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EXTRACTING FEATURES
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I -1\l)st l . lct
' fhc 

I lo\v pa crn ofr idgcs ir a f ingcrprint is uniquc 1(r thc lcrson iu rh;r1 ro
t\vo I)coplc with thc s:rnrc f ingcrprints jravc yct l)ccn foLrnd. I:or automatcd l lnl lcrI i j r :(
inra-qc nutchinq, a Dtichinc rcprcscnlrt ion of a f ingclprint i lnrgc r; olrcn a sct oi.
Drr|rul iac's i11 thc pfinl;  a nrinimar, but [rndamcntar, rcp|cscnlrt iou is just a scr or r irrr, .
crrLlrr l ls r 'r l  bi l i rrcations. I lorvc,vcf, al icr al l  thc yclrs o1..sing ntirt . t irc, a ptcci lr, ;
dcl lr i t io of nl i t tLrl iac hls ncvcr lorntulatcd.

ln t lr is work rvc givc I dcfi t iorr Ibr nrinutiec l lud dcfivc irn cxprcssiol, whiclt
c:r l i l r ir l tr : ;  lhc l fobabil i ty ol l i r lscly rssocii l t inl nri l l r lc l)rsc(l rcirfcscDli l t ions i .on) l \r,)
ar hitrrry I l |r l tcr l)r ir ts.

?- l  r  I  ro ( luc t i0n
Iinllcrfrint bascd pcr.sourl idclt i l lcutioll i l ; r.ouliuc

l l t . r r ; r lof ics rnd i l . lcnt i f ic i r t ion units aroUnd l l rc worl(1 an(l  i t  h ls
corr | lof l i l !v lbf  ncarly t l  ccnl l ) fy.

' lhc 
fuudarncDtxl  prcDriscs ot)  \v l) ich

I l : inScrl)r int  dcl i l i ls i l rc pcrnincnt.
:1.  I iD!crpf inls oi-ru individual arc uniquc.

Lr!cd in 1i)rc| : i i r l
l )ccn acccl) lcd i r  l l rc

f inglcrpri l t  i t lcnti l icl t iol is l)r5cd rl fc I l l :

l l rc val idi ty ol  thc l l ls l  f rc lr isc l r i ls bccn cstxbl ishcd bi lsc on thc an:t lontv l ror i
rror l )hogcncsis of f r ict io r i ( l i lc ski l r .11 is thc scconrl  prcur isc, rv lr ich is bciur;
chir l lcngcd in rcccnt ycars. In this study, wc dcj i  c thc individlrr l i ty prol tcm as thc
Irobrbi l i t )  of  x [L]sc i lssociet ion: givcn t lvo l l l rgLrrpr iots fr .ont ( \vo l i lgcrpr ints,
( lc lc lnr jnc lbc l )robal) i l i ty thir t  l l rc),  ! ro "sul l lc icnt l ) ' ,  s iDri l l f .  I f  lwo f i I ] l tcf jn i l r t r l
or i l l in lr t iDg l iout t \ .vo di1l-c.cnt f ingc1l)r inls arc cxi tDt inc( l  at  a vcry l r igh lcvcl  ol .
( jo l iu l  (rcsolLl1ion),  wc nr ly f ind thal  rhc f ingcrpr ints xfc indccd di l lcrcnr.

I Io\r ,evcr,  mosl hLulan cxpcrls and at(ol l tx l ic f ingcrpr iut  i ( lcDl i l lcr l iorr
iv i i lcms (Al l lS) dcclarc that f ingcrpr inls or i l l inalc l rom thc santc sourcc i f thcv rru
"sLrl l lo icnLly" si l l r i l i r f  12].  l low much simi lrrrry is crrou,,h t lepcnt l : , ,n r ,rprr ,r i
( rnl f i r  c l i r : r : ,  vnf i i t t ions obscl-vcd iu thc nrLl l t ip lc inprcssions ofa I in1lcr.

3- i , I  i r r  r r t i l  Dc f i r r i t ion
'l'|crc 

afc vcry good rcasons
nl l  ul t i lc:

l o r  i  r l r . , r l i r r i r . .  . r  1 r . .  i s r  . l  t r , . i r . , , r r  ,  :

' l -hc gfonnd t|ulh of milul ixc, both r lclgc cndings xnd ridgc bi l ir fcal ion:j ,  in ir
f ingcrpri l t  ir lagc rvi l l  bc wcll  dcfincd lor nranualannotation.
/\uLonl:ltcd nliDutia cxtractiou algorithm can bc compar.cd.
AuLorratccl cl i traction algor. i thmi can bc dcsigncd with sub-pixcl accuracy.
\/cndors could conipcusxtc lor biascs in thcir minutic c\traction algori lhn)s
ilrd cin construct tcmplatcs lhilt arc morc illLcropcrlblc.
A good modcl of a rniDutia rvi l l  al low for thc dci lnit jon of a rvcl l_groun<lcd
qLrrl i l )  nlcasLtfc that considcfs how wcll  t l le data f i ls 1hc nlodcl.
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, .,1]:_'. l:: l l , l  
and oricrlration of mi|Lrriac_ could bc dcfincd bascct on rt)c rcjurr or

]-ii^",]lil,ll]1.:":r,il'S: .Comrnonly, a pixet rhrr has ontl, r,nc 
".iglrrr". ir"ii"'i,,i"""a:ill1:l:1..*r11" bc a ridgc cuding, rvhilc n pixct rtrar hrs rlrrc" n",gl,bors i.."ia io l" 

"I rctgc Ul lurcat ion_
' ^ )  r r J ;  r . r :  I u c . . r i o j r . l n J  o r : L . t . l J l i o , r  o f t n i l u t . J c  r r c  g r ^ . . t l y  ( l c f c l l c t . r  o n .  . . . \ . r j t o n .i rr-occssrng slcps. l :or cxt lDrplc,  thrcslrolLl  r  r idgc rL h; l l l  ! l lc, i , f , f "  t , " ig lr t ,  

" , : .1, ,""  
,oI lrc top ol lhc ridgc wir r0tc1 lrrc rrrinning 

"uij 
r,"u." tr," n""l 'r".., i"- ,, 

' ,r i. '  
, ,ug"LrIroI lg.

L) i lcncl i t l ,  1hc r)r iurr t ia Iocat iol ]s j r r  
. in)ago I( \ , ] ,  should bc cqrral  Lo rhclocl i l ioDs i l l  intagc with t fausforncd i Incnslt lcs g(t(x.y)) .  I Icncc, thc posit ions oInrinirti;rc shoukt not bc bascd o' sonrc ill a"n""a, ,i"r'ri,li 'r,. i",,"iij,,iririliiill,,",u I

ili,,:i;,i,i:l:i.n'",*. 
r't,,rr is, rhc posirions srroulrr bc catculatcd ,,;;;;; ii;;-.;;,,;,,

,  
Lr,  r ,  rvay,_ askinr l  lvhcrc thc r i r lgc of x f ingcfpj iDt cncls is vcry l  Llc lL j r l . r r ,i ,rt. iur!1, \ ' t, i tc rvi kinso1fanrouutinqrirJ!1cinrhcdiicciionprraircr ; , i ;J;, i;;, 

' .",",..
' 1 , .  . .  |  .  .  r . I s .  r J  \ ! l r ,  r ( . t l L  v . r l l , . y  r t .  l j .

Wll:rt  wc \.vlutt to di is nrodcl lhc iutagc i lrrct iorr I  (x,y) of a ntinLrt ir,  l i j rpcft)cr)diculnr cross-scction of a r idgc is vcry nrrroh t ikc , pt,, : i lon 
"f. i , t , , , , , ir i  

. , ,rt , ,Lrinclror w(x), rvhi lc a peral lcl ctuss scctior :r long Ltr" I . , ,git ,  ni rt ," ,  i , i l" ' i , ,  , , ' , , ,  _,",1.r tqr 1uu.lrol l  I_(r). Wc nto(lcl thcsc l iu)cl lolrs as

L ( y ) . 1 /  ( l  r c v / ' , )  l n d  \ \ / ( x )  -  I  / 2  ( t  I  c o s ( 2 7 r x l l t ) )

with lhc,uri lurix i irnction u ( x, y) h j_(y) W(.\) dcl lncd for _Jj l2 < x < |J/:.
, , .  .  . - -  , , , : " . " . . , n  

r r  r l r c  hc r ; f i 1  o t  ' l r c r i ( t qcs , (1  and  J l  a rc  sca l c  cons t i ru l s .  l n I r r r r l i cc i l
] 1 , . , : '  

U i l  
] | , ( .  

r t f , r ' o s L i l t . r r i o  i , i s r . r h c . w c c t r o o s c J t . _ r . l n r t  u = r / l 0 l 3 l . i t c r , . r c l | rLrc cslr lr] tcd told -bally or. Iocally lor. thc rrugc ur (tLrcsrroD.

-l-I i i rr gcr-l ' r int I ' roccssin g' lhc 
furposc ol f ingcrprint inragc proccssrng rs to cxlrtcl l  cofr lc scd

l. l l i l i i l l: l l. l. "] 
i l '" ir:urgc. ' lhis rcffcscnration (r.ct.cricrl as a rcnrplarc) is u,r,, ,t,,'ur l lc ipf I) t  nlalc l l ln l l .

, , l i i r r l lcrpr ints ci tn bc rcpfcscntcd by iL Jargc nur:rbcr of l ia lufcs, j l r r l r jJr l r t  thc
l,1:ill].il!]i: 

n?,r1 
,f,,j,: . rii1lc frcqucncy, 1oc"ri,,,, 

",,.r r,;;i;;,,..,,i.,,,.,,,,,,,i i i r  ) r . r c ! , r ( ( : i ) | l n J . ( i c l r r G )  t l n i - ,  J i r c c l i L , n ,  i l n d  l o c a t i o n  o f n r i n t a c  p o i n t s ,  r i , l g c . , r L r u r strcl l ,ccn par 's o1-I1l inLrt iuc, atrd locnt ion ofporcs (sco | igurc l ) .
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Fiouro 1. A l inoorpr int  idrago ol  tyDo ' ' r j tht
loop".  Tfto ovaral t  r id0o Etructurc, $in0ul i r
Dointr ,  aLnd 6??0i l  l rorcs aro sho?/o.

l : rorrr  Llrc r idgc i lo\ \ '  prr t tcrn is cxl frc lcd lhc nr i t rLr l i rc dcLir i l  t l r i r t  ur;r1(cs,,
l ln l l ( r t )r i r ) t  ( l i l lcrcnl  l fo ln olhcr pr in1. A l i rs l  prr t  of thc. lc l i l i l  th ir t  is usui l ly Lrsc( l
i i  l l r ) : tcq)r int  rcprcscr l lat ior is thc sc1 ol  cn. l i  gs and r ic l l ic bi l i r rcat io s in thc l lo\ .
I r : r t tcrr)  l : i i ] rc 2l l ivos l  por l ion of i t  1r |gcrpr int  i rna! lo.

' lhc 
nr iuul ixc cxt lncl ion proccss typicl l ly consists ol  r id l lc cxl l i lc l ior, ,

ln lkr lc, l  by thinninlq l rnt l  nl iuut iac cxl f i rct ion. i i idgc cxlract ion, or r i ( lgu
sc8f lrcr l t i l ion, is ejscnt ir l ly lhc slcp L.f  l in ir l ;z inl t  lhc l ingcrpr int  jmagc. ' fhxl  

is,
s(xrchow thc l ingcrpr i l r t  i r r i lgc.

I :  (r,1) > f0,2551 is convcrtcd to l l :  ( \ ,v)->{0,1}, Nhcrc lbc | ir luc 0
corfc: ipond:t to vl l lcys rurd I to r idgcs.

Onc way to acconrf l ish lhis is 10 sclcct r global thrcshold l '  and convcr ( ir1l
thc inri l tc I(\ ,y) to a bi i l ry imigc rs

l(x,y) >.t '

,  I(x,y) <=I
B(x,v)=

{ :

DLrc to thc poor qurlily of many fiugcrpriul iniagcs, this appr.oach is tlosl
ofLcn adcqurtc ibr cxtl tcl ing minuliac. In arcas of lhc f i trgcrlf int that alc . lry, no
lidgcs nly bc dclectcd, whilc in arcas whcrc thc fiiger is wct, no vallcy nlav bc
oclcctcd.

'l 
hc lypical solution is to usc a thrcshold T(x,y),

spir l ial locntion. VirtLri l ly cvcry published mctlod
which is a flurction o[ thc
of fcaturc cxtraction [41



c.rn|LrLcs thc oricntation f ickl of thc f ingcrprint irnagc, rvhich rcf lccts thc krclt
r;( lgc dircctioD at cvcry pixcl.

A1 this poirlt, a lLinary imagc has bccn computcd rvhich rlorc or. lcss
l ir i thl ir l l ) ,rcprcscrl ls thc original imegc. Thc ridgcs wil l  havc wi(l th that \\ , j l l  l iuy
ovcf 'tho ilngcrpriDt ilrragcs.' I  

Lc ncxt proccssing sicps arc typical ly composcd of a scqucrcc oI intrgc
ot)cfrt ionst Dircctional smoothing, Thinning [6], Morphological f i l tcr. ing enrl
rDlnrLi i t  pluning. (Post proccssing). ' l -hcsc typcs ofopcral ions ntal, bc pcrforntcrr rI
i l i lTcrcnt orrlcr.

5-l\ ' lctr ic of Similar. i ty
Lr ordcf to solvc thc incl iviclual i ty problcm, wc nccd to f irst dcfi Ic a |r ior l l lc

fcprcscnll l ion of f ingcrl)r i I l1 hatlcrn) aDd thc nrctr ic of sirni l t l i ty.
Iu this study, wc havc choscl minutiac rcprcscntal ion ol '  l inrlcrprrrrrs

bccuLrsc i t  is ut i l jzccl try fcrrcusic cxlc s, has bccn dcmonst(Ltccl 10 bc rclt l i . ,  r ly
stul) lc, lud has bccn adoptcd by mosl of thc eutoDrlt ic f ingcrfr int nlntcl,  l l |
syslcnls.

- l  hc sir i i l r iLy nrctr ic is t lc nurrlbcf of corrcspo diI lg ninutiac bct\rccu t.vr,
ir1l lrutr iLc scts- ( l ivc a rcplcscDtati{)n schcmc and a sinti lari ty lnctf ic, lhcrc irfc 1,,,()
rupp|o:rchcs lor dclcrr l ir ing thc individualiry of lhc f in|crff inls. In t l)c cnrPif !r i
i l j r |roacb, fcpfoscnl:rLivc si l lcs of f iDgcrprir l ts arc col lcclcd a d uj ing i l  1yj) i . ir1
l inrlcfpri l l t  nrxtchcr.

' lhc 
i lccuftrcy of 1l)c r lratchcr on thc siultplcs prrvidcs an irrr l iclrt io ol l | , :

utr iclrrcrtcss of lhc f inricrp|iDt with rcsfcct to thc nl i t lchcr. I_lrcfc rfc j .u1,.., ,

l)roblcnrs (ar)d costs) associalcd \vi lh thc col lcctior ol l !  l i t fgc l lLrml)cr ol
rcp|chc sivc slrnrplcs. Irr Lhc tbcorctical approrclt to irdividuali t) csl i InutioD, (. ir( l
r l torlcl r l l  rcul ist ic phcnourcnon affcctiug inlcr-clais ol ld irtr i t  class fal(, i I
vl f ia(iors. Givcn t lrc sir) l i lu| i ty mctric, onc coul( l  thon, cstint i l lc lho p|obabil i ty., l  l r
lalsc ls5ocii l t ion. In lhis r.vork, \vc proposc .1 lhcorctic;r l  l i lnrLrlrt iorr of rrrc
l i  r  r ; . r  r . r . r r . l i r r J r r r l r r r .

5-l , ' ingcr-pl in t Plobu tr i l i l1, Morlcl
Wc havc dcvclopcd I ntodcl to obtaiD l l  lcl l isl ic alrd iccuratc ploblb,i , ty 1,1

cof acspon(lcucc bctwccn fi ngcrprinls_
lho probabil i ly obtl incd using this f lodcl crn bc cstinralcd by maki..;  L.ru

Iol lowiDf; ussuntptions:
1. \ \ /c considcr only two typcs ofnrinutiac l 'ealurcs: r idgc cndit)gs an<l r idgc

pLrri l lcir l ion. ,{ddi l ionl l ly, \vc do not dist inguish bctwccn thc 1wo lypcs o1
nrir lut i lc bccausc thc can Dot bc accuratcly discrimirr i t tcd. Si|cc ntinuti irc
cau rcsidc only on ri l lgcs, which fol lorv a "1lorv" piLttcfn, wc inrpl icit ly
lrrodcl thc stxt isl ical dcpcndcDcc bctwccll  jninutiac dircctions i lnd
localious-

l. Wc lssumc il unifoflr dislibution of r[inutiac in a fingcrprint with thc
rcstliclion that tlvo nliuutiac .can not bc vcry closc to cacll othcr. this
nssurnption approximatcs thc sl ightly ovcrviewcd uuifo l l  di l j l r ibLrt iorl  of
minuiiac found by Stony[5].

, i .  Corrusfondcnce of a nrinuticc pair is an indcpcndcnlcc cvcnt ald ci lclr
coflcspondcnce is cqually inpo ant.

f .r : r trtrJl /t. .l+oi / ;.r",,Ljll! .jrol pqU ,/ j,l, .dL\
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:i. \\/c do rlot take into account fingcrprint imagc qualitv in individuality
dctcrrr ination sincc i t  is vcry diff icult to rej iablc assign a quali ly indcx to
r llngcrprint.

' l i )c 
l ingerprint corrcspondcncc problcm invoh,cs ntatching a tcniplatc with

Lhc ir)put. wc assumc that a rcasonablc al ignmcnt has bccn cslablishcd bctlvccu thc
Lcnrpl irtc and lhc inplrt.  Thc al ignrncnt of thc input nrinul iac sct wilh thc icnrfhLc
r)i irr( iac is donc so t l lat lhc l t l inutiac corlcspo]tdcnccs can bc dctclnrincd wil l) in ir
i ,r lr ir l l  lolcl l t lcc. givcn a iuput f ingcrprint containin!: n nl i l lut iac, our goal js L(j
conr|otc t lrc prob:rl) i l i ty that any irbitrery f ingcfprjnt(tcmpliLtc in a drhhnsc ot '
f inrlc|Dints) containiDg m nlinutiac wil l  hrvc cxactly q cofcsponclir! ]  nt jnutr i lc
wi(h thcirt)u1 scc I; igLrrc -1.

..; ;";,,"".";"; ;;;,;l,i:"
Sincc thc l in8cr lxrnl  mrurrtrac arc dcf incd by thcir  locir t ion, (  x,  y ) ,  r | )d L,y

rnl t lc ol  lhc f id i lc on which lhcy rcsi . lc,0,  thc i |put i rnd thc lc r | latc r) I int iac scts,  I
rrr l  

' l ' rcs|cct ivcly,  
ufo ( lc l incd :

. l  .  { { x 1 ,  y 1 , 0 1  } . { x 1 . y ; . { ) r } , . . . , { r - , y ^ , 0 - } }  ( 2 )
A lninLrl irLc j  in thc input l ingcrprirt t  is consi( lcr is "corrcspordirg" or '

' lnir l( lr ir) l i '  to thc nrinLrt i irc i  i l l  thc tcnrf latc, i l - tu)d orly i i '

I  -  { { x ' 1 .  y ' 1 . 0 ' 1  } , {  x ' r . y  r .

( x ' 1  -  x1 )?  r  (  v ' 1 -  y1 ) ' /  <  r ' o  rnd
M i u ( 1 0 ' ,  Q  , 3 6 0  -  0 ' , 0 ;  ) !  0 0 .

L c i 5 \ = y ' - \ ,  3 i = I ' - I  a n d  d . ] =  3 , '  I  i i r '

\ \ /hcrc ro is thc toler i lncc i r l  lhc distancc rLnd 00 is tbc l () lcnucc in thc angl.
I -cL A bc ihc lol i r l  arca ol  ovcr l lp bctwccn thc inptr t  a d thc tc l t rplalc l i  l tcrpr irr l  ;

r f tc|  l  rcasonablc al i8Dnrcnt has bccn achicvcd. thc probabi l i ty thrt  rny rrrbi l r r"

nr inLrt i : rc in lhc input \v i l l  n l i l tch any arbi trury ninrr l iac i  lhc tcmpl i l tc ,  otr lv in lctxr l l

of  locrt ior) ,  l r rd only in tcr rs of dirccl ion, i l lc givcn by I lqs. (5),  r tnd

rcs|cc( iycl) .  I iq.  (5) assumcs thr l  (x1, y l)  and (x '1.  y '1) a|c indcpcndcnt and 1iq.f l )
assonlci  t l ) l l  0,  0 '  afc indcfcodcnl.

( j )

(4)

(s)

(6)

n r t  C
I ' ( d S r o ) -

) ' ( M i n ( 1 0 ' ; - 0 1  1 , 3 6 0 - 1 0 ' i - 0  ) : 0 o ) :  -  1 0
360



f.0 ; r, trr.lt /. Jlll ,i _,irndJi! asr5li pslJi / j,L ;J\ dv

_ If Lhc tcntplatc contains m minlrt iac, thc probabil i ly tha! only onc mir)utiuc in
j] ] : ]1,,] : :  ' t :orr:spond ro any oflhc tcmplatc minLrLiac is gt*r 'L,y lnc,,, i .  l*",
: l  . . '  

, ^ "  
] , ' t  

| | l  r r r i uu r : . r c .  l hc  n rob . rb i l . r y  l l r . r r  u j r l y  . . f i r .  r . .  o r r c  co , , cspo , , . t . .  r u  r r r . )  o l
: , , :  . l l ,  , ] - . l " f l : t :  

| l r i n , r r  J r  i s  r t ) c^ f roJ , r c r  o t  r t r c  r rob , l b i l i r : c i  r t r : i  r ] r c  r j r - r  i , , r , L r rj l l iDrrrL.ra tr.rs r corrcspoll l lcncc (ntC/A) and thc second rninuliac dosc rrot harc lc'orrc: i trunucncc ((n -nrC)/fA-C)). l-hus. thc probabil i ty that cxactly onc of l i rc lworlrPut n Dullac ulatchcs any ofthc nl tcnlplulc ntrnuticc i \  2 l lrc/A . (A_rrlC.l. ,(1\,U),
slucc cjthcr- thc first input minLrtiac alonc mry havc :r corrcspolldcncc o, ,lo 

".crrdinput ' i rLrl iao alonc nray havc 
" "or.".pon,l"n.". 

i f  Lhc ir iput f i"s;;, , i ; ; ;  i ; : :  , 'ini"r iac , thc pfobrbi l i ly thrt cxactly onc i lrput nl inutiac lnt lchcs"o;c of thc nrl! 'ml)Lrtc nl inuti i tc is

l lrc probabil i ty that tbcfc arc cxuclly l ,  corrcsfondiug utinrrr i  c
nr(l  nl Lcrnl) latc minuti lc i :r givcn by:

,(^,c,,,,,, ):l'l] t+] t-#l

f,, I l- .c 
-) 

[0,,-rr c 
-)

r,( ,r ,c,nr,r,p)=[p 
[-r l  ["_-.]

l .r l l ing Nj A/(1, aisunrint i \ ,1 to bo ir)tcgcr (A >:, C), irn(l
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abovc analysi ;  colsidcrs a rr inut i i tc colrcspoodcncc basr.d lolc l l .orr  , rc
nr inul i i rc l { )cut ion. Ncxt wc considcr c nr inut iac cof lcspondcncc thi t t  r lc|c i ldr;  , rn
rn| l rut i ro dircct ions l ls wcl l  as nr inut i rc posi t ion: j_ l tn.  t l tc s lkc of t l l i :  r I r .LLl j i : , ,  Ic(  tLs
,,rr : , t ]nlc 1l)al  thc minut iac direct ions arc conrplctoly indcpcldcnt ol  tLL: r  inLrr i : rc
rosrtrons and nletching ul inut iac posi l ion arrd mi l lu l iac dircct io|  l rc lhrrcl i ) r1-
i l [ icIundcl) t  cvcDts-
r.ct  l ,  bc sLlch thal
r (  N I in  (  I  0 ' ,  -0 ,  ,360 -  I  0 ' , -0 j  l ) :  0d  -  L  in  r rq .  (6 ) .
!ai. cn n inpul tud m tcrlrl) lalc nrinutiac, thc prob:Lbil i ly ofp minulirc foll i | t j  (r thc
,irri lur poiit ions call bc csti juatcd by Dq. (9). oncc p ntinLrliac positions arc irutu)rcct ,t\c f|obibil i ly that q Sp n]iDutiac anlor)g thcrn havc siuilar clirection i:; gir tn by :
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. .hcrc L is thc probabil i ty of r\ .vo posit ion-natchcd minutiac hrving sinri lar di iccriol
:r i i  l -  L is thc probabjl i ty of two posit ion-nlatchcd mimrl iac ral i irrg di l l .crcncc
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r l i fccLions. lhcrclbrc, probabil i ly o[ mrtchiug q minutiac in both posit ion as rvcl l
, i i rcctiou i l ;  givcu by
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6- I)iscussion :rnd Paranrctcr I lstinration
lJnl i l  now, wc havc assur 'ncd th:r t  loci t ions arc rur i fonuly distr iburcd wi l l l ] l l

lhc cr l i rc l iDl lcf l ) r int  arciL.  l lowcvcr,  thc nunrbcr (or thc arcr) of  r i lgc arosc ui l
l in l tcrpr iul  typcs is approximalcly thc sanrc. Si  cc A is l l rc arca of rhc ovcr l l l r
bcl \ ' rcD 1l)c lcntdir lc anLl thc input f ingcrpr i rr ts,  thc r idqcs occLrpy approxi lniLtcly / \ / : l
o l  thc rucrr,  with t l rc othcf hal f  bcing occupiccl  by thc val lcy. Sj l rcc rhc Drinut i : rc c r
l ic orr ly orr  r idgcs, i .c. ,  alolg e curvc of lcngth A/rv,  rvhclc rv i : ;  thc r i<lgc pcr ior l ,  )rr :
vr lucol- lv l  in l lq ( l l )  s lr( iu ld l l rcrcloro bc changcd fronr 1r{ A/C rot\4 (AAv)/(2,, , /
,  Whcrc 2rx is thc lcnt lh lolcrar)cc iu nr inut i tLc Ioc:r t ion. rbis lnl lysis iLs: jLrnrcs lhal  Ll lc
r i ( l i tc ( l i fccl ion i l l l i r11rr l io1r, /unccf l r inty i i j  conUlctcly crphrfcd by Dq. (6).
Orrr  rnrrr lL: l  hrs scvcr i l l  p ir f i lorctcrs,  nar cly rx,  L, ' ,v,  A, rD. u and ( l  ' lhc 

vr l l lc 1r l  L
l i r r t l rcr t lc l ,cncis on 0r. . ihc valucs ofh, I - ,  : tni l  w rrc cst i r)ntc( l  i r r  this sccr ion t i , :  rL
l t i !cn scn: ior rc: ,oLul io1r.

' lhc 
val | lc ol  r l  shoLrld bc dclcr l rr incd lo account [or t ] lc vur iut ioD in t l i l

c l i l l i rcnt i r rrprcssion: ol- thc sanc f in11cr ' .  I lorvcvcr, : i incc Lbc spl t iu l  lo lcrar)cc r i
dcpcrdclL upolr  thc: icr lo.r t  rvhich thc l i l rgcrpr i | r t  im:r l tcs l rc scarrrrcr l ,  rvc ncL:d Lo
cxlcuLrlc i1 l in t l lc spcci f ic scn: ior rcsolul io .Duri l rg el igning, rvo l l ivc a l ] t r tLc( l  prt l i  ' ) l
f r . . 1  r 1 ' r i r r t  .  r r .  i r r l  r l r .  , , r  r . r l l  r r r r . . l .  r r . : r r i o r ) .  r 5  s . ,  l . r  , . r , ' l  . r , r r . s n o r r , L r l  r r  r r  r r  :
p" i i  ' , , "s .nn1, ' , i .0;  ( i is l : rncc of lsct 3r- . , {" , -  r '  ' , , t i ' ' . . r ' ,n, ,rc.  I  , r  . , i l  nr inr;r . , f  n t t l l
lnr lcr l  l lnrtr fpr int  p:rrc rvcrc poolcd lo obt i r in r  dis lr ibu( ion l i ) l  d ist :rrrcc Lrclrvccn t l l ! -
conc:;portLl i r rg rr t i r tut iac. *c :rrc sccl i rr l ;  tL i l l  v i l luc ol-r0 laf  which 1)( l  t .  r0) . :  0.914,
1hc vr luo ol  r  0 which oounls Iof  1 lcrst  1)7.57d ol-var iat ion in thc nr inul i rc tosi l ion: i  ol

l tmLLinc l inr:cryr inl  Dlr lcbing. lhc volLrc of r0 is loLrnd bc 15 pixcls l l r  l r r | ]crpr,
sclr l rccl  xt  500 dpi rcsolut ion15l.

' l i r  c j r t i lnalc thc vir l rc ofL, wc nrst csl imrlc lhc vclLrc o1 011. lhc valLrc o1 (\r  f iLrL
iLIso l )c c: , l imatcr l  thrLrogl)  oipr i I1lc lr ts so t l l r t  i1 counls lor 97.5'% vrr i r t iorr  in t l rc
nl inul iuc lnglcs in 8cnLrinc l ingcrpr int  matchinq.

' lhc 
valLrc of rv \yrs l i l l icn a5 rcporlcd in [4] .  I1 csl i lDi l tcd lhe \ ' r luc 01 rr , i  :

pcr iod as 0.463 lnntr idgc l iom a dalabasc of4l2l lngcrfr ints.

7-Cor t c lus ions
Thc nodcl proposcd hcfc is rcl l t i !cly sinrplc. I t  igl lorcs most of l l rc kno.... ir

(wclli) dcpcndcncc anlong thc fcaturcs and docs Dot difcctly inchrdc fcaturcs such xri
r r . l  co  rn t  . f i r 3 . rp r i  t c l , ' s . c . . . r i Jgc f r cq r rc r r c i cs . f , r n ' . , nc l l l sc ] r s . c l c .

I iof lhcsc rcasons, wc suspcct that thc profoscd nrodcl docs Do yct conrpctr iLr
pfcCicl iug thc pcrlormancc of a human f ingcrprint cxpcrt maLchcr. By addit ionl l l i ;
cor:; i t lcr ing a nlorc dctai lcd l lugcrprint rcprcsell tat ion (c.g., di l fc|cnt minutiac tv|cri .
swcil porc ini'ofmation), thc confidcncc gcnuinc nratcs can be rcinforccd nnd L5:
spLrrioLrs associations anong thc imlJostofs can bc r 'ulcd out. ' fhc cxtcnsion ol 'oul
pro|oicd nrodcl to inclLldc adclitional fcaturcs is a topic for our luturc rcscarclr.
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