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Wang received IEEE Distinguished Achievement Award at IEEE-BIBE2007
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In addition to his technical achievements and contributions, Professor
Wang has been also very active in community services, and has written several articles on Du Fu, Li Bai’s poems; Verdi, Puccini, Bizet, and Wagner’s
operas; and Mozart, Beethoven, Schubert and Tchaikovsky’s symphonies. A
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Lotﬁ A. Zadeh (left) and Patrick S.P. Wang (right)

Dear Patrick,
Many thanks for your message and the kind words.
I appreciate very much what you wrote. As you know, I am highly impressed by your achievements. With regard to the foreword, I have a problem.
After my heart attack in December 2008 my vision and my hearing have experienced a decline. Today, to read printed matter I have to use a magnifying
glass. Reading messages does not present a problem but reading a book does.
This is why writing a foreword — even to a book dedicated to my admired
friend, K.S.Fu, would be stressful. It is a source of great regret for me not to
be able to respond aﬃrmatively to your invitation. Please keep in touch.
With my warm regards.
Sincerely,
Lotﬁ
————
Lotﬁ A. Zadeh
Professor in the Graduate School
Director, Berkeley Initiative in Soft Computing (BISC)

King-Sun Fu (left) and Patrick S.P. Wang (right) in 1981 Int. Conf. Advanced
Automation (ICAA1981), Taipei, China

Patrick S.P. Wang (left) and King-Sun Fu (right) in 1981 Int. Conf. Advanced
Automation (ICAA1981), Taipei, China

In Honor and Memory of Late Professor
King-Sun Fu
The late Professor King-Sun Fu is one of the founding fathers of pattern
recognition, who, with visionary insight, founded the International Association for Pattern Recognition around 1980. In the almost 30 years since then,
the world has witnessed the rapid growth and development of this ﬁeld.

King-Sun Fu
(10/2/1930 [Nanjing, China] – 4/29/1985 [D.C.,USA])
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Foreword By J.K. Aggarwal
It is again a pleasure and an honor to introduce this collection of papers
in memory of the late Professor King-Sun Fu. Professor Fu contributed signiﬁcantly to the growth of pattern recognition through teaching, research,
scholarship and supervision of Ph.D. students at Purdue University. It is sad
that Professor Fu did not live to see the spectacular growth that we are
witnessing today in the use of pattern recognition and computer vision in
industry, military, and daily products. Professors Tzay Young and King-Sun
Fu published a collection of papers entitled Handbook of Pattern Recognition
and Image Processing. The book was published in 1986 after Professor Fu
passed away in 1985.
Professor Patrick S.P. Wang has followed in the spirit of the collection
published by Young and Fu.
The present book is ﬁfth in the series published by Professor Patrick S.P.
Wang and his co-editors. The earlier four collections are:
(i) Handbook of Pattern Recognition and Computer Vision
Editors: C.H. Chen, L.F. Pau and P.S.P. Wang
1993, World Scientiﬁc Publishing
32 papers, 984 pages
(ii) Handbook of Pattern Recognition and Computer Vision
Editors: C.H. Chen, L.F. Pau and P.S.P. Wang
1999, World Scientiﬁc Publishing
34 papers, 1019 pages
(iii) Handbook of Pattern Recognition and Computer Vision
Editors: C.H. Chen and P.S.P. Wang
2005, World Scientiﬁc Publishing
33 papers, 639 pages
(iv) Pattern Recognition and Computer Vision
Editor: P.S.P. Wang
2010, River Publishers
28 papers, 451 pages
The present volume again honors the contributions of Professor Fu. He
was the founding editor of the IEEE Transaction on Pattern Analysis and
Machine Intelligence. Today this transaction has the highest regard of researchers and developers. It is among the crown jewels of the publications
of the IEEE. He also helped start the organization known as the International Association for Pattern Recognition (IAPR) in the early 1970s. Today
IAPR has membership from 42 countries all over the globe. The family and
friends of Professor Fu created the King-Sun Fu Prize in his memory under
the auspices of the IAPR. IAPR awards this prize every two years at its International Conference on Pattern Recognition popularly known as ICPR. It
is noteworthy that seven winners of the King-Sun Fu Prize (out of a total of
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11 awarded so far) are among the authors in the book edited by Professors
Young and Fu.
The present book consists of 30 papers clustered in ﬁve broad chapters.
It consists of original contributions from a few coupled disciplines, including
pattern recognition, machine intelligence, computer vision, image processing,
and signal processing. Authors review existing methodologies, propose new
approaches, and build systems on fairly diversiﬁed applications including face
recognition, activity recognition, and biometric authentication. The book will
appeal to researchers, students, and technologists.
It is a pleasure to be part of the tribute to Professor King-Sun Fu.

J.K. Aggarwal
Cullen Trust Professor
Department of Electrical and Computer Engineering
The University of Texas at Austin
May 2011

Foreword By Brian C. Lovell
This is the second in a series of books on pattern recognition to honour
the memory of Professor King-Sun Fu. No one deserves more credit for the
founding of the International Association for Pattern Recognition than KingSun Fu. In 1971, King-Sun Fu invited several leading researchers to set up
a committee for an international conference on pattern recognition1 . This
led directly to the First International Joint Conference on Pattern Recognition (IJCPR) which was held in Washington, D.C., from 30th October to 1st
November, 1973. Discussions at the Lyngby IJCPR in 1974 recommended the
formation of an entirely new international society which would be a kind of
federation of national organizations in pattern recognition. The name of the
organization would be “The International Association for Pattern Recognition” as suggested by Herbert Freeman.
The IAPR came into oﬃcial existence in January, 1978 with King-Sun Fu
as the inaugural President. Today the IAPR has 43 member organisations
from all around the globe. It sponsors numerous pattern recognition conferences in many countries as well as organising the International Conference
on Pattern Recognition (formerly IJCPR) conference series.
Thus it was a tremendous blow when King-Sun Fu died suddenly on 29
April 1985 aged just 55. His untimely death was a loss to the whole community
and was keenly felt by his family, friends, students, and his IAPR colleagues.
He, more than anyone, created the organization, serving as its inaugural
president, and was a leading ﬁgure in the ﬁeld of Pattern Recognition. In 1988
the IAPR awarded the ﬁrst K.S. Fu Prize to commemorate his achievements.
The prize was to be given no more often than biennially to a living person
“in recognition of a technical contribution of far-reaching signiﬁcance and
impact on the ﬁeld of pattern recognition or its closely allied ﬁelds made at
any time in the past.” The K.S. Fu prize serves as the “Nobel Prize” for
pattern recognition.
It is appropriate to commemorate King-Sun Fu’s achievements with this
second edition of collected works representing emerging aspects of the exciting ﬁeld of pattern recognition which he did so much to establish. These
chapters cover diverse topics ranging from biometrics to image forensics and
data mining. They give an insight into just how much the ﬁeld of pattern
recognition has advanced since the foundational works of King-Sun Fu in the
1970s.
Brian C. Lovell
President of the IAPR, 2008 – 2010
May 2011
1

Freeman, H., Detailed History of the IAPR, http://www.iapr.org/docs/IAPR-History.
pdf, [last visited: March 2011]

Foreword By Sargur N. Srihari
My memories of King-Sun Fu date from the early 1970’s when I was a graduate student beginning my studies in pattern recognition. At that time Fu’s
work at Purdue University was very inﬂuential for anyone interested in entering the ﬁeld.
Fu was synonymous with a new area of pattern recognition called syntactic pattern recognition1 . Statistical pattern recognition was already an established ﬁeld with the appearance of the pre-print of Duda and Hart’s textbook
in 19722 . Syntactic pattern recognition was an alternative approach to recognizing visual patterns, such as handwritten characters, based on formal
grammars. Fu was a vigorous advocate of the syntactic approach as an alternative to purely statistical models. The goal was to exploit knowledge of
structure in designing pattern recognition algorithms. There existed a small
body of work such as that of R. Narasimhan at the University of Illinois who
proposed a full set of grammatical rules for the English alphabet3 . Others included R. A. Kirsch of the National Bureau of Standards who proposed rules
for shapes4 and A. Joshi of the University of Pennsylvania who suggested tree
grammars5 . While Fu and Narasimhan, who both did their graduate work
at the University of Illinois-Urbana/Champaign, were interested in syntactic pattern recognition , Fu took it to the next stage by proposing the use
of probabilities with grammatical rules. The explanatory powers associated
with such methods were attractive to the ﬁeld of Artiﬁcial Intelligence which
was just beginning to take oﬀ. Today pattern recognition and the associated
ﬁeld of machine learning have enormous applications in every ﬁeld. It is quite
common to see both syntactic and statistical pattern recognition being used
in the same system, e.g., domain-speciﬁc rules written by linguists and maximum entropy Markov models are both used in a single commercially available
information extraction system6 .
Fu also made important contributions to an area he named as sequential
pattern recognition7 . The goal here was to build pattern recognition algorithms which could take features as input one at a time and stop when a
suﬃcient level of conﬁdence was reached. He adapted Abraham Wald’s se1
2
3
4
5
6
7

K.S. Fu, Syntactic Methods in Pattern Recognition, Academic Press, 1974.
R.O. Duda and P.E. Hart, Pattern Recognition and Scene Analysis, Wiley-Interscience, 1973.
R.A. Narasimhan, “Syntax-directed Interpretation of Classes of Pictures”, Communications of the ACM, vol. 9, issue 6, 1966.
R.A. Kirsch, “Computer interpretation of English text and picture patterns”, IEEE
Trans. Elect. Comp., EC-13 (Aug. 1964), pp. 363 – 376.
A. Joshi, S.R. Kosaraju, H. Yamada, “String Adjunct Grammars”, Proceedings Tenth
Annual Symposium on Automata Theory, Waterloo, Canada, 1969.
K.S. Fu, Sequential Methods in Pattern Recognition and Machine Learning, Academic
Press, 1968.
R.K. Srihari, W. Li, C. Niu and T. Cornell, “InfoXtract: A Customizable Intermediate Level Information Extraction Engine”, Journal of Natural Language Engineering, Cambridge U. Press , 14(1), 2008, pp.33 – 69.
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quential probability ratio test, known primarily to statisticians, and brought
it to the attention of the pattern recognition community. Today sequential
models have developed much further and are at the heart of machine learning
methods such as hidden Markov models, conditional random ﬁelds and linear
dynamical systems.
Arguably, the biggest legacy of Fu was the establishment of the IEEE
Transactions on Pattern Analysis and Machine Intelligence (IEEE-TPAMI)
which began publication in 1981. It was an almost single-handed eﬀort to
build a community of researchers. Previously papers on pattern recognition
would go to IEEE Transactions on Computers (IEEE-TC) which was dominated by digital circuits research. In fact the ﬁrst I heard about IEEE-TPAMI
was after I had submitted a paper to IEEE-TC, I received a call from KingSun Fu asking whether it would be appropriate to transfer it to the newly
established IEEE-TPAMI. I readily agreed and was pleased to have had a
paper in the ﬁrst issue of IEEE-TPAMI8 .
It was not surprising that Fu chose to use the phrase Pattern Analysis
since that reﬂected both statistical methods and grammatical rules. The term
Machine Intelligence reﬂected the inclusion of Artiﬁcial Intelligence (AI). At
that time AI was thought of as consisting of algorithms based on logic, heuristics and expert rules. The phrase “machine intelligence” was less used but it
had been the title of an inﬂuential series of volumes emerging from Edinburgh
University9 . The term “machine” avoided negative connotations of artiﬁcial
intelligence such as whether natural intelligence was superior to artiﬁcial intelligence. Today IEEE-PAMI is the pre-eminent transactions of the IEEE.
It has the highest impact factor of all Artiﬁcial Intelligence journals. Perhaps
IEEE-PAMI itself is a tribute to King-Sun Fu’s foresight.
Finally I had two other interactions with King-Sun Fu. As a graduate
student I wrote to him about some ﬁne points in the sequential models he
espoused. I received a prompt response from him clarifying it and sending
me a helpful pre-print. My only occasion to meet him in person was at a
Computer Vision and Pattern Recognition (CVPR) conference in Chicago in
1979.
The present volume reﬂects many of the same themes and applications
that were foreseen by King-Sun Fu in the early days of syntactic pattern
recognition, sequential models and the pre-eminent journal that he founded.

Sargur N. Srihari
SUNY Distinguished Professor
University at Buﬀalo, The State University of New York
May 2011
8

9

S.N. Srihari, “Recursive Implementation of a Two-step Nonparametric Decision
Rule,” IEEE Transactions on Pattern Analysis and Machine Intelligence, IEEETPAMI, vol. 1, no. 1, 1981, pp. 90 – 94.
D. Michie, On Machine Intelligence, Edinburgh University Press, 1974.

Preface
In our time of rapidly changing Information Technology (IT) age, there is
growing interest in Pattern Recognition and Machine Intelligence and its applications to Biometrics in academia and industries. Novel theories have been
found, with new design of technology and systems, in hardware, software
and mid-ware. They are extensively studied and widely used to our daily
life to solve realistic problems, including science, engineering, agriculture,
e-commerce, education, robotics, government, hospital, games and animation, medical imaging analysis and diagnosis, military, personal identiﬁcation and veriﬁcations, and homeland security. The foundation of all these
can be traced back to late Professor King-Sun Fu (10/2/19304/29/1985),
one of the fathers of Pattern Recognition, who was visionary and founded
the International Association for Pattern Recognition (IAPR) in 1978. Ever
since then, after 33 years, the world has eye witnessed the rapid growth and
development of this ﬁeld, and most people can sense and be touched by its
applications in our daily lives.
Today at the eve of his 81th birthday and 26th anniversary of unfortunate and untimely passing of Prof. Fu, we are proud to produce this volume
of collected works by the world renowned professionals and experts in Pattern Recognition, Machine Intelligence, and Biometrics (PRMIB) in honor
and memory of the late Professor King-Sun Fu. We hope this book will help
promote further its course of not only fundamental principles, systems and
technologies, but also its vast applications to help solving our daily life problems.
There have been tons of complimentary remarks and praises about Professor Fu’s extraordinary achievements on PRMIB, including hundreds of paper
and book publications, numerous prestigious awards, founder of IEEE-PAMI
and IAPR and an NSF Research centers and so on. Professor Fu is known as
one of the greatest computer scientists and engineers. But actually more than
that, he is also a great artist and music lover. He believes liberal arts education, and plays volleyball well. In his Lab at Purdue University, most, if not
all his team, researchers and students’ popular entertainment or exercise is to
play volleyball. He also enjoys reading novels and poems. I remember when
he came to Boston to give a seminar, we had some discussions on his most
recent work then, on “towards a uniﬁcation theory of statistical and syntactic
pattern recognition”. He noticed on my desk that there was a paper clip of
my article “On Puccini’s opera ‘Turandot’ and Chinese folk song ‘Jasmine
ﬂower’ ”. It immediately attracted his attention and interest to request a copy.
Everywhere we met or communicated in USA, Canada, Europe or Asia, he
always showed strong concerns on not only progress of pattern recognition,
but also world aﬀairs, humanity and environment. Although, regrettably, he

