Interface Project
Japan Science and Technology Agency,
ERATO
Frontier Koishikawa Bldg., 7F
1-28-1, Koishikawa, Bunkyou-ku, Tokyo 1120002, Japan
Tel.: +81-045-564-2493
http://www.designinterface.jp/en/, http://inamilab.kmd.keio.ac.jp/

Date Visited:

October 17, 2011

WTEC Attendees:

B. Mutlu (report author), D. Kahaner, M. Veloso

Host(s):

Prof. Masahiko Inami, Group Leader
Keio University
inami@kmd.keio.ac.jp
Dr. Sunao Hashimoto, Researcher
Japan Science and Technology Agency, ERATO
hashimoto@designinterface.jp
Dr. Keita Watanabe, Researcher
Japan Science and Technology Agency, ERATO
watanabe@designinterface.jp
Dr. Haipeng Mi, Researcher
Japan Science and Technology Agency, ERATO
haipeng@designinterface.jp

OVERVIEW
The mission of the Igarashi ERATO project is to help people design artifacts by themselves, particularly
graphical, physical, and robotic artifacts. The project involves following themes that focus on three types
of artifacts: (1) “Technologies for Media Authoring” theme led by Professor Takeo Igarashi from the
University of Tokyo, (2) “Technologies for Designing Everyday Objects” theme led by Associate
Professor Jun Mitani from the University of Tsukuba, and (3) “Technologies for Programming Home
Robots” theme led by Professor Masahiko Inami from Keio University. Professor Inami and three
researchers from his group hosted our visit.
FUNCTIONAL FOCUS
The primary focus of the research group is to develop tools that enable end users to design and build their
own tools, in the case of human-robot interaction, robot systems and intuitive control interfaces for these
systems. These tools support users in day-to-day tasks such as cooking, food delivery, cleaning, folding
clothes, and ventilating an environment. The research group has a great interest in commercializing
products that serve specific functions to the broader population. Some of their projects have reached the
stage of commercialization, but the projects demonstrated to the site visit team were still in the
development stage.
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RESEARCH FOCUS
The hosts presented the group’s work that falls under the “Technologies for Programming Home Robots”
theme. The goal of this theme is to enable end users to program robots to achieve meaningful day-to-day
tasks. Their human-robot interaction paradigm involves humans giving directions to robots by designing
robot actions and behaviors through authoring tools. These tools allow users to provide robots with a set
of commands through gestures, voice, pen input, multi-touch, and tangible interfaces. During the site
visit, the research group presented the following projects.
•

Snappy (Figure B.10) is a robot system that uses photographs of food arrangements users make to set
a dinner table. In the demonstrated usage scenario, the user takes a picture of a table with a particular
arrangement of plates with food in them; the robot analyzes the photograph and plans a course of
action; and it uses a gripper and a lift to move the plates from the counter to the dinner table. All
components of the project including the mobile robot, the lift system, and the planning algorithm
were developed in-house by the research group.

Figure B.10. Snappy robot system uses photos as high-level programming input to achieve a table
arrangement task (courtesy of Igarashi Design Interface Project).

•

Touch ME (Figure B.11) is an augmented-reality robot control system for end users. The system
provides users with a third-person video of the robot in the task context and superimposes planned
actions of the robot in the video, providing the user with a visual depiction of the robot’s planned
actions. Rather than performing autonomous planning, the robot relies on the user to do the planning
and the system provides an intuitive interface to communicate the user’s plan to the robot.

Figure B.11. Touch ME offers an augmented reality interface to controlling a robot (courtesy of
Igarashi Design Interface Project).

•

Active Marionette (Figure B.12) allows users to generate motion and postures for virtual characters by
manipulating a physical robot. The robot serves as a programming-by-demonstration interface and
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allows users to create smooth movements and to understand joint limitations through haptic feedback.
The research team envisions the use of the virtual characters in simulations, e.g., in the context of
designing a new automobile.

Figure B.12. Active Marionette provides users with a physical interface to manipulating a virtual
character (courtesy of Igarashi Design Interface Project).
For more:

•

http://www.designinterface.jp/projects/puppet/puppet.pdf

AirSketcher (Figure B.13) is a robotic electric fan that enables users to directly control the directions
and paths in which the fan blows air. Users control the system either by drawing a path on the air with
a wand, by drawing a path on a tablet display, or by placing control markers in the environment. The
research team has built a refined prototype of the system.

Figure B.13. AirSketcher, a robotic electric fan, allows users to program its air flow path (courtesy of
Igarashi Design Interface Project).

•

Smoon (Figure B.14) is a robotic measuring cup that adjusts its capacity based on information from a
digital recipe. The system allows the user to scoop the ingredients with the measuring cup without
having to pay attention to the amount of the ingredient. The research team indicated that the prototype
received a design award in Japan.
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Figure B.14. Smoon is a robotic measuring cup that automatically adjusts its capacity based on the
recipe (courtesy of Igarashi Design Interface Project).

TRANSLATION
The research group has a number of collaborations with industry partners and actively explores how their
technology might be translated into commercial products. To this end, they build prototypes that go
beyond proof-of-concept mock-ups and resemble actual products in appearance, production, and
functionality. For instance, the AirSketcher prototype was built from scratch to include all sensing,
actuation, and computation on the prototype in a product-like enclosure. Iwaya Co., Ltd. has
commercialized their IP RobotPhone design in 2003. However, the product had limited success, primarily
because the limited network bandwidth in Japan at the time did not support widespread use of the product.
SOURCES OF SUPPORT
The research group is primarily supported by JST (Japan Science and Technology Agency) through the
ERATO (Exploratory Research for Advanced Technology) program (http://www.jst.go.jp/erato/). The
Igarashi Design Interface Project is one of the 33 projects that are currently funded by the ERATO
program. The research funding is a one-time, five-year grant that started in 2008. The research team plans
to seek funding through the regular JST programs after the current five-year term. The research group
involves three faculty members, five research advisors (also faculty members), five postdoctoral
researchers, and twenty-three graduate students.
ASSESSMENT
The research group has a unique approach to human-robot interaction that involves providing users with
more intuitive and novel ways to control robots. In this approach, robots have low-level autonomy and the
users do high-level planning. They explore a broad range of interaction modalities to design control
interfaces. The research group regularly publishes at top conferences in HCI and HRI including CHI,
UIST, SIGGRAPH, and HRI.
SELECTED REFERENCES
Fukuchi, K., M. Sugimoto, C. Fernando, S. Zhao, M. Inami, and T. Igarashi. 2010. Push-pins: a tangible programming
interface using physical tags for home automation. In Interaction 2010, Information Processing Society of Japan
Symposium 2010(4):1-8.
Fukuchi, K., T. Igarashi, M. Sugimoto, C. Fernando, and M. Inami. 2009. Push-pins: design-by-user approach to home
automation programming. In International Conference on Ubiquitous Computing, Workshop 5: ArchiBots 2009,
ubicomp 2009, Orlando, Florida.
Fung, R., S. Hashimoto, M. Inami, and T. Igarashi. 2011. An augmented reality system for teaching sequential tasks to a
household robot. In 20th IEEE International Symposium on Robot and Human Interactive Communication (RO-MAN
2011), Atlanta GA, pp. 282-287.
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Hashimoto, S., A. Ishida, M. Inami, and T. Igarashi. 2011. TouchMe: An augmented reality based remote robot
manipulation. In Proceedings of the 21st International Conference on Artificial Reality and Telexistence,
(ICAT2011), Osaka, Nov. 28-30, 2011.
Hashimoto, S., A. Ostanin, M. Inami, and T. Igarashi. 2010. Photograph-based interaction for teaching object delivery
tasks to robots. In Late-Breaking Reports of the 5th ACM/IEEE International Conference on Human-Robot
Interaction (HRI2010), pp.153-154.
Igarashi, T., and M. Stilman. 2010. Homotopic path planning on manifolds for cabled mobile robots. In Proceedings of the
9th International Workshop on the Algorithmic Foundations of Robotics (WAFR 2010), Singapore, pp. 1-18.
Igarashi, T., Y. Kamiyama, and M. Inami. 2010. A dipole field for object delivery by pushing on a flat surface. In
Proceedings of the 2010 IEEE International Conference on Robotics and Automation (ICRA 2010), pp. 5114-5119.
Ishii, K., S. Zhao, M. Inami, T. Igarashi, and M. Imai. 2009. designing laser gesture interface for robot control. In
Proceedings of the 12th IFIP Conference on Human-Computer Interaction, INTERACT2009, pp. 479-492.
Ishii, K., Y. Takeoka, M. Inami, and T. Igarashi. 2010. Drag-and-drop interface for registration-free object delivery. In
Proceedings of the 19th IEEE International Symposium on Robot and Human Interactive Communication (ROMAN2010), pp. 228-233.
Liu, K., D. Sakamoto, M. Inami, and T. Igarashi. 2011. Roboshop: multi-layered sketching interface for robot housework
assignment and management. In Proceedings of the 2011 Annual Conference on Human Factors in Computing
Systems (CHI’11). ACM, New York, pp. 647-656.
Mistry, P., K. Ishii, M. Inami, and T. Igarashi. 2010. BlinkBot - look at, blink and move. In Proceedings of the 23rd ACM
Symposium on User Interface Software and Technology (UIST’10), Demonstrations, New York, pp. 397-398.
Sakamoto, D., K. Honda, M. Inami, and T. Igarashi. 2009. Sketch and Run: a stroke-based interface for home robots. In
Proceedings of the 27th Annual SIGCHI Conference on Human Factors in Computing Systems (CHI’09), Boston,
MA, pp. 197-200, doi: 10.1145/1518701.1518733.
Sakamoto, D., J. Kato, M. Inami, and T. Igarashi. 2009. A toolkit for easy development of mobile robot applications with
visual markers and a ceiling camera. In 22nd Symposium on User Interface Software and Technology (UIST 2009),
Victoria, BC, Canada. (Poster).
Seifried, T., M. Haller, S. Scott, F. Perteneder, C. Rendl, D. Sakamoto, and M. Inami. 2009. CRISTAL: design and
implementation of a remote control system based on a multi-touch display, In ACM International Conference on
Interactive Tabletops and Surfaces 2009 (ITS2009, Tabletop2009), Banff, Alberta, Canada, pp. 37-44.
Shirokura, T., D. Sakamoto, Y. Sugiura, T. Ono, M. Inami, and T. Igarashi. 2010. RoboJockey: real-time, simultaneous,
and continuous creation of robot actions for everyone. In Adjunct Proceedings of the 23nd Annual ACM Symposium
on User Interface Software and Technology (UIST’10), Demonstrations, New York, pp. 399-400.
Shirokura, T., D. Sakamoto, Y. Sugiura, T. Ono, M. Inami, and T. Igarashi. 2010. RoboJockey: real-time, simultaneous,
and continuous creation of robot actions for everyone. In Proceedings of the 7th International Conference on
Advances in Computer Entertainment Technology (ACE’10), New York, pp. 53-56, doi:10.1145/1971630.1971646.
Sugiura, Y., T. Igarashi, H. Takahashi, T.A. Gowon, C.L. Fernando, M. Sugimoto, and Inami. 2009. Foldy: graphical
instruction for a garment folding robot. In ACM SIGGRAPH 2009 Full-Conference DVD-ROM Emerging
Technologies, New Orleans, August 2009.
Sugiura, Y., G. Kakehi, A. Withana, C. Fernando, D. Sakamoto, M. Inami, and T. Igarashi. 2009. Walky: an operating
method for a bipedal walking robot for entertainment. In ACM SIGGRAPH Asia 2009 Emerging Technologies,
Yokohama, pp. 79-79.
Sugiura, Y., G. Kakehi, A. Withana, C. Lee, D. Sakamoto, M. Sugimoto, M. Inami, and T. Igarashi. 2011. FuwaFuwa:
Detecting Shape Deformation of Soft Objects Using Directional Photoreflectivity Measurement. In Proceedings of
the 24th annual ACM symposium on User interface software and technology (UIST 2011), Santa Barbara, CA, pp.
509-516.
Sugiura, Y., D. Sakamoto, A.I. Withana, M. Inami, and T. Igarashi. 2010. Cooking with robots: designing a household
system working in open environments. In Proceedings of the 28th international Conference on Human Factors in
Computing Systems (CHI2010), Atlanta, GA, pp. 2427-2430.
Sugiura, Y., T. Shinohara, A. Withana, M. Ogata, D. Sakamoto, M. Inami, and T. Igarashi. 2011. Cooky: A cooperative
cooking robot system. In SA’11 SIGGRAPH Asia 2011 Emerging Technologies, Hong Kong. Article 17, 1 p., doi:
10.1145/2073370.2073386.
Watanabe, K., S. Matsuda, M. Yasumura, M. Inami, and T. Igarashi. 2010. CastOven: a microwave oven with just-in-time
video clips. In Proceedings of the 12th ACM International Conference Adjunct Papers on Ubiquitous Computing
(Ubicomp’10), New York, pp. 385-386.
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Yoshizaki, W., Y. Sugiura, A.C. Chiou, S. Hashimoto, M. Inami, T. Igarashi, Y. Akazawa, K. Kawachi, S. Kagami, and
M. Mochimaru. 2011. An actuated physical puppet as an input device for controlling a digital manikin. In
Proceedings of the 2011 annual conference on Human factors in computing systems (CHI’11). ACM, New York, pp.
637-646.
Zhao, S., K. Nakamura, K. Ishii, and T. Igarashi. 2009. Magic Cards: a paper tag interface for implicit robot control. In
Proceedings of the ACM Conference on Human Factors in Computing Systems, CHI’09, pp. 173-182.
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Institute of Computing Technology (ICT), Chinese Academy of Sciences
Site Address:

6 Kexueyuan South Road
Haidian District, Beijing 100190
China
Tel: +86-10-62600558
http://english.ict.cas.cn/

Date Visited:

October 20, 2011

WTEC Attendees:

B. Scassellati (report author), C. Jenkins

Host(s):

Xilin Chen, Ph.D.
Director, Key Lab of Intelligent Information Processing
Professor, Institute of Computing Technology (ICT), Chinese Academy of Sciences
xlchen@ict.ac.cn
Xiujuan Chai, Ph.D.
Assistant Professor
chaixiujuan@ict.ac.cn

OVERVIEW
The Key Laboratory of Intelligent Information Processing is one of 12 research divisions of the ICT. It
focuses primarily on machine vision research with application to human-computer interaction. The site
visit team saw demonstrations of real-time face tracking, facial feature tracking, navigation based on
visual 3D scenario modeling, and face recognition. The laboratory has a unique position within the
academic research structure in China and enjoys more flexibility than other research units.
FUNCTIONAL FOCUS
While this group is primarily interested in the development of practical machine vision applications and
the algorithmic development that must occur to realize this, there was some discussion of targeting
applications toward the visually impaired.
RESEARCH FOCUS
The research group lead by Dr. Xilin Chen and Dr. Xiujuan Chai has an extensive reputation for the
development of novel algorithms for human-centered computer vision. The group is just beginning to
consider applications to human-robot interaction. The group is well poised for this research, as most of
their machine vision algorithms run in real time and with minimal processing requirements. While at ICT,
the site visit team saw demonstrations of numerous vision algorithms including: real-time face detection
and tracking with a high degree of invariance to changes in illumination, facial feature tracking on a
single processor at 15 Hz, face recognition algorithms that could identify particular individuals from
photographs that spanned more than 20 years, and a real-time navigation system for a small mobile robot
based on fusion of image information and depth information (obtained from a Microsoft Kinect).
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TRANSLATION
There is a strong emphasis at ICT on creating spin-off companies from within the research structure.
Numerous examples of this transition across the research lab have made this transition in the last 20 years
and include companies such as Lenovo. These companies return a portion of the investment back into ICT
as research funding for new endeavors. Translation is also achieved through the publication of their work
in top-ranked international conferences and journals (see Selected References, below).
SOURCES OF SUPPORT
ICT has a unique funding structure that includes direct central funding from the Chinese government for
basic running, competitive funding from funding agencies, such as NSFC (National Natural Science
Foundation of China), research grants to individual researchers at ICT, and industry funding from
successful start-up ventures, partnerships with other corporations.
ASSESSMENT
The Key Lab is a unique research structure that has no direct counterpart in the U.S. funding structure.
The research conducted here is world-class development of real-time human-centered machine vision
systems. While there is not an explicit focus on human-robot interaction, the component technologies
developed here are clearly applicable to HRI system development.
SELECTED REFERENCES
Chai, X., S. Shan, X. Chen, and W. Gao. 2007. Locally linear regression for pose-invariant face recognition. IEEE
Transactions on Image Processing (TIP) 16(7):1716-1725.
Suo, J., S.C. Zhu, S. Shan, and X. Chen. 2010. A compositional and dynamic model for face aging. IEEE Transactions on
Pattern Analysis and Machine Intelligence (TPAMI) 32(3):385-401.
Wang, R., S. Shan, X. Chen, J. Chen, and W. Gao. 2011. Maximal linear embedding for dimensionality reduction. IEEE
Transactions on Pattern Analysis and Machine Intelligence (TPAMI) 33(9):1776-1792.
Xie, S., S. Shan, X. Chen, and J. Chen. 2010. Fusing local patterns of gabor magnitude and phase for face recognition.
IEEE Transactions on Image Processing (TIP) 19(5):1349-1361.
Zhang, W., S. Shan, W. Gao, X. Chen, and H. Zhang. 2005. Local Gabor binary pattern histogram sequence (LGBPHS): a
novel non-statistical model for face representation and recognition. In Proceedings of the 10th International
Conference on Computer Vision (ICCV), Beijing, Vol. 1, pp. 786-791.
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Intelligent Robotics Laboratory (IRL), Osaka University
Site Address:

1-3 Machikaneyama Toyonaka
Osaka 560-8531 Japan
Tel.: 06-6850-6360
http://www.is.sys.es.osaka-u.ac.jp/index.en.html

Date Visited:

October 17, 2011

WTEC Attendees:

M. Aisen (report author), C. Jenkins, A. Howard

Host(s):

Dr. Yuichiro Yoshikawa, Associate Professor
yoshikawa@is.sys.es.osaka-u.ac.jp

OVERVIEW
The IRL fundamentally constructs robotic infrastructures for promoting and studying social interactions
between humans and robots. The robots created in this laboratory are designed to promote human
interaction and measure human response through real-time sensor networks. Analyses of these responses
are used to iteratively improve robotic devices for becoming a better human partner. One interesting focus
is assessing nonverbal human robot interactions.
APPLICATIONS
The IRL objective is to develop technologies for collecting new information about human robotic
interaction based on computer vision, robotics and artificial intelligence. The laboratory has created
lifelike humanoid robots and geminoid robots (“twins” of actual human beings). Some of these robots
exceed human abilities (for example in the performing arts), and some are extremely simplistic and used
for promoting and monitoring emotional responses of human to robot.
RESEARCH FOCUS
“Infant/child” robots are created that learn motor skills based on environmental experiences. A research
goal is to enhance understanding of human infant learning by studying robotic learning. The CB2—Childrobot with Biomimetic Body—evolves skills based on a dynamic environment including motor and social
skills observed and mimicked by the robot: the child robot learns motor and social skills from laboratory
care givers. A goal of this research is to gain insight into how infants acquire skills. Another potential
goal of this line of robotic development is to study and train human caregivers through interactions with
these robots.
Another area of research involves placing robots in real world commercial situations, and in home
environments and recording and analyzing human reactions and responses. Technologies used include
laser range finder networks, Wi-Fi devices, and sensor networks (which provide robots with “human like”
perception). The academic effort is multidisciplinary with input from cognitive science, psychology, and
engineering disciplines.
A great deal of effort is placed on creating very different robot, android, and geminoid prototypes, with
different behaviors and assessing human reactions.
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Some of the prototypes include a 4 year old child android with limited facial responses (8 motors) in the
face, an elfoid (very tiny cell phone robot with simplistic immature humanoid characteristics and a female
android, 43 motors for facial movements, equipped with gesture recognition and voice recognition. Some
preliminary neurological studies using functional magnetic resonance brain imaging indicate greater
cortical activity in response to a humanoid robot than to a human. This research is in its early stages and
the meaning of such cortical responses cannot yet be interpreted. For example, is this related to the
element of surprise and does this response change over time?
LABORATORY ORGANIZATION
Led by senior professors, the laboratory includes senior researchers, associate professors, researchers, and
20-30 students.
FUNDING/TECHNOLOGY TRANSFER
Funding is provided by the Japanese Government through competitively awarded grant applications. All
research and prototypes are made with some thought toward an ultimate product for development.
Industry support is provided from Panasonic, Hitachi, and Mitsubishi.
SELECTED REFERENCES
Moriguchi, Y., T. Kanda, H. Ishiguro, and S. Itakura. 2010. Children perseverate to a human’s actions but not to a robot’s
actions. Developmental Science 13(1):62-68.
Moriguchi, Y., T. Minato, H. Ishiguro, I. Shinohara, and S. Itakura. 2010. Cues that trigger social transmission of
disinhibition in young children. Journal of Experimental Child Psychology 107(2):181-187.
Nakamura, Y., Y. Matsumoto, and H. Ishiguro. 2010. A control method imitating a biological fluctuation. JRSJ [Journal
of the Robotics Society of Japan] (Special issue “Robotic Science”) 28(4):102-110.
Saygin, A.P., T. Chaminade, and H. Ishiguro. 2010. The perception of humans and robots: uncanny hills in parietal cortex.
In Proceedings of the 32nd Annual Conference of the Cognitive Science Society, Austin, TX, pp. 2716-2720.
Straub, I., S. Nishio, and H. Ishiguro. 2010. Incorporated identity in interaction with a teleoperated android robot: a case
study. In Culture and Computing 2010, Proceedings of the International Workshop on Agents in Cultural Context,
Kyoto, Japan, pp.63-75.
Sugahara, A., Y. Nakamura, I. Fukuyori, Y. Matsumoto, and H. Ishiguro. 2010. Generating circular motion of a humanlike robotic arm using attractor selection model. Journal of Robotics and Mechatronics 22(3):315-321.
Yamaoka, F., T. Kanda, H. Ishiguro, and N. Hagita. 2009. Model of proximity control for information-presenting robots.
IEEE Transactions on Robotics 26(1):187-195, doi: 10.1109/TRO.2009.2035747.
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Keio University, Anzai Imai Laboratory
Site Address:

Department of Information & Computer Science
Faculty of Science & Technology
3-14-1 Hiyoshi, Kohoku-ku, Yokohama-shi, Kanagawa-ken
223-0061, Japan
Tel.: +81-45-560-1070
http://www.ayu.ics.keio.ac.jp/~michita

Date Visited:

October 18, 2011

WTEC Attendees:

B. Scassellati (report author), M. Veloso, T. Conway

Host(s):

Dr. Michita Imai, Associate Professor
Keio University
michita.imai@gmail.com
Dr. Hirotaka Osawa, Research Associate
Keio University
H.osawa@gmail.com

OVERVIEW
The Anzai Imai lab focuses on the development of novel interactive human-robot interfaces. Our site visit
team saw five demonstration systems: 1) Teroos, a wearable avatar to enhance joint activities, 2) a smart
phone-based interface for directing attention, 3) a personal robotics workspace, 4) attachable interfaces
for anthropomorphizing devices, and 5) a novel anthropomorphic “hand” interface. The lab group focuses
on the development of these novel interface designs with an eventual goal of an application toward
supporting the elderly.
FUNCTIONAL FOCUS
While the primary focus of the Anzai-Imai laboratory is the development of interfaces, this is done in part
with an eye toward future applications to service robotics and assistive robotics. While the majority of the
projects that the site visit team viewed were still in a development phase, the research group does do both
prototype deployment (as was done with the Teroos robot) and more extensive human subjects testing. As
with many research groups in Japan, providing supporting technology for the aging population is a focal
area.
RESEARCH FOCUS
The five demonstration systems are described in turn. Figure B.15 shows four of the five systems.
•

Teroos, a wearable avatar to enhance joint activities between a local (to the robot) user and a remote
user. This robotic device sits on the shoulder of a local user, attached to a messenger-style bag that
contains power and supporting electronics. The robot is controlled remotely with an audio-video
Skype interface and allows a remote user to take part in an activity with the robot wearer. The system
was demonstrated in person and video was shown of the robot being controlled by a remote user
while the local user went shopping in Akihabara. The robot provides a sense of presence while
allowing the remote user to demonstrate their gaze through controlling the robot’s head orientation.
The two users were able to indicate different items to each other, sharing reference on a unique object
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while they engaged in conversation. There was also evidence that bystanders were treating the robot
as a social avatar; in one case, a shopkeeper bowed to the robot after a brief interaction. The site visit
team noted the potential for this device to be used for connecting elders and others with limited access
to their families.
•

A smart phone-based interface for directing attention. This robot consisted of a smart phone screen
mounted on a 4 degree-of-freedom platform and a laser range finder. The robot orients toward
approaching people and attracts their attention. The platform was able to manipulate the position of
users such that it could display objects on the screen that were present behind the robot, so that the
person who looked at the object on screen would be gazing in the right direction to see the real object
directly behind it. This interface was being developed with marketing applications in mind.

•

A personal robotics workspace. A third project (not shown in Figure B.15) focused on the
development of a highly instrumented space for human-robot interaction. The space was currently
instrumented with four Microsoft Kinect sensors for a very accurate spatial representation of the
workspace. Applications included an assistive technology scenario involving a robotic arm and an
individual with limited mobility.

•

Attachable interfaces for anthropomorphizing devices. This demonstration focused on small
actuator/sensor packages that could be flexibly mounted on appliances to enable a social interface
with those devices. In the presented demonstration, two types of devices, one representing “eyes” and
another providing simple “hands” were mounted to a vacuum cleaner and proceeded to explain
features of the appliance. The claim was that these anthropomorphic features would allow for a
simple interface to a wider assortment of users, including the elderly.

•

A novel anthropomorphic “hand” interface. This device, called Pygmy (for more information, see
http://technabob.com/blog/2012/03/19/pygmy-robot-ring/), consisted of three small actuated rings;
two designed to be “eyes” and one designed to be the “mouth”. Small electromagnets open and close
the eyes/mouth via a wired attachment to a wrist-mounted microcontroller. The device was clearly a
very novel design and applications were still under development.

TRANSLATION
Most of the current work in the Imai laboratory is focused on the development of single prototype
devices. While there are some devices that are approaching the stage where they would be ready for
transfer to industry, none have made this transition so far.
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Figure B.15. Anzai Imai Lab. demonstration projects: (top left) Teroos, a wearable avatar to enhance
joint activities, (top right) a smart phone-based interface for directing attention, (bottom
left) attachable interfaces for vacuum cleaner, (bottom right) anthropomorphic “hand”
interface (courtesy Anzai-Imai Lab, Keio University and MIT AgeLab [vacuum
cleaner]).

SOURCES OF SUPPORT
Research support for this laboratory group was provided mostly through government-funded research
programs, particularly the Japan Science and Technology Agency (JST) and the Japan Society for the
Promotion of Science (JSPS). The research group consists of two faculty members, one postdoctoral
researcher, approximately 3 doctoral students and 10 master’s degree candidates.
ASSESSMENT
This Anzai-Imai laboratory has developed some of the most innovative human-robot interaction
interfaces. The visiting panelists were impressed with the potential that some of these devices offered for
changing interface designs for service robotics and assistive robotics, especially the remote-presence
Teroos device. The laboratory members publish frequently in international robotics and HCI conferences
and are well known for their work in this area.
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SELECTED REFERENCES
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(HRI2009), Vol. 4, pp. 53-60.
Osawa, H., K. Ishii, T. Osumi, R. Ohmura, and M. Imai. 2009. Anthropomorphization of a space with implemented
human-like features. In ACM SIGGRAPH 2009, Full Conference DVD-ROM.
Osawa, H., Y. Matsuda, R. Ohmura, and M. Imai. 2009. Variable body image — evaluation framework of robot’s
appearance using movable human-like parts. In AAAI 2009 Spring Symposia for Experimental Design for Real-World
Systems, pp. 33-40.
Osawa, H., R. Ohmura, and M. Imai. 2009. Self-introducing poster using attachable Humanoid Parts. In Proceedings of
the 4th ACM International Conference on Human Robot Interaction (HRI2009), Vol. 4, pp. 327-328.
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Proceedings of the 17th IEEE International Symposium on Robot and Human Interactive Communication (RO-MAN
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Korea Advanced Institute of Science and Technology (KAIST)
Site Address:

291 Daehak-ro (373-1 Guseong-dong)
Yuseong-gu, Daejeon 305-701 Republic of Korea
042-350-3042
http://hri.kaist.ac.kr/
http://robot.kaist.ac.kr/

Date Visited:

October 20, 2011

WTEC Attendees:

A. Howard (report author), B. Mutlu, Y.P. Park

Host(s):

Prof. Dong-Soo Kwon
Professor, Department of Mechanical Engineering
Director of HRI-RC
kwonds@kaist.ac.kr

OVERVIEW
The Human-Robot Interaction Research Center (HRI-RC) was established in 2004 with the objective of
developing human-robot interaction technology for the promotion of welfare in people’s daily lives and
the creation of a business model built upon core HRI technologies. There are approximately 21 students
distributed among the groups along with 12 professors. Their primary focus has been on the application of
HRI technology based on psychology models for personal service robots. The HRI Research Center has
seen the successful transfer of a number of their developed technologies into various service robots.
FUNCTIONAL FOCUS
HRI-RC is subdivided into three research groups: the Human-Interaction Group, the Haptics group, and
the Medical Robotics Group. The Haptics Group focuses on kinesthetic and tactile displays useful during
user-interaction. The Medical Group focuses on the development of surgical robots and instruments to
provide supporting technology for surgeons.
RESEARCH FOCUS
The current focus of the Human-Robot Interaction group is on the development of algorithms for emotion
recognition, generation, and expression. The research in this group began with the development of a
multi-hierarchical HRI architecture, which combined two primary components: a task level and an
emotion layer. The group is now in the third stage of the research agenda and is now focused on designing
the emotion layer. The fundamental question that drives this research is based on emotions and
developing a Robot Affective Mind. The goal is to create complex emotions based on psychology models.
This goal has led to active collaborations with psychology postdocs and visiting professors. The group
uses concepts such as intimacy to feed into emotion generation and fusing personality with expression.
The Medical Robotics group began research in the area of surgical robots and instruments in the mid-90s.
Early work by the group resulted in the development of a telesurgery robot (1997), a biopsy simulator of
the spine, and the ARTHROBOT, a robot for total hip arthroplasty in 2002. The group’s current research
focuses on analyzing the operating actions of surgeons to develop automated means for supporting
surgeons. This work is also coupled with research focused on developed a robotic endoscope system and
dexterous surgical instruments for laparoscopic surgery (Figure B.16).
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Figure B.16. Two views of laparoscopic surgery assistant robot (courtesy of D.S. Kwon, KAIST).

The research in the Haptics Group is on new technologies that enable improved human interaction
through the design of innovations in Kinesthetic and Tactile Displays. The focus is primarily on device
design and includes the creation of haptic input and output devices for touch screen based mobile device.
The final objective of these projects is on enabling intuitive and realistic interaction between the user and
varying devices, whether large visual displays or mobile devices.
TRANSLATION
The KAIST-HR group has successfully transferred a number of core HRI technologies to commercial
robotic systems. The Restaurant Service Robot (2007) is a robot that can influence customer selection
through emotion (e.g., bowing first to show politeness). The transferred components include emotion
expression, a user model for menu recommendation, a menu ordering system, and hierarchical control for
teleoperation. Furo, an Emotion Service Robot by Future-Robot Co. Ltd (2010), integrates KAISTdeveloped components of user’s intention recognition, service scenario generation based on emotions, and
gesture expression. Rastech Inc. (Roti) developed a telepresence robot for English tutoring (2009).
Technology transfer includes hierarchical control for teleoperation. And in the Sil-bot program (2007),
KAIST transferred their emotion generation component research.
SOURCES OF SUPPORT
The primary sources of support come from the Ministry of Knowledge Economy (MKE). To secure
funding, candidate projects are selected from a project portfolio received through a request for proposals
in which topics are announced. Any team can apply to an RFP when announced, but typically requires a
team that consists of a research institute, a university for basic science, and a company for application
transfer.
In addition, commercialization of developed research technology is highly recommended at KAIST.
Royalties and/or company stock is provided in exchange for technology and the utilization of patented
technology. There is also project money available from various local government entities to enable
technology transfer to commercial enterprises.
ASSESSMENT
For component technology, the typical process for evaluation of the technology is through human
surveys. Once the technology is transferred to an application area, other entities perform long-term
evaluation and assessment activities. For example, the state-run Korea Institute for Robot Industry
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Advancement currently controls pilot test projects for supporting commercial entities to evaluate the
platforms such as the tutoring and shopping robot discussed above.
SELECTED REFERENCES
Hwang, J.-H., K.-W. Lee, and D.-S. Kwon. 2007. Three way relationship of human-robot interaction. In Human-Computer
Interaction, Part III, HCII 2007, LNCS (Lecture Notes in Computer Science) 4552, pp. 321-330.
Kim, S.-C., S. Koo, and D.-S. Kwon. 2009. Midas Touch – chunking information on a robotic user interface using spatial
and functional metaphor. In 18th IEEE International Symposium on Robot and Human Interactive Communication,
Toyama, Japan, pp. 967-972.
Kim, Y.-M. S.-Y. Koo, J.-G. Lim, and D.-S. Kwon. 2010. A robust online touch recognition for dynamic human-robot
interaction. IEEE Transactions on Consumer Electronics 56(3):1979-1987.
Koo, S.-Y., and D.-S. Kwon. 2007. Gomy: the baby bear-like robot for emotion human-robot interaction. In Proceedings
of the International Conference on Ubiquitous Robots and Ambient Intelligence, pp.155, POSTECH/PIRO, Pohang,
Rep. of Korea, pp. 603-608.
Koo, S.-Y. J.-G. Lim, and D.-S. Kwon. 2007. Online touch behavior recognition of hard-cover robot using temporal
decision tree classifier. In Proceedings of the 17th IEEE International Symposium on Robot and Human Interactive
Communication, pp. 425-429.
Kwon, D.-S., K.-U. Kyung, and J.-B. Ra, 2001. 2001. Realistic force reflection for a spine biopsy simulator. In
Proceedings of the IEEE International Conference on Robotics & Automation, Seoul, Korea, Vol. 3, pp. 1358-1363.
Lim, S.-C., K.-U. Kyung, D.-S. Kwon. 2011. Presentation of surface height profiles based on frequency modulation at
constant amplitude using vibrotactile elements. Advanced Robotics 25(16):2065-2081.
Park, J.-C., H.-R. Kim, Y.-M. Kim, and D.-S. Kwon. 2009. Robot’s individual emotion generation model and action
coloring according to the robot’s personality. In 18th IEEE International Symposium on Robot and Human Interactive
Communication, Toyama, Japan, pp. 257-262, doi: 10.1109/ROMAN.2009.5326128.
Park, J.-C., Y.-M. Kim, H.-R. Kim, and D.-S. Kwon. 2008. Robot’s emotion generation model with personality and
loyalty based on generalized context input variables. In Proceedings of the 39th International Symposium on
Robotics, Seoul, Korea, pp. 108-113.
Yang, T.-H., S.-Y. Kim, W.J. Book, D.-S. Kwon. 2010. Tiny Feel: a new miniature tactile module using elastic and
electromagnetic force for mobile devices. IEICE Transactions on Information and Systems 93-D(8):2233-2242.
Yuk, N.-S. and D.-S. Kwon. 2008. Realization of expressive body motion using leg-wheel hybrid mobile robot: KaMERo.
In Proceedings of the International Conference on Control, Automation and Systems 2008, in COEX, Seoul, Korea,
pp. 2350-2355.
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Korea Institute of Industrial Technology (KITECH),
Gyeonggi Technology Application Division
Site Address:

1271-18 Sa 3 dong
Sangrok gu, Ansan City, 426-791
Republic of Korea
Tel.: +82 31 8040 6114
http://eng.kitech.re.kr/

Date Visited:

October 20, 2011

WTEC Attendees:

M. Aisen (report author), T. Conway, P. Foland

Host(s):

Hyun Sub Park, Ph.D., Principal Researcher
Korea Institute of Industrial Technology (KITECH)
Department for Applied Robot Technology (DART)
Tel.: +82 10 4759 1804
hsubpark@kitech.re.kr
In Hun Jang, Ph.D., Senior Researcher
Korea Institute of Industrial Technology (KITECH)
Department for Applied Robot Technology (DART)
Tel.: +82 10 9015 1572
inhuns@kitech.re.kr
Ho Seok Ahn, Ph.D., Senior Researcher
Korea Institute of Industrial Technology (KITECH)
Department for Applied Robot Technology (DART)
Tel.: +82 10 3704 9362
hoseoka@kitech.re.kr

OVERVIEW
In an effort to support Korean industry, KITECH was established in 1989 as the nation’s only R&D
institute devoted to supporting small and medium enterprises (SMEs). KITECH is determined to help
SMEs penetrate global markets by supporting SMEs with core high technologies with commercialization
potential while preparing for future markets by acquiring new industrial technology.
FUNCTIONAL FOCUS
The aim of KITECH is to assist Korean SMEs in achieving world-class competitiveness in technology
and then assist them in developing mutually beneficial relationships with foreign companies.
RESEARCH FOCUS
The robotics activities at KITECH include two main areas—android robots and exoskeletons.
Emotional Communication Between Humans and Robots
This group has been developing android robots for human cultural communication
cultural/entertainment/art since 2006. The android series is known as Eve (for the biblical first woman) R
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(for robot). There are now four versions of EveR (1, 2, 3, 4). The robot is intended to resemble a beautiful
young Korean woman. They have two application areas. One is to develop socially friendly robots that
can be used in theme parks as toy/guide/entertaining robots. The other is to develop socially assistive
robots that can interact with humans suffering autism or Alzheimer’s disease.
The current research objective is to improve robot-human interactions. This objective is accomplished by
making iterative improvements in a major android series: EveR. EveR 2 sings, EveR 3 performs as an
actress—this is the current project.
EveR 4 has elaborate facial expressions (30 facial motors), which include funny expressions such as
winking and putting out her tongue as well as some emotional expressions such as anger, sadness,
happiness, and surprise. The android also lip-synchs to dialog and songs. EveR4 has hand gestures to
express emotional consistency with the words “she” recites. Eye contact and facial recognition is possible
with the cameras in her eyes.
An important goal is to make the face a combination of human and “anime” appearance— to find an
appearance most appealing to humans. It is their solution for overcoming “the uncanny valley,” which
hypothesizes that human observers have the negative emotional response towards robots that seem
almost, but not perfectly, human.
Part of the research includes studying interactions with humans with Alzheimer’s disease and autism, as
well as other situations. However, for socially assistive robots very few human studies have been
conducted at present. The human studies have principally been individualized observational studies.
Exoskeleton Robots
Another area of research is creating exoskeleton robots for assisted ambulation. These may have
applications for persons with disabilities producing leg weakness, balance impairment, and other
conditions (e.g., elderly, spinal injured, post stroke). This group has an exoskeleton type of rehabilitation
robot, ROBIN (ROBot for INdependent life). ROBIN-P series is for the paraplegic and ROBIN-H series
is for the hemiplegic.
Exoskeleton robot capabilities developed to date include: sit to stand, sit-down, walk, climb stairs, and
descend stairs. Testing of exoskeleton robots has occurred at the Chung-Nam National University
Hospital.
TRANSLATION
KITECH’s mission stresses strong collaboration between R&D and commercialization. KITECH has
established an efficient global collaboration network with over 153 elite organizations from 23 nations.
KITECH has initiated and successfully conducted cooperative projects with various international
organizations including joint R&D projects, R&D researcher exchange projects, technology transfer
projects, and local lab exchange projects with world renowned R&D organizations. They are dedicated to
expanding their international collaboration network.
SELECTED REFERENCES
Ahn, H.S., D.W. Lee, D.W. Choi, D.Y. Lee, M.H. Hur, J.Y. Jung, H.G. Lee, and W.H. Shon. 2011. Development of an
android for singing with motion capturing. Proceedings of the International Conference of the IEEE Industrial
Electronics Society, pp. 63-68.
Choi, D., D.W. Lee, D.Y. Lee, H.S. Ahn, and H.G. Lee. 2011. Design of an android robot head for stage performances. J.
Artificial Life Robotics 16(3):315-317.
Jang, I.H., H.S. Park, D.Y. Lee, J.Y. Jung, D.W. Lee, and H.G. Lee. 2010. development of gait assisting rehabilitation
robot for SCI (Spinal Cord Injury) patient. J. Institute of Control, Robotics and Systems 16(9):1-6.
Jung, J.Y., H.S. Park, D.Y. Lee, I.H. Jang, D.W. Lee, and H.G. Lee. 2010. Organization of sensor system and user’s intent
detection algorithm for rehabilitation robot. J. Institute of Control, Robotics and Systems 16(10):933-938.
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Jung, J.Y., H.S. Park, I.H. Jang, D.Y. Lee, D.W. Choi, D.W. Lee, and H.G. Lee. 2011. Research for an adaptive user’s
intent-detection method for the use in rehabilitation robots. International Symposium on Artificial Life and Robotics
(AROB 2011), pp. 1016-1017.
Lee, D.W., T.G. Lee, B.R. So, M. Choi, E.C. Shin, K.W. Yang, M.H. Baeg, H.S. Kim, and H.G. Lee. 2008. Development
of an android for emotional expression and human interaction. Proceedings of the World Congress on International
Federation of Automatic Control (IFAC 2008), pp. 4336-4337.
Lee, H.G., M.H. Baeg, D.W. Lee, T.G. Lee, and H.S. Park. 2006. Development of an android for emotional
communication between human and machine: EveR-2. Proceedings of the International Symposium on Advanced
Robotics and Machine Intelligence, Invited Talks, pp. 41-47.
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Korea University of Technology and Education (KUT), School of Mechanical Engineering
Site Address:

307 Gajeon-ri Byeongcheon-myeon
Cheonan City
Chungnam, 330-708, Republic of Korea
Tel. +82-41-560-1250 (office), +82-41-569-0205 (laboratory)
Fax: +82-41-560-1253
http://robot.kut.ac.kr/contact.html

Date Visited:

October 20, 2011

WTEC Attendees:

M. Aisen (report author), P. Foland, T. Conway

Host(s):

Jee-Hwan Ryu, Ph.D., Professor
Tel.: 041-560-1250
jhryu@kut.ac.kr

OVERVIEW
Approximately 20 students (Ph.D., Master’s, and undergraduate) work under the direction of Dr. Ryu. A
principal interest of the group is human-robot haptic interfaces, particularly the design of haptic
interfaces, improving the quality of haptic feedback, and dealing with the effects of delayed network
transmissions for enhancing the realism of virtual and teleoperated environments.
FUNCTIONAL FOCUS
Haptic interfaces are mechatronic (computer and mechanical) systems to allow humans to feel and
physically manipulate virtual or remote environments. The human-computer interface activities of this
laboratory focus on haptics, teleoperation of computers, flexible manipulator control, and advanced nonlinear control. Applications include computer-assisted and simulated surgery, autonomous exploration of
hazardous or remote environments, undersea salvage, enabling technologies, and micro/nano
manipulation at the cellular level.
RESEARCH FOCUS
The main emphasis at KUT is the creation of the time domain passivity control algorithm, in which the
controller monitors energy in and out, dissipates energy stored, and compensates for network delay. This
approach has led to markedly improved, more stable haptic controllers for numerous applications. The
“Passivity Controller” has been embedded in numerous human-machine interface control systems.
Research goals now include: improving the performance of the passivity controller and making it more
applicable to robot control.
A second focus is the creation of a memory based control method, leading to more stable movement (no
vibration) when interposed between human controller and device is another research focus.
Another goal is to generalize the passivity control technology to any robotic system, including human
telerobotic systems, such as flexible manipulator controllers (for example the Canadian Space Arm), and
adding passivity controller technology to bipedal robots (creating a more stable, smoother gait pattern.)
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The lab is working on haptic force feedback for telesurgery. They are also working on synchronizing
force feedback and visual feedback for surgeons: currently the visual feedback is delayed relative to force
feedback, which can lead to greater challenges for the surgeon. They have studied the impact of
synchronizing force and visual feedback, and have found that the time it takes to complete the surgical
task does not change, but accuracy is improved. Early results suggest that ideal surgical performance
occurs when the haptic delay is slightly less than the visual delay. A master device is under development
that will provide stable transparent bilateral control.
Other medical research concerns the creation of prototype exoskeletal upper extremity robots to enhance
functional strength performance for persons with weakness in a limb and development of a microtelerobotic system for cell manipulation/cell injection.
TRANSLATION
This laboratory has been working with the telerobot in the International Space Station—(considered the
most sophisticated telerobot in the world) using the passivity controller. Work is focused on enhancing
the algorithm so that it will be effective during periods of variable and longer time delay between human
action and output. They are also working on enhancing the algorithm to promote greater safety and
reliability, for example making it capable of compensating if a black-out of input information occurs (e.g.,
transmission failure).
Work in progress in the lab is developing industrial applications, including crane teleoperation (needs
visual and haptic feedback). The current approach involves measuring sway motion/sway angle versus
time. A related project is the development of haptic enabled forklift technology.
In addition, working with the car company Hyundai, the group is working on an autonomous vehicle,
which can travel up to 60 kilometers per hour. Engineering challenges being addressed include accurate
perception of pedestrians. This is a project that will require global planning (e.g., constant input of the
environment to the controller interface). Prescribed pathways and GPS control are examples of simple
input available now, but much more development is needed.
SOURCES OF SUPPORT
Support comes from three main sources—Korea Research Foundation (KRF), Agency for Defense
Development (South Korea, ADD), and Ministry of Commerce, Industry and Energy (MOCIE).
ASSESSMENT
This team focuses on enhancing haptic interfaces to allow human to feel and physically manipulate virtual
or remote environments. The human-computer interface activities of this laboratory are focused on
haptics, teleoperation of computers, flexible manipulator control, and advanced non-linear control.
Important health care implications are robotic surgery and training surgeons through simulated surgery,
enabling them to feel and physically manipulate virtual environments.
An important development is the creation of the time domain passivity control algorithm. The controller
monitors energy in and out, dissipates energy stored, and compensates for network delay, which has led to
markedly improved, more stable haptic controllers for numerous applications. The “passivity controller”
has been embedded in numerous human-machine interface control systems. Research goals now include:
improving the performance of the passivity controller and making it more applicable to robot control.
This has the potential to allow even more stable movement (e.g., minimizing vibration) when a human
controller uses the device.
The host’s impressive efforts in developing haptic force feedback for telesurgery, with real time visual
and haptic feedback for surgeons, may greatly enhance telemedicine and telesurgery in the near future.
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SELECTED REFERENCES
Farkhatdinov, I. and J.-H. Ryu. 2010. Stability analysis of mobile robot teleoperation with variable force feedback gain. In
A.M.L. Kappers et al. (eds.): EuroHaptics 2010, Part I, LNCS 6191, pp. 177–182 Berlin, Heidelberg: SpringerVerlag. http://robot.kut.ac.kr/old/papers/eurohaptics_2010.pdf
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Proceedings of the IEEE/ASME International Conference on Advanced Intelligent Mechatronics, Singapore.
http://robot.kut.ac.kr/old/papers/0171.pdf
Kim, Y.S., and J.-H. Ryu. 2009. Performance analysis of teleoperation systems with different haptic and video time-delay.
Proceedings of the ICROS-SICE International Joint Conference 2009, Fukuoka, Japan.
http://robot.kut.ac.kr/old/papers/3B07-4.pdf
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Hanoi, Vietnam, 2009.
Nguyen, B.H., J.-H. Ryu, and V.-D. Do. 2009. Velocity estimation for haptic applications. 2009 International Forum on
Strategic Technologies (IFOST2009), Ho chi minh, Vietnam. http://robot.kut.ac.kr/papers/ipac15ifost/Velocity%20estimation%20for%20haptic%20applications%20-%20ba%20hai.pdf
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Nishida Lab, Kyoto University
Site Address:

Dept. of Intelligence Science and Technology
Graduate School of Informatics, Kyoto University
Yoshida-Honmachi, Sakyo-ku, Kyoto 606-8501 Japan
Tel.: +81-75-753-5371
Fax: +81-75-753-4961
http://www.ii.ist.i.kyoto-u.ac.jp/

Date Visited:

October 18, 2011

WTEC Attendees:

C. Jenkins (report author), M. Aisen

Host(s):

Dr. Toyoaki Nishida, Professor
nishida@i.kyoto-u.ac.jp

OVERVIEW
The Nishida Laboratory focuses on research in social intelligence design and conversational informatics.
The aim of social intelligence design is to understand and augment the social intelligence, the ability for
people in society to relate, understand, and interact with others. Conversational informatics focuses on
understanding of human conversational behavior as well as the design of conversational artifacts (such as
robots and animated agents) that can fluently engage and interact with humans. Their research in this area
leads to the creation and interpretation of mechanisms for verbal and nonverbal interactions during
conversation, towards new methods of computer-mediated communication, human-computer interaction,
and support for knowledge creation. Through these research areas, research results from the Nishida Lab
aim to improve the ability of individuals to use advances in information technology in a natural social
context, in addition to improving collective problem solving and learning from experience among social
groups.
The Nishida Laboratory pays particular attention to the development and use of immersive interactive
interfaces (Figure B.17) for variety of applications, including navigating virtual environments, computerassisted tutoring and instruction, and telepresence through embodied robotic avatars. These interfaces
attempt to visually immerse the user in the remote environment, often using by rendering the user’s
remote perspective on large displays that surround the field of view. The interfaces also attempt to
translate the user’s actual motion into the motion of their remote avatar using a variety of human motion
sensing technologies. These sensing technologies for a single interface system include a multitude of
devices for tracking the user’s face and body pose (such as color and Kinect-like ranging cameras and
motion capture systems), force plates for sensing foot positions, and eye tracking to estimate the user’s
gaze direction (see Figure 4.7). Several of these immersive interfaces integrate with common Internetbased conferencing and telecommunications software, such as Skype.
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Figure B.17. Immersive user interfaces for interacting with conversational agents, e.g., for instruction
and controlling telepresence robots (courtesy of Nishida Laboratory, Kyoto University).

FUNCTIONAL FOCUS
Immersive telepresence and communication agents are the functional focus of the Nishida Laboratory.
This focus is centered on the development of immersive interactive interfaces and conversational agents
for variety of applications, spanning remote telepresence, collaborative virtual environments, and
computer-assisted tutoring and instruction.
RESEARCH FOCUS
The research activities of the Nishida Laboratory are grouped into three thrusts:
•

Interaction Measurement, Analysis and Modeling: This thrust aims to develop principles of verbal
and nonverbal interactions between people engaging in everyday work and intellectual activities. A
data-driven approach to this problem is taken, where interaction protocols underlying daily
interactions is uncovered directly from human behavioral data. This data includes multi-point videos,
voice/sound, motion data, and eye tracking data. This data is processed for extraction of common
conversational features (such as pointing, nodding, and gesturing) and discovery of time-extended
conversational behaviors (such as turn-taking among a group). A number of facilities have been
constructed to facilitate these studies. These facilities include the Interaction Measurement Analysis
and Design Environment (IMADE) to capture motion and brain activity during human conversation
and the Immersive Collaborative Interaction Environment (ICIE) where people interact with animated
characters whose conversational behaviors have been learned from data.

•

Intelligent Interactive Systems: This thrust focuses on the construction of systems for realizing
embodied conversational agents capable of engaging human users in natural conversation and
learning conversational protocols from experience. A principal focus of this thrust is the development
of autonomous learning algorithms, architectures, and programming for learning conversational
behaviors from multidimensional time-series of behavioral data. These learning algorithms are
complimented with systems for telepresence using robots and immersive interactive interfaces.

•

Cognitive Design: This thrust aims to design the expressions, functions, control, and interactions of
artifacts based on a physio-cognitive approach. Specific projects examine the role of facilitators and
structure considerations for group discussions.
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TRANSLATION
Research results from the Nishida Laboratory are commonly published in internationally recognized
robotics and artificial intelligence venues and journals, such as the IEEE International Conference on
Robots and Systems (IROS), the International Joint Conference on Artificial Intelligence (IJCAI), and the
International Conference on Autonomous Agents and Multiagent Systems (AAMAS).
SOURCES OF SUPPORT
The Nishida Laboratory receives government funding from JSPS (Japan Society for the Promotion of
Science) and the Japanese equivalent of U.S. Department of Homeland Security. These funds cover
salaries and fellowships for students and postdocs, as well as the significant number of international
visitors collaborate with the Nishida Lab.
ASSESSMENT
The work of the Nishida Laboratory is primarily focused on developing robotic and animated agents that
can both be used as avatars for immersive remote telepresence and autonomous partners for collaborative
projects. The laboratory has constructed a number of integrated systems that enable data collection for
understanding human conversational behavior. This understanding of human conversation has the
potential to realize systems that facilitate better collaboration between humans working online and robots
assisting humans, as well as enabling the home-bound elderly to independently experience the outside
world.
SELECTED REFERENCES
Huang, H.H., A. Cerekovic, I.S. Pandzic, Y.I. Nakano, and T. Nishida. 2008. The design of a generic framework for
integrating ECA components. In Proceedings of 7th International Conference of Autonomous Agents and Multiagent
Systems (AAMAS08), Estoril, Portugal, pp. 128-135.
Huang, H.H., T. Furukawa, H. Ohashi, A. Cerekovic, I.S. Pandzic, Y.I. Nakano, T. Nishida. 2010. How multiple current
users react to a quiz agent attentive to the dynamics of their participation. In 9th International Conference on
Autonomous Agents and Multiagent Systems (AAMAS’10), Toronto, Canada, pp. 1281-1288.
Mohammad, Y., and T. Nishida. 2010. Learning interaction protocols using Augmented Bayesian Networks applied to
guided navigation. 2010 IEEE/RSJ Conference on Intelligent Robots and Systems (IROS), pp. 4119-4126, doi:
10.1109/IOS.2010.5651719.
Mohammad, Y.F.O., T. Nishida, and S. Okada. 2009. Unsupervised simultaneous learning of gestures, actions and their
associations for human-robot interaction. 2009 IEEE/RSJ Conference on Intelligent Robots and Systems (IROS), pp.
2537-2544.
Nishida, T. 2007. Social intelligence design and human computing. In T.S. Huang et al. (Eds.), AI for Human Computing,
LNAI 4451, pp. 190–214, doi: 10.1007/978-3-540-72348-6_10.
Nishida, T., (ed.). 2007. Conversational informatics: an engineering approach. London: John Wiley & Sons.
Ohmoto, Y., H. Ohashi, A. Takahashi, and T. Nishida. 2010. Capture and express behavior environment (CEBE) for
realizing enculturating human-agent interaction. In T. Ishida (Ed.), Culture and Computing, LNCS 6259, pp. 41-54.
Berlin, Heidelberg: Springer.
Okada, S., S. Ishibashi, and T. Nishida. 2010. On-line unsupervised segmentation for multidimensional time-series data
and application to spatiotemporal gesture data. In Twenty-third International Conference on Industrial, Engineering
& Other Applications of Applied Intelligent Systems (IEA-AIE 2010).
Xu, Y., K. Ueda, T. Komatsu, T. Okadome, T. Hattori, Y. Sumi, and T. Nishida. 2009. WOZ experiments for
understanding mutual adaptation. AI & Society 23(2):201-212.
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PKU-SHRC Humanoid Robotics Laboratory, Peking University
Site Address:

Speech and Hearing Research Center (SHRC)
Key Laboratory on Machine Perception (Ministry of Education)
Department of Machine Intelligence
School of Electronics Engineering and Computer Science
Peking University
100871, Beijing, China
http://www.klmp.pku.edu.cn/

Date Visited:

October 20, 2011

WTEC Attendees:

C. Jenkins (report author), B. Scassellati

Host(s):

Dingsheng Luo, Professor
dsluo@cis.pku.edu.cn, dsluo@pku.edu.cn

OVERVIEW
Founded 4 years ago, the Peking University Humanoid Robotics Laboratory is an emerging research
group in the area of humanoid robotics. This laboratory is under the direction of Professor Xihong Wu
and Professor Dingsheng Luo, and is a part of the Speech and Hearing Research Center (SHRC) which
was founded in 2002, consisting of 40 students (11 doctoral level). Based on ten years’ research
accumulations and achievements of SHRC on machine perception and machine intelligence that mainly
involve auditory mechanism, speech perception, language acquisition, visual computing, machine
learning, the goals for this laboratory are focus on embodied intelligence related to autonomous
development for speech, language, and vision as well as cognitive skills and behaviors around
environment understanding.
Instead of building on existing work or platforms, the PKU Humanoid Robotics Laboratory has focused
on constructing their robot platforms completely through in-house development and materials. Pictured in
Figure B.18, these platforms, constructed during a 3-stage development process at the laboratory include
wheeled mobile robots, 6-legged star and reptile-like robots, and PKU-HR3 humanoid robots. Their
decision to focus on in-house construction aims to further complete understanding of the dynamics, build,
and programming process for humanoid robots rather than relying on the assumptions inherent in external
components or platforms. This may provide a smoother way to their research on grand challenges of
embodied intelligence.
The current research projects of the PKU-SHRC Humanoid Robotics Laboratory focus on human-robot
interaction, robot perception of environments, robot learning and programming, and inference methods
for problem solving. As a relatively new robotics research group, most of these research efforts remain in
a developmental stage, where the software, hardware, and methodological infrastructure are being
amassed. One area where this group has made demonstrable research progress is in the area of
autonomous learning for humanoid locomotion, and a related research paper was published at the 2011
IEEE Humanoids Conference.
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(a)

(b)

(c)

Figure B.18. Peking University projects: (a) bipedal walking demonstration (b) a multiped crawling
robots (c) a PKU-HR3 Humanoid (courtesy of PKU-SHRC Humanoids Robotics
Laboratory and Chad Jenkins).

FUNCTIONAL FOCUS
A humanoid robot with embodied intelligence is the current functional focus of the PKU-SHRC
Humanoid Robotics Laboratory. This focus aims for in-house development and understanding of the
process for building and programming autonomous humanoid robot systems. The group plans to make
research contributions not only in selected areas of robotics, such as bipedal locomotion, localization and
mapping, and robot software systems and architectures, but in linking their decades research
accumulations and achievements on machine perception and intelligence.
RESEARCH FOCUS
The research focus of the PKU-SHRC Humanoid Robotics Laboratory spans five primary thrusts:
•

Hardware Platforms and Software Architectures: Not only do they keep on developing new
generation robot (especially humanoid) platforms that are expected to be more suitable for the
research on embodied intelligence, they have also developed some other hardware platforms, such as
the Push Measurement Platform, which is used for studying the push recovery problem for robots. In
addition, software architectures are addressed, e.g., a client-server software architecture for
programming robots over a network-based client-server paradigm, which includes processing of
multiple streams of data from multiple sensing modalities and using cloud computing for intensive
computational tasks so robots can be accessed anywhere at any time.

•

Autonomous Development of Humanoids Natural Abilities: This thrust involves autonomous learning
of basic abilities like a living creature, such as getting up, bipedal locomotion, sitting down, and push
recovery. These abilities are also expected to be adaptable to environmental changes. A recent
accomplishment is a novel framework that enables active learning on physical robots such that they
can walk quickly and stably in various environments. The ultimate aim is to enable robots to traverse
a variety of terrains and ground slopes. Other research on biped self-stabilization enhances humanoid
self-stabilization in response to external disturbances, such as pushes and collisions under various
kinds of environments.

•

Environment Understanding based Humanoids Cognitive Capabilities Development: With the camera
equipped on humanoids, environment sensitive cognitive skills or behaviors are autonomous
developing, such as object detection, obstacle avoidance, target chasing, object grabbing, navigation,
and self-localization, by employing techniques in computer vision. Researches on self-localization
enable humanoids to build maps of environments using visual information and odometry, and localize
themselves within these constructed maps. Now a humanoid robot can walk through several obstacle
poles and approach a stool and then sit down on it.
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•

Human-Robot Interaction: The aim is to autonomously develop the interaction capabilities between
human and robot or between robots, where techniques of speech recognition, speech synthesis, face
recognition, gesture recognition, dialogue management, reasoning, etc. are involved.

•

Language Acquisition for Humanoids: The group emphasizes at least three points: inspiration from
infant’s language development, significant functions from living in real environment, learning during
interacting with people.

TRANSLATION
The group has accumulated much information on machine perception and machine intelligence which has
been published in international journals or conferences (e.g., JASA, IEEE Trans. on ASLP, ECML,
EMNLP, and ICASSP). The PKU-SHRC Humanoid Robotics Laboratory recently started to publish their
work on embodied intelligence and developmental learning, and a work on physical robot-based bipedal
locomotion autonomous learning was published in the proceedings of the 2011 IEEE Humanoid
Conference. Representative publications are listed in Selected References, below. This group believes that
a better understanding of embodied developmental learning and advanced artificial intelligence can be
achieved, and they are optimistic and full of confidence to face the grand challenge of embodied
intelligence. Their current research also appears to include potential market and product opportunities for
humanoid robot technologies and related areas.
SOURCES OF SUPPORT
The PKU-SHRC Humanoid Robotics Laboratory relies primarily on government funding. This group is
part of the State Key Laboratory of Machine Perception at Peking University, which is supported by the
Chinese Ministry of Education. State Key Laboratories in China are supported directly by the central
government in technical areas of specialization. The Humanoid 2011 paper published by the group lists
support by the National Natural Science Foundation of China and a HGJ Grant of China.
ASSESSMENT
The PKU-SHRC Humanoid Robotics Laboratory is an emerging research group in the area of humanoid
robotics and takes the grand challenge of embodied intelligence as their research objective. This group is
building their robotics effort from the ground up to better understand the entire process for constructing
and programming robots as a way to better understand the development of human-like intelligence.
Research from this group is starting to appear in publication venues around their research focuses.
SELECTED REFERENCES
Cao, S.Y., L. Li, and X.H. Wu. 2011. Improvement of intelligibility of ideal binary-masked noisy speech by adding
background noise. Journal of the Acoustical Society of America 129:2227-2236.
Luo, D.S., Y. Wang, and X.H. Wu. 2011. Active online learning of the bipedal walking. In IEEE-RAS International
Conference on Humanoid Robots, Bled, Slovenia.
Nie, J.Z., R.X. Li, D.S. Luo, and X.H. Wu. 2007. Refine Bigram PLSA model by assigning latent topics unevenly. In
IEEE Automatic Speech Recognition and Understanding Workshop, Kyoto, Japan, Dec. 9-13, 2007.
Qu, T.S., Z. Xiao, M. Gong, Y. Huang, X.D. Li, and X.H. Wu. 2009. Distance-dependent head-related transfer functions
measured with high spatial resolution using a spark gap. IEEE Transactions on Audio, Speech and Language
Processing 17(6):1124-1132.
Shi, L., and D.S. Luo. 2007. Speaker identification by local factor analysis and classifier combination. In International
Workshop on SOM, Bielefeld, Germany, Sep. 3-6, 2007.
Wang, X.H., J.Z. Nie, D.S. Luo, and X.H. Wu. 2008. A joint segmenting and labeling approach for Chinese lexical
analysis. In European Conference on Machine Learning and Principles and Practice of Knowledge Discovery in
Databases (ECML PKDD’08), Antwerp, pp.538-549.
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Wang, X.H., J.Z. Nie, D.S. Luo, and X.H. Wu. 2008. Integrating multi-level linguistic knowledge with a unified
framework for Mandarin speech recognition. In Proceedings of the 2008 Conference on Empirical Methods in
Natural Language Processing (EMNLP 2008), Honolulu, pp. 819-827.
Wang, Y.F., and D.S. Luo. 2011. A fuzzy multi-step Q learning algorithm based on Q-learning and its application. In
International Conference on Fuzzy Systems and Neural Computing, pp.342-345.
Wei, H.X., X.H. Wang, H. Wu, D.S. Luo, and X.H. Wu. 2008. Exploiting prosodic and lexical feature for tone modeling
in a conditional random field framework. In International Conference on Acoustics, Speech, and Signal Processing
(ICASSP), pp. 4549-4552.
Wu, H., X.H. Wu, and H.S. Chi. 2010. Product HMM-based training method for acoustic model with multiple-size units.
Frontiers of Electrical and Electronic Engineering in China 5(1):65-71.
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The Sungkyunkwan University (SKKU)
Site Address:

300 Cheoncheon-Dong, Jangan-Gu
Suwon, Gueopnggi-Do 440-746
Korea
Tel.: +82-31-290-5811
http://www.skku.edu/eng/

Date Visited:

October 21, 2011

WTEC Attendees:

M. Aisen (report author), P. Foland, T. Conway

Host(s):

Sukhan Lee Ph.D., Dean of the Graduate School, Professor School of Information and
Communication Engineering, Director, Intelligent Systems Research Institute (Adjunct
Professor University of Southern California, Georgia Institute of Technology)
Tel.: +82-31-290-7150
Lsh@ece.skku.ac.kr
Dong Ryeol Shin, Ph.D., Dean of School of Information and Communication
Engineering
Tel.: +82-31-290-7125
drshin@skku.edu

OVERVIEW
Sungkyunkwan University was founded at the beginning of the Joseon Dynasty in 1398 as the highest
national educational institute. As the oldest university in East Asia, it has fostered leaders of society for
over 600 years. Old Sungkyunkwan was founded by royal decree to promote education in the scholarship
in Confucianism. Although a long history alone cannot guarantee the excellence of an institution, a rich
culture derived from a long tradition is a unique and valuable asset. The University’s achievements of the
past fifty years meet and exceed those of its preceding history. SKKU now operates two campuses: the
Humanities and Social Sciences Campus and the Natural Sciences Campus. Based on a highly successful
partnership with Samsung, which has generously funded several core initiatives, the University has been
rapidly developing and prospering since 1996. Today it is a large university with undergraduate and
graduate educational programs, including a medical school. SKKU has strong partnerships with esteemed
universities and other strategic partners throughout the world and it is a member of several international
consortiums such as ISEP (International Student Exchange Programs), CONAHEC (Consortium for
North American Higher Education Collaboration), and SAF (Study Abroad Foundation). Through a
network of global partnerships, SKKU engages in wide range of activities including student and faculty
exchange and collaboration in research and teaching.
FUNCTIONAL FOCUS
Professor Lee’s laboratory has 5 faculty and 24 graduate students. The group focuses on human-robotic
interfaces with the aim of taking advantage of the potential mass market for service robots, such as health
care and home care assistive robots, robots in the retail sector, and robots for educating children.
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RESEARCH FOCUS
A major focus is developing new service robots and robotic platforms based on human cognitive
processes in visual recognition and their application to robotic vision as a means to ensure dependability
in visual search and human-robot interaction for service robotics. This includes the Korus Tech project
(Korea/United States collaboration, with Georgia Tech, Penn State University, and Bonavision).
Cognitive activities of robots have been expanded from object recognition to “action recognition”—
enabling the robot to recognize actions of human behavior, such as gestures, and respond appropriately.
An evolving product of this research is “HomeMate”—developed to function as a cognitive, consumer
robot. HomeMate is now in a second generation phase and applications are being developed and tested,
including running errands, video chatting, medicine delivery, and trials in schools.
Research goals include:
•

Creating devices that are self-contained and highly dependable: they must be at least as dependable as
a human assistant.

•

Exploring the “uncanny valley.” Studies have shown that when a robot becomes “too human” in
appearance and behavior, human beings find interacting with the devices unpleasant or frightening.
SKKU researchers conducted many surveys with people of different backgrounds before embarking
on designing the devices.

•

Developing platforms for interaction and transmission of information: four types of interaction: cell
phone app, voice, gesture (sign language), and video chatting.

•

Creating robots with “symbiotic autonomy”—the ability to identify information necessary to fulfill a
request and obtain the information.

•

Enhancing action recognition by the robot to ensure that it is dependable enough for human
interaction.

•

Examining aspects of robots that make them more appealing and promote more human robot
interaction. For example, recent work has shown that older consumers prefer more mature appearing
avatars.

•

Detecting bottom-up and top-down based saliency for implementing focus of attention as a means of
efficient yet weak initial recognition step

•

Integrating with knowledge to make the best use of recognition context

•

Reaching reliable decisions by probabilistic evidence fusion and proactive collection of evidence

TRANSLATION
Workers at the laboratory are focusing on creating a set of consumer robots to perform human-like robotic
services, such as elder-care, home security, errand services, educational motivation of children, and
assistive robots for persons with disability. Target populations include educators, children, home-based
elderly people, consumers in skilled nursing facilities, and the general public. The goal is mass production
of service robots: ideally value price> cost for success. Penn State University is going to start testing
these robotic devices in skilled nursing facilities to establish their feasibility and efficacy.
Industry partners are integrated into academic activities, including KORUS (Korea and United States—
Yujin Robot/Bonavision—Georgia Tech/Penn State University). Other industry partners and supporters
include Hyundai, LG, and GM.
SOURCES OF SUPPORT
The laboratory receives approximately US$3 million from competitive government grants and 500
thousand dollars from industry.
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ASSESSMENT
A very impressive area of focus and progress has been expanding "cognitive" activities of robots from
object recognition to “action recognition”—enabling the robot to recognize actions of human behavior
such as gestures, and respond appropriately. One of the most important product this research is
“HomeMate”—developed to function as a cognitive, consumer robot. The potential for delivering humanlike, robotic services, such as elder-care, home security, errand services, educational motivation of
children, and assistive robots for persons with disability, is very exciting, as this could revolutionize
aspects of health care, integration of seniors and persons with disability into the community, and
education.
Active research into creating devices that are self-contained and highly dependable (at least as dependable
as a human assistant); exploring the “uncanny valley” (studies have shown that when a robot becomes
“too human” in appearance and behavior, human beings find interacting with the devices unpleasant or
frightening); and examining aspects of robots that make them more appealing and promote more humanrobot interaction are all directed to support this goal. Another intriguing research emphasis focuses on
creating robots with “symbiotic autonomy”—the ability to identify the information necessary to fulfill a
request and then obtain this information.
SELECTED REFERENCES
Bui, L.Q., and S. Lee. 2009. Light pattern blur estimation for automatic projector focus control of structured light 3D
camera. In IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS 2009), pp. 942-947, doi:
10.1109/IROS.2009.5354699.
Bui, L.Q., and S. Lee. 2010. Improving depth measurement of textured surface by a boundary estimator for structured light
patterns. In 2010 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS), pp. 2143-2148, doi:
10.1109/IROS.2010.5650988.
Jeong, W., S. Lee, and Y. Kim. 2011. Statistical feature selection model for robust 3D object recognition. In International
Conference on Advanced Robotics (ICAR 2011), Jun. 2011.
Kim, H., and S. Lee. 2010. A novel line matching method based on intersection context. In IEEE International Conference
on Robotics and Automation (ICRA2010), pp. 1014-1021, doi: 10.1109/ROBOT.2010.5509472.
Kim, H., and S. Lee. 2010. Wide-baseline image matching based on coplanar line intersections. In 2010 IEEE/RSJ
International Conference on Intelligent Robots and Systems (IROS), pp. 1157-1164, doi:
10.1109/IROS.2010.5650309.
Kim, H., and S. Lee. 2011. Multiple planar region extraction based on the coplanar line pairs. In IEEE International
Conference on Robotics and Automation (ICRA 2011), pp. 2059-2064, doi: 10.1109/ICRA.2011.5979548.
Lee, J., S.M. Baek, C. Choi, and S. Lee. 2009. Particle filter based robust recognition and pose estimation of 3D objects in
a sequence of images. Book Chapter, Berlin, Heidelberg: Springer.
Lee, J., D. Shin, H.S. Lee, and S. Lee. 2007. Study on behavioral personality of a service robot to make more convenient
to customer. In IEEE International Symposium on Robot Human Interactive Communication (RO-MAN 2007), pp.
1149-1154, doi: 10.1109/ROMAN.2007.4415253.
Lee, S., S.M. Beak, and J. Lee. 2007. Cognitive robotic engine: behavioral perception architecture for human-robot
interaction. In Nilanjan Sarkar (Ed.), Human Robot Interaction, InTech. ISBN: 978-3-902613-13-4.
http://www.intechopen.com/articles/show/title/cognitive_robotic_engine__behavioral_perception_architecture_for_h
uman-robot_interaction
Lee, S., and L.Q. Bui. 2011. Accurate estimation of the boundaries of a structured light pattern. Journal of the Optical
Society of America A 28(6):954-961, doi: 10.1364/JOSAA.28.000954.
Lee, S., S. Lee, and S. Baek. 2012. Vision-based kidnap recovery with SLAM for home cleaning robots. Journal of
Intelligent & Robotic Systems, in press.
Lee, S., S. Lee, and J. Yoon. 2012. Illumination-invariant localization based on upward looking scenes for low-cost indoor
robots. Advanced Robotics, in press.
Lee, S., Z. Lu, and H. Kim. 2011. Probabilistic 3D object recognition with both positive and negative evidences. In
International Conference on Computer Vision, Nov. 2011.
http://icc.skku.ac.kr/~alexlu/publications/ICCV2011_ZhaojinLu.pdf
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Lee, Y.B., and S. Lee. 2011. Robust face detection based on knowledge-directed specification of bottom-up saliency.
ETRI Journal 33(4):600-610.
Li, Y., Y.-S. Hung, and S. Lee. 2008. A stratified self-calibration method for circular motion in spite of varying intrinsic
parameters. Image and Vision Computing 26(6):731-739, doi: 10.1016/j.imavis.2007.12.007.
Lu, Z., and S. Lee. 2011. Probabilistic 3D object recognition and pose estimation using multiple interpretations generation.
Journal of the Optical Society of America A 28(2):2607-2618.
Lu, Z., S. Lee, and H. Kim. 2010. Probabilistic 3D object recognition based on multiple interpretation generation. In 10th
Asian Conference on Computer Vision (ACCV 2010), Oct. 2010.
Oh, J.-K., C.-H. Lee, S.H. Lee, S.H. Jung, and S. Lee. 2012. The development of a stereo vision based bin-picking
solution. International Journal of Control, Automation, and Systems, in press.
Park, J.Y., K.K. Baek, Y.C. Park, and S. Lee. 2009. Robot self-modeling of rotational symmetric 3D objects based on
generic description of object categories. Book Chapter, Berlin, Heidelberg: Springer.
Park, Y., A. Shiriaev, S. Westerberg, and S. Lee. 2011. 3D log recognition and pose estimation for robotic forestry
machine. In IEEE International Conference on Robotics and Automation (ICRA 2011), pp. 5323-5328.
Truong, H.Q., S. Lee, and S.-W. Jang. 2009. Model-based recognition of 3D objects using intersecting lines. Book
Chapter, Berlin, Heidelberg: Springer.
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Tokyo Institute of Technology
Site Address:

Imaging Science and Engineering Laboratory
R2 Building, room 528
4259 Nagatsuta-cho, Midori-ku, Yokohama, 226-8503, Japan
Tel.: 090-1742-6928
http://haselab.info/index-e.html

Date Visited:

October 18, 2011

WTEC Attendees:

B. Scassellati (report author), T. Conway, M. Veloso

Host(s):

Dr. Osamu Hasegawa
Associate Professor
oh@haselab.info
Dr. Aram Kawewong
Postdoctoral Fellow
aram.ohm@gmail.com

OVERVIEW
The Hasegawa laboratory at Tokyo Institute of Technology develops neural network algorithms and
applies these algorithms to sensing and behavior selection problems that are component technologies for
human-robot interaction. The site visit team saw four demonstrations of the SOINN (self-organizing
incremental neural network) algorithm applied to research problems in (1) object identification, (2)
behavior selection for a humanoid robot, (3) feature analysis for robot navigation, and (4) incremental
SLAM (simultaneous localization and mapping) in a dynamic environment. The details of the SOINN
algorithm were not presented and are currently being commercialized.
FUNCTIONAL FOCUS
The clear focus of this group was on the development of the SOINN algorithm, which they describe as a
general-purpose architecture for intelligent behavior. Some human-robot interaction component
technologies were under development, but an overall application focus was not present for this group.
RESEARCH FOCUS
Four component systems were demonstrated to the site visit team:
•

Object identification. The Hasegawa team has constructed an online object identification algorithm
that uses a single keyword tag coupled with web-based image search tools to create a robust image
identification and classification technique. Using roughly 4000 image features, this system performs
categorization based on SOINN.

•

Behavior selection for a humanoid robot. A commercial humanoid platform named Hiro (constructed
by Kawada Industries, Figure B.19) was being taught to generalize across contexts. The robot
currently performs a demonstration in which it pours “water” (small plastic beads) based on direct
user requests. Most of the behaviors are pre-scripted and the generalization to occur so far has been
only within very limited contexts.
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•

Feature analysis for robot navigation (PIRF-NAV and AT-SOINN). PIRF-NAV (for PositionInvariant Robust Features for Navigation) is a filtering algorithm that takes in SURF, SIFT, or
HAWK feature points for an image sequence and identifies features that are robust across time within
the image sequence. AT-SOINN stands for Attribute Transfer Self-Organizing Incremental Neural
Network. These two algorithms have been integrated to produce a robot navigation system that uses
localized features (using standard mechanisms like SURF) to robustly determine camera motion.

•

Incremental SLAM (simultaneous localization and mapping) in a dynamic environment. A
demonstration of the PIRF-NAV/AT-SOINN system was provided on a small mobile robot base
(Figure B.19). The system gathered range data from a Kinect sensor and filtered feature points using
PIRF-NAV. This robot was able to slowly navigate around unexpected obstacles (e.g., moving
people).

Figure B.19. SLAM algorithm on a mobile platform with a Kinect sensor (top left); Hiro humanoid
(top right); members of the site visit team (Conway, Veloso, Scassellati) at the Hasegawa
lab (bottom). (All photos courtesy of Tokyo Institute of Technology/Hasegawa).

TRANSLATION
The Hasegawa group publishes in internationally recognized robotics and neural network venues,
including IJCNN and IEEE Transactions on Neural Networks. The group has spawned one start-up
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venture dedicated to the licensing of the SOINN algorithm. This licensing effort is a primary focus of the
researchers.
SOURCES OF SUPPORT
Overall, the group is currently funded by industry investments, but obtained original funding through JST.
The group consists of 1 faculty member, 2 postdoctoral researchers, and approximately 15 master’s
students.
ASSESSMENT
The Hasegawa group is primarily interested in the development of the SOINN algorithm and the
application of this algorithm to a variety of sensing problems. The human-robot interaction present at this
site focused primarily on tools rather than on complete interactive systems.
SELECTED REFERENCES
Kawewong, A., and O. Hasegawa. 2010. Fast and Incremental Attribute Transferring and Classifying System for
Detecting Unseen Object Classes. In Proceedings of the 20th International Conference on Artificial Neural Networks
(ICANN), Thessaloniki, Greece.
Kawewong, A., N. Tongprasit, and O. Hasegawa. 2011. PIRF-Nav 2.0: Fast and online incremental appearance-based
loop-closure detection in an indoor environment. Robotics and Autonomous Systems (RAS) 59(10):727-739.
Kawewong, A., N. Tongprasit, S. Tangruamsub, and O. Hasegawa. 2011. Online and incremental appearance-based
SLAM in highly dynamic environments. International Journal of Robotics Research (IJRR) 30(1):33-55.
Kawewong, A., S. Tangruamsub, P. Kankuekul, and O. Hasegawa. 2011. Fast online incremental transfer learning for
unseen object classification using self-organizing incremental neural networks. In Proceedings of the International
Symposium on Neural Networks (ISNN), pp. 749-756.
Krainin, M., P. Henry, X. Ren, and D. Fox. 2011. Manipulator and object tracking for in-hand 3D object modeling.
International Journal of Robotics Research (IJRR) 30(11):1311-1327, doi:10.1177/0278364911403178.
Morioka, H., Y. Sankyu, and O. Hasegawa. 2011. Vision-based mobile robot’s SLAM and navigation in crowded
environments. In Proceedings of the IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS),
accepted.
Tangruamsub, S., A. Kawewong, and O. Hasegawa. 2011. Fast online incremental attribute-based object classification
using stochastic gradient descent and self-organizing incremental neural networks. In Proceedings of the
International Conference on Image Processing, Computer Vision and Pattern Recognition (IPCV), Las Vegas,
Nevada, USA.
Tongprasit, N., A. Kawewong, and O. Hasegawa. 2010. A fast online incremental loop-closure detection for appearancebased SLAM in dynamic crowded environment. In Proceedings of the Meeting on Image Recognition and
Understanding (MIRU), (oral).
Tongprasit, N., A. Kawewong, and O. Hasegawa. 2011. PIRF-Nav 2: Speeded-up online and incremental appearancebased slam in an indoor environment. In Proceedings of the IEEE Workshop on Applications of Computer Vision
(WACV), pp. 145-152, doi: 10.1109/WACV.2011.5711496.

146

Appendix B. Site Visit Reports

Toyohashi University of Technology (TUT)
Site Address:

TUT Integrated Circuit and Sensor Group (ICG)
1-1 Hibarigaoka Tenpaku-cho
Toyashi, Aichi 441-8580 Japan
Tel.: 0532-44-6740
http://www.int.ee.tut.ac.jp/icg/
http://www.eiiris.tut.ac.jp/introduction/index.html

Date Visited:

October 18, 2011

WTEC Attendees:

M. Aisen (report author), C. Jenkins

Host(s):

Professor Makato Ishida, Vice President for Research Affairs
ishida@ee.tut.ac.jp

OVERVIEW
The Integrated Circuit Group (ICG) at Toyohashi University of Technology develops integrated circuits
(ICs) and devices using new materials and structures. The ultimate goal is to realize high-performance ICs
and intelligent sensors. The Electronics-Inspired Interdisciplinary Research Institute (EIIRIS) was
established in 2009 for bringing together expertise in electrical engineering with academic medicine and
medical diagnostics, agriculture, communication technology, and robotics.
ICG has 60 full-time people, including 10 faculty, 11 doctoral candidate, 30 master’s students, and 13
undergraduates; the EIIRIS institute has 20 faculty. EIIRIS is an extension of the current Global Center of
Excellence (G-COE) “Frontiers of Intelligent Sensing” program.
FUNCTIONAL FOCUS
All research efforts are geared toward the development of innovative technology for industry. Examples
of successful interdisciplinary development and commercialization include sensor microchips and ultrahigh capacity memory chips.

“Our ultimate goal is to realize high-performance integrated
circuits and intelligent sensors.”
— Makato Ishida, Director and Vice President

RESEARCH FOCUS
There is a focus on designing and manufacture of the EIIRIS “layout chip” which locates seizure focus
and injects antiepileptic drugs locally (trials in monkeys and rats—none in humans yet). This represents a
novel interdisciplinary research effort employing science and applied technology: creating an integrated
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array of microprobes/tubes. There is an effort to organize approaches vertically, integrating optical,
physical, biological, and chemical nanosensors.
Another biological research focus is creating silicon substrates for in situ monitoring of cellular electrical
activity. This could lead to implanted wireless communication with brain tissues. Brain-computer
interface applications are a possibility. Using silicon may be superior for biological applications because
of the low impedance requirements.
Other areas of active research are enhanced electrode probes with very low impedance and on
encapsulation of devices. The technology has been tested in animal models: for example the rat cortex,
where they have successfully recorded whisker evoked signals. The focus of the research group is on
creating the device prototype—not testing in humans.
Future research goals include: ever smaller, very high density, highly precise electrodes and electrode
tube arrays. Practical applications would include superior ability to treat epilepsy and cardiac arrhythmias.
Other applications are retinal implants and brain-computer interfaces. Robotics is another future goal.
TRANSLATION
The in vivo/in vitro recording devices were first developed for the use of the scientific community.
However, the group is now engaged in working with commercial partners.
SOURCES OF SUPPORT
Funding is provided principally by the Japanese government (science/educational ministry); this group
has been awarded a Center of Excellence grant from the JSST (1 of 11 COEs in Japan, providing 2
million dollars per year for 10 years).
ASSESSMENT
Particularly impressive research areas with great potential for treating people with neurological conditions
include two advances in brain electrodes. The first of these is the EIIRIS “layout chip,” which senses
seizure activity and injects antiepileptic drugs locally (not yet tested in humans). The current state of the
art in treating intractable epilepsy emanating from a single region involves using functional neuroimaging
and electroencephalography to identify seizure focus, then neurosurgical resection of brain tissue; this is
not always feasible because of the degree of disability tissue resection may produce. This technology
could prove to be a very important advance for a disabling condition.
Another exciting research focus is creating silicon substrates and enhanced electrode probes for detecting
neurological activity. This may lead to wireless detection of signals for brain-computer robotic interfaces
and greatly enhance the field now dedicated to providing humans with tetraplegia access to robots that
can assist them with all activities of daily living and environmental control.
SELECTED REFERENCES
Fujishiro, A., H. Kaneko, T. Kawashima, M. Ishida, and T. Kawano. 2011. A penetrating micro-scale diameter probe array
for in vivo neuron spike recordings. In Proceedings of the IEEE Conference on Micro Electro Mechanical Systems
(MEMS), pp.1011-1014.
Goryu, A., A. Ikedo, M. Ishida, and T. Kawano. 2011. Electrical catching and transfer of nanoparticles via nanotip silicon
probe arrays. IEEE Transducers 2011 Conference, Beijing, China.
Gu, B.-J., W.-H. Lee, K. Sawada, and M. Ishida. 2011. Fabrication of hybrid wireless smart temperature sensor. 2011
IEEE Sensors Applications Symposium (SAS2011), pp. 214-216.
Gu, B.-J., W.-H. Lee, K. Sawada, and M. Ishida. 2011. Wireless smart sensor with small spiral antenna on Si-substrate.
Microelectronics Journal 42:1066-1073.
Gu, B.-J. W.-H. Lee, K. Sawada, and M. Ishida. 2012. RF Transmitter using dual pulse position modulation method for
low power smart micro sensing chip. IEEJ Transactions on Electrical and Electronic Engineering 7(3), in press.
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Harimoto, T., K. Takei, T. Kawano, A. Ishihara, T. Kawashima, H. Kaneko, M. Ishida. and S. Usui. 2011. Enlarged goldtipped silicon microprobe arrays and signal compensation for multi-site electroretinogram recordings in the isolated
carp retina. Biosensors and Bioelectronics, 26(5):2368-2375.
Ikedo, A., M. Ishida, and T. Kawano. 2011. Out-of-plane high-density piezoresistive silicon microwire/p-n diode array for
force and temperature sensitive artificial whisker sensors. Journal of Micromechanics and Microengineering
21(3):035007.
Ikedo, A., M. Ishida, and T. Kawano. 2011. Temperature sensitive microwire arrays for artificial whisker electronics. In
Proceedings of the IEEE Conference on Micro Electro Mechanical Systems (MEMS), pp.129-132.
M. Futagawa, Mi. Ishida, Ma. Ishida, and K. Sawada. 2011. Study of a wireless multimodal sensing system integrated with
an electrical conductivity sensor and a temperature sensor for the health control of cows. IEEJ Transactions on
Electrical and Electronic Engineering 6(2)93-96.
Nakazawa, H., M. Ishida, and K. Sawada. 2011. Multimodal bio-image sensor for real-time proton and fluorescence
imaging. IEEE Transducers 2011 Conference, Beijing, China.
Nakazawa, H., M. Ishida, and K. Sawada. 2011. Reduction of interference between pH and optical output signals in a
multimodal bio-image sensor. IEEE Sensors Journal 11(11):2718 – 2722, doi: 10.1109/JSEN.2011.2157340.
Nakazawa, H., K. Yamasaki, K. Takahashi, M. Ishida, and K. Sawada. 2011. A filter-less multi-wavelength fluorescence
detector. IEEE Transducers 2011 Conference, Beijing, China.
Niino, M., T.-A. Nguyen, W.H. Lee, K. Sawada, and M. Ishida. 2011. Battery-free wireless touch driven transmitter with
on-chip antennas for wireless sensor systems. IEEE Transducers 2011 Conference, Beijing, China.
Okabe, K., W. Lee, Y. Harada, and M. Ishida. 2012. Silicon based on-chip antenna using an LC resonator for near-field
RF systems. Solid-State Electronics 67:100-104.
Okugawa, A., K. Mayumi, A. Ikedo, M. Ishida, and T. Kawano. 2011.Heterogeneously integrated vapor-liquid-solid
grown silicon probes/(111) and silicon MOSFETs/(100). IEEE Electron Device Letters 32(5):683-685. doi:
10.1109/LED.2011.2120590.
Sakata, M., A. Goryu, A. Ikedo, T. Harimoto, M. Ishida, and T. Kawano. 2011. A vertical micro-scale light guiding silicon
dioxide tube array for optical neurostimulator. In Proceedings of the IEEE Conference on Micro Electro Mechanical
Systems (MEMS), pp.1015-1018.
Takenaga, S., Y. Tamai, K. Hirai, K. Takahashi, T. Sakurai, S. Terakawa, M. Ishida, K. Okumura, and K. Sawada. 2011.
Label-free real time imaging of neural communication using acetylcholine image sensor, IEEE Transducers 2011
Conference, Beijing, China.
Takenaga, S., Y. Tamai, M. Ishida, K. Sawada. 2011. Charge accumulation type hydrogen ion image sensor with high pH
resolution. Japanese Journal of Applied Physics. 50(2):027001.
Yamazaki, T., T. Ikeda, M. Ishida, and K. Sawada. 2011. Compact electrochemical system using on-chip sensor electrodes
and integrated devices. Japanese Journal of Applied Physics 50(04DL02):1-4.
Yamazaki, T., T. Ikeda, B. Lim, K. Okumura, M. Ishida, and K. Sawada. 2011. Smart integrated sensor for multiple
detections of glucose and l-lactate using on-chip electrochemical system. Journal of Sensors 2011(90284):1-7.
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University of Tokyo – Global Center of Excellence for Mechanical Systems Innovation
Site Address:

University of Tokyo – GMSI
Room. 205, Takeda Frontier Building
The University of Tokyo 2-11-16 Yayoi, Bunkyo-ku
Tokyo, JAPAN 113-8656
Tel.: +03-5841-6355
URL(s): http://mechasys.jp/en/

Date Visited:

October 18. 2011

WTEC Attendees:

A. Howard (report author), B. Mutlu, D. Kahaner

Host(s):

Dr. Mamoru Mitsuishi
Professor, Department of Mechanical Engineering
Director, Education and Research Management
mamoru@nml.t.u-tokyo.ac.jp
Dr. Kanako Harada
Assistant Professor, Department of Mechanical Engineering
kanako@nml.t.u-tokyo.ac.jp

OVERVIEW
The primary objective of the Global Center of Excellence for Mechanical Systems Innovation (GMSI) is
to create innovative mechanical systems that implement novel and commercially important functions by
detecting, analyzing, understanding, and controlling nano- and microscale phenomena. With respect to
robotics, this falls under the biomedical innovation project, which focuses on developing a variety of
mechanical systems capable of delivering advanced medical treatments for the maintenance of good
health and for tailoring medical services to meet individual needs. More specifically, the group focuses on
research in the development of a remote medical diagnosis system and high precision minimally invasive
surgical robot system using advanced data communications, control and robotics technologies. In this
domain, the group is developing a micro-neurosurgical system in the deep surgical field, a bone cutting
robot for total knee arthroplasty, a robot to assist femur fracture reduction, a remote ultrasound diagnosis
system, a hand surgery system and a tele-microsurgical system.
FUNCTIONAL FOCUS
The focus of remote medical systems is to provide an environment where a medical doctor at a remote
location can diagnose and operate on a patient. There are several kinds of remote medical systems (i.e.,
tele-pathology, tele-mentoring, telesurgery and tele-education) that are designed to reduce the stress and
workload on both the patient and doctor. In Mitsuishi’s group, the focus is providing a remote medical
system for minimally invasive surgery (e.g., Figure B.20).
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Figure B.20. Robotic manipulators for surgical applications (courtesy of University of Tokyo, GMSI).

RESEARCH FOCUS
The research focus of Mitsuishi’s group is to develop a remote, minimally invasive surgical system. This
involves utilizing multi-axis force sensors, installed at the master manipulators for the left and right
hands, and feeding the detected forces to the slave manipulators. With minimally invasive surgical
systems, the research goals are to have reduced invasiveness and increase precision, safety, and
efficiency. GMSI has developed a 7-axis bone-cutting robot, which achieves arbitrary 3D shapes and
minimizes the robot’s size. The system includes pre-surgical planning software. They also simulate
alignment errors and long-term effects. Using surface registration, they are able to reduce the error in
marking the surgical procedures in the X-rays in the planning of the procedures. Then they are able to
determine how the bone should be cut to match the prosthetic device. To minimize the incision size, they
have to calculate prior to the surgery where the opening should be. In their microsurgery system, GMSI
researchers use data from surgeons to determine the ideal force, tremor, etc., for surgery and (1) use this
to train surgeons and (2) design robots. They are looking into using the same system for eye surgery.
TRANSLATION
Most of the original remote surgical system prototypes are built by students at the university. Once the
initial prototype is built, industry partners are typically brought in to create more medically appropriate
prototypes. In addition, trials using the developed devices with medical professions are a key element to
ensure translation of the research and adoption in the medical domain. For example, a cholecystectomy
for a pig has been successfully executed 4 times between Tokyo and Fujinomiya by the group.
SOURCES OF SUPPORT
Funding for the research usually comes from the government sponsored agency, Japan Society for the
Promotion of Science (JSPS). Some projects have industry collaborators, which provide small budgets
and hardware support for research translation. The clinical collaborators are involved in the funding as
investigators, but most of the funding is used for hardware development. The clinical collaborators
typically use the funding for travel and meetings.
ASSESSMENT
Mitsuishi’s group uses their collaborations with surgeons and industry to conduct experiments with
surgeons. Usability evaluations, particularly focused on evaluating whether the surgeons think that the
systems are easy to use, are extremely important. These studies are conducted before commercialization.
Currently, the group is conducting experiments using pigs to determine the safety of the bone-cutting
robotic system for commercialization. This typically requires 30 experiments in two clinics to show the
advantages of using robots for surgical applications before commercialization.
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SELECTED REFERENCES
Ida, Y., N. Sugita, T. Ueta, Y. Tamaki, K. Tanimoto, and M. Mitsuishi. 2011. Microsurgical robotic system for
vitreoretinal surgery. International Journal of Computer Assisted Radiology and Surgery 5:1-8, doi:10.1007/s11548011-0602-4.
Koizumi, N., S. Warisawa, H. Hashizume, and M. Mitsuishi. 2003. Impedance controller and its clinical use of the remote
ultrasound diagnostic system. In Proceedings of the 2003 IEEE International Conference on Robotics and
Automation, Taipei, Taiwan.
Maeda, Y., N. Sugano, M. Saito, K. Yonenobu, I. Sakuma, Y. Nakajima, S. Warisawa, and M. Mitsuishi. 2008. Robotassisted femoral fracture reduction: preliminary study in patients and healthy volunteers, Computer Aided Surgery
13(3):148-56.
Mitsuishi, M., J. Arata, K. Tanaka, M. Miyamoto, T. Yoshidome, S. Iwata, S. Warisawa, and M. Hashizume. 2003.
Development of a remote minimally-invasive surgical system with operational environment transmission capability.
In Proceedings of the 2003 IEEE International Conference on Robotics and Automation, Taipei, Taiwan.
Mitsuishi, M., S. Tomisaki, T. Yoshidome, H. Hashizume, and K. Fujiwara. 2000. Tele-micro-surgery system with
intelligent user interface. In Proceedings of the 2000 IEEE International Conference on Robotics and Automation,
pp.1607-1614.
Mitsuishi, M., S. Warisawa, F. Tajima, M. Suzuki, K. Tanimoto, and K. Kuramoto. 2003. Development of a 9 axes
machine tool for bone cutting. Annals of the International Institution for Production Engineering Research (CIRP
Annals) 52(1):323-328.
Mitsuishi, M., S. Warisawa, T. Tsuda, T. Higuchi, N. Koizumi, H. Hashizume, and K. Fujiwara. 2001. remote ultrasound
diagnostic system. In Proceedings of the 2001 IEEE International Conference on Robotics and Automation, pp.15671574.
Nakano, T., N. Sugita, T. Ueta, Y. Tamaki, and M. Mitsuishi. 2009. A parallel robot to assist vitreoretinal surgery.
International Journal of Computer Assisted Radiology and Surgery 4(6):517-26.
Seo, J., N. Koizumi, K. Yoshinaka, N. Sugita, A. Nomiya, Y. Homma, Y. Matsumoto, and M. Mitsuishi. 2010. Threedimensional computer-controlled acoustic pressure scanning and quantification of focused ultrasound. IEEE
Transactions on Ultrasonics, Ferroelectrics, and Frequency Control 57(4):883-891.
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University of Tokyo – Intelligent Cooperative Systems Laboratory
Site Address:

University of Tokyo
Intelligent Cooperative Systems Laboratory
7-3-1 Hongo Bunkyo-ku
Tokyo 113-8656 Japan
Tel.: +81-3-5841-6441
http://www.ics.t.u-tokyo.ac.jp/index.html

Date Visited:

October 17, 2011

WTEC Attendees:

B. Mutlu (report author), D. Kahaner, M. Veloso

Host(s):

Dr. Tomomasa Sato
Professor, University of Tokyo
tomomasasato@jcom.home.ne.jp

OVERVIEW
The Intelligent Cooperative Systems Laboratory focuses on designing intelligent environments that use
sensing and robotic technologies to support day-to-day tasks of individuals with Alzheimer’s disease as
well as those of the general population. Their approach to human-robot interaction involves collecting
large amounts of data on people’s activities and augmenting living environments to offer assistance
through robotic or digital technologies. During the site visit, the host presented the historical development
of this approach and various intelligent environment and robot systems.
FUNCTIONAL FOCUS
The research group develops robotic systems that support user activity, particularly physiological,
behavioral, and social activities defined by WHO’s International Classification of Function. These
systems monitor users over long periods, build models of their activities, and supports these activities
through personalized services. The primary use of these services is in supporting people in need of
assistance such as individuals with Alzheimer’s disease. For instance, the Robotic Room 1—one of the
projects presented to the site visit team—was designed as the “Robot Sick Room” to support bedridden
patients. The current projects also target these populations, but have a broader perspective on how
services might be personalized and delivered to individuals.
RESEARCH FOCUS
The focus of the research group is to design robotic technologies that are integrated into the physical
environment such as the “room” and into the broader social and physical environment such as the
“community.” These systems use a large number of sensors to monitor user behaviors and actions, infer
user intentions and goals, and manipulate the physical environment and information displays to support
these goals. The hosts presented the historical development of their key research projects starting in 1992,
as follows:
•

Robotic Room 1 (1998, Figure B.21a) is a room instrumented with a large number of sensors and a
robotic arm. The sensors provide information on user states such as breathing, postures, and
symptoms of health conditions such as sleep apnea and user actions such as location in the room and
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pointing direction. The robotic arm delivers objects to the user. The system was intended to assist
recovering patients or bedridden individuals.
•

Robotic Room 2 (1998-2001, Figure B.21b) extended the behavior sensing, tracking, and learning
capabilities of Robotic Room 1 and sought to use observations of long-term user behavior (called
“Behavior Accumulation”) to infer user goals and offer assistance such as offering a user who sits on
the sofa useful information. The system involved a total of 600 sensors and explored how existing
appliances might also serve as sensors.

•

Future Living Room Project, i.e., 21c COE Project (Robot Infrastructure (2002-2006, Figure B.21c)
project integrates a number of robotic systems into people’s living environment such as room
illumination that follows the user, a kitchen counter that adjusts its height to the task and the user
height, a robotic desk lamp that illuminates the user’s work space; a humanoid robot that makes
deliveries; a communication environment with a 3D holographic display; and an entertainment
environment in which users create music and interact with characters.

•

Robotic Room 3 (2007-present, Figure B.21d, e) aims to reduce clutter in the user’s living
environment by introducing an intelligent organization of artifacts based on ease of access. The
system involves (1) a robotic transfer system attached to the ceiling, (2) i-Containers that serve as
containers specialized for particular tasks such as storage and food delivery, and (3) a storage unit for
the containers that is accessible both by the transfer robot and by users.

•

Community-based Robotics (2010-present, Figure B.21f) project seeks to offer personalized services
to individuals by combining information from the home, transportation system, communication
system (e.g., cell-phone providers), and so on. The broader vision is to create a service grid that uses
information on individual users and on the community to personalize and deliver information, energy,
and services.

TRANSLATION
The research group considers commercialization as a measure of their success and regularly collaborates
with commercial organizations.
SOURCES OF SUPPORT
The research group is primarily supported by JST (Japan Science and Technology Agency) and other
Japanese Government initiatives such as the Green Life/Innovation. The group’s projects involve a large
number of faculty members and contributing organizations. For instance, the 21c COE project was a fiveyear project that involved 40 faculty members. Dr. Sato was the principal investigator of this project. The
Community-based Robotics project will involve a ten-year period and five faculty members and two
companies.
ASSESSMENT
The site visit team was extremely impressed by the unique integration of robotic systems with intelligent
environments aimed toward supporting user activities. The projects combine the development of
fundamental sensing and robotic technology and a computational understanding of human behavior
toward solving practical problems. The research is extremely novel—conceptually and technically—and
high-impact. The research team regularly publishes in top international conferences in robotics such as
ICRA and IROS and in conferences on sensing and intelligent environments.
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(a)

(b)

(c)

(d)

(e)

(f)

Figure B.21. Integrated robotic technologies: Robotic Rooms 1 (a) and 2 (b); Future Living Room (c);
Robotic Room 3 (d-e); and Community-based Robotics (f). (Photos a-f courtesy of
University of Tokyo, Intelligent Cooperative Systems Lab.)

SELECTED REFERENCES
Fukui, R., S. Masayuki, T. Mori, and T. Sato. 2009. iDock: A multifunctional intermediate instrument to improve
efficiency of domestic delivery and storage system. In IEEE/ASME International Conference on Advanced Intelligent
Mechatronics, pp. 1939–1945, Singapore.
Fukui, R., T. Mori, and T. Sato. 2009. Measurement and control scheme for a container transfer robot in living space. In
IEEE/ASME International Conference on Advanced Intelligent Mechatronics, pp. 295–301, Singapore.
Fukui, R., T. Mori, and T. Sato. 2011. Home-use object transfer/storage robot system with compliant strategy and
mechanism (commodities management and its extended application of daily life support for the elderly). Journal of
Robotics and Mechatronics 23(4):532–543.
Fukui, R., H. Morishita, T. Mori, and T. Sato. 2007. Development of an intelligent container prototype for a logistical
support robot system in living space. In Proceedings of the 2007 IEEE/RSJ International Conference on Intelligent
Robots and Systems, pp. 3397–3402, San Diego, California, USA.
Fukui, R., H. Morishita, T. Mori, and T. Sato. 2008. Development of a home-use automated container storage/retrieval
system. In Proceedings of the 2008 IEEE/RSJ International Conference on Intelligent Robots and Systems, pp. 2875–
2882, Nice, France.
Fukui, R., H. Morishita, T. Mori, and T. Sato. 2011. HangBot: A ceiling mobile robot with robust locomotion under a
large payload (key mechanisms integration and performance experiments). In Proceedings of the 2011 IEEE
International Conference on Robotics and Automation, pp. 4601–4607, Shanghai, China.
Mori, T., H. Noguchi, A. Takada, and T. Sato. 2006. Sensing room environment: distributed sensor space for measurement
of human daily behavior. Transactions of the Society of Instrument and Control Engineers E-S-1(1):97–103.
Mori, T., C. Siridanupath, H. Noguchi, and T. Sato. 2008. Active RFID-Based indoor object management system in
Sensor-Embedded environment. In Proceedings of the Fifth International Conference on Networked Sensing Systems,
p. 224, Kanazawa, Japan.
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Mori, T., R. Urushibata, M. Shimosaka, H. Noguchi, and T. Sato. 2008. Anomaly detection algorithm based on life pattern
extraction from accumulated pyroelectric sensor data. In Proceedings of the 2008 IEEE/RSJ International Conference
on Intelligent Robots and Systems, pp. 2545–2552, Nice, France.
Shimosaka, M., T. Mori, A. Fujii, and T. Sato. 2009. Discriminative data visualization for daily behavior modeling.
Advanced Robotics. 23(4):429–441.
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University of Tokyo – Intelligent Systems and Informatics (ISI) Lab
Site Address:

Intelligent Systems and Informatics (ISI) Lab
University of Tokyo
Eng. Bldg. 2, 7-3-1, Hongo, Bunkyo-ku, Tokyo
113-8656 Japan
Tel.: +81-3-5841-6276
http://www.isi.imi.i.u-tokyo.ac.jp

Date Visited:

October 17, 2011

WTEC Attendees:

B. Mutlu (report author), D. Kahaner, M. Veloso

Host(s):

Dr. Yasuo Kuniyoshi
Professor, University of Tokyo
kuniyosh@isi.imi.i.u-tokyo.ac.jp
Dr. Tatsuya Harada
Associate Professor, University of Tokyo
harada@isi.imi.i.u-tokyo.ac.jp

OVERVIEW
The Intelligent Systems and Informatics (ISI) Lab focuses on building a fundamental understanding of
cognitive development and uses this understanding to design open-ended, autonomous robot systems and
to develop applications for the diagnosis and therapy of developmental disorders. During the site visit, the
group demonstrated two types of HRI-related work: (1) developmental cognitive robotics that uses robots
and simulations to investigate cognitive development and (2) novel applications of AI and robotic
technology that target open-ended interaction.
FUNCTIONAL FOCUS
The research group focuses on developing a better understanding of fundamental aspects of human
cognitive development toward designing robot systems that can achieve completely autonomous, openended interactions and applications for the diagnosis and treatment of developmental disabilities. The
group collaborates with medical doctors and developmental psychologists in projects that target
disabilities.
RESEARCH FOCUS
The research group presented the following two areas during the WTEC site visit:
•

Developmental cognitive robotics seeks to use robots and computer simulations as scientific
platforms to investigate principles of adaptive cognition, behavior, and interaction. Using these
principles, robots and simulated embodied forms generate open-ended, emergent behavior that the
robots can use to interact with their environments and with humans. The researchers demonstrated an
infant robot, the simulation of an infant, and other embodied forms such as a table. One of the
platforms was Noby (Figure B.22), an infant robot designed to display the cognitive capabilities and
emergent behaviors of a nine-month-old infant. The platform integrates vision, auditory, gyroscopic,
and tactile sensing and compliant, antagonistic tendon drive actuators. These sensing and actuation
capabilities allow the researchers to investigate the musculoskeletal properties of the human body.
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The research group is also interested in using the Noby robot and simulations of human infants to
investigate the principles of developmental disorders toward developing applications for early
diagnosis and therapy.
•

Applications of AI and robotics research involve projects that target open-ended interaction
capabilities. The systems developed in this research area integrate computer vision, audio processing
and generation, and information extraction techniques to offer users with meaningful, open-ended
interaction. The first system that the research group demonstrated was AI Goggles (Figure B.23), a
system for real-time object learning and recognition from a live camera feed. The system combines a
head-mounted display, a camera that captures the user’s field of view, and a wearable computer with
a large database of labeled images to annotate scenes with recognized objects. The research group has
recently implemented the system on an iPad and demonstrated its functioning in learning a new object
and recognizing it. The second system that the researchers demonstrated was the Journalist Robot
(Figure B.24), a humanlike robot that identified changes in the environment, identified and
approached people to interview them about this change, and created a summary of the interview on a
website. The robot used computer vision and online learning to recognize people and objects and
detect anomalies. It used natural language processing and generation to conduct the interviews.
Finally, it used information summarization and presentation techniques to create a story from the
interview and post it on the Internet.

(a)

(b)

Figure B.22. Noby infant robot system. (Photo (a) courtesy of
http://inventorspot.com/files/images/baby3_380_1065363a_0.jpg; photo (b) courtesy of
B. Mutlu).

TRANSLATION
The group has commercialized component-level technologies in vision, tactile sensing, and control. These
technologies have been patented in Japan and internationally, particularly in other Asian countries, the
United States, and Europe.
SOURCES OF SUPPORT
The research group is funded primarily by JSPS (Japan Society for the Promotion of Science) and JST
(Japan Science and Technology Agency) with some industrial support. The research group is led by
Professor Yasuo Kuniyoshi and involves an associate professor, an assistant professor, three staff
members, one postdoctoral researcher, eight doctoral students, 16 master’s students, and eight
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undergraduate students. Faculty salaries are paid by the University of Tokyo and salaries for staff,
postdoctoral researchers, graduate students, and equipment are paid through research grants.

Figure B.23. AI Goggles object learning and recognition system from live camera feed (a) and its
implementation on an iPad (b). (Photo (a) courtesy of University of Tokyo, ISI Lab.;
photo (b) courtesy of B. Mutlu.)

Figure B.24. Journalist Robot (a) that detects anomalies in the environment, interviews nearby
humans, and creates news stories (b) based on these interviews (Photos (a) and (b)
courtesy of B. Mutlu).

ASSESSMENT
The Intelligent Systems and Informatics (ISI) Lab is one of the strongest groups in developmental
cognitive robotics and is well recognized by this community. The site visit team also found some of the
applications such as the AI Goggles to be technologies with broad implications for robotics and HRI. The
group publishes regularly in international robotics journals such as Robotics and Autonomous Systems,
International Journal of Humanoid Robotics, and Advanced Robotics, and conferences such the IEEE
Humanoids Conference and IROS, and in international cognitive science journals such as Neuroscience
and Cognitive Systems.
SELECTED REFERENCES
Asada, M., K.F. MacDorman, H. Ishiguro, and Y. Kuniyoshi. 2011. Cognitive developmental robotics as a new paradigm
for the design of humanoid robots. Robotics and Autonomous Systems 37(2-3):185-193.
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Fujimori, Y., Y. Ohmura, T. Harada, and Y. Kuniyoshi. 2009. Wearable motion capture suit with full-body tactile sensors.
In IEEE International Conference on Robotics and Automation (ICRA), pp. 3186-3193.
Harada, T., H. Nakayama, and Y. Kuniyoshi. 2010. AI goggles: wearable image annotation and retrieval system with
online learning. IEICE Transactions on Information and Systems J93-D(6):857-869.
Kuniyoshi, Y., S. Suzuki, and S. Sangawa. 2005. Emergence, exploration and learning of embodied behavior.
International Symposium of Robotics Research (ISRR), 473-486.
Kuniyoshi, Y., Y. Yorozu, Y. Ohmura, K. Terada, T. Otani, A. Nagakubo, and T. Yamamoto. 2003. from humanoid
embodiment to theory of mind. In F. Iida, R. Pfeifer, L. Steels, and Y. Kuniyoshi (Eds.), Embodied Artificial
Intelligence, pp. 202-18. Springer: Berlin.
Matsumoto, R., H. Nakayama, T. Harada, and Kuniyoshi. 2007. Journalist Robot: robot system making news articles from
real world. In 2007 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS 2007), pp. 41354140.
Nakayama, H., T. Harada, and Y. Kuniyoshi. 2009. AI goggles: real-time description and retrieval in the real world with
online learning. IEEE Canadian Conference on Computer and Robot Vision (CRV 2009), pp. 184-191.
Suzuki, T., F. Bessho, T. Harada, and Y. Kuniyoshi. 2011. Visual anomaly detection under temporal and spatial nonuniformity for news finding robot. In Proceedings of the IEEE/RSJ International Conference on Intelligent Robots
and Systems (IROS), pp. 1214-1220.

160

Appendix B. Site Visit Reports

University of Tsukuba (Early Childhood Education Lab)
Site Address:

University of Tsukuba
Graduate School of Systems & Information
Engineering
Department of Intelligent Interaction
Technologies
1-1-1 Tennoudai
Tsukuba, Ibaraki 305-8573, Japan
Tel.: +81-29-853-6470
Fax: +81-29-853-6471
http://www.iit.tsukuba.ac.jp/en/index.html

Date Visited:

October 17, 2011

WTEC Attendees:

P. Foland (report author), T. Conway, T. Satoh, B. Scassellati

Host(s):

Fumihide Tanaka, Ph.D.
Associate professor and head researcher
fumihide@iit.tsukuba.ac.jp

OVERVIEW
The University of Tsukuba Early Childhood Education Lab is dedicated to use robots as tools to promote
spontaneous learning by children.
RESEARCH FOCUS
The research focus employs the concept of “learning by teaching”. This concept could be used for healthy
children as well as children with learning or social disabilities. In an earlier study, a robot was used as a
teacher. However, this study identified ethical implications; allowing the robot to be the only teacher was
wrong. The next approach was to let the child teach the robot and take care of it under parental and/or
teacher supervision (Figure B.25). This approach showed that children were incentivized to learn and at
the same time develop social skills.
The most common application is to use the robot to teach a foreign language. These robots have been
tested in a classroom environment.
TRANSLATION
Research results from the University of Tsukuba Early Childhood Education Lab are published mainly in
the journals of IEEE and ACM, and presented in venues such as the National Academy of Sciences
(USA).
SOURCES OF SUPPORT
Government funding comes from Japan Society for the Promotion of Science (JSPS) and the Japanese
Science and Technology Agency (JST). The system is similar to that in the United States; researchers
submit a proposal and they may receive a grant for several years.
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Figure B.25. Robotic toy used to inspire caretaking behavior by small children (courtesy of University
of Tsukuba/F. Tanaka Lab.).

ASSESSMENT
The Early Childhood Education Lab is primarily focused on developing robots that help children to learn
in an interactive way by using care-receiving robots. This is a relatively new concept; in the past teacher
robots typically were used. The child-robot interaction and field experiments were done with children
between 3 to 6 years old. They used two stages:
Stage 1. Can the robot induce children’s caretaking behaviors?
Stage 2. Can the robot promote children’s learning by teaching?
The results of this experiment show that this new concept helps the children to learn more quickly, as
shown in Figure B.26.

Figure B.26. Results of child-robot interaction experiements with 3- to 6-year-old children who were
taught to take care of a robot (courtesy of University of Tsukuba/F. Tanaka Lab.).

The Early Childhood Education Lab also works in telerobotics—teleoperation by children, which
involves interaction between classrooms in Japan other countries, including the United States. Children
control robots in opposite classrooms through Skype and other telerobotics software and hardware.
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SELECTED REFERENCES
Ghosh, M., and F. Tanaka. 2011. The impact of different competence levels of care-receiving robot on children. In
Proceedings of IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS 2011), pp. 2409-2415,
San Francisco, USA.
Tanaka, F., A. Cicourel, and J.R. Movellan. 2007. Socialization between toddlers and robots at an early childhood
education center. Proceedings of the National Academy of Sciences of the USA (PNAS) 104(46):17954-17958.
Tanaka, F., B. Fortenberry, K. Aisaka and J.R. Movellan. 2005. Developing dance interaction between QRIO and toddlers
in a classroom environment: plans for the first steps. In Proceedings of the 2005 IEEE International Workshop on
Robot and Human Interactive Communication (RO-MAN 2005), Pp.223-228, Nashville, Tennessee, USA.
Tanaka, F. and T. Kimura. 2009. The use of robots in early education: a scenario based on ethical consideration. In
Proceedings of the 18th IEEE International Symposium on Robot and Human Interactive Communication (RO-MAN
2009), pp. 558-560, Toyama, Japan.
Tanaka, F. and S. Matsuzoe. 2012. Learning verbs by teaching a care-receiving robot by children: an experimental report.
In Proceedings of 7th ACM/IEEE International Conference on Human-Robot Interaction (HRI 2012), Late-Breaking
Reports (LBR), to appear March 2012.
Tanaka, F., and S. Matsuzoe. 2012. Care-receiving robot to promote children’s learning by teaching: field experiments at a
classroom for vocabulary learning. Submitted to Journal of Human-Robot Interaction, in review.
Tanaka, F., J.R. Movellan, B. Fortenberry, and K. Aisaka. 2006. Daily HRI evaluation at a classroom environment: reports
from dance interaction experiments. In Proceedings of the 1st Annual Conference on Human-Robot Interaction (HRI
2006), pp. 3-9, Salt Lake City, USA.
Tanaka, F. and T. Takahashi. 2011. Linking children by telerobotics: experimental field and the first target. In Proceedings
of the 6th ACM/IEEE International Conference on Human-Robot Interaction (HRI 2011), pp. 267-268. Late-Breaking
Reports (LBR), Lausanne, Switzerland.
Tanaka, F. and T. Takahashi. 2012. A tricycle-style teleoperational interface that remotely controls a robot for classroom
children. In Proceedings of 7th ACM/IEEE International Conference on Human-Robot Interaction (HRI 2012), LateBreaking Reports (LBR), to appear March 2012.
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University of Tsukuba (Gestureman)
Site Address:

University of Tsukuba
Graduate School of Systems & Information
Engineering
Department of Intelligent Interaction
Technologies
1-1-1 Tennoudai
Tsukuba, Ibaraki 305-8573, Japan
Tel.: +81-29-853-6470
Fax: +81-29-853-6471
http://www.iit.tsukuba.ac.jp/en/index.html

Date Visited:

October 17, 2011

WTEC Attendees:

P. Foland (report author), T. Conway, T. Satoh, B. Scassellati

Host(s):

Dr. Eng. Hideaki Kuzuoka
Professor and head researcher
kuzuoka@iit.tsukuba.ac.jp

OVERVIEW
The University of Tsukuba at the Gestureman Lab is focused on developing robots as tools for remotely
teaching users how to perform physical tasks. An instructional robot with a camera and microphone is
controlled from a remote computer with three screens. The remote instructor interacts with the worker the
robot is teaching using the robot’s view. Another research project involves developing a model to teach
children how the solar system works.
FUNCTIONAL FOCUS
The main focus of the Gestureman lab is to create robots that help people to perform different tasks
depending on the environment by pointing while exhibiting more lifelike movements of its “head,”
“eyes,” and “body.” The robot needs to be interactive and friendly as well as communicate efficiently
with small and large groups. Body language plays a big role in this kind of instruction and it is integrated
very well in these robots.
RESEARCH FOCUS
Three demonstrations were presented (Figures B.27, B.28, and B.29) and a fourth system was not seen
but was included in a presentation by the host with accompanying video (Figure B.30).
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Figure B.27. How the rooster needs to position its body to look at the sun in different seasons using a
simulation program and a scale model (courtesy of P. Foland, WTEC).

Figure B.28. Gesturecam-2. Using a master station (left) with a PC and camera, an instructor can
control the movements of an on-site robot (right). The robot’s camera and a small screen
mounted on an actuator (6 DOF) make interactions with the subject more persuasive
(courtesy of P. Foland, WTEC).
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Figure B.29. Laryngoscopy system teaches proper insertion of a laryngoscope. The arm robot and
master-slave gesture camera system guide the student’s hand to complete the task. For
safety, an audible click indicates hand pressure sufficient to break teeth (courtesy of P.
Foland, WTEC).

Figure B.30. TalkTorque-2 robot can rotate its torso when a subject is talking from the side or when
attention is needed (courtesy of H. Kuzuoka, University of Tsukuba).

TRANSLATION
Research results from the University of Tsukuba are published mainly at IEEE and ACM symposia and
locally in venues such as NICOGRAPH.
SOURCES OF SUPPORT
The University of Tsukuba received government funding from JSPS (Japan Society for the Promotion of
Science) and the Japanese equivalent of the U.S. Department of Homeland Security. The system is similar
to that in the United States; researchers submit a proposal and they may receive a grant for a number of
years.
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ASSESSMENT
The University of Tsukuba-Gestureman Lab focuses primarily on the development of robots that can
assist people in performing physical tasks by using the robots as an interface. Their robots can also be
programmed to perform tour tasks in museums. The integration of the ethnomethodology with the
engineering component creates an easy way for a human to interact with a robot and for the robot to get
attention from the human. The robot uses communication techniques like gazing, pauses in conversations,
and changing its body position to establish a conversation environment with the subject(s).
SELECTED REFERENCES
Kuzuoka, H., S. Oyama, K. Yamazaki, K. Suzuki, and M. Mitsuishi. 2000. GestureMan: A mobile robot that embodies a
remote instructor’s actions. In Proceedings of CSCW’00, pp. 155-162, Philadelphia, Pennsylvania, USA.
http://www.grouplab.esys.tsukuba.ac.jp/papers/pdf/p35-kuzuoka.pdf
Kuzuoka, H., Y. Suzuki, J. Yamashita, and K. Yamazaki. 2010. Reconfiguring spatial formation arrangement by robot
body orientation. In HRI 10, Proceedings of 5th ACM-IEEE International Conference on Human-Robot Interaction,
pp. 285-292, doi: 10.1109/HRI.2010.5453182. http://www.mendeley.com/research/reconfiguring-spatial-formationarrangement-robot-body-orientation/#
Luff, P., N. Yamashita, H. Kuzuoka, and C. Heath. 2011. Hands on Hitchcock: embodied Reference to a Moving scene. In
Proceedings of ACM Conference on Human Factors in Computing Systems (CHI’11), pp. 43-52.
Yamashita, N., K. Hirata, S. Aoyagi, H. Kuzuoka, and Y. Harada. 2008. Impact of seating positions on group video
communication. In Proceedings of ACM Conference on Computer Supported Collaborative Work (CSCW’08), pp.
177-186.
Yamashita, N., K. Kaji, H. Kuzuoka, and K. Hirata. 2011. Improving visibility of remote gestures in distributed tabletop
collaboration. In Proceedings of ACM Conference on Computer Supported Cooperative Work (CSCW’11 ), pp. 95104.
Yamashita, N., H. Kuzuoka, K.Hirata, S. Aoyagi, and Y. Shirai. 2011. Supporting fluid tabletop collaboration across
distances. In Proceedings of ACM Conference on Human Factors in Computing Systems (CHI’11), pp. 2827-2836.
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Waseda University – Humanoid Robotics Institute
Site Address:

Waseda University
2-2, Wakamatsu-cho, Shinjuku-ku
Tokyo 162-8480, Japan
Tel.: +81-3-5369-7329
http://www.takanishi.mech.waseda.ac.jp/top/index.htm

Date Visited:

October 18, 2011

WTEC Attendees:

A. Howard (report author), D. Kahaner, B. Mutlu

Host(s):

Professor Atsuo Takanishi
Professor, Mechanical Engineering
Director, Humanoid Robotics Institute
contact@takanishi.mech.waseda.ac.jp
Professor Kenji Hashimoto
Assistant Professor
Faculty of Science and Engineering
k-hashimoto@ieee.org
Dr. Zhuohua Lin
Research Associate
Faculty of Science and Engineering
zhuohualin@aoni.waseda.jp

OVERVIEW
The Humanoid Robotics Institute, established in April 2000, promotes research activities that focus on the
interaction of humans and machines in our advanced information society. Based on the principle that it is
expected that a robot will provide assistance in housework, for the aging population, and for
entertainment, the goal of the HRI lab is to develop a type of human robot, a Humanoid, that will work
together with human partners in our living environment, by sharing the same working space and
experiencing the same thinking and behavior patterns as a human being. These humanoid robots are
designed to integrate information from sensors and show coordinated actions to realize a high level of
communication with a human through speech, facial expression and body movement, without requiring
any special training. The Institute is organized into multiple labs, and other collaborations include
industrial, such as with Toyota Motors, Hitachi, and Sony, as well as collaborations outside of Japan, such
as with Italy, United States, France, and Portugal.
Takanishi’s lab, the Integrated Mind-Body Mechanism Lab, is focused on the integration of physical and
psychological mechanisms in order to develop robots that coexist with humans in society. In Takanishi’s
lab, a number of projects have focused on the development of various robotic platforms having various
functional capabilities. These efforts range from the design of bipedal humanoid robots, such as the
WABIAN-2R (Hashimoto et al. 2010, Figure B.31a), to the deployment of anthropomorphic musicplaying robots, such as WF-4RIV (Petersen, Solis, and Takanishi 2009, Figure B.31b), and to the
construction of medical simulation robots like WKA-4 (Noh et al. 2011, Figure B.31c).
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(a)

(b)

(c)

Figure B.31. Projects of the Takanishi laboratory: bipedal humanoid robot WABIAN-2R (a);
anthropomorphic Flutist Robot WF-4RIV (b); and airway management training system
WKA-4 (c). (Images (a)-(c) courtesy of Waseda University-HRI.)

FUNCTIONAL FOCUS
The Integrated Mind-Body Mechanism Lab, directed by Professor Atsuo Takanishi, is focused on the
development of robots that interact with humans for the welfare of human society. The lab encompasses
various research domains in robotics—from biped humanoids, to robot simulation of emotion (Figure
B.32) and body language to bio-medical robotics. The primary emphasis is on integrating both physical
and psychological mechanisms into robotic systems in order to enable high-level coordination with their
human counterparts.
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Figure B.32. Emotion expression humanoid robot WE-4RII, developed in research collaboration with
Italy (courtesy of Waseda University-HRI.).

RESEARCH FOCUS
Takanishi’s lab focuses on a wide variety of robotic application areas. The biped-humanoid projects, such
as WABIAN-2R (Figure B.31a) and KOBIAN (Figure B.33), have the primary focus of designing
algorithms and robotic platforms that enable robots to interact with human partners. Built upon research
developed in the late 90’s, the research in this domain has focused on the integration of upper body
movement capable of emotional expression (Itoh et al. 2005), a lower body capable of simulating human
movement such as walking and dancing (Ogura et al. 2006), and facial expressions based on the
integration of eyebrows, eyelids, eyes, lips, and jaw features (Zecca et al. 2010). Aspects of this research
involve collaborations with Italy, as well as teaming between Japan, United States, Italy, France, and
Portugal.

Figure B.33. KOBIAN, a whole body emotion expressions robot (courtesy of Waseda UniversityHRI.)
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Research on the anthropomorphic flutist/saxophone robot began at Waseda University in 1990 (Solis et
al. 2009, 2011; Figure B.34). Originally, the primary goal was to create music. Since then it has evolved
to focus on three main goals, (1) clarifying human motor control while playing a musical instrument, (2)
enabling communication with humans at the emotional level of perception (i.e., enable interaction with
other musicians through cues), and (3) the transfer of musical-playing skills to novice musicians.

Figure B.34. Saxophonist robot WAS-2R (courtesy of Waseda University-HRI.)

In the bio-medical domain, the primary research focuses on the development of simulation robotic
systems for medical education, skill training, and skill evaluation. Specific projects include a medical
simulation robot named WKA-4 in which sensors/actuators are embedded within a robot mannequin to
provide a training device for medical students (Noh et al. 2011); a laparoscopic skill training box that
integrates and inertial sensor-based motion capture system WB-3 to provide a methodology for
objectively evaluating the operative skills of medical students in laparoscopic training centers (Lin et al.
2011, Figure B.35), and a suture training device WKS-2R that combines force and vision information for
assessment of suturing behaviors (Oshima et al. 2007, Figure B.36). Related work in this domain includes
an ultrasonic diagnostic system WTA-2R that integrates a 6 DOF robotic arm with combined
teleoperation and autonomous behavior to enable patient monitoring (Nakadate et al. 2010, Figure B.37).

Figure B.35. Laparoscopic training with WB-3 system (courtesy of Waseda University-HRI.).

Appendix B. Site Visit Reports

171

Figure B.36. Surgical skill evaluation system WKS-2R (courtesy of Waseda University-HRI.).

Figure B.37. Robot system for ultrasound diagnosis WTA-2R (courtesy of Waseda University-HRI.).

TRANSLATION
Research derived from Takanishi’s Lab has been transferred both to other universities and to industrial
partners. The design of WABIAN-2R has been transferred to an Italian team, resulting in the development
of a similar platform for research in brain and science. One product named WV-2RII (an educational
robot kit) was developed for student education and is now available commercially to the public by
JAPAN ROBOTECH Ltd. Robotics research in the biomedical domain has also resulted in the start-up of
a company called LP-Research, which focuses on commercializing the inertial measurement unit (IMU)
sensors. Other products being translated to the commercial marketplace include the suture training device
and airway management training system to KYOTOKAGAKU Co., Ltd.
SOURCES OF SUPPORT
Funding sources from the Integrated Mind-Body Mechanism Lab derive from a variety of sources. The
Robot House (Wabot-House) has provided funding for a majority of these efforts. The lab also has both
past and active collaborations with a number of companies that have provided funding (including Hitachi,
Sony, Toyota, STMicroelectronics, as well as small start-up companies). European Funding has also been
secured for the collaborative initiative between Japan and Europe under the RoboSom.eu project.
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ASSESSMENT
The aforementioned efforts require strong collaborations with subject matter experts, such as medical
professionals, hospitals, and musicians. Given that safety is the most important element for performance
evaluation, the lab has performed a number of partial studies on human comfort while using the
developed platforms and devices. Public-based assessment is envisioned through exhibiting at such
venues as I-REX 2011 (Robotics Exhibit in Tokyo), which provides a forum for integrating all types of
robots for interaction with the public sector.
SELECTED REFERENCES
Hashimoto, K., Y. Takezaki, K. Hattori, H.I. Kondo, T. Takashima, H. Lim, and A. Takanishi. 2010. Development of new
biped foot mechanism mimicking human’s foot arch structure. CISM Courses and Lectures 524(Ch. III):249-256.
Itoh, K., H. Miwa, M. Matsumoto, M. Zecca, H. Takanobu, S. Roccella, M. Chiara Carrozza, P. Dario, and A. Takanishi.
2005. Behavior model of humanoid robots based on operant conditioning. In Proceedings of the 5th IEEE-RAS
International Conference on Humanoid Robots, pp. 220-225.
Lin, Z.H., M. Uemura, M. Zecca, S. Sessa, H. Ishii, L. Bartolomeo, K. Itoh, M. Tomikawa, M. Hashizume, and A.
Takanishi. 2011. Waseda bioinstrumentation system WB-3 as a wearable tool for objective laparoscopic skill
evaluation. In Proceedings of the 2011 IEEE International Conference on Robotics and Automation, pp. 5737-5742.
Nakadate, R., J. Solis, A. Takanishi, E. Minagawa, M. Sugawara, K. Niki. 2010. Implementation of an automatic scanning
and detection algorithm for the carotid artery by an assisted-robotic measurement system. In Proceedings of the 2010
IEEE/RSJ International Conference on Intelligent Robots and Systems, pp. 313-318.
Noh, Y., Kazuki Ebihara, Masanao Segawa, Kei Sato, Chunbao Wang, Hiroyuki Ishii, Jorge Solis, Atsuo Takanishi,
Kazuyuki Hatake, and Satoru Shoji. 2011. Development of the airway management training system WKA-4: for
improved high-fidelity reproduction of real patient conditions, and improved tongue and mandible mechanisms. In
Proceedings of the 2011 IEEE International Conference on Robotics and Automation, pp. 1726-1731.
Ogura, Y., H. Aikawa, K. Shimomura, A. Morishima, H. Lim, and A Takanishi. 2006. Development of a new humanoid
robot WABIAN-2. In Proceedings of the 2006 IEEE International Conference on Robotics and Automation, pp. 7681, doi: 10.1109/ROBOT.2006.1641164.
Oshima, N., J. Solis, Y. Ogura, K. Hatake, and A. Takanishi. 2007. Development of the suture/ligature training system
WKS-2 designed to provide more detailed information of the task performance. In Proceedings of the 2007 IEEE/RSJ
International Conference on Intelligent Robots and Systems, pp. 58-63.
Petersen, K., J. Solis, and A. Takanishi. 2009. Development of an aural real-time rhythmical and harmonic tracking to
enable the musical interaction with the Waseda Flutist Robot. In Proceedings of the 2009 IEEE/RSJ International
Conference on Intelligent Robots and Systems, pp. 2303-2308.
Solis, J., T. Ninomiya, K. Petersen, M. Takeuchi, and A. Takanishi. 2009. Mechanism design and air-pressure feedback
control implementation of the anthropomorphic Waseda Saxophonist Robot. In Proceedings of the 9th IEEE-RAS
International Conference on Humanoid Robots, pp. 419-424.
Solis, J., K. Petersen, M. Takeuchi, T. Kusano, S. Ishikawa, A. Takanishi, and K. Hashimoto. 2011. Improvement of the
oral cavity and finger mechanisms and implementation of a pressure-pitch control system for the Waseda Saxophonist
Robot. In Proceedings of the 2011 IEEE International Conference on Robotics and Automation, pp. 3976-3981.
Zecca, M., G. Macrì, Y. Mizoguchi, V. Monaco, N. Endo, K. Itoh, P. Dario, and A. Takanishi. 2010. Evaluation of the
KOBIAN and HABIAN emotion expression humanoid robots with European elderly people. In Romansy 18 Robot
Design, Dynamics and Control 524(Ch VI):449-456.
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Waseda University – Intelligent Machine Laboratory
Site Address:

Intelligent Machine Laboratory
Waseda University, Kikuicho Campus
17 Kikuicho, Shinjuku, 162-0044 Japan
Tel.: 03-5286-3264
http://www.sugano.mech.waseda.ac.jp/index.html

Date Visited:

October 19, 2011

WTEC Attendees:

M. Veloso (report author), C. Jenkins, B. Scassellati

Host(s):

Professor Shigeki Sugano, Ph.D.
sugano@waseda.jp

OVERVIEW
The Sugano laboratory at Waseda University has a long research history in particular in humanoids
robots. Since 2011, Sugano has been a Director of the Waseda WABOT-HOUSE laboratory. The
laboratory has both mechanical engineering and human-robot interaction interests. Sugano developed a
Piano-Playing Robot, WABOT-2, in 1991. The lab developed a pioneering humanoid, WENDY, with
dexterous manipulation in the early 2000s. The site visit included an initial overview presentation by
Professor Sugano, followed by three main demonstrations: (1) the new TWENDY-ONE humanoid robot
applied to assisting patients with mobility limitations; (2) a remotely operated sonogram system to assess
internal bleeding; and (3) an autonomous correction system for human operation of complex agricultural
machinery. The demonstrations were given in three different well equipped lab spaces. The first
demonstration was in Sugano’s lab, and the other two were given by two other young professors or
postdocs, also pursuing research in human-robot interaction.
APPLICATION FOCUS
The main application focus of the lab is assistive robotics technology, but the lab also has a more general
focus on human assistance, in the home and for other work scenarios. The applications seem to be driven
by connections with companies that introduce problems that can be addressed by robotic technology
within the research interests of the lab. The lab has a clear application and research presence in humanrobot interaction.
RESEARCH FOCUS
The research is situated in the Waseda WABOT-HOUSE Project, in which robots provide assistance in
home environments. They have a Human-Robot Symbiosis research room, instrumented with RFID tags
installed under the floor, and multiple sensed and actuated devices. The research goal aims at designing
the human-symbiotic robot for the 21st century. In the 1990s they designed the WENDY (Waseda
Engineering Design sYmbiotic) robot (Figure B.38a) for their research current robot, TWENDY-ONE
(Figure B38.b) is the updated version of WENDY for the 21st century. The research has a strong focus on
manipulation (see hand in Figure B38.b) and motion analysis for carrying objects, cooking, dressing,
cleaning, and a variety of other movements relevant to acting in the vicinity of humans. The arms are
designed to be compact with passive compliance for safety. For HRI, the lab finds that design of the robot
is important, including having omnidirectional mobility and battery operation. The robot is fully
programmable and can have different levels of autonomy, including pre-programmed functions,
autonomy for specific cases, and can be teleoperated while using the built-in capabilities. Sugano’s
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research presentation included the interesting concept of “Scenario-Based Robot Intelligence” in which
specific tasks are addressed and the combination of many such tasks will lead to real complete
intelligence.
Another presenter talked about the human-robot interaction project for assisting humans in difficult
machine operating tasks.
The specific three demonstrations are summarized as follows:
•

TWENDY-ONE robot (Figure B.38b) for assistance to patients with mobility limitations. The robot
approaches a patient who needs to move for his bed to a wheel chair (Figure B.38c). The robot arms
are strong enough to hold the weight of the patient. The robot then rotates towards the wheel chair
and the human rotates with it, and then the human can sit on the wheelchair when he is above it. The
demonstration was compelling both in terms of the functionality it provided to the human, and the
robustness of the robot body. We were able to experiment with the passive control of the arm and its
safe arm motion was also demonstrated.

•

Remotely operated sonogram system (Figure B.39). The goal of this project is to design a device that
allows for a remote medical doctor to operate the mobile sensing device on a patient at the accident
site or in the ambulance while being carried to a hospital. The motivation is that the drive to a hospital
takes significant critical time if the patient has non-visible internal bleeding. With the robotics device
developed, the patient can be assessed for internal bleeding remotely by a doctor. The technical
challenge is to provide a stabilized operation of the sensing device well attached to the body of the
patient such that the sensor exerts the correct needed pressure on the body surface. Another challenge
is to develop such stable device that can be applied to wide range of different bodies types, including
men, women, children, and of different weights.

•

Intention recognition for assisting human operators performing construction-related tasks with a dualarm manipulator (no pictures of this demonstration were allowed). The Sugano Laboratory has
unspecified industrial collaborations to improve the productivity and minimize errors for humans
operating construction machinery. One machine that can be particularly difficult for operators is the
dual-arm manipulator, which is useful for moving and manipulating long objects. The difficulty is
due to the lack of proprioception and need for coordination between arms. The Sugano Lab
approaches this problem by predicting the intentions of the operator through time-series classification.
Although the operator believes they are controlling the machine directly, all controls are filtered
through the robot, which prevents collisions with the environment and dropping/breaking of the
object.

TARGET POPULATION
Sugano’s group publishes in several internationally recognized robotics venues, in particular in
conferences as such IROS, ICRA, and Humanoids, and IEEE robotics journals.
TECHNOLOGY TRANSFER
One of the goals of Sugano’s labs includes working with a company to commercialize the TWENDYONE robot. The other applications, such as the remotely-operated sonogram system also aim at
commercialization but are still in prototype development stage. The agricultural applications are already
part of real products in different companies.
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(a)

(b)

(c)

(d)

(e)

Figure B.38. Waseda Engineering robots: (a) Professor Sugano and the pioneering WENDY humanoid
robot; (b) the new TWENDY-ONE humanoid robot; (c and d) TWENDY-ONE assisting
a patient to move from a bed to a wheelchair; and (e) visiting WTEC team with Prof.
Sugano and students. (Photos courtesy of M. Veloso.)

SOURCES OF SUPPORT
The lab is funded by the Ministry of Education and companies. Specific individual companies support the
specific individual projects that were demonstrated. The companies support the equipment and the lab
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space. The lab is part of Waseda University’s Center of Excellence program from the Ministry of
Education, which supports the Ph.D. students. The university has a 20% overhead over the Ministry
funding. Part of the lab space is provided by the Department of Mechanical Engineering and the rest of
the space is rented to the University by industrial funding.

Figure B.39. Remotely-operated sonogram system. A medical doctor can remotely operate the sensing
device over the body of a patient to diagnose possible internal bleeding areas and extent
(courtesy of Waseda University, S. Sugano Lab.).

ASSESSMENT
This lab has a pioneering and long term experience in excellent humanoid research in particular. The
current TWENDY-ONE robot is a notable robust mechanical robot platform. The lab has industrial
connections and support to focus their research applications in a variety of areas, including medical and
agricultural applications. The lab also includes a strong educational component, providing interesting
research opportunities for the Waseda University students.
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APPENDIX C. INTERNATIONAL CONFERENCE ON REHABILITATION ROBOTICS
(ICORR 2011)
Site Address:

ETH Science City
HPH (Physics) Building
Wolfgang-Pauli Strasse 14
8093 Zurich, Switzerland

Date Visited:

June 29-July 1, 2011

WTEC Attendees:

R.D. Shelton (report author), T. Conway, L. Meyers, S. Puyana

Host(s):

Members of the Local Organizing Committee:
Robert Riener, General Chair
Roger Gassert, Co-Chair and Scientific Chair
Just Herder, Scientific Co-Chair
Silvestro Micera, Award Chair
Peter Wolf, Local Arrangement Chair & Finance Chair

OVERVIEW
This ICORR conference was a part of Rehab Week Zurich 2011, which also included the International
Neurorehabilitation Symposium 2011 and the International Conference on Virtual Rehabilitation 2011.
All three conferences were held at the suburban science campus of the Swiss Federal Institute of
Technology, abbreviated ETH from the German. ICORR was in the physics building (Figure C.1) with all
keynotes and paper presentations, including “fast forward” 45-second talks about the posters, in its
amphitheater (Figure C.1), and poster sessions in the building’s lobby. There were no breakout sessions,
but a half-dozen tutorial workshops were held on the last day in smaller rooms. Normally these physical
facilities would not be significant, but in the context of these conferences, their accessibility is an issue.
From the ICORR 2011 web site (http://icorr2011.org/):
ICORR 2011 is a biennial international IEEE conference that highlights the latest results
from world leading research labs and clinics in the field of rehabilitation robotics. A
special focus is on clinical evaluation and promotion of interaction between engineers,
clinicians and therapists. The conference also includes patient and caregiver testimonials
as well as sessions about standardization of technology, technology transfer, and
assessment tools. The ICORR 2011 was organized in the frame of the Rehab Week
Zurich 2011, which took place at ETH Zurich from June 27 till July 1, 2011
(www.rehabweekzurich.com).
The conference had 442 attendees from 57 countries; 286 papers and 10 workshops were submitted. At
the conference, the International Consortium on Rehabilitation Robotics (ICORR,
http://rehabilitationrobotics.org/SitePages/Home.aspx) was founded.
The conjunction of the three conferences offered an efficient way of learning about recent research in
technologies for rehabilitation, since it attracted over 300 researchers from all over the world, but
particularly from Europe. This is classified as a virtual site report because the WTEC panel did not itself
visit the conference, the information was compiled on their behalf by Ted Conway and Duane Shelton.
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Figure C.1

ETH Physics Building (left) and Physics amphitheater (right). (Photos courtesy of R.D
Shelton, WTEC.)

One immediate impression that one gained from this conference is that there seemed to be hardly any
people with disabilities in attendance. It would seem that such researchers and other participants would
have special insights and motivations for this field, but they seem to be strangely lacking, if this
conference is representative.
Indeed one of the key sessions was a “user involvement session.” Five people, who experienced physical
constraints as a result of accidents, stroke, or blindness reported on the challenges they face in daily life.
They shared their experiences with robotics, and technologies generally, as therapeutic tools and daily life
aids. They made some suggestions on which technical changes could further improve their activities.
HIGHLIGHTS FROM RESEARCH PAPERS
The Selected References section has a list of the full research paper presentations. A few of the most
interesting ones are mentioned here give the flavor of the conference.

This paper evaluates the use of EMG data to provide a quantitative description of the lower limb muscular
recruitment to help identify optimal rehabilitation treatments. The authors measured muscular activation
patterns in the lower limbs of both healthy and spinal cord injured (SCI) subjects during robot-assisted
locomotor exercise. EMG activity of four leg muscles was analyzed under several different experimental
conditions. SCI subjects were also tested after four weeks of training to evaluate the effectiveness of
robot-assisted rehabilitative treatment. A multi-factor ANOVA on the muscle activity parameters in
healthy and SCI subjects was performed. Higher muscular activities both in healthy subjects and SCI
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patients were found during the exercises at higher stepping velocities. A significant increased bilateral
muscular activity was also observed in each SCI subject after the rehabilitation treatment.

This paper had a nice introduction to gait analysis going back to Aristotle in 350 B.C. The authors used
their commercial rehab robotics device, the MIT-Skywalker for gait therapy, as a platform for
experimental research on the contribution of interlimb pathways for evoking muscle activation patterns—
compensate for obstructions or perturbations. They found that the latency of most responses exceeds 100
msec, which suggests a supraspinal (i.e., not local) pathway.
ACCESSIBILITY ISSUES
One reason why the ICORR conference had very few people with disabilities in attendance might be the
relative lack of accessibility of its venue. ETH is one of the world’s leading universities; its Zurich
campus has a budget of over $1 billion per year. Albert Einstein and 20 other Nobel laureates have been
students or professors there. Its science city campus was built less than ten years ago, and is very
handsome. However, even in prosperous and advanced Europe, accessibility lags far behind the United
States, where the Americans with Disabilities Act of 1990 mandated upgrades in infrastructure. For
example, the Physics building in Figure C.1 had restrooms only on the basement level, which could
normally only be reached by stairs. There was one elevator, but it went to that floor only with a key—if
one could be found.
The amphitheater (Figure C.1) was a new version of the huge halls traditional for physics lectures and
demonstrations. There were over 200 seats, but only a handful were accessible. Indeed, the seats were so
tightly packed that even with the room empty, an able-bodied person walking down a row would brush
against the seats and tables on both sides. It was very difficult to reach the center seats, or to exit from
them. If any of the seats were occupied, particularly if occupants had bags, which could only be placed in
the narrow aisles. ETH students can be ordered in German with exclamation marks to pack in by taking
the center seats first. However, for an international conference, every session chair had to start by begging
attendees to do so. Most seriously this crowding was a fire hazard for anyone, but how could a fire start in
such a space? In the lecture area at the front there were many utilities for traditional physics
demonstrations, including nine (9) three-phase 400V outlets—perhaps to drive a locomotive or arcwelder.
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OTHER OBSERVATIONS
A meeting was held at the conference, chaired by William Harwin, to organize the
International Consortium on Rehabilitation Robotics (also ICORR), which is
intended to foster communications between researchers in the field. It
supplements the existing IEEE Engineering in Medicine and Biology Society and
the IEEE Robotics and Automation Society. The group intends to regularly
organize conferences like ICORR 2011.

SELECTED REFERENCES (FULL PAPER PRESENTATIONS)
Title

Author(s)

Orthotics and Prosthetics
An active foot lifter orthosis based on a PCPG algorithm

M.F.R. Duvinage, R. Jiménez-Fabian, T.
Castermans, O. Verlinden, T. Dutoit

Proof of concept of an artificial muscle: theoretical model,
numerical model and hardware experiment

D.F.B. Häufle, M. Günther, R. Blickhan, S. Schmitt

Multi-day training with vibrotactile feedback for virtual object
manipulation

Q. An, Y. Matsuoka, C.E. Stepp

Human training for online myoelectric prosthesis control using
actor-critic reinforcement learning

P.M. Pilarski, M.R. Dawson, T. Degris, F. Fahimi,
J.P. Carey, R.S. Sutton

ShouldeRO, an alignment-free two-DOF rehabilitation robot for
the shoulder complex

B. Dehez, J. Sapin

Neuroprosthetics and Brain Machine Interfaces
Use of an electromyographically driven hand orthosis for training
after stroke

J.M. Ochoa, D. Kamper, S. Lee

Walking after partial paralysis assisted with EMG-triggered or
switch-triggered functional electrical stimulation

A. Dutta, R. Kobetic, R. Triolo

Body machine interface: remapping motor skills after spinal cord
injury

M. Casadio, A. Pressman, S. Acosta, Z. Danziger,
A. Fishback, K. Muir, H. Tseng, D. Chen, F. MussaIvaldi

Towards brain-robot interfaces for stroke rehabilitation

M. Gomez-Rodriguez, M. Grosse-Wentrup, A.
Gharabaghi, J. Hill, B. Schoelkopf, J. Peters

Evaluation and Clinical Experience
Robotic training and kinematic analysis of arm and hand after
incomplete spinal cord injury: a case study

Z. Kadivar, J.L. Sullivan, D.P. Eng, A.U. Pehlivan,
M.K. O’Malley, G.E. Francisco, N. Yozbatiran

An EMG-driven exoskeleton hand robotic training device on
chronic stroke subjects

N.S.K. Ho, K. Tong, X. Hu, K.L. Fung, X. Wei, W.
Rong, E.A. Susanto

Objective measurement of synergistic movement patterns of the
upper extremity following stroke: an explorative study

T. Krabben, G. Prange, B. Molier, J. Rietman, J.
Buurke

A comparison of motor adaptations to robotically facilitated
upper extremity task practice demonstrated by children with
cerebral palsy and adults with stroke

Q. Qiu, S. Saleh, I. Lafond, A. Merians, S.
Adamovich, G.G. Fluet

Ankle control and strength training for children with cerebral
palsy using the Rutgers ankle CP - a case study

D. Cioi, G. Burdea, A. Kale, J. Engsberg, W. Janes,
S. Ross

Upper Limb Robotics
Passive velocity field control of a forearm-wrist rehabilitation
robot

A. Erdogan, A.C. Satici, V. Patoglu
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Title

Author(s)

Online learning and adaptation of patient support during ADL
training

M. Guidali, P. Schlink, A. Duschau-Wicke, R.
Riener

Challenges in biocooperative rehabilitation robotics

M. Mihelj, D. Novak, J. Ziherl, A. Olenšek, M.
Munih

Design of a robotic device for assessment and rehabilitation of
hand sensory function

O. Lambercy, A. Juarez Robles, Y. Kim, R. Gassert

Lower Limb Robotics
Changes on EMG activation in healthy subjects and incomplete
SCI patients following a robot-assisted locomotor training

S. Mazzoleni, E. Boldrini, G. Stampacchia, C.
Laschi, B. Rossi, M.C. Carrozza

Design and evaluation of Mina, a robotic orthosis for paraplegics

P. D. Neuhaus, J. H. Noorden, T.J. Craig, T. Torres,
J. T. Kirschbaum, J. E. Pratt

Walking assistance apparatus using a spatial parallel link
mechanism and a weight bearing lift

E. Tanaka, T. Ikehara, Y. Sato, H. Yusa, S. Saegusa,
T. Sakurai, K. Ito, L. Yuge

A passive exoskeleton with artificial tendons

W. van Dijk, H. van der Kooij, E. Hekman

Neuroscience Robotics
Interlimb coordination evoked by unilateral mechanical
perturbation during body-weight supported gait

P. Artemiadis, H.I. Krebs

Evaluation of negative viscosity as upper extremity training for
stroke survivors

F.C. Huang, J.L. Patton

A novel mechatronic system for measuring end-point stiffness:
mechanical design and preliminary tests

L. Masia, G. Sandini, P. Morasso

The relationship between the flexion synergy and stretch reflexes
in individuals with chronic hemiparetic stroke

J.G. McPherson, A. Stienen, J.M. Drogos, J.P.A.
Dewald

APPENDIX D. GLOSSARY OF ACRONYMS
AAMAS – Autonomous Agents and Multiagent Systems (international conference)
ADD – Agency for Defense Development (South Korea)
AFOSR – Air Force Office of Scientific Research (AFOSR)
AIST – National Institute of Advanced Industrial Science & Technology (Japan)
ART-Linux – Advanced Real Time -Linux (robot middleware)
ASLP – Audio, Speech and Language Processing (IEEE Transactions of)
ATR – Advanced Telecommunications Research Institute International (Japan)
ATR-IRC Lab. – ATR Intelligent Robotics and Communication Laboratories (Japan)
AT-SOINN – attribute transfer self-organizing incremental neural network
ANOVA – analysis of variance
BHUDES – Beihang University Database of Emotional Speech (China)
CAS – Chinese Academy of Sciences
CB2 – Child-robot with Biomimetic Body
CEBE – capture and express behavior environment
CHI – computer-human interaction
CIR – Center for Intelligent Robotics (part of KIST)
CMU – Carnegie Mellon University
COE – center of excellence
CONAHEC – Consortium for North American Higher Education Collaboration
COTS – commercial off-the-shelf
CPIRF – Cerebral Palsy International Research Foundation
CSCW – computer-supported collaborative work
DART – Department of Applied Robot Technology (KITECH, Korea)
DC – direct current
DOF – degree(s) of freedom
ECML – European Conference on Machine Learning
EEG – electroencephalogram
EIIRIS – Electronics Inspired Interdisciplinary Research Institute (Toyohashi University of Technology,
Japan)
EMG – electromyogram
EMNLP – [Conference on] Empirical Methods in Natural Language Processing
ERATO – Exploratory Research for Advanced Technology (Japan)
EROLL – exoskeleton robotic orthosis for the lower limbs
E-SOINN – enhanced self-organizing incremental neural network
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ETRI – Electronics and Telecommunications Research Institute (Korea)
FURO – Future Robot (KAIST, Korea)
G-COE – Global Center of Excellence
GMSI – Global Center of Excellence for Mechanical Systems Innovation (University of Tokyo)
HCI – human-computer interaction
HIRO – Human Interactive Robot
HRI – Human-robot interaction
HRI – Humanoid Robotics Institute (Waseda University, Japan)
HRI-RC – Human-Robot Interaction Research Center (KAIST, Korea)
ICASSP – International Conference on Acoustics, Speech, and Signal Processing
ICG – Integrated Circuit and Sensor Group (Toyohashi University of Technology, Japan)
ICIE – Immersive Collaborative Interaction Environment (Kyoto University)
ICORR – International Conference [or Consortium] on Rehabilitation Robotics
ICRA – [IEEE] International Conference on Robotics and Automation
ICSL – Intelligent Cooperative Systems Laboratory (Japan)
ICT – Institute of Computing Technology (Chinese Academy of Science)
IGERT – Integrative Graduate Education and Research Training (U.S. National Science Foundation)
IJCAI – International Joint Conference on Artificial Intelligence
IJHR – International Journal of Humanoid Robotics
IMADE – Interaction Measurement Analysis and Design Environment (Kyoto University)
IMRG – Interaction Modeling Research Group
IMU – inertial measurement unit [sensor]
IRL – Intelligent Robotics Laboratory (Osaka University)
IROS – [IEEE] International Conference on Robots and Systems
ISEP – International Student Exchange Program
ISI – Intelligent Systems and Informatics [Lab] (University of Tokyo)
ISRC – Intelligent Systems Research Center (at Sungkyunkwan University, Korea)
JASA – Journal of the Acoustical Society of America
JSPS – Japan Society for the Promotion of Science
JSST – Japan Society of Simulation Technology
JST – Japan Science and Technology Agency
KAFO – knee-ankle-foot orthosis
KAIST – Korea Advanced Institute of Science and Technology
KaMERo – KAIST Motion Expressive Robot
KIST – Korea Institute of Science and Technology
KITECH – Korea Institute of Industrial Technology
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KORUS – Korea and U.S.
KRF – Korea Research Foundation
KUT – Korea University of Technology and Education
LCM – Lightweight Communications and Marshalling (library for message passing and data marshalling
from MIT)
METI – Ministry of Economy, Trade, and Industry (Japan)
MEXT – Ministry of Education, Culture, Sports, Science and Technology (Japan)
MIC – Ministry of Internal Affairs and Communications (Japan)
MIDI – musical instrument digital interface [data]
MITI – Ministry of International Trade and Industry (Japan)
MKE – Ministry of Knowledge Economy (Korea)
MOCIE – Ministry of Commerce, Industry and Energy (Korea)
MOST – Ministry of Science and Technology (China)
NICT – National Institute of Communications Technology (Japan)
NSF – National Science Foundation (United States)
NSFC – National Natural Science Foundation of China
OMG – Object Management Group
ONR – Office of Naval Research (United States)
PIRF-NAV – Position Invariant Robust Features for Navigation
PKU – Peking University
PKU-SHRC – Peking University-Speech and Hearing Research Center
POMI – Penguin Robot for Multimodal Interaction
RAPUDA – Robotic Arm for Persons with Upper-limb DisAbilities
RAS – Robotics and Autonomous Systems [journal], Robotics and Automation Society
RFID – radio frequency identification
RGO – reciprocating gait orthosis
ROBIN – ROBot for INdependent life
ROS – Robot Operating System (see http://www.ros.org/wiki/)
SAF – Study Abroad Foundation
SAR – socially assistive robot
SCI – spinal cord injury
SHRC – Speech and Hearing Research Center (Peking University, China)
SIAT – Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences
SIFT – Scale-Invariant Feature Transform [object recognition software technique]
SIGGRAPH – [ACM] Special Interest Group on Computer Graphics and Interactive Techniques
SKKU – The Sungkyunkwan University (Korea)
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SLAM – simultaneous localization and mapping
SMEs – small and medium enterprises
SOINN – self-organizing incremental neural network
SRRG – Service Robotics Research Group
SURF – Speeded Up Robust Feature [image detection and description software]
TUT – Toyohashi University of Technology (Japan)
UCF – University of Central Florida
UIST – User Interface Software and Technology [conference]
USTC – University of Science and Technology (China)
VCU – Virginia Commonwealth University
WAS-2 – Waseda Saxophone Robot No. 2
WENDY – Waseda Engineering Design sYmbiotic [robot]
WF-4R IV- Waseda Flutist No. 4 Refined IV [robot]
WTEC – World Technology Evaluation Center

WTEC Books:

Selected WTEC Panel Reports, continued

Nanotechnology Research Directions for Societal Needs in 2020:
Retrospective and Outlook. Mihail Roco, Chad Mirkin, and Mark
Hersam (Ed.) Springer, 2011.

International Assessment of Nanotechnology Research Directions for
Societal Needs in 2020 Retrospective and Outlook (9/2010)

Brain-computer interfaces: An international assessment of research
and development trends. Ted Berger (Ed.) Springer, 2008.

International Assessment of Research and Development in Flexible
Hybrid Electronics (7/2010)

Robotics: State of the art and future challenges. George Bekey (Ed.)
Imperial College Press, 2008.

The Race for World Leadership of Science and Technology: Status
and Forecasts. 12th International Conference on Scientometrics
and Informetrics, Rio de Janeiro (7/2009)

Micromanufacturing: International research and development. Kori
Ehmann (Ed.) Springer, 2007.

Research and development in simulation-based engineering and
science (1/2009)

Systems biology: International research and development. Marvin
Cassman (Ed.) Springer, 2007.

Research and development in catalysis by nanostructured materials
(11/2008)

Nanotechnology: Societal implications. Mihail Roco and William
Bainbridge (Eds.) Springer, 2006. Two volumes.

Research and development in rapid vaccine manufacturing (12/2007)

Biosensing: International research and development. J. Shultz (Ed.)
Springer, 2006.

Research and development in carbon nanotube manufacturing and
applications (6/2007)
High-end computing research and development in Japan (12/2004)

Spin electronics. D.D. Awschalom et al. (Eds.) Kluwer Academic
Publishers, 2004.

Additive/subtractive manufacturing research and development in
Europe (11/2004)

Converging technologies for improving human performance:
Nanotechnology, biotechnology, information technology and
cognitive science. Mihail Roco and William Brainbridge (Eds.)
Kluwer Academic Publishers, 2004.

Microsystems research in Japan (9/2003)

Tissue engineering research. Larry McIntire (Ed.) Academic Press,
2003.

Environmentally benign manufacturing (4/2001)
Wireless technologies and information networks (7/2000)
Japan’s key technology center program (9/1999)
Future of data storage technologies (6/1999)

Applying molecular and materials modeling. Phillip Westmoreland
(Ed.) Kluwer Academic Publishers, 2002

Digital information organization in Japan (2/1999)

Societal implications of nanoscience and nanotechnology. Mihail
Roco and William Brainbridge (Eds.) Kluwer Academic
Publishers, 2001.

Selected Workshop Reports Published by WTEC:

Nanotechnology research directions. M.C. Roco, R.S. Williams, and
P. Alivisatos (Eds.) Kluwer Academic Publishers, 1999. Russian
version available.

Manufacturing at the nanoscale (2007)

Nanostructure science and technology: R & D status and trends in
nanoparticles, nanostructured materials and nanodevices. R.S.
Siegel, E. Hu, and M.C. Roco (Eds.) Kluwer Academic
Publishers, 2000.

Infrastructure needs of systems biology (5/2007)

Advanced software applications in Japan. E. Feigenbaum et al.
(Eds.) Noyes Data Corporation, 1995.
Flat-panel display technologies. L.E. Tannas, et al. (Eds.) Noyes
Publications, 1995.
Satellite communications systems and technology. B.I. Edelson and
J.N. Pelton (Eds.) Noyes Publications, 1995.

International assessment of R&D in stem cells for regenerative
medicine and tissue engineering (4/2008)
Building electronic function into nanoscale molecular architectures
(6/2007)
X-Rays and neutrons: Essential tools for nanoscience research
(6/2005)
Sensors for environmental observatories (12/2004)
Nanotechnology in space exploration (8/2004)
Nanoscience research for energy needs (3/2004)
Nanoelectronics, nanophotonics, and nanomagnetics (2/2004)
Nanotechnology: Societal implications (12/2003)
Nanobiotechnology (10/2003)
Regional, state, and local initiatives in nanotechnology (9/2003)

Selected WTEC Panel Reports:

Materials by design (6/2003)

European Research and Development in Mobility Technology for
People with Disabilities (8/2011)

Nanotechnology and the environment: Applications and implications
(5/2003)

International Assessment of Research and Development in Rapid
Vaccine Manufacturing (Part 2, 7/2011)

Nanotechnology research directions (1999)

All WTEC reports are available on the Web at http://www.wtec.org.

