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Abstract
of ear and face images are similar and the positions of the two features are complimentary, we improve the recognition

The performance of single ear recognition is very poor when there is a pose variation, Because the properties

rate using multi-modal feature fusion method. Aiming at difference from conventional independent Component Analysis
(ICA1),we proposed a deformation of it to obtain statistical independent feature vectors directly (ICA2). The results of
ICA feature fusion on the USTB database show that the fusion of two complementary ICA features improves the single bio-

metrical modal’s recognition rate,and the performance of multi-modal recognition is better than single modal recognition.

Keywords Ear recognition, Face recognition, Independent component analysis, Feature fusion

1 58

ANBRGME R — R B B i B RIE R, EZ R A
MEXEMER . AFRT EA L&, TR EHEFAE O
EHSRHEGSN CAR SR IEEE B, AZRERHH
ALN it etk b WS = TN A PR e 2 ]
—HREM AR RHEARRIT T HRARBIR, IFRE T —&
AR AT BRI Xk NBESEMAK . E
BHRERFHHEL TRE THENER. AMYANEALEHE
RN, KRB LHRERNATE AR ERT 2
FKE XA R B R & BRI T R, NREW R PR AR R B
B, EEAEEMR N T AR RBEARR BRI, MR
TR BE R R LRI BRI 3R, O T 38 VI B R A 1)

ATLVEH, T AR A B ER EE RRYE, @ %R
AR R IR IR R R A ETERE R AR A, BA]
EERLAB ARSERZUBEBREBRA LA, B HEE
FREMFHER A MU 5350, ANB AR B AR 90 BE
£ YU L 72 P SR ARk IS [R] A BE X HE A TR 91 4 T 3 B
AL BRAEA S, BB AT LI A 303 B L AR AT IR IR A, B
1 SR 25t WY RRAE R 84 B IR R R — N S FTAT Y

FIR B #7:2008-06-04

FRORTITER .

23 FE R R SL RS 534 (ICA) B 75 33 A RS it
HAHERI, ICA B—RE TS WR B iR iy
®, EERR T HARE 0 R B G AR A, BB A2 T MR R B
BRI . CARL7JE SER AT ICA RIR—H G ML
R G B R 5 R RS R0 B R B RO Bl se A ) B ok
BB 2 (] 45 B 1B 45 B S48 AR AIE 1) £ » X SERRAE e B PR T
FEMALB . SXFMES ICA BRI, A XA IR T —F#
ICA MATE KBS R4 G M A B ER BB 2 BEMR
TR AR 23 18] o s AT K45 — ZH T 11 57 B 2R ) B4 D AR
RS RIFAE , SRR B R B AR, BEEY
LR, XMITEARNERGREFORAERYLR
. B FXME ICA RIESFIRA T RGN RHEMLR
RE RARBRMIAME, KL, BT SHRBUE AT A KK
PIRP ICA SR, I B BRI T R ATRL S . SEREREH,
PiFF ICA FHERIRL G BER R A B R B—EPREN
AR, T H, SRS REIE T AR5,

2 WIS HERE
BRA m DEH, FOENE - EREE, B

A ZER B AR EES (60375002, 60573058) , L EHTHE LA SEAFPHE T H (XK100080537) ¥ 8l

B AR1982—), B, oA, FEW R ESALTE BXR S, E-mail : dunwenjie@126. com; BEM(1952—), B, 82, B+4 50, £
ERR S MARRRENEESE SR FEAML A TEERENA.

« 251 -



AT R T AP — T EERER o (=1-m) ERY, i
MAREERER . X= (0,22, 2z ) MENEBEHE . X =
(xy 225> xm) o B ICA [RIEFH AR N . LR HWFS S
BHBEEREA BBLT . UABRRUEMEREES X PRI
HIBES S, HA S=(si,s:000050)T B—HE M EE
B, BAEEM S EERNERY.

XT'=AS ¢}
HPBRAHEE A B mXn (BHRERE, EHE TR M
AR XBERE AR NA R ERAFER &, R0 AR
ROEFRMFRER:

S=wXT (2

XA BBISEEREW BT LR H o M EM
BWRWERES. BT BELFEHRERERN MEZ, R
AR BT LA Y R T SR T BB R

FAER (D FREEA ICA BEIFR Y ICAL, NE¥
KROFEE,BH.X=STAT, TTLUEM, HEF ST EXUF—1
BAERE, K AT B T M AR L, B, B
B RO13cH T IRA R AU ST 85T R A B, IXRE R RUBR 0
ICAZ, fE ICAL &I, A {5 BO 3w BB AT HO
AR EE M AR FERBHEAE, T S EEM
FISGEE LATHELE L. ANBS—1AEXRE. WREL
b, {18 S MFIECRATEOR G, BRA LR B F ICA AU
ERSEE M. Nk ICA BEZ I BIEE#HTH
HRNARA RSB, AR T B8 3 B AT
A, BTRAFNNERE ICA WREKLHFE.

2.1 ICA1

(DREARFEREP LA

BAMERY kBB AEBENEREY=>n, )
=X"=(z1 22,2, " . BERBERY BTV EE:

5’:71]‘;::1)/;’ (3
Y iR [ B R B SR LB E

Y=Y—y=(n—y:3 =y yn—) 4

(DOFEH AL

TN AN I R4 fik 1 4k (BRTE AL , ICA [T LK
KEHS ., —ANEHERE 2=z, 2] HFARBH, W
BEHTE » BEAHENBRA RN E Elzaz =6 . B
T ERER X BRERE E{z" ) =1,] HAMEE. B
S BB BR F M e 0 b 48 B, BY LAHET L6 A PCA 2R,
BNAT DASE T e Rk sE . BB IR N A E
m ERHLER v, FREUTH V, FEEBTRENEE 2.

z=Vy 5
pra=1:p

XA PCA BAMERAH T - TEHENR. R
THIEREA T T £

C, =YY" 6

4 Dy =diag(dy,,d, ) RUM T EER C, Wil p TR
K IEAFEE X AT R A B =(e1, e ) R C, B
BT p AN KB IE AT (B0 L B 4R 1E 1) B, Rtk B AL B e ]
HTRAH:

V.= DiY*ET (7

¢ 252 o

L, BATS B F LR R A S R

Z=\Y €

O EM LB BRIEM I HEME

Xt ELJE BRI A FastICA B 18890 BERK
W, Z B8 W, LB RIS IRE 5 R

S =WiZi=(s15,5)7 €),
He,S BT RE T G=1,, D FRE L NEBREE.
FATHE, G AR E BB X n N W R B R
HRAKARDOITER, 2 Bsios, s HREHEG,H
WEEBRA a0z, 0, BBEERFA B FT. hlL,STATH
BBt ] R RFIA B B « B B Es ),
MBI T ERNRHERE.

e = 208 7! aom

VL E TR B B LASRAR S W B R 6 B 8 H 8, @ ok
A1 RN ERESRNER, ICAl BRMERKFTERBR
BB R EREFE

B 1 ICAl EfHmEER

2.2 ICA2

AR ICAL F5 R, ICA? f B K546 IR
R i MR BB B ISR A T8 — 44
ST RAERTR . SORER IO B R RO — & R 37
1. BAHRAH T

CORERIERE 0L

15 ICAL HhixbRASEREI R B Y=XT fEeh ORR, X
BRREASERE XA, SRR RE T3

=15, an
mi=i

RIERATBRIFOALE IR ERE .

X=X 2=y — Ty 22— Ty L —2) (12)

Q) FIEM AL

WG T 8.

C.=Lxxt (13)

m

/7"\ Dz=dzag(d1 ""ydk) ’%umﬁﬁﬁlﬁ Cz B‘J‘E‘Ik /’\
BRMIERAEE X AR AR, E = (e, ra) & G
FRIBT & AN KB IE 5 HE 18 %6 107 4 10E 1) &, MR B LR B2

ATAER TR
V,= Dy V2EJ 14)
XERMABHALENERE.
Z,=V.X (15)
(3)THE M 7 B AT 0] B

SPGB Z; [ FastiCA BB R BER
W, X Bt BATARERIG S 2 6 &, TR 2, AEREH
SBEMW, PRFB AN E, XEMEEEA
ForRMERRHEME.

S, =W:2, (16)

H, AE—1 N R ART & o, RITE XM EA



b, SR B 1t 543 B8 40 B A TR B 4R 18 B MR [ B
xicar =W, (V,x) an
K2 BrTEIEMNLESHEMAR ATERR. &

fIEE], # ICAl WEEBERR, ICA2 HINEERGEER

B (R B 22 SR RAE

(@)ICA2 BB ARXER

£

GICA2 BEIWA S RER

B2 ICA2 EMHKNERR

3 HERE

7 303K FH o R O REAE R A SR, LR R ANE

D ERERIE—1ik

BT HBRARHE B RN, B EREER%
HERAN EMEGZHEEXNHAFMEHRTE ML
BT, X BRAE A Z-score JH—4b Tk

BIR zooricar T o102 53502 ICAL F0 ICAZ JFEER IR
A B ERHEAR A E SR &, 45 Z-score [ — b5 8945
fEmER:

Zaarnort = (Taar 10A1 — fear 1) / Teart

(18

Zaarnore = (Zearicaz — Hear-2 )/ Gz
HA s st i e 53 BIFRF ICAL 1 ICA2 RERH B9 AE-E
AAFAE 6] B A I R B 5 0w s T 0o 53 A AN ERE A O B M
EZRBAESNORE EHMIE. X, R 3L B RFE T
BHSMEN 0,072 0 1. WATRRRAT7 SR B S B A K
FHE#FTIH—1L:

{If aaaaa 1 =X face1cA1 — Pface1 )/ Oface1 (19)

X facenor2 — (x face ICA2 ™~ Mface-2 /o face-2

2) AL SR B R
B B RAMAYESHPIR I LS8 ICA FH1E 85
R BB R e B

Zaarnor X face-nor '
Lear = ( 1 ) 2 T face = ( Jemerd ) (20)

Laar-nor2 X face-nor2

BT Rl AR MBS RO 45 IE A R (6] B 45 51 B8 7 » B8 Bk R
FISR R RA FHE 1 B R T A RBAEH FRE RN ER
FHRE R .

X fusion — (axmr ) (21)
BI face ¢

Hep RARKMN o +p=1. LR TEPHER LIE
A YNgEE.

4 EHRERDH

4.1 BERENAE

BT BRI B AR ARG B R R LB o A B 4
A HERMNEFTWET USTB AR ARZESERE. &
KRREHL PPN TERGEFHT. Ao, FELIHF 94
A BA 4 RER, RN ERARER, EHIERNETA
HEMR., FFE2H 200 M BAE 6 BEKR,SFRERTA

EER. AR 157 30° ARG . Em ABERK.A% 15°f

e 30° AB- MR . SLI P LUIEE B BAE IR A
DAL ERIERIREEAR . B0, EZBPRINIBERFRA
B A L R AR, LA Eb B R 4 P BN 4% R L3 7 R B
. B3 BT RATEHRSEERERRE.

®) S@EHATRETHA

b

© TE 2 WABREFMCA)

@ HrtE g ATRARNA
E3 E®TFEREAR

R T E— R R RS B R B A RO S
T FHE 1 B AR A A B EGGE I IR — 16 3] 161X
140 #1 119X 88, F & 2 (AR F A B E&IF—1L 3] 151 X
142 1 67X 43 K/, BTA W ERER & ot B 7 B b gt
AR AL LA /D RS AR BB BT
4.2 ZTRMERSW
4,21 Z¥H—

AHEKFERETFE L. LRPRANMEA ICAL,ICA2
1 PCA 4> SR BAE A RS ER A FFAE 1) B , A BGR 4R 40 26
BSTAGRS . LI HME T RIE ICA2 AR LBRF
PR BT 0 F RES TR BB IRGIERE. LRER
w1 .

#1 EREBELHRGIR

ICAl ICA2 PCA
AFRHE 93.67%  97.5%  82.3%
ABiR R & 96. 2% 97.5% 92. 4%

AL B ERERHAERT T R4
BB RS E TR E . B R5IR 1ICA2,
P HEBEET PCA M ICAL 79 M AFE 2 MABER
. HERE, TER ICA2 £ RUMIEIE L PCA S8 47 #h
RrERNEEES. FEYREESAEALR,ICA2 8
B EMR M BIAE AL ICAT BREMRTEEN LR 8 HE
IR, WA ARPSIRSTFAR, ZEAEEHARSBES
FEEHAE AMEETELHNERES.

4,22 FB-=-

TW—VFERAE T ICA2 T8 YR E R 5 A St
BETHEIHOHR. A THIEFANHAES R ETEHKN
FE, BAVEHFRE 2 BFR7ER RN B BHR 5 5Ies 15°
M 30K T, ARAFE Ry RS RS SRR,
XERAM BN FEHTAT ARSESRMEURA
BEBR ICAREMR A HEARES A SK, LR
% 200 I ABIFRE 2 RI4rRR 50 #1150 B EG L, i EBT
YRRt & B RAUE . J5 F X4 50,70,90,110,130,150 75

(F#£ 261 T
+ 253



Fusion, 2007,8:119-125

[57 Kor S,Umashanker, Feature level fusion of multimodel medical
images in lifting wavelet transform domain[ C] // Proceedings of
the 26th Annual International Conference of the IEEE EMBS:
1479-1482

(6] FRBLHALZFEFH —HETIEELRYRAGMEERI] B
T4 ,2004,32(5) : 750-753

[7] Yang Liu, Guo Baolong, Ni Wei. Multifocus image fusion al-
grithm based on contourlet decomposition and region statistics
[13// Fourth International Conference on Image and Graphics.
IEEE, 2007,135.707-712

(8] HARM.FE. i BRMaREFEHNFENRRI] 8T
24k ,2004,32(12).218-221

(9] ¥/ 88, EHM, M. DM ERBRRGEF SN T
w001, iHE LB, 2006,33(8) : 218-220
[10] Ramesh C, Ranjith T. Fusion Performance Measures and a Lif-

ting Wavelet Transform based algorithm for Image Fusion.
ISIF, 2002.317-320

[11] Z=%, THK, ARE. % —HETRI/DEERAORERR
BA T DNRIHESTHE LR S 2005, 26(4) :667-670

[127] Sweldens W. The lifting Scheme:a construction of second gene-
ration wavelets| R]. Industrial Mathematics Initiative, Depart-
ment of mathematics, University of South Carolina,1995

[13] FARM, Bk BT/ D EREOy msE R EmEFE%kI]
HIFTEREER . BABIAER, 2008,29(3): 37-42

(E8BF 253 70O
MRBEHERAD, KRR 7tk aE. BAMKBESRM
A4,/ 5 fik 2,3 3 PR,

100,_.,»»- 100 - - -
9 %0, e
W e 28 =
370 ®70 \ uin :
& 60! i i earica? !
%50l 1

: R 40,

i B0l e |
7 imeesl 20 S e,
10{=2502 10 - 1

[ES= - 9 TRy iy
50 70 90 110 130 150 T 11o 130 150

BEERM (A) BBEAK (A)
B4 KESE ISRT RS HIRE S HER 30°R LS BARE
EE S RFI%
2 JEF ISHARBEHEIRGIE

B S ICA1 ICA2 FHA

50 94% 84% 92% 98% 100%
70 92.9% 75.7% 90% 97% 98.6%
90 93.3% 72.2% 9% 94. 4% 98.9%
110 90% 74.5% 90% 90% 98.2%
130 89.2% 70% 88.5% 87% 96.2%
150 88% 67.3% 90% 81% 95.3%

# 3 BER 30 ARIM S A SRR

h:4 ® ICA1 ICA2 EZ: 23

50 56 32% 63.3% 50% 66
70 50% 27.1% 51.4% 41.4% 54.3%
90 45.6% 18.9% 42.2% 40% 55.6%
110 47.3% 18.2% 44.5% 30.9% 49.1%
130 43.8% 14.6% 41.5% 33.1% 51.5%
150 40% 14% 38% 26% 46.7%

IE: B/ RAAE/ AR B ICAL fi ICA2 M EMRE,
“ICA1/ICAZ”#R ICAY/ICAZ BAREEMIPIR AL SRS, “ 2
B RAPREER R ICA FHERM &

ME 4 F1f 5 A LB B, YE KB BA R, PCA,
ICA1 #1 ICA2 iR I B B i 24 e () 38 AT HE B T RS 4,
B ET ICANFREGF T PCA, HPBEAEN
1584, ICA2 RiR 51 3R B B & T 55 S0 B8 f; 2875 f0 E 38 K 3
30°mf, ICAL iRAIE BT . HIEEE ICAl FERRERY
RFRHE, T X PR IR TESR NS RA LR
EEFER. WA RITEEED, EETHERT, A NEH
RAREFFAR, XA AREREN, KRR SH R K

BIR B T A B BRT BEs: M B A iR .

F2ME3IERTARMEHASNIANSER. SE4 A
B 5 ERLE, R REESMBEM ICARIENBS, L2
ICA1/ICAZ B—F{F MBS E, BUS T LA — 5 A
—FEE ARG R RS EHEMNRMEHERT
BERIRAIE, NERERMMEBILAXEBEHICAZ
f&5i09 ICAl FEREAEAMER, HE MM AR BTN
KRIRES . 55h, BEARERES TR EENRE,
MBS B S AL T AR B R .

ERIE  ASUHFERI LB SO RN T AR
AR FFAESR B, 3 RN SR B 0 5 AT SRS B FRIE SRt
4. LBRRFTHR ICA2 FENAKY, B ESHEM
AR BT AT RN, AMERD EREAES
it 30°8, AR EES L EESIRMNEER AR, BRIR
ARSI EE, HE, T -SRI EBETEREIRE
HHBE TR — SR E RS,

2 % X W

[1] http;//biometrics. cse. msu, edu/

[2] Hurley D J,Nixon M S,Carter J N. Force field energy function-
als for image feature extraction[J]. Image Vision Computing,
2002,20(2):311-317

[3] BE4, FEE SNERFEMAESWIFTES S OATRE
FET]. ERB B EEH 2006, 28(5) : 497-500

[4] xiZEs, £ BT ERELZEEHAT R HEHE
Bt 5 @R, 2008,20(3): 337-342

(5] R, B&a ETFHETomRmIFmnEATIRGI0.
L BORHH A 2244 , 2006, 28(9) ; 890-805

(6] EE4L.BEd BEFATELEMATRII). BN EA
TEHE,2004,17(4) :502-505

(71 3B%E, S £ THARSTHATEBIRS %] &
RIRH 5 A TEAE,2006,19(5) : 685-688

[8] Hyvarinen A,Karhunen J. #5743 487 (M), b3 . e F Tk
AR, 2007, 102

[9] Hyvirinen A, Oja E. A Fast Fixed-Point Algorithm for Inde-
pendent Component Analysis[J]. Neural Computation, 1997, 9
(7).1483-1492

[10] FHEX, RE&R, %, WE/D - FEEHLHE SIS F (M
Jbx<: BB Tolk i Ak, 2006:11-13

. 261



