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121  NsszUUAARLAzNITNIUGRLYARALAt ldaNEz1RIa e Nanae
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1) Palmprint Texture Analysis based on Low-Resolution Images for Personal
Authentication 199/Wai Kin Kong uaz David.Zhang [1] t@uadanisigasanulngld
Ansnizansanalataatl e (Texture feature) taglddansaaiiui 2D Gabor filter Tun13arin
=) ' Y o o a s . 1 1
Wianfualdpndnsga v uuugEsds (Hamming distance) lunnsufesduruiuy Tneua
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2) Online Palmprint Identification A84 David Zhang wasAne [2] USRS
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Qﬁﬂﬂi?t‘i.!‘i.qlﬂﬂaimﬂim@ﬂiﬂmzﬂﬂﬂIihs\lﬂslugﬂLL‘]_I‘]_I Online ﬂﬂWVI%LﬂMﬂWWW‘MNWN@:L@ﬂm

ALEN 75 dpi sruuildaneuzaesaneiaaesddeduiiaesine I4sanseauuy 2D Gabor



filter Tunsarniaes douludusaunisuFauguauuunldfadnssasn UULLENES HanI9
naaedldAAuMgaRnsEndenIndnIINsteNiLRANAALAENIERINTU AT
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3) Characterization of Palmprints by Wavelet Signatures via Directional Context
Modeling 284 Lei Zhang #a¥ David Zhang [3] muﬁﬁﬂﬁmuﬂﬁdﬁmﬂum:‘:‘xuﬂqﬂﬂ@imﬂ%
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anmouzanst e lagltn131eAn TN LA (Moment) LATUIAN Invariant moment 284
awdsluamiddatindalueg . 3 ﬁ‘zﬁuLL@zﬁqmﬁimﬂﬁﬂﬂmlﬁﬂu@LL&MLLUUTMH&T@%
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and Line Feature Matching 2189 Dapeng Zhang taz Wei Shu [6] Aseiliaueianisly
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1.2.2  nsszyuaralagldansusaasaredladmsugiutaysauinlug

(Palmprint Identification for a Large Database)
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3)" A Hierarchical Palmprint Identification Method~using ‘Hand Geometry and
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1.2.3  nsulisnguaasargedia (Palmprint Classification)
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1) Palmprint Classification using Principle Lines 484 Xianggian Wu LazAne [14]
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2) Palmprint Classification 984 Li Fang wazAnuy [15] $1u34siliauanisuiiengs
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rnAmnlnen1inanuudnankazaauuHatiafie sndssneauiunanisutngueias
andayalungui 5 va4d Xianggian Wu uazAus[14] wisaanliiiu 5 nqutaalngls
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dndryaasilieanaandeyauaztiofaefidh il uumnlugoudeyaee] iy
ssuuvEaerldvaudeunsda eussunas s

4) %umumm_l?ﬂwj (Matching) Fudupauntstinfliaefilgandunaunisads

=3 1 v o

WaasuuBaugiuuduuuuresgldniiueglugiudeys nadnwsluduneuidlfiduazuu

U 49 al

n1sulsaug (Matching score) wialddnAanuansinasyud e 14



11
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Feature Matcher
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User Interface
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lo.15 otherwise
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nszaneredAzLuLn1snlsaLAENAYNgN (Impostors’;matching score distribution) &alAn

1o dl Y o/
mﬂmil,ﬂ_l?ﬂu@@ﬂwmzmm@’miﬂmmmuﬂu

>
>

Threshold

Probability

Genuine users Impostors

Matching Scor’e

False Accept  False Reject
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False Rejection Rate (FRR)
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False Acceptance Rate (FAR)
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FRR = i=1 (23)
N
1; WVvD(F,Y)>T ;j=12,..,P
)= POy )
03 otherwise
Tned f(x) Fudefduilfuasnsi 1 ﬁrﬁi@Lﬁ@mLLuumiLﬂ?ﬂu@nﬂmmﬁ@m

n3 whaugiullugudeyariauaiidininndiAndnuiaeesssuy
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usuauglinsviuniied lugudea

Z f(xi)+zg(xk)
FAR = i=1 k=1
N + M

1; if IMin(D(F,Y))<T ;j=12,...,P;i=# ]
f(Xi) F J 1
o otherwise

1§ if Hmin(D(Fk,Yj))sT sh=12.. P
0; otherwise

g(xk) ={
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ammsiseuggdluszuuiugld et lwgudeyatadudldauazauiui

o 1
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anepile (Palmprint)  AALTRINURITENHANALTEWINNTaNE (Wrist) Auiiala

u
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1. Wunan (Principle lines) AaLdunTAUmuazgLsednaaaulaiasuin
waziluduntianndaau Inelunimoulazlszneusan 3 uae EWT6 (Life line) 1éw
#inala (Heart line) waziduanaa (Head line)

2. seufiuviseseuty  (Wrinkles) | iiludunfagauounnuuddauasianwe

dl QQJ/ 1 3 o/ a 1 OI . al 2 dl 1 Y [
1NAN N AT ALN I E LA RRHlidiadeaesduua sl A TAsis1sanndunan
oA e = i e P Y o o
3. 7R¢TAYTRTALUNY (Creases) WUTMeAZI@EATINNNTLAs UL a9NINARNE A LAY

Aau (Ridges) luaediaiie

Wrinkle

4. Euduna (Ridges)

Head line ‘ | "4
Principle ;
line Life line * |

Heart line y

Ridge

Crease

dl al 1 A
719 2.7 nanuasnsaneazidaauugnie

2.3 MsUszalanalazILATIZANAANa (Digital Image Processing and Analysis)
aa o nﬂl Adl % o/ a o dy Y o il/
ﬂ']ﬁ“ﬂﬁ‘zllq@NZ‘]J’]’]W@QVI@VILﬂﬂ’)ﬂ]@ﬂﬂﬁ_l\‘]']u')@ﬂu@glﬂjiuﬂq?wq\?’]usluﬁlum'ﬂuﬂ']?
= a o aa o o dl v
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2.3.1  MIwANAALLY (Thresholding)

oA 1 as d‘ ' . % 1
N13MIANTALLINLTWABAN UM AUt unw (Segmentation) TneanAuAIAIN

N LAIUTDANTLFLLNA NINNAZEININ NN FUIAN AT AR LT NN AL N1TUIAT
- _— | = ; A @ Ao \
Pandaiiunisutsganinluntneenidi 2 ngu Ao nguaesaan wiludnuangu1ea
d o
ANNNLLUEL9
anuA 1y f () JDUAdATULNBAITEALNATBNAIN D3 ATLNLIAANIN (X, Y)

o o | | & o o \ A
Ui ruaAanuUeT o TaaaiAdsesumaluaanim e (x, y) 1a o Tuaandan

1
= 1o

NINNTNANTALLY T Az uanNANINAREAN seALMNARAT WAL 1 wazdnAszaumnly

A o | P V4 A b A% o | o
ATANNATELUAUS (X, y) 1@ ﬂ”I IuﬂqWNﬂqu@ﬂﬂqf\ﬂ?'ﬂwnﬂu@]f]m@uuq T quLmuamﬂqW‘uu

¥ ! [ alld ! y 4 1 [ dlal | a o d‘ | ! dgll o

AEIANTEALWMINNAIANL O TagAITEAUN NN AW 0 LNUEATUTUAIUN WA DY
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NNWLAZANTEALIMINRANLTIY 1 LLVIuZﬂI’YJGNLﬂuﬁ’Juﬂ@\?Q[FIQV]ZQLLSL“’Q NITUIANUALLLINLAANAN

ANN19N 2.8

1; iff(xy)=>T .. (2.8)
0 otherwise

g(x,y)={

232 niswAlanUalaaanlulm taaldas Otsu

lunfsnAtiauLi tyyndiAtyAaniaaenAdauLsivmn san 79 luusaznniiy
AzilANTa LN zan lwinAulesunanrafatiade 1Ty uaanbaugs aninuandau
sinariu lugu M liAnaugsenungldlunisiaenadauisfivaizan daudanlueu

UHA NIND G NANIN L AR BULALTULAZ N AN MUA AT ALLNANEFIARIN L6 11N13

o

194711839 ANTANLINT A ASINANINARIALAR ALANNA AR ML AN AN F9wd N. Otsu aslé

'
ac al

AnAWRBNAzdaay [ lwn1suA L tnadnTuE [18]
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WANNIIINA AL $In 8 R TR Tnedgees Otsu - 1 IdanumgIudnIniay
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Wil aui nedn ludAtuas Aesiiaalnun sun Ndn e nilluniguilen (Bimodal)
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Taaf o luAraenuudssauaasnin
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og(t) dupanuuilslsiusgvdrengs

[

anaNN199 2.9 azwinlddndananulslsurssnimdudiasiuazliliauegiu
1Al I 1Al 1 o v o 1 | oAl
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g (t) =y (OIL- & (D)1[e4 (1) - 1, OF ... (2.10)

TunisAtuans q,(t) s4(t) waz u,(t) aruisaarwaruduiafdullaulina

(Recursive function) 18@9aun199M 2.11-2:14

g, (t+1) =g, (t) +P(t+1) . (2.11)
0, (O O+ (E+DP(t +1)
my(t+1) = .. (2.12)
qi(t+1)
4 =G (t+ 1) (t+1)
tAL)y=
Ho(t41) 1-q.(t+ 1) .. (2.13)
|
= iP(i) .. (2.14)
i=1
Tned q, (t) Lﬂumwm%tﬂummn@;uﬁﬁm"mﬁuLmﬁ@ﬂﬂfj'm?@l,viﬁum%Lm'q t

() dnAeRuAITALmMITBINgNLSN
14, (1) HluAdeARNTTAImMITBINgNTNADY
U HuAeat1e9A1T AL NA LT

P(i) mnuiaziiuaasdalnunsnfAszaiiniyinty i

2.3.3 m%‘ﬂ'izu'mwan’lw@aﬁmg’m (Morphological Image Processing)
nsuszasanInasduguiludsnastlssusanananmaiaiug undAny detoaely
nsuansuazaiuedoutlsznausiag o 209dnglunaniy Nun Tasedng (Skeleton) daun
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j a a o db ¥ a o/ o
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o o 2 dgj a Qs dJ
n1saegauaniufanulun1eiug 1edn stlsvaanan w3 ad g el lunas
dl % o dl 1 Y o A o ) ol °© o o dl
Wanimndeingnet Inaiwratiseenatanukaz 4 lun1sllaguran 19 & ndaLIng 1
dugaidndeslunmdainainnismAdautelunisudasninliidunimdnsnisauass

ATV LUVUNARELAAIAIANNTTN 2.1 5
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A@Bz{z (BA)ZmA;t@} . (2.15)

e A lunwsiuetiu
B fluandniaseaiienldanfiunisiunin

7z Wusnudan g lunsineuaniiniasaaiag

A 1
B uann@nlasainanignnannauii
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;/ |
|
\ k|
N
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71l 2.9 Faginan nlunisaeneauIg
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o a o = o o . a (% v
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Fnat19N1sIE1 8 ALARsasgl 2.9 Taagili 2.9(n) Wunwdueiiu 317 2.9(2)

Wuasn@nlaseairaiunanfiunisiuninuazgili 2.9(a) Wunmaiinisuenaaunauan

2) N1InTau (Erosion)
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2a33ngvisald frannnaseiunnanasliqanAueinasteasanintassaiiaiy

Usnesing uitiqaniwliassiuynqaas iiduinunuasaesdsg

q

1
=

ﬁfmﬂwmiﬂé@mmmﬁqgﬂﬁ 2.10 ‘Emﬂgﬂ'ﬁ 2.10(n) unmAuaiy gUn 2.10(2)
Lﬂumm%ﬂimmﬁ”mﬁmﬁﬁLﬁumiﬁummngﬂﬁ 2.10(p) Funmivnnisnseuuda

3) n19iia (Opening)

nadladlunigtia ﬁq&‘hLﬁumiﬁugmmqmiﬂ@zmamwL%az‘ﬁvmgmmmmﬁu Fald

A o

TunsdfuFauaeuiddnEzlungu nstlauaaIieannism 2.17
A¢B - (AGB) ®B L (217)

e A luawsuetiu
B fluana®niasaadrenldaniiunisiunan
4) n13tla (Cloesing)

n1stlaidunnsdasiagniiunasiiugaunianasdssaan nidednguunsaniu

49

A o

AU e Teld lunnsuiuBEauaeundan sl udiu n13tlaLdnasagNnii 2.18
AsB=(A®B)OB . (2.18)

et A lunnsualiy

B ifluanidnlaseaiienldanidunisiunin

2.3.4 MSAINTREUBUAILSUAGNLT (Chain Code Border Tracing)
nisansasaatiudsnislunisseunaesdng lunanw Tusuideiayldsia
anld lunnsmusataay T9siagnldazianisulsganindnsipeeaniduiaisue 8 i

wazn U iilwsaz A fid 8 irvassiagnTduanslugili 2.11 [20]
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2.3.5 n1gdatNANINW (Image Scaling)

nnsanan nuNIgINeYTanAIN A1eInNiAeNIsENFNeENY  (Sampling) AN
nwdueiiy s wRadnsTIR e IR T elinasansdeinis Tnaintstensaunn
N niunsinsaagngfl (Over sampling)’ WAEZNITATUNATRINWLTUNNTTNFR S
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lunjauanniasii 200200 ANIN dupRULINABNISAE L NaN TR A 2005200
annnusateuRnAs R AL I an M usaz i vane AR Fan1s
wileten il unnisdssnnenlugasnuudadug Bilinear interpolation) Taaazldan

4 qnndipeanuqanaulanndos lunistlszannan
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I 1 o Adl v a dl o =3 d‘ dl i} 1
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: gt WX Y) > ¢
"o y)_{% — 1 ;  otherwise -+ (220)
ﬂ:JpAuxw—¢f oo
o,

WAy 5uA u gl waatan

1 dl 1 o a‘d‘ £
HANRaLa s ANANH LTI IN I NNARNENFIRINT
prE— . .
WUANDRALWAZAIAN N LUTLTINIBININF LD

iuA e dNuanaNganINds AL (X, V)

2.3.7 nmsussinoudulAaninizd@unaeRs Least squares (Curve Fitting with

Least square Method) [22]

¥ 4 dl ¥ aa | ° ¥ 3
n9uszanidulANINN ANALAE Least square Lﬂum?mmwm@aﬂ@mmmi

[} £
dszannufiaaannissae o fvdnzaninadisnisiai

ANNA WX, Y, 1= 1,20, ndlugedeyainismenuedeanisundenidu

y = f(x) Nrugadasasanann satgdusdmadagsdenn e uazsiasnsndunsad

LTl

Hugadayafanansiagdi 2.12

i 1 = 3 4 5
X; 20.5 25T S0 73.2 95.7
Yi 765 826 873 942 1032
-:xg /”/’/,,
1 ,,4'/
= ] f 310 //
9‘—"'—"5 L//"
1 . I /,-/
: Fi 5 E3 B £ e =y : = = = S s 1

717 242, Fia@eins Curve fitting

3
=

grsannadunsilec Ae y = ax+b AwiunismiAizes a, b Minldannisidunseiinnu

1 ¥ dl v d‘
turesgadayaninalneangn
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oo

WATUIAUTUUEIRZAR (X,,Y;), i = 1, 2,..., n Nlandnuuani by wsasnisuilaidunes
Tugil y(x) = ax+b Nruehusesgadeyanlndipesiign ansaatned1esiungiug
y(x) =702.2 + 3.4x
d‘ = o 2 o o 1 . A
WaaNaraanlunnmaunua ik v = y(x.) uay error AiULAAZ i =1,2,.., n AB
IYi-Yil= &
24 R~
AaMINARINIAD AIUTLUARZ I = 1, 2,..., n
&~ 0

aAaal v ¥ ¥ o glj
wazianazilag lunsuf Ty vadnemusesialili

® 735 least squares

A% Least squares ARGIAIAATUA @, b 184

y(X)=ax+b
Ml R Aentpevgn Tnad
R= Siz =) (Y, _yi)2
i=1 1
3 2
= 2. (i = y(x)
i=1
= (Yi —ax _b)2
i=1
Taedlandnnuua (x,,Y;), i=1,2,..., na i azwinldin R ifluisiduanssiauls a uay
b
R=R(a,b)
1998MN90UNAT Minimum 989 R Tdannaula
R_o
oa
i
b
AMNANNISLX L Y, 0 = 1, 2, niluApsiilas 1649
OR 0 (< 3
—=—| > (Y, —ax; —b)* =) 2(Y, —ax, —b)(-x,) =0
o aa(;(. i )j;(. i ~b)(=X;)
G_R:i Z(Yi_axi—b)z 3 2(Yi_a‘xi_b)(_1):0
ab ab = i=1
Angunailaan

azn: X + bzn: X, = Zn:xiYi
i=1 i=1 i=1
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n n
ay x, +bn=>Y,
i=1 i=1
dl a 9 o/ A
Fafluszuuauniadaduaesannng aasdaulsie a uaz b
® YRR MNWANAALURITLLLANNNTN
o uinierAmeuntaldunuadly y(x) = ax+b

=3 % dl %
L4 ﬂ@zVLﬁZQNﬂ’]‘J‘L'Z’mﬁ]NV]L?W ABANNIT

ANA2DIN9T19F 118NN A TN 219N A HAZ AN MIN13A LI DL

i X; Yi Xi2 XY,

1 20.5 765 420.25 15682.5
2 3246 826 1069.29 27010.2
3 51.0 873 2601.00 44523.0
4 3.4 942 5358.24 68954.4
n=>5 o7 1032 9158.49 98762.4
Z P73 4438 18607.27 254932.5

azn: X2+ bzn: X Zn: X
=] i=1 i=1
azn: % +Dbi= ZH:Yi

il 1=3

UNUAIAINAITA LA

18607.27a + 273.1b = 254932.5
273.1a+ 5b = 4438
18607.27a + 273.1b = 254932.5
0.99169518b =696.34065
a=3.3944624 = 3.394

b =702.17206 ~ 702.2
auraridunseenisae y = 3.394x+ 702.2

2.3.8  AaNgRIN1UAS (Gabor Filter) [23]

o s o A a < y LA o
AINTENNILUBTARFAINTBILOLAMNDIRANINNUIZNALAYE 2 d9UAD @mty’]mgﬂ

g1e18edau (Complex sinusoid) wazWeridun didaw (Gaussian function) Taaiannig 2

o

AAuulamueqnA (Space domain) Aadd
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a(x,y) =s(x, y)w,(x,) .. (2.22)
A A o cAa v A = 1 .
Wa  s(x,y) Aedmgyinuglanedidetaurisazandinane (Carrier)
w, (x,y) Paflsrdundide 2 J5 visaFandnsageid (Envelope)
1. wvednunynnugilanendidedais (Complex sinusoid carrier)
winzdnsnynugdmeiideiaugniieanlansanns

s(X,y) = exp(j2z(ugX +VyY) + P)) ... (2.23)

73 1
A a

) (Ug, vy ) PR AINDLTNNUN (Spatial frequency)
P-AaLauasdtunnnugilangd
Tnednugyanigimetiilssnatifng 2 gaune 49134 (Real part) WAZAIUAUANIN
(Imaginary part) lagflannassdil
Re(s(x, ¥)) = cos(2z(uyx + VoY) + P) .. (2.24)
Im(s(x,y)) =sin(2z(UyX +V,Y) + P)
dl = dl a -ﬂjj dl o/ a o a Y
e U, o WAZ vy ABAINDENWLNTad e gt el lus s U U A AT LA
(Cartesian coordinate)

1A8IAN NN EINUNR 117088 UN e TR LA U LA IS LLNN ALTE9d9 (Polar coordinate)

TaeilAn F, Aaaunn (Magnitude) kazAl @, ABANIS (Direction) Taidlannismsil

Fo =Uf +V¢

o
w, =tant| =
uO

u, = F, cosm,

= DT

1ngl

Vv, = F,Sinw,

Tnaanan F, uas o, aawnsndiauaunaguesdnnyinglanadidetoulfnm

S(x,y) =exp( j(22F, (xcosw, + ysinw,) + P)) ... (2.25)
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U7 2.13 usnsdauaseuazdauaumsnIrte dasuagLaneiidadanlnan i
2120 128 x128 aanntae U, =V, = %0 cycles/pixel UWag P = 0 83/
2. Afuin4ide (Gaussian envelope)
2 2 2 2

Wr (X, y) i K eXp(—7z'(a (X_ XO)r +b (y - yO)r)) (226)
dl A o 1 o =
118 (X, Yo) PRANWINTB99AZeAAUNANATUIN AL

a uaz b AerwipresisATunIAmenli 2 uwny

. PALAAINIIANTUNIT NN
(X=Xg), =(X—X,)€086+ (y—Y,)sind

(y_ yo) =_(X_X0)Sin0+(y_ yO)COSH
|

91071 2,14 UapsAN BRI AN e Tasn Wl 128 x 128 aAn naZHANGD
wilsdsitix, =y, =0, a :%O@qmmw, b= 200N NUAz 6 = —45 93AN

3. Wendun1uefideda (The complex Gabor function)

©

Weridunuafdetauazilsznatsaasiauila 9 Aasail
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o K ADTZALTNIATRIRaTUINIgTe

® (a,b) AerwIATRIHaitwNETauWlY 2 unu

o ¢ ApliAn1sresraridundidey

® (X,,Y,) ABAUMLNIEIRAEIARTEIANTTUNALTE

®  (uy,V,) ﬁﬂmmﬁ'Fﬂﬁuﬁmmmu%;ﬁmﬂmgﬂmﬂuﬂmﬁﬁm G

o P Aawlaraswmggilmed |

T luieidunuafidetanazlsznausag 2 Wedduaadiuasaiazdiuansninees
Weidunuesideden lneannasesnuesiieienlulniiuadnid (Space domain) e

g(x, y) = K exp(- —z(@" (x— X)) +b? (y Vo) NeXpj(27(UoX+Voy) +P)) ... (2.27)

LL@”m34mﬂmmummmﬂmvuuwnmwm
ax,y)= Kexp(—z(a (x xo) +b (Y=Y,)? ))exp(J(27zF (xcose, +ysinw,)+P))...(2.28)

LAZANNIT 2 QJE‘IELuﬂ’]?LLﬂ@QLL‘LIUWL?Elﬁ“llﬂﬂlﬂ'm’]‘i_l’ﬂi‘ L‘flumu

b2

G(u,v) :g)exp(j(—Zn(x0 U=U,) + Y, (V=V,))+ P))ex _,{(u _;0)? +(V_V°)$J .. (2.29)

3171 2.15 uaasinetinidauasazdruauRsn INIIHsdunuasiEeion Tnanw
Huum 128x128aan1nuariAifonladet x, =y, =0, a =%Of-gmm‘w,
h= 203000, A=E0 4righ | HiS % cycles/pixel, @, = 45BALAL

P =0a49AN
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717 2.16 waen ZuLlaeuILY FefLeFan LT tnaRFIuLNT899AgIgA TAYIND

L%qﬁuﬁ 0 == les/pixel LL@”ﬁﬁhmmﬁquﬂ?ﬁqﬁx =y =0, a=
» P SR 0= Yo =5 8= 750

AN, b= 207707, 6 =-4583/", F, =% cycles/pixel, @, = 45 2a3A"
ag P =0a9/"
LA RLAIURIFINIAINILDFARANH UL AN FINTANNLASE N TDR AR 1T
. T 4 o aa dd .
AutNavAszna199A DAL (Non-zeros DC Component) @4 e NuANHN DN ALl
A s o Y = 2 X o , o X
yiranAaanEe TN nUAsuiasllunIn  #9UNNARNINNUNAIAINITDNIUFINTAST

Wnunlgnn 1 e N adnanRpnanals

23.9 AINFBINILASULLABRNETN (Log-Gabor Filter) [24]

FINN789NIL AT IULABNTIINNARAINIAILALANNDTNA VTN A HLLUEN Laualae
Field 111l 1987-[23] Tasidlunistinanaunisuasfaflafduin 1 dideanmaIaanianudaly
(% ' alz 3 6 o/ = dl % dl a -l% o I3
sanrasnTuafuuuia lldweidfund@auassusn Aineudilymniiaauludansesniues
a :I/ o O U ] o &{ e a KR
annsslen il A ausiuginlunasnsesunanTaag uuaesaun s uasuUUge s sl
1 T lulanuA N wgnaluannisi 2.30

G(f) =expf- (log(f / f,)) 1 2(logla / f,))? | .4(2:80)

- - A o 4 B,
e o ARANDNIN RN UBNHARANAIZ9A A

= 1 dl o’
O ART9IAYAINNDURININTAN
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Tnelugiln 217 wamsnisufBaumeaunsvsendnedansasniuasuuuioliuasz s
N389N17 U LLUANINN ] 1 ﬁﬁﬁlugmmmmﬁmufmﬁu (Linear frequency scale)

WAZLULABN3NN (Logarithmic frequency scale)

Gabor

g

&

o

Spatial frequency 7 Log spatial frequency
(n)
Log Gabor
8
2
&
Spatial frequency Log spatial frequency

(2)

317 2.17 uaasnsavaesdansasniues 1 dawusia 1l (n) uazdansesniuas 1 85
a KR dl a % . a KR
LULABNITNH () Ius}mummwmmummu (Linear frequency scale) LAZLLLAANITNN

(Logarithmic frequency scale)

¥ a o [-4 N
AAAUABDNAINTANNTIUATLULUANBNITNH

1 a

o Aol v o
1. 5]'3?']3‘@\1LLﬂUﬁQWNOVINﬂQWNQﬂM@\?N’mLW‘J"]ZiMﬁJLﬂ@ Non DC Component N
P

waeslunIndg 2017 (n) (ReadrAtls sne uuasdsyagnuiia 1 i wene) dafatiulusionses
nuafialy

2. AnmuzanInsvansaInIuasiuUaanN BRNENNsTNtdauanaNANDgeT

i lvle anend L dNaAsuG L

3. ANHUZIAINTINFINIBIN VAT LUABNFNH THLN WA ND LU LAAN 1NN ITWT

AnsnurnanNmsfuanslugiln 2.17 (@) aelaeialludqluunuaonaiuuusenisnuduily

1
=

Qﬁmiwuﬁmmﬁlﬂumﬂmmn’mmumuﬂ\imwnmeum (Spatial frequency response)

1AINNTNANLLRSLIAR LI TZAN
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2.3.10 WINFUsEazNILaNN4 (Hamming Distance Function)
Werduszaznauanisnateidunldlunisifraumeudaya 2 90 Inaaunisuiy

finldaaeieridussaeniauansg

HD = > (A®B) ...(2.26)
fa  Adedaya gofi 1
B Aedayagnii 2
® ABFIAEUAASXOR
Fiaagig

A Wiy 1011101
B 711U 1001001
azlfiAn HD Wi 2
Tueniddeitliiaflsifusve snauansananilsie lilunnsuseugsendeiiaes
> = vy a9y < = o X
wafamzilienazgitn iUt aunsA9H

HD=—— : i[(x,-(@)Y,-)'(Xn'j YNl o)

N-> (Xn o¥n) =
K=l

W ® AefaNiunng XOR

o ©°

o ABFIAEILNT AND

o ARFRANLLLNIG OR

X waz Y Feflaefasypnad 1 uay 2

Xn tazYn ﬁ@LLﬁiumemuﬂﬂaﬁ 1 U8y 2

Xn'; waz Yn'j AantsundiAfres Xn Las Yn m1NansL

N Aeduaurasdnildlunisuansinegusiasiiaes

e AsAaT HD Srrtasiiaas e SesiypAaie 2 fiauminnisnSetsdu
AN RENT AT uAdF1 HD Sdasinn kandaiinasvesgaaai 2 isnsianisuio

ARURANUANFATUNIN IneAN289 HD Avatjszidng 0-1
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s 124 14 (>4

N199EULARANILAN BUE AN NAANNGNNARNTRINILLAUNSR

TuilaqiiulaanslimnudransluFesuasnisigaiifasn (Authentication) NNTL
svuv@annmsn daneddaiingnglunmimfian llunsngaiimnuiesannguneninld
al %3 1] A 1 [ aa
Haagnuazanwuzaesansdaie luusazyasatfludnsazianie uddsnisluszuunig
seyyanatasldanenicassaaedidauusvialiiussuuaasNTaL AN U IaIAE
dievevfldndun Idsanlugrinfudnsazaesaasdaiarvn nresdamzidounas u

v dJ v 9 o 2’/ 1 dl U o :l/
gudeyatesesliauennivaesninifauguaziaaldlunsdsrusananin Aery
a o d”& o aa Y o [ A e; o = 1
NUIdERANENeN N YRR Tt AN 8s AL N Hatie A uaunn s T LA Ty
% o 1 1| = dl £ 1 dl aal
grudayalnenisdpanguaesanaeien g T oudiioannarlunisszyyana Tnedanis
uinguaesaeehile lansuzae s dunan o biun IAuTindusnes uazduiala douly

ZJ/ Y o a 1| & [ =) s tg 1 a [~
nieseyyAaaiuldanwadeadeiavedfaiunaad Ingluumiazidenisasuneeaniy
. o
A1 7] Fald

3.1 UANNITLAZLWNAATRITHIAE

3.2 NMaAuNIN (Image acquisition)

3.3 nIvuTaiaunla (Region of Interest)

3.4 mauthinguassangiilelaslddunan (Palmprint Classification)

3.5 maszyyrnalagldanezaesaiedaie (Palmprint Identification)

3.6 NsnaulaaagsLL

¥ o

= ' o = é’
IPEIINLAZIR L ALRILA AT TANAI

3.1 UANNITHALLUIARUDINNUIAE

Wesangzuunngszylanalag lanHzaasae Al assuyAzFas Mg

v

o A U QJdI ¥ v o A ?/ ¥
@ﬂﬂmzﬂl@\‘l@’]ﬂﬂhu‘ﬂsﬂ‘ﬂx‘lai"ﬁwL°1|’]3~I’11°]]\‘1’1u1u§‘$‘]_|‘]_|ﬂ‘1_|@ﬂ‘]:fmt“ll@\‘i@’]ﬁlBJ’]%J@‘VN‘MN@‘H@\‘]Q

1 v
1 =2 ¥

L d y y o Y T oz
awnzidaunaglugiudeys senadldauiuniarenagidsauguazioanldlunsg

a 49 a

1 1
| = o

szaanannda fwiomandadogaesszuunassryueralaglddneuzaasangilnie
- L PN = A v =1 ) ' ! §a >
AatiudnuAe asiiuuIRntarundamiinenslinsuienguaesatedide lugaudeya
3| 1 [ 3 o [ = dl [ o 1 =
aanidungu o mudnwauzreadunanuuiletadudneuzianicluusazynna 1013

Adl Y =3 Y o dl o :// 1 ¥ dl =l
Lﬂ@ﬁluLLﬂ@\‘iu’ﬂﬂN’mLL@E:muiﬂ‘ﬂﬂL@u LW@@@@’]urJuﬂﬁ\ﬂl'ﬂﬂﬂ%‘Lﬂ?‘ﬂU@Iugqu"ll'ﬂﬂﬂﬂiﬂﬂ bNBN
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[ %

(8N Wz U 22ULATAINITAANHULIDLAUNANUATIIINIITEUNANATNAN I UL YD
Wundniu antluszuufiaziinisiiiaefuaztirNiaasllviinisisausdiudaganielu
o xe Y . " 2 .
naunlavinnieseyld Wanisufaugnislunguiun LN naadyARATINIEILATNNIUE A
U 1Y o 1 1 %’/ ¥ 1 90// [~ o
nsufsauguadnrinnisBeugaalungutiunda linunwassyaratiuszuufazianig
wanlilunguinlillnagaonmaaningipasgasidunan Tnalugiil 3.1 wansiunaunig

NINUAUNATANTELIL

= I
NATIRTEUNANNLLBIA L

o a a
fnLFnunanla

A Ao 4
DINWNANTULEHN
t“"’
* o =
TUARUNIIAIN LT eI
nEEEE .-
nsdszunand 5
ANTRASALAUNAR m mmﬁ‘mé}’u TURBUNIITLLL AR
v 4
|
Ll N
s =

N17ULNNANUR9HT nsaneaflians

falneldiduman -
H
| ]
-
-
]
L]

!.IIII-IIII ENEENENEEEEEEEN

QRERIEDIT,
Nnasilasiulyl e oM< T
naudin il

HANTSLLTELA

i v
717 3.1 UAAITUABUNIININIUTBITELIL
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3.2 nswnunneia (Hand Image Acquisition)
muﬁu%aﬂ@mwﬂqﬁ@Lﬂu%umuslumﬂﬁumwﬂﬂﬁ@mmﬂfﬂ%ﬁmﬂmwu Tnerlu
muﬁ%ﬁﬁgm%’ﬂuﬁmwtlﬁﬁfa@rm 3 giudeyaregiuteyaninilesns Visgraph  [8]
gudeya CU-CGCI1 hand uazgwdeya CU-CGCI2 hand Tnagudeyanintdleves
Visgraph [8] Lﬂ%ﬁ’ﬂﬁ@?ﬂ@ﬁﬁﬂ’]ﬂﬁhﬂ’lwﬂﬂﬁ'ﬂtﬂﬂﬂﬂ’ﬁﬂﬂ’lZ:]/ﬁéluii'ﬂ\m\ﬁmElﬁ’m'ﬁ'j‘lﬁllﬂ’]w
Haannyanaludeans daugaudeyaninilniesed CU-CGCI1 hand kaz CU-CGCI2 hand
Lﬂug’]uimﬂZm’ﬁ/\lﬂﬁﬁﬂﬁiudﬂuaﬁﬂﬁiﬁﬁ’m%‘@ﬂﬂLLUULL@%LﬁUﬁ@Nﬂ@L@QI@ELL‘LNLﬂu 2 1ARD
CU-CGCI1  hand=#insifiunaneaiiaanundneg luawmaanenasinauay CU-CGCI2
hand ‘1/1°’1ﬂ’mﬁ‘umwdqﬁ@mnummﬁqiﬂ%qﬂa‘:ﬂ@ué’qaﬂumuﬁfam%’ﬁq WHNULTEN WA

sy Inelduneunaiunnilndiaasiugoudasya visgraph (8] Taadginanineld

4 Y

naagpanalunianun i lulsdnasdausanuive wlunass unn Aundan 1 idugdan

| ' |
| A 7

walEnnwi le i resiarrad M0 aWdINAT L NI LA WA D WA9T

q

dupauusnlunisiudeyanin gldazaeianaalidsiouazionniouwuuaiindy

dal o = al o v A & 1 a 1=l o o O 1 = %I/
WUNRRILTELRAN Fﬂfﬁ@qﬂq?ﬂ’J’NN‘ﬂ1ﬂﬂﬂqﬁﬂmiztﬂﬂiﬂﬂﬂq?u@ﬂll[ﬂqLL‘Vqu‘iﬂW?Q’NNﬂ AMNUU

' £
o K =

NINITBUANA AR SRR N ATIAINA LA 11 1A e waan A uuy 24 dauaziauim

i 3
=

1280x960 AANIN FAARENINNININISALRAANEIFLN 3.2 wazluanwideildnniadne

2095 LTI

(n) Frasienaneidaann @) siatinanineiieann () AetinenaneNeann
gulesya Visgraph [8] §2udBya CU-CGCI1 hand (  §7uiRya CU-CGCI2 hand
database database

717 3.2 snetiennidden L luauass
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3.3 Mavnusunaula (Region of Interest)

v
1 a o o

= A A aAe A Aeey Ay =
Lu@ﬂ@qﬂﬂ’]WNﬂmigﬂauﬂquqr‘ﬂﬂLﬂu.ﬂqWN@‘Wmsﬁ'&qNq?ﬂqq\iﬂﬂimﬂﬂq\?@@?ﬁﬁﬂﬁuu@\‘]

a

Y = a A A o = . . A A o
m’ﬂ\‘lﬂ\lﬂ’]’j‘u’]‘]_lﬁ‘lfamvmu%LW@VHT]T;‘@\‘W]:L‘LIEIWW’]W (Image Reglstratlon) LW@Wﬂxuﬁiﬂlﬂu

\ ! N | o a . o X
ﬂ’]ﬁ‘LL‘UQﬂ@qNT@\‘]@’]HﬁJ’]N@LL@%I@T&H’]??:MH@V’]@m@bl,ﬂtﬁﬂll“ﬂumﬂunqﬁ\ﬂq‘u’immm’&us]ﬂ@\Tu

[~ s
3.3.1  nswUasnnd@biduninssautna
dl dl v Zj/ [~3 v | al 1 9\‘A//
Lumfa’1rmﬁwmimﬂﬂmum'aumil,ﬂumsﬂ@mwLﬂum'wmwu RGB Whl M umna1nIg
v v
LT NNTNITUA LA BININITLIEHIAN AN WA LN INILAUNA A9LUAIN N UUAIAINA WL

RGB l¥naneiduningzauing (Grayscale image) Iag ldlaaaduuy YIQ

GrayscaleValue = (0.30*R) + (0.59* G) +(0.11* B) .. (3.1)

3.3.2  n15uUIRIUMN (Image Segmentation)
TudupenuinnnsuaNgal . (Segmentation). N894 [ TaBNAINUFTI AN UUAITES
4 & B " 4. 2 .
et 11 luansdns i awlalasidaninsdaunanini leaindunaunisisy
% =3 1 v A a a; A U 1 a til
doyaninaziivdinintlsznausog 2 douae daunsnniiiuieaasylfuazdounsoniy
PAIVDINTINTINAAT 1AL 2 AAUHANTZAUNINLANFANTY A9TURININITULNAIULTI0

Heaananiuuaalae ldnsunA1dawLs (Thresholding) TagemlssiFuas Otsu

3.3.3  msudsunmwliitaau (Image Smoothing)

WAIANNIIMIANTAKLINNAD NananEaigIuaes (Binary.image) NlAenaildtynyn

d' [~ [~3 a = é’ o/ 1 :J/ a A al
sunauniugman 9 luiBndautesfianasiunasesy wana ntiu Lsunueuvesiied
ansnvifluseandn  ANIUARIINITUIENIANANINTNATIT 1N —(Image  morphological

. dl 0 o o o a = v al ¥
processing) Wan1aadty iy nsunauuasUiuLTnnTetaesta Gy taaldnig
Uszaanannidedniganuuuila (Opening) wagtn (Closing) lnalfaundniaseaiiuuy
WNNAN TR 5x5 AANIN  TRAANANTUN  3.3(N) WAZHAAWENAINTLITNIANANTWITS

o

Aniganudnanagiln 3.3(1)

&9
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v
a

(n) ANTN AN AT LLLMNNAN (@) NINNHIUTUADUL FZNIANIN
EeATIgIULAY

7U91'3.3 fireeenasssinanan Wi idig 1

3.3.4  NISWIAILUUSRIATY

s al

¥
namanisdIAylusadetiayldis A aniurewniisese e Nim ezl

e

dl Z// a A ¥ o dl
BHINAUATATUS [9] v L‘flu‘ﬂuﬁlﬂuﬂ’]?ﬂ’]“ﬂﬂ‘l’]@ﬂm‘i_lu‘]_lilf.lm%@‘]_l"ﬂ‘ﬂﬂﬁ\lﬂLL@%@%iﬁﬂ’W‘W ﬂ\‘]gﬂ‘VI

3.4 uaxgili 3.5

qnlaneun

717 3.5 nasaEnumisaaLlans tianags

@ Y a P Z
QWWWELLNZQQQWQ@QT@QN@ U9
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3.3.5 nsandIuTaILsaunaula
TusaseitlAiaaniFnunaulalpaldaumiaesqainutione qaduiasening
HnTiutianany qadNiaszudnationaaiutions uazqadintiassudnatouiuiinAes Al
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Abstract

This paper proposes a palmprint classification
approach based on principle lines, i.e. life line, head line
and heart line. Blue channel of RGB hand images are
utilized in 4 directions, 0°, 45°,'90° and 135° for principle
line segmentation and extraction.  Palmprints are
classified by 2 main features: horizontal length and shape
of a heart line, and the coincidence of the starting points
of a life line and a head line. Experimental results reveal
that, with our approach, 144 hand images from 72 users
are classified by our program into 7 groups with the
distribution of 4.86%, 22.22%, 4.17%, 3.47%, 41.67%,
1.39% and 22.23%. The automatic classification and the
manual classification coincides at the rate of 85%.

Key  Words: Biometrics, Palmprint classification,
Palmprint identification and verification
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Abstract

This paper proposes a fast and efficient palmprint
identification method for a large database. = The
process is accelerated as a result of our efficient
palmprint classification and matching -~ scheme.
Palmprint classification method is based on principle
lines which are life line, head line and heart line.
Palmprints features are extracted with Log-Gabor
filter and matched with Hamming distance in the
most potential palmprint group, and if necessary,
continues orderly to the less potential ones.
Experiments are done with 2 hand databases,
Visgraph database and CU-CGCI hand database.
Experimental results show that the proposed method
can greatly reduce the number of template matching
from 100% (as in general identification methods) to
33.2-38.2% in both databases while maintaining the
equivalent EER as general identification method.

Keywords:
database.

Palmprint identification, large

1. Introduction

Biometric is a means for automatic recognition of
people based on their —distinctive anatomical
characteristics (e.g., face, fingerprint, iris, retina and
hand geometry) and behavioral characteristics (e.g.,
signature and gait). At present, biometric is widely
used for identifying or verifying people in today’s
information society mostly for security purposes.
Palmprint has been considered as an alternative
choice for automatic personal authentication due to
its unique physical characteristic, visible stable
features and low initial cost. In addition, palmprint
capture devices are much cheaper than others (e.g.
iris and fingerprint devices).

Palmprints consist of distinctive features such as
principle lines and wrinkles which can be easily
extracted “from " low-resolution’ images [1, 2]
Generally, palmprint identification approaches
compare a claimer’s palmprint with every palmprint

in a database [3-8]. Consequently, it is rather time-
consuming. In order to solve this problem, many
researchers have proposed to categorize palmprints
into small groups to reduce the number of data in the
matching proeess [9, 10]. Hierarchical palmprint
identification for a large database is another approach
that has been researched lately [11-13].

In this work, we propose a fast palmprint
identification method for a large database. Enrolled
palmprints. are  pre-classified into several well-
distributed groups by the principle lines’ simple and
clear characteristics which can be easily extracted
from low-resolution images. In the identification
process, palmprints’ features are matched within the
most potential group, and if necessary, continues to
less potential groups respectively.

This paper is organized as follows: Related
works and their problems are presented in section 2.
Section 3 illustrates our proposed method.
Experiments and results are presented in section 4.
Finally, discussion and conclusion of this work are
illustrated in section 5.

2. Related work

In this paper, we categorize palmprint
identification researches into 2 groups: general
palmprint identification researches that do not
emphasize on a large database and those that are
designed for a large database.

It is noticed that, in palmprint identification
researches, there are 2 types of palmprint images.
The first one consists of fixed-positioned hand
images that are acquired with some special devices to
fix the hand position as shown in figure 1 (a). The
other consists of unfixed-positioned hand images as
can be seen in figure 1 (b) respectively.



-

(a) (b)
Figure 1. Example of hand images. (a) a fixed-
position [3] and (b) an unfixed-position hand images
from image acquisition [14].

2.1 General Palmprint Identification

As mentioned earlier,~in this paper, general
palmprint identification refers to the work that does
not emphasize on a large database. Most of them
have proposed and discussed their methodology and
results.

In 2002, W. K. Kong et at. [3] proposed a method
for personal identification by utilizing 2D Gabor
filter to extract palmprint’s feature and Hamming
distance, to compare with the templates. The results
show that FAR (False Acceptance Rate) was 0%
when threshold value was fixed at 0.335 and FRR
(False Rejection Rate) was 0.9% for image resolution
of only 65 dpi.

In 2003, D. Zhang et al. [4] presented an online
palmprint personal identification approach. This
research also used low resolution images of 75 dpi.
For this system, palmprint’s texture, extracted via 2D
Gabor filter, was chosen as a feature. In the matching
step, Hamming distance was used as the distance
measure. They reported that EER (Equal Error Rate)
was 0.6%. The total time for personal identification
was 1.1 second with a database that contained images
for 100 persons registered with 3 palmprint images
each. It should be noted-that this paper is often
referenced.

In 2004, L. Zhang et-al. [5] proposed another
personal identification by . using palmprint
characteristic as a feature and Wavelet transform as a
feature extractor. The image resolution was 65 dpi.
The results of FIR (False ldentification Rate) and
FRR were 2% and 0%, respectively.

In 2005, J. S. Noh et al. [6] applied Hu invariant
moments and  Otsu binarization for palmprint
identification. They computed the moments in 3
levels and compared the results from each level with
Euclidean distance.” ~The FAR and GAR (Genuine
Acceptance Rate = 100-FRR) were 0.038% and
98.1%, respectively. However, this research used low
image resolution for 75 dpi, image size of 135 x 135
pixels.
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In 2006, F. Li et al. [7] proposed a palmprint
matching method by Modified line-based Hausdorff
Distance. Hausdorff distance is used to compare line
characteristic on palm. This approach has accuracy
for personal identification about 95%

In 2006, X. Wang et al. [8] used the palmprint
database from UST_HK which did not fix the hand
position. They proposed a palmprint identification
approach using boosted local binary pattern based
classifiers.” The palmprint area was scanned with a
scalable-sub-window from which local binary pattern
histograms were extracted to represent the local
features of a palmprint image. AdaBoost algorithm
was used to select those sub-windows. The weights
of chi-square distance were learned by applying the
statistical learning algorithm-AdaBoost. From their
experiments, EER was reported at 2%.

2.2 Palmprint. Identification for a Large
Database

In 2002, J. You et al. [11] proposed hierarchical
palmprint ~ identification via multiple feature
extraction. This research used 2 features; global
texture energy and interesting points. The global
texture energy was used to guide the dynamic
selection of a small set of similar candidates from the
database at coarse level for further processing. An
interesting point based image matching was
performed on the selected similar pattern at fine level
for final confirmation. They reported that the
effectiveness of this hierarchical search guided by
global palmprint texture feature selection scheme was
that on the average 91% of the candidates in the
database were classified as distinctive from the input
data. In the worst case, the elimination rate of the
candidates was 72% and hence, only 28% of the
samples remained for further identification at fine
level by image matching.

In 2004, J. You et al. [12] proposed a hierarchical
multifeature coding scheme to facilitate coarse to fine
matching for palmprint identification in a large
database. In this research, there were 4 level
features: global geometry-based key point distance
(Level-1" feature), global texture energy (Level-2
feature), fuzzy interest line (Level-3 feature), and
local directional texture energy (Level-4 feature). The
use of level-1, level-2, and level-3 features was able
to remove candidates from the matching process by
9.6%, 7.8%, and 60.6%, respectively.

In 2006, J. Wu et al. [13] presented a hierarchical
palmprint identification method without ROI
extraction. " For the coarse-level feature extraction,
they measured hand geometry and angle values and
used them to train their k-NN (k-Nearest Neighbors)



classifier.  They divided the hand image into
subimages and used unit information entropy of each
subimage to describe grayscale distributions as their
fine-level feature. Accuracy up to 99.24% was
reported when using 6 samples per class for training.

However, we have noticed that the results from
most work mentioned above are quite impressive
(with FAR, FRR, EER close to 0%) [3-7, 11-12]
while that of X. Wang et al. [8] is not as good (with
EER 2%). This is perhaps caused by the fixed-
position of hand in the palmprint image acquisition
process.

3. Our Proposed Method

In our research, we do not fix the hand’s position
in the image acquisition process. A hand must lay
flat on a black background as shown in figure 2.

This section illustrates our proposed method
which consists of system overview, ROl (region of
interest) and principle lines’ characteristics, our
palmprint classification method and our palmprint
identification approach.

3.1 System Overview

Our proposed palmprint identification method
aims for use with a large database. Palmprints in the
database are pre-classified into several categories by
the palms’ clear and simple characteristics of
principle lines. By this proposed approach, palmprint
matching process is done only in the necessary
palmprint group(s). Hence, identification can be
achieved quickly. Figure 2 illustrates our proposed
system.

3.2 ROI and Principle Lines” Characteristics

Region of Interest (ROI) on a palmprint and the
characteristics of palmprint principle lines in this
research are described in this section.

3.21 ROl From a binarized palmprint image, as
shown in figure 3, we segment the palm, and define
some reference points and the ROI as follows.

V1, V2, and V3 are the points among forefinger,
middle finger, ring finger and little finger.

O is a point on the line from V2 that is orthogonal
to the line connected between V1 and V3
(V1V3). The length of OV2 is predefined and
fixed.

A and B are two points on the line which passes
through O and parallel to line V1V3. The
lengths AO and OB are equal and predefined.
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The square ABDC is formed and used as the ROI
in this research.

IJ, OE and LM are the lines which divide the
ABDC into 4 equal parts.

AG and BH have the ratio of 2/3 of line AC and
BD, respectively.

Pre-Processing
Irpat imaze O extraction
hd LITLTY
Pre-Processing
Extract Principle %
Lines % T
¥
1: v
1 Extrart Featore
Palmprint
Classification
Conmt=0; H
H

i
F"‘—-&:' ¥ Move to rext datab ase

Catezory ] Catezory? Caegoryd| | (Rllowby pricsity)
e ELF SRROT. coumt= coant+1;

—

ﬁ =

Category 4 Category 5 Categoryd

Figure 2. Our proposed palmprint identification

system overview.

—HEErt—iim

" Head Ling

Life' Line

L
s

@ (b)
Figure 3. The positions. and key points
that are used in this research.
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3.2.2 Principle Line Characteristics In this
research, the three principle lines which consist of
heart line, head line and life line in ROI as shown in
figure 3 are defined by their locations as follows:

1) Heart line is the line which has an endpoint
on the right side of rectangle LBHP and must pass
through line OF.

2) Head line has an endpoint on the left side of
rectangle AING. The position of this endpoint is
either above or the same as that of a life line and must
pass through line OF.

3) Similar to the head line, a life line also has
an endpoint on the left side of rectangle AING in the
ROI. The position of this endpoint is either below or
the same as that of the head line. Life line must exist
in rectangle IOEJ.

3.3 Palmprint Classification Method

Our palmprint classification .method based on
principle lines is automatic and effective. It has
many advantages. Firstly, the extracted principle
lines need not be perfect, therefore some small-parts
of the lines can be missed out. Secondly, the features
and the criteria used for classification are obvious and
simple. Lastly and most importantly, the palmprints
can be classified and well distributed into -six
categories.  Our proposed criteria for palmprint
classification are as follows: ‘Do the head line and
life line intersect?’, ‘Is the heart line straight or
curved?” and ‘if the heart line is straight, how flat is
it?” Hence, there are six categories as shown-in
figure 4. More details of our palmprint classification
method can be found in [15].

ol
b) Category 2.
Intersect, Straight
Slant heart line
(1SS)

d) Category 4. e) Category 5.
Not Intersect, Not Intersect,
Straight Flat heart Straight Slant heart
line (NISF) line (NISS)
Figure4. Six palmprint categories from our proposed
method. (The principle lines are highlighted for clear
representation only.)

c) Category 3.
Intersect, Curved
heart line (IC)

a) Category 1.
Intersect, Straight
Flat heart line (ISF)

i

f) Category 6.
Not Intersect,
Curved heart line
(NIC)
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3.4 Palmprint Identification Approach

In this section, our palmprint identification
approach is described in 3 subsections. They are
image pre-processing, feature extraction and
matching, and lastly, our matching scheme.

3.4.1 Image Pre-processing In this research, only
the blue component of hand color images is used. In
order to reduce the effects of different brightness in
the image acquisition process, the ROI’s in all images
in the database are normalized by the normalization
method of L. Hong et al. [16] in equations 1 and 2.
Noise is then eliminated with Gaussian filter [17].
Finally, the ROI’s are scaled in half to reduce
computation in the principle line detection and the
matching processes.

, R A if 1(x,y)> ¢
L (y)= {¢d — 1 :  otherwise @
h— pd(I(X, y)_¢)2 (2)

P

Where. 1'(x, y) i the normalized image.

¢, and p, are the average and standard

deviation of the output image.
@ and p are the average and standard
deviation of the input image.

3.4.2 Feature Extraction and Matching The
feature is extracted by applying Log-Gabor filter
which has been proposed by D. Field in 1987 [18] as
shown in equation 3. The 2D palm image is broken
up into several 1D signals, transformed to frequency
domain and then convolved with 1D Log-Gabor
filter.

G(f) =expl-(log(f / 1,))? 1 2(log(o / f,))? | o

Where f0 represents the center frequency, and o
gives the bandwidth of the filter.

The palm’s ROl in spatial domain and the
palmcode (1D. Log-Gabor feature) are shown in
figure 5. It is noted that the palmcode is a binary 2D
array since the result from the filter is thresholded to
0 and 1. The palmcode array is twice the width but
the same height of the original image because, from
this filter, 2 values (from real and imaginary parts)
are obtained per 1 pixel.
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(®)
Figure 5. (a) Original palmprint image and (b)
palmcode obtained from Log-Gabor filter.

In this work, Hamming distance is used for
comparing the features between two palmprints as
shown in equation 4.

HD= v ix ; (xonY; (@nd)Xn; (and)Yn;

N

4
N—>"Xn (onyn = @)
K=l
Where Xj and YJ-

from two palmprints,
Xn;and Yn; are the  corresponding

are the two palmcodes

noise masks for X ;'and'Y
Xn'j and Yn'j arethe invert of Xn; and
Yn; respectively,

N is the number of bits represented
by each pattern.

If two patterns/palmcodes are derived from the
same palm, the Hamming distance between them- is
close to 0.0 since they are highly correlated.

3.4.3 Our Matching Scheme In this paper, we
propose a technique - to accelerate  palmprint
identification for a large database. In the database,
palmcodes, which are used as our palmprint
templates, are pre-classified 'into 6 categories as
mentioned earlier.

For our matching scheme, a claimer’s hand image
is categorized by our classification. criteria. The
extracted palmcode is matched with the templates in
the highest potential category in the database. If the
matching result 'is satisfied, the matching process
stops and the identification result is encountered. If
not, the matching process continues to the next
highest potential category, and so on.

The chart in figure 6 illustrates our classification
criteria. © The relationship of each category .can be
easily seen from this chart. For example, if a
claimer’s palmprint is classified as in' category 2
(1SS, Intersect-Straight-Slant), the order of matching
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groups is from catergories 2, 1, 3, 5, 4 and 6
respectively.

Input Image

A/\

Intersection Not Intersection

Straight Curve Straight Curve
Heart line

Characteristics
A

|ISF||ISS| |IC||NISF||NISS| |NIC|

Lift line and
Head line
Characteristics

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat.5 Cat. 6

Figure 6. Our classification chart.

Table 1 shows all the matching order of all
categories. It should be pointed out that a curve line
(C) is more similar to a slant straight line (SS) than a
flat straight line (SF). Hence, the order of matching
group is from category 3 (or 6) to categories 2 and 1
(or 5 and 4).

Table1. Order of template matching.

Matching category
Cat. Cat. Cat. Cat. Cat. Cat.
Claimer’s 1 2 3 4 5 6
category
Cat. 1 (ISF) 1 2 3 4 5 6
Cat. 2 (ISS) 2 1 3 5 4 6
Cat. 3(IC) 3 2 1 6 5 4
Cat. 4 (NISF) 4 5 6 1 2 3
Cat. 5 (NISS) 5 4 6 2 1 3
Cat. 6 (NIC) 6 b 4 3 2 1

4. Experiments and Results

Our palmprint identification approach is tested
with two databases; Visgraph database [14], taken
from people in Hong Kong, and the CU-CGCI hand
database, from people in.Thailand. ~The images in
both" databases are 24-bit RGB color image with
resolution 960x1280. Visgraph database consists of
102 individuals, 10 hand images per individual. CU-
CGCI hand database consists of 116 individuals, aged
from 20 to 60 of both genders, and 10 images from
each person.

In our experiments with Visgraph database, 70
people, 3 hand images per individual, are registered
as genuine users. Tests are done with 490 genuine
users’ and 307 imposters’ hand images.
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Similar to the above experiments, the proposed
method is tested with CU-CGCI hand database, 86
people, 3 hand images per individual, are used for
registration. Tests are done with 602 genuine users’
and 298 imposters’ hand images.

For consistency, we run three experiments for
both methods and both databases. Experimental
results are shown in figures. 7 and 8 and in tables 2, 3
and 4.

It is found that the EER’s from both methods and
both databases are quite similar.  For general
identification method, a claimer’s  palmcode is
matched with every palmcode in the database.
Hence, the number of matching is 100%.-With our
proposed method, the average number of matching
from 3 experiments is 38.2% for Visgraph database,
and 33.2% for CU-CGCI hand database.

Equal Error Rate [EER)

T hre ch old

H 1] ®
=~ False Acepl Rak (FAR)
5 False Relec] Rale (FRRY

Figure 7. EER from Visgraph. database in
experiment 3 is 4.1%.

Ecjual Error Rate (EER)
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Table 2.  Comparisons of the number of matching
(for genuine users only) and the EER’s from a
general approach and from our proposed method
(Visgraph Database).

Method | General Method Our Method
Number Number
of EER of EER
Experiment Matching | (%) | Matching | (%)
number (Genuine) (Genuine)
1 102,900 6.0 40,956 6.77
2 102,900 25 37,376 25
3 102,900 4.1 39,474 4.1
102,900 39,268.7
Average (100%) 42 (38.296) 4.46

Table 3  Comparisons of the number of matching
(for genuine users only) and the EER’s from a
general approach and from our proposed method
(CU-CGCI hand Database).

Thre ehiold

Method | General Method Our Method
Number Number
of EER of EER
Experiment Matching | (%) | Matching | (%)
number (Genuine) (Genuine)
1 155,316 4.8 60,663 4.2
2 155,316 1.3 48,113 1.3
8 155,316 1.2 45,961 1.2
155,316 51,579
Average (100%) 24 (33.2%) 2.3
Table 4. Distribution: of each category (Visgraph
and CU-CGCI databases).
Category
Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat.5 | Cat. 6
(ISF) | (1sS) (1I0) | (NISF) | (NISS) | (NIC)
Database!
e i falc O Visgraph | 25% | 32% | 26.7% |.3.3% | 5% | 8%
CU-CGCI | 34.8% | 25.6% | 27.5% | 3.9% 1.2% 7%

Figure 8. EER from CU-CGCI hand database in
experiment 2 is 1.3%.




5. Discussions and Conclusions

This paper presents a fast and efficient
hierarchical palmprint identification method for a
large database. It is done by using palmprint
classification approach based on principle lines which
are life line, head line and heart line. The palmprints
in a database are classified by “the straight or curve
characteristic of a heart line”, “the degree of the
straight heart line” and “the intersection of head line
and life line”.

From tables 2 and 3, it can be seen that the results
from both databases, the numbers of palmcode
matching from our proposed method are much less
than those of a general identification method which
generally matches a claimer’s palmcode with all
templates in the database. However, the EER’S from
both methods are comparable.  Hence, our proposed
method can greatly reduce the time consumption
while maintaining the equivalent EER as a general
method.
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Abstract

This paper proposes an efficient approach for
automatic palmprint classification based on principle
lines that consist of a life line, a head line and a heart
line. The extracted principle lines need not be perfect
and our features and the criteria for classification are
obvious and simple. Experiments are done with
Visgraph database and our CU-CGCI hand database.
Each database consists of 1,000 palmprint RGB color
images from 100 users. Our method classifies
palmprints into six classes. The distribution of
categories 1-6 in Visgraph database are 28.8%,
34.4%, 24.2%, 3.8%, 4.5% and 4% whereas they are
34.7%, 27.5%, 22.6%, 5.7%, 3.4% and 5.9% in our
CU-CGCI hand database. The palmprint distribution
from our method is more even with the most
population being around 34%.

1. Introduction

At present, biometric-is widely used to identify or
verify people in today’s information society mostly
for security purposes. Palmprint has been considered
as an alternative choice for automatic personal
authentication due to —its unique physical
characteristic, visible stable features and low initial
cost.

Palmprints consist of distinctive features such as
principle lines and wrinkles which..can be easily
extracted from low-resolution images [1, 2].. Many
palmprint identification approaches [3-7] compare a
claimer’s palmprint with ~every palmprint in a
database. Consequently, it israther time-consuming.
In order to solve this problem, some researches have
proposed to categorize palmprints into small groups
that can reduce the number of data in the matching
process [8, 9].

In this work, the efficient approach for automatic
palmprint classification based on palmprint principle
lines is proposed. The palmprints are classified into

Nongluk Covavisaruch
Department of Computer Engineering
Faculty of Engineering
Chulalongkorn University, Thailand

nongluk.c@chula.ac.th

small groups clearly by using our criteria. Most
importantly, the proposed approach has been tested
with Visgraph database [12] and our CU-CGCI hand
database. The results are well-distributed in all six
categorized groups.

The rest of this paper is organized as follows:
related works and their problems are presented in
section 2. In sections 3 and 4, the basic
characteristics of palmprint principle lines and their
definitions in our work as well as the proposed
approach are described respectively. Experiments
and results are shown in section 5.  Finally,
discussions and conclusions of this work are
presented.

2. Related works

In 2004, X. Wu et al. have used the typical
principle lines of palmprint which consist of the life
line, the head line and the heart line in palmprint
classification [8]. The principle lines are classified
automatically by using line detector in all orientation
and zero-crossing technique. Palmprints are divided
into six categories based on the number of principle
lines and the number of their intersections. The
accuracy of this method is-96.03% compared with the
classification by human using the same criteria. The
experiments with 13,800 hand images of 1,380
people in Hong Kong reveal that the palmprints are
categorized into six groups as shown in Fig. 1. It
should be pointed out that the palmprint category five
in Fig. 1 (e) consisting of three principle lines and
one _intersection between two lines 'is the most
population of 78.12%. This approach'is unfavorable
and against the purpose of palmprint classification
because of the unsuitable distribution in any group.



(@) 1 line, 0.36%

(b) 2 lines and no
intersection, 1.23%

(c) 2 lines and 1 intersection, (d)3 lines and no
2.83% intersection, 11.81%

(e) 3 lines and 1 intersection
between 2 lines, 78.12%

Figure 1. Six palmprint categories and their
distribution, as proposed by X. Wu et al. [8].

In 2006, L. Fang et al. have applied the
automatic classification method of X. Wu et al. work
[8] with a hand database of people in Singapore [9].
Their palmprint distribution in  six categories
resembles that of X. Wu et al. work [8]. The category
5 still possesses the most population (about 80%).
They have proposed to divide category 5 into smaller
sub-categories based on -many positions on the
principle lines and other lines by using basic
geometry. Their result is shown'in Fig. 2.

However, their method can help to increase the
good palmprint distribution;  their classification is
very complex and hard for human to verify the
results because it is too difficult for human to
manually categorize palmprints. We believe that, in
order to get good results, the principle lines and other
palmprint lines. must be quite. correctly —and
completely identified.

(f) 3 lines and more than 1
intersection, 5.56%
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3. Principle lines and definitions

This section describes the basic of Region of
Interest (ROI) on a palmprint and the definition of
palmprint principle lines.

(c) 18.3% (d) 23.1%

(e) 18.7%
Figure 2. Five palmprint sub-categories of the
previous category 5 and their distribution, as
proposed by L. Fang et al. [9]

3.1 ROI

From a palmprint image as shown in Fig. 3, we
can binarize the image, segment the palm and define
the ROI and some reference points.

V1, V2 and V3 are the points among forefinger,
middle finger, ring finger and little finger.

O.is a point on the line from V2 that is orthogonal
to the line connected between V1 and V3
(V1V3). The length of OV2 is predefined and
fixed.

A and B are two points on the line passes through
O and parallel to line V1V3. The lengths AO
and OB are equal and predefined.

The square ABDC is formed and used as the ROI
in this research.

1J, OE and LM are the lines which divide the
ABDC into 4 equal parts.



AG and BH have the ratio of 2/3 of line AC and
BD, respectively.

3.2 Principle Line Characteristics

In this research, the three principle lines in ROI,
as shown in Fig. 3, are defined by their locations as
follows:

1) Heart line is the line which has an endpoint
on the right side of rectangle LBHP and must pass
through line OF.

2) Head line has an endpoint on the left side of
rectangle AING. The position of this endpoint is
either above or the same as that of a life line and must
pass through line OF.

3) Like the head line, a life line also has an
endpoint on the left side of rectangle AING in the
ROI. The position of this endpoint is either below or
the same as that of the head line. Life line must exist
in rectangle IOEJ.

HEZTT LIt

Head Lindg

Life' Line

@) (b)
Figure 3. The positions and key points
that are used-in this research.

4. Our Palmprint Classification Approach

Our proposed palmprint classification method
based on principle lines is automatic and effective. It
has many advantages. Firstly, the extracted principle
lines need not be perfect, therefore some small parts
of the lines can be missed out.. Secondly, the features
and the criteria used for classification are obvious
and simple.  .Lastly and most importantly, the
palmprints can be classified and well distributed into
Six categories.

In.. this research, we. propose .to. classify
palmprints based on these criteria: ‘Do the head line
and life line intersect?’, ‘Is the heart line straight or
curved?” and ‘if the heart line is straight, how flat is

99

it?” Hence, there are six categories as shown in Fig.
4,

—— \

o
2. NS

a) intersect, straight flat b) intersect, straight slant
heart line heart line

b
d) not intersect, straight flat
line heart line

f) not intersect, curved
heart line

€) not intersect, straight
slant heart line

Figure 4. Six palmprint categories from our proposed
method. (The principle lines are highlighted for clear
representation only.)

This section consists of 3 parts. They are image
pre-processing, principle line detection method, and
feature extraction, respectively.

4.1 Image Pre-processing

In- this research, only the blue component of
hands’ color images is used. After obtaining ROI
from hand images, we have normalized all ROI’s in
the database to reduce the effects of different
brightness in the image acquisition process by the
normalization method of L. Hong et al. [11] in
equations-1 and 2. -Noise is then eliminated with
Gaussian filter [10]. Finally, the ROI is scaled in half
to reduce computation in the principle line detection
and the matching processes.



, g2 s if 1(x,y)> ¢
") {qﬁd -4 ;  otherwise
1= pd(I(X1 Y)_¢)2 (2)

P

where 1'(X, y) is the normalized image:

@, and p, are the average and standard

deviation of the output image.
¢ and p are the average and .-standard
deviation of the input image.

4.2 Principle Line Detection

Since palmprint’s lines are darker than other
areas, principle lines are detected by checking the
gray level profiles in 4 directions, which are 0, 45°,
90° and 135° are show in Fig. 5. These profiles can
be classified as 3 cases as a valley, a slope and an
unidentified case. The characteristics of each pattern
are illustrated in table 1.

1
¥

Figure 5. Principle lines characteristic and the
profile of gray value in 4 directions.

)

Table 1.
Profile characteristics used in principle line analysis.
Profile characteristics Pattern
Valley 07 00« [ +00
Slope 05 -0+
Unidentified case 000
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Let “0” represent the pixel in consideration or
the case of the same gray level as that of the pixel in
consideration, “+” represent the case of higher gray
values and “-“ represent the case of lower gray
values.

A pixel is classified as it is in a principle line if it
satisfies one of these rules.

1) Profiles in more than 2 directions are valley.

2) Profiles are 2 valleys and 2 unidentified cases.

3) Profiles are 2 valleys, 1 slope and 1 unidentified
case.

Fig. 6 (b) represents an example of principle line
extraction from original image in Fig. 6 (a).
Morphological filters are applied to eliminate noise
and smooth the image. End points of fragmented
lines are detected by convex hull algorithm [10].
Fragmented lines are linked afterwards as shown in
Fig. 6 (c).

Figure 6. Principle lines extraction

4.3 Feature Extraction

As mentioned earlier, the criteria for palmprint
classification in this research are: ‘Do the head line
and life line intersect?’; “Is the heart line straight or
curved’ and ‘if the heart line is straight, how flat is
it?’

4.3.1 Intersection between head line and life line

Line(s) from. endpoint(s) on the left side of
rectangle - AING. are detected: using chaincode.
Checking whether they are the head line and/or the
life line is done by using the length and the
definitions in section 3. Intersection is identified
afterwards.



4.3.2 Heart line: straight or curved?

As defined in section 3, the heart line is the first
line which starts at the right side of rectangle LBHP,
must pass through OF. Chaincode is applied to track
the line. Small branches are eliminated. If the
tracked line does not fulfill the heart line definition,
e.g. it does not pass through OF, linking fragmented
lines are needed.

A straight line equation (3) is fitted to the
extracted heart line to classify it as being “straight”
or “curved”. Errors are calculated with equation (4).

y=mx+¢C ©)
error:Z(Xi — )" L (4)

where X; is the position on the extracted heart line.

A4; is the position from the equation.

If the extracted line is classified as a straight line,
then we sub-classify the straight line as a “flat line” if
the slope is less than 10 degrees, or a “slant”
otherwise.

5. Experiments and results

Our palmprint classification approach has been
tested with 2 databases; Visgraph database [12] from
Hong Kong and our CU-CGCI (Chulalongkorn
University - Computer Graphics and  Computer
Imaging) hand database which are taken from people
in Thailand.  Each database consists of 1,000
palmprint RGB color images from 100.users. The
image size is 960x1280.

Three experiments are done for each hand
database. In each experiment, 5 out of 10 hand
images of the same user are sampling. Results are as
shown in tables 2 and 3.

Table 2.
Distribution of each category (Visgraph. database)
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Table 3.
Distribution of each category (CU-CGCI database)

Cateqgory|

Experime 1 2 3 4 5 6
g 174 139 116 25 17 29
2 177 133 112 30 20 28
3 170 141 111 31 15 32

average 173.6 | 1376 | 113 | 286 | 173 | 29.6

% 34.7 275 | 226 | 57 3.4 5.9

Category|

Experime 1 2 3 4 5 6
1 144 170 124 18 21 23
2 149 166 121 18 26 20
3 140 181 119 22 21 17

average 1443 | 1723 | 1213 | 193 | 226 20

% 28.8 34.4 24.2 3.8 4.5 4

The classification results from X. Wu et al. [8], and
from our proposed approach tested with Visgraph
hand database, and with CU-CGCI hand database,
are shown in Fig. 7 for comparison. It can be noticed
that the proposed approach results in more even
classes and that it gives similar distribution for both
databases.

6. Discussions and conclusions

In this research, we attempt to classify palmprints
by using principle lines. The features used in our
approach are ‘intersection between head line and life
line’, ‘straight flat or slant heart line’, and ‘curved
heart line’.  There are several advantages of this
proposed approach. The extracted principle lines
need not be perfect. Features and criteria for
classification are obvious and simple. The palmprint
classification results from the experiments done with
2 different databases conform each other and well-
distributed with the most population being around
34%.
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