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fuRo (Future Robotics Technology Center)—We deliver a

bright future of robots and

humans

What should robots mean to us?

They should be useful and make us happy—that is the essential role of robots as we see it.

this is where new robotics technologies are born.

A bright future of robots and people

fuRo conducts the broad range of activities illustrated here.
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fuRo’s mission and activities

0
Y24

yyav
[BARy MM TREDIILEERIS]
DIy a eFKTTHDICEENBRE. ZhH fuRoTY,

CHE
BAL) [FREANEEDMEFR]

REDOXALHAIY), ORy NEEZRIE TS0, fuRo . E B2 OLWTFhTHAEW
[FRENEE] EVWORBOEEHEEE>TVET,

NeFr—REDQLI LTy NT—IDBEE, FRIAICK R R&D (MREREE) ZMmiLL.
BADEERZEMHLTEENERALES,

BifiheE AMADT.
[OFRy FEEDH S5O B39 E. &xEIEfuRo ) &<

ARy NRO)—4— MRAEDOX - 2&EHE,
ARy hOBRRMEFERM. ZOTRCEEEBRICRET3HIEVEBTT,
[Fo)=T2 FLN=TLOBRRI + ERMERIM] CIEREEELET,

[Mission]

To create cultures of the future using robotics technologies.
The fuRo organization was hatched to accomplish this mission.

[Features]

Japan’s first laboratory directly under an educational corporation

To create cultures of the future and enrich the robot industry, fuRo has a unique form of operation: direct operation under
an educational corporation—it does not belong to industrial, governmental, or academic sectors.

As streamlined and fast as a venture company but with the ability to conduct medium - to long-term R&D activities—
fuRo gives a needed kick to Japanese industry.

Technical skills and people power from all robot-related fields—fuRo is the final destination.

Leaders of the robot field and key R&D persons have gathered at fuRo.

We are one of the few organizations that internally possess all the element and integration technologies related to robots.
We are unique. We are the first. With our element technologies and integration technologies, we challenge the peak.
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Ph.D. in Engineering, born in 1968 in
Tokyo. In 1996, suspended the second
half of a doctoral course in mechanical
engineering at the Graduate School of
Aoyama Gakuin University and became a
research associate at the Department of
Mechanical Engineering, Aoyama Gakuin
University. Obtained a Ph.D. (engineering)
in 2000. In 2000, led a humanoid robot
development group at the Japan Science
and Technology Agency, an independent
administrative institution. Manager of the
Future Robotics Technology Center of Chiba
Institute of Technology since June 2003.
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Creating the future
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Contributing to society through engineering
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Making an organization, gathering human resources,
accumulating technologies, and contributing to society

[Objectives of fuRo’s activities]
Creating the way things are, rather than things themselves

Techniques to create things are mere tools.

We must create cultures of the future, using tools to eliminate inconveniences

and produce a bright Japan, a society we can be proud to show the world.

We cannot create cultures of the future merely by creating things.

Creating the way things are—that is, producing services and lifestyles by using the

creation of things and making them take root as a culture.

By conducting the four component missions and sometimes integrating them,

fuRo drives the creation of both things and the way they are. That is how we create the future.

What's fuRo?
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Essential robotics technologies as elements of society, life, Future Robotics Technology Center

and culture of the future. With the human resources needed to

research and develop key technologies of the next generation,

fuRo was established in June 2003. We at fuRo create future

machines beyond conventional concepts, symbolized by joint fuRo (72—0) &ld. [157E) [44] [AE] #BHTE12FOHWE
research with Mr. Shunji Yamanaka (Leading Edge Design), a B OSv—2iF. OFy FOELERBUEREHEREIA—SLTVET,

world-famous industrial dESigner- We will continue to present and fuRo — an ancient Italian word meaning existence, life, or being. The logo im-
implement new lifestyles for humankind. parts the image of chromosomes, symbolizing the evolution of robots.
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Robots have myriad shapes, sizes, and motions.

Starting with the biped walking robot, this section introduces features of the many robots

we have developed to achieve optimal figures for the p
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Biped robot for human transportation
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The first prototype of the fuRo Boarded Biped Walking Robot
Project, named core, can carry 100 kg—the heaviest load in
the world for a biped walking robot. The project’s mission is
to develop and manufacture a future biped vehicle. “Senior
Car” vehicles are already providing transportation for seniors,
and fuRo intends to provide them with automatic pilot and
rough-terrain capabilities. We will develop a future vehicle
that is environment-friendly and safe for use in the coming
next-generation transportation system.

The robot is named “core.” We expect the technology to be
applied to differing situations in the future society and world
as the core for robots that target varied scenes. The name
symbolizes our wishes and desires.




o1 02
01 7=<JLE—K
02 E—JILE—F
03 1>t hE—F
03

Halluc

NIVY - =

BEZE—2—ATLIEHD
BEpRiOoR.y b

Mobile robot with an
ultra-multi-motored system
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Hallucll is a concept car—a future vehicle that co-exists with
the environment. As its appearance reveals, technology has
made a concession to the environment. Hallucll can travel
on unpaved surfaces—there is no need for paving, which
tends to destroy the environment. Hallucll features a newly
developed ultra-multi-motored system, with 56 motors for
traveling, the leader among legged or wheeled robots with
the largest numbers of motors. Hallucll transforms into three
modes: vehicle, insect, and animal. It has unprecedented
traveling performance, thanks to its three modes combined
with cruising and walking. The robot suggests the possibility
of overcoming problems with the urban road infrastructure in
the future—goodbye traffic jams.

Hallucll is a successor to HallucigeniaO1l (see page 11). The
Hallucigenia Project is a research activity to build traveling
robots based on an entirely new concept. It is the fusion of
humanoid robot technologies and automobile technologies.
L.E.D. (Leading Edge Design, directed by Shunji Yamanaka)
initiated the project, planned the concept, and designed the
robots; fuRo designed the traveling system and developed the
mechanisms, control systems, and software.
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Universal cockpit enabling
intuitive robot maneuvering
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Developed under the concept of human-machine integration,
the Hull cockpit enables anybody to intuitively maneuver
a complex robot. In the near future, boarded robots will be
introduced almost everywhere in life—as welfare equipment
or daily transportation, for instance. An essential requirement
will be a cockpit that can be easily maneuvered by anybody,
regardless of age or sex. The Hull maneuvering system will
eliminate the need for special skills or training. It is intended
for everybody who wants to easily maneuver a complex robot
with advanced functions.

Hull is a general-purpose cockpit system for maneuvering
robots, jointly developed by fuRo and L. E. D.
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Humanoid robots with
advanced functionality
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The morph project was started in April 2001 to research and
develop element technologies for humanoid robots, technolo-
gies to integrate the element technologies, and autonomous
control systems for motions of the entire body. As experimen-
tal platforms, the first generation (morph1) was completed in
May 2001 and the second generation (morph2) in September
2001. Here, the motions of the entire body are those mo-
tions that accompany physical contact or interference of the
environment (such as the floor surface) with the robot body
other than the soles, such as break falls or forward rolls.

With its numerous internal and external sensors, the compact,
light-weight morph3 robot system features comprehensive
movable ranges of joints. The morph3 system aims to be a
metal athlete—a body in pursuit of extreme functionality like
a lean and mean athlete with no fat. The mechanisms and
the body have been designed as an integrated system, which
results in excellent functionality (advanced recognition func-
tions and mobility), maintainability, and a friendly look.

The morphl and morph2 robots were developed in the JST
Kitano Symbiotic Systems Project, and the morph3 robot
was jointly developed by the JST Kitano Symbiotic Systems
Project and Mr. Shunji Yamanaka, an industrial designer. The
morph3 R&D team was transferred to fuRo June 1, 2003.
R&D activities continue.
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01 morph3
02 morpht
03 morph2
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Next-generation multi-purpose
vehicles with eight wheel modules
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Hallucigenia 01 is an experimental prototype vehicle with eight
wheeled legs (wheel modules), manufactured at a scale of 1/5
(537 mm long and 331 mm wide). Hallucigenia O1 can be
classified as a multi-joint robot with 32 motors. With all joints
controlled, it demonstrates excellent maneuverability, for instance,
it can rotate in a single spot or travel sideways with all eight wheels
aligned in the same direction. Its lifting joints and swinging joints
are controlled in real time for advanced mobility; it can climb a
slope while keeping the body level and can go over steps. Its name,
Hallucigenia, derives from an ancient creature that lived in the sea
in the Cambrian period, Paleozoic Era. The Hallucigenia Project is
a joint research effort of L. E. D., fuRo, and Creative Box.
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The operator can easily manipulate a
robot, with WIND detecting and rec-
ognizing the operator's movements
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Wearable robot controller

WIND (Wireless Intelligent Networked Device) is an ultra-small
controller device that detects and recognizes motions of a person
and transmits operation directives to a robot by radio. With a
WIND-based wearable controller, the operator can easily ma-
nipulate the robot by gesture. In the past, robots were controlled
through the operation of a mouse or keyboard connected to a PC.
All the PC functions are now implemented in a semiconductor
package called SiP (System in Package, a futuristic semiconduc-
tor package), small and light enough to be integrated in a wearable
system. The product design of WIND is by L. E. D.
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Rescue robot to work in
serious incidents
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Quince is a rescue robot for use in CBRNE incidents (disasters
due to chemical, biological, radiological, or nuclear causes
or high-yield explosives). Substituting for the fire crew, the
Quince rescue robot enters the field and surveys the situation.
To perform in disaster areas or eliminate contaminants, Quince
is designed to be highly dustproof and waterproof and to be
sturdy enough to sustain functions even in the event of unex-
pected falls. Quince is a successor to Kenaf (see page 13).
The research and development of Quince is conducted by
a group of researchers including the International Rescue
System Institute and Tohoku University in addition to fuRo.
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Rescue robot boasts high
compatibility with difficult terrains

Kenaf is a rescue robot developed for use in rescue missions
after earthquakes, landslides or other disasters. It has two
main crawlers that cover the entire body and four auxiliary
crawler arms that are controlled independently. These fea-
tures, together with construction having a low center of gravity,
enable Kenaf to perform excellently on piles of debris.

In any rescue mission, it is important to collect information on
the people in need of rescue and to generate a map showing
the environment of the disaster area. The rescue team needs
to know where the people are and the most efficient route to
get to them. Based on distance information from a laser range
finder and estimation of its own position, Kenaf automatically
generates a map of the area it has traveled in.

Kenaf has been used as a common platform by fuRo, Tohoku
University, Okayama University, National Institute of Advanced
Industrial Science and Technology (AIST), and National Insti-
tute of Information and Communications Technology (NICT).
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Technology to create eyes for robots
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Robot vision technology enables a robot to recognize the sur-
rounding environment using vision sensors. This technology
is essential for a robot to determine the situation it is in and
operate appropriately. fuRo is researching robot vision to
realize a future where robots with such intelligent eyes will
work together with people and perform tasks to help people.
Using original schemes, we have developed technologies to
generate detailed three-dimensional maps using a stereo
camera or a laser sensor in real time and to enable a robot to
autonomously travel while recognizing its own position using
the generated maps. Our achievements have been highly rated
in Japan and overseas.
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Electronic handicraft kit from fuRo
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The f-palette electronic handicraft kit consists of a micro-
computer board, an 1/0 board, and a motor driver board. The
kit was developed by fuRo. In the Department of Advanced
Robotics at Chiba Institute of Technology, every freshman
uses the basic set to build one original robot every year. The
department is planning to add many expansion boards—mp3
recording/playback module, USB host module, Ethernet mod-
ule, and more. Just as with creating original colors by blending
paints, the students can easily build robots by combining a
variety of functions.
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For children who bear the next generation and for those who are not
familiar with robots, fuRo holds presentations and demonstrations at
museums and events in Japan and overseas.
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Presentation at Ars Electronica
(Linz, Austria)

THALEEMPBDALLENDIATRL— a2 iE, HOPIZOKRY
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Collaboration with other fields, such as designs, is essential for dis-
seminating robot technologies. Collaboration helps us find new view-
points that would have remained unnoticed otherwise and produces
new ideas.

core AKXy FFOY TV b
core robot project
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Researchers at fuRo teach in Hands-on Robot Experience, the first
compulsory subject for freshmen of Chiba Institute of Technology.
Through this curriculum that lasts only six months, students, many of
whom have never even held a soldering iron, build an original robot.
Starting with the soldering of control boards, the students learn the ba-
sics of robot technologies including motor control, sensor processing,
and programming. Activities include disassembling latest robots and
studying an outline of leading-edge technologies. The components, mi-
crocomputer boards, and textbooks are completely original—they have
been developed exclusively by fuRo. The subject provides students
with hands-on experience with the forefront of technologies from the
beginning of the college curricula. The experience has an important
impact on their research life.
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Lecture scene and various student
works
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Demonstrative experiments are repeated under various environments
simulating the applications of the developed robots in the real world.
Students sometimes participate in competitions to improve their skills
through friendly rivalry with researchers around the world. Every year,
fuRo participates in RoboCup (Rescue Robot and Humanoid Leagues)
and Real World Robot Challenge and leaves good results.

01 lf - METHELEET

02 KE - FXH¥XZHBZKEHR
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01 Operation on snow in Zaoh,
Yamagata

02 Demonstrative experiment at
Disaster City, a disaster rescue
training facility in Texas, USA

03 ARy TLXF 21—

04 ORDyTE21—7/AK

05, 06 D<K IEF v LT

03 RoboCup Rescue

04 RoboCup Humanoid

05, 06 Real World Robot Challenge

Awards

RoboCup world championship 2010
Rescue Robot League Best-in-Class :Manipulation 2nd Prize
Humanoid League Kid-size 3on3 3rd Prize
Kid-size technical challenge 3rd Prize
Teen-size 2on2 1st Prize
Teen-size technical challenge 3rd Prize

RoboCup Japan Open 2010

Humanoid League Kid-size 3on3 1st Prize
Kid-size technical challenge 1st Prize
Teen-size best humanoid Prize

RoboCup world championship 2009

Rescue Robot League Mixed Initiative Championship Award 2nd Prize
Innovative Mobility, Sensors,
Manipulators and Interfaces Award
Best-in-Class :Mobility 1st Prize
Best-in-Class :Autonomy 2nd Prize

RoboCup Japan Open 2008

Rescue Robot League 2nd Prize

Real World Robot Challenge (RWRC) 2010

(Mayor's Prize, completed trial and final runs)

Real World Robot Challenge (RWRC) 2009

(Mayor's Prize, completed trial and final runs)
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Since established in 2003, fuRo has been contributing various
National projects.

02

01 fuRo Motor Driver (R0
Ry MEBEBRAR IO M)
02 EVWFTAKRY b ZXFL (R
KAAy MABEEHEMRAZE T O
JIIHh)

03 —f@OARy b CRIADOR Y
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01 fuRo Motor Driver (Development
Project for a Common Basis of
Next-generation Robots)

02 Wheelchair Robot System (Intel-
ligent Robot Technology Software
Project)

03 Unicycle robot (Development
Project for a Common Basis of
Next-generation Robots)

History

2007-2011
Intelligent Robot Technology Software Project; (Service Industry Field)
and (Social and Life Field)

2006-2010

Project for Strategic Development of Advanced Robotics Elemental
Technologies; (Special Environment Robot Field) and (Service Robot
Field)

2005-2007
Development Project for a Common Basis of Next-generation Robots

2004-2005
Basic Technology Development for Practical Application of Human-

Support Robots

Future Robotics Technology Center



