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Abstract

Automatic personal verification by using human physiology, which is called biometrics,
has become more and more important and has increasingly used in personal verification for
electronic interconnection or communication. A fingerprint is a kind of biometrics that has many
good characteristics and advantages for personal verification. However, a poor quality of
fingerprint image leads to difficulty in verification. For this reason, this thesis focuses on a
method of fingerprint image enhancement. In order to achieve this requirement, a grayscale
fingerprint image is enhanced by histogram equalization. Then a wiener filter is applied to that
image so as to reduce noise. The image is then binarized to a black and white image by means of
Fuzzy binarization, Fuzzy C-Means technique. Finally, a thinning procedure is applied to the
binary image. In this way, the experimental results show that the proposed method gave bester
image’s quality compared with the traditional approaches, adaptive threshold and Fuzzy
C-partition techniques.

(Total 48 Pages)
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0, otherwise
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lav /1 ¢ unugatnmvBIN MLz o lumidmuagUsweeudulds Haddu
IFFouUNMITIU 028l o =land ¢ = 0 [4]
o o ar o . . . LY o H
224 Waiduszdlan1  (Bell-shaped  Membership  Function)  #arddugilsssisnss

¥ '
Usenoy AI0WI RO NIVNA 3 A1RD {a,b,c} dsaumsn 2-6)



p,(x)=bell{x;a.b,c)= (2-6)

[1+ d

gi o ar os M
AN 2-6 AaAruszaanh

225 s Sigmoidal (Sigmoidal Membership Function) WIA%U Sigmoidal

W = v u’: (- | ar P
ﬂﬁ%ﬂﬂﬂ AIUWITINADINIHUA 3 A1 A {m,cr} AITUNTIN (2-7)

1

u,(x) = sigmoidal (x; m,c ) =

o o ::r = 1 L . N & £ !
AanFutiveSon Heandudnas (Z-membership Function) N8 o =—1 uazGundy
Waﬁfuﬁ'ﬁlﬂﬁ (Smooth Membership Function) e o =1

o o o o =) (z 1
HeiduzUd s uasds z Imsrlinesvianun 2 Mde {a,b}

0, x<a
2[x—b]2‘ a£x£a+b
S(xrab)= 07 ? (2-8)
1—2[x_b}, ard s ch
b—a 2
1, x2b



1, x<da
2
l_z[x—-b] | a<x$a+b
—a
Z(x:a,b): ) (2-9)
2[):—3)} | a+be<b
b-—ua
0, xzb
o H
1.0
b-a
0 > X > X
a G b b
S-function Z-function

H o w
/NN 2-7 Wandu S upe Z

)
2.3 Vassviud {Fuzzy C-Means)
o4 ed A o’ Fies LY 1 & =& 5 ar T
Hagasiud Whiitnldlumsfanduisznnnils Segadeyaszgniausnoen Munguq
Tagaunsadauen Ididunaungulag o nqulan) Tasgadeyanng gn sxgnialdduiiu
-y L L) [ a 1 ﬂ = Yo @ q’; 9 ] o )
mdnlddunng nqu Tessmuamanuiumndalddudeyming Somlusesmil
ad W 1 o J ) a @ =1
Atasnangniuausiuunlas Duan Tul) a.a. 1973 vasinnwann1dnulae Bezdek w3l
A.f1. 1981 uaz Iagniimnlszendldadraumsuareluanidan Pattern Recognition
@ ‘Y aa T = T4 Mol o [ '3 . o !
231 mstanquawitladsiud  AsdsiudezhiouTaonsdnnauuuidaund
1z IdmgagavesmaudiuanionSenvgavesmamuandis Taumsfiunmm

L'} 3

4 > & ] ' o 1
wguinovasngudoya e udnnumszezmessnisgaguinarssongudoya
@ W ' & Saa o o Y ﬂ t oA '
nudeyaudazganm Tuiiifsdatiudesinulaouiddeyasonduaningy Ae ngu Q,
] ‘:iq 1 . 1] & '
Wunguueaganmiilifnimaiige uazngy Q, Selimnnufiaga
ndandengulasmsimuasanuiumndnvesganmidazganin x, fv3tuuy
= o o A 1 = ] 1
Ao sxgodmuadiownind U Fueasmnowduadnvesudasnguesgantn
X, \_»“4 (x, )J dwmiunng awes i=12,..¢; ¢ = clusters uagqni j=1,2,.. n N=
¥

VINIUIANTATIINLA AN (2-10) Ay A g, E[)“A. (x, )J uaaanIn
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MNFAVOIANIH | (x,) ¥0INqU €, wazm e[,um (x, )] naaanniiumFnves

WA 1 (x;) vaangu Q,

Zp},l[x;):l,‘v’j:l ,,,,, N (2-10)

w ' M o = o
Haduuaainnuuengy  (Dissimilarity  Function)  vsuiwnidlufladanud

AMANNITA (2-11)

] 2
JU.0.0100) =30, =3 3 1, (x)] [4.(x, )] (2-11)
] £ . o . ' s
Ao IANINRIUIMUA (Centroid) YDINQY cluster ; ;
[d,(xj )] fls szvzgRdIANL (Buclidian Distance) 331719 c, (i—th centroid) 1ng
' ¥
swnadoya (x, ) : Ty [d,(xf )]:”x,—c,“
m Ap M Weighting Exponent (ﬂ"lﬂﬂﬁ Fuzzification, 1 £ m<co; je.m=2
. . P o i 1
0y m—>1: hard, crisp clustering uas m—» . Hy (xJ—)%
v e o o ' ... . . o _ =
MsmAIgaueIlandunmunnay  (Dissimilarity  Function)  szduiumsiily
& & o ' 4 o LAY '
oeddumau dumsuusn Ao misinnemd ¢ Feelldgatinmniminfemi@e

dmTuuAazngu (Cluster) iy Taofuumnnaums (2-12) uag (2-13)

¢ =v, = =12 e l<m<w (2-12)

v i o & S o = o 1 a
HadiJ“mﬁmu:nmmgwnar1mw1wunua”a 'lﬁmmum'i‘llimJf;;amﬂ’nmi‘luﬁmﬁmﬂjm

1 ' & u’ w_ o ¥ oo -
Lmﬁ:‘Qﬂﬂ’]ﬂiﬂﬂﬂ1ﬂ\1ﬂﬂ1ﬂu1ﬁuﬂ‘ﬂ'ﬂ"Iblﬂ AINUNITH (2-13)
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py(x, )= : (2-13)

(x:) 2 {(m-1})

|4
2 4, (x))

Taosmualvay [d' (x} )] = ”x; ~c',‘

uay [a’k (x, )] = ”x; ~ % H

» =4 v 1 o
01 m UAumny 1.

(x)- 1, d,(xj)zmin[dr(xfjl] Jor [<s<c¢
Hal 0. otherwise Jor1<i<c;l1<j<N

sWazBuave 3T T Sud daivaus la Bezdek Wil af 1973 ﬁi‘?umuﬁwia"lﬂﬁ,[s]
Sumoudt 1 fmuasid ¢, 2<c<]
ﬂfuﬁauﬁ 2 HMMUHAT Termination Tolerance, £ > 0, #1019 F1TZHIN 0.01 Las 0.0001
Fumoudt 3 Sl m, I<m<w
ifuﬂau‘ﬁ 4 ﬁTHuﬂﬂl"ll.ﬂf 8IRUVBUUNS A e Fn {Membership Matrix (U)) mnﬁumsﬁ (2-13)
unzAuTuMSG ] for k=123 .. max iteration ; e.g. 1000

¥
o

TN 5 ATUIUMIA1 Cluster Prototypes (Centroids - c,)
(« "
O
N mt

i
a’: -ﬂ' -] ! ! T - ! é :’ o ol
VUADUN 6 AMNIUMINTADIVUANR (DlSSlmllarlly) izmnqﬂmnmw‘mumm:nqmaga

2

N
i=

._1)

A
= ‘:],2,‘.., N IS <
C, ) I c msa
Hy

»
HINUA

] o 1

dmiunne nqudoya (cluster), I1<i<c
dmiunng swesnguloyn (Data objects), 1< j< N
d? [x

b=l
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wop ——— —_
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M 5
123 | 125 | 126 | 130 | 140
122 [ e

|

118 MR 134
119 . 133

i lues:
111 | 116 | 110 | 120 | 130 Neighbourhood values

(124+126+127+120+150+125+115+119+123)/9

Mean value:125 Then 150 -> 125
NN 2-14 M5MIA Local Threshold 320331181 Mean

o 3 3 Y - ~ Y ' P '

wazSuamnuduididu 1 vie 0 muaunsi 2-17) dredrelunmii 214 mm

td’" A 1 3 a - a pi -1 » [4

Mean Tuituiiving 3x3 mauduveaganiwi@u fie 150 TAWINNTIAYT Mean (Aunsy Taad
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0 otherwise
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2NN 2-16 MU IATITIINAINIMIAIRIUIT Mean Value 3179 3x3

T = Median = Center(Sort(] )) (2-18)

y

) 1, if(](nsm)ou)>Median ot9)
nm) = -
" 0 otherwise

123 | 125 | 126 | 130 | 140

B 135
118 134
119 133

Neighbourhood values:

111 | 116 | 110 | 120 | 130

115,119,120,123,124,125,126,127,150

Median value:124 (middle number)
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