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Fingerprint Identification System Using Ridge Direction Extraction by Index Table

o] A ¢t & F, 0 F &
Jee Won Lee * Do Rang Ahn, Dong Wook Lee

ABSTRACT - Fingerprint-based identification is known to be used for a very long time. Owing to their uniqueness and
immutability, fingerprints are today the most widely used biometric features. Therefore, recognition using fingerprints is one
of the safest methods as a way of personal identification. But fingerprint identification system has a critical weakness.
Since the fingerprint identification time dramatically increase when we compare the unknown fingerprint’s minutiae with

fingerprint database’s minutiae.

In this paper, a ridge orientation extraction method using Index table is proposed to solve the problem. The goal of fast
direction image extraction is to reduce the identification time and to improve the clarity of ridge and valley structures of

input fingerprint image.

Keywords : Fingerprint Identification. Enhanced Direction, Directional Image

.M B

HE Arsrt wa2A AYHAN A 48g BEsr] 9
st AF g A 27yt FrbEm e, Mae &
f40] wo] BRI Ytk 7129 AY AF L@ AF
o 47, 4 o2 A AHE AR 4 A1g Hy
olA EAde] veda gick ols} e ¥ EUL Has)
A A BAE ol8Y B Al~"(Biometrics Security
System : BBS)Y 477t @23 JYP=x Yok H2 2E
e AABAoRE NE, 98, T, W, MY, &4 So
Ao} olFoM AL 7P 29FY d7Hol gn AAA
%9 J127t SE 2HA, BUA, FU948 wEEpd a8
¥ oohEt 485, FY&E, TANE G BE Wb BB A4
B A S FED JCHINIE)

B wEoMe AU A2 71| Hi wak gA gl

A gAde g AR F28 9% arctangent@Ate] At =
7te] ZAE e A8 A2y AP F 27 A4 0y

ol Indtx table& €& §49 ¥F FH F55 AAsHch

o

LI

A| AEL

2.1 X204 Aj2de MR
AEAY Alzele] AAAQ] Afe 27 13} o] BgE 4 Qlrk

e Pl = P E ]
L
3Y L ARAY ALY THE

180

kAl AFAH NP RIS F A 4AE A
X ERAE 232, 5 £ PF9 we Databased) &
F& Ak gAst A7 B AYshs Aoz o] Fo
o,

2.1.1 X2 Y4 S
¥ eRAE A2R4ASE 9

o oAIE Yo A B

WREoz Py A%

250 dpi 96x96 pixd
ne ol Helshe
@ s,

i)

24

A
2

¥ 2. ALY AN BE

=

212 914 A4 ZE9] CPUE= ATMEL Inc. 8-hit AVR ATmega 162
& AS3l9e9, SRAM(Static RAM)2 £ SAMSUNG.
Inc. 128Kx8 bit Low Power CMOS K6x1008C2DE& A}-£3}%3
o AX(sensone  HT AHEn e dizA 949
AuthenTec. Inc. FingerLoc AFS8600 41424 JEDEC ¥ &
LQFP(Low-profile Quad Flat Package) 3 &2l 144no 2 Al

A WEZX(sensor matrix), Drive ring, 22|31 Power
Management, Sensor Contra, Data Contrd 59 2X3)2

(Supparting Electronics)® FA slo] glth

2.12 HA2l 2y
ANe) Bge AN FH(ridgd Fvalley)) TEE 1

3 oM AW 5AF 234 BE2 ¥

% wole ARGPe) B §49 PPY JuE FEAH

A, FYHRE olgel ABYG AR MPYGoR

%

Ar L



Yste @A, Gray levelgt 03k 25552 7bx|3 §M3 F
FEE B FE A oz A, BAY &L Lolah

£ 1322 St AAdst gl FAE

0431 ZHA7E gl
A7t HE A A(Edge)
T = (Gradient)’t §23) W3lsh= AL o] &3t
943 Sobel GAAE 1Y 39 4¢o] HoAe
Il st 2 ()& ALgste] 1% TG
y& T G YE ER 2 Q% B &, yF THIEE ol%

¥y

stol ZAzkel ol o 4ol W e A
I, I, I,
18 10 14
[7 16 15
a9 3 ATEY 9Y (3x3)
-1 -2 -1 -1 0 1
0 0 0 -2 0 2
2 1 -1 0
(@ x& vhaz (b) y& mhaz

% 4. Sobel PFA =

G =2 1) —(I, +2,+1,) o)
G, =20 F1)—(I +2 +I;)

1 1
3 2 G, v+ — Giati, y+i)

04, )= tan TP +45
z:l Z 2G Lxti, y+ )G (x+i, y+7)
2)
0Lz, ) el Y By, y)ol A B groltHElTIS).
o1F, FHEFLR Qe HRY U ARG AAs] 98k

Bk 448 AR B85 e ’5‘; (33 Hel gl =
WE sty pHBOR Bud F, HFy
Pass Filter)i Spatial Averagings AF8-8}o] 28
A A g oHAN].

¢ (x,3)=

11
; =Z 0620 (x+i, y+j) (3)

1

Z,

1
KU

1
8,000 =_

1
_2 sin28 ,(x+1, y+5)

i

181

017]/\] ¢x ¢y; z}zk ¢] X, y” s~ gq}v"]@’ ",’)10121’., y*‘\i—
ME 9] 2| g 3x32.2 Fgrh

HEHom o (49 Zo) HE3 FH 5, yHEE o83 §
Mo e YRE FEFc)
&(x, =% tm *I—Y—Zji: 3 @

23 HMotsie g2l E

¥ =FoME Sobel JARE o] &% WaF g A4 GA
A arctangent@d Ao 2 Q3 Qabg Frlo] wE JdAEEY
FAE AMEaa gt ol B s ek JA4e] uRE @AQ)
2 (4)9] arctangent®4h-g& A EEA ¥, Sobel FAAE F
43ted ulg 2 Index tabled) FE HAF &4 589 W
ARz F&yo

g9 wge g0 ~+90 o BA Udehirl 8 4 (3)
o WEH P AL g g9 FESE A GAA AN 49
g olgse] A Y Idex tabled HAFA REHOZ

A9 W HEE FEIT 49 G2 WEY Qo] Aeie
W fESG
é x, 9
| PN Y )
g, ) <10 °

Boo 2 T AT ANE p2) Ll A 0
et wblel] 29§49 WS HA b bt 2T
0% A% He YBE 89 B ok

[Case 11 ¢,, ¢ 20
¥ 1. 84 43 Index table

[Case 21 ¢ ,<0, ¢,>0
X 2. 84 9k Index table

Index Index Index Index
Y @) Y @y V| ey Y | @

0~3 0 fad~1u1| 23 [0~3] & J1d~11| e

4~6 1 U2~119 | 24 [ 4~6] 8 |[Jl2~119| 66
7~10] 2 120~127 | % |7~10] & J120~127| #4
11~14] 3 128~137 | % |11~14] & | 128~137| 63
15~17| 4 138~148 | 27 |15~17| & 1138~148) 62
18~21| 5 [ 149~160 1 28 118~21| 84 | 149~160 | 61
2~ 6 1161~173] 29 (2~ & [161~113| &
B~B8] 7 1ma~18| 0 [BBW| 8 [14~18| N
29~32| 8 189~206 | 31 [20~32| 81 || 189~25| 58
B~HB| 9 [206~24| 32 [33~36] 80 §FAV6~2U4| 57
3I~40| 10 [ 25~247| B [31~40] T [ 25-247|
a~4| 11 [248~2741 34 |41~44| T | U824 | B
H~8] 12 12B~307( B 14H5~48] TT [ 2B~307| A
20~53] 13 f38~38| % [49~53] 7 [308~38| 53
54~57| 14 [ 349~401 | 37 [54~571 B [349~401 | 52
B~62] 15 [42~470 | 38 [58~62| 74§ 42~410 | 51
63~67] 16 [ 471~367 | 30 |63~67| T3 |4n1~567| 0
8~72| 17 [[s8~7111 40 |e8~T2| 72 | H8~711 | 49
B3~ 18 712~ | 4 B~ 7 [TI2~%1 | 48
9~83] 19 [H2~143| 42 [79~8] 0 §ee~1430} 47
M~0] 2 [43i~263| 43 [M4~90] 6 [si-xe3| 46
91~06| 21 [ 264014 | 44 |91~96| 68 [ 2864018 | 45
g~18| 67 g1~108| 67




{Case 8] ¢ .50, ¢ ,<0
E 3 &4 2% Index table

(Case 4] 4,, ¢ ,<0
E 4. 4 3% Index

table
Index Index Index Index
Y | e Y l@ey| 7 | e Y (e

0~3 0 104~111 -23 0~3 -89 14~1131 ~66

4~6 -1 112~119 -24 4~6 -88 112~119 -65
7~10 -2 120~127 ~-25 17~10| -87 120~127 -64
11~i4 -3 128~137 -26 |11~14] -86 128~137 -63
15~17] -4 138~148 -27 |15~17| -85 138~148 ~62
18~2L1 -5 149~160 | -28 [18~21l -84 149~160 § -6l
22~24 -6 161 ~173 -29 12~ -8 161~173 ~6(}
26~28] -7 174~188 -30 |[B~28| -82 174~ 188 -59
29~32] -8 188~256 -31 [8B~32] -81 189~25 -58
33~36] -9 206~224 -32 |B~36| -80 2A6~224 =57
31~40| ~10 | 25~47 -33 [37~40| ~79 | 25~47 1 -56
Al~44] -1l 24R~274 -3 j4l~44] -78 AR~ 214 ~55
H~48| -12 215~307 -35 {4H6~48] -77 275~307 -54
49~53| -13 | 38~ -36 |48~53} -76 30R~348 =53
M~571 -14 | 345~401 -37 {54~57| -75 H9~401 -52
8~62| -15 || 402~470 -38 |58~62] -74 4R~470 -51
63~67) ~16 | 471~567 -39 163~671 -73 | ANn-~5e7 -50
68~72] ~17 | 568~711 ~-40  [8B~T2| -T2 B8~T711 ~44
73~7| -18 | 712~%1 -41 {73~ -T1 712~%1 48
T9~83) -1§ | B2~1430| -42 {/~83| -70 {9m2~14301 -47
M~N| -20 [1431~2863] -43 [R4~90( -69 |1431~2%63] -46
91~9%{ -21 264014 -44 |91~96| -68 | 286404} ~45
97~18] ~-22 q97~u8l  ~67

3. M E¥YolMd Hz3

HAYE sl A B4 MA(AuthenTec. Inc. Fingerloc
AFSE600, 250dpi, 96 x96)E o] &3le] 20Wonyy § WY 5
A% 100709 4] A& olmAE dFHel APt A
AMA AEJQY Aade AR € 5H(FE, JF5EE 2
ZEdo Z2a9%& Microsoft Visual C++ 603 800MHz Intel
CPU, 26MB Wizalg 7k PCY Windows 20008794 71&9)
A& dngER wnsr] st Fu=EE1S FAE
AR S 748
FE 5 AEQY Fx FAe) d¥E 98] 3 uAER +
Be ANhE HAs] PEag AN HAstolr),

¥ 5 Axe A Az vl ue Ad Ay
8]l o Time (msec)
il ©A
A il arctangent €4t Ul Index table * &
wa ga 310 200
HEEY 150 150
ozl 31 200 190
A A 3 190 180
By 2% 100 100
% & 950 820
4. 2B

AN AN §4 B 2L WA Aade 4

<)
£xg A= FRF Yotk

FEe FPY o 4
2 =RdRe o 94 228 AT AT WEew wy
Y DACIA wE U W FEe Hsd g

arctangent @AMAA Index tabled o148 W& Agkstgeh

182

27 Aol dHE & ek 4k Wl 90 ~ 400 E
o] gMe) W ARE F53)7] 93] Sobel QA HAFAE
4314 95¢ ¢, qSyQJ 23st 538 7122 1A Al aF
z}2he] Index tabled WERTH
o] Index tabled o83l ¢ ¢y94 KE9 o 3ol sEshe yeg
Tndex tabledld ZAEke] HFHQA 49 B8 JRE FEYTh oY
¥ Index table o8& Wioz WL AXSA HP, EHIY
arctangent Akl I3 Index tableolM o] AMo2 §A9 L
€ 28 gv) Wi GAS PAE AF AAAHL A4 A
Zro] gEgrh H 5oM ¥ = 9IR0] Index tableS HE¥ WY
o] 7129] artangert FAE ©18% el BlE) S Haslld A
A2) FMM R £ AREGLS 80 € # ok

shom AE G HE ] B 440 s B3 ANE
el dneld Ago] offoizivhd Y|t (embedded) Al2=¥ol
B AR Arde B8 o Agsia AP A2
£ AT F A& FHolth EF AEUY Aage 2876
o} BEEtA -850 8 YR Sow 43| i 3 Ao
t},

HFong#
(11 Anil K Jain et al, “Introduction to biometrics,”
Biometrics-Persona! Identification in Networked Society,
Kluwe Academic Publishers, pp.1-41, 1999.
[2] Davide Maltoni, Draio Maio, Anil K. Jain, and Salil
Prabhakar, "Handbook of Fingerprint Recognition,” Springer,
2003.
(81 Henry C. Lee and R.E.Gaensslen,
Fingerprint Technology,” CRC Press, 1993.
[4] Anil K Jain, Lin Hong, and Yifei Wan, "Fingerprint Image
Enhancement  Algorithm and Performance Evaluation,”
IEEE Transaction on Pattern Analysis and Matching
Intelligence, Vol.20, No.8, pp.777-789, 1998.
[5) L3, “AXNclFo FaH ARQA AY du=Fd B

3 A" FouEgm AARSH e, 2001,

[6] Anil K Jain, Lin Hong, and Ruud Bolle, "An
Identity-Authentication System using Fingerprint,”
preceeding of the IEEE, Vol.58, No.9, pp.1365-1388, 1997.

(7 44, 489, “RSTI €9 AE0H dneld,” 424393

A, 358, SH, 68, pp.828-850, 1998, 6.

[8] A Farina, ZZ M. Kovacs-Vajna, and Alverto Leone,
"Fingerprint minutiae extraction form skelectonixed binary
images,” Pattern Recognition, Vol.32, No.4, pp.877-839, 1999.
{9] Ralfae C. Gonazlez and Richard E. Woods, "Digital Image
processing,” Addison-Wesley Publishing Company, 1992.

“"Advances in



