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Abstract: To efficiently utilize the discriminant information in the range space of locality preserving total scatter,
this paper proposes a complete discriminant locality preserving projections (CDLPP) algorithm for face recognition.
Since Fisher discriminant analysis and locality preserving projections (LPP) have been widely used in face
recognition, CDLPP algorithm integrates them together and analyzes the discriminant information contained in the
principal spaces and null spaces of locality preserving within-class scatter, locality preserving between-class scatter
and locality preserving total scatter. First, CDLPP algorithm removes the null space of locality preserving total
scatter, in which no discriminant information is contained, using singular value decomposition (SVD). Then, regular
discriminant features and irregular discriminant features of CDLPP are extracted severally in the null space and
principal space of the locality preserving within-class scatter. Finally, both regular discriminant features and
irregular discriminant features are concatenated to be used for face recognition. Extensive experiments on ORL face
database, FERET subset and PIE subset illustrate that the performances of CDLPP outperform those of current
subspace face recognition algorithms, such as LDA, LPP and discriminant LPP, which proves the effectiveness of
the proposed algorithm.

Key words: LPP (locality preserving projections); CDLPP (complete discriminant locality preserving

projections); SVD (singular value decomposition); subspace method; face recognition

» Supported by the National High-Tech Research and Development Plan of China under Grant No.2007AA01Z2423 (
(863)); the Defense Basic Research Project of the ‘Eleventh Five-Year-Plan’ of China under Grant No.C10020060355 ( “
); the Key Project of the Ministry of Education of China under Grant N0.02057 (
); the Natural Science Foundation Key Project of CQ CSTC of China under Grant Nos.CSTC2005BA2002, CSTC2007AC2018 (
); the Natural Science Foundation Project of CQ CSTC of China under Grant No.CSTC2008BB2199 (

)
Received 2008-04-21; Revised 2008-08-28; Accepted 2008-10-27; Published online 2009-06-26

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

1278 Journal of Software

(complete discriminant locality preserving projections, CDLPP)
, (locality preserving projections,

value decomposition, SVD),
ORL FERET PIE
: TP391 A
[1-5]
(principle components analysis, pca) M
Lba) 1 .
PCA ( )
. ,PCA LDA
, PCA
, . ,Belhumeur
linear discriminant analysis, FLDA). PCA
, LDA .Chen
analysis, NLDA) )
( ) NLDA 2
10, PCA LDA
, (locality preserving projections, LPP)
PCA LDA ,LPP x
: ,LPP LDA pcald 1 pp
Yu LPP Fisher
preserving projections, DLPP) (431
projection, KCLPP)™S, LPP
PCA ,
KCLPP
DLPP DLPP ,Yang
(null-space locality preserving projecitons, NDLPP)[¢],

CDLPP) DLPP ,CDLPP

Vol.21, No.6, June 2010

Fisher
LPP) ,
(singular

(linear discriminant analysis,

.LDA

,LDA

Fisherface (Fisher

(null-space linear discriminant
,FLDA

,PCA LDA

1

[11-15]

(discriminant locality

(kernel class-wise locality preserving

; ,DLPP

,NDLPP

(complete discriminant locality preserving projections,

Fisher (

QB EER AT F0R

http://www.c-s-a.org.cn



http://www.verypdf.com

1279

Fisher ), CDLPP
CDLPP ’ LPP
PCA . ORL,FERET PIE , ,CDLPP
1
A o X={x1,%5,... Xn} o
(I<<n) Y={y1y2...0m},  yi=A'x;i=1,....m, o A o
Z(J’i _yj)Sij (» _.Vj)T (1)
L]
,T ,S=[Sij](i,j=1,2,...,m) ,Sij
Sr:{exp(—Hxi—xj I?726%), x x; k ., x x k @)
i 0,
,O .
[13] : (1)
XLX"a=AXDX"a ©)
D , S ( ) ;L Laplacian L=D-Sa A
ap,dy,...,d1 (3) ) Ao<Ar<. <Ay,
Ay =[20,8y,.-,8 4] 4
X =y = Agyx;, i=1.,m ©®)
Yu Fisher DLPP , 131 pLpp
& T
Z (m, _mj)Bij(mi _mj)
J=-Li (6)
DX = pWE (o - w)T
c=1i,j=1
C me c : m=3m 5 c i ;
m;=@L/m)> "y, i By Wy mi mj y oy :
@2 . @™ x y , (6)
&' FHF' &
D XLX D
F=[fofor fe] fi=Um)Y " x; [ :H L Laplacian ;H=E-B,B=[B;]
D0 0 w, 0 0
(i,j=1,2,...,C).E , Eiizzjsij :L=D-W,D=| 0 0, W=[0 . 0|, W=W1]
0 0 D 0 0 W,
(i,j=1,2,...,.m¢c=1,2,...,C),Ds(c=1,2,...,C) , Df = zjwif .
DLPP ) .
(FHF")®=A(XLX")® (8)
A . 8 xLx"H (XLX") , Yu

Q) TEBPLEEHAIIFURT  http://www.c-s-a.org.cn



http://www.verypdf.com

1280 Journal of Software \Vol.21, No.6, June 2010
DLPP PCA
2
1. 8,=XLX" ,S, = FHF" .8, =8, +8S,
1. MECSXS, MiiZO(izl,Z,...,S), M .
: M ., M=PAP", P=[P;](i,j=1,2,...,9)
A=diag(A1,4,,...,4s) Ai(i=1,2,....8) M My = A4P?(i=1,2,...,9);
Pii(i=1,2,...,s) Aii>0(i=1,2,...,s), 2i20(i=1,2,...,s), A M
A |
2. 8,.8,,8,
: 1 ,Laplacian L , 0,
L=PAP, P A =diag (4, 4,..., A,) (m ) ;
A =g (A A7), L= RAZE ~(RANRAY .
S, =XLX" =(XPA)XPA) 9)
1 S , S, S,
S, S, S, , S, S, S,
:Sw:H\wava:HgHw H, H, ) (9) Hw:(XPMi)T ; ’
H,=(FPA)", P, A= diag(ﬁ,@,...,\/ﬂ) AL, AL Laplacian H ,
C H =[H, H,],
T H'
S, =S,+8S,=H,H,+H H, = HVT" [H, H,]=H{H, (10)
b
.S, , 2 )
2.1
1, (7 :
DS D
J(@) = (DTS:(D, D =[0,0, 0,1, ¢, %0 (11)
.SN’W,S'b,S't nxn , , oi(i=1,2,...,n), goiTS‘Wgoi >0,
9 8,020, 0 80,20 [17] ; ' S,0,=0,0 Sy =0 o 8¢ =0,
CDLPP : S,.S, S
, 2 , S, S, =H'H,(H, c/[]™" n ).
rank(Hy)=k(k<n), e
H =UAV" (12)
Ao Hy JWUmecyxmecy=[unttz, .. i i1, ttmac], Von=[V1, 2, Vi Vis 11 V0] (m+C) n
wi(i=1,2,...k) S, k Q=lvva...md, S,.8, S,
$,=0/8.0, 8,=0/5,0 (13)
(12) S, :

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

1281

- L8
I's,1
A =[] =0 0
2.2
Fisher (171920 S, .CDLPP S,
5, .S,
.CDLPP S,, ,
rank(.s:‘w) =q, §W , r§w
S,=U,DU"
U, =[], Dy = diag (A" A, A2,0,.,0) , A" (i51,.00,0) S,
(o, 3. )] S, By =[] S, l,
S, S, S,
5,=015,0, §,=0l5,0,
(14)
T'S,T
1= TTévva
T=[r, 7)o 5 =0 S, (17) Topt
(18) | .
.§br = /1.§'Wr
Top=[r1, 12, 71,
4 =T Q00 x, 1=12,...m
S, S, S,
S,=PS,P,=0,8,=PS,P,
1 a7 0, [8], Fisher
IQ2)=Q's,2
Lo, @, ..., 00 gl, @, :PVIﬂi . , §‘W .§b , , (21)
Qpi=lon, @,..., 0] w(i=1,...l) S, | (4>0) (19)
3 =P 0 x, i=12,..m
23
,CDLPP | ,
21 ,
z :{z::} i=12,..m
%
, (nearest neighbor classifier, NNC)
@ _hEEEAR

(14)

(15)
! QW =

(16)

(17

(18)

(19)

(20)

(21)

(22)

(23)

http://www.c-s-a.org.cn


http://www.verypdf.com

1282

2.4
CDLPP
1 2)
2 L H
3
4 (12)
5 (15)
[0t
6 (16)~
7 (23)
3
v CDLPP
3.1
ORL 40
10 92x112
1 199 14 000
229 1131
68 41 368
68 ,
3
1
3.2

CDLPP

oJll -

CDLPP

@] Laplacian

Journal of Software

L H,

.L=PAP', H=PAP, ;

FLDA, L PPt pi ppltl

400
.FERET

(a) ORL face database

L

H, :(XPI/]|)T Hy :(FE]/ih)T H, :[Hw Hb];
sy s, S,

Q, =[u! uf ]

ir

ORL,FERET

2

7 (i=1,...,m); (20)~

zi(izl,.

PIE

256x384

) FERET

[21]

32x32

(b) FERET face database

(b) FERET

\Vol.21, No.6, June 2010

(22)

..,m).

.PIE

[15] ,

(c) PIE face database
(c) PIE

Fig.1 Preprocessed face images

1

LPP

Q  rh[EBlAE A

W

http://www.c-s-a.org.cn


http://www.verypdf.com

o k

CDLPP

20

CDLPP

ORL

o k

,CDLPP
0=10% k=3.

1283

Table 1 Recognition accuracies of CDLPP under different o-and k on ORL face database (%)

1 o k ,CDLPP ORL (%)
0=10° 0=10° o=10* 0=10° 0=10° 0=10" 0=10°
k=1 81.9+2.79  80.5+2.89  82.3+2.96  82.3+2.82  81.1+2.76  81.8+2.72  81.7+2.46
k=2 81.8+3.47  81.8+3.09  81.9+2.13  81.7+2.83  82.3+2.06  81.2+3.01  81.2+2.46
k=3 80.742.60  82.9+2.19  80.4+3.22  81.1+3.33  81.5+251  81.3+3.12  81.1+2.66
k=4 81.541.91  82.3+2.87  81.4+2.27  82.0+2.92  81.0£2.02  80.9+259  81.9+3.02
k=5 82.542.01  82.3+3.38  81.143.65  82.1+3.06  81.5+2.38  81.4+2.04  80.9+2.89
3.3
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Table 2 Comparison of recognition accuracies on ORL face database
2 ORL
Size LPP+NNC (%) FLDA+NNC (%) DLPP+NNC (%) CDLPP+NNC (%)
2 72.643.41 (79) 64.9+2.33 (23) 66.3+2.92 (31) 82.5+2.06 (78)
3 79.6+2.40 (119) 83.6+3.07 (31) 82.6+2.79 (39) 91.0+2.30 (78)
4 81.6+2.86 (159) 91.3+2.36 (39) 90.2+2.05 (35) 94.2+41.50 (78)
5 82.8+2.60 (199) 94.142.04 (31) 93.6+1.40 (39) 96.7+1.42 (77)
6 83.9+3.42 (229) 95.8+1.68 (33) 96.2+1.51 (39) 97.6+1.31 (78)
7 85.4+2.84 (183) 96.8+1.33 (39) 96.9+1.82 (39) 98.0+1.19 (77)
8 88.443.97 (225) 97.9+1.22 (37) 97.9+1.09 (35) 98.8+1.31 (78)
Table 3 Comparison of recognition accuracies on FERET subset
3 FERET
Size LPP+NNC (%) FLDA+NNC (%) DLPP+NNC (%) CDLPP+NNC (%)
2 52.8+1.83 (457) 67.9+1.94 (78) 67.6+1.33 (78) 68.8+1.47 (456)
3 49.7+2.18 (647) 78.8+1.82 (122) 79.142.42 (144) 81.7+1.99 (254)
4 28.5+2.73 (875) 78.1+2.42 (155) 77.3+3.51 (199) 81.2+1.80 (277)
Table 4 Comparison of recognition accuracies on PIE subset
4 PIE
Size LPP+NNC (%) FLDA+NNC (%) DLPP+NNC (%) CDLPP+NNC (%)
2 85.5+1.46 (127) 76.3+1.60 (58) 75.0+2.03 (58) 79.8+1.46 (134)
6 95.5+1.25 (381) 95.9+1.49 (58) 96.5+1.04 (58) 96.6+1.23 (134)
10 75.8+1.86 (613) 99.2+0.33 (58) 99.2:+0.59 (55) 99.4+0.42 (134)
14 50.1+2.34 (913) 99.3+0.46 (58) 98.9+0.47 (58) 99.2+0.36 (134)
2~ 4 CDLPP ORL,FERET,PIE
ORL ,CDLPP DLPP 5.0%, FLDA 4.9%, LPP
FERET ,CDLPP DLPP 2.6%, FLDA 2.3%, LPP
PIE ,CDLPP DLPP 1.4%, FLDA 1.1%; LPP
,FLDA,DLPP  CDLPP .LPP
; ,LPP
,LPP ,
) o k .
2 3 b (FLDA  DLPP)
(LPP); LPPFLDA,DLPP A CDLPP 2 4
,CDLPP FLDA DLPP .
2 3 ,LPP,FLDA,DLPP
CDLPP ,
4
DLPP ,
© b EBLEREE AT

12.1%;
33.6%;
17.0%.
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