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ABSTRACT

This paper proposes an effective hardware scheme for gabor filter and thinning stage
processing of a fingerprint identification algorithm based on minutiae with 80% cycle occupation
of 32-bit RISC microprocessor. The algorithm was developed based on minutiae with bifurcation
and ending point. The analysis of an algorithm source code was performed using ARM emulator.
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N-cycles : Non-sequential cycles. lo]Z2 X 2 4
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I-cycles Internal cycles. vlOlaEZEZZAAE
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C-cycles : Coprocessor cycles
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QC : Quality Check, ©]u]z] & A=

BO : Block Orientation, 2% 93kA 4k

SBO : Smooth Block Orientation

RF : Ridge Frequency, &4 F34 At

FGF : Frequency Gaussian Filter, 7}-%-A1¢F ¥H
2

FLPF : Frequency LowPass Filter

GF : Gabor Filter

T : Thinning, #}433}

MD : Minutia Detection, =33 F&

DFM : Detect False Minutia, 2|A15A 4 A

RM : Read Minutiae from a file, 5E X & ¢]7]

MP : Matching Processing, X141 ZAk
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Aeldsl QC BO SBO RF FGF FIPF GF T MD DiM Mp 2
‘53301 215059 1,375,079 253,535 2,918,970 13,029 107,652 1-2-,2;6})58 9548056 552,487 443,587 81,920 27,790,573
S—cycles 245781 1,414,353 304,618 2,873,557 14461 114,166 12,838,764 t9,602,337 667,456 489,315 112,700 28,431,727
N-cycles 61446 366037 99830 847425 3,174 14407 3213533 5635665 197,734 200,131 3,797 10,581,733
I-CyCleS 30721 429,333 34,733 487,788 2,365 5,023 2,250,996 2,59’7,056 71,698 100,584 7,972 5,987,548
C-cycles 0 0 0 0 0 o 0 0 0 0 0 0
Total 337,948 2,209,723 439,181 4,208,770 20,000 133,596 18,303,293 '17,335,058 936,888 790,030 124,469 45,001,008
% 075% 491% 098% 9.35% O94 030% 4067% 39.63% 2.08% 1.76% 0.28% 100.00%

dH &4 R R ES)
40Mhz 0008 0055 0011 01050001 0003 0458 0446 0023 0020 0003 1125
35Mhz 0010 0063 0013 01200001 0004 0523 0510 0027 0023 0004 1286
30Mhz 0011 0074 0015 01400001 0004 0610 0595 0031 0.026 0.004  1.500
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© UINTB= GaborFilter(UINT8 +img,UINT8 »Oblacks, INTB «Fblocks)
A

INT8 m.n.fre:

INT1E temp.templ.temp2

far{ =@ iKNo_Brows; i+=1}{
far(j=0 j<No_Bcals; j+=1){

degree =(INT1E} Ohlocks [i*No_Bcols+|];
fre =Fblocks [i«No_Beols+jl:
casv=cos_fix(degree).
sinv=sin_fix(degree);

kv=(-7)xcosv;

ku=-(-7)=sinv;

v[0] [0} = kv+{-P)=sinv;

ul0][0] = ku+(-7)+cosv

degree = (2+fre+(-7)+180) > 7.

degree = degree;

g[0] [0] = (h[0] [O] +cos_fix(degree)) »> 12
v[0] {1] = kv+(-B)+siny;

ulBI[1] = ku+(~5)=cosv
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. void Thinning(UINT8 » img)
A
UINTB i,j,OK=1,turn=0;
'i'l( img[temp2+]==1) {
npl=imgltemp!+{i- 1)] +img[temp1 +i] +img [temp  +{i+1)]+
img [temp2+(i-1)] +img [temp2+(i+ 1)] +img [temp3+(i-1)] +
ima[temp3+]+img [temp3+(i+ 1)];
inpl > 2 && npl < 84
y[0}= imgltemp1+(i-1)1:
y[11= imgltemp1+i]:
iy [0}==0 && y[1]==1) spl++;
iy [1]==0 && y[2]==1) spl++

i{sp1==1)

{ :

FETH T‘%ﬁoﬂ/ﬂ R 7]'5]—%]‘5‘]?6]% A2 :(éu;r;;tzl:é;)}y[sk ||y[5]==ﬂ|l(v[l]==ﬂ§
AAZRE dold @ Agoln g A%A s S meet 56 10 111710
d&gdor FERE AT F(ridge)d] 9= 1 1{y[3]==0 && yI5]==0))1
(frequency)E 18idle] AHFoz &4 FF= dstmage [temp2+]=0;0K=0; }
SAZAM 29 59 o] 7} WA A%H A% ;
Foll diste] Woig o) g@ ANE WBHO a5 guste 2xzme Hy
E g Adske 549 F528 93 F
Ae AZHE A4S DAz WANE o lRgE 2 N3 dAe das
Boz INYEY BUE o dide] I8 6% 3o shzgelr]&dol(HDL)E o83k RIL 4
2ol for 23 if ToRHE FPE AN FHIA oy 2HAm 2d AL Taid WL AN

- 113 -



F PR FA133) 2008 2AE o)

A& Aoz A A LnIyE dAd
28 HE nlolARZZAM F AolE £ UlH|
<k 40% 7R 249 AF&EEE IA FFAAN A
gtoh T8 AA Alo]E 471 Ul E E0j8A e
EXN g ol Ze ACEE AT ®uohimt
AYAE7 Be 1A% 32-bit vjo]a =TT A
A oAl 16-bit ©]3te] HAY 49 mlolazze
AXE AT & A B9 o8 A$ 2 47
£ 53 Mgl AEUN A I4 A 8-bit
%2 16-bit AP vlojazzzME AH3sls)
o 3 Alolz2E Foln HA ANEQAQFA=HLS
@48 e A¥E JigEc. Ae3e Ads
B3to NEAEHALEEY F4, AErwe 7
&, F Atolzg A L Alade 2330} s
. a3 72 B dFdA A e AR
Q4] Alzwo))

Gabor filter
/Thinning | gup
RS

(8 or 16bit)

mASLtA 2 N2 E HelSE 40% B4
m32-bit CPU & 16-bit 01312 WX
EmEHLD ZA

WAE oL & N Z ALE 28E

a9 7. AdE AEYY A" FAE

=EAME S3™7Ne AEUY €2
Z G9AE Ae #AolA 328 E P Hof

el =2 AL HA Ate]Fo EXE
o 2443 AA 80%c13E &4 o
297 7ARgE e Adst dACE A/
I glen &X FERFAA o)L FHo] o]y
7 olgole] deAte R oFolA YIS U
39tk wakd o] RTL %9 HDL ==
Zigste] 2L TAFLIHN F=doHez
AP Ads APY npolaBEZIAME
HESHAE HeEest dY2md SlojA F
s U 4 s Ao BATh B dAFE=
FE szgold faeEte] dEso2BY
ATE B39 Mader 7Y AF5E o

o Ao

¢

A He 12 iy
% ot 10 g
g

o

2k
rek

g

[1]Seung-Min Jung, Jin-Moon Nam, Dong-Hoon
Yang and M. K. Lee, "A CMOS Integrated
Capacitive Fingerprint Sensor with 32-bit
RISC  Microcontroller," IEEE  Journal of
Solid-state  Circuit, Vol. 40, No. 8, pp.
1745-1750, 2005.

2l =2l ol(F) &9 )=,
http:/ /www.supremainc.com/korean/

[BlLin Hong, Yifei Wan, and Anil Jain,
"Fingerprint Image Enhancement: Algorithm
and Performance Evaluation,” IEEE
Transactions on Pattern Analysis and Machine
Intelligence, Vol. 20, No. pp. 777-789,
August 1998.

[4]Chul-Heui Lee, Min-Seob Lee, "An Efficient
Fingerprint Image  Classification using
Singular Points and Gabor filter," Journal gf
Telecommunications and Information, vol. 7,
2003.

[5]”"ARM7TDML," Technical Reference Manual,
Rev. 4, ARM Limited, 2001.

[613 A2, 9, “olu|x] X Z N5S ¥
AN AL AREANR FHENAH 7]
At HER A, 20043 69,

A

7H

et
nE A

- 114 -



