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Faculty of Engineering, Kyoto University

The 21* Century COE Program for Research and Education
on Complex Functional Mechanical Systems

Kazuo Tsuchiya
Professor
Department of Aeronautics and Astronautics

1.Mission and Scope of the Program

The 21st Century COE (Center of Excellence) Program is an initiative
taken by the Japanese Ministry of Education, Culture, Sports, Science and
Technology (MEXT), with the goal of supporting universities in
establishing international centers for education and research which are
capable of becoming world leaders in their specific research areas. Our
program of "Research and Education on Complex Functional Mechanical
Systems" has been awarded the grant for carrying out advanced research
and education as a Center of Excellence in the field of mechanical
engineering in 2003 (five-year project), and is expected to be a leader in
research and education both in Japan and worldwide

Our objective in research is modeling, analysis, and control of phenomena
and design theory geared specifically for complex mechanical systems,
and is to form the basis of a novel field of study to be known as "Complex
Systems Mechanical Engineering”. On the other hand, our objective in
education is to foster and develop innovative young researchers that will
become leaders in these novel fields of study. The COE program provides
significant opportunities for such development on the job, promoting
broad perspectives, creativity, and a strong will in preparation for the
entrance of our young scientists into the global research community. To
this end, we will establish high-level joint teams combining specialized
scientists and engineers from the four departments of the Graduate
School of Engineering (Department of Mechanical Engineering,
Department of Engineering Physics and Mechanics, Department of
Precision Engineering, and Department of Aeronautics and Astronautics).
one department of the Graduate School of Informatics (Department of
Applied Analysis and Complex Dynamical Systems), and the Kyoto
University International Innovation Center. Research will be conducted
using the facilities of the five departments on Yoshida campus, and it will
also be carried out at Katsura Intec Center, our interdisciplinary joint
research facility

2.Research Topics

The purpose of mechanical engineering is the analysis and design of
mechanical systems, but the systems of interest are becoming
increasingly complex. The ability to generate long-term weather forecasts
has many socially and economically important consequences, and, at its
core, this problem is governed by complex hydrodynamic phenomena
arising from the interaction of different elementary processes at the
atmosphere-ocean interface. Likewise, the development of robots that
behave autonomously in a changing environment will be of great
importance to many fields. The interaction of robots with their
surroundings is extremely complex and requires a mechanical systems
engineering approach to be fully understood.

Complex systems are generally composed of a large number of
components that are coupled by nonlinear interactions. A key discovery
of complex systems science is the description of complex systems
themselves. In particular, fractal systems exhibit regularity through self-
similarity while chaotic systems are simply nonlinear. As a consequence,
complex systems form an ordered structure through self-organization in
response to the environment. A complex system also develops its
functions through this ordered structure. For example, the adaptive
function, a typical function of complex systems, arises when a pre-existing
structure in the system is preferentially selected and modified in response
to the environment.
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We wish to use the concepts and methodologies of complex systems
science as they apply to complex mechanical systems. The combination of
these fields would constitute complex mechanical systems engineering.
Our specific research interests are as follows:

1. The modeling and analysis of complex mechanical systems
(1)Derivation of a reduced order model of complex systems
(2)Analysis of the adaptive functions of complex systems
2. Control and design of complex mechanical systems
(1)Stabilization control of the complex systems based on the reduced
order model
(2)Development of autonomous robots
(3)Development of a man-machine interface with adaptive functions
3. Study of the basic mathematics of complex mechanical systems
engineering
(1)Development of new analytical methods based on stochastic calculus
(2)Development of new model reduction methods
(3)Study of inverse problem analysis as the basic mathematical basis of
design theory

3. Education program for young researchers

One of the primary roles of the 21st Century COE Program is to
develop superior young researchers in their chosen fields. In this
program, we will employ Kyoto University's tradition of on-the-research
training to develop young researchers with broad perspectives highly
specialized skills, and the ability and courage to act as trailblazers in
novel fields of study. Various new systems and programs will he prepared
for this purpose
(1)Joint Interdisciplinary Research Program

To improve the research capabilities of those in the doctoral course, we
will prepare and broaden a system to promote education as a joint act of
the teacher and student in conducting research, examining a variety of
viewpoints, and deciding upon experimental objectives and procedures. In
addition to the joint research that has occurred in the past under the
tutelage of a single instructor, a new system designated as the
Apprenticeship is being established. In this program, a young researcher
is allowed to participate in joint research unrelated to the department to
which he or she belongs, including overseas research projects, for a set
period of time. In addition, the student will be given opportunities to
interact with instructors in other disciplines and participate in their
research
(2)Fellowship Program

Young researchers, post-doctoral research fellows and graduate school
doctoral students, will be provided with comprehensive support for their
research activities, including expenses for research, travels associated
with joint study, and domestic and international conferences, so that they
will be able to focus on their high-level research as independent
researchers

Modeling Analysis
Reduced order model Analysis of Adaptation response
for estimation or control to environment
Contral Design

Stabilization of unstable Design of machine

structures with adaptation function

] [
Hard Adaptation response
to predict or control to environment

due to unstable structures by altering internal structures

Complex Mechanical Systems
containing Unstable Structures

Mechanical Engineering for
Complex Mechanical Systems



TEEHERK )

IN— 3 2 H LKERBA

h KH WA
& BEFE TSR g

A v 7 F v FiEEoMidland shirelZ & % BirminghamTi A3
EEFEE2ORBTTHL2ILEHTVALATH RV, B
HEAE %% 2 LRover, Rolls Royce, Jaguaris &IEE
EOBEZHZ TEL R IELTEICHEb o TERD E,
TR0 6 LM A~DA A=Y - F oy VICHEENT
v: 5%, European City of Flowers!\Z®BiIN 22 L3 H 0, dul
IR L S AEfT R CEA R EBER - oH R E
EY LA LCHES IBRYFRBICT Yy F LTV A, 1998
FEEZZFEA) Yy ZPEFICRESNZIOCOSHEIFES K
7zConvention Centre%?, X1 ¥ - 7 4 LVOEHEEER 272
Sir Simon Rattle?™F T72CBSO(City of Birmingham Symphony
Orchestra) @A Symphony Hall #%Victoria SquarelZd %,
Flo. DA YTV CEIERE LTELE - TORELLD
ISl DEFT A - T —Y—DHETADFSZ 5+ v
2 %¥E4E 6 A (ZEdgbaston Priory Club T & B, B AT,
T R D Coventryid, <V F—8GodivaFa a3 L — N TFH
%% Lady Godiva’iRZ % LS ERZ I TH LHEFEHNHY
TIFsZ & L RMEHTHRTHEICENFHFRFLZR ) R EH
DEfTHY, TOREZPZAL--0EF 25T LE»
7259 7% [Peeping Tom| DFERE % o7z

FF, 19901/ — 3 Y ARFHEFREIFROL 7 Fy 7 —
ELTHRASI, 1998 ICEARFICRET 5 £ TR EH
BiH#Hb o7z, P 55 F uih/: Edgbaston (Z A4
MIEoTIEMRTBIIERERY T a v (B P*ED
EERFLZRET, TO—AIZHsELHAN & Othe
University of BirminghamX19004F (2837 2 A7z IHKIRS: (Old
Universities) ®—2T#H 0., FHFAERH17,000%. KERLER
BUO0EHDF ¥ ¥ NADELVWRERETH L. KEOWWMIZ
[ZBR (British Rail) @ [University] BRA%, 72, HEMIZIX
Barber Institute of Fine Arts& MHIN LM EWEHESL, £
Fy XA, OEy T4, FH, TuhiEoimz4%
LCwaEMEEND D, TOERMEICHEREL Wb EEET
Ao CEEDEAEMFEdward Elgard¥# %% L Tz,
FOVBEDOWatson Building ¥ FHEFER OBMTH 5,
Watson & 145 775 AZEHRIZTTLS [T MY Y OfE] ©
George Neville Watson (1886-1965)T# 4. Watson Building
DEIIFHEE, S 5 CH Iz & JKwEE O EChancellor's
Court?*d 0. JLITIXFEE, FRITEV L 7 7 ORFHE,
F D IZ1LAston Webb Building & I 5 R EH R O Y
Bhb, SHICEOMIIFT T Y FESVHMICH LTV 5,
FREEDOPEHNIC i University Centrek SN2 8WHH b, 2
[ELL FiEStaff House. Senior Common Room. Staff#ffx
i, —RIIE YT, A, BT, ERE, #HE. ERE,
A== FOWEA A - T B, University Centre® gl
AR —VERtMunrow Centre ((AFHE. MK T—N. ZH v
Ya--a—k, VA, BEEERY) LT (LA, B,
1L, AbE) »dbb. ¥r 3 vCIIT 2 ofbs LR s

April 2005

Walter Norman Haworth (1883-1950)2%%1 & T& R IZTh L
193742 ) —_WVERZE L Tw5b, W% T [University)
BR% ¢ X72/112Queen Elizabeth Hospital& &0l 6 Twn 5
REFERER DD, SEFEOPFEOIICHLHEFHEO S 51
JelziEMuirhead Tower & IFIEN 2 E LR EVICAZL L EE
DREWPZCZ, TOEY L TOR/ Y EEL, HEFFERS
HHb. TOTEZRTTEREFIHEM. ey 77—
Lt o ZOEBHEMPSIEARAPIBETHKELTED, &
Sizde~m) LEOWMEICIE, TR 6 TRD Y2 —27 A
VTR, A bnm A, =) — GEEEBE) . F
ERZEPBRLER, R, POTOREEHOEEFOF
HFEChamberlain HalllZthe Vale 2 IEldh A K E L0 H 55
WERTAL, A0IZEEICE o THRIFOEREERE 25T
Wb,

HHEIZH LTHEHBICROGT, 3 -0 v 80 KSEi ik,
[Universitas 21] ORIEA X —ThHH D, T2, 20014EIC
TR BT 5 £FEAFFM (UK Research Assessment
Exercise) Tk, W& E & o495 5D S 5325 5 A6 REEE
i TREFNETEE L, BEFTFMT L Cambridge k2,
Oxford X%, London K% University College. Manchester/
FUEURCERSMEF TS,

W= HARBEAXIVRAERETLREODEDEL
TERLETIETRREL T bOLEEZEZON, THATFI
TRTRPEEINL ZEZHM{ELEZATH B,

Great Hall (Aston Webb Building)

3 Days of Memories in Japan

Nguyen Pham Hong LIEN

International Doctoral Course

Department of Urban and Environmental Engineering
Graduate School of Engineering

When I first arrived in Japan, I was impressed by the article
of Professor Junzo Ishikawa in one of the Graduate School of En-
gineering's newsletters. According to his experience in England,

“International exchange, in its truest sense, is to study and to
understand the culture of a country different from one's own.”
This is the first time for me to come to Japan but the second
time for me to study abroad. So, I believe that too. Shortly after
having read that article I was lucky to join a trip organized by

the Graduate School of Engineering.

It was a cold, rainy day in the middle of November when we
started our 3-day trip. Waiting for the Shinkansen train at Kyoto
station, all the 30 members from different countries appeared
very excited. I was glad to learn that I would be sharing a room
with 3 girls from Sri Lanka, Korea and Thailand during the trip.
On the train we began talking actively in groups.

Kenrokuen Park looked beautiful despite the rain. It was the
first stop of our journey in Kanazawa and is one of the three
most beautiful walk-around style gardens in Japan. I had never
expected to see cherry-blossoms in autumn, however I was able
to see them for the first time in Kenrokuen Park. Following
lunch we enjoyed a gold-leaf craft class, and spent 2 hours mak-
ing our own handicrafts. My Korean roommate Moonjeong ap-
peared to be very good at this craft. As for myself, I was also
happy with my ‘art product’ , planning to take it back with me
to my home in Vietnam.

We visited Shirakawa, a World Heritage site, and stayed one
night in ‘Gassho’ houses. I particularly liked the unique style of
these houses which have been maintained since the 18th century
in this remote village. Surprisingly, it was very comfortable to
stay in the house and learn about the Japanese traditional style
of living. Qutside it was raining and cold, but inside we were
warmed by the charcoal fire and, more importantly, by the ami-
cable talk among us.

On the second day, the weather was favorable for us - sunny
and cool. We went to Takayama to enjoy the world of Japanese
festival in Festa Forest. Later we walked around Takayama
town and I realized why it is called ‘Little Kyoto” . The old
streets, temples, shrines-'+ all seemed to have been untouched
by the passage of time. We had to leave at 2 pm but many of us
took lunch in the bus since we just wanted to spend as much as
time as we could experiencing Takayama.

Upon leaving ‘Little Kyoto' , our bus took us to the big city
of Nagoya where, on the last day, we visited Nagoya Castle and
had meaningful technical tours of the Toyota Plant and the
Toyota Commemorative Museum of Industry and Technology.
We played Bingo on the bus. Evervbody won and received gifts
except for me. To be the only one losing the game, I myself felt
lucky since I was presented with a traditional Japanese cookie as
a consolation prize. We reached Tokaien hotel after night had
fallen. Everyone seemed to be hungry and it was the right time
to have dinner. A well-served Japanese party in a big room wel-
comed us. That night, we experienced a great evening of eating
and singing karaoke together. It wasn't until the following
morning that I re-
alized that the ho-
tel was located
right on the beach.
What a beautiful
sunrise!

After our jour-
ney, one member
of the trip kindly
gave me a video
clip from that spe-
cial night. Now,
whenever 1 see
the pictures and
In front of Ainokura Folklore Museum, Shirakawa the video, it al-
World Heritage site, Kanazawa City ways reminds me

of our unforgetta-
ble trip, and the nice friends from different countries that I got
to know.
Thanks to the organization of the Graduate School of Engineer-
ing and the very kind guidance of the Japanese people who trav-
eled with us, especially Professor Toshiro and Doctor Tanaka,
we could experience this trip. It was not simple like sightseeing
but rather an experience of Japanese culture. Please don't miss
the chance to catch this trip if you want to enjoy ‘international
friends in Japanese culture’ .
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Money, Sex, Fear (and why I came to Japan)

Paul James Smith

Doctor course student

Department of Urban Management
Graduate School of Engineering

I am often asked why I left Australia to come to study in
Japan. Well, it is said that the three biggest motivators of human
behavior are money, sex and fear. I think there is more than just
a hint of truth in this wisdom. In the case of my seduction to the
land of the rising sun, it would be foolish to dismiss the notions
that money and sex played a role. They probably did. The
Ministry of Education was at the time generously offering to
support my studies, for which I continue to be extremely
grateful, and it must be admitted that Japanese ladies are among
the most beautiful women in the world.

But, let's not forget, we have post-graduate financial support
back in Australia, and by no means are we in short supply of
gorgeous women - so no, surely money and sex were not the
decisive factors. In retrospect, it was fear that was the clincher.
Yes, I was scared that if I stayed in Australia for much longer
that I would go stale. Australia, often referred to as ‘the lucky
country’, is indeed a wonderful place to grow up and live, but it
had become my comfort zone, and I knew it was time to leave to
seek stimulation and challenge somewhere new, where I could
continue to grow as an individual.

Japan was the obvious choice as my new playground - for this
is no ordinary country, but a dynamic nation that has over the
last 50 years experienced one phenomenally strange ride. Recent
history has turned it into a peculiar yet fascinating land of
contradictions. Japan has become a futuristically-sexy high-tech
nation coordinated by a society still rooted to the traditions of
the past, a land where the geisha quarters of Gion are giving
way to Starbucks cafes, a country influenced by the rigid ideals
of the martial spirit and the simplicity and naturalness of
traditional arts and yet fielding the blondest foothall team in
World Cup history. Have the forces of globalization left Japan
with an identity crisis? It seems only now that the country has
found the time to stop and catch its breath, and is likely also
wondering where this period of phenomenally rapid change has
taken it. No wonder so many books have been written about
Japan, it is a fascinating, if not peculiar place to be.

Japan's future promises not to disappoint either, As the
government grapples with economic problems, as society learns
to cope with its aging population, as the commercial sector peers
over the horizon at rapidly expanding East Asian markets, and
as this country that has renounced war as a sovereign right
arguably finds itself on the verge of having to choose whether or
not to again become the leading military force in the region, T
can't help but wonder about what's in store over the next half
century for this amazingly intriguing society. For those of us
who fear change, this rapid transformation may be disconcerting.
Me, I fear constancy.

If nothing ever changed, there'd be no butterflies — unknown



