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Abstract: Kernel Discriminant Anlaysis (KDA) and Kernel Principal Component Analysis (KPCA) are the nonlinear

extensions of Linear Discriminant Analysis (LDA) and Principal Component Analysis (PCA) respectively. In this paper, we

presented a feature extraction algorithm by combing KDA and KPCA to extract reliable and robust features for recognition.

Furthermore, a generalized nearest feature line (GNFL) method was also presented for constructing powerful classifier. The

performance of the proposed method was demonstrated through real data.
Key words: Kernel Discriminant Analysis (KDA); Kernel Principal Component Analysis (KPCA); Generalized Nearest

Feature Line (GNFL); face recognition

0 3%

N R R Ge R S — N EE R AT TR TR
B, BRI EET MM AR EJLER, ARG ARE 2
TRRERE, L RFH T EMEE MagksRE, H’
H, 4% 1E K 75 ¥ ( Eigenfaces ) J7 ¥’ I Fisher i J7 ¥
(Fisherfaces) ) BB 3 £ KBTI Fh . FHER 7 RO A B8
TR AR, B F A E R BT AR B EAE
B/ TR E o (RIERE, ARIERG J7 ¥Rt Rl A A A3 a0
(Principal Component Analysis, PCA) 347 ARG R B, Fr i B
HOFHE BB A 3 S B HE N B 0 AR 15 R0 SRR 77 B 26
181, Fisher i 75 51 2 38 i SR % — 4 47 1iE 5 B R 47 A B R
S, BT AN R i 52 Fisher >R B 2 48 44 3 51 43 47 ( Linear
Discriminant Analysis, LDA) J5 53 SR #f 1% 4H R 1E &< &, Fri
BURHE FZE AR KA FE R . Hik, PCA J75F1 LDA
HEE—EBRE LRMEEAITN, BTHIERERE &
B BE R B ABGR A T v, — B R B W] A7 B 5 SR e 40 A
Fi PCA 1 LDA & B WL RORFATHHESR R . 57350, RE PCA
1 LDA E 2R BB AN HIN. A B ZE A BT B R &M
FHIESR BT B , R TR A B B I 73 R BCR
ENKARA S, T AR E B 208 A 5 R T

Y75 HH5:2007 - 11 -29 ;45 [E H#A :2008 -01 - 12,

IR E AR R, BT R T R4 PCA F1 LDA
FERL AR LR 5] BB B R 2, SCRR (S ] 8 UOF) A iR B0 1
8 PCA #ET BN AE R MU, 8- 1 T 8% 534317 77 12 (Kernel
Principal Component Analysis, KPCA) , ¥ [EAE R EAR , SCHk
[6]48 tH T LDA iy #% 4k A<, BI 4% ) 3 43 #1 77 ¥ (Kernel
Discriminant Anlaysis, KDA ), B¢ WY |~ ) 5 4 #F 7 ¥
( Generalized Discriminant Analysis, GDA) , 3C#k[7]#E KPCA
T ¥ KDA J5 323 A AT AR o, 48 T B ARAE A A
¥ Fisher [y 75 %5 , 3715 B LE ARG AN Fisher [ 58 4 B9 R 51 45
o

TR TR A KDA J7 B A7 AR B AT, Bz
] Y BB o R TN G A B0 E , BB IB 9 “ /e AR [)
B MR IR A, (518 R Al KDA ke
HEARENEEHE B E R, R BT A B R AEH R 25 AT
KNHEHERERN TS E Y XS T S8BT PR it
22317 BG . N T R4 KDA FRE7E A R R B & R SR
FVERE , A SCHESCRR [ 10 ] ORS¢ TAE R 6 A B, 32 T — b
fle KDA 71 KPCA L B . Tk ms A= H5R.
1) 3R A% KDA FySEHI 5 % 1 52) 2T KPCA HEN Bk 15 7
—HBHRE ) BHARE R EME N —HEFIERE
AR FARER I, Moh, ASGRR T —F )™ LB IE L

EEMA : WM A AP Y IH (60503023 ) 5 Bt fi B LA AR AR & B T H (Y603)
TEE R AR (1980 - ) , % LSRR A PN, 18 L0F 54, EBBHI T 1 B PUH HLAR ST 5 SCHI(1974 - ) 55 il Z A,

BB, WA R, FEBSE TS AU AR HLAR T .



1264

AR A

528 %

SR ERBOEIHEL IR S R PR, BIEE
LRI Y™ R 1 150 9 2 7R VS L DR 42 180 AT 4B 20 S A Y
o ASCICK B IE RHIE L TT T N SEARE 2 B9 ST B R AR 2
6], A A R AR AT A 2326

1 X TAEE M

MiEX={xli=1,2,,¢j=1,2,, N} Bn
AR RREARSE o c FORBEARRI RIS x KRB | Kb
AP R, N, BB I RN A X, RRE L

RS T8 X = U X, N - 3 V.ot @ RA AR

B —FFEZS 8] F #)— /\EIF% gL, Bian=(1)
P:X—>F, x— P(x) (1)
WIFE F oA 928 I BT AE B ST L 2 U AE RE S 0
BB AERE ST AT RRN

= N )l - u®)! 2)
S22 % 3 (0D - uf) (o) -u)T (3)
572 3 3 (0) —u) (@) —u)T @)

ook " FR x HUBEE  u® FR F R KRR u® %
RFFA RIS IR (S):

u? 2d>(x’) u’ =%22¢>(x€) (5)
L1 #?#Uﬂllﬁ*ﬁ(KDA)

KDA f2 LDA 7E8255 b 3R SR e, FLR AR % B
EXUT BN HANRE o, BFEZ B F 415 Fisher
T (@) BRI HE, Jof Fisher FIBENIE XU (6)

T od
JAw>=%%# (6)
BB IE w0, LA FAEE AN B T Bkt
(R S
S?wm = AS?w (7)

REERT i - 1 MHBIRBELBE L E G > 1) MAF
K o, BT R AT ARFM XN FRAES () B
RAFFEE A RFAE R i :

w;STw; =0;j=1,2,
1.2 #ZERSH(KPCA)

KPCA & PCA 7E# %8 (B P AR R, H& AR
BERFRWT - ERIER 0, BEB J(0) HK
BB R AR, H A T () X HR(9)

®"'S?w

Jo(w) = PRITON (9)

Hoep 17 RAFAEZS 18] F o BRLIRE B AR AT 00, 2
SR FAHE T2 Ao = ST B ARFHEE M FFIE K & o BRI AT
i - I MHBIRBELBE, B G > 1) MIGIKER o, Ji
RAFFEM ;ST = 0(j = 1,2, -+, i =1) FXRFHRIE
T o = ST BRIFEMERFFIER i,
1.3 SIERFEL D £H

I ELR ( Nearest Feature Line, NFL) 432K 2§ 2 % &
1 4B (Nearest Neighbor, NN) 732R858 77 B Y e , HAEEASEAE
TEIE X PR A ST R B AR ME R Y TR A

,i_l (8)

FIZS L, T3 5 B 4B o R 2R I M R AR o R x
RF A, 3T iBREARX(=1,2, -, N,) RIE
BRI R X0, Axlx) FRB eI —&REL, W x fl
FE Ll 2 IRIBE B sk (10) 43

d(x, Xx}) = | x - pl, | (10)
Hep || - || FRKKIES,p,, & x IR EL]x! EHRE
(W@ 1 FiR) o

B ARAER A EAREL BB

2 @& KDA fn KPCA By 4p4E 2 U 3%
FEACH R — R4 KDA I KPCA (RS2

5L, EEEEA IR 1) K% KDA —HEEH R &
w,(i=1,2,,¢-1);2) RKGETFHEN R, (0) 57—
HRERE , BERITRBR BRI R 25 KDA W& 7
RERGITAMERN;3) KA R ERE B —HEHH K &7
BATRER . R w,(i = 1,2, -+, ¢ - 1) BRAKDAE
B SRBH ¢ - 1N RAEHI IR, S MFER R o, =
e, c+1, =, 2c -2) BRI R AHELY K o) ST, =
0(i=1,2,,j-1) FHEBJ(w) BERHEMERE AN TR
RHAMNKE @,(j = c, c+1, =, 2c-2) G5 AEH 1, HiF
HIER AR AT 2% k(8,9 ]

RIE1 % BFIR R IE AR,V R NE R X
FIBET RSN F( o) = f,

2 ¢ BfE F(o) aﬁﬁ%ﬂﬁﬂ%ﬂﬁﬁ?&ﬁ,%ﬂ s ks
RE&M o Re =0(i = 1,2, -, 1) Ffi F(p) ALK
r+1(r=1) MGIREN @, RIFIETTE PBe = AV Xf
MFEKXKMFMEBEMOFMERRZ HP P =1 -

RD"(DRV'RD")'DRV™"' D = [¢, ¢, - ,]"s
2.1 FHBREKRE
A P(X) = [D(x)) = D(x1) - D(x;) - D(x))],
Me(2) ~ (5),7]45:
S5 = &(X)(W-M)(W-M)"(&(X))" (11)
S22 = ®(X)(I-W)(I-W)"(d(X))" (12)
$? = ®d(X)(I-M)(I-M)"(&(X))" (13)

Hep W= (W), ... . =N NGRS AE,W, 2
— M ETRERETFT I/N, BN, x N S T R—NxNK
BRI M = (my),_y 5, ..., v B— N A TTREET
1/N ¥ N x N5/,

Wk(x,,x) = (D(x,), D(x;)) = (D(x,))" P(x;) RF
ZE PR, (D), &(x)) £x O(x;) M
D (x;) BRI TAEER p #1 ¢, /T A (14) RARX MK
5.

(ky), = (D(x}), (X)) = (D(x,))" D(x) (14)

&K, = (k),(i=1,2, Nsj=1,2,-,N,) &
N, x N, 585 ,K = (K,,) -1 5, . c; g=1.2, -, c = N X NFEFE,
AREK = (D(X))"D(X) CHR[8 - 10] # 7] %1, KDA 5,
KPCA 1% o AIE

Nij=1,2, -,



58 B % . —FFak4 KPCA F= KDA 69 AR5 37 7 %

1265

w=9X)(I-Ma (15)
Hra & N x1 K, B, KDA #3551 & & 7] IRR N
o, =®(X)(I -M)a;(i=1,2, =, c-1),MHFj(G>c-1)
MG R R o = &(X)(I - M)a; 27 B4R KM
o STw, =ajTa, =0(i =1,2, -, j-1) FHEEX(16) &
PNGOL A S
5 o' Ta
Jo(w) = Jp(a) = R
Heb T = (I-M)"K(I-M)(I -M)"K(I -M) ,K = (I -
M)"K(I - M) B EH 1 A5, a; BXHN T T EAEE SRR K
FEIE(EL Y FRAE ) £

PTa = M\Ka (17)
He P =1 - TD"(DTK'TD")'DTK",D = [a, a, -
o, 1" W a B LA /) Ray AR R A A AR B o, 10—
1k, Bp ijwj =1,

2.2 HHERN

ic E, = [wl @, °°* wc-l:l ﬁEz = [wc @y """ w2c-2:| ,
E, 1 E, 53 HRFMK KDA H1 KPCA YN K715 B YRR IE K
¥4 E = E, +iE, , H i BRI A ¢ 215
AR E R @ (18) B

z=E'(d(t) -u”) = Q"(I-M)"(d(X))"(d(2) -

D(X)1y) =Q"(I-M)'k - Q"(I - M)"K1, (18)
H HRREHEENEE 1y B— A LRBET /NG
Nx1 &, HHr = [ K ryl  Hbw =kix, 1),

K2 =k(xf’ t)9 ) KN = k(xivc, t)o
3 AT GNFL sy X 2%

AT K% J& NFL 7 SE7E S 25 (B P B4, FF 4R i
X B i 45 1iF £k (Generalized Nearest Feature Line, GNFL)
TRz & &(x]) - u® BIEAHIEM E R, B

7 = E"(&(x]) -u”) (19)

W3E o 5 2 B h P A 2 F 2] BT SCARRIE SRz 27 T 8 LA
K (20) :

7'zl = {zlz =20 +u(z! -27"),u € R} (20)

Wz 5 2 B P R — TR A, U 2 Bz 2] ZRIBEES Y
SNz (21)

d(z,2'%) = |2-Pu |l = l2-2" —p(zf —27) |

(21)

Hepp,, =27 +p(2} -27) Rz Belz) IR, d(z,272)) A
T R R A MA, 4RI 2 - 2] SR
#,H By 1 B, SEE z; -z E‘J@%ﬁ*ﬂ)ﬁ%ﬁ,ﬂﬂ

(16)

2-2] =Az +iA,, 2! -z = B, +iB, (22)
i3 (21) 1 (22) AT 45 :
Iz =P I = || (Ag - uBy) +i(A, - uB) | =

(Ag -uBp)"(Ag - uBy) + (A, -
uB,)" (A, - uB,) (23)
FARL A LA B H F AR R L(w) = (Ag -uB)" (A, -
uBy) + (A, -uB)" (A, -uB)) R L3 u 9IRS HEHET
F, 015
i;:—) = -2 (A; -uB;)"B, -2 (A, -uB,)"B, =0

(24)

Hi3(24) {8 = (ARB, + AlB,)/(BLB, + BB, . F
B S RS 2 BB AT S

d(z, 2z) = min | min d(z, Z7) (25)
S o* FRMBAFIE T RAEHIN 745
4 B

5L SR F ORL ARG BUdR e 1 Yale ABGHCHREE™ K
A A SCBr $2 1 77 % (KDA + KPCA + GNFL) ARk, 7%
SRR RN BRI 2 A R/ B 302 B PIER , He
B TRV D I AR A T T A R D SR A D T (8
FHEATSEEN HE, 437K Al PCALDA KPCA KDA 454 FI A
BRI EEREAT T X SR SEEe R A Boile B 0 a8k
13502, BRBCRAEX R k(x,y) =exp(- | x-y | /o)
MR AT R, B o BRI ISE
4.1 ORL AR¥#EE LRI

ORL AR¥df e H 3t A 40 DA HAPEMABE TER
I ], St SRR AL T B9 10 IEARI B AR E R . JRRE B
FEIRBEH N 256 RF R/ 112 x 92 B IR BB, 28 T i/l
TR, SR EEEG T RN 28 x23 R, &1 B4R
TRAZMITEBER LI, B 2 W EREE KRN
SRARH KRR ML, Bk 1 FE 2 71§, KDA + KPCA +
GNFL 77 3£ B3 T Lt KDA #1 KPCA B iR5HI 45 R

F1 REAZMITELE ORL NBEEBHEE LHKBLERILE

Tk FIBIREANE B % bR/ %
PCA 40 95.80 1.94
KPCA 40 95.80 1.87
LDA 39 96.45 1.90
KDA 39 96.40 1.98
LDA +PCA + GNFL 39 96.10 1.81
KDA + KPCA + GNFL 39 96.75 1.90
TR 1 BRI ERECH T, o R 3 x10%,

98

RHIERI%

84 .~ . KPCA
— KDA
821/ - ~ KDA+KPCA+GNFL | ]
80 . . . . .
5 10 15 20 25 30 35
BYRE

B2 BUBRRAMPHIRE R

4.2 Yale N\Ra¥#ERE EHIL

Yale A\JGEHR RS T 11 AR 165 B AR ER, S8
BIMGRIKBE S A 256 T A 243 x 320 KUK EER, 55—
ANSEEARD, BHIE E BT RAE R 23 x 28 RoF, ARG H AT
LW, R2EBATARELEHER, AP AT LIFE H,KDA +
KPCA + GNFL 53 3IB m HRAZR, 750, T #H—2
BRI T RIS ECT R RE R LB 0L, X S5 A
FIBEHAT T R SES . & 3 AT, & R 07 B iR



1266

AR A

528 %

HREZHAFRSEIER 0, {52 KDA + KPCA + GNFL
BAR T BRI R o
F2 REABMITELE Yale NEEBIRE LHLHRERILE

Frd FRfEzsll HBIR/ % FrAERE/ %
PCA 40 75.26 2.77
KPCA 40 75.20 2.84
LDA 14 83.33 2.50
KDA 14 83.51 2.41
LDA +PCA + GNFL 14 88.73 1.82
KDA + KPCA + GNFL 14 87.33 1.52
122 RN EECN R, o EUEAN 4 x107,
88 —
86 =TT
84p =~
82
S
5 80
B
76 ————————————————————————
74 .~ KPCA
79 — KDA ]
- - KDA+KPCA+GNFL
1 1 1 1 1 7
0% 1.5 20 2.5 30 3.5  4.0%10
[SL 22
B3 ARSEMERMRINRKER
5 4E

AR T — M E TR RN F I B, R
& T KDA 1 KPCA it s[RIt 6 T B 14 B Bk, 1Lk,
ASGEIRE T GNFL 43 2848% , 3 A T AR o @ 7E
FE bR 4a A 508 P b B SR 3, 3R B AR SCBIT R S 9 KDA +
KPCA + GNFL J7 % "] 15 3 4 iR AIROR
B2 30Hk:
[1] SAMAL A, IYENGAR P. Automatic recognition and analysis of hu-

man faces and facial expressions: A survey[ J]. Pattern Recogni-
tion, 1992, 25(1):65 -77.

[2] ZHAO W, CHELLAPPA R, PHILLIPS P J, et al. Face recogni-
tion: A literature survey[J]. ACM Computing Surveys, 2000, 35
(4): 399 -458.

[3] TURK M A, PENTLAND A P. Face recognition using eigenfaces
[C]// Proceedings of the IEEE Computer Society Conference on
Computer Vision and Pattern Recognition( CVPR91). Washington,
DC: IEEE Computer Society, 1991:586 —591.

[4] BELHUMEUR P N, HESPANHA J P, KRIEGMAN D J. Eigenfaces
vs. fisherfaces: Recognition using class specific linear projection
[J]. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 1997, 19(7):711 -720.

[5] SCHOLKOPF B, SMOLA A J, MULLER K R. Nonlinear compo-
nent analysis as a kernel eigenvalue problem[ J]. Neural Computa-
tion, 1998, 10(5):1299 -1319.

[6] BAUDAT G, ANOUAR F. Generalized discriminant analysis using a
kemel approach[ J]. Neural Computation, 2000, 12(10):2385 -
2404.

[7] YANG M H. Kernel eigenfaces vs. kernel fisherfaces: Face recogni-
tion using kernel methods|[ C]// Proceedings of the 5th International
Conference on Automatic Face and Gesture Recognition ( FGR
2002), Washington DC: IEEE Computer Society, 2002: 215 -
220.

[8] ZHENG WEN-MING, ZHAO LI, ZOU CAI-RONG. A modified al-
gorithm for generalized discriminant analysis[ J]. Neural Computa-
tion, 2004, 16(6):1283 —1297.

[91 BCH]. ZETHEREWHFH 3 Hr S D]. Biat: AR K,
2004.

[10] DUCHENE J. A significant plane for two-class discrimination prob-
lems[ J]. IEEE Transactions on Pattern Analysis and Machine Intel-
ligence, 1986, 8(4):557 —559.

[11] LIS Z, LU JU-WEIL Face recognition using the nearest feature line
method[ J]. IEEE Transactions on Neural Networks, 1999, 10(2):
439 —443.

(L#5 1262 W)
RN ERZ B REA LN T R E# 4 S E R T kR
HIZREARAIFRE] . (H2 DNA THE R AR ARG b, KRR
/MRS B RAR RS , X3 T B E .

FEb XTI IEFEA B IMAR AT ZEFIS, Hk
FEGIHEESMNT E Y & DNA 7E8ER T A T o

6 4iE

=

ARICHR K DNA THE 455 3 B ) 77 % B 78 A B iR
B b, B EBONRT, B R SR A 4R /MR AE EE , R
RN o IR T A 5 (R AE - B PR A , T 5 b ARF 1E 32 B
REIEB| BB ERE SR, TEBR AF HH DNA BRI
RS EEBKE LT, DNA HEATRS N EICA
AN P RO A RO AR B B A, XA S (1R SL R
SN e =S O e N CDU N EFSY:E s a0l d
AR AR HAREE , 2 LA AT i R CSK A B B E MR BUE R
TRBREEN , ¥ 555 AT AR5 B 3 7 Hs B A5 AR B B DB S 1Y
B3, 2T DNA B AR RFI S KRB AT AR R
IR BT DNA HH8H E XSS, 3 H LG i 2
WRL AR, A RRBES S AN — BBk, ma®
I"J&F%F DNA THR B K R H T E T k. BT BRi#
FHORFR] , DNA T3 51 9 BAAR SC LA A K AT R, H R —
HRBRHHRRI, AZSH R SRR 5E R E 5, ifse s

&% DNA THE R L6 2 DNA Bg R TR — 1 E R

SEH:

[1] ADLEMAN L M. Molecular computation of solutions to combinatori-
al problems|[ J]. Science, 1994, 266(11):1021 —-1024.

[2] TSUBOI' Y, ONO O. Applicability of DNA computing algorithm solving
image recognition in intelligent visual mechanics[ C]// Proceedings of
the 29th Annual Conference of Industrial Electronics Society, 2003
(IECON03). Virginia: IEEE Press,2003:2800 —2803.

[3] ZHU YING, DING YONG-SHENG, LI WANG-GEN, et al. DNA
algorithm of image recognition and its application[ C]// Proceedings
of 2006 IEEE International Conference on Information Reuse and In-
tegration. Hawaii: IEEE Press, 2006:375 —379.

[4] ROWEIS S, WINFREE E, BOURGOYNE R, et al. A sticker-based
model for DNA computation[ J]. Computational Biology, 1998, 5
(4):615 -629.

[5] HONG ZI-QUAN. Algebraic feature extraction of image for recogni-
tion[ J]. Pattern Recognition, 1991, 24(3):211 -219.

[6] M4k, RIS M. dbat: Blaf il it 1987.

[7] MARINOVIC N, EICHMANN G. An expansion of wigner distribu-
tion and its applications| C]// Processing of IEEE International Con-
ference on Acoustics, Speech, and Signal (ICASSP’85). Florida:
IEEE Press, 1985:1021 —1024.

[8] TR, BT SOt WA ERIR()]. BERES
AbEE, 1991,6(2): 38 —44.



