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Fig.1 An example of eyebrow images

2 BERERHERFER

BERRE—BERIRF AR LR R, MEBRIERERME. & ERFRMMELLE
BB R A ] B AR AR T BAFE 88 LA R a0 T 3 JE BARE AR AT LRI T IE.

2.1 SABEEEGHHR LR ERE

feil o F TR BAFEALE R T K B E BEGZ T, BT L RS ER B TR, R34 3CH
EERFERERENLEBN—%. R AEM ERR—EX/MIWXHHAEBER, B
E={g, | 1<p<W,1<g<H}
HP WHHAAHRE HRENEE, g, R 0~255 ZFNEL.
MEEAFEEERE Fp FIEXH
E, =18, 1<q<H}, ISp<W,
M4 E TUEERE W AFIMBEA RS, . E={EN<p<W|. BRTUH#E—SEXHAEEERE
# 3 “ EL M AR (O 1 BUREATRY M B A ) K
F(E)={F(E;) | 1<p< W}
P F(ES) = (Fo(ES), Fi(E5), -, Fu-1(E3))T RR¥ E; (ERM B, F, (E)HN E;, 5
m MRS B, H
Het

F(E)—Eg,,,ﬂe_'z’"”"/Hm 0,1,2,,H-1,p=1,2,"

RS, MAEEER E Hﬁ@]f@%ﬂ’riﬁiﬁtﬁiﬂlz HRBHIBRE—A—RREFIEETHE
BEENERYERLE2). BT Fo(B) | EETRE p T REERE, BHESEEER
PV R ] DA 2. R E MR DSH (ttttﬂé D=16 5 32), IHEAFEESKR E % p 1D
SHEAEN

V3 (D)=(IFy(E})|, | F2(E3), -, | Fp(E}) 1)

RIG5 VvE(D)#EFTH— LA HE
VE(Dy=-Ya(D) __ (I Fy(E}) 1, | Fy(Ep) 1oy | Fp(K) 1)
E(D)=

VE(D) Il ~
I vE(D) I (2|F(E)|2
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wEEEG E D B BEFV(E,D)EXN:Fy(E,D)={V5(D),1<p<W}.
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Fig.2 A column Fourier transformation of a pure eyebrow image

2.2 BEEREEHEN

R P ®REEEGHBHVISGSE, W P& D EFEAERFy (D)EXH

Fy (D)= Eg’Fv(E,D)
BE-AEENLINNY N N =32), % K-HEBEMRE Fy (D)HEITRE, BB N ARE
FOAMETH Co, Cry e, Cy-y. MEE—IBLEBER E K, Rt E BEEVIGRED, HALUER
HNKEEBFESRN

Fs(E,D)=s51,52,""s 5w>»

s, =k, )

k =g§<r£ir11{d(Vf(D), C)L1I<p<W,
B WHEWRERE, d yD HFBEZFAMKKER. TR N =32, £HH D =32 WiELR, —iF
B 548 S E BRI GMISIEBEE 540 MFH, WA 3 R,

6,6, 26,11, 11, 11, 13, 13, 13, 13, 28, 28, 20, 29, 29, 19, 9, 19, 29, 12, 26, 3, 3, 3, 3, 3, 3, 20, 29, 2
18, 90, 30, 30, 18, 18, 18, 18, 18, 18, 20, 23, 23, 23, 23, 18, 18, 18, 18, 18, 18, 18, 18, 4, 4, 23, 23,
23, 18, 20, 18, 20, 20, 18, 18, 23, 30, 18, 18, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 30, 3
0, 23, 30, 30, 30, 30, 30, 30, 3, 3, 30, 30, 30, 18, 20, 20, 3, 3, 3, 3, 20, 23, 23, 20, 30, 3,3, 8,3, 3, 3
0, 90, 30, 30, 27, 27, 27, 27, 27, 27, 27, 4, 4, 27, 30, 30, 30, 30, 30, 30, 30, 30, 30, 0, 30, 30, 3, 23
, 28, 23, 30, 30, 30, 30, 30, 30, 3, 3, 3, 23, 23, 23, 23, 23, 23, 23, 23, 9, 8, 8, 23, 23, 23, 23, 23, 23,
23, 23, 23, 29, 23, 30, 29, 29, 23, 29, 293, 23, 4, 4, 4, 23, 4, 4, 4, 23, 23, 29, 23, 29, 23, 23, 23, 22, 2
a, 23, 27, 23, 23, 23, 23, 27, 27, 27, 27, 27, 28, 9, 28, 28, 28, 28, 28, 28,9, 5, 2, 8, 6, 3, 27, 27, 27,

4,17, 2,17, 17, 2, 24, 24, 24, 17, 17,17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 165, 17, 17, 17,1
?,17,17, 17, 17, 17, 17, 17, 17,17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 24, 17, 17
,17,17,17,17, 17, 17, 17,17, 17, 17, 17, 17,17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17,
17, 17,17, 17, 17, 17, 17, 17, 17, 17, 0,0, 0, 17, 17, 17, 17, 17,0, 0, 17. 17,0, 0,0, 0, 17, 17, 17, 1
7,0,0,17,17, 17,17, 17, 17, 17, 17, 17, 17, 17,17, 17, 31, 17, 17, 17, 30, 21, 24, 24, 12, 12,12, 1
2,12,12, 12, 24, 17, 12, 12, 17, 17, 24, 24, 24, 24, 30, 12, 12, 17, 17,17, 17, 17, 17, 17, 1%, 17, 17
,17,17, 17,17, 17, 2, 17, 2, 2, 3, 2, 12, 28, 11, 11, 27, 27, 6, 20, 26, 20, 11, 11,6, 7, 7,

3 SR E R LAY B E B 4

Fig.3 A feature string for a pure eyebrow image

2.3 BEREFHEER

EHRBEBEHMESRZE, MBS KRS ER MR EBERETEERY. &P HNFK TH
iR, MSHEE T P RARSEEEKE, RIIER E, BitHEAKXN:
E,=ar§,6n‘§in16(Fs(E,D),FS(E',D))i
e 8(Fs(E,D), Fs(E’, D)) RREIES Fs(E, D)5 Fs(E’, D)Z RSB EH, 7L AZI ST
R, BELE, B Fs(E,D) =51, 52, sw L Fs(E", D) =51, 53, ", sw’» B4
8(Fs(E, D), Fs(E",D))=8(sys5" sw» s1s3sw) =8(W, W’)
Heh 5(W, W)RET LR R B O0<i<W, 0 <W): ‘
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1) #gktk
8(i,0)=1i,0<isW
8(0,7)=j,0<i<W’
2) BHRELRE
d(i—-1,5)+1
, 0,5,’=S,
8(i,j)=min{8(i,j—1)+1 , Qs = Lo
8(i-1,j-1)+Q(s;, 5]) 1 Si775

ISGSW,IKGSW.
 VRIGRE, TR ERENGRTEHFRNAEEMKRE WHESZARER/IMEBERNAFEER
B WMRE SERTRA—MAHEE, WERIRAERER.

3 BEEiRFIER

7E 3R B IR IS B AG1E B Bk s 2R b, ZF‘HJ&??T 6 HAEBRFER, NHERES
ER 1P, AAUTRNAY.

SR 1 F 22 VR IR IE LA E B EGT VIS, B 22 VB PR AR E VLA E B A RGH RS

LR 2 P 22 8 IR EARSEIE B RGN %, F 22 MR IR AL E B E R HE IR

L3 F 22 WHRIR A 45 00 B E ST, B 22 I CAIRZ ML 45 48 B E RS 5

KR 4 22 MR AN 45 45 E B B QTS F 22 EEMRZEM 45708 B RGGEFIRT;

TR S 22 WEEER IEALA 22 VR RRER 22 A B A AR 3t 44 WBE GG, A 22 IE AR E WA
22 R RER ZE WL /S 6 3L 44 W PRI AT SR 1R 5

EH 6 A 22 WHARERM 22 AR 45215 B 3E 44 15 E G HFTIN S, F 22 IR IREM
1 22 WEERIR ZE ML 45° 418 £ B 43t 44 BB QAT IRG.

%1 EEiAZLR
Table 1 The eyebrow recognition result
LH FRIAR AR 3 EBIRAEHK ERHPEHE/%
1 1 21 95.45
2 1 21 95.45
3 0 22 100
4 0 22 100
5 2 42 95.45
6 0 44 100

BRELR 1205 PRAKS 100 EME, HEWKBT 95.45%WERE. BXXMEEETE
BBHT A MERN SRR, R ERP A RN RE TR T L EERGERBEIBHATH
BHHER BERERBRAHEREL. B, mEEREEEEGNREILSRERE IR
RENRERINREEHERBENTL, BARINNERTETEHE—S5E.

4 HEFRE

AREEBNRE JEEMAVIFERA RIFHE RN, EI0 T R — S WA I SR 4T
AASBEN, XERAXFREBIRFIFRGLEKE. ATFHNERREEXTEEIRMMCMIRHE,
BT LAJE BRI R AT RE R — A5 3 9 A AR (E R B BF T U, 368 FT AR e JE 28 1Y A B A B A3 M R
AELEERHTERBA—FEZHSHEN TR, AEEHTENEINNEEHERTERHBELM
Py, BARRFIRBMAXGRA . TEEFR LML P AR P, LISE1T RS B RIRIER
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HITHBRAE, XM GRARUBREH R, AT ES AR CRERRERRERTEEIT.

oo, fE5 R A 2 T4 AE 88 LA B B IRAI T 8k, 225 22 M AW E BRI TR LA RAI L R
FERBT 95.45% U EMIERE. BREHTANERNTET TEEEEXE, HRLRF R
RATEBRASNR—MEBEROFTIE. Form, WRIET BEEBRANA T ASBES G TEREMHHK
. R 22 A ABIEIE EEALSLE B/, R LA FE 4 IE B BT 4R h O vk 0 B R, (B R E R LNRBIE
ERNAERRRAA—MEENEYHERRBEA, BN FEEBRINHERFEEBRANEL. &
SO 7 FE S AR B 25 S dn el 8 7 SE K RUBEAY J 3B B AROBOHE B 4T K 3R B B XS B 4R LA R g el
BY ML AME BRI EEFAE#T RANTR.
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Eyebrow Recognition by Comparison of Feature Strings

LI Yu-jian, FU Cui-hua
(College of Computer Science and Technology, Beijing University of Technology, Beijing 100022, China)

Abstract: In order to study the novel biometric of eyebrow, this paper presents an eyebrow recognition
method by comparison of feature strings, the basic idea of which is to extract feature strings using discrete
Fourier transformation and K-means algorithm, and to recognize a given eyebrow image as the candidate per-
son with the minimum edit distance between their feature strings. It has been shown that the method can
reach an accuracy of 95.45% or 100.00% in six experiments on an small-scale eyebrow database taken from

22 persons. Therefore, eyebrow recognition may possibly apply to personal identification, which can be valid.

Key words: biometrical recognition; personal identification; feature string; eyebrow recognition



