VIR S

(Z23ZhR - SB3hR)

AP
Sergios Theodoridis
Konstantinos Koutroumbas

(FHE)

&
MM T R #

China Machine Press



B OB O B B

Wit

(FETIR - S3ER)

. (Third Edition)

4\ Sergios Theodoridis
(#h5) Konstantinos Koutroumbas &




Sergios Theodoridis and Konstantinos Koutroumbas: Pattern Recognition, Third
Edition (ISBN:0-12-369531-7  ISBN-13: 978-0-12-369531-4).

Original English language edition copyright © 2006 by Elsevier (USA). All rights
reserved.

Authorized English language reprint edition published by the Proprietor.

ISBN: 981-259-706-9  ISBN-13: 978-981-259-706-9

Copyright © 2006 by Elsevier (Singapore) Pte Ltd.

Printed in China by China Machine Press under special arrangement with Elsevier
(Singapore) Pte Ltd. This edition is authorized for sale in China only, excluding Hong
Kong SAR and Taiwan.

Unauthorized export of this edition is a violation of the Copyright Act. Violation of

this Law is subject to Civil and Criminal Penalties.

#4358 3O LA R Elsevier (Singapore) Pte Ltd BEAUHLAR Tk t R+ 72 b B K i
BAMRRIT. AROURESESEN (FAOEFBHFITRERGEBRK) HERk
RN . REWTTZH 0, ABREMNE, BRERZHIR.

IR . e,
AR EEME LR RERNESH

ABIFEINEIZS: E=x: 01-2006-3123
EHERSBE (CIP) #iiE

BN (ESCRR - $3RR) / (A9 RE) PR % B (Theodoridis, S.) %
#. —JbRi: ML Dok HARtE. 2006.9

(B HFERPBIE)

45 4, 3C: Pattern Recognition, Third Edition

ISBN 7-111-19767-4

T.ff 0.6 M. EERIRRI - %3 IV.TP3914
v R A BB IR CIP B B (2006) 250966465

Bkl ol HIRR R Cacmis v A2 BbB4RES  100037)
peARGA: RIRE

e ALHIRREDRY TEDR - BB EIL R RIT ALY
20064E9 H % 1R 3 1R ENRI

170mm x 242mm - 53.5E5k

Ffr: 79.005¢

JUg A, A EIT. BATT. fRUTl, Atk iTERiAdR
Arbigpigg: (010) 68326294



AR G

XEE ML, EEE KBRS R ERE, FEGTERE
HARFH AR A SIS T 2R, hIERXHNESE, EXEEREBH
AEBOANTEERILARKEN. MESRAE. £/ LLAHES, ZENS LR S
HE Rk EE S, HRENLER PRI £ # WA BN & BB BCE R
BATgk, mimif e iR E e, SUER TR, BDBETERN
A, BEEHARIE, XAREFEEANY, RO EHASEE HBRHE 8 .

P4, ELREBAKENHED T, RENHEL™ LEREE, XElkA
AMEK B FiaY). X3 ENEET R MERA LN, WRkSL el
EMNBIXEZETEE FRAERRE. AREGEBEARRRIBIERE. MlA
AEAHBER T, FEZRSEREL U EIB LRGN+ RRERN S8
MnET2ESEYE G Fik, SIE—HESMUSE HHEILEM K33 B E R
HEFLMRBEHERGOEDEH, bR EHAZY. BRHEMNHR—RKF
Ay M Z B

PUBE Tk MR e R E SR B AR AR B EIRS “UWREAEFRS. B
19984EFF4f, e mlhls TIEH fAUBE ik, BIFEIMEFEM L. 2L
FHIAWME S, A1 5Prentice Hall, Addison-Wesley, McGraw-Hill, Morgan
Kaufmann% 57 35 4 H AR 2 B BESL T RAFIIATER R, WENBLA WEE FEt
1} 8} 3% H Tanenbaum, Stroustrup, Kernighan, Jim GrayZ K&K —{H L8k
fhe BLOCHENLBLRART HERRHR, #igE$3. MRRER. KEALHE
e, WIEABL Tix BN SR s R FnA I .

“HEHLFEAT” AR TESS TENMFERR DR, BRANERAN
AR TR S, EAFE EHARE T BIEME R TIE; MEBrES
WA Y e FEHAER AT EERE, AREERALBHFEREF. €4, TR
PLEHEA” EEHR TIDE AR, XEPREERE PR TR AM, ol
T E2EBCRAAERBM IS Z 55, At D) BRRITT 7 RrEa.

B & ERT R KNP EEMBM R ENEEEL, BT RAEINTE S
HIFRFIRL A D A — BB B, Ak, EEAGPEMASIHBMBHE, &
AEEHET WA ZTHER AR ENEM: B “HRELBFENAS 2
gh, FHRENVRAIESE, WIS “QMFMBE" ; Fibt, shEeX@Birn
H#H S “Schaum’s Outlines” ZRFNHE “2ELMLECIEIRI”. A TRIE



iv

X ZENBRIBURE:, RN WBA T EEF b AZRMEBINTIRS , REAABET
RERAER. bR KF. HERE. BRREKRSE. SRS, EERKEKRE.
FRAE, WHLAF. PEBEKRE. MREILKRY:. BREEKRYE. PEA
RAZ. LFHREMAKE. JLRBBR K. PR, MRERLKE. M
KEF. WHLT#RE . dEERELZEMITIAEH.OFE A E R RERE B
EWENBNE T SRNELZEAR “FTRESEAET, AHTMNRBELEEE WM
H AR

X =8 SRR BB F AR M E FSMR B S B, HBRRN &SRR -
BRMEXRELOBZEESITEN. X PFLEHHEAM. 1. T., Stanford, U.C.
Berkeley, C. M. U. it R &AM AUHEE TR BiEEH. 8
ERE. HHEARSW. BIRE. HERE. BK4TE. BRE. 8E5ME.
BHECFFEANKRFTRELS L EE RO RE, MAEARFEe—FAIL
HESRUHEZE. ANHL2=TH#mAR. ARt RLamEREH.
fExX LR BB AWM AENIESIZT, RELHEHRIUBZNER S ¥ E
TIAZE

BURHITES . RABH . —RWIFEE. HEOEE. BHamE, X8R
EERMNOEBE TREMRIE, HENWBEHFRRERE, RBHELEL
BABEBX — AR BARM EERHE . BMPHBRRBINNESRENES. &
B RIGE T AIRE M B TR RIS THIE, RNMRRFE0T:

B, iR {4:: hzjsj@hzbook.com
BEZEBIE: (010) 68995264
BFMak: LR ERE A EEE1S
BPEC4aiD: 100037



LRIBEFERS

( etk 2B L) )
LEA £ W BEEF LuHE  LEHK
AHFE & IEF  FHE XHE
Kid FHEE FHFR F2¥ BAF
R MWW BEEX MKeH  FAeit
Az RA#ME FE EWE OE W
FER AR HEXR BHH  EKEL
i€ A& A2 e AZRE #A
3

Y
2 -
% i~ ,’.‘!b\



PREFACE

This book is the outgrowth of our teaching advanced undergraduate and gradu-
ate courses over the past 20 years. These courses have been taught to different
audiences, including students in electrical and electronics engineering, computer
engineering, computer science and informatics, as well as to an interdisciplinary
audience of a graduate course on automation. This experience led us to make the
book as self-contained as possible and to address students with different back-
grounds. As prerequisitive knowledge the reader requires only basic calculus,
elementary linear algebra, and some probability theory basics. A number of mathe-
matical tools, such as probability and statistics as well as constrained optimization,
needed by various chapters, are treated in four Appendices. The book is designed
to serve as a text for advanced undergraduate and graduate students, and it can
be used for either a one- or a two-semester course. Furthermore, it is intended
to be used as a self-study and reference book for research and for the practicing
scientist/engineer. This latter audience was also our second incentive for writing
this book, due to the involvement of our group in a number of projects related to
pattern recognition. »

The philosophy of the book is to present various pattern recognition tasks in
a unified way, including image analysis, speech processing, and communication
applications. Despite their differences, these areas do share common features and
their study can only benefit from a unified approach. Each chapter of the book starts
with the basics and moves progressively to more advanced topics and reviews up-
to-date techniques. A number of problems and computer exercises are given at
the end of each chapter and a solutions manual is available from the publisher.
Furthermore, a number of demonstrations based on MATLAB are available via
the web at the book’s site, http://www.di.uoa.gr/~stpatrec.

Our intention is to update the site regularly with more and/or improved versions
of these demonstrations. Suggestions are always welcome. Also at this web site, a
page will be available for typos, which are unavoidable, despite frequent careful
reading. The authors would appreciate readers notifying them about any typos
found.
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This book would have not be written without the constant support and help from
anumber of colleagues and students throughout the years. We are especially indeb-
ted to Prof. K. Berberidis, Dr. E. Kofidis, Prof. A. Liavas, Dr. A. Rontogiannis,
Dr. A. Pikrakis, Dr. Gezerlis and Dr. K. Georgoulakis. The constant support pro-
vided by Dr. 1. Kopsinis from the early stages up to the final stage, with those
long nights, has been invaluable. The book improved a great deal after the care-
ful reading and the serious comments and suggestions of Prof. G. Moustakides,
Prof. V. Digalakis, Prof. T. Adali, Prof. M. Zervakis, Prof. D. Cavouras, Prof.
A. Bohm, Prof. G Glentis, Prof. E. Koutsoupias, Prof. V. Zissimopoulos,
Prof. A. Likas, Dr. S. Perantonis, Dr. A. Vassiliou, Dr. N. Vassilas,
Dr. V. Drakopoulos, Dr. S. Hatzispyros, Prof. T. Stamatopoulos. Dr. G. Paliouras,
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