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Dr. Chang has made outstanding academic contributions through his exten-
sive work and writing on analysis design for radio resource management in
mobile communications systems. His long-term research, promotion and
guidance in the field of communications technology has contributed vitally
to the vibrant growth of Taiwan's mobile communications industry.

Dr. Chen has made outstanding research achievements in the fields of data
mining, database systems and mobile communications computing. He ac-
tively contributes his services at domestic and overseas academic institutes,
and his work has contributed concretely to the upgrading of communica-
tions technology and the development of the communications industry in
Taiwan.

Dr. Chen has made outstanding academic contributions through his many
innovative theories and extensive writing in the field of fluid mechanics.
His notable research achievements have been used in the design and control
of ventilation systems in long tunnels and other applications, contributing
greatly to major construction projects in Taiwan.

Dr. Lin has contributed extensively to the field of chemical thermodynam-
ics through his theories and lab research thermodynamic measuring, equi-
librium and supercritical fluid technology. His achievements are often ap-
plied in petrochemical engineering design. He has made outstanding contri-
butions both in both academic and practical areas.

Huang Chun-ming is concerned with the spirit of native culture and the value
of innovating on traditional arts. Joining a considerable literary and artistic
talent with a passion for his native land, he has been an ardent promoter of
community building. He has also made outstanding contributions through
his promotion of traditional Taiwanese opera, children's art, life education
and other areas.



11

Yuan Yseh Lee
��

1936

1962

1965

Lawrence Ber-

keley National Laboratory 1968

1974

1994

crossed molecu-

lar beam apparatus

Hope



12

Chung-Ju Chang

/ /

/

/

A T M / I P
(Congestion Control) (Call Admission Control)

(Radio Resource Control)
(Handoff Control) (Power Control)

 queueing theory
signal flow graph Manson’s formula
residual theorem  large deviation theory

(Intelligent Techniques)

56 1950 8

IEEE

92



13

(Domain Knowledge)
(Intelligent Traffic Control)

(Internet Multimedia Services)

150 22

3

IEEE

92-94 IEEE Fellow 95

95

1.

QoS

S i g n a l  f l o w

graph  Manson’s formula  residual theorem  large

deviation theorem

2.

do-
main knowledge 

94



14

QoS
Knowledge-based Measurement-based

In te rne t
multimedia services

10

1.
30

( )12
(76 )

2. 18

IEEE
Fellow
84

3. 82 ~93

GSM Switch Router

4. (84 ~88
)

5. (1)

(2) (3)

071199
( 5,633,858) ANX-

92

94



15

3000
(Broadband Access Equipment)

(Time Division Multiplexing)

081238
( 5,812,526)

ATM/IP (Congestion
Control) (Call Admission Control)

(Radio Resource Control)
(Handoff Control) (Power Control)

ATM/IP

ATM/IP

(clus ter ing technique)  genet ic
a l g o r i t h m

fuzzy rule set ATM/
IP

A T M
equivalent capacity method 11%

(Radio Resource Control)
(Handoff Control) (Power Control)

(

)
Signal - f low graph

Mason’s formula
(

)

Cellular
Neural  Networks
OFDMA/SDMA



16

History of Achievement

Prof. Chang Chung-Ju is well recognized for his

extraordinary contributions to the design of radio resource

management for mobile communication systems. He has

published over 150 papers, 22 patents (10 granted in

United States and 12 granted in Taiwan), and 3 books,

which have motivated many researchers, as evidenced in

citations of important EEE Journals and other literature.

He has particularly distinguished himself in the area of95 UBC
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radio resource management such as radio resource control, power

control, and traffic control. These honored him to achieve the

Outstanding Research Award in 2003-2005, be promoted to an

IEEE Fellow in 2006, and receive the Outstanding Engineering

Professor Award from Chinese Institute of Engineers in 2006.

His contributions are summarized as follows.

1. Prof. Chang Chung-Ju has developed fundamental mathemati-

cal methods and adopted optimization techniques to analyze

design problems in radio resource management for mobile

communication systems so that system capacity is maximized

and QoS requirement is guaranteed. These mathematical meth-

ods apply queueing theory with signal flow graph, Manson’s

formula, residual theorem, and large deviation theory to de-

rive state-transition probabilities. These analytical approaches

mark several breakthroughs in the theoretical analysis of these

radio resource management problems.  Also, he investigates

system design parameters in the radio resource management

problem, which are very valuable.

2. He has conducted pioneering research in applying intelli-

gent techniques such as fuzzy logic theory and neural net-

works to radio resource management in mobile commu-

nications systems. He demonstrated exceptional ability

in developing intelligent radio resource controllers based

on domain knowledge obtained from expert’s experiences

and numerical results from theoretical analysis.

Additionally, he proposed novel architectures and mecha-

nisms for these radio resource controllers to enhance system

capacity and fulfill quality-of-service (QoS) requirements.

These intelligent controllers, incorporated system performance

measures, available system resources, and QoS requirements,

lead to the development, for the first time, of a knowledge-

based and measurement-based design for resource

management. Also, they have significant impact on the radio

resource management, especially when coping with impreci-

sion and uncertainty of Internet multimedia traffic in future

wireless communication systems. These intelligent control-

lers for radio resource management can always guarantee sys-

tem QoS requirements and improve system capacity by an

amount of more than 10%.

Moreover, Prof. Chang Chung-Ju has significantly contrib-

uted to communications industry and education in Taiwan. Over

the past 30 years, he spent the first 12 years at Telecom Labs,

Ministry of Transportations and Communications, Taiwan, where
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he once conducted the technical assessment of digital switching

systems when the systems were firstly introduced in Taiwan in

1987. The smooth and successful introduction of the digital

switching system in Taiwan has his great contribution. He then

joined in National Chiao Tung University 18 years ago as an

associate professor, where he has distinguished himself in the

research of resource management for communications systems.

His accomplishments reflect him as a renowned technical leader,

which are stated below.

1. As a nationally recognized expert, Prof. Chang Chung-Ju has

joined in the Telecommunication Deliberate Body, Ministry

of Transportation and Communications (MOTC), Taiwan,

since 1995. He has been selected as a Technical Leader Mem-

ber of the Review Committee and the Plan-

ning Committee for offering 2G and 3G

mobile phone services as well as the fixed

network services of Taiwan, in 1996, 2000,

and 1999, respectively. Nowadays, the suc-

cessful achievement of Taiwan’s No. 1 pen-

etration rate of mobile communications ser-

vices (>110%) should be partly credited to

his effort and contributions. He also served

as a Committee Member of the Technical

Review Assembly, Ministry of Economics Affairs, to facili-

tate government-sponsored wireless communication projects

initiated by local companies. The prosperous industry of mo-

bile phone development in Taiwan is also partly due to his

leadership and contributions.

2. He has served as the principal investigator for several projects

from National Science Council and Ministry of Education.

Also, he was Dean of the Office of Research and Develop-

ment at National Chiao Tung University, responsible for the

coordination of five excellence research projects from the

Ministry of Education (total 30M USD for four years) and

affairs related to intellectual property management.

Technical Contributions

1. Prof. Chang firstly proposes to provide finite queues for both

new and handoff calls for minimizing blocking probabilities

and increasing total carried system traffic. It realistically con-

siders reneging of queued new call due to caller impatience

and the dropping of queued handoff calls as they move out the

handoff area before being accomplished successfully. Signal-
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flow graph and Mason’s formula are used to obtain the block-

ing probabilities of new and handoff calls and the average wait-

ing time. Moreover, an optimal cutoff parameter and ap-

propriate queue size for new and handoff calls are deter-

mined so that a proposed overall blocking probability is

minimized.

2. He studies a pulse-code-modulation (PCM) realization

of the strength-based and the SIR-based power control

mechanisms. Optimal design parameters such as the step

size and the power control mode for these two power

control mechanisms are obtained. Many main findings

are presented, such as the strength-based power control mecha-

nism has a higher outage probability but greater stability than

the SIR-base power control mechanism.

3. Prof. Chang successfully analyzes a hierarchical cellular sys-

tem with overflow scheme, where the system supports finite

buffers for new and handoff calls. Interesting system phenom-

ena show that because of the provision of the overflow scheme,

design parameters of guard channel and queue size in micro-

cell could be negligible, while these parameters in the over-

laying macro-cell are significant. Furthermore, a cost func-

tion is heuristically proposed not only to justify the above state-

ment but also to determine the optimal guard channel pattern

and the appropriate queue-size pattern for the hierarchical cel-

lular system.

Acknowledgement

At first, I would like to give thanks to the President of Na-

tional Chiao Tung University, Prof. Chun-Yen Chang, for his

recommendation and those Examiners for their nomination. I

feel extremely proud for being able to be listed together with

these renowned TECO Award winners. Thanks also given to all

my students, for their effort; and great thanks

to my families, especially my wife-Chwen-

Chwen, for their support and encouragement.

Without them, I cannot achieve this presti-

gious award. It is believed that I would con-

tinue to work hard in order to pursue the ex-

cellence for my university and make contri-

butions for my loved society and country.
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1988 IBM T.  J.

Watson Research Center 1996

Achievements

Ming-Syan Chen received the B.S. degree in electrical en-

gineering from National Taiwan University, Taipei, Taiwan, and

the M.S. and Ph.D. degrees in Computer, Information and Con-

trol Engineering from The University of Michigan, Ann Arbor,

MI, USA, in 1985 and 1988, respectively. During his graduate

study, he worked with his advisor, Prof. Kang G. Shin, on rout-

2002
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ing algorithms and task allocation schemes in hypercube

multicomputers. After his graduation, he joined IBM Thomas J.

Watson Research Center, NY, USA as a Research Staff Member

from 1988 to 1996 in which period he conducted research on

database and data mining issues in a group led by Dr. Philip S.

Yu. In 1996, Dr. Chen went back to National Taiwan University

as a faculty member and formed the Network Database Labora-

tory with his graduate students. The research interests of Prof.

Chen include database systems, data mining, mobile computing

systems, and multimedia networking. Up to the year of 2006,

Prof. Chen has produced 16 PhDs of whom most are af-

filiated with universities or research institutes after their

graduations.

Prof. Chen is widely recognized as one of the lead-

ing experts in distributed/parallel query processing and

data mining with very strong research credentials. He

has published more than 220 papers and edited two books,

and more than 60 of his journal papers are in very top

ACM/IEEE journals and transactions. According to

Google Scholar, the publications of Prof. Chen have re-

ceived more than 4000 citations in total. He also filed 17

US patents (14 issued) and 7 Taiwan patents. He is a

recipient of IBM Outstanding Innovation Award, Teco Award,

Pan Wen Yuen Distinguish Research Award, NSC Distinguished

Research Award, and K.-T. Li Research Penetration Award. He

is also recognized as an IEEE Fellow (from Computer Society).

Technical Contributions

1. One of Prof. Chen's significant contributions is in the devel-

opment of the framework that facilitates efficient execution

of distributed queries. His distributed query processing work

goes beyond the traditional paradigm of only using semijoins

as reducers for query cost reduction. Instead, he combined

joins and semijoins as reducers and devised an innovative ap-

proach to interleaving a sequence of joins with properly-iden-

tified semijoins to minimize the query execution cost. It was

shown that this new approach will lead to more performance

improvement by evaluating the effects of semijoins employed

with respect to a sequence of joins as a whole instead of with

respect to individual joins. This work has influenced the later

execution scenario of distributed and mobile queries.

2. Prof. Chen's work on parallel query processing exploited three

levels of parallelism for query processing, namely intra-

2005
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operator, inter-operator, and inter-query levels, and led to sig-

nificant reduction on query execution cost. The primary tech-

niques devised for parallel query processing include (a) the

use of synchronous execution time concept for efficient ex-

ecution of bushy tree plans, (b) the use of hash filters for par-

allel execution of sort-merge joins and hash joins, (c) apply-

ing segmented right-deep trees to pipelining multiple hash

joins, and (d) achieving optimal processor allocation in a pipe-

line of hash joins by solving a two-phase mini-max optimiza-

tion problem, each of which has made clear advance in the

state of the art and contributed to the design of parallel query

optimizers in practice.

3. Prof. Chen is also recognized as one of the leading experts in

data mining. He was a guest co-editor of a special issue in

IEEE TKDE-96 which is the first special issue in data mining

areas. The TKDE paper he wrote in 1996 on surveying and

analyzing data mining techniques is one of the most cited data

mining papers and has received more than 800 citations ac-

cording to Google Scholar and about 200 citations according

to ISI Web of Knowledge.

Several association rule mining techniques he proposed, in-

cluding (a) a hash-based method to significantly reduce the

cost of itemset counting, (b) the scan reduction technique which

uses candidate itemsets to generate candidate itemsets so as

to reduce the database scans required, and (c) progressive in-

cremental mining have been widely referenced

and adopted by subsequent mining works.

Specifically, the SIGMOD-95 paper on hash

based method for itemset reduction has also re-

ceived more than 800 citations according to

Google Scholar.

4. Prof. Chen pioneered the work on exploring Web

traversal pattern mining in the Web, and also

contributed to the areas of Web search and Web

content mining. His work on Web log pattern

mining has spawned many subsequent studies. His TKDE

paper on Web pattern mining is ranked by ISI as a highly cited

paper which is a paper receiving top 1% citation rate among

all SCI papers in the year of its publication.

5. Prof. Chen also made significant contributions to several other

issues in parallel and distributed systems. He was among the

very first to explore the hypercube parallel computer

architecture. His pioneering works on processor/subcube

2002

2005 VLDB
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allocation, fault-tolerant routing, cube allocation, and task mi-

gration in hypercubes have spawned numerous subsequent

studies. He designed the topological structure, and routing and

broadcasting schemes for the hexagonal mesh multiprocessor

which later constituted the HARTS project at Univ. of

Michigan, Ann Arbor, MI, USA.

6. Prof. Chen has made important professional service to the

community of computer science, including being editors for

IEEE TKDE, VLDB Journal, KAIS, and JISE, and being pro-

gram chairs/vice chairs for major academic conferences,

VLDB, ICDE, ICDCS, PAKDD, and IEEE INFOCOM. He is

steering committee member of PAKDD and was invited as a

Distinguished Visitor from IEEE Computer Society twice

(1998-2000 and 2005-2007).

Research Prospect

The future research of Prof. Chen will encompass issues in

databases, data mining and mobile computing. The research di-

rections of Prof. Chen include the following.

1. Mining in data stream environments:

Mining in data streams where data can only be investi-

gated once has become a topic of increasing importance.

In addition to those on considering a data stream at a

time, more and more emerging applications require

monitoring multiple data streams concurrently. Such

applications include online stock market analysis, call

record analysis in telecommunication, data collection

in sensor networks, etc. It is of practical importance to

discover interesting and useful knowledge, in terms of

association, classification and sequential patterns, by

analyzing the relationship between these multiple data

streams so as to make timely decisions.

2. Hardware-enhanced mining:

Due to the fast increase on the amount of data in various

applications, it has become essential to develop more

efficient algorithms to extract knowledge from the data.

However, the volume of data is increasing much faster

than CPU execution speed, thereby imposing a strong

influence on the performance of pure software solutions.

As a result, it is envisioned that using hardware devices

VLDB2003
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to accomplish part of the data mining task is a research

direction worth of exploring.

3. Data management in network environments:

Recent technology advances in multimedia networking

have ushered in a new era of personal communication.

Users can ubiquitously access the Internet via various

mobile devices. For the mobile devices featured

with lower-bandwidth network connectivity,

transcoding is used to reduce the object size by

lowering the quality of a multimedia object. In

light of the corresponding mining results, the

design of efficient data caching and transcoding

(in levels of signals, data, and semantics)

schemes will be matters of our future research.

About Winning Teco Award

It is my great honor to receive this Teco Award. I would

like to express my sincere appreciations to President Si-Chen

Lee at National Taiwan University and Dean Soo-Chang Pei at

the College of EECS who recommended me for this Teco Award.

I am deeply indebted to my graduate students in the Network

Database Laboratory, most of whom have made important con-

tributions to the work which qualified me to receive

this honor. I am very grateful to the Teco Technology

Foundation for their devotion to our society, and also

for their generosities and impartiality on providing this

Award to our society. Over years, this Teco award has

emerged as a very visible and prestigious milestone

for many members of this society to pursue. Last, but

not the least, thanks go to my families for their love,

support, and understanding.

2006 PAKDD

2005
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The TECO Award

Professor Falin Chen has taught at Institute of Applied

Mechanics in National Taiwan University College of Engineer-

ing since 1989, right after he received the Ph.D. degree in Aero-

space and Mechanical Engineering from the University of

Arizona. In the very beginning of his hire to teach, he focussed

on the research of applying the stability analysis of fluid into the

production of single crystal turbine blades. Numerous awards

were won for his achievements in academic research, including

three times Outstanding Research Award from the National Sci-

ence Council during 1993 and 1998; two times Distinguished

Research Fellow from the National Science Council during 1998

and 2004. Besides the honor from NSC, he also received the

Sun Yet Sian Academy Award in 2001, Academy Award from

Ministry of Education in 2002, and Chair Professor of National

Forum offered by the Ministry of Education in 2005. Moreover,

he was a visiting professor in Cambridge University in 1993 for

six months funded by NSC and in Universitaet von Erlangen-

Nuernberg for one year in 1996 funded by Alexander von
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Humboldt -Stiftung (AvH) Research Fellowship Program. In

1998, he was invited by the EPSRC of UK to give a series of

lecture in fluid mechanics in University of Glasgow for two

weeks.

Besides all the fundamental researches, Professor Chen

cooperated with National Expressway Engineering Bureau and

other institutes to do the research on the ventilation system, and

the fire safety and evacuation of expressway tunnel. Five

successful cases wre achieved since 1994. The main task

was to do all the scenario analyses on the ventilation sys-

tem for each tunnel on the Taipei-Yilan Freeway.

(Particularly, the Xue-Shan Tunnel is the longest road tun-

nel in Asia with nearly 13km long.) The scenario analyses

for tunnels include ventilation and smoke control, emergency

rescue, air and the environment, and etc. In close coordina-

tion and collaboration with the engineering department,

many of his research results were applied during this period.

With the concrete contribution to the correlation design and

the construction, the Excellent Research Award, the first

prize of the year from the Ministry of Transportation and

Communications was won in 1996. Also, his research on

the temperature rise issues on the Xue-Shan Tunnel was

published in the Journal of Chinese Society of Mechanical

Engineering and won the Zhan T'ien-you Medal from the

Chinese Institute of Engineers. Because of hi2 unique viewpoint

on the theory of Smoke Propagation in road tunnels, he was in-

vited by the ASME to publish a review article on the Applied

Mechanics Review journal. With all the research contributions

to the road tunnel, the Outstanding Engineering Professor Award

was offered to him by the Chinese Institute of Engineers. Through

all these honors, it becomes an advance power in both his aca-

demic research and engineering application research.

In the past ten years, many concrete achievements had ob-

tained successively by his research team. Great contributions

had made on the tunnel-ventilated design and the tunnel man-

agement issues. Some are highlighted below:

1. The simulation program for the ventilation system in

Xue-Shan Tunnel: This program can do the real time

forecast on the pattern of the airflow in different sectors

under any traffic condition. Moreover, this program was

the world first that can process the simultaneous analy-

sis on the airflow generated by dozens of air machines

TBM
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and thousands of automobiles within the pipe ventila-

tion system. With the characteristics of convenience, high

performance, and easy to operate; this program becomes

the essential tool for managers to control the environ-

ment and safety on tunnel-ventilation. Through the

analysis, the best ventilation strategy can proposed based

on all the possible traffic conditions. For example, “Have

effective access control on the large-scale vehicles in

tunnel” is one of the strategies applied currently. “Keep

a safe distance about 50 meters when driving” is another

strategy with effective traffic flow control applied to bet-

ter manage the air quality, the temperature change, and

humidity change. In fact, the safe distance can be fur-

ther reduced under well control. However, to avoid the

traffic jam and fire caused by the traffic accident, the 50

meters’ rule is applied.

2. The ventilation system for fire smoke emission in high-

way tunnel: Based on the analysis result of tunnel fire

smoke control, he proposed a technology fully conform

to the International Road Federation standard called

“Ventilation Operating System for Fire Scenario Analy-

sis in Highway Tunnel”. With effectively control on the

tunnel-ventilation, this system plays an important role

in the traffic safety for thousands of vehicles pass through

the Xue-Shan Tunnel everyday.

3. Synchronous single-point monitoring

technology of traffic-flow and airflow in the

highway tunnel: The monitoring technology

includes a traffic-flow image monitor sys-

tem and a conversion formula between traf-

fic-flow and airflow. The monitoring tech-

nology with 24 hours single-point monitor-

ing technology is very practical that saves a

lot of money on equipments and mainte-

nance compare to multi-point monitoring.

4. Set up a SOP to carry out highway tunnel disaster and

rescue: The SOP includes regulations for organization

chart, necessary equipments, and contingency plan and

is applicable to the operation. The SOP and rules had

been applied by the Ministry of Transportation and Com-

munications and practice on all the tunnels on Taipei-

Yilan Freeway and Paghuashan Tunnel.
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Taipei-Yilan Freeway was opened in June, 2006. With low

confidence in the tunnel safety control on the overall society,

lots issues occurred. Without clarification in the very first by the

responsible division, all the misunderstandings, misgivings, and

blames that should be prevented were all occurred.

Professor Chen’s research about temperature raise and high

density carbon monoxide on the Xue-Shan Tunnel was published

as the headline news on China Times on both July 5 and July 6.

Unfortunately, few accidents occurred at the same time. It seems

that those accidents were due to improper

management, and therefore, the tunnel safety issue

was getting worse. In fact, all these worries and

disputes can be prevented in advance. All the pos-

sible scenarios and solutions were highlighted in

the conclusion of his cooperation project with Tai-

wan Area National Expressway Engineering

Bureau. For instance, “The simulation program for

the ventilation system in Xue-Shan Tunnel” he developed, can

analyze the temperature and carbon monoxide change in the

tunnel. Most of the possible situations had been highlighted, and

can be easily clarified. However, the responsible division took

no action at the very beginning and overall society was troubled.

As the chief project manager on the Xue-Shan Tunnel ventila-

tion program, he feels that he has the responsibility to make it

clear to the public. Therefore, he wrote an article explaining all

the possible ventilation issues called “Temperature Rise Is Con-

trollable in Xue-Shan Tunnel” published on China Times.

Professor Chen’s research suggestion had been applied on

many traffic regulations in Xue-Shan Tunnel. Some of the most

important ones are highlighted as follows:

1. Strict request that all vehicles keep a safe distance with

24 hours video camera monitor: Based on our research,

a stable traffic flow will ensure the temperature rise and

carbon monoxide density within the safety range and

lower the fire accident caused by the traffic accident at

the same time. In fact, the 50 meter safe distance can be

further reduced under well control.

2. Restrict oversize vehicles from roadways: According to

their research result, this approach will prevent the pos-

sible fender bender or rear-ended event and was applied

currently.
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3. Special-purpose road reserved for oversize vehicles: With

further analysis of their research on the oversize vehicles,

they do believe this approach will mitigate the possible

issues.

4. Set up station house and tunnel disaster relief equip-

ment on the exit: They proposed this suggestion to get

minimal-latency for rescue based on our tunnel fire

smoke analysis.

5. Ask driver to open the radio channel when driving

through the tunnel: The control center can cut into the

police broad channel immediately, and will be able to

explain the disaster situation and the way to escape.

Therefore, pacify the public’s panic caused by the

disaster.

All these suggestions above are resulted from our research

conclusions as mentioned before. However, these passive ap-

proaches are not enough, and they also propose two more active

and dynamic management approaches as follows:

1. Using both the real time monitor system and “The simu-

lation program for the ventilation system in Xue-Shan

Tunnel” to simulate the wind farm based on the traffic

flow. With the simulation, the best ventilation pattern

can be made and the control center will be able to make

the right decision and to take the action right after the

accident.

2. Restrict oversize vehicles from roadways, especially for

cabinet vehicle loading with combustible substance:

Learning from the Europe experience, oversize vehicles

are the main cause for both the traffic accident and tem-

perature rise in tunnel and usually cause worse damage.

So many thoughts and feelings came to his mind

while the TECO Technology Award was received due

to his research result on Xue-Shan Tunnel. In

particular, he would like to thank and acknowledge

the role played by the award committee, for acknowl-

edging the important work and contributions of my

10 years research on Xue-Shan Tunnel. The aids and

encouragements from the public play an important

role in advance research and discoveries in Science. With more
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encouragements than set-backs proliferate from the family to

the society, the world will become much peaceful. That’s the

reason to set up “The TECO Technology Award”. TECO is not

only renowned as a leading heavy electrical industrial brand, but

also as a leading manufacturer of home appliances, telecommu-

nications equipment, IT systems, electromechanical components,

and commercial electronics. An independent, non-profit

organization, TECO Technology Foundation, was set up to edu-

cating young scientists and engineers, promoting forward look-

ing and enhancing social well-being. Since the inauguration in

1993, the foundation has sponsored “The TECO Technology

Award” every year.

In the booming of electronics industry, many research

awards were provided to encourage electronics research. The

TECO Technology Award is aimed at recognizing the scientists

and engineers who excel in academic research, technological

innovation or technological industrialization as well as the indi-

viduals who contribute to the enhancement of social well-being.

Moreover, the TECO Technology Award is the first award pro-

vided by the enterprise on the mechanical engineering area; and

therefore, was most precious for mechanical engineering

researchers. Learning from the previous award lists, all the award

recipients had made substantial scientific contributions, which

were recognized nationally. People all know that

the non-monetary recognition of significant value

by the TECO Technology Award is far more im-

portant than the high-value monetary award.
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Oklahoma State University

Tokyo Institute of Technology

/

Purdue University, Director/Senior Fellow

Rice University, Dept. of Chem. Eng., Research Fellow

Ho-mu Lin

W.C. Edmister  R. N.
Maddox  K. C. Chao  J. Erbar  R. L. Robinson

Edmister Robinson

B. I. Lee (Lee-Kesler Equation) Han (Han-Starling
Equation)  H. G. Rackett (Saturated-liquid Volume)
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1974 Rice

68 1938 7
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2002 International Symposium on Engineering Educa-
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Purdue

Purdue

3C

1993

History of Achievements

Professor Ho-mu Lin chose to pursue his graduate studies

at Okalahoma State University for the reason that the university
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was then the center of petroleum related research, particularly

thermodynamics of importance to petroleum industries. There

were quite a few outstanding professors in that area, such as W.

C. Edmister, R. N. Maddox, K. C. Chao, J. Erbar, R. L. Robinson.

Professor Lin studied chemical thermodynamics under the su-

pervision of Professors Edmister and Robinson. In particular,

Prof. Lin learned the skills of conducting thermodynamic

experiments, which were the weakest area of research for Tai-

wanese students. In addition to experiments, Professor Lin’s

doctoral dissertation also includes a major portion of statistical

thermodynamics. Many of Professor Lin’s fellow students at

Okalahoma State University, e.g., B. I. Lee (Lee-Kesler

Equation), Han (Han-Starling Equation), H. G. Rackett

(Saturated-liquid Volume), have later become famous scholars

in the field of thermodynamics. The rigorous training at the gradu-

ate school provides a solid foundation for Professor Lin’s fruit-

ful research career.

After doctoral study, Professor Lin stayed briefly at his

alma mater. During this period, the most important work involved

the development of coal conversion (gasification and liquefaction)

processes. In the 1970’s, due to the energy crisis, this was a chal-

lenging and important area of research. Since this beginning,

Professor Lin devoted himself to coal related research for thirty

years. In 1974 at Rice University, Professor Lin worked on re-

search project on the liquefaction of natural gas, and completed

the investigation of gas/liquid/solid phase equilibria for the sys-

tem of natural gas (methane)/carbon dioxide. These low-tem-

perature measurements have provided fundamental data for deal-

ing with the freezing problem in the liquefaction process,

due to the formation of dry ice (solid-state carbon dioxide).

The results of this research have been widely applied to

the process development, design, and operation of natural

gas liquefaction.

Faced by oil crisis, the US government has allocated

large grants to the development of coal conversion to fu-

els and other alternative energy resources. Professor Lin

was invited by Purdue University to help establishing high

pressure/high temperature lab, in order to measure and

correlate thermodynamic properties needed in the coal gasifica-

tion and liquefaction processes. The execution of the experiments

requires temperatures as high as 450¢J and pressures as high as

350 atm, exceeding limits of existing apparatus. Moreover, the

system contained a large amount of hydrogen, posing dangers

and difficulties to conducting the experiments. Professor Lin’s
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lab overcame all the problems to complete the measurements

successfully. The results of this research have provided basic

data for designing coal liquefaction plants (such as coal lique-

faction projects sponsored by US Department of Energy and the

coal liquefaction processes at Exxon, Amoco, and Chevron). The

invented apparatus and experimental systems in this work

achieved the highest conditions of temperature/pressure in lit-

erature up to date. The results have received great attention and

have been highly cited in literature. The research on the gasifi-

cation of coal produced fruitful results as well. For example,

SOSAL coal gasification plants in Africa made use of

results from that research. The apparatus invented by

Professor Lin is now widely used in the supercritical

fluid extraction processes. Professor Lin has worked for

more than twenty years at Purdue University, partici-

pating in or directing many research projects on the ap-

plications of supercritical fluids in food, medicine, and

other biotechnology processes (e.g., disinfection and

dyeing), with significant results.

Because of these achievements, Professor Lin has

served as an advisor to US DOE and DOA for many

years, and received awards from Exxon, Amoco,

Chevron, and American Petroleum Association. With the recur-

ring focus on oil crisis in recent years, coal related research will

again become an important area, bringing attention to Professor

Lin’s research results, which not only can help the development

of energy resources from coal, but also can provide basic raw

materials for chemical industry in the future.

Professor Lin was invited by NSC in 1994 to return to Tai-

wan as Chair Professor, to help universities advancing the re-

search in thermodynamics. He introduced several technologies

to Taiwan’s academia for further development. In addition to

research in thermodynamics and development in supercritical

fluid technologies, Professor Lin has also made efforts to

strengthen collaboration between academia and industry. He

helped several chemical companies, such as Taiwan Chang-Chun

Group and Chemax International Corp., improve their capabili-

ties for developing new processes, and participated in some re-

search projects at the Union Chemical Labs of ITRI. In the past,

thermodynamic research in Taiwan has never paid much atten-

tion to the development of new processes. Through consistent

efforts over the years, we have made significant progress. The

application of supercritical fluid technologies has also begun to

bloom in Taiwan, producing some promising results.
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Professor Lin has served as Director, Executive Director,

Vice President and President of ChIChE. He has served on the

Editorial Board, as Associate Editor-in-Chief, and Publisher of

J. ChIChE, as well as Publisher of Chemical Engineering

(Journal). He hosted Annual Meeting of Chemical Engineers,

participated in many ChIChE sponsored academic activities (such

as workshops, talks, conferences), and guest-edited special is-

sues for both J. ChIChE and Chemical Engieering. Particularly

worth mentioning is his guest editing of the Vol. 27, No. 4 issue

of J. ChIChE in 1996, in which Professor Lin invited submis-

sions from many important researchers in thermodynamics from

Japan, Canada, China, US. That issue marked the beginning of

the internationalization of J. ChIChE and helped to propel the

journal into SCI. Professor Lin is currently an Honorary Direc-

tor of Chinese Institute of Engineers, on the Editorial Board of

JCIE, and on the International Advisory Board of Journal of

Chemical Engineering in Japan.

Professor Lin has served many terms as a committee mem-

ber for evaluating and accrediting universities (including both

regular universities and technological universities/colleges). He

is currently on the committee for evaluating and accrediting na-

tional universities in Ministry of Education’s University Evalu-

ation/Accreditation and Execution Plan. He is a Chemical Engi-

neering Area committee member for Higher Educa-

tion Evaluation and Accreditation Council of Taiwan.

He also participated in Ministry of Education’s Tech-

nical/Vocational Education Courses Continuation

Project and Improvement of Chemical Engineering

Education Project, and various other committees as

well. He has edited teaching materials for Industrial

Safety and Environment Protection. He is PI or Co-

PI of many key research projects at National Taiwan

University of Science and Technology with total

grants of more than NT$ 200 millions. Professor Lin has made

significant contribution in education, academic services, and re-

search work.

In recent years, Professor Lin was Invited Speakers at sev-

eral international conferences held in US, Canada, Germany,

Australia, and China. He co-chaired (and presented) at

2001ChemTech Conference (Chicago, USA). He led Taiwan

delegates to attend 2002 International Symposium on Engineer-

ing Education and Technology in the 21st Century (Florence,

Italy), and gave presentations. He is currently a board member

of APCChE and an international advisory committee member



46

for World Chemical Engineering Council, greatly contributing

to international academic exchange and collaboration.

Professor Lin won Jin Kai-Ying Award from ChIChE in

2001 in recognition of his outstanding contribution to the devel-

opment of chemical engineering technologies and chemical en-

gineering education. In 2002, He was elected Shi Yan-Ping Chair

Professor (from National Cheng-Kung University) and received

Outstanding Engineering Professor Award from CIE.

Technical Contributions

1. Investigate the phase behavior for the system of natural

gas/carbon dioxide at conditions of liquefaction of natu-

ral gas. The results have helped resolved the freezing

problem in the liquefaction process.

2. Complete measurements and correlations of thermody-

namic properties needed in coal gasification and lique-

faction processes, providing fundamental information for

design and development of coal conversion plants.

3. Develop and apply supercritical fluid technologies.

4. Involve in various research projects of importance to in-

dustries in Taiwan with fruitful results.

5. Strengthen connections between academia and industries

in Taiwan.

6. Promote international cooperation and exchange.

7. Provide assistance to local industries and improve their

capabilities of development of new processes.

8. Serve on advisory committee of government agencies

and universities.

Future Prospects in Research

Ongoing and future research projects including the
following:

1. Development of supercritical fluid technologies and

applications, particularly to nano-particles formation and

biochemical industries.

2. Development of processes with reactive distillation.

3. Investigation of phase equilibria for separations of

mixtures.
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4. Studies on the physical properties of polymer and poly-

mer solutions.

5. Measurement and correlation of excess enthalpies of

mixtures.

Acknowledgements

After teaching for many years at Purdue University in the

US, I was invited back to Taiwan as NSC Chair Professor at

NTU and NTUST. Feeling that thermodynamic research still

needs to make progress, I decided to give up my position at

Purdue and stayed in Taiwan to devote myself to the education.

I have served as Chairman of the Department of Chemical

Engineering, Vice President and University Advisor of NTUST,

transferring research results and administrative experience in

education to Taiwan. I continue to direct pioneering research

projects, promote international collaboration, establish connec-

tion between academia and industry, and help to improve capa-

bilities of the industry for development of new processes.

I am very honored by being awarded the Tung-Yuan Award.

It is a recognition of my lifetime devotion to education and

research. I would like to express my sincere appreciation for my

colleagues and students, especially Professor Ming-Jer Lee, who

has collaborated with me for years. I would also like to thank

NUTST, NSC and Ministry of Education for their supports over

the years. Finally, I am grateful to my family’s whole hearted

support that allows me to concentrate on my research work. Of

course, I thank Tung-Yuan Foundation and the award committee

for their recognition.

Perspective of Teco Award

Tung-Yuan Award has distinguished itself as one of the

most prestigious academic awards in Taiwan, since established

more than 10 years ago. Many universities consider the award

the same rank of awards such as NSC outstanding research award,

and use it as a measure of academic excellence. I sincerely hope

that Tung Yuan Foundation will continue to recognize and sup-

port outstanding researchers in all areas of technologies and lib-

eral arts, to promote technological innovations, and to encour-

age advancements in humanities.

Eugene Purdue
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This team applied the advanced ro-
botic technology to make both a bi-
pedal robot and a wheeled robot. Be-
tween them, the team also introduced
an intelligent mechanism for mutual
coordination and cooperation. Their
work exhibited high level creativity
and technological depth, and more-
over it has significant entertaining
effect, which together make the team
worthy of the first prise.

This team had considerable strength
in robot technology. The group ap-
plied advanced information and elec-
tronic technology to turn an electric
wheelchair into a multifunctional mo-
bile robot. The design was highly in-
novative and has great potential to be
developed into a life assistant for
people.

This team showed a highly impres-
sive skill in producing soccer robot
and contesting capability. The group's
design was carefully thought out and
exhibited a technological  mastery,
bringing intelligent soccer robots to
a new level.

(Explorer)
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4. International Program Committee, IFAC Mechatronics
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5. Exhibition Chair, 2006 IEEE System and Cybernetic

Conference
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2001

(Q-Man) 2002

Pi-Pi Robot ( - ) Pi-Pi

Embedded Real-time Linux Wi-Fi

2003

(Tiny Network Bridge

Module) (Ubiquitous

Computing) (Sensor Network)

(2003) O-

Di Robot( - )

(Home Robot Agent)
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ActiveX
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(Optical Flow Navigation/Localization Technique)
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History of Research

Our team is led by Prof. Jwu-Sheng

Hu, who is the advisor of Embedded Sys-

tem Laboratory (X-lab) of Electrical and

Control Engineering department, NCTU. As

an experimental research vehicle, Ph. D stu-

dent Li-Wei Wu started building robots for

studying Embedded Network Distributed

Control technology at year 2000. It was de-

cided to design the robot in a more creative

and interesting way. Due to limited

resources, the study was hard in the beginning. Our achievement

was built by six years of Mr. Wu’s persistence, Prof. Hu’s advise

and training, and efforts of team members.

In 2001, Li-Wei Wu created the first generation of two-leg

robot, Q-Man. Also, the first generation of four-leg robot, Pi-Pi

Robot, was developed in 2002. Pi-Pi was the first robot in this

country that used embedded Ethernet and Real-time Linux with

Wi-Fi technology enabled in an 8-bit microprocessor platform.

He successfully applied

the embedded internet

technology to develop

Tiny Network Bridge

Module suitable for robot.

The distributed network

architecture provided

wide functional extensionPVC

papa-man
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because of Ubiquitous Computing and Sensor Network. The sec-

ond generation robot, O-Di Robot, was born after Kai-shiang

Huang joined the development team. Their cooperation combined

the image processing, servo

control, communication, and

home security technology. The

effort constructed the founda-

tion  of the core code of the

Home Robot Agent for the Ex-

plorer robot.

During the same year,

Cheng-Kang Wang, George

Wang and Chi-Yang Huang

joined the project to study and

enhance the key technology of

servo control. They developed

a new generation of robot which is more flexible, and by using

ActiveX technology the ability of robot agent was improved.

Based on the patent of distributed internet in 2004, they and Li-

Wei Wu created the mechatronic system of human-like robot

YamBall Man Robot and ostrich-like Papa-Man Robot using the

concept of biomimetics.

Jung-Hung Cheng and Yung-Jung Chang joined the team

after years of study in mechanical, electrical and communica-

tion system as well as intelligence. They participated the research

of Starfish Robot which includes techniques in optical flow

sensing, navigation and localization, and feedback control. The

extension establishes the foundation of Explorer for this

competition. Also, with the participation of Yao-Hsien Chiu, the

intelligent two-leg robot balance controller and theory was cre-

ate to enrich the motion behavior.

Under the leadership of Yung-Jung Chang and participa-

tion of two new members: Chin-Hung Chen and Chen-Yu Chan,

more results were achieved. The self-docking of explorer and

the Hip-hop dance of Papa-Man were created. All members in

this team strived for the same dream of robot. The core research

achievement of Explorer robot has been approved by IEEE Ro-

botics and Automation Magazine and Intellectual Property Of-

fice of Taiwan. The process of development and the persistence

of participator exactly show the real spirit of the name of the

robot, Explorer.

papa-man
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Introduction of Explorer

Robot has been a great dream for us for many years, and it

is getting more practical with the progress of various

technologies. It broadens the imagination of human-being and

pushes many related researches to step forward. There are two

main fields in robot research, wheel robot and leg robot. Wheel

robot is highly stable, fast moving, and easy to control. Leg ro-

bot is with high degree of freedom, and it could move on uneven

surface. So, we promote a combinational robot system, Explorer.

It’s composed of two subsystems, Starfish and Papa-Man. Star-

fish is an omni-directional wheel mobile platform, and Papa-

Man is an ostrich-like two-leg robot. The cooperation between

two different kinds of robots provides more application and

flexibility. For instance, in complicate environment, two-robot

has high mobility, however, it moves slowly, so we use the ad-

vantage of wheel robot to solve this problem. Explorer could be

divided into Papa-Man and Starfish to work individually, and

could be combined into Explorer after their own tasks were done.

So, we build a cooperative robot system that is practical for

homecare, yet inexpensive for research or educational purpose.

Future Prospects in Research

There are a lot of difficult problems to be solved in robot

research, yet it’s a technology that is very close to human being’s

everyday life. Our work in this competition is a small-scale ro-

bot system which appears mainly for fun even though under-

neath the system, the distributed control architecture is a serious

research topic. However, fun is usually the motivation of great

inventions. So we’ll continually search for interesting ideas to

present technology progress in a more colorful way.

However, we must keep search and build our core value or

establish a significant barrier in robot technology when many

excellent robot re-

search teams in the

world are working hard

to build theirs.. The

same situation applies

to academics, indus-

tries and government in

this island. However,
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the satisfaction and fun in either core value or technology bar-

rier are usually not as strong and immediate as the work in this

competition. Our laboratory has been working on computer au-

dition and vision. For example, in a different environment or

even noisy places, it’s usually hard for voice recognition method

or software to have a high success rate in identifying speech.

Therefore, a stable and precise voice interface will be a very

crucial technique in intelligent robot. Our laboratory has

been studying on applications of microphone array to ro-

bots (our ears are an array). The next goal will be to build a

super array to achieve a sharp hearing ability. By continu-

ous effort, we wish to take the leadship position among the

related research groups in the world on speech, sound and

acoustic field sensing.

Finally, The Intelligence Autonomous Research Group

in the ECE department of NCTU is a brilliant robot research

group, including 8 laboratories and over 70 graduate stu-

dents annually. We’ll work harder in the future, and we’re

looking forward to build one of the best robot research teams of

the world.
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We thank the TECO Technology Foundation for giving us

the opportunity to show our robot, and also appreciate the ap-

proval of our work from all the judges. It reminds us to keep

devoting ourselves to the research of robotics. In fact, a lot of

participants in this competition did a fantastic job in their tech-

nical platform and research field, which outrun ours. We added

up some interesting elements on demonstrating the robot tech-

nology which narrow the gap between robot and human. And

we believe that’s the main difference between robots in the fu-
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ate those who have helped us, and we’ll contribute

our effort to promote the concept and technology of
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Perspective of TECO Technology
Creativity Contest - Robot Design

The research of robot is becoming a focus among many

other technologies in recent year. Leading industrial countries

like America and Japan have started the research and develop-

ment since many years ago. Because of industrial and academic

efforts, the technology foundation in those countries motivates

the development of related business, and let amateur have self-

development possibility. Compared with the international

development, our activities in robotics are relatively slow.

Fortunately, government agency and several companies have rec-

ognized this trend and are willing to invest in the research of

robot technology. Robot is a highly integrated system, it requires

support from various kinds of industries. Therefore, collabora-

tive efforts from all fields to boost the technology development

is very important.

The TECO Technology Competition on robotics this year

is quite successful considering the number of teams participated.

However, we expect a significant expansion of this competition

next year to attract more excellent research groups. By properly

protecting the intellectual right of the teams, this competition

will become a very good vehicle to demonstrate the achieve-

ment of robotics research and development in Taiwan. The com-

petition also encourages people to participate in the technology

development and innovation. Further, by more

understanding of our advantages and disadvan-

tages in this field, we will know better where we

can step our feet for the future, including the de-

velopment of sensors, actuators and battery etc.
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 PAL1 

General-purpose multifunctional mobile robot

Shao-Wen Yang, Pei-Han Lee, Chun-Wei Chen, Tai-Liang

Chen, Chieh-Chih Wang

Robot Perception and Learning Laboratory,

Department of Computer Science and Information

Engineering, National Taiwan University

Team introduction

 Team history

This laboratory is founded in August, 2005, with the purpose of

researching and promoting robotics-related technologies and

applications, including high-level perception, ma-

chine learning, and mobile robotics. The principles

are similar to how humans react to the world, begin-

ning with using receptors such as eyes, ears and vari-

ous sense organs to perceive the environment, then

through accumulated experience, we can think of the

next plan of action, and actually carry out the action.

Our research is towards these three primary principles,

in attempt to make robots more intelligent.

As of today, in just one year, we have not only suc-

cessfully constructed a complete and practical mobile robot

PAL1, but also applied it in actual living environments. It in-
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volves technologies including robot self-localization, highly

understanding of the environment, robot mobility, human-robot

interaction, and integration of these technologies to make the

system work.

 Members introduction

Shao-Wen Yang: Currently a first-year Ph.D.

student, his main area of research is high-level per-

ception and path planning of mobile robots, which

includes using sensor data from laser rangers to

compute a robot's location, building maps of the

environment and tracking nearby moving objects

simultaneously, and to react accordingly using these

information. His educational background includes

B.S. in Computer Science and Engineering of Na-

tional Taiwan Ocean University, Taipei Municipal

Song Shan Senior High School, TouChien Junior High School,

and ChangLong Elementary School, and he has received Entry

Prize for the 2004 Natural Born Programmer Programming Con-

test held by TrendMicro.

Pei-Han Lee: Currently a second-year M.S. student, his main

area of research is projector-camera system related applications,

including using this system to build 3D models of the environ-

ment and for human-robot interaction applications. Building en-

vironmental models can aid robot navigation, and human-robot

interaction can provide a more user-friendly interface. His edu-

cational background includes B.S. in Computer Science and In-

formation Engineering of Ming Chaun University, National

Taoyuan Senior High School, Tzu-Wen Junior High School, and

Bei-Men Elementary School.

Chun-Wei Chen: Currently a second-year M.S.

student, his main area of research is digital cam-

era array related applications, including detection

and tracking of user movement and intention, in

which understanding and analysis of user inten-

tions can help robots make better judgments. His

educational background includes B.S. in Applied

Mathematics of National Chiao Tung University,

National Lo-Tung Senior High School, Luodong

Junior High School, and Gong-Jeng Elementary

School.

Tai-Liang Chen: Currently a second-year M.S. student, his

main area of research is high-level perception of mobile robots,

including using a laser ranger to simultaneously estimate the
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robot's location, build maps of the environment, and track mov-

ing objects, and also researching more robust algorithms to re-

duce errors in localization and mapping. His educational back-

ground includes B.S. in Civil Engineering of National Taiwan

University, National Taichung First Senior High School,

Taichung Municipal Chu-Jen Junior High School, and Da Tung

Elementary School.

Advisor introduction

Chieh-Chih Wang is currently a professor of Department of Com-

puter Science and Information Engineering, National Taiwan

University. His main research areas include robotic high-level

perception, control systems for ground and underwater robots,

and other related robotics fields. He earned his Ph.D. in Robot-

ics from the School of Computer Science at Carnegie Mellon

University, and he received his B.S. and M.S. in the Department

of Engineering Science and Ocean Engineering from National

Taiwan University. He worked at NASA Ames Research Center

and was an ARC Research Fellow of the ARC Centre of Excel-

lence for Autonomous Systems and Australian Centre for Field

Robotics at the University of Sydney. He received the best con-

ference paper award at the 2003 IEEE ICRA (International Con-

ference of Robotics and Automation) with his Simultaneous

Localization, Mapping and Moving Object Tracking

(SLAMMOT) paper.

Development history

Scene understanding is known to be the key prerequisite in

mobile robotics. Being able to understand the environment's tem-

poral and spatial relationships is the basis for

making a robot truly autonomous, and is also

the goal of our research. In addition, we also con-

tinuously test the robot's functionality in real-

world environments. We think a robot must be

able to merge into this world and live harmoni-

ously with humans, as envisioned in many mov-

ies and novels. Therefore, building a robot that

can help and cooperate with humans is very im-

portant in robotics research today.

In order to make a robot intelligent and with above

capabilities, the key is its capability for high-level perception

and understanding of the environment. Thus, besides research-

ing and implementing traditional robotics control and mecha-
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nism design, we put more emphasis on the develop-

ment of high-level perception and advanced learn-

ing methods of robots. High-level perception makes

a robot highly understanding of its environment, just

as humans can perceive people, objects, and activi-

ties in the environment. Advanced learning methods

let a robot adapt to changes in the environment and

be able to adjust its operation pattern accordingly,

such as traveling at different speeds or with differ-

ent restrictions between in city and on highway, the

robot should be able to provide corresponding ser-

vices at different locations. In addition, good human-robot in-

terfaces are also a key element in human-robot mutual

coexistence. Compared to traditional user input devices such as

keyboard, mouse, or touch panel, mobile robots should provide

friendlier user-interfaces, such as speech, hand gestures, virtual

buttons, facial expressions, and other methods of interaction simi-

lar to common human-to-human interactions.

Work introduction

Our work–General-purpose multifunctional mobile robot–

is an integrated general-purpose platform. It covers several of

our expectations for future robots:

1. Mobility: We think a robot must be able to merge into

our living environment, therefore being capable of au-

tonomous movement in the environment is a key ele-

ment in a successful robot, and is the foundation in

robotics.

2. General-purpose and multifunctional: We consider ro-

bots and machines different. Traditional machines do no

more than help people repeatedly complete pre-speci-

fied tasks. If the task or the working environment is

changed, such as if a factory's configuration is changed,

and then the commands must be re-configured. Robots,

however, are different from traditional machines in terms

of that they must be capable of adapting to changes in

the environment. With high-level sensing ability of the

environment and advanced learning methods, a robot can

quickly adapt to changes in its environment or goals,

given minimally sufficient guidance from human.

Therefore, we emphasize building intelligent robots using

advanced software technology. In addition, we think any soft-

 PAL1 
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ware or hardware capable of helping people can be a robotic

platform, thus we choose a common electric wheelchair as our

research platform with personal computers equipped, various

types of sensors and various related algorithms, it can be an in-

telligent robot. Similarly, the same pattern can be applied to any

other platform, such as common cell phones, PCs, laptops, cars,

or motorcycles. They can all be our helpers and friends.

Our integrated software technologies include:

1. Reactive action control: Its advantage is low computa-

tional cost, enabling the robot to quickly react in highly

dynamic, populated environments, and to safely traverse

and explore crowded environments.

2. High-level robot sensing: Laser ranger is used to pro-

gressively build maps of the environment, while simul-

taneously calculating the robot and the surrounding ob-

jects' locations. Projector-camera system and stereo-vi-

sion camera system are used to build 3D models of the

surrounding environment, which can assist the robot

avoid pits and ground irregularities.

3. Friendly human-computer interface: Project-camera

system can place virtual buttons in the environment. The

user needs only to observe the projected content and

touch the virtual buttons to complete the interaction

process. Digital camera array is used to specu-

late user intentions by observing user's facial ex-

pression and line of sight.

All the above modules are foundations in

mobile robots, providing a complete integration

for sensor data from different sensors and

modules, and they are key elements in building

this successful system.

Research and composition expectations

1. Actively develop various technologies needed by mobile
robots

The development of personal computers has become the bright-
est star in the beginning of the 21st century. Its maturity cre-
ated tight bonds between technology and living. Therefore,
how to integrate and leverage present powerful information
technologies and help people build better living spaces, more
human living partners, and more intelligent digital instruments,
are the important issues we are about to face. We hope to es-
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tablish a stable, solid foundation for the future robotics
industry, and drive Taiwan's development in mobile robotics.

2. Actively develop various applications of mobile robotics

We hope to extend the many possibilities in the robotics field
to every corner of people's lives. For instance, in assistive safe
driving, drivers are given timely reminders to prevent traffic
accidents. In the design of human-computer interfaces, make
communication between machine and human more flexible.
In smart home applications, give people more quality living
spaces. All these possibilities are non-delayable issues in rais-
ing people's living standards and qualities.
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Looking at the popular fields concerning the world's vari-
ous research centers, it is not too much to call Robotics another
“rise of personal computers.”Recalling the time when comput-
ers were first developed, they have evolved from building-sized
behemoth to today's notebook-sized consumable commodity, and
even totally changed our various living habits. We believe that in
the near future, robots will also play important roles in people's
lives. They will be our partners, helping us complete difficult
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Omni-directional Vision-based Autonomous
Robot Soccer System

Team Introduction

Team History

We come from Intelligent Control

Laboratory of Department of Elec-

trical Engineering of Tamkang

University. The adviser of this

laboratory is Professor Ching-

Chang Wong. We started to run the

National Science Council (NSC)

project about the design and

implementation of the robot soc-

cer systems in 2000. A three-year

project in the design and imple-

mentation of a small-size soccer

robot system was executed from August 2000 to July 2003, and

a three-year project in the design and implementation of a middle-

size soccer robot system was executed form August 2003 to July

2006. Now, a three-year project in the design and implementa-

tion of a small-size humanoid soccer robot system is executed

from August 2006.

Team Member Description

Shih-An Li received a B.S. degree in electrical engineer-

ing from National Taipei University of Technology,

Taiwan, in 1997. He received a M.S. degree in electrical

engineering from Tamkang University, Taiwan, in 2004.

He is currently pursuing a Ph.D. degree in electrical en-

gineering from Tamkang University, Taipei, Taiwan. His

research interests include fuzzy system, FPGA design,

and genetic algorithms.

Hou-Yi Wang received a B.S. and a M.S. degree in electrical

engineering from Tamkang University, Taiwan, in 2002 and 2004.

He is currently pursuing a Ph.D. degree in electrical engineering

from Tamkang University, Taipei, Taiwan. His research inter-

ests include fuzzy system, strategy design, FPGA design, and

genetic algorithms.
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Hung-Chih Teng received a B.S. and a M.S. degree in electrical

engineering from Tamkang University, Taiwan, in 2004 and 2006.

He is currently pursuing a Ph.D. degree in electrical engineering

from Tamkang University, Taipei, Taiwan. His research inter-

ests include fuzzy system, image recognize and genetic

algorithms.

Chih-Cheng Liu received a B.S degree in electrical engineering

from Tamkang University, Taiwan, in 2005. He is currently pur-

suing a Master degree in electrical engineering from Tamkang

University, Taipei, Taiwan. His research interests include fuzzy

system, FPGA design, and genetic algorithms.

Professor Introduction

Ching-Chang Wong was born in Chiayi, Taiwan, in 1961. He

received a B.S. degree in electronic engineering from Tamkang

University, Taipei Hsien, Taiwan, in 1984. He received a M.S.

and a Ph.D. degree in electrical engineering from the Tatung

Institute of Technology, Taipei, Taiwan, in 1986 and 1989,

respectively. He joined the Electrical Engineering Department

of Tamkang University in 1989, where he is currently a Professor.

His research interests include fuzzy systems, intelligent control,

SOPC design, and robot design.

History

The first generation of FIRA soccer robot, as shown in Fig. 1,

for the FIRA RoboSot League is design and implemented in 2002.

A CMOS sensor is used to find objects on the field. A flexible

moving mechanism is proposed to overcome the defect of the

limited moving direction of the two-wheeled robot. The proposed

mechanism can let the implemented robot has the ability to move

along multi-direction in a dynamic environment. The first gen-

eration FIRA soccer robot

won the  f i rs t  p lace  of

MACRONIX GOLDEN

SILICON AWARDS: 3rd

Semiconductor Design and

Application Competition

and the world champion of

the RoboSot league of the

2003 FIRA Cup. The second

generation of FIRA soccer

robot, as shown in Fig. 2, is

design and implemented in
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2006. It is a “vision-based

omnidirectional autono-

mous soccer robot”. An

omnidirectional vision

system and an omnidirec-

tional moving mechanical

are equipped on the robot.

The omnidirectional vi-

sion system can capture

the environment information fast than the vision system with

the general CCD. The omnidirectional moving mechanical pro-

vides the robot with the ability to move toward any direction. In

compare with the first generation robot, the second generation

robot has more robust vision system, flexible moving ability,

and fast operation. Therefore, It won the world champion of the

RoboSot league of the 2006 FIRA Cup.

Work Introduction

The features of the work are described as follows:

1. A mechanism with three omnidirectional wheels is pro-

posed to implement an omnidirectional mobile robot.

Three motors are mounted vertical to drive each wheel

so that it can be implemented in a small area that the

length and width are smaller than 20 cm.

2. An omnidirectional control structure is proposed to con-

trol three omnidirectional wheels effectively. The robot

can move toward any direction and faces the assigned

target.

3. A referee box based on Windows is proposed. This in-

terface can be used to verify the implemented soccer

robot can autonomous move.

4. A system structure with an industrial personal

computer and an omni-directional vision system

is constructed so that the robot can recognize ob-

jects by itself and its process speed is 25 frames

per second.

5. A color modeling method designed by a clus-

tering algorithm is proposed so that the robot can

recognize objects effectively.

6. A self-localization algorithm which only needs

three objects information to calculate the robot



95

position is proposed. The proposed method only need

low computation so that the system efficiency can be

improved.

7. A virtual map design method is proposed. The multi ro-

bots self-localization and environment information from

vision system are combined to build the

virtual map. It can help the strategy to de-

cide the robot action.

8. An intelligent strategy structure is pro-

posed so that the actions to attack, defend,

run, or shoot can be decided by the robot

itself.

9. A virtual environment platform is con-

structed for the strategy simulation. It can

verify the path plan of robot is right or

wrong.

Work Expectation

In the technology development, the design method of this

work in the topics of omnidirectional vision system, robot

localization, three-wheeled omnidirectional moving machanism,

omnidirectional moving control structure, human-machine

interface, and multi-robot cooperation strategy can be a good

reference. The proposed omnidirectional moving control struc-

ture can be used for all the omnidirectional mobile platforms. It

could provide a good moving ability.

Award Comment

Thank “TECO Technology Foundation” for holding the

“Robot Contest”. It is a great honor for us to receive this award.

We are grateful to the Award Committee for selecting us from

numerous outstanding teams. We will be diligent continuously

in the robot design.

Expectation in TECO Technology
Foundation

Hope “TECO Technology Foundation” could continually

hold the “Robot Contest” to promote more imagination and cre-

ation for the robot design.



96

� 2006  �

20

30 30 20 20

95.07.01( )
( 1,000 )

( )
( ) 1 5
( )

95.07.15( ) 20 30 (A4 )

95.07.30( ) e-mail ( 6 10 )

95.09.02( )

35 15 10 7
Power Point 15

95.10.14 ( )

NT400,000
NT250,000
NT150,000



97

� 2006  �

( )

( )

( )

( )

( )

( )

1. www.tecofound.org.tw/ac-
tion0331/2006_0322.htm

(1)

(2)

(3) 1,000

(4) 500

2. www.tecofound.org.tw/
action0331/2006_0322.htm

3. 02-25422338-15

( ) 30 word A4 12
15MB

1.

2.

3.

4.

5.

6.



98

7.

8.

9.

10.

( ) 6 15MB

1. C code

2.

3. *.mpeg *.avi

4. PCB

5. CAD

6.

7.

8.

9.

10.

( )

( )

35



99



100

�  �

2003

I

I



101

1992

1994

1995 1996 1997

1997

2002 2004

" "



102



103



104

�  �

( ) / /

( ) / /

( ) / /

( ) ( ) ( ) ( )

 ( )



105

� �

( )

( )

( )

( )

( )

( )

( )

( )



106

�  �

/ / / /

/ /

( )

/ /

/ /

/ /

( )

( )

( )

( )

( )

( )

( )

( )

( )

1. / /

2. / /

3. / /

( )

1. www.tecofound.org.tw/contents/

prize/prize02.asp?hsn=1

2. 104 156-2 9

02-25422338-15

02-25422570

e-mail foundation@teco.com.tw



107

( )

1.

2.

3. 1-3

4.

5. 500

6.

( )

1.

2.

3.

/ /

/ /

/ /



108

� 1~13  �

80

( ( )



109

�  �

---

---

---

---



110

/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

.



111



112

13

---

2005

2002



2006



TECO TECHNOLOGY FOUNDATION

156-2 9
TEL: (02) 2542-2338
FAX: (02) 2542-2570

www.tecofound.org.tw


