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Locality preserving projection on Riemannian manifold for
image set matching

Zeng Qingsong
School of Information and Technology, Guangzhou Panyu Polytechnic, Guangzhou 511483, China

Abstract: Objective This paper addresses the problem of image set matching in kernel learning approach, and a locality
geometry structure preserved discriminant analysis based on a Riemannian manifold is presented for image set matching. Ri-
emannian manifolds have been an effective way to represent image sets, which are mapped as data points on the manifold.
Then, recognition can be performed by applying the discriminant analysis on such manifolds. However, the local structure
of the data points is not exposed in the discriminant analysis. In computer vision applications, the multi-view facial images
are nonlinearly distributed, and features often lie on Riemannian manifolds with known geometry. Set-based matching meth-
ods utilize a set of images as input and model the probe set and gallery set individually. Hence, these methods can fully uti-
lize the information provided by multiple images to obtain better matching and recognition accuracy. However, the popular
learning algorithms such as discriminant analysis and support vector machines, etc. , are not directly applicable to such fea-
tures due to the non-Euclidean nature of the underlying spaces. To overcome this limitation, each image set is mapped into
a high-dimensional feature space, e. g. a high dimensional Reproducing Kernel Hilbert Space (RKHS) , using a nonlinear
mapping function, to which many Euclidean algorithms can be generalized. Method For set based image matching tech-
niques, as mentioned above, the key issues can be categorized based on how to represent the image sets and how to measure
the similarity between two image sets. We naturally formulate the problem of the image set matching as matching points ly-
ing on the Riemannian manifold spanned by symmetric positive definite (SPD), i. e. nonsingular covariance matrices. In

general, the success of kernel-based methods is often determined by the choice of the kernel function. By exploring an effi-
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cient metric for the symmetric positive definie covariance matrices, i. e. Log-Euclidean distance, we derive a kernel func-

tion that explicitly maps the nonsingular covariance matrix from the Riemannian manifold to a Euclidean space. Different

from other methods on Riemannian manifold, the local structure of data is taking into account.  With the explicit mapping,

a kernel version of Locality Preserving Projection (LPP) is applied to keep the local geometry structure of the image set and

an image set-based matching method is proposed. Result The proposed method is evaluated on set-based object classifica-

tion tasks and face recognition tasks. Extensive experimental results show that the proposed method outperforms other state

of the art set-based object matching and face recognition methods. In this paper, according our experimental settings, it

reaches 91. 5% and 65.31% on recognition rate in the public ETH80 object database and YouTube Celebrities video data-

base respectively. Conclusion In this paper, we have proposed an efficient image set matching method. This method respr-

esents each image set with its covariance matrix and models the problem as matching points on the Riemannian manifold

spanned by nonsingular covariance matrix. We derived a Mercer kernel function, which successfully bridges the gap be-

tween traditional learning methods operating in vector space and the learning task on a manifold. Through comparison exper-

iments, it is shown to be generally better than other image sets matching methods.

Key words: Riemannian manifold; set matching; locality preserving projection; covariance matrix

0 5| §

I 25 R A 5 17 PR B 5 2, R T TR 4 DL
HeARAENK LA %2 J% , B B TR B AT 5 £ 4
MRz — o 3T MG 8 B VC E 7 o0 2 i [ 42
FIECHE e i PR 43 B8 57 ) 22 W 1R 1 4 £t
(5 L LAFIAS S AP RO VE IC R o 3 2o o) 75 36 PR 4
KK 25 0 PR 4 S A PR 4 B R )
e R A R 780 2 1 )

HBE— AN BRI A, B UL 5 15 2 % T A T
Fosal SR ARIE S ik, B TS M (MSM) J5
U G A B A M 2 ) 3l e
(G FEH A IR 25 18] 22 ] £ 32 A, ) P 80 A G
EAES I HE . D7 S 7 ik B
S, B A AT ) A a2 ) LA B 8 ok 3 4
S RARRIE . T A R R T AR A, AR
IR AN o S, T L I 75 R85 B A 0 T 3
TR S SRR . R T SE IR X — e, Hu
1 Y B 2 36 00 07 1, 4 R B 0 O Bk 0T 4R A
( SANP) e Ji 4 Wi 4> 05 565 60 =22 1) B AR . 3 T4
JRY 55— MRS FA VA 2 IS B REA B R TR 454
PRI T S REAR G b 2] I IR 6 i BR824 IR 255 4k
SEZREE ., Wang 2 A\ PR T Tas B B, 2
T RIS (MMD) B EEHE SR A4
PRI R 40 A J5 B AR 2 (MLPs ) P D A
VIE 22 T F) B 8 A 0T 9 MILP 27 i )
I, E MMD B4 , 3 o FH O e ik 4 — A
Ay, Wang 25 NV 521 T WS 514357 (MDA, i

T2 > AT e B B (e T AR R

AT TSR T, AR BB Y B LA 45
H T LIS A 1 R P Bl . Wang 45 A7 3 3 B
Ti ZEBBEUR ARG, IF I L AEAZ S50 o3 #r , U AR
LB PUBIRSCR B AZ T U A 25 I B A 1 Jey 7
SikfF . Harandi % A" 4R RS RIS T 119
Pl i A S 1A 77 i , R 5 G DL I ) AL i A 321 P ik
NS IHHRELL %07 IR 7803 2% IEREAR 53 A 1))
TREE R, SR AF AR BIOCR

PR AS23 A1 B SRl 4 A4yt &, 1) P Jma i
ESELSZ & NI E by A U Sy ISy R IV
MR RBIN . B R — A R E A/
P I7 22 R A ST PR B R, BT AR &7 57 7
ZENPERY IR AR 2 25 (0] Sym, K WA EHR AR 45 B A
ALLE BE BB 4y Symy bW 22 [ 4 R R
i VSRR e A T DR o b o o
A R R LAAI S AR, A A B3 23 6] PR A 9 48
OC A LLORSS , [ HAT B gl ok, i — 20 4
= S TERE

1 Sym; ERIRER

ARSI SRV, AR 5 B 5 2 A o o 1 R R
1M d x d R/INTE 5 X FR A B 5 B B2 2 I Sym,
PR, i AE T B 7 22 B et ik — A R 4 Bk —
AU T ZE R AR Sym, 23 ] A — A i A
REA R R Sym, 23 W] _E B 506 B9
iR i0)a RPN

WX = USU" FoR I M FRALE X ARRAEE 5

© i [H IR I T AR T A

0415



0416

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol. 19,No. 3,Mar. 2014

it FELPE XX BOATY SR 2 — > R BRI, R LG ack
LOG(X) = ULOG(X)U' I15, LOG(Y) ZFFF(H
F X BRI X A

TE Sym,; 73 [ v, 0 P X B0 1 X, A X,
Z [ Log-Euclidean FEE] , HJ)

d,(X;,X;) = | LOG(X,) - LOG(X;) |l (1)
K, | - |l ¢ #R Frobenius FiFEIEEL, 1E1% 25 A]
g X Log-Euclidean Hi 5 & Sym, 25 [6]_L i) JLA[
Bigg Y a1 APy R T DUE O B8 T
M 1S XSS DA PR R 3 R s ] B

®,,:M —T,,X— LOG(X) (2)
HE’%ET D, F R AR T R 0 s P 2s [6] T,
XA d x d A% R R 5K B A ) d 25 ) . PR
B (1) a2 SR B ol R 3 i) (4 T R B 8 1
fEfE, A YA R T, g AR, AT LIAS 3 B g
zMﬂML%%XH“Jﬂu;&EMix
e (X, X)) = [ LOG(X,)LOG(X;) ] (3)
klng*/l\QQXﬁ’F Bk, (X,X) =k, (X,X,),
Sy
[ LOG(X,)LOG(X,) ] =
[ LOG(X,)'LOG(X,) ] =
[ LOG(X,)LOG(X,)"]
[ LOG(X,) LOG(X,) ] (4)
XHEAH T LOG (X,) 5 LOG (X,) /& X} FR i M4 Fl
tr[A-B]=tw[B-A],

XYX,, X, eM5b,,

1, BBk

. 7bn € R’klugj‘EEIE%

Z bibjklng<Xi ’X,) =
i

> bbu[ LOG(X,)LOG(X)) ] =

ul | S hLOG(X,) )2] -

H ZbiLOG(Xi) H i =0 (5)

2 Sym; FRIRBIE

TR (LPP) | AT LA 4 i S5 W B A 1) 7 T
ZERgH PP 5 3 — AR 125 ) B IR R AR 1)
WA T8 15 B0 AE N B IR 4E 25 18], FE XA+

23 (] AR AR AR 05 %) SR 3 A S B DR A7 T ok, B2
mﬁfﬁM¥ S ] W5 AT AR A 40
ERSWE M i N A S (X)L,

X, e RV TN, L e [1,2,,C Fom
Fbro M 1Y Jmy LA 4544 AT LA d“*’]ﬁ?l‘ﬁﬂlﬁl"%—l
KRk, I N(X,) Fon X, W 4R, A RUE: P %R R
= [W;,szxsvm‘u%‘%ﬂ?%j

1 X e N(X,)) 88X € N(X,

v, (X) HX, € N ()
0 HAth

Hbr 2 RN B2 %IE M 5 M’ 2 8] §9 — 4> e 5
X, Y, IZWLGHE R IRIE M’ LSRR8 LA 45

FIRRFEANAS o XA B ARt R e b [l
mlnLZ(Y—Y)W (7)
1FXR§X{JIL3?/J:E/J 'ETULQ,H\/\B«J@?‘J: A9 5 Y

PG TR, W o = Zan]O it <a,X, > =

AlTKnAl = [al,l ,""az,N] K, = Ufl, , ,ki,N]T,ﬁﬁg
Y = [<a,X, >,, <a,X, >]" =
(A],A) -, ADK, = A'K, (8)
(7)) AT LA AR

1 2 1 T Ty \2
?Z(Yi _Y]> Wi,j = ?Z(A K, -A K,) Wi,j =

ZATKKTA W, ZATKKTA W,

A'KDK'A - AKWKA A'KLK'A (9)

KO AT W, =W, 174k, X A =

[Al ‘Az ‘ ‘Ar:l ,K— [Kl ‘Kz ‘ ‘KJV:I ,L:D—W
FORBEROYAERE XA D,y = > W BEngy

W& A'KDK'A =1, 50(9) Wy f/ MBI IS
arg mAinA 'KLK'A
s.t. A'KDK'A =1 (10)
R TR, R SURFEE IR, B
KLK'A = \KDK'A (11)
K r ANFREAE R AFAE ] i A, (i =1,2,+++,7)
PR B A =[A, A, |- |A,]
B Al T RSWIE FIRRRE E’J%{ﬂt
Bkl RERIE LR
A
DI (X, l)% L, X, e RV RE—A
AMEFasmlL L e 1,2, CLHFRRIEDR;
2) x/mf/iﬂ’ﬂ‘? PREL K, TR R EZRIE
AN A AL AR R A R
A PR AR .
1) X B EHREE X, F X, TR K], 5
2) (I (6) 1) 38 AHABL P AR B W, 1530 B

© i [H IR I T AR T A



$F19% /38 /2014 FE3 B

E51 / RERE ENRBIRZERIRENI PR

B D RS H T L

3) R AL (10) , R R r A FFAE(E
Xt PR R A T80 2 A A R AR D B R A =
(A, 1A, |- 1A, T;

Bl AU A = I:Al ‘Az ‘ ‘Ar:lo

3 & %
3.1 HiEE

{i I ETHBO Xt Gt e kA 70 IS 556 LA KAl
YouTube Celebrities #ATAL I ZE#EA T AR 5250

ETH80 %4 440 75 8 ZExf &, anl&l 1 (a) PR,
FAAME 10 X%, E 1(b) BiR, BAAME
EAFERUA T 41 iR, H B i 2 TR
K. B MEETA 41 IREGCS A RS
BERIEAT 10 D ERE S, BB R 3L 80 AN 4E
Bo PRI 10 MRS R 5> P2, R4
5 NG TINGAFIERS, SCged, A
PLEERE 30°HL A 19 UG F TR B A LN AE &

ol-[]o
EEOE

(a) Hichie e .75 8 Fh 2 Sl 1A e 52

. A 2™ e

el 1~

(b) A2 B 104N A IR A T4 5
Fl 1 ETHS0 %48 1% sh A REA

Fig. 1 Example images from the object database
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Fig. 2 Face tracking results on YouTube
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Table 1 Recognition rate and their standard deviations of different methods on ETHS80 data set

RS MsM' AHISD™ SANP™ MMD"™’ MDA ®’ GGDA'™ A
I/ % 86.25 83.5 84.5 82.5 82 83.57 91.5
ik 2.43 1.29 2.58 3.33 2.58 5.80 2. 68
Bk % 90. 0 85. 00 87.5 90. 00 85.0 95.0 95.0
/N % 82.50 82. 50 80. 00 77.50 77.50 75.00 87.50
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Fig. 3 Recognition rates of tested method for each trial on the ETH80 object dataset
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#&2 YouTube HifEfE F &EMEZIARI R E

Table 2 Recognition rate and standard deviations of different methods on YouTube data set

PR Msm! AHISD" SANP!! MMD MDA GGDA'™! A3
PUE/ % 53. 62 63.09 64. 47 55.21 52.77 49. 68 65. 31
T 0.55 1.01 1.21 1.17 1.68 2.70 1.05

%*3 ETHS0 #iFE F EMEEXZITHRE LR
Table 3 Average computation time of different methods on ETH80 data set
MSM' AHISD™ SANPP! MMD™ MDA GGDA™! AL
A [A]/s 1.85 14. 63 6331 6.41 2.04 8.99 66. 33
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