2004 4£ 2 A
FoHHE2M

[ TR

Engineering Science

Feb. 2004
Vol.6 No.2

Gt AR RS R EENA TR

F V23 BEF:, TERV?, XEMA!, Josef Kittler*
(1. R AT W FR, THAHEIL 212003; 2. BEEIA¥EE¥K, BF 210094;

3. FEM¥RAMBEGMARINBAFELALRE, KM

110015;

4. CVSSP, University of Surrey, Surrey GU2 7XH, UK)

[(WE]

MEFAMRBEENRBREROFFH#THR, EETEEBAERFEIBOER L, WET—

FEAEHR, ERERERNEAZSERTHERBHAERNEOER, XEFEBEANRELHIRABERKER
HMARRART AR BRELEHNRBE, WTER T AR AE % 52 8 09 A& JR—— A 428 %0 %58 19
SHENER, AHENBRRKRSETHRRBHRRLENRBRNRAEXHEAMGE T AHXE, ZHEMRE
REMBRAAERERE. A ORL ARKEENBELE, BIETZF BN R

[Xegid]
(FESHES] TP391.4; 0235

1 313

FERERXIRFIFIE P, Fisher KUHFN T EHRE
BEAWE W, HEADHRTE Fisher 4 7 4 N &
BEBREMRGT, KB BELESNTR, RS
AREARAEFEN BRI RRELN W L,
MR — 4 FIRFE S ], FRER LR 47—
Y 75 a] p AT 1),

Foley #1 Sammon 7E 1970 £ £ & T Fisher &%
FIRFE, RET Sammon HIFELEFIFEAHEAR,
HHERATFREFAKR B, Sammon B 1% 5P
HRBEAREEX RN AE BB ZWNAS R
&, Duchene #1 Leclercq A H T X £ XK M E K
Foley-Sammon £ 1 % % & & £ Wit & A R,
Longstaff $& T 4 5 3 F Fukunaga-Koontz %5 #
HETR% (radius vector) HWHRAELFIFE, Turk
1l Pentland 32 i T4 R A7, Hong A Yang
RETET SVD WFEMBI % ), Cheng M
Yang 4 T — b H a0 A LI AR, Liv 81

BERS; REAEHEG KRN0 T X RIELENEESE; ARIAG
[T#KFRIEE] A

[XEHS] 1009-1742 (2004) 02 - 0044 — 04

T XBEEFFEAT URELFNRBEEN—F
SIS, MBH T X RELSHNRBHBGHEE
U2 R RN T XRELNEREN
i E S, FELBREE R, R R A 1 4
BB, FESBTRRMEXN, Ak, £
BB W T —FBA G A A & 5 B % 5w A
G AHXRELH R BENE R, £t
SZHAHXBELNRBENAEFTHTTHE, 37
WHNAFARRBIRBEOR L

2 Gt FAMXRBEENLER

B wy, wy, s w, Am MERE, X = {1,
i=1,2,, N AnBINGHEELE X PHEF—-
1if§:J:wj?§,EpI;€ wj’i =1,2, -, N 9j: 1,
2, v, moW w, KWEHLXE. WHEEKS%

BEEDHNH m;, C;, P(w;) , WARIH A KE K
Sy KNBAER S, MEBAERF S, 254

Sp= ZP(w,-)(m,- - my)(m; — my)T, (1)

AHEEARABEESERIMA (BK2002001); IHE B HRBEHMATREBME (01KJB520002); + EF 2Bl

AEFRERERELSFEBHME (RL200108); ABABSEKEFLTREFHELSFEPTE (IPICLO304)

[MAW] 2003-07-02; EEAH 2003-10-23
[X€mA]
[fEEMMT] 2B (1967-), B, THAHETA, WL, LRMMN T W25 T



%2

m

Sw= EP(w)E{(x— m)(x - m)T/W,| =

i=1

"Mi

C;= E{(x—mi)(x-m,-)T/w,-}, (3)
S,=8S,+8, =E{(x —my)(x—-my)T}, (4)

my= E{x} =

2P<w)m,, (5)

Kt my E2ENGHERNFHRE, ERXRREF
BE,
BB AR, Fisher X5 R E XA
?'Svo
J(p) = 2 Suo’
He o HiE—n BFIRE. HEEJ(9) BBBK
HMRE @ X Fisher BRIELR T, HGHEEATE
HE e EHMBEE, E—4%F=H Span { (@)}
hEB/NMIKNEERMBE KA EER,

Bo =9 /1 @' |, N ¢ £ Foley-Sammon
BIELFNREBENE -1 RE, Foley— Sammon &
HEEFRBENSE MEHNKR o, (1<i<r) 7
i@ T 5l mEitH5E8 3.

(6)

max (J((P,)) i=1 -, i-1, (7)
Ve, =
% S= fcp,}, i=1,2, -, ro H Foley-Sammon &
HERNREBETUH BT
y = ®"x, (8)

Hb @ =[9, 0, 9]0

M =2, Foley-Sammon BMELHABRESH
#tF Sammon B {E X HI M|,
 BESERU Fisher BREXHF M @0 TERE
(r=1) ABRAEEHNTF 01, @2, =, 0.5, Fr
HIARELEHN TR ERRIBERFZMHK (9)
T, {# Fisher ¥ 51N KX (6) MABHRKMEN
& Qi1

07,89, =0 (i=1,2,,7r)s (9)

RFRA G A A 8 B 5 5 7 1] 95K i
AFMTHEH:

S EE (X#k [14,15] 312 2) RELHAR
HEXUENERELHNRBENS r +1 MRELHT
] @, B FFI T XAEF #2 o 8 K i A 4E 8 % B
) A AE [0 B

PSy@..1 = ASw @41, (10)
K

P(w;)C;, (2) .

RMRE: GBI AHXBELINKBENE TR 45
P =1-SD"(DSSw'S DY) 'DS Sy, (11)
IR RE, A,
D =[o, 0, 0]1% (12)

3 G AMAREENREROLR

BHELLE, EHHTAHXUEBRELENREEN
P, 92, <, @, WE
4’?5‘4’,‘ =0,
(i,j=1,2,",n,i%#j)o
Hit, &S BURNBAHERER, KitAHERER
BICHERM, B4, BERI - ITRETHER
S BB ANPMEBER? XETEHEERRBEE,
Xt S, #ATRE D,
S, = VDVT,
MT VEEXER, FFU vwi=1, B vi=
', BAdEER
Q — VD—I/ZVT0
HA x ZATRENEEL N, FAFE, FREEE
SEK X, FHRIENSER X, WESE X +4
X = Qx,
R, ‘
iy = Qmy,
S. = E{(x - #ig) (% — i)} =
E{(Qx - Qmy)(Qx — Qmy)"} =
QE{(x - my)(x - mp))T}QT =
Qs.Q" = QvDpv Q" =
vD~'2vTvDpV (VD 2VT)T =
VD '2VTvDpV VD 2 VT =
vD 2pD 12 vT = vvT = I,
S, = Qs,Q",
Sw = QSwQ",
XHE, FREMT—R T EREN 2 A RRERNR
B o Mo (i+j) MREXK, B olg,=0, EZ
| X, BF S =1, WA 4P’.rsn¢j=0, Bl @, #

o, (i7j) WREHAHEXH,

BRI ERSHT, ATLAE BIGE A R B AR 5
RERHAERE, ED%#T*E?E%%&S'JEEI%I&
o 8 Lt R R

4 FRELZRSHN
M ORL A B B4R o 4 S Bt 35 F A A



46 i [ T AR 2

%6 %

HER (92x112), HA 10 EEK, i+HEH, W
A 4 W BRI, HA 6 R R AR K A
A, SrBUESCER (9], Sk [10] FScik [13] 9
J7 2 DA B A1 6 B o i O e s ) .
BEvk A, 1 e A B 1 TS A I R £
EUCAE SR, FRSCEk (9], ek (100 Fsck
[13] 97 ik AT AR AE AN, O 6 2% 5 % it 25 (W] 4
B /NI B AR B HEAT A 2 B 1 O TR B
AANRER, £1EE3 HEMEE SN
B B 0 ST IS SR R, AT LB B O LB
WO B BT, (ER o T RO A S AT
LA B, R R B W A

B 1 ORLE®REDRSES

Fig.1 Part of the images of ORL

5 ##

EE DI NIEN PSS SEXFIPS § JIURS RS

HATHIR, REBMTHL.
1) M GETHA MK B 8 4 5 K B R A ST AT
BESE R, Gt A B A 4 5 2 F A28 4 % 5@

LA LR B, XFRE TR A SRR R
S,

F1 XK (9] WEEREMHEEZOMELEER
Table 1

in [9] and its improvement algorithm

Performance comparison of the algorithm

5 5 % )‘Cﬁ‘R[‘)]B‘J‘ﬁTz‘i Eﬁ%ﬁf&&‘]ﬁ?ﬁ

£ shts  maw ER o PE R it
WAl mHE /s REIE BFiE /s

5 4 4 1 13.73 1 73.32

10 9 4 4 21.26 2 100.68
15 14 4 8 25.93 2 106.72
20 19 4 33 25.49 19 83.93
25 24 4 57 21.03 23 61.63
30 29 4 64 15.16 16 15.27
35 34 4 92 20.21 17 20.05
40 39 4 92 26.04 33 25.71

F2 ik [(10] WEZREBGEEENMRELLR
Table 2 Performance comparison of the algorithm

in [10] and its improvement algorithm

, : KRROI0IMF o Bl J7 ik
R - N | e i

wus pay TR TR mR R
WAHIE BfiE /s RBIE BFE) /s

25 24 4 57 4.34 15 12.03
30 29 4 73 1.04 16 1.48
35 34 4 80 1.43 17 1.59
40 39 4 93 1.59 33 1.87

®3 Xk [13] WEERAMGHEENMERILR
Table 3 Performance comparison of the algorithm

in [13] and its improvement algorithm

£ 5 % )tif[l.?]ﬁ‘?')‘iﬁi ﬂi)&féﬂ@ﬁ?’a‘

¥ REE RAK iR 2} iR 2}
WA B /s BEBIE BHE /s

5 4 4 1 3.84 1 16.04

10 9 4 3 3.46 2 12.41
15 14 4 3 3.25 | 9.67
20 19 4 16 2.97 13 5.27
25 24 4 15 2.91 14 5.88
30 29 4 24 0.61 16 1.16
35 34 4 28 0.71 17 1.26
40 39 4 41 0.88 33 1.49

2) BT R R AE T R R AR 1 B A 4 501
RE, FNAAIERZEMET MK A
s, B kX AR BRI il R A A

3) I EEA DU K B 4 AE 4R BUIE WA R
i H 5 A BRG]  UFIRA AR T AW
K R SR SUR I BT R — R L



F2M

"/

RMRE: BRI AHXBEENRBENAFRHR 47

%% Xk
Turk M, Pentland A. Eigenfaces for face recognition
[J]. Cognitive Neuroscience, 1991, 3 (1): 71~86
Foley D H, Sammon ] W. An optimal set of

discriminant vectors [J]. IEEE Trans Computers,

International Journal of Pattern Recognition and
Artificial Intelligence, 1992, 6 (5): 817 ~829

Liu K, Cheng Y Q, Yang ] Y, et al. A generalized
optimal set of discriminant vectors [ ] ].

Recognition, 1992, 25 (7): 731~739

Pattern

1975, 24 (3): 281~289 (10]  ERK, BT RS LBt 5 K B —Fh ik
[3] Duchene ], Leclercq S. An optimal transformation for REEEARRI [J]. HH ¥ 2000, 23

discriminant and principal component analysis [J]. (11): 1189~1195

IEEE Trans PAMI, 1988, 10 (6): 978 ~983 (11]  #MEKE. AREGRBAFERRS BAELH K EY
[4] Hong Z Q. Algebraic feature extraction of image for MR (D]. BE: BEEIK¥, 2000

recognition [J]. Pattern Recognition, 1991, 24 (3): [12]  Guo Yuefei, Li Shijin, Yang Jingyu, et al. A

211~219 generalized Foley — Sammon transform based on
[5] TR, #HEFE. ATEALHEJNOESAEIFTER generalized fisher discriminant criterion and its

B [J]. Bahfb¥4#, 1992, 18 (2): 232~238 application to face recognition [J]. Pattern Recognition
(6] ¥TFR, BHT ETHTRENFEMEITHBEMHA Letters, 2003, 24 (1-3): 147~158

BRIRBESE (J]. (TEIWHRS AR, 1994, 31 [13]  Wu Xiaojun, Yang Jingyu, Wang Shitong, et al. A

(3): 60~65 new algorithm for solving the optimal discriminant
[7] Cheng Y Q, Yang J Y, Liu K, et al. A novel feature vectors [ J]. Journal of Computer Science and

extraction method for image recognition based on Technology, 2002, 17 (3): 324~330

similar discrminant function [J]. Pattern Recognition, [14] £ B ARERIFEMBRS4EHMR (D). B

1993, 26 (1): 115~125

BHREIKR¥, 1999

[8] Liu K, Cheng Y Q, Yang ] Y, et al. An efficient [15] & B, BT —REEKHTAHEENEREE
Foley — Sammon optimal set of BERESE (] ifﬁ:ﬂl%?ﬁ, 1999, 22 (10): 1105~
method [ ] ]. 1108

algorithm for

discriminant vectors by algebraic

A Study on the Essence of Optimal Statistical
Uncorrelated Discriminant Vectors

Wu Xiaojun!" '3, Yang Jingyu?, Wang Shitong!’ 2, Liu Tongming', Josef Kittler*
212003, China;

2. School of Information, Nanjing University of Science & Technology, Nanjing 210094, China ;
110015, China;

(1. East China Shipbuilding Institute, Zhenjiang , Jiangsu

3. Shenyang Institute of Automation , Chinese Academy of Science, Shenyang
4. CVSSP, University of Surrey, Surrey GU2 TXH, UK)

[ Abstract]

paper. A whitening transform has been constructed on the basis of the eigen decomposition of population scatter

A study has been made on the essence of optimal set of uncorrelated discriminant vectors in this

matrix, which makes the population scatter matrix an identity matrix in the transformed sample space. Thus,
the optimal discriminant vectors solved by conventional LDA methods are statistical uncorrelated. The research
indicates that the essence of the statistical uncorrelated discriminant transform is the whitening transform plus
conventional linear discriminant transform. The distinguished characteristic of the proposed method is that the
obtained optimal discriminant vectors are orthogonal and statistical uncorrelated. The proposed method suits for
all the problems of algebraic feature extraction. The numerical experiments on facial database of ORL show the
effectiveness of the proposed method.

[Key words] pattern recognition; feature extraction; disciminant analysis; generalized optimal set of

discriminant vectors; face recognition



	T00044_00
	T00045_00
	T00046_00
	T00047_00

