
n1mu.'Unfi1!1;i~iiflt"!I11ii""u"LII'1."flni~flu.,,'U' 
FINGERPRINT VERIFICATION USING HAUSDORFF DISTANCE TECHNIQUE 

t"!1
 

-.., ..,
 ~

'n"'i 4t'U"~,,m!l 

___ ~n'1L 'U"'i ~L"Ha~",-

t"ru'!'Uf!"\lI...'UmoM"'!I4t1n~1.JtI'i::~1nu"fitl'i:: t!JltfU"N::L" ..t 'Ut fiii ..\lIn'i'i~"1f1'"
 
~\lI1~'VI!I1i!lL " ..t'Utfiii'n.~~"fi'W'i::'U"'i
 

tI'i::",iU 2550
 



(rr.) 

II. 
11 ~ ll':l :::'11H~ 
~-

II. 

rH,,~'I1.MLUG1 'IU l1 ~M~LrJG'I1.rI1 "',f' ,..k I; J 

• II. II. •• 

'lUIMI.G rr.G rr.~~t ~~~~~L~ G'I1.1J1 ~,n.La,U~rJ ~~ n.GM~U.tLU'I1. U-t~~~~n.~L~ Gl~Il~U'I1.1J1 ~V: 

1& Ie l'1t " 
~U.1'I1.MtLM n.n.:::tLllo~Lrr.LM~~ LIUIU81~-PL~U~'IU ~n.G rr.G rr.:::~11 '11.~1 rJ qWG1:;~11 G~~~tLU'I1.G ~'I1.g. 

• :::~11 tLM U G1'I1.t!-1L~t LU~G~1'I1. t ~ G~~~rJ l~G ~ It1.1rJ lllotLU~t~ 'I1.~1tLU:::~11~M~'I1.LNl l't1.lt1. 

• rJ~~:::~11tLU Lllo~rJ Lt;:l tLU Lllo~tLU~n.:::~11rJ~~'I1.L~'IU ~ n.G rr.G rr.:::~11 rJ~~L~t LU'I1.1.'I1.llorJ1:::t!1 • 

'I1.1J1 lAo ~G ~ ~u.t LU'I1.t [, n~'lUtu!1~ :;~11 IAo'l1. LL1M G~ 1GG1 :::~11 'IU LIl:::t!1n.~'I1."'M n.'I1.Mt LU It1.t ~r' 1,9 r' "P,r ~ ,.. 

~ 'I1.L~rJl 't1.1t1.'I1.1J1 ~V: t~'I1.:::tM.~~~lllloLt~ ~1'11.1~u. m~LrJ U.~LIt1.Il }l!lML~llttUIt1.~~~l '11.1~u. 1:::'IU~ 

• r 11.. 
\J11~k ~rJl~!1kn~~~~1L~rJ~~tLU~I':l~tL~~1.9 ~L~'I1.L~~IlG~ 'I1.'I1.Mn..ttMtLUJ1.t'l1.l¥!l!~ 

• • II. 

'I1.L~rJ l't1.It1.UU.'IU~n.G rr.G rr.rJ~~:;'IU~ P.~k~'I1. t rJ~~'I1.L~'I1.t!-1L~tLU'I1. t OSSl 'lULIl:::t!1n.~UL~:;t!1 

t~'I1.:::tM.~~~lllloLt~~l'11.1~u. m~LrJ U.~LIt1.Il ~~1'11.1 ~u. 1:::~11}l!lML~llttUIt1.~:;'IU~UL~'lULIl:::t!1n.~ 

• '11. 'I1.Mn..ttMtLUn.k~k ,Hs'l1.u.'1M~tv1.tG ~a,L~1~n~u. 1rJ l~G ~lt!-rJ L~U'I1. 11 L~tLUrJ~~tLU~t~l 
" 

~LU~tn~ttU~~U IV ~~ 



'~1'U'Y1'\.l,tl~'VI'\.l, '\.l,n1''j1itl~1"l.11L 'YITll '\.l,l~~~"j~uL 'YI~LL~::itL 'YI~~1~~f ..1mh::mmt:-Jm.h::lt1"ln!" , 
il ~.~. 2550 "ii1'\.l,1'\.l,L~'\.l, 46,000 lJ1'Y1 

"j::t1::L1~1L'\.l,m"j'yh1itl 12 L~tl'\.l, ~..1LL~ ~~1Tl3J 2549 - n'\.l,tI1t1'\.l, 2550, 

.... I 

lJ't1AVlUv 

..11'\.l,1itldL~'\.l,tl1n-m"j"ii~ILL'\.l,nlJTlTl~~1t1~1t1ii'1~tlTl'\.l,', 'YI mLlJlJ tl tl'\.l,,~,r ~1'\.l,LTl~tl..1~LLn'\.l, 

~1t1ii'1~ tl1'\.l, U.are.U 4000 1~ tlLiL'YITlitTlL~16J1~tlW.J~~LL'YIWU'VI1~1Tl113JTl~1t1"l.1tl..1~1t1ii'1~tl, 
1i'YI~~tllJLmm-'L fi t1lJnlJ~1t1ii'1~ tl~'\.l,LLlJlJ1U"j::lJlJ "j::lJlJm"j-;)~ILL'\.l,n~1 t1ii'1~ m.h::n tllJ~1t1 

n"j::lJ1'\.l,m"j'VI~n~tl n"j::lJ1'\.l,m"j1.h::3J1~t:-J~f11~ n"j::lJ1'\.l,m"j'VI1~mYm::L~'\.l,~1n~~ii'\.l,Lfiti 

'VITn ~'YI1..1"l.1 tl..1~1 mi'\.l, 'VI1 Tl113J ~"l.Itl..1 

1 'IJ 

2 "1lit~~tl~~LLtlmL~::~~tJ~1 tI LL~::m::lJ1'\.l,m"j-;)1LL '\.l,nlJTlTl~ 1'\.l,n"j::lJ1'\.l,m"jtJ"j::3J1~t:-J~f11~ 
" 1 

~.ff'\.l,~ tl '\.l,~..1d tJ1lJTl113J ~~ ~11..1 tJ1lJTl113JTl3Ji~
 

~1mi'\.l, n"jtl..1f11~~1t1~1njtl..1LmlJtlf LLtJ~..1Ltl'\.l,f11~"l.I11cii1 LL~::'Yh~1mi'\.l,1,xlJ1..1 ~..1Ltl'\.l,
 

m"jtJ1lJtJ"j..1f11~ L~ mt1LtJ LLun ~n'IYm::L~'\.l, ,ytl3J~ ~n'IYm::L~'\.l, ~'VI1 L~~::'Il1 'tJL"lit'\.l,m"j-;)1 LL '\.l,n

1 'IJ 

lJTlTl~~tlLtJ t:-J~m"j'YI~~tllJm"j"ii1Lmn~lJ11~1m"jn-;)1LmnL~nn~tl..1 93.33% 
, 'IJ 

(fI) 



Abstract 

This research presented an online approach to verify entire Thai Fingerprint 

through fingerprint scanner U.are.U 4000 model, using Hausdorff Distance Technique 

for similarity measurements. The Fingerprint Verification Using Hausdorff Distance 

Technique system consists of image preprocessing, minutia feature extraction from two 

type (ridge ending and bifurcation) and verification process. In the image preprocessing 

include brightness enhancement, contrast enhancement, orientation field, frequency 

ridge, gabor filtering, binarization and thinning, which are sufficient to enhance the 

image for feature extraction. Only features extraction was recorded for fingerprint 

verification. The experimental result demonstrates 93.33% of verification accuracy. 
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LL~::fi3J\l1U [5] 1~~~u11nm1~1LLunlJTlTl~~1 £lm1L"li11i~Tl113JLLlhlh1U"lJ El\l~1£ld1ilElli 
q 

Vlinm1n1El\l~L1£ln11 Filter bank base ~\I~~m1~1LLun3hh::~'Yln-fl1~~\1 LtlU~U 
'II 

~1V1i'lJlulh::L'Ylfll'Yl £liim1flmY1LL~::1~£lm1-;i1LL un~1 £ld1il El El £i1\1LL~1V1~1 £l 1~ £l 
., 

[6] Ln1£l\lln11'lf1L,;)1ru~"lJ LL~:: 1fl.~1.Tl11i~ 13J~1 L~UEl1nn11~11,;)Lfi£llJ~1£lihilEl ., q 

el~1um;1~£lm11"lffi~1~LLn13J LLlJlJ-nfl'Yl1\1 LL~:: lTl1\1"lh £lib1El~1Um1Tl1lJTl3JElUn1rn ~El3J1 
q q 

LEln1U'Yl'f ~El1i1U1\1f'f LL~::3JU~1 mru,;)U::L~"lf:: [7] L~UEl1nn11-;i1LLun~1£ld1ilEll~£lliiiuL"li 
q" 'II 

LL~:: mpyn1 qnMVl11£l LL~::1~~\IM El11n~ [8] L~UEl1nn11-;i1LLun~1£ld1ilEll~£lli 
q q 

';)~1'V'Jn~Ltlu,;)~e11\1a\l1nm1dl~~~m1~1LLumtlu~u1~\I~Ell';) 
q q 

lU\l1U1~£ld Wi~mJ\lL,ru,;)::flmY1LL~::~~u1n11-;i1LLun~1£ld1ilEl 1~£ll*inm11~ 
'II q 

Tl113JTl~1 £l"lJ El\l~1 £ld1£1 El~1 £l L'YlTlitTl Lm'lf~ m'V'J~ ~LL 'Ylwn 1nn11dLt1u1nm1~'YlU'Yl1U~Elm1 

LU~£lULLU~\I"lJEl\l"liEl3J~ L"liU LL~\1 iruru1rnn1u fl1~rJn1T\I LL~::fl1~1u3J3JLa£l\I ~\1 W.J. 
... QI QI ... III 

Rucklide [9] l~n f1111nU\l1U1~£lm1~UVl11~rJfl1 £l1Ufl1~ 
q 

1.2 1Glfl1h::if\lR 
q 

L~ El~~U11nm1-;i~1 LLun~1 £ld1£1 El"lJ El\lTlU1'Yl £l1~ £lliL'YlTlitfl Ln1'lf~ m'V'J~~LL 'YlU'l1 

1.3 t1ilUL!lGlfl'''1~fJ 

1.3.1 m1-;i1LLun~1£ld1ilEl~1m 'YlTlitTlLm'lf~m'V'J~~LL'YlU'l1 Ltlum1-;i1LLun~1£ld1ilEl 

LLlJlJel~lum; (On-Line Fingerprint Verification) 1~£l~1Ufl1~~1£ld1ilEl,;)1mTl~El\l~1Ufl1~ 
., . 

A ... I lI=I Q 

~1£lU13JEl1U U.are.U 4000 'YlTl113J~::LEl£l~ 72 dpi.
q 

1.3.2 fl1~~1 £ld1il El~1 El £i1\1"lJ El\lUnfln'M13JVl11'Ylmim'YlTllU1~ fl11"lf3J\lTl~~1::UTl1 

-;i1U1U 50 11£l 
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1.4 iBn",ifJ 
::	 ....... .1"1:: .... ·..,.I.f


1.4.1	 "1I'U.~B'U.nl"n~tJ LL'lJ~m:lnLlJ'U. 5 "1I'U.~tl'U.~~~tl LlJ'U.
 
.. ... .. .. ..... "'.I.f


1.4.1.1	 n171Lfl'n::'VI1::'lJ'lJ :IJ11tJ~::LEltJ~~~~tI LlJ'U. 

n) ~mY1"11:IJLiJ'U.'lJ'~~1n~1'U.1..ijtJ~~1'U.:IJ1 

"11) n1'V1'U.~"1I tltl L"1I~ LL~::LiJ1'V1:IJ1tJ"1I tI~~1'U.1..ij tJ 

,,) ~mY1'Y1{)'IY~ LL~::1nn17~L'VI:IJ1::~:IJL~tIH'l'U.~1'U.1..ijtJ 

n11~1LL'U.n ~1 tJUdii tl~1 t.1 L'Yl"U"L~1'l1'~ tlW.J&i ~LL 'YI'U'l1lJ1::n tl'lJ~1 tJ n1::'lJ1'U.n11'Y11~1 'U. 
-.... .:t..x	 ..., ,:: d ~ A ~ .::td 

~~'U." tl n1::'lJ1'U.n111'lJ1l1~ ~1tJ'U.1:IJ tI~1nL"1t1~ ~LLn'U.~1 tJ'U.1:IJ tI 'YI"11 :IJ~::LtI tJ~1l1~ 72 dpi. 

~'U.1~1l1~ 292 x 337 YinL'lI'~ 111~~1EJU1iitl~'~i~Ln'lJ'l'U.7lJLL'lJlJij~LL:IJ'Yl (.BMP) LL~::LiJ'U. 
'II 

111~1'YI'U.~L 'Yl1'V11t1~L1tJn11 Lm~n'l (Grayscale) ~1mrW"1111~~1tJd'1ii m-ll1L'tn7::lJ1'U.n17 
'II 

lJ1'lJlJl~1l1~~1 tJn1::lJ1'U.n11lJ7:::IJ1~~~1l1~ (Image Processing) Lvj tI"lJi~ ity ty1 rn1lJn1'U. 

(Noise) e1'U.Lfi~~1mL1~n~~:IJ1mfi'U.'lJ lJ1lJfi1"11:IJLL~n~h~ '] ~tI~1l1~ (Contrast) L~m~:IJ 

"11:IJT111-n~ LL~::lJ1'lJfi1T11111~i1~ (Brightness) n1El~1l1~~1tJ~1n1t1~Lm'lJ Elf (Gabor Filter) 

LLlJ~~1l1~h;LiJ'U.1l1~ ~El~1::~lJ (Binarization) LL~1'Y11111~ ~1 mi'U.'1. ~lJ1~ (Thinning) Lvj El ~~ 
... .., .., I 

Ft..., ...., I AA .... 0 Ad41 

~'U.1~~El~ 111~ LL~::Ln'lJ"1J Elll ~T1 rn~n'IYrn:: L~'U.~ El~'l1 tJ'U.111 El ~1n'U. 'U.'U.1111~~1 tJ'U.1:IJtI'YI ~1'U.
'II , 

n11lJ1lJlJ1~ LL~1 L-ll1 tin1::lJ1'U.n11n1'V1'U.~~ tllJ L~~ LL~::LLtl~1l1~ ~1 tJU1El El n LiJ'U.L:IJ~1n'l1~'U.1 ~ 
,	 'II 

5x5 lJ ~ Dn ,11mr'U.'VI1"rn~n'IYrn::Ltii 'U. (Feature Extraction) LL~1U'U.iinLn'lJIn'U.;n'U.-llEl:IJ ~ '1.'U. 
,	 ... 'II 

1lJ LLlJ lJ"lJ D~ Lfi n'll'1....hf ~1mr'U.'lt,1-llD:IJ ~~n 'lYrn::Ltii'U.~ D~ ~1tJ U1ii El~~El~n111::lJ~1lJ""~:IJ1
'II 'II	 , , 

~1d~ LfitJlJnlJ-llEl:IJ~~n'IYrn::Ltii'U.~u'U.iin' ll'U.;n'U.-llD:IJ~ '1.'U.n1::lJ1'U.n11~1LL 'U.n~1 tJU1iiEl1~ EJ 
'II	 ... 'II 

n111~ "11 11" ~1 tJ"1J E1~ ~1 tJ U1 ii EI ~1 tJL 'Yl "U" L~1'l1'~1t1 w&i ~LL 'Yl'l1 (Hausdorff Distance 

Technique) ~1 'U.1..ijtJ.n'1. "lf~1 EI d1~ ~1 tJ dd ii D"lJ D~lJT1"~ ~1E1Eh~~1'U.1'U. 50 11 tJ Ln'lJ-llEl:IJ 'I 
,	 'II 

~ "" IA 0 ...., ~ A.... I ~ ~ 
'U.1'V1dLLlI:lJtI"lJd1~1'U.1'U. 5 ~1t1tJ1~ 1d:IJ1l1~'U.1:IJEI~1E1tJ1~'YI~~'U. 250 111~ 

1.4:r'2'····flEln LLlJU,.::lJlJn11,)1LL'U.n~1 tJd1 ii'a ~1~ ~:IJn11L~1~~EJ1w&i ~LL 'Yl'U.'If 
.., 0 .:'A 

1.4.1.3 ~r.u'U.11::lJlJn11~1LL'U.n~1tJ'U.1:IJEI 

1.4.1.4 'YI~~tI'ij1::lJlJ 1~tJ'1.iidmh~~1tJU1iiEllJ""~,)1'U.1'U. 50 i1E1th~, 
1.4.1.5 ~"'lI~~n1"1imnn ~L'l"11:IJfln~tI~1.'U.nT:i-;i1 LL 'U.n~'~~1nn11'Y1~L'l tI~ 

,	 'II 

1.4.2 L,,~tI~ii tI~H'l'U.n111..ijtJ lJ1::n tllJ~1 tJ 

1.4.2.1 ~1f~LLdf	 (Hardware) '~LLfi 

n) L"~El~':IJ1"1" El :IJVi1 L~ El f ij'VI'lid tJ lJ1:: 111 tHo! ~ n~1~'1fit~ 
Ft	 a I 0

Pentium® 0 T111:IJL111El'lJ 3.00 GHz. :IJ'VI'U.1EJ"11:IJ~1 (Ram) 512 MB 
, .. 

AI A"	 I 

~) LmB~~LLn'U.L'l1tJ'U.1:IJEl 1'U. U.are.U.4000, 
1.4.2.2 'lI'E1w.iLLdf (Software) '~LLri 

n) 1::lJlJlJ~lJ1im1 Microsoft Windows XP Home Edition 
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"Il) hhLLm3J MATLAB vr~'\.nm~l3J~iilm~-;)1LL'UnlJ~~iil 
~ , 

~) hhLLm3J Microsoft Visual Basic vr~u1~1u~~~mllJm-K'I1'U 
~ 

'I) hhLLm3J Microsoft Access 2003 ..ij~m~~1W'lltl3JiillJ~Tliil 
... 'II' 

1.5 l..h::rU!f...c'llih1n1"i~,)U 

'~1nm~-;)1 LLumn £.Id'11ltl"Iltl'lTlUlY1£.1t~ tJ1.-KL 'YlTlnmn1'1f~ tlW~~NLL 'Yl'U'lf ~'IN13J1~f1 

'\.h'1.hh::~n~,y'llU'I1'U~1'1 'J L"llU 'I1uu'U~m1iil1m~lID~'I1U ·nui'mi1T1113JlIiiltl~.n£.l 

~1~i'lJ~ '\.i, 1 tJ'I 1uii'1 U n1~~n 'Ii11.'U3J~11 'Yl £.11 ~£.I ~1 tl ~1'1 L"li''U 'I 1'U n1~U'U ~ n L1 iil1n1~ 

lIDlJ1i'l1'U"Iltl'l"ll1~1"lfm~ Vflrm1'U"Il tl'l3J~11'Yl £J1~£.I 'I1U~~1';) NtllJm~ 1.,y~ tl'ltJD~m~"lJ tl'l 

,.rn~m;'1 '11 'Uiiutl'U"Iltl3J iil L\l,vn::lJ TITI iil"Il tl'l,.rn ~n'Ii11.'Um~i'tl'l"Iltl"lltl3J iil N1~NUL 'Yl~nlJ'Yl1 'I 
'II , ~ 

3J~11'Yl £J1~FJ LtlUvlU tl'l~iil~ tlm~vr~'U1L'YlTlt Utiilfl~::lJlJN1~N'UL'Yl~"lJ tl'l3J~11'YltJ1~FJ 



UYIYI""
•

2 

Y1f1'l:taLLa~\J1"~h)tJ~L~tJ'J'!Je)\Jn1JnTl'iJ,}~3J'Ja~all1'Vt 

2.1 n1WLW"~1LAtI (Digital Image ) 
.....	 A A ea,.,o 

fn~ (Image) Ln~"il1nn~:;'lJ1'\.l.nT~'Yl1~LL~~ (Optical Process) &jf~Ln~"il1n~fl~~1'\.l. 

T1~'\.l.LL3JL'VI~nLy.Jvh (Electromagnetic Spectrum) 'VIfl1t1 "J -rl1~T1111J~~nn7:;'Yl'lJl~~LL~1 

~::ri a'\.l.L,]l thh:;~l 'Yl7'Uf"lJ a~1J'\.l.1Yrr 'VI'im)tJn7nr~71"il~'U (Sensor) fl1~ L~~ ~1 L~"lJ'VI'i1.l 
'IJ	 'IJ ~ ~ 

fll~~~'t1~ 'VIm tI(i~ fl1~~1m'\.l.n17tJ7:;1J1fl~~cK1 tl7::'U'UTl1.l1JVi1L~ tr! 1~ufilT1111JL,r1JLL~~ 

LL~~~L~~1t1Yl'~n-t'\.l.1'\.l.7::'\.l.1'U 2 ij~ j(x,y) 1~tI~ x LL~:; y ~1.lfilLL~~~~-ILL'VIli~'t'\.l.7::'U'U 

Vin~uln LLfl:;fil"lJa~Yl'~i'\.l. j rn ~lLL'VIli~ (x,y) 1~ "J ~1.lfi1"lJ1.l~il [10] ~~~lLL'VIli~VinCil 

LL~~::'VIli 1 tI Litlw.hVin L&jf~ (Pixel) ~~tJ'i::n1.l 'Un'\.l.L U'\.l.'itJj1~'U'\.l. ~'\.l. ~~ii ~n 1Yrn::LU'\.l.Li'\.l.~1'i1~ 
'IJ 

(Grid) ~~J'\.l.fl1~~~'Y1~~~di~"il1n~m&jffl'VIflltJ "J ~m&jffltJ'i:;nEl'Un'\.l. ~~LL~~~l'\.l.fll~~ 2-1 

3:1 

fr,y) • 

•12: 1 

n1wfi 2·1	 ~1mh~fll~1'\.l.T1111J'VImtJ"lJf)~Yl'~ni'\.l. 2 3i~ j(x,y) "lJEl~fi1T1112J 

L,r:JJLL~~ rn ~~ILLWI.i~ ..h~,]1'\.l.1'\.l.~m&jf~n'lJ(x,y) LL~::ml2Ji2Jl~-WIh::w

T1112J ~::L1.l '" tlCil"lJ f)~fl1~ 
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3J1lil~~1'U."lJ a\li1'U.lnVi~~'Yi'fl dilil~1nn1~LL'YI'U.~lili911[J~lil~mjln[J1'U.tn1J~ 3 ii~ 
.. • • 'II 

1li1 [J iiLLn'U.El1\1a\l thwrlJ~ li1 i1'U.~L1J~;1\1LLlii ~::LLn'U.iii\113J Lu'U.a ~~::lii m;'U. 1li1 [J1J n ~ ll1Vi"lJ11-~1• 
_, A I' d I A . ~ I 

(Binarization) ~::3Jm"lJa\lVim'lr~am::'VI11\1 °tl\l 255 ~1'U.ll1Vi~ (Color Image) 'U.'U.LLlil~:: 

Wm'lrfl~::1J~::n alJ911 [JiLLlil\l iLii m 

'II 

LLfl::iJ~IL~'U. 1lilmLliia::i~::iif11"lJa\lwm'lramh::'VIi1\1 ° 
'II 

n\l 255 L"li'U.n'U. [11. 12] 1'U.u~~u'U.3J1lil~~1'U.~::lJlJiiimj'VI~1m::lJlJ911[Jn'U. ~it[J3J1,n91LLn 
• .. 'II 

.. :tl 4d -. ..,
1. ~::lJlJ ~LLlJlJ RGB (Red, Green, Blue) LlJ'U.~::lJlJ ~'Y1 Lnlil~1nn1~~13Jn'U."lJ a\l LL~\1 

iLLlil\l (Red) iLii[J1 (Green) LLa::iJ1L~'U. (Blue) 1lil[Jiin1~~13Jn'U.LLlJlJL~3Ji (Additive) 1lil[J 
I lCiI 4, I I A .., .t -=ld _ -..., I ...... .., I , 

LLlila::~~::3Jmam::'VI11\1 °tl\l 255 lil\l'U.'U.ll1Vi~~\I3JVinlili\1~LL'YI'U.lil1[J (R,G,B) lil1a[J1\1L"1I''U.
'II 

Wnlilf11i"lJ a\li~1iif11 LU'U. (0,0,0) Wnlilf11i"lJ a\li"lJ11iif11Li1'U. (255.255.255) Wnlilf11i"lJa\li 

LLlil\liif11 LU'U. (255,0,0) Wnlilf11i"lJa\liLiimiif11 LU'U. (0,255,0) LLa::wnlilf11i"lJ a\liJ1 L~'U.iif11 

LU'U. (0,0.255) LU'U.91'U. 

2. ~::lJlJiLLlJlJ CMY (Cyan Magenta Yellow) LU'U.~::lJlJi~Will'U.1;t'U.3J11ithwrlJ 

n1~w3Jwll1Vii1lil[Jiii'VI~nflaivh (Cyan) ilJ1'U.L~'U. (Magenta) LLa::iL'VI~a\l (Yellow) ii 

~1J LLlJlJn1~~~3JiLLlJlJalJi(Subtractive Primaries Color) ~::lJlJiLLlJlJ CMY ~3J1~tl'VI1 '91 
'II 

1lil[Jn1~\t1i1'U.~::lJlJ RGB alJnlJi"lJ11 ~::lJlJi CMY ~::\i.1'U1ithwrlJm~W3JWll1ViiLLliiiJ\I 

hj~ LYh~i\1~L rta\l~1n iJ\I'3.i~13J1~n~i'1\1i~1'91 mh\ltln~a\l ~\I~'U.~\Iiin1~1i~::lJlJ CMYK 
'II 

LL'YI'U.1'U.u~~u'U.• 
3. ~::lJlJiLLlJlJ HSV (Hue Saturation Value) LU'U.~::lJlJi1lil[J1if11i (Hue) i\113J 

I A ~ .. .ell I" A. I lCiI 4ClI'" .. 

~11\1 (Lightness) LLa::i\113JlJ~~'YIli"lJa\l~ (Saturation) 'lr\lm~ i\a m~"lJa\l~'VIan (LLlil\l L"lJ[J1• 
LLa::J1L~'U.) 1'U.'YI1\11J~lJ~f11i~::a~~::'VIi1\1 °n\l 255 ;1\1t11f11iiif11LYhnlJ °~::LL'YI'U.iLLlil\l 

... • .... , .;. .¥ d .. .1.,( .1 111.1 .1'" ..oil oil
LLfl:: L3J a i\1 ~3Ji\1 LVi 3J"lJ 'U.L ~a [J ') ~~:: LlJ a [J 'U.LL lJ a\l LlJ lil13J ~L lJ n lil ~3J"lJ a\l ~~'U.tl\l 255 ~\I~:: 

... :"1" .. ::. d 'I'" ''I • I 111'" , .. .. .. 
nalJ3J1LlJ'U.~LLlil\lani\~\1 'lr\l~13J1~mL'YI'U.L'VIa[JL'U.~lJ"lJa\la\l~1Llil L"1I''U. ~LLlil\l =°a\l~1 ~L"lJm 

'II 'II ... 
LyhnlJ 120 a\l~1 ioJ.1L~'U.LyhnlJ 240 a\l~1 LtI'U.~'U. 

4. ~::lJlJiLLlJlJ HLS (Hue Lightness Saturation) w~'U.11lil[J Teletromix 
A...... .... d4Cll ~.... A ...... 

Incorporated 'lr\l3J flm~nl.::i\a1 [JnlJ~::lJlJ ~LLlJtl HSV i\ a~"lJ a\l~::lJlJ~::"lJ'U.e)[JnlJi\1i\113J 

, ..... 'II 

~11\1"lJa\l~an 

4~ I ...... -.... 1 0 1 cl .¥ .... 4 
~::lJlJ~'YIna113J1"lJ1\1lil'U.~13J1~tlalilJ1[Jlil1[J 3JLlila~1aa\l L'U.ll1Vi'YI 2-2 'U.an~1n'U.[J\l3J 

.. d ..,.. .. d ::. 'I !:'I 
~::lJlJ~a'U. ') an L"1I''U. ~::lJlJ~LLlJlJ YUV LLa::~::lJlJ~LLlJlJ Yla 'lr\l'YI\l~a\l~::lJlJL"1I'L'U.~::lJlJ 

LL~lil\l111Vii"lJa\11 'YI~'Yi'~,r LiI'U.~'U. [13] 
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(n) ("11 ) 

(fl ) ('I) 

..a to .. to ..11,ym 2-2 3JL~~,;)1fle:hn::1J1J« (n) 3JL~~,;)1~fI-\I"::1J1J«LL1J1JRGB 

("1.1) t3JL~~:ij1~E1-\1"::1J1J~LL1J1J CMY (fl) t3JL~~:ij1~E1-\1"::1J1J;LL1J1J HSV 

LLfl:: (-\I) t3JL~fl:ij1~E1-\1"::1J1J;LL1J1J HLS (1l1'1"l';)1n [14]) 
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2.2 n1'nh:::3J"JiUnm'yt~i\J~"J~a'll (Digital Image Processing) 

n'-::U1'\.l,nT~U'-::3J1fl~fl1l1Y-l(Image Processing) [15] 1~t1"i~~'tlflflEJ3J~1L~EJfL~3J 

;t'\.l,"'\.l,1I 1964 m ~EJ\lLflU Jet Propulsion (Pasasena California) U'-::L'Yl~~'VIi'!EJL3J;-m 1~t1 

'\.t1n'-::U1'\.l,m'-U'-::3J1L'l~fl1l1Y-l3J1",n'\.l,m,-~,n,-m11l1Y-lcht1m1 Lfi t13J"lJ EJ\I~1\1,)'\.l,'Ylf ~ EJ3J1i! 

~ .. .." ,....01'.1 1 .. ..r ..01 ....
m'-~\I~"lJ1'Yl1\11'Yltl1~1~~'-~"lJ1 L'VI3J3J"lfEJ11 "m'-u'-::3J1fl~ fl1l1Y-l" ~ t13J L'\.l,EJ'VI1 Lntl1nUn1'­

LLUL'l\l"liEJ3J L'l1l1Y-l"~mi"'\.l,'-ULLUU"liEJ3Jfl~~'tlfl (Digital Format) ~\I~13J1'-f1~';)::ih"liEJ3JL'l')~ ~h'\.l, 
'II 'II '\l '\l 'II 

n'-::U1'\.l,n1'-~1\1 ') ~1t1~~'tlflflEJ3J~1L~EJf't~ l~t1v:r\lfi'-t'\.l, !(x,y) "lJEJ\I~1f1113JL,j3JLL~\I 
, 

.... A ~ 

f1mL'Yl'\.l,~1m3J~,-n'll'"lJ'\.l,1~L x M 
'II 

A..... ~ 

'\.l,tI13J~\I~3Jm,-'Yl (2-1) 

f(x,Y) = 

f(O,O) 

f(1,Q) 

f(O,I) 

f(1,I) 

f(O,M-l) 

f(1,M -1) 

(2-1 ) 

f(L -1,0) f(L-l,l) ... f(L -I,M -1) 

1~t1~ 

!(x,y) ~EJ ~1f1113JL"li3JLL~\I"lJEJ\I~~1l1Y-lm ~1LLWI.i.\I (x,y) 
A..... A .... ~ ....

L -1 flEJ LLfl1~~'Yl1t1"lJEJ\I LLfl:: M -1 flEJflEJfl3J'\.l,~~'Yl1t1"lJEJ\l1l1Y-l 
q q 

,;)1n~3Jn1'-~ 2-1 ~3J1.:nn"lJEJ\I !(x,y) L"li''\.l, f(2,3) LL'Yl'\.l,~~1l1Y-lLLfl1~ 2 flEJ~3J,r~ 3 

"'\.l,'Yl1\11l1Y-l~~'tlL'l~1f1113J L"li3J LL~\lLil'\.l,LL'l"lJ,)1'\.l, 1'\.l,L~3J~\hii!~1~~ flU LLL'l::3TnUtl3J L~t1mU'\.l,~1 
.... .aI .ell t .... .... I A .aI 

'-::~U~L 'Yl1 (Gray Level) "lJ EJ\l1l1Y-l 'lI'\lmfl113JL"lJ3J LL~\I~\lnL'l11,;)::U EJnfl\lfl113Jfl::LEJ t1~"lJ EJ\I 

1l1Y-l~~'tl L'l LLfl::"'\.l,'Yl1\1U nu'1iilnUtl3JLii t1'\.l,EJci"'\.l,,-U,)1'\.l,1'\.l,L~3J~LU'\.l,ih~\I"lJ EJ\I~EJ\I (Power of 
;oJ 'II 'II 

...., .. 8 ..... 16 .... 24 
two) t1n~1EJtI1\1f1113Jfl::LEJtI~ 2 =256 ,-::~U 'VI'-EJ 2 = 512 ,-::~U LLL'l:: 2 =1024 

~ • A A A 0.... d ~ "l:lIIo A fl!t 

,-::.ru '\.l,'\.l,flEJ1l1Y-l 8 U~ 16 U~ LLL'l:: 24 U~~13Jfl1~U 'lI'\ltI\l1l1Y-l'Yl3J,;)1'\.l,1'\.l,U~3J1nn .
A jlCl( .. ..... 

'VI3J1t1f1\11l1Y-l3J fl113J fl::LEJ t1~ ~\I'\.l, '\.l,LEJ\I
'II 

,;)1n~n ~11 LL~1i11l1Y-l~~ 'tlflu,-::n EJU~1 t1~n L'lI'fl .r\l,r'\.l,'VI1n1l1Y-li!,)1 '\.l,1'\.l,~n L'lI'fl 

3J1 n n';):: i! ~ L'l ~ EJ fl113J L'l:: L~ tI ~ LLL'l::"lJ '\.l,1~"lJ EJ \l1l1 Y-l tI n.r1 EJ ci1 \I L"li''\.l, '-U1l1 Y-l~i!"lJ '\.l,1 ~ 
'II 

n11\1 x tI11 LU'\.l, 300 x 400 ~m'll'L'l ';)::i!,)1'\.l,1'\.l,~m'll'flLil'\.l, 120,000 ~m'll'L'l Lil'\.l,~'\.l, .r1i1~ 

~",n'\.l,m'-~,;)1,-m11l1Y-l~1 t1~~'tlL'lflEJ3J~1L~ EJft~ t1,t1Lui! EJ ci 2 .11 L~LLfi ~1'Yl1\1 ~f1~LLL'l:: 
'II 

i~1 ~ LLn'-3J"lJ EJ \l1l1 Y-l ~1 'Yl1\1 ~i1 ~LflLLri "lJ '\.l,1~"lJ EJ \l1l1Y-l (n11 \lXtl11) ,)1 '\.l,1'\.l, ~m'll'fl 

~1~1~~ ~1~\I~~ ~1LUmtl LLL'l::~1Lrltl\lLU'\.l,3J1~'-~1'\.l, LU'\.l,~'\.l, ~1'\.l,i~1~LLn'-3JL~LLri n'-1'V'J 
q 'II q .. 

~LL~~\I£i\lfl113J£l 'VI1EJfl113J'VI'\.l,1LLU'\.l,"lJEJ\li [16] ~\I LL~~\I~1EJ ci1\1"'\.l,1l1Y-l~ 2-3 
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(fl) 

I.ftIIl 
c..... 
~ 

actlI~ l 

MuIlo ISlSt 
SldOtw,·-... 
IlolIdw I. 

1IWIi. J4WJ) 

II.IId 

("1l) 

1l1ftff 2-3 -llmJ~.n1~"1El~1'1t~tJ.n1~ (n) LLff~'1-llmJa.n1~¢Iih::"mhihL'UtlRGB 
~ ~ 

LLa::ii5~t~ LLn73JLL~~'1~1f1113J'VIU1LLUUi"'1.n1~ ("11) 

n171.h::3J1a~a.n1~ityqJ1tll.~~'t1a (Digital Signal Processing) ~El n171i 

fI El3Jvb L~Elf1.h::3J1a ~a-ll El3J a71J.n1~~ii ~n1Ytll.::Liju~~'t1 a t~ tJ iiin1Ytll.::n171J7::3J1a ~a~ 
~ ~ 

LL~n~1'1nUEl Elnl1J "'1~ Ell1JU 

2.2.1 m71J1'U1J7'1f1113Jff11'1"11El'l.n1~ (Brightness Enhancement) 
~ 

f1113J ff11'1 (Brightness) [17] ~ Elin1Ytll.::f1113J L-ll3JLLff'l LL~a::';1~.n1~ ~'1~n1Ytll.::"1I El'l 
~ 

5~ t~LLn73J ff13J17tltl Eln n'lfl113J ff11'11U.n1~ t~ tJ.n1~~ iifl113J ~11'1 3J1n 59lt ~ LLn73J';1::El ~ 
~ 

.... .ell .cI.... • d.r=& ..... A 1 I'" .... -sf .. 
~1U"1I11'l1'13Jfl113J L"1I3J LL~'1 ff'l ff1U.n1~'Yl3Jfl113Jff11'1UEl tJ ~~ ~ LLn73J';1::El tJ'Yl1'1 ~1Wn1tJ'l1'13J 

~ ~ 

~1f1113JL-ll3JLLff'l~1 ~1f1113Jff11'1ff13J17tl~1U1tll.l~';11n~3Jm7~ (2-2) 

1 L-IM-l 
Brightness =- J(x,y) (2-2)

LM y=Ox=O 
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Brightness ~El Ti1Tl113J~';h~"lJeh'l~~1l1Y-l'l"~hLL'VI"~(x.y)
 

!(x.y) ~a Ti1Tl113JL-ll3J"lJa~~~1l1Y-lrn ~hLL'VI"~ (x.y)

q 

..... .. .... ff ...
L-l Tla LLtll~~'Yl1r.J"lJa~1l1Y-l LL~:: M-l TlaTla~3J"~~'Yl1r.J"lJa~1l1Y-l 

q	 q 

i~m,.1JiiJl.h~Tl113J~11~"lJa~1l1Y-l .yhL~~mt1Ti1Tl~~'VI'ia~L1r.Jn11 Ti1LlHr~ (Bias)
q 

3J11Jl n'VI'ia~1J L-ll1L1J~Ti1Tl113J L-ll3J LL~~"lJ a~LL~~::~~1l1Y-l Ur.J13J~~ LL~~~ ~3Jm,.~ (2-3)
q 

g(x,y) = !(x,y)= ±B	 (2-3) 

g(x. y) ~a Ti1Tl113JL-ll3JLL~~"lJa~~~1l1Y-l'l"~1LL'VI"~(x.y) ~1Ji'1J1J"~Tl113J~11~ 
q	 q 

B ~a	 Ti1Tl~~'li1Ji'1JL~3JLL~::a~Tl113J~11~"lJa~1l1Y-l 

L -1 ~a LLtll~~'Yi1r.J"lJa~1l1Y-l LL~:: M -1 ~aTlai3J'I!~~'Yi1r.J"lJa~1l1Y-l 
q	 q 

111Y-l~ 2-4 LL~~~~la~1~1l1Y-l~1Ji'1J~~Tl113J~11~~~LL~::1Ji'1JL~3JTl113J~11~;r" ~~ 

Ld aW~1,.rn1~1n5~ 1~ LLn"3J,f~~13J LL1J1J~::L~" L~i~ L~" 11 111Y-l~1Ji'1J~~Tl113J~11~~::ij 

5~1~ LLn,.3J"lJ ir1JL1J'Yl1~~1WJi1 r.J"lJa~n,.,w ~1"1l1Y-l~ijm,.1Ji'1JL ~3JTl113J ~11~~::ij5~ l~un"3J 

"lJir1JL~r.J~L1J'Yl1~~1""lJl1"lJa~n"1w 

(fl) 

nTnif 2·4	 m,.1Ji'1JTl113J~11~"lJa~1l1Y-l (n) ~la~1~1l1Y-l~"uU1J~~ijTl113J~11~ 

Y-laL'VI3J1:: ("lJ) ~la~1~1l1Y-l'VIi~~~Tl113J~11~ LL~:: (Tl) ~la~1~1l1Y-l'VIi~ 
, 

~1m"LW3JTl113J~11~ 
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2.2.2 m11.Hin.h\lfll111fl1l,r~(Contrast Enhancement) 
~ 

fll111fl1l,r~ fI EI im~nl"::fll111L~'U.,r~"lJ EI\lL~"'ULL'l::"lJ ElUh"111~ t~ £J1C;"~~1£J"lJ ElUL"lJ~ 

"lJ EI\I~1"lJ EI\l1::UUfll111 L,j'1I LLtf\l~1.l11n!ll 'U.111~ in~rn::"lJ EI\ln~ t~ LLn111111~~iifll111fl1l,r~';):: 

ii"lJ ElU L"lJ ~fll111 L,j'11 LLtf\lni1\1 LLL'l::n~ t~ LLn111"lJ EI\l111~~iifll111fl1l-K~UEl £J n';)::ii"lJ ElU L"lJ~fll111 
., ~.ctI A.... ~ 

L"lJ1I LLtf\l'Y1 LLflU 'lI'\I~1I11tl'U.£J111~\Itf1ln11'Yl (2-4) 

1 L-IM-I [ ] 
Contrast = -II !(x,y)-B 2 (2-4) 

MN y=O .<=0 

Contrast f1E1 ~1fll111fl1l-K~"lJEI\I,;)~111~1'U.c;hLL'VIU\l (x,y) 
~ 

B f1E1 ~1fll111tfl1\1"lJEI\I~~111~1'U.c;hLL'VIu\I (x,y)
 

L fI EI fll111 £J11"lJEI\l111~ LLL'l:: M f1E1 fll111ni1\1"lJ EI\l111~
 

,;)1n111~ ~ 2-5 LLtf~\1~1 mh\l111~~1.l1uL'l~fll111fl1l,r~ LLL'l::1.l1u L~ 1Ifll111fl1l,r~;f'U. 

~\1 L~ EI W';)11n1.1 ';)1 n n~ t~ LL n111 ';):: L~ 'U.,~,r~ L';) 'U.l1 111 ~ ~1.l1u L'l ~ fll111 fll111 fl1l-K~ 

n~t~ LLn111ii"lJ ElU L"lJ ~fll111 L,j'1I LLtf\l LLflunl1111~~iim11.l1u L~1Ifll111 fl1l-K~ 

(n) 

('lI) 

fl1Wrl2-S m11.l1ufll111-K~"lJEI\l111~ (n) c;11E1ci1\1111~~iifll111fl1l,r~1I1nLLL'l:: 
.... I .....::la ..,

("lJ) ~1 EI £J1\1111~'Yl1lfll111fl1J"lI'~'U.EI £J 
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~ .. ., .... ., . 
2.2.3 fi'Hl'l11l1YHn[J'\.I,..J3JEI'I1[J'I1fi'HhUnLlJm (Gabor Filter) 

~1n~E1'11 Ln LlJElfLt1'\.l,~1n~E1'11 ~1'\.l,LLC1lJ~113J~ LLlJlJtfEl'l1ii~ ~~~m~'3J~m~n~E1'111 ~~1'\.l, 
q 

l~LuYn::~113J~LLiild;~'Yl1'11~(mri1'V\'\.l,~ll1L rh,!'\.l, LLiil::iT'I1 LtI'\.l,~1n~E1'11 (Filter) ~l~~iil'tf'l1~1'\.l, 
't 

'IJ 

..l.......... .........
~ . I..... 1
"1.IEI'I1t 'IL3J'\.l,~::m:'VI1'11 LLiil:: 3J L3J'\.l,~113JC1 E1n'l1 [J 'I'I1'\.l,'\.l,n1~nT;l'ltfnl nJ1m~lJn1'\.l,LLiil::n1~u~lJu~'I1 

... ... q 

t~~'I1ri1'11iil1mi'\.l,Y11'11 '] 1~LY1'\.l,-a-'ILLiil::tf3JlJ~nr ~1mh'l1L"li'\.l,t~~'I1tff1'11iil1mi'\.l,'\.l,'\.l,LLiil::iil1mi'\.l, 
'IJ 'IJ 

iEl'l1"1.1 E1'11iil1[JU1iiEl3J'\.l,1i~ 1-H~1n~E1'11LnLlJElf~'I1L 'VI3J1::tf3J~tf'l [18J L¥i E11~J1[JY1E1n1~fh~113J 
q q 

L,r1h1~Yhl1~m1tf3Jn1~LnLlJElf~iilL'IElfLuYn::~3J3J e=O· riEl'\.l, 'l1mf'\.l,~'I1~E1[J~';l1~m1 
q 

~1J LLlJ lJ tf3J n1~i1l1J ~ 3J 3J1'1 t'l [J~1J LL lJ lJ tf3Jn1~L m lJ EI f~ iil L'I EI fLL lJ lJ a'3J 3J1 'I~~ (Even­
'IJ q 'IJ 'IJ 

symmetric Gabor Filter) ~3J3J e=O· itm3Jl~~'I1tf3Jm~~ (2-5)
q 

G(x,y) ~ ex+ ~[ :,: + ;,:J}COS(2'!foX) (2-5) 

t'l[J~ 

to .­
~E1 

2 ... 
ax ~E1 

2 .­
a y ~E1 

...........; . 
.. ';'" 

..... : 
........ ~ .. 

":" . 
'~ ' 

.... .": ....;.. ... ~ ... ' .. 
....0.5 =; I, :..... ...~..... 

.' .:~ v : " .. '. ~ 

~f ':"",~ 
..... \< ">. 

....
 
....
 

"'~.. 
' .. ; 

o 

........-0.5 
40 

40 

o 0 

1l1fti12-6 n~1'rhmlJElf~iil~L'IElffi~'Yl1'11~ e=o· ~'VIi'lJ1l1~tfEl'l1ii~ 
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d ..r... .... I .. 111"" "'ftl'" 
,;)1n~lIm1'Y1 2-5 Lli E1U1111Y-l';)11m1 E1~fl u1::n E1tJ';)::L'VI'\.H~11 ~lIn11L mtJ E111'l~L~E11 

fifiElr1~n-tULn1LfL~£mLu11J~E1~ii~ (x,y) flmntJr1~n-tutfl'lf1£m'ULLnUx 'VI1n~,;)11m1 
'IJ 'IJ 

~lIn11L m tJ E1f¢lL-H~1'V1i'tJ 111Y-l ~1 £J'n1 iiElLUtJ ~ E1n~iifi~'Y11~LULLU1 UElU (LLnU X 'VI1E1ii 

0=0· ) ~~,rULrjElL~~1U~Liju~~L~E1fLLtJtJ~1ULLt1tJfl1111~~1I11t11J7tJL ~lIfl1111flll-i~LL~:: 

'Yht~Ln~fl1111LL~n~1~1::W;h~LiuLL~::iEl~1::W;h~Liu~1Ud'1iiEl~iifl1111~ f = fo l~~ fi1 

U x fl11iifi1~~~1U LrjElL~n11~Ln1LfL~uuii"lJu1~nl1~LU'Y11~LLnU X LL~fil3.ifl11iifi1~~ 
'IJ 'IJ 

.. 111 'I ... .. ...f 111'" ..r 'I .... d...~ ... 01.. ... .. ... d .. 
LnU ~1J';)uy'h ~'VI Ln~fl1111 ~~ LY-lUU ~~ LL~::L Y-l EI ~ 'VI~1U'Y1LtlU 1'l~n"1fUL n1~L'lfUU fi1'V1U1'Y1LtlU 

~~L~E1ffl1111~~1 (Lowpass Filtter) ~1I11mh;r~itl!tl!11tJn1UtJULiu~1UU1iiElLULLU1UElU 

fi1 U y fifl11iifi1~~ LL~~E1~13.i~~Lnul1J,;)uLLfu~1ud'1iimn~fl1111 t~~'VI1m1J~uufi~'Y11~ 
'IJ 'IJ 

~11Jl~11 ~lIn11Ln LtJ E1ft-H~1U"lJ E1~r1~n.a-uLn1LfL~uuLiju~ ~ L~ E1f~fi1Wlr1~n1E1~• 
itl!ty1mLLt1tJfl1111~~1~1Ul~ (Lowpass Filter) LL~:: Li~1ur1~n.a-u tfl'lf1 u,rLi~lu~~L~E1ffi1 

wI.t'1~n1E1~itl!ty1mLLt1tJfl1111~~~1U1~LQY-l1::~ri1'V1u~ (fo)L 'yh,ru LrjElfi1fl1111L-n1h LU 

~m~lItJ"i"lJ E1~ ~lIm1Ln LtJ E1f~~ L~ E1ftUt~LlIUfl1111~ itU1111~~~ ~lIm1~ (2-6) 

G(u v) =4m,. U .exp{_.!.x[~+~]}*(c5(U- 10) + c5(u+ 10)) 
, xy 2 2 2 2 2 (2-6)

U u U v 

~'VI7tJ~lIn11LmtJElf~~L~E1fLLtJtJiifi~'Y11~(Directional Gabor Filter) fiEl~lIn11 

LmtJElf~~L~E1f~t1n'VIllul1JLijulili 0 L~ ') 'VI11~1~un11'V1l1u~n~ (x,y) itu1111~~~ 
'IJ.. • 

d 
~lIm1 'Y1 (2-7) 

X new =X old • COS 0 + y"ld • sin 0 
(2-7)Ynew =-Xold • sinO + Yold • cosO 

Ld ElLL 'Y1U~lIn11~ 2-7 ~~LU~lIn11~ 2-5 fi1L'VIi.~11JLLtJtJ~111J"lJ E1~ ~lIn11LmtJ Elf 
'IJ 

~~L~E1fLLtJtJiifi~'Y11~itU1111~~~~lIm1~ (2-8) 

'B r)_ {(XCOSB+ ysinB)2 (-xcosB+ YSinB)2} (2'"'")G(x,y, do - exp 2 + 2 X cos ":IOX (2-8)

U x U x
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B fleJ tifl'YI1\1"1JeJ\lLnLUeJffhulileJf 

fa fleJ ~lfl113J~"1JeJ\litlJtlJ1nL~9ieJ\lm11~t:J1\l, (~'VI'\.i,1mtJ\l, Cycle Per Pixel) 
I ~ .... 

fl~1 LUrJ\I LU\l,3J11i11~1\l,"1J eJ\I~3J m1Lm~L'lI'rJ\l,liIl3J LLn\l, x... 
I ~ C"_ 

m LUrJ\I LU\l,3J11i11!1\l,"1JeJ\I ~3J m1Lm~L'lI'rJ\l,liIl3J LLn\l, y 

2.2.4 m1LLUs:l\l1l1't'lLtJ\l, 2 1::iu (Binarization) 

LtJ\l,n1::U1\l,~1-n1::iu~lfl113J L"li3JLL~\l1\l,m1iIil1l1't'l tlil rJ L~ eJn1::iu~lfl113J L"li3JLL~\I 

1\l,n11ilil111 't'l LL~T~";)11nLT:h";)1iI1l1't'l1li1fl11";)::LtJ\l,~lfl113J L"li3JLL~\I L'Yh nu 0 (~'i1) 'VI1eJ 
q 

~lfl113JL"li3JLL~\lL'Yhnu 255 ("1J11) inm1tlilmmrJULfirJu~lfl113JL"li3JLL~\I 
q 

nL ";)1iI11i1"1JeJ\l1l1't'l
.... 0 .,/ .. ~ "/..r.. 0 t ..... 11 ... 
nUmfl\l'YI 'lI'\I ~\l,'YI\l,fleJ "mL'YI1"1r lfs:l" (Threshold Value) [17] 'lI'\lm1'Y11\11\l,~lm1tl\l,r.J13J~1iI 

.... .,/ 
1iI\I~3Jm1'Y1 (2-9) 

O; f(x, y) < T } 
(2-9)g(x,y) = {255;f(x,y)? T 

g(x,y) fleJ ~11::iufl113JL"li3JLL~\I'VI~\lm1LLUs:l\l1l1't'l1~L'VI~eJ 2 1::iu 

f(x,y) fleJ ~11::iufl113JL"li3JLL~\I nL ~lLL'VI'\.i,\I (x,y) LLs:l:: 

T fleJ ~1~H't\l,m1iIil1l1't'l 

~s:l~'t'l1i"lJeJ\l1l1't'l 2 1::ium";)~IiIL vlrJ\l,L9i LiteJ\I";)ln~l L'YI1"1rtlfs:l~1,n \l,m1~";)11nL~IL3.i 

L'VI3J1::~3J i\l,f\l,~lL 'YI1"1rtlfs:l~\t1m 1,n\l,m1~";)11nL1~\I~fl113J~1~(ULtJ\l,eJ inm1~l\13J1n 
'" 

~1\l, 1 nL~~1 L'YI1"1rt lfs:l ~ eJ ~ 9i1 rJ n\l,'VI s:l1 rJin tlil mL~ s:l::inL'VI3J1::~3J nu ~n ~nL::n11';l\11\l, ~ 
'IJ 

LLliln~l\1n\l,LU L"li\l, m1'V11~lL'YI1"1rtlfs:l";)ln~lL;),~ms:l"1JflfU.1iI ii.r.J13Ji\l~3Jm1~ (2-10) LLs:l:: 

m1'V11~lL 'YI1"1rtlfs:l";)ln~lns:l1\1 (Mid-Range Threshold Value) inn11dLtJ\l,m1~1\l,1nL'VI1~1 

L'YI1"1rtlfs:l aliit \l,~ tlilrJmfl[Jm1~1\l,1nLi4'\l,!lWYl1\1~Ci~1 \l,L1eJ\I"1JeJ\lm1'V11~lns:l1\1 (Mean) 

i\lLL~IiI\l1\l,~3Jm1~ (2-11) 

1M 

If(x,y) 
(2-10)T = y=Ox=O 

LM 

T fleJ t:-Js:l~'t'lf~1~H't\l,m1ilil (Threshold)
 

!(x,y) fleJ ~1iI1l1't'l nL ~lLL'VI'\.i,\I (x,y)
 

L fleJ fl113Jr.J11"1JeJ\l1l1't'l LLs:l:: M fleJ fl113Jn11\1"1JeJ\l1l1't'l 
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T = Max(f(x,y)) + Min(f(x,y)) 
(2-11 ) 

2 

T fiEl ~GHr'Vffif\l¢1Htum7~~ (Threshold) 

f(x,y) fiEl ~~ln'Vi Ul. ~lLL'VI\i\l (x,y) 

Max fiEl f\lfl11aJL"IiaJLL~\I~\I~~ LLfl:: Min fiElf\lfl11aJL"IiaJLL~\I~1~~
'II q q 

oJ ..... ...r oJ....r , 1 oJ~. .... 
111WYl 2-7 LL~~\I~1EltJ1\1fl11aJ~~L'VitlU'YlLn~"lJW;l1nfl1L'Yl7"1r llfl'Yl LaJL'VIaJ1::~aJ ~\I,;):: 

L~UL~,;)ln111'Vi~ 2-7 (n) "IiEl aJflfl1miuU1iimJ1\1«1U~tu'VI1t1LU ~\I'V11n l,rf\l L'Yl7"1rl11fl~ 
'II 'II v 

L'VIaJ1::111'Vi~L~n,;)::Laj~~L~t1ut1n~El\l~laJ1~t1U7::~\I~m71,r\llU ~\1 LL~~\I1U111'Vi~ 2-7 ("lJ)
'II q 

(n) ("lJ) 

fl1'Wrf 2-7 m7L~Eln7::~lJm7~~111'Vi(n) ~1mh\l111'Vi~~L~t1u,;)lnthL'Yl7"1rl11fl~Laj 

L'VIaJ1::~aJ ("lJ) ~1El ci1\1111'Vi,;)lnf\lL'Yl7"1rl11fl~ L'VIaJ1::~aJ 

2.3 lutilLIJGl;n,f (Biometrics) 

tlTi1 LlJ1maJ911n'lfijm7U1aJ~ll,rnu,"ufmJtILLi1 [20] 191miJUl'l1~91f~lU'VIrt\l~\IL~ii 

n17U1 LEl11nn17'Yl1\1fl m91l'll ~91f 'VI1El1nm7'Yl1\I ~n ~aJ11 ,r~l'V1i'lJ m71 Lfl71::~LLn1"lJiIty'VI1 

'Yl1\1~lU~11'Yl£J1~1\1 ') L'7iu m71-nn'Yl1\1 ~n ~1Lfl71::~~fln7::'YllJ'Yl1\1aJfl~M~ij ~fl~ El ~"lJ111'Vi 
q 

"lJEl\laJUMcl' n171 Lfl71::~"IiElaJfl~111'Vie:nml'l~ii~fln7::'YllJ~Elm7L'Vi1::Ufln LiJU~U LL~ ~l'V1i'lJ 
q 'II 'II 

lU\l1U1~t1iiLlJ1ElLaJ911n'lf'VIaJ1t1n\l1nm7~Lrltl1"IiEl\lnlJm71,rn7::lJ1um71um77::lJ~1lJflflfl 
q q 

'VI1El9171';) ~El1J ~11Jfl fl fl rr~1umi 191 t11,rtrnMUl.::'Yl1\1m £1111 'Vi~LL91n ~l\1nU"lJ El\l LL~ fl::lJflfl fl~\1 
q q 

~laJ17mLti\lElElnLiJu 2 U7::Ll1'Yl'VItrn ') U7::Ll1'YlLL7nfiEl n171,rtrnMUl.::'Yl1\1'Viq~n77aJ 
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(Behavioral Biometrics) 1unT'f)"::tlIil1tlflfl~ 1il1elci1.:1L-rlU in~Ul.::n11WlIW (Keystroke 
~ ~ 

Dynamics), in~Ul.::n11L&1u (Gait Recognition), L;tI.:I~fil (Voice Recognition) LL~::~1t1L-nU 

(Signature) LU U YiU 1,h:: L11 'Yl ~ ~ el.:l ~ el n 1 11"If in ~ Ul.:: 'Yl1 .:I n 1 tl111 ~ (Physiological 

Biometrics) 1il1elci1.:1L-rlU in~Ul.::1tl'VI\l'1 (Facial Recognition), im~Ul.::"lJel.:l1tl~ (Ear 

Shape) in~Ul.::"lJel.:lfil1.:1fil1-~1t13.i1Ufil1 (Iris-Retina Recognition), nmu (Human Scent), I 

.... .. .... ~ .. ~ .. 
~n~Ul.::3Jel (Hand Geometry), ~n~Ul.::"lJel.:lU111el (Finger Geometry) LL~::~1t1U111el 

(Fingerprint Recognition) LiluYiu 1il1elci1.:1111~an~rn::'Yl1.:1n1t1111~~LLfiln~1.:1nULL~~::'4f1f1~ ..... ... 
LL~fil.:l fil.:l111~'Yl 2-8 

(.:I) 

fl1ftyf 2-8 in~rn::'Yl1·.m1 tl111~~Ufiln~1\1nU"lJel\lLL~~::tlflfla (n) 1il1 el ci1.:1111~ 1tl'VI\l'1 
~ 

("lJ) 1il1mh.:l111~fil1 (f1) 1il1mh\l111~ttl'VI (.:I) 1il1elci1\1111~~1t11l1Ufil1 
'II .. 

..... ...... ...., A .. 

(';l) fil1eltl1.:1111~~n~rn::lIel LL~:: (11) fil1eltl1.:1111~a1t1U111el 

n1::tl1Un11~'t11 t \-;"::tltlfl elllW1 Lfilelf~11111f11::tltlflfl~ lfilLfilti elli11umi,ru Luum1 
~ ~ 

... ... ". I A .. ~ _... '4 1 ... ~ .... 
L~ tlULLtltl~tlfiln1111"lJ el\lllU~tllJ1::L11'Yl'VIU\l lIU~tIL 11 L"lf11in11'Yl1\1 Ltl mllfil1n'lf Lum11::tlfil1 

~ ~ ~ 

tlfl fI ~i1LUUtlflfl ~ ~Yiel\ln11~U'VI1'V11ellll Iil\l,ru ~\Ii1 ellYii1ltl1mll fil1n'lfLu u 11JLLtltl'VIif,\I"lJ el\l 
~ ~ 'II.1..... .... A~...iJ tyty1lJ1::fil~! (Artificial Intelligence) n1::tl1Um1LUm1fil11';l~eltl 'VI1el1::'4fil1'4f1f1~ 'If.:l 

~13J11m.'h l1J1J1:: tin ~"lf\l1UlYi,f\l111f1f;ttl1~LL~::Leln"lfU L-rlu \I1UYi1Ufn~1f111111J ~ elfilntI 
~ .. 

fil11';l~eltln111 "If\l1U1::tltl Lfl1el"lh tlaULfilelfLUfil fil11';l~eltltlflfl~ t Un11;flel"lJ1 tI~U~1 ~1U 
~ 

1::tltl~1rn"lfrfaL~ n'Yl1elumf tl7m1ifilm1\11Utl fI fI ~ LL~:: rJ\I-rl1 tI fil11';l ~el tltl f1f1 ~ 1U.:I1UYi1U 
~ ~ 

el1"lfty1n1111"lJel\ln111~111';l~nYi1t1 ';l::L~UlYii11::tltlltl1mllfil7n'lf~m'Ylfl1U1U1~ fl~fi1i\l 

lYiftlfl1111Utlll LL~::fi1a\l~tlfl~1UL"li1tiii fil1J1::<hlU"lJ el\lllU~rf Wiitl"lJ el ~1J"li el~l1lil\lit 
'II ~ 'II ~ 
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1. nT~1i1::1.J1.JL1.J1ElL2J~1n.n rh1~m..n3.i-;j1L1I'U.~El\l1iTl112J-;j11~~~1'U. 'VI'1mr~1 
'II 

~1'U.1~ ') L.vJ El fl'U.£J'U.Tl112JL11 'U.1..J TlTl ~ L'VIil El'U.1::1.J1.J L~ 2J ,,11~~::~1n LL~::11~L11 ~n-rf\l £J\I"1h £I 

L~2JTl112JtJ ~ El~.nmL~::tJ1::~'Ylnll1'Vi"1l El\l1::1.J1.J 

Wl1 ..... :'1 1....... ....... ....~

2. 1::1.J1.J ~ 1.J ElL2J ~1n'lJ LlJ'U.L'Yl Tl 'U.£J'Vi ~,;)'U.1.JTl Tl ~ ~1 £I ~ n 'M'rn:: LUvn::"11 El\l1.JTl Tl ~ ~\I'U. 'U. 

'II q q 

~\1"1£J1n~ Eln11tJ~El2J LLtJ ~\I-nEl2J~ 
'II 

3. 1::1.J 1.JL1.J1 ElL2J ~1n.n ,,11~~i\l1'U.L3.i ~12J11fltJ II L~tiTl112Ji'1.J ~~"lfEl1.J ~ ElTl112J 

Li£J'VI1 £1"11 El\l-nEl2J ~ 'VI'1Eln11"1\11'U.1'U.1::1.J1.JL~ 
'II 

... 
2.4 ,.t.ILL1.J1.Jtlih1a1El'ihlii) (Fingerprint Pattern) [21]... 

.... At. ""'" 0 .... I .... At. • d 

~1 £JL~'U.1.J'U.~1'V1'U.\I 2J1,;)1nTl1111'M'1 El\lnq'M'11 L~ El 2J ~1~ (Dermal Ridge) 'VI1El 

1 WI ~I ... 0 .... ...~ .. ... tk ~I'I
 
L~El2J1 ~ ~n~nn~ (Dermatoglyphics, or Skin Carving) Tl1~'Vi'Yl'U.flnTl~Tl'U."1I'U.~'U.lJ'Vi.~.
 

'II 

24691~£J~1~~11,;)11rf~1'U.';)~n1£J1111Tl~1~~f~El\lYi1'U.~El LL~:: ii~1~ 
q 

~2Jii'U.tf (Cummins) 

(Midlo) ~\lciEl2J1,;)1mh';h~1'V1U\I(Dermal) LL~::1El£Jin (Glyph) -rf\l~El\lYi1'U.L~i'1.J£JnciEl£J1~ 

L1I'U.ij~1LL'Vi\l1\1n11d' ~1mi'U.~1'V1U\I 'VI2J1£J112Jti\l ~1mi'U.1.J'U.~1ilEl (Palmprint) ~1£Jit'1ilEl 
... 

(Fingerprint) ~1 £J~1L';1 (Footprint) ijin'M'rn::L1I'U.Li'U.\t'U.tJ11nD1.J'U.~1'V1U\IibilElLL~:: 

it'1 L';1"11 El\l 'Yl n Tl 'U. L11 'U.in 'M'rn:: LU 'Vi1 ::"11 El\l LL ~ ~:: 1.J Tl Tl ~ ~\I,x'U.~ \I ij n11U1 ~1 £I Li'U.~ 1 'VI U\I 
q q 

1~ £JLU'Vi1:: ~1 £Jit'1 il ElLtJ1itJ1::1 £J"lf'U.1 'U.~1'U.it~1'Yl £J1~1 ~~f ~ Eln11~~';)U1.JTlTl ~ LL~::~1'U. 
'II q 

n11LL'Vi'Yl £11'U.n11"1h£J1it,;)U£J11Tl~'U.tin112JLmin~1 £I 
q 

it'1ilElf1m1l'U.El1£J1::~ff1~n1"11El\li1\1n1£J2J'U.'M'rf L1I'U.El1£J1::~~~ El cin1.J il El-rf\l 2 -n1\1 ~El 
.. q 'II.. .. .... .. 

-n1\1'li1mL~::-n1\1"1111 'lJ\lLL~~::-n1\1tJ1::nEl1.J~1£Jit1ilEl-;j1'U.TU-n1\1~:: 5 it1 ~El itTi1LL3.iilEl it1"lf 
~ 

., ., ., A ., ",J.' A .:II 

it1n~1\1 it1'U.1\1 LL~::it 1nEl £I 'lJ\I LL~~::it 1';)::ij~1~ ~1 £I El ci1.J1L1 rntJ ~1 £lit1 il El ~1 £J'U.12J El2J 
'II 

in'M'tu.::L1I'U.Li'U.Li£J\I~1~1.JL~2J'VI,r1~1'V1U\I'VI,r1it'1ilEl'Ylnit'1 tJ1::n El1.JLtJ~1mi'U. 2 in'M'tu.:: ~El 
q 

Li'U.'U.'U. (Ridges)~·"""tt~ti,"i~(Furrows) ~\lLi'U.-rf\l~~~tu.::-;):1iti~i1.Jn'U.LtJ~~El~-rf\l 
'II 'II 

~1 £Jit'1il El L.vJ EltJ1::1 £J"lf'U.1'U.n11'V1 ij1.Ji'1.J~\I"1I El\lL3J1~'VI ~~~'U.1~ £JJ1 £I 1.J'U.i'U.Li'U.'U.'U.ij1L~n ') ~ El 
q 'II 'II 

.... WI "" .... 'I ..I ~ d..:''I..:' ............. tk .. 
1L'VI\lEl 'lJ\I';):: ~'VI~'lJ2JElEln2J1 ~\lLL~~\I ~'U.1l1'Vi'Yl 2-9 U::'U.'U.L2JEl'U.1 ~~'U.1'V1'U.\I,;)1.J~El\l1~fl'Vi'U.L1£J1.J'II. q 

~1 £Jit'1 il El Li'U.'U.'U.~:5'U.~1 £I L'VI~ El~\lflnn~ ~\l1.J'U.1~fl ,,11~Ln~n11-;j1~El\l LL1.J1.J"1I El\l ~1 £I Li'U.1.J'U. 
'II 'II q 

~ ... t .....t a • ~ lIS.:rIA.... .... AA -I 
'U.12J El ~~ El £J1.J'U.1 ~fl'U. 'U. 'VI1n2Jn11Ln1.J~1 £J'U.12J El'Yl ~~1.J'U.1~fl El Eln 2J1~1 £J1 tin11'Yl'VI ~1n'VI~1 £I 

'II q q 

L"Ii'U. 1iL ~ L'lJ El f ~ \I LTl ij L11 'U.~'U. ';):: L'1 £I n 1El £I ~1 £lit1 il El,x'U.';h ~ 1 £I it'1 il ElLL~ \I (Latent 

Fingerprint) 
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~ln~n~11a.rILL~1,jl"~'\.l, ~1'V1U"~"Elci~1"1J1LTCu.'tJEl"~1£JU13jEl ~h3jEl U1Ltil ~lLtil 
'II 

"lJEl"3JWI~£f~::lh::nEl1Jl1J~1£J~lmi'\.l,2 "1fn~ ~El Li'\.l,'\.l,'\.l, (Ridges) ~mi'\.l,1El£J'\.l,'\.l,~Elci~"nil 
• 'II 'II '11'11 

A ..... I .., I • A ~ I~ I.... .., .t 
~1'V1'\.l,"~1'\.l,'\.l,Eln LL~::L~'\.l,1El" (Furrows) ~ El1El £J~n'Y1El £J~ln1l1::~1J"lJ El" L~'\.l, '\.l,'\.l,'\.l,'\.l,LL~~" 

'II 'II 
... ... 
~"llly.j'Y1 2-10 

Ridges 

Furrows 

n1Yiif 2·10 ~1'\.l,1J1::nEl1J"lJEl"~lmi'\.l,'\.l,'\.l, (Ridges) LL~::LiwiEl" (Furrows) [llly.j~ln 23]
'II 
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2.4.1 ~m~nt::1~m13J (Global Feature) 'VI3J1£lti\l~n'IYnt::fl1£lU1i!E1~3JEI\lL~UL~ 

~1 £l~lL1Jfi1 1J,.::n E1U~1 £I 
.r..;~ ... ...r";A

2.4.1.1 'ViU'Yl'Yl\l'VI3J~"1JEI\lLLUULL~Ufl1£JL~U (Pattern Area) flEl'ViU'YlU,.nnt 

111 £lLU"1J E1\1fl1 £lU1i! E1~tln LiU"1JElU~E13J 
'II 

'I .. 'I .J .1 ..... •
2.4.1.2 ';l~ ~';lnfl1\1 (Core Area) flEi ';l~ ~~';l~'VIU\lUUlJfl1£JL~U'VI"E1UUU1 

1 1 1 

'VI;'E1L'VIfi"1J E1\1 Liu1nn~u"uLUti~LLfl::~E1\1mJ111 £ILU"1JEI\lfl1£lU1i! EI 
'II 1 'lI 

2.4.1.3 ti13JL'VI~£l3JL~fl~l'V1;'miu~E1U (Delta, Triradius) ~E1 fl1£JLiULU 
~ .. .J. ... 'I .....; .... .J.1 ... 

~1 £lU13J E1tIl\l EI £l~"\I'V1 U1 LLfl:: ~n fl'Yl ti~nun\ln ~l\1"1J E1\1 lJ1n'Yl1 \I LL£ln"1J E1\1 LtiU"1J E1U 
'II 1 

2.4.1.4 LiU"1J E1U (Type Lines) ~ EI LiU~"1JU 1U~L Uti~ ~\IL~~nU3J1 
'II 'II 1 'II 

'ViEi ti3Jfl1"LL~1 LL£ln~1E1 E1n L~E1';l::lE1U~E13J 'VI;'E1'Vi £ll£J13JlE1u~mJu'iL 1ntfl1£lU1i!eJ~E1 £1111£1LU 
'II 

Line type 

Delta 

" 

... .r .. , ... .r 111'" 
2.4.2 LLUULL~Ufl1£JLtiU'ViU~lU (Basic Ridge Pattern) 3Jn1"LLU\lLLUULtiU'ViU~lU n 

'VI~ln'VIfl1£l LL9i~U£l3JLinu3J1n~ti~LLU\lElEImilu 3 LLUU'VI~n '] L~LLTi LLUULiul~\1 (Arch)
1 

.... ... 
LLUU3J~'VI11£1 (Loop) LLUUnU'VIEI£l (Whorl) 

2.4.2.1 LLUULiul~\1 (Arch) LiluLLUULL~Ufl1£lU1i!E1~ij~n'IYnt::Liui\l~U';lln 

"1JElUL~U"li1\1'V1rt\lL 'VI fl EI E1nL1J~n"li1\1'V1rt\l 1~ £lLllij';l~flU£f nfl1\1hJij';l~ iu~ E1U LLUU1~\1 £J\lLLU\I 
1 'II 1 

E1E1nL~Lilu 2 LLUULL~U L~LLTi 

2.4.2.1.1 l~\I"lu (Plain Arch : PA) ~E1 ~n'IYnt::"1JEI\lfl1£JLiUL£l 

~1 £lU1i! EI ~i\l~U';lln"1JElULiu"li1\1'V1rt\l LL~1~\I'V1;'E1 L'VIfl EI E1nL1J~n"li1\1'V1rt\l fl1 £lU1 i!mLuu 

l~\I"luU ~~ Lilu~m~nt::fl1£I LiU"lfU~~~ L~J1 £l~ti~ ni1U""~lfl1 £I LiuLUfl1 £lU1i! E1'Yln"lfU~ 
'II 1 1 
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LliihiudiEln~l Llidi~3JnLL'VIfl3Jfl3Jrh~uL~i'~~,.,.mr;n~ 'VI~ElLliihiuy.J~a'~;fu~,.~nfll~ Lliij
q q 'II 

~~iu~Elu i~lfw;ilU1ULiUfll£Jd1iiEl~~LiJU~u6 i~LLa'~llulll~~ 2-12 (n) 
q 'II 

2.4.2.1.2 l~~n,.::h3J (Tented Arch: TA) ~Elin1Ym::fllmiu1.u 

fll£Jd1iimfit~ l~~"llJ-ct'ULEl~ 'VIlnLL~iiin1Ym::LL~n~h~nlJ l~~"llJ~~l~ty fi~El iiiillmi1.l. 

Liu'VI'rt~'VI~El3J1nn11 ~~ a £i~ElUnfll~LliL~~~'VI~ElL'VIfl ElElnLU tT~an"ljl~'VI'rt~ fll miu~ El £i~,.~ 
'II 'II 

nfll~"1I El~fll £Jd1iiEl Liu'VIrt~'VI~El3J1n11 Ln~LUuLiuy.J~;fu~lnLLU1UElU LLfl:: ijLiua'El~LiU3J1 
q 

~lJnU~,.~nfll~LUU3J3JLL'VIfl3Jfl3J'VI~a3J3Juln i~LLa'~~1.Ulll~~ 2-12 ("11)
q q 

" ,
2.4.2.2 LLlJlJ3T~'VI11 £I (Loop) LUULLlJlJLL~Ufll £lit1iiElfi~lJ3J1nu"::3J1m 

65% "1IEl~LLlJlJLL~Ufll £Jd1ii El'YlnLLlJlJ1.W'lfl1 £Ihu iiin1Ytu.::LUU,.U Ln Eln~l~iiufll £I Liudi an 
q q 'II 

~liJ~ElElnLU'Yll~1.~'Yll~'VIrt~ LLti~ElElnLUU 3,.ULLlJlJ
'II 

2.4.2.2.1 3T~'VI11£JiJ~"1I11 (Right Slant Loop: RSL 'VI~El Radial 

Loop) ii in1Ym::ufll mn Eln~liJ~uiill£Jfi~'Yll~LU'Yll~~lU"1I11iiEl 'VI~Eld1~1 LLliii El"1l El~iiEllfu 
• AI -=lI'" .-:::II'" .-:::II .-:::II ... "" .., cJ tr I "" "" 

L3J El'VI~l £I 3J El LLiil::3J fln 1Ym::3J a'U~ ElUL ~ £J~~ ~ L~ £11 3JL a'U1nn fllJ'Yl a'3J lJ,.mel £Jl~UEl £I 1 La'U 
q 'II 

~~LLa'~~1.Ulll~~ 2-13 (n) 

2.4.2.2.2 3T~'VI11£JiJ~snl£J (Left Slant Loop: LSL 'VI~El Ulnar 

Loop) LUu3T~'VI11 £I iiin1Ym::ufll miULn Eln~liJ ~Ufll £Jfi~'Yll~ LU'Yll~ ~lUlJl'l £I ii El 'VI~El'Yn~ 

d1nEl £1"11 El~ii EllfUL~ El'VI~l£J ii El nLJ"1I El~m"Luu3T~'VI11 £I ~ El ~El~ii iu~ ElU,jl~ l.~,jl~'VIrt~L ~£J~ 

,jl~L~£J1 ~El~iiLiu1nnilJ~L~uL~i'~El£il~\t'El£J 1 ,.U LLfl::~El~ii~~~~hnfll~ LLfl::~El~14lJ 
'II q 

Liu~ln~~iu~ElU Lu~~~~hnfll~L~El£il~\t'El£J 1 Liu l~miu~14lJd~El~LuuLiu"1Ia~Liu 
q q 

1nnilJ~a'3J\!,.mEl£il~\t'mJ 1 Liu ~~LLa'~~1.Ulll~~ 2-13 ("11) 
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2.4.2.2.3 ar~'VI11£.J~ 'VI1eJar~'VI11mL~~ (Double Loop: DL 'VI1eJ 
'II 

Twin Loop) fleJ iil1£.JU1ilf)~iiJu~&r1£.Jn'Uiil1£.JU111mL'U'Uar~'VI11£.J 2 JU 3J1neJ~'VI1mJ1ni1nU 
Liluiil1£.JU111eJ~iiiu~eJU 2 iU~eJU ar~'VI11£.J 2 Ju~u·nn/Jif1.3.i';'hLilW;)::~eJ'Iii"lJu1~L'Yhnu 
... 'I ..I 
~'ILL~~'ILU1l1Vi'Yl 2-13 (~) 

("lJ) (~) 

im~ml.::iil1 £.JU1il eJ LL'U'Uar~'VI11 £.JU1::Lll'Yl (n) ar~'VI11mL'U'U,j~"lJ11 

("lJ) ar~'VI11mL'U'U,j~'li1£.J LLiil:: (~) ar~'VI11£.J~'VI1mr~'VI11mL~~ 
'II 

[1l1Vi';)1n 24] 

2.4.2.3 nu'VI eJ £.J (whorl) iiinHtu.::Liluiil1 miu1uL1£.JuLilu1unu'VI eJ£.J'VI1eJ 
'II 

:'1..... '~'1.1 .. ~ ... l:. ...... ... ~ ...
LuU1'13J,;)~~U~ eJU~eJ'ILL 'VI'I"lJU Lu LLiil::,;)~fIIU£.Jniil1'1'V1U'I,;)~ ~'IU U,;)'I3Jm';)1U1UL~Uiil1 £.JU13.1 eJ 

• • 'II • 

, d 'I.. 1 ~ ... • :'1 .1 ... J' 
~e:!'Im LVieJ~113J~::~1nLum1,;)1LL'\.l,nu1::Lll'Yliil1£.JU13JeJLL'U'IeJeJnLuU 3 u1::Lll'Yl~'IU 

.., A A ... .. , .., __ 

2.4.2.3.1 nU'VIeJ£.J1i113J~1 (Plain Whorl) fie:! iil1£.JU13JeJ'Yl3JL~UL1£.JU 

1E1'ULilu1'1';)1 1'1';)1Um';)iiinHnl.::L'VI 11 eJUiil1UU1wm L'VI 11 eJU1UL"li L'VI 11 eJU1'1niil3J inHnl.:: 
'II 

Lh~rufl eJ ~eJ'Iii';)~iu~e:!u 2 LL 'VI 'I LLiil::'VIU1';)~iu~eJUL"li1 LU,;)::~eJ'Iii1U1'1,;)1'V11miuLl £.JueJcl 
... • 'II 'II 

"li1'1'V1U1';)~iu~eJuyt'l 2 ';)~ LLiil::ti1iil1nLiU~3J3J~,;)1n';)~iu~e:!u"li1'1'V1rt'lLUET'Iiu~eJu~n"li1'1 
4.., A.., .......... .., ..,.., ~ .., I'" ..,

'VIU'I L~U~3J3J~';)::~eJ'I~3Jt:-I~L~U1'1,;)1'V1U1,;)~~U~eJU'Yl'l 2 "lJ1'1eJ£.I1'1UeJ£.J 1 L~U 

2.4.2.3.2 nU'VIeJ£.Jn1::Lihniil1'1 (Central Pocket Loop Whorl) fleJ 

iil1 £.JU1 il eJ LL'U'UnU'VI eJ £.J1i113J~1,rULeJ'I LL~ ~~nU~1'1~iil1n LiU~3J3J~,;)1n iU~eJU'VIrt'lLU ET'I• 
mt~ EJU'VIrt'l LLfu~3J3J~';)::L3.iimr~n'U LiU1'1,;)1~eJ cl~eJU1U 

• 'II 

2.4.2.3.3 nU'VIeJ£.Jn1::Lih"li1'1 (Lateral Pocket Loop Whorl) fleJ 
...At." A'" 1'__ '" I'" ..,A 

iil1 £.JU13.1 eJ"1fU~3J~'VI11 £.J~ LL~3J ~U~ eJUeJ £.J"lJ1'1 L~ £.J1nU 
'II 'II 

... . 
2.4.2.3.4 'l1'U'lieJU (Accidental Whorl : AW) Liluiil1£.JiblleJfiii 

anHtu.::vhfllH U1::neJ'U~1£.Jiil1£.JU1ile:! 2 LL'U'Ut:-I~3.Inu LLiil::iiiu~eJU 2 iU~eJU 'VI1eJ3J1nn11 

1~ £.Jii~113J'l1'U'lie:!ULLiil:: Lilu1U LL'U'U~L3.iLL'\.i,UeJU 
'II 
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("lJ)
(n) 

(~) (,,) 

nTnit 2·14 ~n1Ym::a1t1d";l3jmLlJlJnU'VImJLL~a::lh::Llll1(n) nU'VIEltln~~:IJ~1 

("lJ) nU'VIEltIn~::Lihna1" (~) nU'VIfltln~::Lil1'tj1" 

LLa:: (") nU'VIfltleUlJ'liflU [llTVf;nn 24] 

.... ..l 
2.4.3 an1YnL::Luvn::l1 (Local Feature).. . 
.... .::I. 4 ClIo .... A • &11&11 loA. • • 

an1YnL::LuVn::11'V1~fl"iJ~11~1~fJJVHfl1Y'VI~fll1L~t1n11"iJ~~1'V1U,,, , (Special Characteristic 

of Minutia) ~"ii~n1YnL::L1]ua1mLfu~mJlJUa1t1d'1ilfl ~hilfl ~'hLfi1 "iJ::lh::nfllJ~1t1a1miu~ 
'II 

ii~n1!tm::Luvn::~ L1t1n11"iJ~~n1!tm::ffUlfJJ~Lfl1Y'VI1fl"iJ~~1'V1it ~,,~ fll1JU, ., , 
.•• -:'t.I.~ ""t,

2.4.3.1 Ridge ending ~fl"iJ~L~:IJ~U'VI~fl~U~~"lJfl"a1m~uuu SJ, , 
2.4.3.2 Ridge bifurcation or fork ~fla1miu~n1YnL::"lJfl"1l1y.ja1miu"iJ1n 

LLfuL~ tI1~ LLtin fl fln"iJ1nnuLtlu~fl" Liu'VI1fl :IJ1nn11~U 'VI1fllU111"n~lJnUfl1"iJ"iJ::L1t1n11111y.j 

a1t1Liu~fl"Liu:IJ1~1:IJnuLtluLiUL~tI1 
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2.4.3.3 Ridge diversion Ltlu~1£JLiU~~\I~"lJU1'\.ulU'VI1mntlU~::"lJU1U LL~:: 

LL£Jn'Vi1\1tl tlnllJ 
d ~I"" IJd~ ":'1

2.4.3.4 Dot 'VI'~tl island LuUflnHm::"lJtl\lfl1 £JLa-u'YI a-ulI1n~u~ L'VI1i tlULuU~~ 
\I ~ 

:::.. ..... ... 
a-UtlnLa-U'VIU\I£J11 ~T1fl1£J~::"lJtl 

\I 

LunT~~"1~~a-~,rUTlTlfl ~::LoN~~~1'V1it~1\16) i\lmh1 ~UETU~1UTlTI~ t~£JlJn~~::LoN 
\I ~ ~ ~ 

~~~1'V1it~\ILL~ 5 ~~~ui.lJ Lum,.~uETw:hLtlufl1£Jd1iltl"lJtl\lUTlTI~T1UL~£J1riu 111Vl~ 2-15 
~ ~ ~ 

IJ ,:' ...... 0 ..... -. I 

LLa-~\Ifl1 £JLa-ua1 £J~111 tl~nHm::a'1T1qjVlLflHLLUU~1\1 6) 

~~ st.S
• 
DotBifurcation Double Bifurcation -~ --=­Enclosure Ending Hook 

- • ii d 
7 
7 ...SIll ~~ • n 

Diversion Delta Break 

2.5 LD1'.D'(;'t"ie:JM~"LLf1'",1f (Hausdorff Distance) 

Lutl 1868-1942 ,rnTlfil~fl1a-~f"1f11L£Jtl,.arU~tlFelix Hausdorff l~~UVlU1n 

Lm£JUL.yj £JU111Vl 2 111Vl 11T1~1£J'VI1mL~n~1\1nU ~1£J1nm"~1U1tln::£J::'YI1\1~1n~1LLWI.L\I 
" • • .f" . t I ::: ... II 

~~ 6) UU111Vl'YIn 6) ~~~1LL'VIU\I"lJU~'VI1i ~£JTl1"lJtl\l~~111VlL 'VIfl1UU~::Utlntl\l"::£J::'VI1\1"lJtl\l 
~ ~ ~ 

~~111Vl,tULtl\l ~\I~tlll1L'i£Jn11L 'YIT1itTlunlJf~ tl,.~~a-LL 'YIUIJ1 (Hausdorff Distance Technique) 
~ 

[25, 26] 1nm"LlJ11Jf~ tl,.~~a-LL 'YIUIJ1~1L itum,.t~ mi1'V1U~L~111Vl~~tl\lm,.'Y1 ~ a-tlUm,.-;i1 LLun 

(Test) LtlU111Vl 2 ,.::~u biwiEJ\lL~ii~1LtlU 0 Liuuuri1'V1U~L~ii~1Ltlu 1 n,.tl1-;i1LLUn111Vl
\I 
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~1 £J'tt1 ii el ~'h LL'VI u"tJ'IUnY-l~'l.t1:1J1'Yl~ffeltJ~ii~lLUU 1 ~ elff:lJ1~n"lJ el" L'lJ~ A LL~::~h LL'VIU"tJU 

1l1Y-lLL3.iLLtJtJ (Model) ~ii~lLUU 1 ~elff:lJ1~n"lJel"L'lJ~ B ff:IJnT~Ln1'lJ~el1W~ffLL'Ylwfit£J1:IJ~" 
..l 

ff:IJn11'Yl (2-12) LL~:: ff:IJn11 (2-13) 

H(A,B) = max(h(A,B),h(B,A)) (2-12) 

•L:IJ el 

h(A,B) = max minlla - bll (2-13) 
aeA beB 

A ~el L'lJ~"lJel",;)~1l1Y-l~ii~lLUU 1 tJU1l1Y-l~~el"n11'Yl~ffeltJn11i'-;j1 
q ~ 

B ~ el L'lJ~"lJ el",;)~1l1Y-l~ii~1 LUll. 1 tJU1l1Y-lLL3.i LLtJtJ 
q 

max min ~el 1::£J::'Yl1"';)ln1l1Y-l A'1JrT"1l1Y-l B 
aeA beB 

Iia - bll ~el 1::£J::'vh"1::W:h"1l1Y-l A'1JrT"1l1Y-l B t~£JLin111~1::£J::vh"LLtJtJ 

Euclidean distance 

';)In ff:IJn11"1i1"~Un1'V1U~L~,;)~1l1Y-l~ii~1 LUll. 1 "lJ el"1l1Y-l~'Yl~ ffeltJ ~ el ff:IJ1~n"lJel" L'lJ~ 
q 

... ... "".1 ... .
"lJel~~ A 'lJ"ff1:IJ11m"lJ£JU~U~u"lJel"L'lJ~flel A={a1,a2,a3, ••• , a,}, aj=( Sj) t), 1~ I ~ m LLfl:: 

n1'V1U~ L~,;)~1l1Y-l~ii~1 LUll. 1 "lJel"1l1Y-l LL3.i LLtJtJ~ elff:IJ1~n"lJ el" L'lJ~"Iiel:IJ fl B Lii £JULU11J"lJ el"L'lJ~ 
q ~ ~ 

• 0 
A • AI A ,.fl: Q 0 

flel B={b1,b2,b3, ...,bJ, bj =( ~,y), 1~ I ~ n L:lJel m LLfl:: n flel'U1U1U~~tJU1l1Y-l'YlU1:IJ1 

'Yl~ffeltJ LL~::-;j1U1U';)~tJU1l1Y-l LL3.i LLtJtJ~l:IJ~l~tJ LL ~1 ~ ';) 11 tu.1 L1J1 £J tJ Lti £J tJ 1:: £J:: 'Yl1" t ~ £J 
q 

ff:IJn11Ln1'lJ~el1W~ffLL'YlU'li' it£J1:IJLL'YlU~1£J H(A,B) ,;)lnff:IJn11~ 2-13 it£J1:IJ h(A,B) ~el 

~1f111:IJvh",;)lm'lJ~"Iiel:IJfl A '1JrT"L'lJ~"Iiel:IJ~ B t~£Jn11'1.t1ff:lJ1~n"lJel"L'lJ~ A ~"it£J1:IJLL'YlU 
~ ~ 

~1£J a e A 'VI't1"~lLL'VIU,,'1J1~1::£J::'Yl1" (Distance) ntJff:IJ1~n"lJel"L'lJ~ B 'Yln ') ~lLL'VIU" 
q 

...... ..l ...... ..l.., ... to • ..J1 0" .... ..,.1 .... 
LL~1 Lfl eln1::£J::'Yl1"'Yl:IJfI1Uel £J'Ylff~ L1 ';)lnuULflelU'I11 LL'VIU"ff:lJ1"1fm'lJ~ a LLfl1U1 ~u1~1::£J::'Yl1" 

q 

..., A Q ~ 0 :' tL,~ 0 I A AI 1.cI .... 
ntJff:IJ1"1fn"lJel"L'lJ~ B Aelnfl1" 'Yl1'lJ1';)un1::'Yl"ffUff~~lLL'VIU"ff:IJ1"1fn"lJel"L'lJ~ Lflelnfl1'Yl1~ 

q 

I ..., -14 I .d lCI I Q A :=1 0 1-1 
1:: £J::'Yl1" 1::'VI11" A ntJ B 'Yl:IJ fI1:IJ1n'Yl ff~1 LY-l £J"fl1 L~ £J1 el eln :IJ1'lJ" LuU~l LL'VIU"'Yl1l1Y-l'Yl~ ffeltJ 

q 

'n~,;)ln1l1Y-l LL3.i LLtJtJ:lJ1n~ff~ Lh'VI1tJff:IJn11~ 2-12 LiJUn111~1::£J::'Yl1",;)lnff:lJ1~n"lJ el" L'lJ~ A 
q 

'1JrT"ff:IJ1~n"lJel"L'lJ~ B LLfl::,;)lnff:IJ1~n"lJel"L'lJ~ B '1Jff:IJ1~n"lJel"L'lJ~ A LL~1L~eln1::£J::'Yl1"~ 

'n~~ff~ ~"n~mUUn111~';)~~iifl11:IJt1~Y-l~1~ (Mismatch) 1::'VI':h" A ntJ B :lJ1n~ff~ 
q q q 

~ 

UULel" 

';)::L~U'~'i1~1"lJ el" H d'';)::ii~lel ~LW1f1" [0, ac] t~ £J H ~ii~1:IJ1n;tU,;)::LLff~"ii" 
~ 

fl11:IJ ('In ~el"~ ~ ~~" "::,fU~1f111:IJfln~el"~" LL1J1~n ~untJ~l H "Iiel~"lJ el"inn11 
~ ~ 

Ln1'lJ~mW~ffLL'YlU'li'~el 'YlU'Yl1U~eln11L1J~£JULL1Jfl""lJel,,"Iiel:IJflLelfU LLff", «OHlJ1tu.1tJn1U 
~ ., ., 

1l1Y-lflmr" LLfl::1l1Y-lLU:IJ:IJ La £J" LUU~U "lui~£J~'l.t1 L'Ylflitfl Ln1'lJ~ el1W~ ffLL'YlU'li'd':lJ1L,nUn11 
~ q 
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,)1LLUn L,{'\.l, \I1'\.l,"lJEh1 Yilin Yi LL~:: Octavia I. Camps [27] 1enL'YlTlitTlLm'lllileJ"~~~LL'YlWULyteJ 

,)1 LLUn,.1J'Yl,.\1 2 ii~ tlil £J eJ1~£JTl {U,~my{u'::"lJeJ\I ~1mi'\.l, Wl'VIi'U1'\.l,1J,.::L'Yl~" 'Yl £Jii\l1'\.l,1,)£J~1en 
~ ~ 

1mri"4h~1ern1Y" LL~:: 1u'VI 'tt'1"lJ eJ\l3J'\.l,'lYtr L,{'\.l, \I1'\.l,"lJeJ\I ~-ct''\.l, [28] 1mnUl1'lllil eJ"~~~LL'YlWUi',)1 
~ ~ ~ 

~1 ern,y,.111 'lY1" 'Yl £J1 '\.l,LL l4 3J LeJ n ~1" ~\1 hl'Yllil ~eJU flU ~1 ern,y,."'Yl £J,)1'\.l,1'\.l, 66, 771 ~1 

~irufll1{U,,.un1'\.l,1'\.l,"::~U~1\1 '" ~~~"~iiTl113Jtln~eJ\I1'\.l,,.::iu~ ~\I3J1n LL~::~eJ 111"~';hL~'\.l,eJ 
.. '" J ~ ~ 

1nm,.1Ji'u1J"\IL'YlTlitTlUn'll1il"eJ~~~LL'Yl'\.l,.J1 (HD) LU'\.l, AMHD (Automatic Minimum Hausdorff 
~ 

Distance) LyteJi',)1111Vi1U'VI'tt'1erlilt'\.l,~ [29, 30, 31, 32] LL~::u1L1{u'~'\.l,'VI1~\I1'\.l,LLUU~1\1') 
~ 

fl'\.l,ih1~L 1~11'\.l,m,.1J"::3J1~~~~1iI~\1 tlil £J~~m"'Yllil~eJ\I~1I1,.tl~'\.l,'VI1"~tln~eJ\li'eJ £J~:: 88.24 
~ 

LL~::1enL1 ~11'\.l,~1'\.l,1 {u'LQ~ £J 773 ii~~1'\.l,1fi 'VI~\I"1mf'\.l, eJ,.,.tln,. LL~::1~'\.l, [33] "~1Ji'u1J"\1 
~ 

L'YlTlitTl L~1'll1il eJ"~~ ~LL 'Yl'\.l,.J1Lyt elL~~Tl113JL ~h1'\.l,n1,.1iI,.1",)UI11Vi1u'VI 'tt'1 ~LLUU't1'\.l,m~ ~~m,. 

'Yllil~eJ\lViu'"h 1enL1~~11 '\.l,m"~1'\.l,1{u'L\l,~£J 20 ii~~1'\.l,1fi 



_____ __ 

.ce ·
 lJ't1't1 3 

1uU'Ylii'n ~11 n..11f11..1 ~11..1"1.leJ..11::UU-;)1bmmn !.Jihn eJ~1!.J b'Ylflitflben'1l~ eJwJ&)~bL 'YlWJ1 

Lb~::.ffu~eJun11~1bitumd"1i£J ~1'V1i'U\l1U1i!.JdH'hhbbnd":IJ Matlab b1eJf,yu 7.2 ~~U1 

erl;mu1-n:IJ1umd"-;)1LbunUflfI~bb~::H'hhbbnd:IJ Microsoft Visual basic ~~U1"1Umd"&)~~u 
q 

nUmi..11U bb~::H'hhbbnd:IJ Microsoft Access 2003 U1'V11d"i~m"Hi1uieJ:IJ~ 
'IJ .. 'IJ 

3.1 Tfl'1\1,,-t1\11Jel\l'1::UU 

d"::UUn1j-;)1 bb un ~1 £.J d'1i:l Ell~ £J 1"lib 'Yl flitflb en'1l~ ud"W&) ~bL 'YlUeJ1 tlflbbU..1nd"::U1Umd" 
'IJ 

't11\11UueJmuu 2 nd"::U1\W1d"'VIGtn 6) ~fl nj::u1umd"~..1'Yl::LiJ£.JU~1tJ'd'1i:lEl (Enrollment) 

bb~::nd::U1Umd"m1,;)~flU~1£Jd'lileJ (Verification) ~..1LL~~..11U1l1'Yl~ 3-1 

Enrollment Processing Verification Processing 

II Preprocessing Preprocessing 

I image image 

Fingerprint Scanner 
_,'Y.._ 

I-­
i Finger~Ca~~er 

..
 
( Divide Image in I Divide Image in 

block \\ block 

:i'.-~

; \ 
-'-----, ­( Feature Extraction ( Feature Extraction I

, I 
\ ' -----,­

____ 'L ~~, 

Matching \ 
( Verification 

Data Person )
~\BY HD. Technique; 

\) 

....... _---.- - ~/ 

,_---- -1- __, 

Matching result!( Verify result 
,/ 
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3-2 

.-=I "'" ~.,.
3.2 n1"iLIJI"UJ3J'lI tJ3J£ln1Tt£11 U""'UJtJ 

'U 

"1UiirJ'nli~1 a ci1" Cl1 £lit1 ihr'iJ1 nncl1J ~1 a ci1"U ~ ~ Cl';TU,1U 50 11 £l LnUll1'W~1 n 
q q 

L~~a" ~LLnUll1 'W Cl1 £lit1ii a1U U.are.U 4000 111'W Cl1 £l it1ii a ~LIiI a cilU1Yl1J ~111'W~L 'Y11 
q '\I 

A_ .... .-=I "" ~ ~ I~
(Gray level) 'If''1J1::~U~ 256 1::~U 'Y1~111JCl::La£l~ 72 ~~111'W~aU1 "lJU1~111'W 292x337 

1 

~m'lfCl i~Lnu a cilul1JLLUUij~LL1J1J (.BMP) i~LnuCl1£l;i'1iia~1a ci1"it1V;'1 LLlliia"lJ11';1U1U 
'\I '\I 

~ ~ ~ ~, 
.... lOA d .... A .... I Ad....,cl 

5 ~1arJ1" 111J~1U1Ull1'WCl1£lU11Ja'Y1"~U 250 111'W ~1arJ1"111'WCl1£lU11JmL~~"~"111'W'Y1 

3.3 n1"i1.h:::3J'J£ln1TtLfltJ\lGl"" (Preprocessing image) 

111'WCl1£lit1iia~Ehumlu11JLLuuitlltll1m~~~aCl1~£lm"~1m~~a"~LLnu,fu 111'W~LIiI 
'\I ... ... 

ir"iiitlltll1m1Un1ULL'Y11nmnu-na1JClll1'W1iI1£l ihl~111'WCl1£lit1ii aLll..n~ L~UYl1a'W113J1 Yl1a 
... ... '\I 

.aI 0 A J" ::1" .... ~ .. I ,f d ::1A II; 

1J~~m a ~1:: Ln~"lJU LuU~'U, ~"U 'U,n1::u1'U,n11u1::1J1Cl ~Clll1'W LU a"~U~"L uun1::U1Un11 
1 

~1T1tlI ii~~~"Yl1J1£l1Ji'u1J1" LL~::ihi~ itlltll1 m1un1U~ Lfi~;fu L~ a1Yli.IiI111'WCl1 £lit1iia~ 
ILl .. .. q "111 

~1Ju1n!mn;fu ~"r*"~CllV;'.ffu~aUtl~L1J~1m1f1i\1"1uLlila ci1"f1n~ a" LLCl::ii1J1::~'Y1nll1'W 
'\I '\I 

.,: .f • I .f ... 'I ...... .t. I ... ~ ..... ..,. l.t 
mn £l""lJ'U, n11u1::1J1 Clll1'W LU a,,~u m"1'U,1~ £lUu1::n aU~1 £l"lJU~ a'U,~,,~ a ~uU 

3.3.1 n111Ji'utl1"~111J ~'i1""lJ a"111'W (Brightness Enhancement) 
1 

3.3.2 n111Ji'U1J1"~111J~1J-n~ (Contrast Enhancement) 
1 

3.3.3 n11n1a"if~ty1m1umuIiI1£l~1n1a"Lmuaf (Gabor Filter) 
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'I ~ .r:'1 • I" • 1 ~... ~ .. • ... 
~ U"lJ U~ El U U ';):: Lu U n11u1U u1\1111 run rJU13J El 'Yl3J,;) ~ 3J \I 'VIm rJ"lJ El \I n11n1El\l1l1 Vl fI El 

q q q 

~El\ln111.J1Utfl1\1 ~'i1\1 iil1 miUUU1l1Vl iil1 rJlt1 i'i ElL~iifl113J ~3JU1r~LLCl::i~ L';)umnn\lifu LLCl:: 
'II 

n1El\l iumnnl.1un1U~ LL'Yl1nmnmiEl3J iil1l1Vl~1 rJ 1Un11n1El\l inJnJ1 m 1un1U~1 rJ ~1n18\1 ., ., 'U QI QI 

LnLUElftru Vl1113j L~ Elf~ Lt1~nJ.. ~El\llin~ 8fihfif'l'Yl1\1LLCl::fl113J~"lJ8\1Cl1miu ~\ltfU1u.ffu~ 8U 

U~\l1.J1::n ElU~1 rJn11l11\11U'VItrn 2 n11l11\11U ~ 8 n11'V11fif'l'Yl1\1"lJ 8\1111 Vl iil1 rJih i'i El LLCl:: n11 

n1El\l1l1 Vl ~1 rJ ~1n18\1 Ln LU Elf ~\I"lJ El ElrrU1 rJ.ffu~ ElUn11l11\11U~\I ~ El11.JU 

3.3.3.1 ~1U1m'VI1fif'l'Yl1\1"lJEl\l1l1Vliil1rJlt1i'iEl (Computing Orientation fields) 

[34J fif'l'Yl1\1"lJ El\l iil1 rJlt1i'i El LUUVl1113jL~ Elf~~~nJ LVl11:: LUUn111::ufif'l'Yl1\1"lJ El\lCl1 rJ LiuLL~ 
.. q 

Cl::,hU"lJ El \I 111 Vl~ i3J ~ufnuvfu~U~L1m1n~L~ rJ\I n11~1U 1 m 'VI1 fif'l'Yl1\1"lJEl\l Cl1 rJ Liuii'VI Cl1 rJ 

in Lt1'V1 fu \11 U1,)rJ UL~ Eln1"liinn111.J1::m m fif'l'Yl1\1"lJ El\l fih n1 ~\I ~El\lLU~ rJ~ttElrJ~ ~~ (Least
q 

~ A~ .::t1'" Q.oI ~" ~ Go</' t \1 oJ'.:lI
mean square orientation estimation) LUU11ln11'Yl "l5nU'Yl1 Ll.J3J"lJU~ElU~\I~El ~l.Ju 

et .r:l I ~d::1 R I A 

"lJU~ElU'Yl 1 LLU\l1l1Vliil1rJU13JElElElnLuUUClElnrJElrJ ') "lJU1~ w x w VlnL'llCl 

hw1"'VinL'llCl (i,j.) Luu,;)~f'luFfnCl1\1 (lU\l1u1')rJUn1'V1U~"lJu1~L'Yhnu16x16 VinL'llCl)
q 'II 

~ , 
"lJU~Eluri 2 ~1U1m'VI1~hm1L~rJU (Gradients) 1ULLU1LLnU x (axCi,j)) LLCl:: 

LL U 1 LL n U y U\(i, j)) LL ~ Cl:: Vi n ~ (i, j) "lJ El \I U ~ El n t ~ rJ 1 i ~1 ~ 1 Lii.un11 "l5 ii. ~ t 'll LU iil 
, 

(Sobel Operator) ml11n11~1U1m'Yl1\1LLnU x ~\I~3Jn11ri (3-1) LLCl::~1U1m'Yl1\1LLnU y 
'" ~ 
~\I~3Jn11'Yl (3-2) 

(3-1)o -IJo -2 
o -1 

-1 -2-lJ
 
a/u,v)= 0 0 0 (3-2)[

121 

.ffu~ El U ~ 3 'VI 1 fi11 fi f'I'Yl1 \11 U LL ~ iil::U ~ El n t~ rJ 1.J1:: 3J1 m B(i, j) t~ rJ lh fii1 

n11 L~ rJ U ~1~3J1 ~1 U1 m 'VI13J 3J"lJ El\l fii1 fl113J LEi rJ\I"lJ El\l LLCl::U ~ El n~T:I n LL1.1\18 El n 3J1 LL~TI.b1 1.J 
q 'II 

~1U1m~1rJ~3Jn11~ (3-3) ~3Jn11 (3-4) LLCl:: LLCl::L'f3Jn11 (3-5) ~13Jfh~u ~iil~Vlf~1~,;)1n 

.ffu~ElUU~8 fif'l'Yl1\1"lJ El\l Liuiil1 rJlt1i'i El (Orientation Field) t~ rJ~m~m::~111.J"lJ El\lCl1 rJlt1iiEl 

';)::iin11Ll.J~rJULLl.J Cl\l"lJ El\lfif'l'Yl1\113.imn'VI~Eliin11Ll.J~ rJULLl.J Cl\l El rJ1\1i1 ') 1UU7L1 m1n~L~ rJ\I 

nu rJn L1UU7L1 m~LUW;)~lhnCl1\1'V1~El';)~iu~ ElU"lJEl\liil1 rJlt1ii El L'Yhtru~iin11Ll.J~rJULLl.JCl\l 
q q 
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(3-3) 

(3-4) 

8(i ') =!_tan-1(V/i,})] (3-5)
,j 2 V (' ')

" I, j 

8(i,}) ~El ~13J3J¢lL~,nnm-,th::mm~hLQ~rJ(Least Square Estimate) 'tJEl-'l 
q 

~1fi~'Y11-'1'V(iEl~113J~'\.I,L 'VI'tJ El-'lL~'\.I,~1 rJU1ii Elt~ rJij~n~ (i,}) dJ'\.I,,;)~~'\.I,rrn ~1-'1'tJ El-'l LLIii~::u ~Eln 
q 'U 

to -:l 0 oQ;.... ~4.., 
'tJ'\.I,~ El'\.l, 'Y1 4 'Y11 m-,m';)~ tHIHl.l1 m -,un 1 '\.1,111 ~ ~1 rJ '\.I,13.1 El ~1 rJm-,n-'El-'l LLUU., ., 

t~~1~ (Low pass filter) LrtEl-'l,;)1nL'\.I,U1-'1~f-'l111~~1rJd1iiEl~L~ijit!!t!!1m-,un1'\.1, 

ihL'VIlm-'l~i'1-'1'tJ El-'l ~1 rJd1iiElU1-'1~1'\.1,'tJ1~'VI1 rJLlJ ~-'I,f'\.l,~1fi~'Y11-'1 8(i,}) ~~1'\.1,1mL~El1,;) 

hitln ~El-'l ~-'I,f'\.l,n1-,lJfufi~'Y11-'1t~ rJn1-,n-'El-'l~113J~~1~·h'\.l,L~ L~ elL ~fi~'Y11-'1ij ~113J 
'U 

-'1U L1 rJu;r'\.l, t~ rJ';):: ~El-'l LlJ ~ rJ'\.I,111~~ rh'VI'\.l,~ fi~'Y11-'1 LL~1L ~El ciL'\.I,-,lJ'tJ El-'l L1 n L~ Elf~ Iii El LrtEl-'l 
'U 'U 

(Continuous vector field) riEl'\.l, t~rJLi~3Jm-, (3-6) LL~::~3Jm-, (3-7) ~13Jiih~u 

<D x(i,}) =cos(28(i, i»~ (3-6) 

<D y(i,}) = sin(28(i, i»~ (3-7) 

Web wep 

2 2 

<D,,(i,})= I IW(u,v)<D,,(i-uw,}-vw) (3-8) 
u=- Web V=- w(J) 

2 2 

W(Jl wQ) 

<D/i,})= I IW(u,V)<D/i-UW,}-vw) (3-9) 
u=- W<tt v=- Wet> 

2 2 
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.ffu~ en!.~ 5 ~lU1 nt'VI1fifl'Yl1"LL~::~n13J~ Liu~l £ld'1iiEl~hl ~ ~tyty1nt1lJn'"JU 

(Smoothed Orientation Field) ~1£l~3Jm1 (3-10) 

(3-10) 

., . 
,yu~Elufi 6 ~lU1ntLQ'Yn::~1U1.h::nEltll'lJ'l! (Sine Component) "1.JEl" B'(i,}) 

~1£l~3Jm1 (3-11) 

e(i,}) =sin(B'(i,})) (3-11 ) 

.ffu~ElU~ 7 ~lU1nt~h~"~~"1.JEl"~lfifl'Yl1"LL~::~n13J~ L~ml1'V1U~~n~ (i,})
'II q 

1I~er1"a" (Core point) ~1£l~3Jn11 (3-12)
q 

P(i,}) =Le(i,}) - Le(i,}) (3-12) 
RI R2 

~ I!!I. ., .... «' • 
3.3.3.2 mEl"111'Y'l~l£lU13JEl~1£l~1n1El"LmlJEl1 (Gabor Filter) 

n11n1 El"111 'Y'l ~1 £l d'1 ii El ~1 £l ~1 n1El" LL f1lJ fl113J~ LL lJlJ Ln LlJ Elf LU un1::lJ1un1,)~ 

Ll'tlJtlJ1nt1lJn1U~ LL 'Yl1nmn1J"1rEl3J~111'Y'l ~l£lit1ii El LL~::tl1lJ,J1" 1f11,,~f1"~1 miu1~i'ilLlIU 
cal., ., , 

~3JlJ1rn3J1n;rU 1~ mt1111'Y'l ~1 £ld'1ii El~ ~hun1::lJ1Un11'V11~1"1.J El"fifl'Yl1"LL~::fl113J~"1.JEl" 
'II 

~1 m iULL~13J~1 LUWJJEl3J ~'\.t1 L;r1~ ~l~tlJ"1.J El"n11n1El" ~1n1El"Lm lJ Elfii'LUU ~1n1El"LL f1lJ
'II ... 

fl113J~~hu 1~ (Bandpass Filter) ~ ~3J~ufnlJfifl'Yl1"LL~::fl113J~1111~~lm1f1n1,)~~tytl!lnt 

1lJn1U1~~ LL~:: iT"fI"i'm~n1f11,,~f1""1.JEl"Liu~l £llJU111'Y'l ~1 £lit1ii El1~ mh" ~tl1::~'Yln111'Y'l 

"1ui,)£lii'1iLmlJ ElfLLlJlJ~3Jm~1~ (Even-symmetric Gabor Filter) 1U1~L3JU~tl1Ltfi£l~ 
'II 

(Special domain) 

3.3.4 n11LLtI~"111'Y'lLUU 2 1::~lJ (Binarization)
 

::. .t.J! tI 1" 'I'" ~I .. ...
0 ""..
"1.JU~ flUUlI::TI1n11LL ~"111'Y'l 'VI3.I~ ~L 'Yl1 b'VIL uU111'Y'l"ll'U~"1.J11-~1 'lJ"3Jfl113J L"1.J3J LL~" 

A .... A I '" I.... II1:II 0 , "" I .... 

"1.J El" 'Y'l m 'lJ~ ~El"1:: 'illJ fI El fl1 fl113J L"1.J 3.1 LL~" L'Yl1 nlJ 0 (~m) LL~ ::fl1f1113JL"1.J 3.1 LL~" L'Yl1 nlJ 255 

(;"1.J11) L1 £l n 111'Y'l LL lJ lJ ii'11111 'Y'lllJU11 L~ El tli'lJ tl1" &rmtnt:: fl113J fl3.I,r~"1.J El" ~1 m iu 
q 

iT"tl1::1£l"ll',r~ Eln11LL£ln &rmtnt::L~u 1~ £l~m'lJ~~~~l fl113J L;r3J LL~" L'rb nlJ 0 'VIm £lti"lJ1nnt 
., . 

"'" &II/. AI A. 4II1:II t "" I .... A A .... 

"1.J El" L~U UU"1.J El"~l £lU13.1 El LL~::'Y'lm'lJ~'Yl3Jmfl11:lH"1.J:lILL~" L'Yl1nlJ 255 'VIm £lmlJ1L1nt"1.J El" L~U 
'II 
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1El\l"lJ Eh'~1 rJU13:im!'\.I,LEl\l 1nn11LLtI ~\1 L~3J~'\.I,t~ rJ mirJ~1 L'Yl1~te1~lfi'~~1'\.1,1 rn'~~1n~1LU~ rJ 

"lJ El\l 111 Y-l LU'\.I,1::~ul '\.I,n11LLrJn LLrJ::~~111Y-ll1 LU'\.I,1::~ul~1 L~El'\.l,'''lJl '\.I,n11LLrJn LLrJ::~ mi11::~U 
q 

~1 L'Yl1"lJ El\l-wm'lJ~ 1wrhl~ (x, y) ii~13J1nnl1~1L'Yl1~te1~lfi'~::ri1'l.m~1",ii~1L'Yhnu 0 (&~1) 

LLL'l::ti1~1nl1~~1L 'Yl1~te1L'llfi'firi1'v\'\.I,~1",ii~1L 'Yhnu 255 (&"lJ11) c-lL'l ~Y-lf~'~~ El111Y-lL'l1 rJU13:iEl 

tl f1LLtI L'l\l LU'\.I,111Y-l fl113J L"li3.1 LL~\1 ~El\l1::~U~ El111Y-l"lJ11-~1 
'II 

3.3.5 n11'ti1L'l1mi'\.l,1"'u1\1 (Thinning)
 

n11'ti1 L'l1 rJ Li'\.l,1"'U1\1 Luwff'\.l,~ El'\.l,~~'ti1 rJ"lJ El\lm::U1'\.I,n11t11::3.11 L'l c-l L'l111Y-l Lrl'El\l~'\.I,ri El'\.l,~
 
q
 

.., .., I .... I , A...'.::lI~ I
o AI d .., 

~::'\.I,1"lJEl3J L'l111Y-lL"lJ1 ~n1::U1'\.1,m1~1L'lm~rn::L~'\.I, L'\.I,El\l~1n111Y-l~1 rJ'\.I,13.1 El'Yl3JfI1f1113J L"lJ3J LL~'\1 
'II 'II 

~El\l1::~U~1 El~ L1rJ nl1111Y-l 'U'\.I,11i'\.l, tfl1\1~11\1~1 rJ Li'\.l,ii\l LLaj~:: ~3JU1nrLL~::i~L~'\.I, hJ ii 
'II 

iruru1rn~'3.i~\It11::~\If'fLL~1fi~13J LL~ ~1 rJ Li'\.l,fi iJ\liifl113J~'\.I,1 El ~~1 mt1'tilofl'\.I,m::U1'\.1,n11., ., 'II 

~1f1rnin lYrn:: L~'\.I,-;]~I LU'\.I,~::~El\l'ti11'"~1 rJ Li'\.l,U1\1 L&rJ ri El'\.l, t~ rJ~::-W~11rn1 LuY-l1::-W m'lJ~~ii 
q 

fl113J L"li3J LL~\I&~1 ~1mb'\.l,~1 tl Li'\.l,'\.I,'\.I, ~ii"lJ'\.I,1~"lJ El\l ~1 m ~'\.I,-;]1'\.1, 1'\.1,~ ~1 rJ-wn L'lJ~ 1~L~ ~ El L~ rJ\I 
'II 

-Wm'lJ~L~rJ1 t~rJri1~'\.I,~1",-wm'lJ~~ii~1f1113JL"li3JLL~\1 rn ~1LL~'\.i.\I-Wn~ (X,y) 1~ ') ~ii~1 

L'Yhnu 0 LL 'Yl'\.l"b'\.l,~1 mi'\.l,~ ~'\.I,1~1~ii~1 L'Yhnu 1 ~1~fu-wm'lJ~~ii~1f1113J L"li3J LL~\IL 'Yhnu 

255 LL 'Yl'\.l,~1 '\.I, ~ LUW~''\.I, ~ i\l1",ii L'Yh nu 0 rr~ n El1;1 3.1 n11'ti1 ~1 rib i'\.l,1"'U1\1"lJ El\l \11 '\.I, 1~rJd 

L~Elnli1n"lJEl\l~1\1LL~::'lJ1'\.1,(Zhang and Suen's algorithm) [35] 1nn11'ti1~1mi'\.l,1"'u1\1 

1nn11dlm'\.l,t~f"lJ'\.I,1~ 3x3 -wm'lJ~ tl1::nElU~1rJ~~-Wm'lJ~J\I~3J~ 9 ~~~El (~), (P2 ) , 

(P3 ), (P4 ), (Ps )' (P6 ), (P7 ), (Pg ) LL~:: (P9 ) ri1~'\.1,~1'" (~)~El~~flElWn1f (Contour 
. AI dO .... A A.:III A I.... .::lIA ..,.:11 ~'" A 

POint) ~1El~~'Yln1~\IY-l~11rn1 'lJ\l3JfI1Y-lm'lJ~L'Yl1nU 1 LL~::3JY-lm'lJ~"lJ1\1LflrJ\I'Yl~El3J1ElU 8 Y-ln 
q 

L'lJ~ ~El (P2 - P9 ) ~\ILL~~\I1'\.1,111Y-l~ 3-3 

(P9) (P2 ) (~) 

(~) (~) (~) 

(P7 ) (~) (~) 



32 

..., ~ A 1l::::lII"" .J'" 
,;]~"E1U fl11" E11llJ1 £.111 t1~::LEltI~~\lU 
q 

.ffU~E1U~ 1 rh",u~~m'11~ (~) ~nrhi~llu"'~E1n1"::fhl~ii~1Luu 0 (vtu",&r\l) 

ti1LUUlU~13JL~ E1Ul"lJ~\I~ E11ud' 

1. 25:N(~)5:6 

L~E1 N(~) ~mhU1WlJEI\I~m'11~~E1~1"E1U (~) ~ii~1LYhnu 1 LL~:: 

N(~) =P2 +~ +P4 + ...~ 

2.	 S(~) =1 L~E1 S(~) ~mhU1WlJEI\ln11"LU~t1ULLU~\I,;]1n~m'11~ 0 LUll. 1 
.x ... 0 .... .....J't~t1111n11"~1"1,;]~E1UVmL'11~~13J~1~U~\lU P2 , ~, ••• , ~ 

A..., 0 .., A	 ~ 

3. P2 • ~ • P6 = 0 L3JEI~1m::fl1· LLflUmtl~E1';]mLElU~ 

A Q"I 0 ... A ~ 
4. ~. P6 • ~ =0 L3JEI~1n1"::fl1' LLflU~1t1~E1';]mLElU~ 

.ffU~ E1Ud'';]::fl1 n11"rhi~~ n L'11~~ EI cifl1\1"lJ11ii EI LL~::~1Ufl1\1"lJ E1\1 ~1 tI LiUEI EI nlu fl1 61l1 
'II 

lu L~E1t1 ') ';]un1"::.,r\ll3.i ii~m'11~ 1~1U[11y.mnn1i~ an 111'V'/~1miu~1~1wffu~E1ud'';]::,blu 
'II 

Luw~jEl3J~,bL,j1lu.ffU~E1U~ 2 ~E11u 
'II 

.ffU~E1U~ 2 n1",u~1~';]~~m'11~~U~E1,;]~ (P.) 11~E1\1tlmi1~1t1",~mm~u offU~E1Ud' 
q q 'II 'II 

,;]::~1\1nu.ffu~E1u~ 1 lU~E1ul"lJ~ 3 LL~:: 4 LYhiu ~\liu~m'11~ (~) ';]::~nn1i~lu"'~E1f11 

l~LUU 0 ti1Luulu~13JL~E1ul"lJ~\I~E11ud' 

1. 25:N(~)$6 

LrlEi N(~) ~mhU1U"lJEI\I~m'11~~E1~1"E1U (~) ~ii~1LYhnu 1 LL~:: 

N(~) = P2 + ~ +~ +...~ 

2. S(~)=l 

LrlEi S(~) ~mhU1U"lJEI\ln11"LU~t1ULLU~\I,;]1n~m'11~ 0 LUll. 1 t~t1f11n11" 
A 0 Q,I Q.,I.J" 

~1"1,;]~E1u'V'/m'11~~13J~1~U~\lU P2 , ~ , ... , ~ 

3. P2 • P4 • Pg =0 LiiEl~1m::fl1· LLflU~1t1~E1~mLElU~ 
, 

4. P2 • P6 • Pg =0 LiiEl~1m::fl1' LLflU~1t1~E1~mLElU~ 

offU~ E1Uit';] ::fl1 n11"n1 i ~~ n L'11~ ~ EI ci fl1\16J11 t1ii E1LL~:: ~1 UUU"lJ EI \I ~1 tI Lill.UU EI EI n lu ..
 'II	 'II
 

fl161h 

lUL~E1t1 ') ';)un1"::.,r\ll3.iii~m'11~1~lu111'V'/tlnn1i~ ';)::li111'V'/~Luut"\l11\1 (Skeleton) ~LUU 
'II 

1:11 tI Liuu1"::n E1U ~1 t1~ m'11~ L~ tI1 

~1"tll~11.ffU~ EI Un11"U 1":: 3J1 ~ ~ 1:1111 'V'/1:I1 tI d'1ii EI LifEI \I ~U U1":: n EI U~1 tI n 1"::U1 Un11" 
q 

fl1 \11 U'" &rn 5 n 1":: U1Un11" ~ \I LL ~ ~:: n 1":: U1 Un11" ii"113J ~1 flru LL ~:: 3.i \I LUll. LvJ E1Ui'U U1" \I 
...	 q q 

~ "" 1"'-=- ~..., ~ ~ t"t'U,111'V'/1:I1 tI U13J EI '" 3J ,,113J ~3J U1" t'U,LL 1:1 ::"ll~ L';) U3J1 n tI \I"lJ U ~ mil. 'V'/1:: n1":: U1Un11"n 1" EI \I 
q	 'II 

ity rY1 t'U,111'V'/~1 t1~1n1"E1\1 Ln LUElf n1"::U1Un11"LLU 1:I\l1l1'V'/~E1\11"::~U LLI:I::n1":U1Ufl1 ~1 mill. 
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Li'U1" iiEl11 LUUn"::'U1u~tli''Utl''''111V1~1tJii' 1iiaaci1"LLl1~~" ~ ~ iVlf~i.~~1n.ffwil au m,.
q 

tl,.::3J1 iil ~ ~111V1 ~ a 111 VI ~1 tJ ii'1 ii a~tli''Utl,." 1~,." ~i'1""lJ a" ~1 tIL iu~ii ~113J ~3J'U,.mLL~:: 
q	 'II 

,r~ L~ua ciLu,.tl LL'U'U"lJ a" 111 VI ~a",.::~'U (111V1"lJ11-~1) LL~::Yin ~ (i, j) "lJ a,,~~ a1"a,,~ LUU 
'II 'II	 q 

Vl1"1iiL~af~ ~1 ~WLu.ffu~ aum"~1 ~m!l'm::L~U"lJa"~1 tJii'1ii a~ ai.tl ll1V1~ 3-4 LL~~"i1" 
'" 

.... fr'. tl	 .:'A,r.., 
~ iiliilVlli~1nm"'Yl1 "1U"lJ a"m,. "::3J1~ ~ ~111V1 ~1 tJu13JaL'U a" ~u 

Thinning Process ;.BinanzationProc$ss : 

.cI .... r~	 ~ 4 "" ....

nTwn 3-4	 ~fl~Vlli"lJU~aUm,.tl"::3J1~~~111V1(n) ll1V1~1tJU13Ja~UQ'U'U 

("lJ) ll1V1fi~'Yl1""lJ a"~1 miu, (~) ll1V1Yin~"lJ a,,~~ a1"a" 
q ... 

(") ll1V1~1tJihiia;' 2 "::~'U LLfl:: (") ll1V1~1miu'U1" 

o I ~ 4 a fit 
3.4 n1'M"(;'IU6I::UU\Jn1Tt6l1!1"1IJElElEImihUJiUlfl (Divide Fingerprint Image in block) 

LUun"::'U1un1,.~th,]ULyj aih~u~"lJa'U L"lJ~~U~ ~1tJii'1ii aLiii"lJU1~L~n~" Lrta"~1n 

m,.-.ij1LLun'U~~ iil~1 tJ~1 tJii'1~ mfui.3J-.ij1 LUU~a"hf1m" ~i'1"~1 tJii'1iimf"ii'1 L,fLVi tJ"'U1" ~1U q 

n~13J1"fl"::'U'U~~ fl i.~ thLin1,.tl"::3J1iil~~Lwffu~ aum"~1 ~nMm::L~U"1~ L~13J1n ~",]uq q 

....::. ::. .... -t
tl,.::n a'U~1 tJ"lJU~ au 2 "lJU~ VU~"U 

~ .d. .f.,l~ ... ofl" T'" d .. 
"lJu~au'Yl 1	 m~u~"lJ v'UL"lJ~VlU'Yl1l1V1~1 tJU13J aa amlJu'U~ an b~ tJ3J~~ n"n~1"'U~ an 

q ... 
o I	 .... A A lid 

~,." ~1 LL~ u,,~~ m" a,,"lJ a"111V1 ~1 tJu13Ja 
q 

.ff'\.\~au ~ 2 ~~,ja3J~111V1~1 tJii'1~ vUvn"lJa'UL"lJ~-n"" ~1mfutli''U''lJU1~111V1L iii"lJU1~ 
'II 

150x150 Yimsniil 
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n11,j1 LLun U~ ~ Cl ~1 £I Cl1 £Jd'1 ii m!u ij,jEl1J Cl~ ~1 ~tlJ fHi Ell~1 'I ~f1'1 Cl1 £JL iu LLCl::liJ ~ 
"	 cu QI " 

11 £I Cl:: La £J~'VI'iEl~L1£Jn111iJ~iiuL fi£J (Minutiae Point) ~'1~ El ci Ltlu,j1U1umn'luT11VlCl1 £Jd'1ii El 
, 'U	 'U 

"11 El'lLL~Cl::U~~Cl LL~'l un1::U1UfI11,j1LLunu~~Cliu'li"liEl1JClliJ ~iiUL fi £I L~ £J'IU1'1 Gf1Un L~ £J'IVl El 
,	 , 'U, 'U 

3.5	 nTmunft'mtm:ac;i" (Feature Extraction) [2] 

fI11,j1LL unu~~Cll~ £J'liCl1 £Jd'1ii mLumr~ 1U1J'1i 1~£Jtt1 L1JliJ::El ciuu'VI crnfl11"iJEl'lfl11'li 
,	 'U 

crn ~rn:: L~U"11 El '11~ 1 'I ~f1'1 ~ ~1 ~tlJ LLCl:: LL~ n ~1'11iJ1 n 1~1'1 ~f1 'I Cl1 £I d'1 ii El1J n ~ ~ L1 £In 11... 
"iiULfi£J" '11U1~£JitL~Elnh1r~1'1~f1'1~~1~tlJ 2 "lfit~ ~Ell~1'1~f1'1LLuun11~U~~"11El'l 

'U	 ... , 

LiUCl1£Jd'1iiEl (Ridge Ending Structure) 'VI'im1£Jnan:aEl11 "1iJ~1JCl1£J" ~crn~rn::i'lLL~~'1'lu, 
T11Vl~ 3-6 (n) LLCl::1m'l~f1'1LLUUfI11LL£JfI11U"iJEl'lLiUCl1£Jd'1iiEl(Ridge Bifurcation Structure) 

L1£Jnan:aEl11 "liJ~LL£Jn" ~crn~rn::i'lLL~~'1'lUT11Vl~ 3-6 ("iJ), 

...-&=:_----­
~ 

("iJ)(n) 

n1..,rf 3-6 crn~rn::1iJ~it1JLit£J~H1U'I1U1~£J (n) 1iJ~1JCl1£J (Ridge Ending) 
, 'U	 , 

LLCl:: ("11) liJ~LL£Jn (Ridge Bifurcation) , 
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n11'V11 ~n1yrn:: L~'I-l."lJ a\l';)~ij,.Hfi £.I'tf\l 2 "1lit~ ';)1 n 11TVHn £.Iii'13:i ali'VI ~n n11"lJ a\l 
, 'IJ 

Crossing Number (CN) 1'1-l.m1LL£.In,;)~u~1mL~::,;)liILL£.In it£.l1:J./l.lii~\l~:JJm1~ (3-13), , 

(3-13) 

A I A ... 1::11. ~ Q

Pi ~a mVolm6Jl'~"lJ1\lL~£.I\l (NeIghborhoods point) 'Yl\l'VI:JJ~ 8 Volm6Jl'~ 

m1LL£.In~mYrn:::L~'I-l."lJa\l';)~ij'l-l.Lti£.l"lJa\l'VI~nm1 Crossing Number li1'1-l.t~{"lJ'I-l.1~ 3x3 
, 'IJ 

~n L6JI'~ L~:JJ lii'l-l. n11'Yi1\l1 'I-l.t~ £.IU1111 Vol ~1 £.Iii'13:i a~ ri1'V1 'I-l.~"lJ a tI L"lJ ~ LL~:: LL l.l\ltl ~ a n LL~1 :JJ1 

ri1'V1'1-l.~ 1~vr'l-l.~"lJa\lLi'l-l.'I-l.'I-l."lJ a\l~1£.1ii'13:ia ~a~1tILi'l-l.~~'I-l.hihi1L'Yhntl 1 LL~:::tl1L1rn~Lij'l-l.Li'l-l. 
'IJ 

ia\l"lJa\l~1 £.Iii'13:i aii~1L 'Yhntl 0 ~ avr'l-l.'VI~\lLL~::Lijw·na:JJ~~"3J~'I-l.h 1'I-l.m1LL£.In ~mYrn::L~'I-l. 
'IJ 

11 £.I~::La £.I~LL~:::.ff'l-l.~a'l-l.m1'V11~nMrn::L~'I-l."lJa\l';)~ij'l-l.Lfi£.l ~1:JJ11tl aitl1 £.I"lii~\l~ad' 
, 'IJ 

.ff'l-l.lila'l-l.~ 1 ri1'V1'1-l.lill~ ~nlil (i,j) llil ~ ~a~nlil"lJa\l';)~~m6Jl'~~liia\lm1lil11';)~atll1, 
Lij'l-l.~lilLL£.In'VI1a~lilU~1£.1~a (M) LL~:::~m6Jl'~ln~L~£.I\l (k]) I (k2 ), ••• , (kg) ~a~nlil"lJa\l 

, , , 
A ,::t I aA Itt A Q; a A .... A .... 

Volm6Jl'~'Ylamati ~ :JJ'Yl~'Yl1\l'VI:JJ'I-l.lil1:JJL"lJ:JJ'I-l.1Wmlil\l111Vol'Yl 3-7 LL~::L1:JJ,;)1n:JJ:JJtI'I-l.6JI'1£.1:JJa m 
'IJ, , 

~nlil (kn ) LtJ'I-l.~m6Jl'~;~hri1'V1'1-l.lill~ R(n) =1 LL~n1~nlil (kn ) LtJ'I-l.~m6Jl'~;"lJ11ri1'V1'1-l.~1~ .. 
R(n) =0 ,;)1n,r'l-l.U1~1ha\l~m6Jl'~1atl~n~ (M) 

Q..o6' 0 I ..... ~A 

f..l~~Vol1im1m'l-l.1rnm (CN)"lJa\l ridge pixel ~1:JJ11mL£.ln~nMrn:::"lJa\l~1£.1'1-l.1:JJa 

t~1\l~i'1\l"1litlil~lilLL£.In"lii'Oij1'1-l.1'1-l. 16 JULLtiti ~\lLL~~\l1'l-l.111Vol~ 3-8 (n) LL~:::t~1\l~i'1\l"1litlil 

~lilU~1£.1,)1'1-l.1'1-l. 8 JULLtllJ ~\lLL~lil\l1'l-l.111Vol~ 3-8 ("lJ) 
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(CN) =3 

(n) 

~~~~
 
~Ei3~~
 

(CN) =1 

("lJ) 

fl1..,r1 3-8 ~tl LLUU"lJ El·:r;)~\hJL fi tJ (n) ~tl LLU1J'nu~';)~ LLtin (Ridge Bifurcation) 
'II ~ 'II 'II ~ 

LLGl:: ("lJ) ~tlLLUU"J1U~';)~tlGl1tJ (Ridge Ending) 
'II ~ 

.. , 
-llU~Elufi 2 ~1U1U1,~1~::tJ::'Vh""lJEl,,';)~ijUL fi mlu,;)~ el1"a" l~tJl,y'Yltl'lf~tJ'Yl1nEli'~ 

~ 'II ~ :;.,I , 
(Pythagoras) utl13Ji"~3Jm~fi (3-14) 

(3-14)
 

1,1 1,2 1,3 1,4 1,5 IJ)/,rt/:~S \\' \~ 
2,1 2,2 2,3 2,4 2,5 I'll;ViJ ,,\\\ 4,' 

\ 
3,1 3,2 • 3,4 3,5 f~ • • ~~ \l 
4,1 4,2 4,3 4,4 4,5 I '\l:i 

, 
, It 

5,1 5,2 5,3 5,4 5,5 \SViii~ J 
~ 

i~
 
.... 

I rf/.-~ \\\ i\\)'I 
'fti,'l If). "\\ ~\ 
I \ 
f 1'. - - .,-;:, Ii \ 

t----\.\~ .. , '"" ~~ 

\ \S :;;.;/ [1.6 ~J 
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~1nll1~~ 3-9 ~lr.i1ii~~ihl.LiirJ1ulJ~Eln~ (1,5) ,)1U1U 1 ~~ LtJW.l1ii.~~~Lwn, 
, 'U " 

lJ~Eln~ (2,1) ,)1U1U 1 ~~ LtJU".l1ii.~~~'l.Ifl1rJ, lJ~Eln~ (2,5) ,)1U1U 1 ~~ LtJW.l1ii.~~~'l.Ifl1rJ, 
" " 

lJ~Eln~ (3,1) ,)1U1U 1 ~~ LtJU".l1ii.~~~'l.Ifl1rJ, lJ~Eln~ (3,2) ,)1U1U 1 ~~ LtJW.l1ii.~~~'l.Ia1rJ, 
" " 

lJ~Eln~ (3,4) ,)1U1U 1 ~~ LtJU".l1ii.~~~LLrJn, lJ~Eln~ (3,5) ,)1U1U 1 ~~ LtJU".l1ii.~~~LLrJn, 
" " 

lJ~Eln~ (4,3) ,)1U1U 1 ~~ LUW.l1ii.~~~'l.Ifl1rJ, lJ~Eln~ (4,4) ,)1U1U 3 ~~ LUW.l1ii.~~~LLrJmf..1
" " 

3 ~~, lJ~Eln~ (4,5) ,)1U1U 1 ~~ LUW.l1ii.~~~LLrJn, lJ~Eln~ (5,4) ,)1U1U 2 ~~ LUU".l1ii.~, " , 
~~LLrJmLfl::~~'l.Ifl1rJ LLfl::~~'Yi1rJlJ~Eln~ (5,5) ~1U1U 1 ~~ LUW.l1ii.~~~Lwn i..1~U~1'l.1'~11 , " ", 
~lJ~~3JULiirJ".l1ii.~~~LLrJn,)1U1U8 ~~ LLfl::~~'l.Ifl1rJ~1U1U 7 ~~ 113J~~3JULiirJ~~El..1'\.i.13J1 

, 'U' " ... " 'U... 
~1U 1 m Vl11:: rJ::'YI1..1~1 n~~ el1..1a..1,)1U1U"..1{{U 15 ~~ , ~1n~an1''j~1U1m~11:: rJ::'YI1..1~lJ11, 
iiLVirJ..1 12 ~~ L'Yh~U ~ nmbhJH\UWliEl3Jfl&rn1Ym:: L~WlJ El..1 fl1 rJU1ij El'~ LrtEl..1~1nlJ~ El n~ 

, 'U 'U 

(4,4) LLfl::lJ~Eln~ (5,4) L~ElU'''lJri1V1U~1~L~Eln~~~m'1Jfl~ii~11::rJ::'YI1..1,rmJ~~ LVirJ..1lJ~Elnfl::, , 
1 ~~L 'Yh~U i..1~u-nEl3J fl&rn1Ym:: L~U~Vl1,~~ El~11:: rJ::'YI1..1V11El ~1~113Jv\1..11::Vl11..1~~ el1..1a..1 

, 'U , 

fllJ~~3JULiirJ 1~rJ~~LnlJ1u~'l.IL1m~Elf (Vector Data) 
, 'U 'U 

1Un11'Y1~~EllJ1::lJlJLLti'!l11~~1mh..1ElElmuu 2 ".l1~ ~El ".l1~111~fl1rJU1ijEl~1mh..1, , 
~1V11lJm1fl..1'Y1:: LU rJUfl1 rJU1ij El (Enrollment) LLfl::m1~11~ ~EllJ fl1 rJU1ijEl (Verification) 

1~rJ1i~1mh..1111~fl1rJU1ijEl,)1U1U 250 111~ ~1n-nEl3Jfl~1Elci1..1lJ~~fl~1U1U50 11rJ 
'U , 

LnlJ-nEl3Jflll1~ fl1rJU1ijElU1i1LLaJijEl"lJ11,)1U1U 5 i1El ci1..1 1~ m UU~1 El ci1..1111~fl1 nU1ij El 
'U 

~1 Vl1lJ n11fl..1 'YI:: LU rJ U~ 1U1U 50 111~ LL fl:: LU Ui1 El ci1..1 111~ fl1 rJ U1 ij El ~1V11lJ'YI ~ ~EllJ 

m1,)1 LL un~1U 1U 200 111~ -nEl3Jfl &rn 1Ym::L~U ~Vl1 '~~1nll1~i1 El ci1..1".l1~n11fl..1'Y1::LUrJU
'U , 

nmnlJfl..11u1'l.1 LLlJlJ"lJ El..1h-l Gf-nEl~113J (Text File) ~1V11lJ-nEl3Jfl&rn1Ym::L~U ~Vl1'~~1nll1~ 
'U 'U 'U 

~1Elci1..1".l1~m1'Y1~~EllJm1,)1LL UnlJ~~flnmnlJfl..11 umfL1£f"lJU1~ 1 3J~ ~..1-nEl3Jfl&rn1Ym::L~U 
, , 'U 'U 

"lJ El..1fl1 rJU1ijmf..1 ~El..1nmt 13J11-num::lJ1Um1~1 LL UnlJ~~fl~ El''l.I
'U , 

3.6 n1"S;j1LL"nll~~n~1mfl~"~LlJ1'1f~tJ"Sft~ftLLflozf (Verification using HD.) 

Luun1::lJ1U~'\.b-nEl3J ~~ m&rn1Ym:: L~U ~Vl1 '~~1 n.ffu~ ElUm1LLrJn ~ m&rn1Ym::L~U3J1
'U , , 

Vl1 ~1 ~113J ~ Gt1 rJ ~~..1 fllJ-nEl3J fl &rn1Ym:: L~ U1U;i1 u-nEl3J fl ~1 rJ ~3J n11 Lu1'1J~ El1y.J~ ~LL 'YIWD 
'U u 'U 

~..1 n1::lJ1 U n11 L~3J ~U1 ~ rJ e)1U~1-n El3J fl ~ m&rn 1Ym:: L~U 1U;i1 u-nEl3J fl a..11UEl1fL1 £f 1 3J ~ 
'U , u 'U ... ... . 

~1 n UUe)1 u-nEl3J fl ~ m&rn 1Ym:: L~ U"lJ a..1 fl1 rJii.1 ij El ii'YI ~ ~EllJ t:l..1 1UEl1 f L1 £f 1 3J ~ L"15U flU
'U , 

~1U1 mVl1 ~1 ~113J ~ Gt1 rJ~~..1 ~1 rJ ~3Jm1Lu1'1J~ my.J~ ~LL 'YI WD L~ El n1'l.1 LL lJ lJ~ ii~1 ~113Jv\1..1 
'U 

,rEl rJ~ ~~L uum~ &r~tf LLGt1U1 ~t:l &r~tf~Vl1 L~3J11::lJlJ mlt:l LLlJlJ,)1t:l El..1~1 El ci1..1n1::lJ1Um1, , ,. 
o ...... 

~1LLUnlJ~~t:lLL~~..1~..1111~'Y13-10, 
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H(A, B) > min 

H(A,B) < min 

H(A,B) = min 

I H(A,B) < min 

I H(A,B) > min 

I
 

I
 

-;nn.fn'V-I~ 3-1 0 nl'V1U~ 'l~,yEl:IJ~~ULLlJlJ~I£.I'Ud~EI~'Yl~~EllJm~-;hLL ~:IJ1~fi"lJEI\Iun~EI 
'II 'II 

L'll'~ A LL~::,yEl:IJ~~ULLlJlJ~I£.I'Ud~EI'lwnu,yEl:IJ~LtJU~:IJ1~fi"lJEI\lL'll'~ B 1n-m~L~:IJliiw;nmb 
'II 'II ... 'II 

~U LLlJ lJ ~1 £J'Ud ~ EI ~ 'Yl ~ ~EllJ l'~ ~dl:IJ~ ~1 £J n lJ'Yl n~u LL lJ lJ~ EI ti'lu~nu,yEI:IJ ~ 'lU\lI u1 ~£J d' 
'II ~ 'II 'II'" 'II 

u~::nEllJliid£J 50 ~t1LLlJlJ LL~dL~ Eln~ULLlJlJ~iiTll~dl:IJvil\1'\tEl£J~~~(min) LtJUf..l~~'V-It' sB\lii 
'II 'II ~ 

Ti, LrhnlJ H(A, B) = min ~\I,ru~EI~ULLlJlJ~I£Jd'd~EI'VI:lJ1 £.1 L~"lJ 25 (id=25) -;nm!w\11
'II 

'VI:lJl £J L~"lJ lEl~ f..I ~ ~'V-I t'~l~' iLtJu~ munl~~u 'VIl-nEI:IJ ~lJ~~ ~ 'lwnu-nEI :IJ~u~::1'~un ~nMl 
'II ~ ... 'II 

L~EI'l~'Yl~llJ~EI ~n~ LL~::,yEI:IJ ~~1 £J ~::La £J~ iT\lf..I~ 'il Elm~~::lJ f..I ~ ~'V-It'"lJ EI\I-;hLLUWhrmIiiEI\I'VI1E1 
~ 'II ~ 'II 

...... 0

3.7 n1·m6'fc;h'JFn.~a't"Uin1·H)1U"n1Jflfla 
~ 

n~::lJdUnl~LL~~\If..I ~ ~'V-It' ti EI LtJwffu~ ElU1'~ U~::~'Yln-1l1'V-1"lJ EI\lnl~~::lJlJnl~-;)1 LLun 

lJ~~~liidm 'Yl~U~Lm'll'~ ElW~~~LL 'YlU'l1 'lU\lIU1i£Jd''lim~'Yl~~EllJ'iid£Jm~i\lLn~liid£J~ £J~1 
~ 

:IJUM~'1l::i~ ~uL'1l11f1 n IiiEI\I'VI1E113.i 1~ £J Elli£J-nEI:IJ~~~U'VI11Iii'1l1mnu-nEI:IJ ~u~::1'~lJ~~ ~ 
~ 'II 'II'" 'II ~ 
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3.8 n1,iuAiinJnUn~~fin1'')1LL"nnmn",riinJnlh:::1iiuAAn 
'U 'U ... 'U q 

LiI'\.l,n1::1J,)'\.l,m1~';h ~ ~iVol:6¢1L~~1nn1::1J,)'\.l,m1~1 LL '\.l, n1J~ ~~ L'\.l,~1'\.l,1iFJii\iitl~1 
q 

1iL'f1J~~~ (Code) 'liLilu~ rn'\.l,m1~WVI1 'lWii1'\.l,,rtl:JJ~lh::1&i1J~~~ ~L~'Yi1m1L'fi'1~L 1~,) FJ 
q .., cu q 

hhLLn1:JJ"~m1;j1'\.l,,rtl:JJ~ Microsoft Access LL~')'1:Nh.hLLn1:JJ Microsoft Visual Basic (111'lY1 
.. 'lJ 

Basic) W~'\.l,~ILLtlVol~Lmr'\.l,L'\.l,Gf,)'\.l,'iJtI~m1&i~~ml1J~'i~1'\.l, (Graphic User Interface : GUI) 
'lJ 

Vol~U1'\.l,m:JJ-ll tI:JJm.h::~1J~~ ~ LLL'f~~~~~111~~ 3-1 
q 'lJ q 

Name 

Description 

Attribute 

Id 

Code 

PrefixName 

FName 

lName 

BirthDay 

HomelD 

Province 

Phone 

StdHistory 

Description Type 

Number 

Text 

Text 

Text 

Text 

Date 

Text 

Text 

Text 

length 

2 

12 

10 

25 

35 

8 

100 

100 

100 

PK 

n 111i ~ 1 '\.l, LL tI Vol ~ L~ i'\.l, L~ :JJ ~ '\.l,1 ~ FJ 1J ~ ~ ~ ~') tI ci 1 ~ ,; 1 U') U 50 11 FJ 11'\.l, Yi n ,rtI :JJ ~ 
q 'lJ 

....... I 
A.:!t I 4 A A. 0 I 0 .. e,...

111 Vol ~1 FJU,):JJ tI~1'\.l,L~1t1~ L'fLLnU111Vol~1 EJU'):JJtI '\.l,1111 Vol m'\.l,m::1J,)'\.l,m~~1 LL '\.l,n1J~ ~~'YlVol~'\.l,1 
q 

~,)EJhhLLn1:JJ MATlAB ~UL~1iL'f~1~'IJ ID ~1ntf'\.l,n1::1J,)'\.l,m1"1J~,rtl:JJ~~~iVol:6m1';1Lmn 
'lJ 'lJ 

n1J;j1u-lltl:JJ~1.h::1&i1J~~~~~L~:JJ~'\.l,m~'Yi1~1'\.l,1~[j'\.b~1 ID :JJ1i1J~n1JLL{l') (Row) 1u 
.. 'lJ q 'lJ 

!1U-lltl~~lh::1&i~~~~ 1~EJ1i~hi~111'lY1 SQl (Structure Query language) LL~::LLtlVol~L~i'\.l, 

~::LLL'f~~-lltI:JJ~1J~~~tI tln:JJ1 L~ tiLi~'Yl~ L'ftl1J~~,)~L'ftl1J11 LU'\.l,-lltI:JJ~'iJ tI~~U Vl1t1LaJ 
'lJ q 'lJ 'lJ 



.d 
tJ'Yl'Yl 4 

4.1 n11't1lPtiUl" 

n1'7'Yl~ GHI \I'7:U U m'71l1 LL 'Unu,," ~'ii1 m 'Yl" it" L~1"D'~ El1yJ~ ~LL 'Yl 'U'l1 ~ ttl L~'UEll" 
q 

\I1"1i[J'd'mJ\I nl'7'Yl~ ~ElU'7:UUEl El m U" 2 til" ~Elm'7~\I'Yl:Lihm~l£Joth ii El (Enrollment) 

LL~:m'7~lLL "nU",,~'lil £J~l£J.nlii El (Verification) l~fJliila ~l\1lll'Y'Hn £J.nli'ia1l1"1" 250 
~ 

"'" .., "" I 0 r:t ..., A A. A "" ,A " " 
~la fJl\1 ~lmJ El3J~~l El £.I1\1U'J"~~1'Ul'U 50 '71fJ LnmJEl3J~lll'YHn fJ'Ul3Jeml~lLL3J3Ja"1.Jl1 

~ q ~ 

,jl"l" 5 ilEltil\1 ~latil\11l1V'l~1£J.nli'iEl~h1'Um1'Yl'il~aULL~'il\li\l1l1V'l~4-1 

1l1V'l ~1 fJ.nli'i El ~l a til\1~Hl "m'7'Yl~ ~El U Ul3J1 ~lm,,~a \I~LL n'U1l1V'l~1 £.I.nliiEli", 
U.are.U 4000 111 V'l ,n fJ.nl i'iEl~i.'IiEl til 'U1~3J"1l1V'l~L 'Yll~"113J~::L a£.I~ 72 ,;)~1l1V'lliia.n1 

~ ~ 

"1rnl~1l1V'l 292x337 VinL"D'~ i'ilLnumjl'U'7uLLUUU~LL:lJU (.8MP) LL~lUl:1J1~h'Um::Ul"m'7 
~ ~ 

.. I J" ... . I .fl ff "M::lIo 

u'7::IJ1~~fl1l1V'lL Ua\l~'U m::Ul"LLU\I"1.JElUL"1.J~LLfl::LLU\l1l1V'l El am u'UL:lJmn"D'"1.J"l~ 5x5 U~Eln 

LL~::m:U1'I.Lnl1LLfJn crn~m::L'Ii'U"1.J El\l,;)'ilii'ULfi£.l 2 "1I'it~ ~El':ij~Ufll mL~:,;)'ilLL£.In,;)lnlm\l~fl\1 
Ii \I q q 

fllm~'UUn~"1.J a\l fll fJ.nli'i El';)'UL'Ii-nm,mcrn~m::Llii" 50 ~1"1.J El\l LL~ ~::dU LLUU -nEl:IJ~~n~m::Llii'U 
~ ~ ~ 

~~1 Li'l1n1l1W~lEl til\1"11'~nT~~\I'Yl::LU£J" tlnL fiu~\I1'UdULLUU"1.JEl\lLyJtf-na'J113J (Text File) 
q ~ ~ 

~lW7U-nEl3J ~ ~n~m::L~'\.l.~~1 i.i';)ln1l1V'l ~1 El til \I"11'~md,jlLL"nu"" fl tl m nU~\I1 '\.l.El1fLdrJ 
~ q q ~ 

"1.J"1~ 1 ii~ «il1El~l\1-na3Jflcrn'jojom::L'Ii""1.JEl\lfll£J.n1i'iEl~h1'Umd'Yl~~El\lLL~~\I1'\.l.~ldl\1~ 4-1 
~ 
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o 

o 

o 

o 

o 
o 
o 

89.2468 
101.6020 

129.4910 

o 

o 
o 

69.491 

125.3654 

o 
o 

o 

95.2365 

107.3310 

o
o 

o 
o 

80.7899 

0 92.7362 0 102.4500 0 
0 0 71.2064 100.712 0 

76.0066 0 0 73.2495 0 
0 103.2447 0 0 0 

d 0 0 121.635 127.887 0 
ll1W'YI 3 

0 90.9395 0 106.3160 0 
0 0 65.2304 111.727 0 

72.0972 0 0 77.2981 0 
0 101.2594 0 0 0 

d 0 0 129.144 125.1640 0 
ll1W'YI 4 

0 94.0235 0 108.097 0 
0 0 70.6753 110.959 0 

81.0125 0 0 75.4718 0 
0 106.5480 a 0 0 

• 0 0 122.311 120.469 0d 
ll1W'YI 2 

0 96.9395 0 103.1840 0 
0 0 70.0714 111.6420 0 

76.4264 a 0 72.1520 0 
0 102.5623 0 0 0 

'.<;t . 0 0 126.344 120.4634 0
llTV'I'n 5 
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,:nn~nn:l~ 4-1 ,ye:J3Ja~n'Mrn::L~uihi1U1U 50 ~1u,-::ne:J'lJi1m::£.I::'Yl1.:1111nll~elT:la.:l 
~ q 

rl'lJlI~iiUL Yi mJ e:J.:I H~ a::'lJ ~ e:Jm'hu1U 25 'lJ~ e:Jn 'lJ~ e:Jn1~ L3JYl'lJlI~iiUL Yi £.Ifill::ii~1'-:: £.I::'Yl1.:1 LUll. 
q ~ q ~ 

e. I A Q 1,::1 0 I .4 d fiE" 
o LLa::u'-::Lll'Yl"lJ e:J.:I1I~ 3JUL'Yl £.I"lJ e:J.:ILL~ a::'lJa e:Jn1l1U1U 25 m 'll'.:I "B" 'VIm £.I n.:lll~ H£.In LLa:: 

q ~ q 

'VI3J1 £.In.:l1l~Ua1 £.I '-1 £.I a:: La £.I~m'-'Yl~~e:J'lJLL~a::,huii~.:I~ e:JLUii' 
q 

4.1.1 m'-'Yl~ae:J.:I~1Um,-a.:l'Yl::LU£.lU (Enrollment)
 

m'-'Yl~ae:J.:I~1Um,-a.:l'Yl::LU£.IU li1l1Yl~1e:Jci1.:1a1£.1ii1iie:J';hu1u 50 ~1e:Jci1.:1 "lJe:J.:I
 
o u=a, .... oA .::II ~At. .... I ... r::t ... 

'lJflfl a1l1U1U 50 '-1 £.I ~111 £.I~1 LUum,-a.:l'Yl:: L'lJ £.IUa1 £.Ill.13J e:J'Yl.:l 50 ~1 e:J £.11.:1 Ha1 Ln'lJ"lJ e:J 3J a 
q ~ ~ 

~n'Mrn::L~Ua.:l1U;i1U,ye:J3Ja 1I1m!uU1111Yla1 £.Iii1ii e:J~1 e:J ci1.:1L~ 3JLu'Yl~ ~e:J'lJm,--;i1 LLun... ~ 

4.1.2 m'-'Yl~ae:J.:I~1um,--;i1LL Un'lJflfla (Verification)
q 

m,-'Yl~ a e:J.:I ~1um,--;i1 LL un'lJ flfl a LL1J.:Im'-'Yl~a e:J.:I e:J e:JmUU 2 ~1U ~ e:J m,--;i1 LL UmL'lJ'lJ 
q 

e:Jm~Lau (Offline) LLa::LL'lJ'lJe:Je:JULau (Online) '-1 £.I a:: La £.I~m'-'Yl~~e:J'lJLL~a::~1Uii~.:I~e:J LUii' 

4.1.2.1 m'-'Yl~~e:J'lJm,--;i1Lmn'lJflflai1£.1a1£.1ii1iimL'lJ'lJe:Je:JvJLau 
q 

m,-'Yl ~ ~e:J'lJ i1 £.I1nLL'lJ'lJ e:J e:JvJLau'i1l1Yla1 £.Iii1 ii e:J'lJflfl a~1 e:J ci1.:1-;i1U1U 50 ,-1 £.I LLa::1i 
q 

~1 e:J ci1.:1'lJflfl an ~3J L~ £.I 1 rl'lJ ~1Um,-a.:l'Yl::LU £.Ill. 1i1l1Yl~1 e:J ci1.:1 a1 £.Iii1ii e:J-;i1U1U 200 111Yl 
q q 

... A 1&00'0 A A .... 

~'Yl~~e:J'lJfle:J~~1LUum'-111 £.I 
~ ~ 

4.1.2.2 m'-'Yl~~e:J'lJm,--;i1Lmn'lJflflai1£.1a1£.1ii1iiem'lJ'lJe:Je:JuLau 
q 

m,-'Yl~ ~e:J'lJi1 £.I1nLL'lJ'lJ e:J e:JvJLau'i~1 e:J ci1.:1'lJflfl a-;i1u1U 30 '-1 £.I 'Yl~ ~e:J'lJm,--;i1 Lmn'Yln 
q q 

ii1iie:J m,-'Yl~ ~e:J'lJ LL'lJ'lJ e:Je:JULauii''lJflfla~1 e:Jci1.:1 Luu~~h LUum'-'Yl~~e:J'lJi1 £.Im'-11.:1ii1iie:Ja.:l 
q ~ 

'lJULL iJU~H nU1l1Yl"lJ e:J.:I Lfl~e:J.:I ~LLnUa1 £.Iii1 ii e:J 1I1m!U~'-111 ~e:J'lJ ~ am,--;i1 LLun11Li,ye:J 3Ja~,-.:I 
~ 

rl'lJ'lJflfla~Li~1n1'-'Yl~~e:J'lJ'VI1e:JL3J 
q 

m,-'Yl~ ~e:J'lJ'-::'lJ'lJ1iLfl~e:J.:I fl a3J~1 L~ e:JfU'-::Lll'Yl'lJflfl a (Personal Computer) ii'Vl'l.b £.I 
q 

U'-::3J1a~ana1.:1"1l'U~ Pentium® D fl113JL~1,-a'lJ 3.00 GHz. 'VIt.h£.lfl113J-;i1 (Ram) 512 MB. 

LLa::Lfl~e:J.:I ~LL nu':rT"fWR'l £.Iihn~u U.are.U 4000 tm'rrrrti1J~mi n1'-1Ut~1L Einiv:i 

(WindowsXP) 

4.2 ~itn1"i't1(;1iHh'J 

A G.I' .:f .... ... ~ A 0 ":.... lAo 

.:I1U111 £.Ill. 'Yl~a a.:ln'lJ"lJ e:J3Ja1l1Yla1 £.Ill.13J e:J'lJflfl a1l1U1U 50 '-1 £.I Ln'lJ1l1YlU1 'VI1 LL3J3J a"lJ11 
~ q 

-;i1U1U 5 ~1aci1.:1 l-Klun1'-'Yl~ae:J.:I~1'V1i''lJn1,-a.:l'Yl::LU£.Iu-;i1u1u 50 111Yl LLa::l-Klum,­

'Yl~ aa.:l ~1um,--;i1 LLUn'lJflfla LL'lJ'lJ e:J e:JvJLau-;i1u1U 200 111Yl m,-'Yl~ a e:J.:I ~1um,--;i1 LLun 'lJflfl a 
q q 

LL1J.:Im'-'Yl~a a.:l a a mull. 2 LL'lJ'lJ~ e:J LL'lJ'lJ a avJLauLLa::LL'lJ'lJ a auLau 
... , 

~ .... 0 Q A A 0 .4 "....... I
 

~111 £.I'Yl1n1,-a.:l'Yl::L'lJ £.IUa1 £.Ill.13J e:J'lJflfla1l1U1U 50 '-1 £.I LYl m n'lJ"lJ e:J 3J aa n'Mrn:: L~U"lJ e:J.:I 
~ q ~ 

11 ~ iiULYi £.I"lJ e:J.:I a1 £.I ii1 ii e:J ~1 a ci1.:1 a.:l1u;l'1u,ya3J a ~ULL'lJ'lJ LL~1 ~h LUll.m,-'Yl ~ ~e:J'lJ n1,--;i1 LLun 
q ~ ... ~ 

'lJflfla ~am,-'Yl~ ~a'lJ ~:J..I1,-n-;i1 Lmn'lJflfl aLi'Yln,-u LL'lJ'lJa1 £.Iii1ii e:J~~ dJUi'e:J £.I a:: 100.00 
q q q ~ 
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~1 ~ i''lJ ~ ~ n11,)1 LL 'l-l.n ~1 £J'n13j El'lJ ~ ~ ~ ~1 U n1 1'Yl ~ ~El 'lJ LL 'lJ'lJ El El y.\t~,r 1.,r"lJEl3J ~ 
q ~ 

fl1 'Yi ~1 tl'n13j El"lJ El" lii'1 El ci1""lJ El"'lJ~ ~ ~,)1'1-1.1'1-1. 50 1~1 £I t~ mtl'l-l.~1 £IU13j ElU1~1 LL1J 3j El"lJl1 
q 

,)1 '1-1.1'1-1. 4 lii'1 El cl1" ~ El 'lJ ~ ~ ~ n1 1'Yl ~ ~ El" LLU" El El m tI'I-I. 4 "1f~ t~ £JLn 'lJ"lJEl3J ~ 1. 'I-I.~ fl1 'Yi'il1" 
q q ~ 

~113J~13J11f11'1-1.m1,)~ILLUn"lJEl3J~"1f~~ 1 ~13J11f1,)1LL'I-I.n~~LUwi'El£l~:: 98.00 "lJEl3J~"1f~~ 2 
~ q ~ q 

~3J11f1,)1LL'I-I.n~~LtI'I-I.~:: 92.00 "lJEl3J~"1f~~ 3 ~3J11f1,)1LL'I-I.n~~Luwi'El£l~:: 86.00 LL~::"lJEl3J~ 
~ q ~ 

"1f~~ 4 ~13J11f1,)1LL'I-I.n~~Luwi'El£l~:: 92.00 LrlEl\i.1~~m1,)1LL'I-I.n"lJEl""lJEl3J~'tf,, 4 "1f~~13J11f1 
q ~ q 

,)1 LL'I-I.n~~ LUWi'El £I~:: 92.00 "lJEl3J~11 £I~::La £I~ ~~m1'Yl~~El" LL~~"~"~111"~ 4-2 
~ 

. 
~1£1ib3jEl"1f~fi 4 

q 

o ... 

'il1LL'I-I.nfln~El" 
~ 

49 

46 

43 

46 

184 

3 

1 

4 

1 

4 

4 

3 

12 

98.00 

92.00 

86.00 

92.00 

92.00 

~1~i''lJ~~m1')1 LL'I-I.n~1 £IUl3j El'lJ~~~~1'1-1.m1'Yl~~El'lJLL'lJ'lJ El El'l-l.t~,r 1,r"lJEl3J~~1 £IUl3j El 
q ~ 

'lJ~~~il Elcl1",)1'1-1.1'1-1. 30 11 £I LU'I-I.n~3J~1 El cl1"'lJ~~~~'I-I.~::mI3Jn'lJm1'Yl~~EltILL'lJ'lJ El Ely.\t~,r 
q q q q 

m1'Yl~ ~ El"L~3J~'I-I.t~ £I'lJ~~ ~1ii'1 Elcl1"~1L U'l-l.m1~"'Yl::LU £I'1-1.~1 £IU13j El,)1'1-1.1'1-1. 10 Ul LvJ mn'lJ 
q 

....... • VI!"! ...... ~.. 0 ~ ~ t 
"lJEl3J~~n'Mm::L~'I-I. n L'I-I.~1'1-1."lJEl3J~~'I-I.LL'lJ'lJ 'il1n'l-l.'I-I.'iI"'Yl~~El'lJm1'i11LL'I-I.n'l-l.1~:: 1 ~1" ~£1 

~ '" ~ 
I 4 ~ 4 t ~ ~ .4 ~.J" ~ 

'Yl~ ~El'lJ m 'l-l.L ~1El"a'LLn'l-l.fl1'Yi ~1 £1'1-1.13.1 El ~ ~m1'Yl~ ~El'lJ'Yi 'lJl1'1-1.1~ 1 LL3J 3.1 El 'l-l.l"1f LL~::'I-I.ln ~1" 

"lJEl,,3jEl"lJl~ILL~::3jEl'l11£1 a'13J11f1,)1LL'I-I.n'lJ~~~t~ 28 11£1 ~~LUWi'El£l~:: 93.33 ~1'1-1.Ul'1-1.1" 
q 

LL~::U1 nEl £I"lJ El,,3j El'tf" ~El""lJ1" ii~~ m1,)1 LL'l-l.n~1~"m 3.1 ,h Iii''lJ t~ £I L'l'Yi1::UInEl £I3j El'l11 £11 i~ ~ 
m1,)1LL'I-I.nfln~El" 15 11£1 ~~LiJwi'eW~:: 50.00 LL~::LrlEl~'il11m~11'1-1.fl1'Yi113J"lJEl,,3jEl"lJ1""lJl1 

~ 

LL~::3j El"lJ1"'I11 £I LL~l'Yi 'lJ~.iTd'13j El"lJ1""lJl11'"~ ~m1')~1LL'l-l.n ~ whU13j El"lJ1 " '111 £I 1'l-l.n11'Yl ~ ~El 'lJ 

~f"U'Yi'lJiJru~1m £I fl1 'Yi"lJ El"ii'13j El"lJ El"'lJ~~~~lElcl1",)1'1-1.1U 1 11 £I ~ii ~fl1'Yi~lW",,'tf,,~:h3jEl 
~ q 

~ ElmU'I-I."lJ £I "lJEl3J ~11 £I ~::L~ £J~ ~ ~m1'Yl~~El" LL~~"Iii'''~111''~ 4-3 
q ~ 
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~~nT~-;i1LLun 
0 ... 

, ... ';)1LLUmlnifie:J\I... .... 'II
"ll'e:JW1 ... hh::u ~ifiLiJui'ml~::flnifie:J\I ~ifi~~1ifi 

'II ~ 

.:' .... .... 
U1'V11LL3J 3J e:J"1J 11 28 - 2 93.33 

U1:.a1ie:J"1J11 28 - 2 93.33 
.:' ... 
U1mn\l3Je:J"1J11 28 - 2 93.33 
.:' ... 
U1U1\13Je:J"1J11 26 - 4 86.66 
.... ... ... 

20U1nmJ3Je:J"1J11 - 10 66.66 

~1U~113J~n~e:J\I"1Je:J\I~e:J"1Jl1 130 - 20 86.66 
~ 'II 

.... .... .... ... 
UTVI1 LL3J 3Je:J6]I'1 [J 28 - 2 93.33 

ib:.a~e:JfJi1[J 28 - 2 93.33 
: ... ... 
Ulns:l1\13Jt:l6]l'1t1 28 - 2 93.33 
.... ... ... 
U1U1\13Je:J6]I'1t1 18 - 12 60.00 
.:' ... ... ... 
UlnmJ3Je:J6]I'1t1 15 - 15 50.00 

~"U~113J~n~e:J\I"1Je:J\I ~e:JCJi'1 tI 117 - 33 78.00 
~ 'II 

~,.tl~~1l1~"1:IJ 247 - 53 82.33 
~ 



.d 
'lJ't1't1 5 

ilf,.1J~~n1"~~v 
'l 

5.1 ft,.tJ~H~n''''t1to16HI\I• 
..11 '\.l/5 i tI" UlJ dL a'Ufl1:lJlJ nl1,)1 LL Un lJ"" ~ lii1 tI ~1 tI d'1 £I fl tlil tili r;11 mhun Vol• 

~l tld'1 £I fl"U'1. 'Yl tI LL~::: 1iL'Ylflit" LtJl'l5li1 m-~~ a'LL'Yluon1Um1,)1 LLUnimym:L~U~l mllil ~UL -n tI 
• 'IJ .. ..... .l'........1t liI tI :JJn~:lJ1U nl ~'Yll..11U'VI ,W 5 n~:lJ1Unl~fl fl m~ u~:::3J1 ~ ~ ~Ill Vol LlJ e:h1 liI U nl~LL lJ..1 

°IHllJL"IJliIIllVol ~1 tld'1 £I e:J m~'VIlfl m~mym::L~U Lb~:::nld"')l LLUnlJfl" ~ tlil tI" fl:JJW1blil flfnn 
q • 'IJ 

hhbbnd":JJl i~lJIll Vol~l tld'1 ilfl ~l n L"~fl..1 a'LLnU~l tld'1 £I fl Lb~1 ~l bitunl~l!~lJth..1"mIll Vol 
, q 

LlJe:J-11ii'U.1h::nfllJlii1 tI md"1J~lJfl1l3Ja'11..1 fl1l:JJ":JJilil ndfl..1itytylmd"lJn1'U. bbl!~..1IllVolbU1-l. 

IllVol 2 ~::r;1lJ LL~::iil L~1-l.~l tld'1i'i flLilJl-1 ~lmfmil'V11-l.liI"IJ e:JlJ b"IJliIIllVol ~l tld'1i'i fib"Voll::~1'U. ~ 

Iiifl-1md"tlil tlfl1~mllil ell..1~..1 b~m.t1'1.1J'VIlflmin1Ym::L~U"IJe:J..1~liI~1-l.L -n tI 2 "llUliI ~fl~liIl!~lt1 
.. q Ii 'U CI 

bb~::l1li1 Lbtln 'U l-llfl:JJ ~ in 1Ym:b~1-l.~'VI1'1.~iJ e:J 1-l.L,)l G1'~:JJnl~L tJlonlil fld"~~ ~bb 'Yl'U.'15L ~ e:J't'hnld" 
q 'IJ 'IJ 

,)lLmn l1lmf'U.'Ul~fl~'1.~l1lnmd"-;)lbmnl'7l1um~1:1JlJ""~ 
q q 

l1ln~~m~'Yllila'fllJ~1 tlin-md"r;1-1n~11-lll-1~'U. d"::1JlJ~:JJ1~n~l bb 'U.nlJ"fl~ 11-l.G1'11-l."IJ fl..1m~ 
q 

'Yllil~e:J1JLLlJlJe:Jfl~'1.flU'~ 184 r;11flVl..1 l1lnlllVolr;11flVl..1J'..1'V13JliI 200 IllVol ~liIbuwfe:JtI~:: 

92.00 LL~:::VollJ1l"1l:JJ~liIVolfllli11'U.md":illLmmnlill1lnfl1l:JJ ~3J1J~rn"IJ e:J..1Il1Volfll tld'1il fl"IJm:: 
'IJ 

ililLfilJl1lmfl~fl..1a'LLnu&=ntl.u1i'ifl b"l!U fl1l:JJ'VIUm1J111-l.m~11-1.u1i'ie:J L'VIimL~:::ml:JJ~'U. LL~:: 

m~1l-1 ~lLL 'VI ~-1d'1 £I fl '1.1i b~ :JJ~'U. ~~lJIllVol IllVol~1t1d'1i'i e:J~'1.~iifl1l:JJ L~ flU~l..1 L1iilil L~'U. 'VI~fl 

e:J £11'U.:JJ:JJ L~ tI..1~ 'U.ill1i,)fl3J&=I fll tld'1 i'i fl"IJlli1 'VI1 tiLl! G1'..1 ~~ Li m~'VIl ~1 LL 'VI ~-1~ ~ ~Vol i'l1li1 ell..1 Ei..1 
'IJ q 'IJ q 

~liIL vftl1-l. LLfl::t fl~-1 a'1l..1 ~l tIL ~'U. d'1 i'i fl"lJlli1"11 :JJa':JJlJd"rnLL&=l::ilil b11'U. ~1'V1 i'lJfl1l:JJ ~l :JJ1~n11-l. 
'IJ 

m1:illLb1-l.nlJ"" ~LUG1'1Um~'t1li1 ~fl1JbL1JlJflfl1-l.Lmr 1in~:JJCil1 fl Vl-1'U"fl~:ijl'U.1'U. 30 ~1 tI ~..1 LiJ'U. 
q q q 

"'U.~::'7llil nlJnl~'t1li1 ~fl1JLLlJ1J fl fl~h,.r 'Yllil ~tllJmd"~l bb 'U.n.u1 £I flJ'..1 10 .u1 ~ flm~'t1li1fl fl..1 
q 

VollJ1l.u1~1LL1ii'i fl d'1oB LLfl::.u1n~1\l"IJfl\li'iflJ'\l~fl-1')1\l 1~~~m~:ijlLL 'U.m'Yhn'U. ~fl a'l:JJld"n 

:illLmnlJfl"&=l'1.~ 28 lJ"fl&=l ~liILiJ'U.1eW~:: 93.33 ~1'V1~1Jd11-l.l..1 bb~::d'1nfltl"lJfl\l!iflJ''''~fl..1,)1\l 
q q 

1~~&=lmd":ill Lb 1-l.n~lfl\lm:JJ&=hCilu ~lL 'VIliI~LiJ'U.L "l!1-l.lf'U.L ~fl\l~lnfl11:JJ '1.1inulillUm~11..1d'1i'ifl, 
~ A'cuQ,..o ~ ~4f1., 4 ..... lU'::At,.I 

'Yl\l ~fl\l &=l \llJ'U.Vol'U.a':JJ ~ ~"IJ e:J..1 Lfldfl\l ~Lbn'U.&=Il tlU1:JJ fl1-l. 'U.Lfl \l LVol~l:::m'Vl1 n 3J ~"ll1 mllJ1-l.1:JJ e:J nlil~'" 
'II 

lJ1-l.~1-l.i3J~~fi~:~m~n,)lbL1-l.nL~flVl\lnn~fl\l 
'II 
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U e:J mnnUru 'VI1~ mh':J3J1,h:1 ~u rT\I VflJ ';hUru 'VI1~1Um [.I 111Vl"lJ e:J \I en [.I ii'1 ~ e:J"lJ f.lI.:: n 1'1... ... 
'Yl'il~e:J1Jn~ ~Cl~ e:Jn1'1,j1 LLun t1\1 LL1l11'i1\1 m [.I~UL11 ~13J11t'l'lie:J3J LL'lJ'3J ~1U ~ ~n'VI 1e:J1~'VI1n Lf1'il 

e:J1J"i L'VI'iln1Jii'1 ~ e:J LL~ttu~e:J\l1"lfL 1Cl1 ~Clm1'Yl'ilCl e:J\I"lJ e:J \I \11 U1-.il[.IUVl1J11'V11n Ln'ilm1Cl e:Jn"lJ e:J\I 
q q 

~1'V1,"\l1J1L 1f.l1.Cl1 [.Iii'1~ e:J~::'t'h 1~~Clm1,j1LLun ~'ilVlCl1'il Lrte:J\I~1n 1wffu'il e:Jum1'Yl'il ~e:J1JLL1J1J 

e:J e:JUlCl,"1J~~Cl~1 mh\l~'t11 m1'Yl'il ~e:J1J 1 11 [.I ~1'V1,"\I'tf\l ~1 ~ e:J Cl e:Jn ~ Cl m1'Yl'il Cl e:J\lVl1J11hl 
q 

~13J11t'l,j1 LLun1J 
q 
~~ Cl ~1 e:J £11\1trUl~ Ue:J n~1 nU~111Vl LL~\I"lJ f.lI.:: ~LLnUCl1 [.Iii'1 ~ e:J n ~ ~ Cl ~ e:Jm1 

,j1LLUn~1 m "lfunu 

...
5.2 'IJ m",ulLL,..t 

~1 n m1'Yl 'il Cl e:J \1,]1 \I ~UVl1J'] e:J1J nVlie:J\I Ln'ilitu ~ \I ~e:J\I U11J U1\1 LLm"lJ LLCl::~'] e:J L~Ue:J LLu:: 
q 

5.2.1 m11"lfe:JU n1rn~11J ~ 3J LL~\I"lf1 [.11un11Ln1J111Vl L~ e:JLLn1"lJu ru'VI1111Vl~'il LLCl:: 
q q ... 

111Vl~11\1Lnulu 

5.2.2 U11JU1\11rrm1'V11~'il rJ1\1a\lCl1 [.Iii'1~ e:J L~ mLm"lJuru'VI1Ln'il~113J13J ~3J1J1m"lJe:J\Iq.. ., cu 

t~1\1~i'1\1Cl1[.1ii' 1~ e:J 

5.2.3 U11JU1\1 erCl n e:J1~ 3J1u n11n1e:J\liru ru1 Ul.111 Vl
"" 

L~ e:JLLn1"lJu ru'VI1 Ln'il iru ru1 f.lI.
""" 

dA.f.... 
.. 

~A 
11Jn1U'YlLn'il"lJUn1J111VlCl1[.1U13Je:J 

5.2.4 L~ 3J,j1U1Um1Cl\l'Yl::LU [.IU~ e:J1J~~Cl L~ e:J1'VI1~~h LU~ [.I"lJ e:J\l1U LL1J1J~n'IYf.lI.::L~U 
q ~ 

"lJ e:J\lCl1 [.Iii'1 ~ e:J~1 "lfLijU~ULL1J1J L~mLn'"lJuru'VI1m1,j1 LLUn~'il... 
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nTiij(;l&\1TU"iun'ul\i,uumn ud''lii EJ 

1u n11 ~ ~ r#'l11J1 LLn 13J,j~1 LLUn fl1 £I ii'1 il tI ill. ~~ ~ r#'l ~tI 'l,r~ L~1 £I 3J 'Yl 1'Vi £I 1 n1'Yl1 'l ~1 U 
'II 

.... ••1......, , '" .I.J'
e111~ LLd1 LLfl:: sn tI n 'YlLLd1~ 'l ~ tI Lull. 

e1Tf~ LLdf (Hardware) liLfl~tI'lfl tl3JVi1L~ tlf~ ~l3J lfl1l1J1 Lsntnsn tlffl113J L11hiUti £I 

n11 1.7 GHz. ~'I,nb£Jfl113J,jTI'Hrn (Ram) "1JU1~ 256 MS. 'l,nb£Jfl113J,j1~11t1'l (Hard disk) 

fl113J~ 20 GS. ~'l~::.yh 1~l:-J fl m1'Y11'l1U"1J tI'll1J1LLm3J~1J1::~'Yln-1l1'Vi LLfl:: Lfl~tI'l tmnU1l1'Vi, 
... 

fl1£Jibiltliu U.are.U 4000, 
sntl~'YiLLdf (Software) 1,n1J1LLn13J1::'U'U1J~u~m1 WindowsXP l1J1LLn13J,r~m1 

~1U"litl3Jfl Microsoft Access 2003 LLfl::lmwLdtlf~~~tlm11i'l1un'ULfl~tI'l~LLnUfl1£Jii'1iltl 
.. 'II 

Lri tI,r~ L~1£J3J'Yl1'Vi mmyf'l~1Ue11f~ LL1fLLfl::sntl~'YiLL 1fL1£J'Ui'tI £I LL~1 1~~1 LUum1~~ r#'l 

11J1LLm3J,)1 LLun fl1 £Jii'1 iltI~l~~~u1;tU~13J.ffU~tlU~'l ~ tI11JU 

1. lLimJu CD-ROM ~~r#'ll1J1LLm3J ~::1J11n!J~tl1l1'Vi~'l1l1'Vi fl-1 ~1niu~'ULij'flfl~n 

~ltlfl till. Setup 1J11n!J~ tl1l1'Vi~'l1l1'Vi fl-2 
l1'1l:I 

FPbyHD setup SETUP•
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...• Welcome to the Fingerprint Verification using Hausdorff Distance 
installation program. 

,f;A
Setup cannot install system files or update shared files if they are in use. 
Before proceeding, we recommend that you dose any applications you may 
be running. 

Ir··'··'"······..oi("''';,,..·'''·''II EKitsetup..................~ ......•••.••.........•....
~ 

3. 1iJ1n-nEl 2 LrlEllii'1ILflflfl~nlJaJfi1i\l OK liJ::lh1nllIiJEl111Yi~ fl-4 1~n<illJaJfi1i\l , :oJ , 

Change Directory L~El~1LitunT~n1'W"<iI Directory ~'iiEl\lm1~<iltf\l hhLLn1aJ lh1n!llii'\1 

111Yi fl-5 

Begin the installation bv cficking the button below. 

Click this button to instaU Fingerprint Verification using HausdorffDistance 
software to the specified destination directory. 

iDirectorY:''''''' ,.. ~~..,·''' '''..,·, .._ ~ , ""', '~ , , ·· ·..··, ·.., "..·· ·· ·..·~ '..I 

L::~~ogr~·~·a~ ~~~~~~~.~.. ,~~~,.... .._ , ._~~n~.~i~~~y ....JI
 

E~tSetup 

http:���.��.........�
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Enter or select a destination directory, 

Eath: 

Ie: \fPbyHDI 

~irectories: 

~ BOLab jPVbyHD OK 
~D 
till Documents and Settings 
~ERWIN2S 

Cancel
~FPbyHDl 
till FPbyHD2 

Dri~s: 

ISc: [MM270550] 

,nnllTV'l~ ~-5 1~1::lJ~El ty.Jm~Elftu"liEl\l Path: ,nmfu~~n~tJ1J~1&\1 OK lun1rn, , 
~'1.3J'V'llJ t y.J~L~Elf~1::lJ';)::t111n1),;)El1l1'V'l ~-6 L~ElflutTum1t{11\11 y.J~L~ Elft'VI3J ,;)1mfun~tJ1J , lU , 

, 
~1i\l Yes 

The destination directory: 

c:\FPbyHD\ 

does not exist. Do you want the directory to be created? 

Yes No 

4. Ld El'1.~~1 Lii.un11ii1'V1U~'1.~ L1n'Yl El~l um1~~ ~\1 ttl1LLn11J L1£JlJ1ElEJLL~1 lt11~ 

i\lLn~~hwlJEl\l Directory lU1l1'V'l ~-7 ,;)::LLt{~\I'1.~L1n'YlEl~~'1.~ii1'V1U~'1.1LL~1 (lu~d~El 
t-"~r~'·-'-l 

C:\FPbyHD) ,;)1ntful~~~n~'1.El~ElUL6JJ'Yler'V'l 1Il1 L~m~1Jm1~~~\1 ttl1LLn11J 



67 

II 

Begin the instaJiation by diddng the button below. 

Click this button to instaU Fingerprint Verification using Hausdorff Distance 
software to the spedfied destination directory. 

.... Directory: . 

c:'fPbyHD\ 

~tSetup 

5. n1'V1'U.~~€l Program Group LYJm1£.Jn1"11'\l1'U.'VI i\l~~~\ItU1LLn'HJ LLi1';) ~\I[J1W 

f)-a ,;)lmf'U.f)mntJ:lJ~li\l Continue 
q 

setup 'Ni~ add items to the group shown in the Program Group box. 
You een enter a new group name or select one from the Existing 
Groups Ust. 

!:rogram Group: 

IWUii'Dit'I.'iii@iii.aiMm.d;2ili1 

E19sting Groups: 

Ac.cessories 

ImgBurn
 
Week
 
Microsoft VVeb Publishing 
POV-Rav for \Vindo'Ns \'3.6 
Startup 
Visual Task Tips
 
\Vinamp
 
Windows Sidebar
 

Cancel 
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1::UUL~:IJ~~~"hhLLnnJ,)1LL\l,mntJ'U1iitl ~"1l1y.j TI-9 LLa::LL,y"~Gm11~~~" 

hhLLn1:IJL~tl~~~"L~1,;)~"1l1y.j~ TI-10 ~1:IJ~1~U ,;)1n,f\l,1~Tlanil:IJ~1i" OK 
~ 

C:\WINDOVIi'S~ystemJ2.'MSDATGRD.OCX 

37% 

1······..··········································'1! ~~~:.:! !
 

Flng'erprint Verification using Hausdorff Distance Setup was completed successfulty. 

OK 
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L~ fI~lL Uum1&i<?1:..1L1.hLLn13JL~~~L~£JU~'fI£JLL~1 ~lm1f:lL~£Jn li..11uhhLLn13JL<?1£J 

~~n~luL<?1fL~3J~u &8Ji@ L~fln LL~::L~fln ~ Finge~pimtVerjflcatioo 

~::th1n~~flln~ ~..11n~ ..1-1 

User Name : 

Password : 

fnter I Cencel 

~ln1n~ ..1-1 limi1::'U~mni..11U LL~::1i~~hu L<?1m::'U'U~<?1LLtl..1~'Yltn111i..11U 
'IJ q 'IJ 

fI flndju~fI..1 L'VI3J<?1 f1 fIL'VI3J<?1 m i,t11tlLL~::L'VI3J<?1 ~<?1LL~1::'U'U ~lmfun<?1tJ3J~li..1 Enter L~ fI 
'IJ 'IJ 'IJ q 

~fI..1n1W,n1~Ltl1LLn13J ~::t111nll~fI.n1~~..1.n1~ ..1-2 LL~:: ..1-3 <?113J~1~'U 'VI1f1n<?1tJ3J~li..1 
'IJ ~ q 

Cancel L~ fI £1m ~nn11~ fin aUL-n1 ffLtl1LLn13J Ufln~lnU'VI1n m i..11U1~n1::'thn111<?1 ']
'IJ 'IJ 

.n1£J1UL1fl1 2 U1l1 1::'U'U~::~rILUum1LL,r..1tJ<?1m1Yi1..11U ~..1.n1~ ..1-4 

ServicelnAdminMode About 

Fingerpri:nt Verification using Huasdorff Distance 



71 

II
 

print Verification using Huasdorff Distance 

o Time Up, your windows is Locked. 

OK 
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hJ'HLn"jaJ'4i1LLumn ~d'1i'J at~ ~1iL'Y1~Umen~ m~~~LL'Y1u"lf~~~UTd' LL1J\I\l1WVI~n 

aamtlu 3 \I1u'V\~n LL~~::\I1ui'J1rrm"jli\l1u~\I~ad' 

1. \I1U~\I'Y1::L{j ~u (Enrollment) \I1ud'dJuLt1um"j~\I'Y1::L{j~U~1 ~d'1i'J m..J~~~Lvia 

lidJu;i1u-naaJ~~n~rn::L~u~ULLlJlJ ii1rrm"jli\l1u~a 
.. 'lJ 

, Enrollment 

PERSON ID 

Cancel I ...
~~n~aJfi1i\l Enroll ';)::th1n/J "........................................................................................................... ,"j::lJ"j'V\ ~
 , 

.. ... ....f... ... , , 1191 
lJ~~~'Y1~ a\lm"j~\I'Y1:: LlJ ~U~1 ~U 1aJ a ~1 a~1\1 L"ll'U, 

Recording Compleate 

OK 

2. \I1u'4i1LLUnlJ~~~ (Verification) ii1rrm"jli\l1u~a, 

..... ... 
~1~U1aJa 

Verification Result 

Person Name 1'U1-:l1l17 1)lliii.'U~" 

Birth Day 126/6/2516 

Address 451854 ~711t171-:l 1mndl 

Telephone NO.!087-2561-865 
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3. '11UlJi'Uth'lonEl1JCllhdiUT1T1Cl '11Uii'd~JU~"JU'I1W1J EI'IlV\1J~nT~Y11'11U"1J EI'I~'YIR 
, 'IJ , 

er~LLCl~::UU ~'1~::Gf1m~t1lJi'ulJ~'1LLni."1J ClU L~1J ~UV\1onEl1JClUT1T1Cl1n-m~1"11'11U~EI 
'IJ 'IJ , 'IJ , 

f1~nL~f)nL:lJU ServtcelnAdnltnMode 
'IJ 

'tJdl~·D'dft1Jfltlft 

.. 
LCl Eln 

s«'t1199 

.i"\l....'1'1 r;;;--I" ..i 1,1i,""'''C1'I'''u 
JWA...,.IiJ, 

.5 ...IJW(jOl uhmn1.. 

'{ '" 1 
2 3 4 5 6 7 8 
9 10 11 12 13 14 15 
16 17 18 19 20 21 22 
23 24 25 26 27 28 29 
30 31 

<:::::l Todal': 26/9/2550 

r-~-c-un-~-,n-u-25-4-8-...w­

UEln~1n ii'llJ~LLm1J £J'I ij~1Um~Y11'11U~U 'J ~ EI '11ULLGf~'1~1 £JCl::Lil £J~on El1JCl LT1~EI'I 
'IJ 

GfLLnU1l1Y-lCl1 tl'U1ij EI m~LLGf~'1Gfmu::m~ 1"11'11UllJ~LLn~1J ~1ULLU::\t 1llJ~LLn~1J LLCl::~um~ 

Y11'11U"1J EI'IllJ~LLn ~1J LL~ Cl::'11uij1n-m~Y11'11U~'1ii' 

T1 ~n~1J FPScan lJ~1n!lon EI~Cl~1 £JCl::Lil £J~"1JEI'ILT1~EI'IGfLLnU1l1Y-l Cl1 £Jii"1ij EI 

Detail Fingerprint Scanner 

Amout of pin reader =1 
Pin reader number =0 
Seriall\lumber ={84F2E66F-6AOE-8744-BC29-2554B1774475} 
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