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Fingerprint
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No fingerprint?
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Fingerprint feature extraction

! !"#$%&'&"#()'*((%&#+),-%#)*#*./0%1)*()1"22%&%#()
34*.%3+)%5-"6"(3)1"22%&%#()(/'%3)72)2%*(8&%3

! "#$%&#'#()(#''* +(#,-(&.(/'&'0,+"('#,-('1#$2'3&..(0-

4 5,0'6+2&0+'7(-08'9:;<
! #$=&#'#()(#'! >,-?.('+(.&,#/'=&-'%(',+(-.,1,(+
! @(08'1,-('#()(#'! ,-.0&*0,+"('+(.&,#/'=&-'%('+(.(=.(+
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Difficulty in fingerprint matching

! !"#$%&'&"#()*+(,-"#$)".)+)/"00",12()'&342%*)/1%)(3)2+&$%)5+&"+4"2"(6)"#)/"00%&%#()
"*'&%.."3#.)30)(-%).+*%)0"#$%&

! 7+"#)0+,(3&.)&%.'3#."42%)03&)"#(&+8,2+..)5+&"+("3#.)+&%9)/".'2+,%*%#(:)&3(+("3#:)
'+&("+2)35%&2+':)#3#82"#%+&)/".(3&("3#:)5+&"+42%)'&%..1&%:).;"#),3#/"("3#:)#3".%)
+#/)0%+(1&%)%<(&+,("3#)%&&3&.
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!"#$%&'&"#()*+,--"."*,("/#),#0)1#0%2"#$

! A$'0(+?=('.B('/(&0=B'.,>('&-+'=$>3?.&.,$-&#'=$>3#(C,.8

! .(=B-,D?('?/(+'.$'&//,"-'&'1,-"(030,-.'.$'$-('$1'.B('/()(0&#'30( *
/3(=,1,(+'.83(/'

! E-#8'&'#,>,.(+'-?>%(0'$1'=&.("$0,(/'B&)('%((-',+(-.,1,(+F'&-+'.B(0('&0('
>&-8'&>%,"?$?/'1,-"(030,-./
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Latent fingerprint images
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Introducton
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Introduction

.(/0&120(3&&*
!"#$%&'(")"*+, !"#$%&#'()*+(#(&,&(#$%&#-."'&/0/."$#0+$$&/"#1%)21#1)3&#

4.1$."5$#1%+0&1

6 7))0#8###9

6 :&($+#8; 9

6 <%)/(#8=9>?2)#-+5."'#())0

Core:
¥A reference point for the 
alignment.
¥The northmost loop type 
singularity. 
¥According to Henry(1900), it is 
the northmost point of the 
innermost ridgeline. 
¥Not all fingerprints have a core 
(Arch type fingerprints)
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Introduction

.(/0&120(3&&*
@."'A(+/#/&'.)"1#+/&#5)33)"(B#A1&4#-)/#-."'&/0/."$#5(+11.-.5+$.)"C

right looptented archarch

left loop whorl

!
¥Tzv Henryho systŽm, rozd!luje otisky do p!ti 
t"’d

¥Z‡vit (whorl)
¥Lev‡ a prav‡ smy#ka (loop)
¥Oblouk (arch)
¥$pi#at% oblouk (tented arch)
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Introduction

3&$20(3&&*
D."A$.+C#@3+((#4&$+.(1E#:.15)"$."A$.&1#."#$%&#/.4'&1E#8@./#F/+"5.1#G+($)"9#
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¥18

3%&4"#/+/$"%

– Papilarni linie
– Vyvýšeniny (ridge)+ prohlubeniny (furrow)

- Charakteristické body
– Kritické (singulární) body – globálně význačné body

- Jádro
- Delty

– Markanty (Minutiaes) – lokálně význačné body
- Rozvětvení (bifurcation)
- Zakončení (ridge ending)
- Krátké hrany (short ridge)
- Překřížení (crossover, bridge)
- Krátké rozvětvení (spur)
- Očka (ridge enclosures)
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Introduction

3&$20(3&&*

H.4'&#&"4."'#I#/.4'&#*.-A/5+$.)"#-%'&").
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Introduction

3&$20(3&&*
@2&+$#J)/&1

6 K.'%#/&1)(A$.)"#.3+'&1#8LMMM#40.9
6 @.N&#OMPQRM#S3
6 K.'%(B#4.1$."5$.,&
6 T)$#0/+5$.5+(#8K.'%#/&1)(A$.)"U#'))4#VA+(.$B#.3+'&19#
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Segmentation
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!"#$"%&'&()%
! ;$<'%'#+",*=>*?%@6*A'9B,%@C")
! ;#%'+#$)*<'##$%"-2*"@*#1%$-1@&)+",D*-#%+<$)*'")*@%+$"#$)*

<'##$%"*E*+-@#%@<+9*<'##$%"*0+#1@C#*@%+$"#'#+@"
! 5%$4%#(,("/#)6%(7/0-)89:29:);+/*<=

6 W+/.+"5&#)/$%)')"+(#$)#$%&#/.4'&#4./&5$.)"#/0')1'234
! X11A30$.)"C#-."'&/0/."$#+/&+#2.((#&Y%.*.$#%.'%#,+/.+"5&U#2%&/&#

+1#$%&#*+5Z'/)A"4#+"4#").1B#/&'.)"1#2.((#&Y%.*.$#()2#
,+/.+"5&E

! W+/.+"5&#5+"#+(1)#*&#A1&4#+1#$%&#VA+(.$B#0+/+3&$&/#)-#$%&#
/&'.)"1E#

6 K.'%#,+/.+"5&#8%.'%#5)"$/+1$9C#'))4#VA+(.$B
6 7)2#,+/.+"5&#8()2#5)"$/+1$9C#0))/#VA+(.$B

! X,&/+'&#3+'".$A4&#)-#'/+4.&"$#."#*()5Z1#
6 567898+*$:*#)":'$*;567<=
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>-("4,("/#)/.)?/*,+)@"0$%)A&"%#(,("/#

! F($%',$*@%+$"#'#+@"*'%@C")*+")+9$-*+DG
! H"@%+$"#$)*)+%$9#+@"-
! I$+,1#$)*J%"=K
! L%')+$"#D*6'M+6C6*<+M$&7+"#$"-+#.*91'",$D*'%9#'"*,.N,M*
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45%#62%#&'(&7(3&$20(8#9+,(:"#,'%2%#&'

! 9":'.%);''&7*4-
O L%')+$"#*0+#1*;@A$&*@%*

>%$0+##*@<$%'#@%-

O P"=+-*@%#1@,@"'&*#@*#1$*
)+%$9#+@"*@?*#1$*
,%')+$"#

Drawbacks:
Non - linear and discontinuous around 90
A single estimate is sensitive to noise
Circularity of angles: Averaging is not possible
Averaging is not well defined.
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45%#62%#&'(&7(3&$20(8#9+,(:"#,'%2%#&'

! ;<%&*$"#$)=&*1"%#()>3(":*(%3
?@*33+)A"(B"#)CDEFG

1ij H)I&ijJ473KLij+)&ij3"#K)LijM

?KG
&H
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45%#62%#&'(&7(3&$20(8#9+,(:"#,'%2%#&'

! >22%4()72)*<%&*$"#$
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*+("%&'&()%,-("./
X"#)/.&"$+$.)"#.1#5+(5A(+$&4#-)/#&+5%#LOYLO#*()5Z

! I$>3?.('.B('"0&+,(-.'$1'.B('/>$$.B(+'%#$=JK'L ! M,FNO'&-+'L"M,FNO'?/,-"'
PCP'5$%(#'Q&/J/

! E%.&,-'.B('+$>,-&-.'+,0(=.,$-',-'.B('%#$=J'?/,-"'.B('1$##$2,-"'
(D?&.,$-R

! DEMO: Fp1 = computeorientationarray(Fp1);
! L0&+,(-.',/'=$>3?.(+'%8'M/.&-+&0+OR[-YU#-B\#]#'/+4.&"$84)A*(&8.399^
! S#$=J'9GC9G
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45%#62%#&'(&7(3&$20(8#9+,(!",;<,'$=
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45%#62%#&'(&7(3&$20(8#9+,(!",;<,'$=

9":'.%);.$7&"(-:

3K 8QM3R*@%+$"#$)*0+")@0*9$"#$%$)*'#*SM"D*."T*

QK U1$*M7-+,"'#C%$*@?*#1$*,%$.*&$($&-*+-*@A#'+"$)

8K ?"=+-*#1$*+"($%-$*@?*#1$*'($%',$*)+-#'"9$

U@*1'")&$*"@+-$*+"#$%<@&'#+@"*'")N@%*&@0*<'--*?+&#$%+",*+-*
'<<&+$)V*

B>6AC) !"#$%$&'(")*+,'&-,./+0)+1&23!"#4$!"#56(7/6861-,9:
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45%#62%#&'(&7(3&$20(8#9+,(!",;<,'$=

! >5*:'.%3)72)2&%N8%#4/):*'3
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D/#(%2(E,+)!"+(%&-

! ?%&#3)1$#2.4&(B#A1&4#$&5%".VA&#-)/#-."'&/0/."$#.3+'&#&"%+"5&3&"$

! _)",&"$.)"+(#.3+'&#-.($&/."'# 6 +#1."'(&#-.($&/#.1#A1&4#-)/#5)",)(A$.)"#
$%/)A'%)A$

! _)"$&Y$A+(#-.($&/."'##P-.($&/#5%+/+5$&/.1$.51#5%+"'&#+55)/4."'#$)#()5+(#
5)"$&Y$

! @&,&/+(#$B0&1#)-#5)"$&Y$A+(#-.($&/1#0/)0)1&4

! !"4&"$&4#*&%+,.)/#6

6 L90/),.4&#+#()2P0+11#[+,&/+'."'\#&--&5$#+()"'#$%&#/.4'&#4./&5$.)"E#
7."Z."'#13+((#'+01#+"4#-.((."'#.30A/.$.&1#4A&#$)#").1&

6 Q90&/-)/3#+#*+"4#0+11#[4.--&/&"$.+$."'\#."#$%&#4./&5$.)"#
)/$%)')"+(#$)#$%&#/.4'&1
!"5/&+1&#4.15/.3."+$.)"#*&$2&&"#/.4'&1#+"4#,+((&B1
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6%(7/0)'&/'/-%0);F)G/#$H)I,#H),#0)J,"#

! !"#$%&'(&)"*'+&,-./$+#
! )"*'+&,-./$+#&0"1$&*'/0&,+$23$(456#$.$4/-1$&"(%&

'+-$(/"/-'( 6#$.$4/-1$&7+'7$+/-$#&"(%&0"1$&'7/-8".&
9'-(/&+$#'.3/-'(&-(&#7"/-".&"(%&,+$23$(45&%'8"-(#

! :&)"*'+&,-./$+&-#&%$,-($%&*5&"&#-(3#'-%".&7."($&;"1$&
/"7$+$%&*5&"&)"3##-"(
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>*)1?-86(?6?+*-8@.8A?#$B8C'#B8'#-8D'"#8;E?#)8FF<

O-%)%<%#)3/::%(&"4)(,7P1":%#3"7#*.)=*67&)2".(%&)
-*3)(-%)27..7,"#$)27&:Q)

Here, f is the frequency of a sinusoidal plane wave 
and ! x and ! y are the standard deviations of the 
Gaussian envelope along the x and y axes
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Method proposed by Hong, Wan, and Jain (cont ..) 
Gabor Filter

! !"#$%$&'('%)"* +,-,. ! ,. "

! /0'")'1'2(345"4-"(0'"6$17')". !#$58 . "#356416')"$"(%$8'4--
! 9")'(":; $%<=,>?"@"3ABC5&,BDD5'E"4-"-31('%)"$%'"#%34%3"2%'$('8"$58"

)(4%'8","F0'%'"5& 3)"(0'"57&G'%"4-"83)2%'('"4%3'5($(345)":+$@"
3AB,DD5&E"$58"5' (0'"57&G'%"4-"83)2%'('"-%'H7'523')":-%@"IAB,DD5'E

! J$20"#3='1"K=,>L"3)"2456416'8,"F3(0"-31('%";$%<=,>?")720"(0$("+$3)"(0'"
83)2%'(3M'8"4%3'5($(345"214)')("(4"+!" $58"-%#3)"(0' 83)2%'(3M'8"
4%3'5($(345"214)')("(4"-!"

! B>6AC) !'9)K)%#7,#*%L&"0$%M,++%F8!'9=N
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>*)1?-86(?6?+*-8@.8A?#$B8C'#B8'#-8D'"#8;E?#)8FF<
G HI':6&*+

! 9-7,3)(-%)
*''."4*("7#)72)
=*67&P6*3%1)
47#(%5(8*.)
2".(%&"#$)7#)
:%1"8:)*#1)'77&)
N8*."(/)":*$%3
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>#'<%#2,(?,%,$%#&'

! /$&+'A&$*6+"C#+'$*$M#%'9#+@"*+-*$M#%$6$&.*+6<@%#'"#
O W+"'%+X'#+@"

O U1+""+",

O >@-#*<%@9$--+",*O?+&&+",*1@&$-D*&+"B+",*A%$'B-D*
%$6@(+",*A%+),$-
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O"#,&"P,("/# Q;,-%0)4%(7/0-

! @.30(&1$#3&$%)4##P'()*+(#$%/&1%)(4
! 7)5+(#$%/&1%)(4#$&5%".VA&
! F."'&/0/."$#10&5.-.5#1)(A$.)"1#"&5&11+/B

P `."+/.N+$.)" .1#$%&#)A$0A$#)-#_)"$&Y$A+(#F.($&/."'C#
*#1'#E*J("-$*K'&&*. F:

*."+/B`(Z@.N&]#QM^

.3H&5)"1$/A5$]# *(Z0/)5 8.3H&5)"1$/A5$U#[*."+/B`(Z@.N&
*."+/B`(Z@.N&\U#a*."+/.N&.3+'& 9^

-A"5$.)" !)A$ ]# *."+/.N&.3+'& 8!." 9#
(&,&(]# '/+B$%/&1%8!." 9^LM)+%8:*)1?-

!)A$ ]#.3Q*28 !." U#(&,&(9^
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Threshold computation: Otsu I

- Otsu! s method: N. Otsu (1979). "A threshold selection method from 
gray-level histograms". IEEE Trans. Sys., Man., Cyber. 9: 62–66

– http://en.wikipedia.org/wiki/Otsu%27s_method
– http://homepages.inf.ed.ac.uk/rbf/CVonline/LOCAL_COPIES/MORS

E/threshold.pdf
- minimizes the intra-class variance – for each threshold T lot! s of work

- between-class variance:
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Threshold computation: Otsu II

- Compute histogram and probabilities of each intensity level
- Set up initial n! (0) and n" (0) and μ! (0), μ" (0)
- Step through all possible thresholds T=1.... maximum intensity

– Update n! (T),n" (T)
– Compute σ!#$%##&(T)

- Desired threshold corresponds to the maximum σ!#$%##&(T)
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>#'<%#2,(9,%,$%#&'(

! ;)3":'.%)":*$%)34*#)*..7,3)(-%)'"5%.)
47&&%3'7#1"#$)(7):"#8("*%)(7)6%)1%(%4(%1

! 4&733"#$)#8:6%&72)*)'"5%.)'
! ?4>:@( !-A(B($0,2'5*,0,%&'C!-ADE
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>#'<%#2,(!#0%,"#'+

- Post-processing stage is useful for removing spurious minutiae [already 
present or introduced by previous steps]

- Two main post-processing types:
– Structural post-processing 
– Minutiae filtering in the gray-scale domain

! T,+"('%0(&J/'M,-/?11,=,(-.',-J'$0'>$,/.O

! T,+"('=0$// *=$--(=.,$-/'M$)(0 *,-JF'$)(0 *
>$,/.O

! S$?-+&0,(/
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