g o \ : . o . 2 oA
msdszsivmavesvunedtmshmadulgianeh llEuannRuiawiaie

AN EVALUATION OF THINNING ALGORITHMS FOR FINGERPRINT IMAGE

T

15

(Y4 d
mmanmﬁ ITI

MR. AEKARAT JOOLAWAN

=y ~a A v & =< (%) a a v o
mmuwuﬁmi’]umuﬂuwaanﬁﬂﬂyWnuﬂanqmﬂml,zynmﬂswmamumnmmm

P mnIsdmnssulih
‘ “{\ ) U ao oA [-¥]
£ R Tenninada
v o T gaitumalulaginssesundudigammisaanszla
auvy oee
'u"n Y 4 3153 2 .91, 2541
Q ,
18 25“ ISBN 974-622-271-6
]u, tﬂau’ 1]..1. ---------- o---oc.om

a a o/

ﬁﬂlﬁﬂﬁﬂl@ﬂﬂm‘ﬂﬂ?ﬂﬁ]ﬁﬂ ﬁﬂ'!‘llumﬂi‘lﬂﬁilﬂﬁ ﬂﬂﬂlﬂﬁ1l§1ﬂﬂ!ﬂ?ﬂ‘iﬂ1ﬂﬂ5$ﬁd



. ~
AN EVALUATION OF THINNING ALGORITHMS FOR FINGERPRINT IMAGE

AEKARAT JOOLAWAN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
1998
ISBN 974-622-271-6



W Y a o

d I=Y q‘; am o Y o ¥ t§ o M 2 Y
48T NLNIINUT asdseunavssruasud s mevimedu Ivunanwerh 114
)

funwiuRaeiaile
s 2 ar a &
TINANE UWENTAY 902570
P1NIEGAIUNIANNTNUE 3. A3, A33TA Ty
SEAUMIANYT SANISUAAAs LTINS T 3ens U T
AN SAINITUABUNAADS AnZIRINTSUAITAT

aontiuma TuTagwsz voundudganms manszile

.. 2541

UNARLD
o ¥ q & ﬂ Y o § v aw
mshaeduldinaiuszdlunsaansuvuadeyavesn ildvuadoyaiides
v o ]
safuuaz 1 lunsussuranmiudosad i 1dun Tuamddeilszyinnisasieasumiodssmiu

b ac o a nQy o &’l’
watunoudt Msthaoduliusesmwiunaeiinle TegezyinmsAnyisisazidenundu
= e’j 3 A 1 o’: =
ABUSTHY 5 LY fiD TUABUIT YB3 Zhang andSuen’ , YUABUSF YD A. DATTA and . K.
2 0”’ = 3 g a
PARUIY. dumouisues FRANK Y. SHIH and WAI-TAK WONG", duapu’sues BEN-

4] 4 . 3 o a
KWEI JANG and ROLAND T. CHIN' &aldusjuvuasuiandiane 3 x 3, uazduseuiiees
. Bl Asy e Y v oA S o
Ben K. Jang and Roland T. Chin ** dsldusiuvueueniasfiunnaieny Seie 5 upufiey
o o o 3 n:y o 3 Qs Y s A =
nszyhfummaTId Ay Tasnmunmee lWnnmawdasnmsssumagldii msifenda
Sunldsuszaudnmuzauisei v indTunaaueouInstenropy)  nIoaszveinnlay

o o

migdeszAumeazszauniiaunafiga  Weldnmenadr  sxhamendn1dldsas
k4 r o ¥ ¥ :’I 0’!’ andy Y v ar
staadiuamanedu Tagrunmsyiaaduliuies s duasuiinlanatin Tnenageunu
¥ L4 ¥
amiuaetidonsrua 10 iuuy wudh duesudtmsihmedulduanitees A
DATTA and S. K. PARUI figauaufie 1dnarlumsiszuanaiosuas Idnmaoduni]
ANNLIAES 1 9an 1w 1AG1az 35 ¥09 FRANK Y. SHIH and WAI-TAK WONG Hgatdude I
[ 3 v
amauduiiidunuiaiulosuazinnu lalunsesuaussdedygusuniuninusey
P Y g 9 A ]
mwihtooun saumsldganarlunsdszuiawad luwin
Y Q’a' Yoo & Y (v 3 QA o ¥ 4 dg' [ o’; ac
astiuga s lfySulyedunoudf mshnoduliuisiumn  Teedaudastuaoudd
994 A. DATTA and S. K. PARUI itz FRANK Y. SHIH and WAI-TAK WONG #d1i13159

Y ¥ A a 0’1‘ ° = =} s [ ¥ o ° o W&
fu uazlAmu@Ausuaen msvns InswemSonsdsuudsnwidauysel Taghimsthia



v 9
"a,;mgmmnau‘lumwﬁaqms‘lummt’fummmwwnﬁmnmﬁﬂ wazn1sin Iwa Insianse
[3 k4
asauudan TaofiuAndunsu fis
- mshaadundnlunmildSey
[3 | 4 k4
- msisaduaen, duns nezdudulunmiuiasiide Tasldisaamua
I %’u[27],[28]
o o P Qs A d : -2
- mafvaga idudyanasuniulumwininisinie
o w 4 g gaq 4 2 9 a 6]
_ msfivadua #9199 msideudeiduvia Taglstunsudsveumauuan
2 " ¥ 2 2o s wa 2y
SilummInaTnswad  seflmsihouiuuiedaluia  Flddnaaaiiug
Fosanlszasufunisihnuveunissneuiiauaed
a o/ : aq ° 9 & o
. emnsdsziiumavesmstiulisiuasudmshmaduling Fa92In1g
ANTAUIINAWIATFIUAN D
- msiaanunisvesaniadu (m)
Qs < A v o P
- myFamuddnh ladedyanasunau (m) Nueunm
- gaana ( niFlumsdszaaana
b L] o é ~, o QU
- m3Tayasmainnu (my) Ffiannganmuesiaglunm ganmmnalani uoz
9
$1UUTBUUBININTSHIIE
[} v 9 1 i 4
snmsldaunasgudBndmn  denSoufsuduasui dihmsliudgeiuiy
apu3Emsyhaedulinemiuitues A. DATTA and S. K. PARUI U0z FRANK Y. SHIH
ag a4 9 4 0 o e
and WAI-TAK WONG 91148, Y810y Agil
3y A
Yof fiv
1. aeuausRedya U IUNUSRRveunH [dtiey
A =1 9} A 1) 4
2. pwanaiduit IgTaamuvesmaduiios 1 ganm Aeudreanysal
3. mwanadui 14 dnes Liiadugy
4, paeduin 14 szfaduisidennn
{forfia fiv
1. ¥nam lunisdszanananuuneaunas
. o o d o s a . p
5 1mnuseulunsnssidiinn SohlRssdniamlunmsdnnuiesas &
Funaldnnyasinsdnaulasiannganmuessiaglunm ANMWAINANAY  UaZIIUIU

9
soulunisnsziign



Thesis Title An Evaluation of Thinning Algorithm for Fingerprint Image

Student Mr. Aekarat Joolawan.

Thesis Advisor Assoc. Prof. Kanchit Maitree. D. Eng.

Level of study Master of Engineering in Electrical Engineering
Department Computer Engineering Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang
Year 1998

Abstract

Thinning is a method that can reduce the size of data in order to make it easy for
processing. In this research, we evaluated thinning algorithms for fingerprint image by comparing
the detail of five algorithms. These are Zhang and Suen’s’” algorithm, A. DATTA and
S. K. PAURI’s™ algorithm, FRANK Y. SHIH and WAI-TAK WONG’s™ algorithm, BEN-KWEI
JANG and ROLANG T. CHIN’s™" algorithm which using a size of template 3 x 3, Ben K. Jang
and Roland T. Chin’s"”’ algorithm which using various sizes of template. All algorithms operate on
binary image. The binary image converted from gray level image by selecting a threshold value
that gives maximum entropy. Then, the binary image is converted into a thinned image by five
thinning algorithms operated on ten patterns of fingerprint images. We found that A. DATTA and
S. K. PARUI’s algorithm uses the less time and gives one pixel width of line, and FRANK Y.
SHIH and WAI-TAK WONG’s algorithm gives the less branches, and not sensitive to boundary
noises, it also uses optimum time.

Next, we developed a thinning algorithm by mixing of improved A. DATTA and S. K.
PARUI’s algorithm and FRANK Y. SHIH and WAI-TAK WONG'’s algorithm. We add a step of
removing noise inside of ridges into preprocessing and some parts into postprocessing. These are

- Smoothing the ridges,

- Removing bridges, branches and short lines by line following,ml’[zs]

- Removing points which considered to be noises,

- Creating lines from the short cut lines by Bresenham’s algorithm.[é]

m



In this research, the postprocessing is semi-automatic process (needing interaction with a

person). We calculated the improvement of parallel thinning algorithm by
- Measuring of convergence (mt) to unit width,

- Measuring of boundary noise sensitivity (m,),

- Measuring of running time (t),

- Measuring of computation cost (m,) which calculated from image point, skeleton points

and a number of iterations.

Finally, we compared our thinning algorithm with A. DATTA and S. K. PARUI’s
algorithm and FRANK Y. SHIH and WAI-TAK WONG's algorithm, we found that it has many
advantages and many disadvantages as the following:

Advantages: 1. The thinned image has less of noise sensitivity.

2. The thinned image has one pixel width.
3. The thinned image has less loop lines.
4. The thinned image has less branches.

Disadvantages: 1. Consuming a long time.

2. Using most iterations comparing with others.

From the second disadvantages, it makes the performance of calculation decreased. The
performance is considered from the measure of computational cost that calculated from image

points, skeleton points and the number of iterations.

v
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Nc® = Z(‘_X—k —Xkyk+lyk+2) &)
keS,

S=1{1,3,57T}

fodiden k > 9 whe k < 0 udamwe k vziiiu k - 8 w38 k + 8 amddy dau X
WIngas (1 - X) Hagdaon (4) 3s (8) vugds AIMIIFeudBUUY 4 nsoAINIFIFBUABLLY 8

o _ o 3 ey ~ e c;
audsy aumsneaesansanonguasniamIn 1y Tadves x, a1

=]
AT |

paaeassuunvesmguauiane InTuTadves x,

1 yaa8(end)

4 '
ALYOUAD (connect)

2
3 YALYN(branch)
4

Qﬂﬁ @(cross)




19

2.5.3 wo3ilag e

o @ - 2 2 a i o
Taoa lluds wes I Tad szmnede dagwine Fuflumumilmdiineiin
asfnyunoafuglie dnvazlassaduasiennnsvesiivwasdal ualumsiszanana
o o ¥y - { ' -~ 4 o"
am i3 lddg Aoaduitunlszgndl$luneadamansis w5 ondt adamanasues M 1ad
a o o a4 A o 1 P & a o o d
atlaraasues 1108 SuianNeIMUNIIARITINN 60 ¥ HEANUTUIUEYES

4]

1 o a & 1 1
stndusnadresnuuiiunsdiesedalam dldndn 1 huenasves Materon' " and

1518 _» o - /9
Serra’ inglumirdendiacnaasfugs

3 ¥ L 3 s é Qo
335 bilswes I Tadnldlunsiszananagdnmedunagda Fedandnnisld
Hardulunisnszaroganin(point spread fimction concept) HazmsuilasgihFudu(iinear
transformation) daundiasaasues Inladzdandnnsmusnadauazzilngs vefInlad
o [ 9 [ o [ é o Y
zaszinsfuzlnmidde uasdnsinuginsman Fuflunudnuuzamzvesiag 13
nsutlasginianes I Tad(morphological transformation) figminnld Fnezilszney
fasmsdszananagdamailinsfissanuvuendludiuaudidy ludaud 1 guawild
o [+ o o . e ° [Y L) 3
v IdnnnsulasdyenuuesusdenifudyanauSuau(digitize) uazvhmssamiounmnou
n1silszarana(pre-process) Tagldaaduiiunsnsulagrummizii(ocal convolution) Hagi
b 4
msuisaauvesiaglummyndwensenanuinuvesiiuninluginmeackground)  1u
3 5 ° o & 1Y * o
daufl 2 msnsyimsmaes I Tadnszihduginswesdiag ludaugaiesveues InTad
szninisdseiunalaslddnyasnisdaaviiuand e unSedavuzifiouifiog
NeNNTTURUT
I3 o 8 o o 5 o o o d"
Msnszyinsnves Inlat Wnssgniunidamdaglssaendail
=>9auasougilnmneunisilszuianatimage pre-processing) 1Aun n13nsesdyaiu
o o 9 s ‘:
sumulunm, msdamzinssligaeiu
o o o ‘3’ y ° o . .
= udgalaseadriedagluamiFanuiu 18un mahainandu(skeletonizing)
° 9 ° 9 ° A ar o
msymedulde, mshmeduldnn, nsiusdeamnevesiagluzdnm, aeunnd
gU(convex hull)
¥ » 13
= dwendinuvesiag 1Aua Auf, dusewss, Tisiwadu(projection), A
SN UZINNITYBIINGS-NOBIAS (Buler-Poincare” characteristic)
adiasaasues I Tadliuvassuilalunguijisacset theory) uazinsatosiumsinun

simvuuazTassedunelugdnmiessimslinsed  adamaasued I Tadezifgadesdy



20

Qe o P} d' 9 [ :i 4' -
JUnswazquantidvesinguisveumavesn  uasihoadesiumshezniounlawazas
dnwazdgiihalss Tonivesnmesninldau

1 a s
Taohigthumadiasaasvssnguisasziineaumdmug(complement), wa
$3%(union) UBTHOAA(Intersection) IHAIUVBIAIANLUNIINIATINGLY UTB(OR), U0
* 1] L 3 Q. -y 3 H *
(aND), Bily ( NoT) ludaufifudniuinfe 1¥mamdeudsuwinyu(templats) Hionth
NN(mask) AngUamuazihmisssymanfiouousenanuinuuiugunm(template-image
. A ' ° ] v a LY o J‘i - o ot =
comparison) MAazAMMvBwinLLRs: Iinadniiadiondaiuandinguiiaa
’ v k4
INTBAMINBIFANIATE M(standard set notation) 1F1umsues IWTabiu gauazin
wefsrgminuaauiludusudaiuiidn (lower-case italic) iwavsgauanuiludaeudfind
Inai(upper-case italic), & unuaadng, € unuiluamndnaniedudaudsenouvey, uoz =
UNUMINEANNT  BNAIBENITU  {p]< condition(s) >} Mansl  1xaveaga p  lashl
.. o 3 o~ : 3
<condition(s)> Ao uiluais awnmd 12 szuaaslfifiusriioawil lfedunsussmlszney
2z
WNYU
(n) Faguadesgnssyiluduisavesganin 4 #ldussyuiesaueginclude) oy
2 3 .. 2 -
wanamuavesganmluzinm ¥ Feamnsofouumudas 4w andeth p dluaandaves
| 4 ]
A Sty p Jufluaindnves N 1ufle pE4=PEN
A 1] T - "’
(v) ABUNALIUA(complement) YouwA 4 Whuwai hilsmnFoves 4 Wude yoga
{ 3 2 L4 o 3 = .
smAtdufuninlugdnm Fumudae 4° dutud p dumnnves 4 uda p sehihy
aFnues 4 WUAs pEA=p & 4
(M) M3adunffeu(ranposition) veuyaveagan 4 suihusaiiudazdumisves
ganmesgnastsussawnsiiowsudu Wowa 4 1ddmualilunmi 12 (7)) gn
" 4 o ] 3 v &
azfouninauiudu lifgaguinaruesgnmld e 4 awnmil 12 (1) & 4'=B dnlu
e 4 Thusaflinnuaumasveusa 4’ anunnausudu
. 2 o P
(4) WRT3N(union) VBULA 4 UAT B 9zuMuRIY 4 LB Fenadwin Iaithuganiwnnga
Taofusazyanmezidlumndaveusn 4 vismndnveuya B nanfe 4UB={plp €4 or
é r o @ o ~ §
p €B} Fammhnmisuiudiduiinniimiassn or uazannsouaasiiiulunmi 12 )

<4 P>
PIVSUNAIROTINYOININT 12 (N) Lo 12 (V)



21

nmﬁ 12
) (w)
) O
= 0
()] ®)

(M) AN NAuTEUTA A (¥) Msavunlaouveuya A vilWIdwa B.(8) nasauves 4 UB ()
A UMY A OR B), (9) Slunadaues 4/ BER T A AND B), (9) Had1ewes 4/8 (Feilan
191791 A XOR B), (R) msxﬂﬁtmgﬂ A, vouwa A Tasldonmes v(2,2) Feldanmimsie
wa A Tlamuuiveasnines v2,2) funaldain saunindugenm (M) uaz @) Wumoun

A ¥ o '
muuinmuﬂ’nmmnme

Vv o o A 1] o Q. A 'd
naas limus oy Nedveses IH lagadlamans



22

ar é o Let
(9) WO@A(intorsection) YOUTA 4 UaT B 9UNUAI 4B Fewadwin Ididuganiw
[} | 24
ynya Tasfiuanzganmuilumingnsaniuvesns 2 1 4 uaz B na1fe 4/ B=(plp €4 and
& A @ @ o A y o
p €B} Fmmluunilsusudrduiiunismaassn AND uazansondasldimuldlunmn
2 o 3
12 (3) FILUAAINAARYBINTNT 12 (1) 1ag 12 (V)
9
v A - é L
(R) WaAW(difference) 33MINFUNMMIABIRzUNUAIY 4/B Fesznanlunmves
L 4 H 1 - Qs -2 é L 1
nouiwaldn duseanadniiudazganmeziiumngndulasuniialu 4 wie B udesli
k4
- Qo L é \J .2 L4
WumnFnuenis 2 15a na1AB 4/B={p|p €4 or p EB;p £4UB} Fimgluunisunua?
o a 3 é v
ANTUNISNIATSN XOR sazansouaasliniuldlunmi 12 () Swsuarinasisves
ami 12 () uag 12 (V)
a . P oy 9 A [4
1)) ﬂmﬂaau;ﬂtmn(translanon) musanseinsu ladieds msulnnmaes a3
i é i t -~
nfsugtiuuveusa 4 Tag v szgaunudie 4, ssezifhusafindazmndnszgaulaslay

paned v lunmil 12 ) urasmadnivesmsnlfouziinnveusa 4 lasnmaes(2,2)

: a 13
2.5.4 m3tfasuguuuiRs-au (hit-miss transform)
as a o 3
vas I Tadgunmezerdonisdinsizduninlasldgaluuufiugiu(elementary
] . & 4 y

pattern) M3eadUlsEARLIATIAS 1 (structuring  element)  Faauyszasulnssadruvanil
aunsai 18 lagldminuy uanssnrausinuu-3101MGmage-template calculation) 93gAH1
a1 lagrunradiaveusa

o ar o * H M é

dmsudaedialunmdi 13 @) uaasifiitudiudlsznenTnsede 3 x 3 Faganmda
a 0o A a A o = o a o
sa(anuia) vzgniiow 3Ngeguinay  tazganuaasuSnuvesiagluginm@dr)
° - A = 2
U 4 ganasganmuaasusnuvesiumnluzla @) 5 90 Fediulszneulase

9 dy 9 A vl Y & e o v A 1
afilszgnldau Wervegiyudmuvauuvesiaglunm  Fwiinadomsindsuiodau
4 ] ] 9

dszneulnswdanfaminuy  dnfuganmilddedusdiudumisiiutam Juudaz

» E4
dumisfiasie yansianuavsusinuuezAssasatuganmussnm(lunmand ganm
vyauninuuuaausnuvesiagluzinm swdesnssiuganmuaasunuvesiagluzlam

4
HazganwuBuBINULLAAITNUvesiuR Inluzlnw svdseaseiugAn NLTAISIINUYBY
4’!’ A 3 o ] g/ _ A o dw ~
Hunnluzinm) Audazdumivesganmsrads Tashiganmdredsiifiueis yanmuedas
v E4

vSnuvesiaglugilnm wgnilouiiuezisdieninaficeandosiumudmmis - daiunm

#1dnmsiedsunIng 13 (¥) AUaH 13 () 92 180w 13 (A)



23

Tumares I Tadnsndude insuldougiuuudu-ouveusa 4 dredaulszney
4 o o
Tassard1s B dumudas 4B uargluuuidions Bmeadasnaadifu

ACB=(p| B, C4; B, ,C4 ) ©)

gd

i *
Taoh 4 Shuyavesginm 4 duseundnudvsusavesginm

B Shwusavssdiutlszneunlassad

r v
F- )

B, Unaganmuaasuinuvesiagluginmyssdanlizney Inseairignnfasu
wlas

1 4 1]
B, ., uaawanmuassnuvesiunnluginmysidaulszneulasiadieiign

bgd
wagumlag

p Wudumisluilegiuvesganmdrdaesdautlssnsu Iassads

AN 13

8

L1 sanniineds
) ®) )

() wagamauniu (@) dautdszneulassadnnldfunmuuuduyai(upper rght) uaz

() Hadnsvaan N 14

uerasmsasetugmmuuduv Taslfdaulszsneu Tassads



24

w oo 13
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Sub lined(startx, starty, endx, endy, colorl, color2, color3 As Integer)
Dim t, distance As Integer
Dim X, Y, incx, incy, delta_x, delta_y As Integer
X=0:Y=0
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delta_x = endx - startx

delta_y = endy - starty

¢ ﬁm'zmﬁﬁmsﬂunmﬁu ﬁwﬁfluﬂmﬁmﬂu 0 'Hil'lﬂﬂ'ﬂll')"] ilzﬁ]uuu:léfm?aumﬁa

If delta x> 0 Then incx =1

If delta_x = 0 Then incx =0

If delta x <0 Then incx =-1

If delta_y > 0 Then incy = 1

If delta_y =0 Then incy =0

If delta_y < 0 Then incy = -1

<nfFudsudiszeze Inuinnn

delta_x = Abs(delta_x)

delta_y = Abs(delta_y)

If delta_x > delta_y Then distance = delta_x

If delta_x <= delta_y Then distance = delta_y

< andu

For t= 0 To distance + 1
Target.PSet (startx, starty), RGB(colorl, color2, color3)
Rem mark the color of target's pixel

target_pixel(startx, YRes - starty - 1, 0) = colorl
target pixel(startx, YRes - starty - 1, 1)= color2

target pixel(startx, YRes - starty - 1, 2) = color3

X =X +delta_x
Y=Y +delta_y
1f X > distance Then
X =X - distance
startx = startx + incx
End If
If Y > distance Then

&7
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Y =Y - distance
starty = starty + incy
End If
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Private Sub NoiseProc_Click()
Dim x,y, |, sum, k, tcolor As Integer
Dim tempy, tempx As Integer
Dim bloop As String
1=0
' f‘imum"mauﬂ%y'q'lumizimﬁamﬁnmﬁwmavm'w
bloop = InputBox("Determine a number of point to randomzie?", "image processing™")
If bloop < "" Then
Do
' AR ANIA x , y UBIgAYBLNTH NozdumsAuvSsaugaveunm
Randamize
tempx = Int(((XRes - 3) * Rnd) + 2): tempy = Int{((YRes - 3) * Rnd) + 2)
tcolor = Int((2 * Rnd) + 1)
' 439900131 0. A x, y Slugaveuniwie T
template3 tempy, tempx
If (sumbound >= 1 And sumbound <= 3 And num0 = 1) Then
' asanaeuaiigy ifeAunieaugaveunm
If tcolor = 1 Then
Fork=0To2
'ANYAYOLA TN
target_pixel(tempx, tempy, k) =0
Next

I=1+1
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Elself tcolor = 2 Then
Fork=0To2
' OUYAVOUNIN
target pixel(tempx, tempy, k) = 255
Next
I=1+1
End If
End If
Loop Until 1 = bloop
End If
End Sub
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