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Abstract: It is very important to detect singularities (core and delta) accurately and reliably for classification and
matching of fingerprints. In this paper, a method for singularity detection in fingerprint images is presented to
improve accuracy of the position and reliability of the singularity. Firstly, the singularities are detected based on
block images through shifting position of the whole image time after time at the same block size and the
concentrative region of singularities detected under different positions is got and the centroid of the region is
computed to gain the accurate position of singularities. Then, the reliability of singularities detected above is
determined with multilevel block sizes. In this method, the characteristics of the relative concentration of the
position of singularities detected through image shift and of the corresponding relationship of the singularities
detected with multilevel block sizes are used and the singularities are detected accurately and reliably. Experimental
results show that the method performs well and it is robust to poor quality images.
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Fig.3 Singularities detected by Fig.4 Corresponding Fig.5 Corresponding relationship
block images through shifting relationship of the singularities of the singularities detected with
position of the whole image time after detected with multilevel multilevel block sizes
time at the same block size (8x8) block sizes
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Fig.6 Mask of detecting core point Fig.7 Mask of detecting delta point
6 Al core s RBIHRK Bl7 K0 delta sf8 R ASEAR
%5 2 2 AT Poincare index {FAf % [ 73 57 kT T 19 HO AR S S v f) DXE0R L 000 45 21 /9 75 572 R 4R &

Singular, ;.

55 3 25 SR — 3 HORSE AS RIE AL 43 B D0 N AR K K T — 8 1T AE (threshold; 7R AN [F) 43 BRI T M
fH)EL H A7 7 2007 B I 4 R e i DX 3SR T 00 459 B 02 20 B RUSE T 16 A6 5 R M A EL AR X T I A R AR
{Singular,:j |i IR RBHL j KRR B TR B8 7 AN 5 22Li=0,1,...,m—1,7=0,1,...}.

© HHEREBAAIGUT http:/ www. jos. org. cn



1086 Journal of Software #AFFIR  2003,14(6)

23 FRANRZERTEN

TEAS 305 B3 P RT (FRATTHL m=4) 37 53¢ 2 86 UG R %5 25003 PAE R — R 48 SC UG SR MU 25 77 57 i 2
V)7 77 (1 A7 B8 AH L DG IR (R e PR (A V8] 4 0L 5 B 7)), LA /N 3 B RSS9 37 e s 6 A DA 7 S s ) S B 7
A4 e rp A AR T 3 s HEAT B B A5 20 Fe ST IR 97 e U5 ) 20 SRR s I an
2.3.1  Core & HIHER E L

%1 B LIRS W ox W, TALII core s A HEHE X 1043 e RS R I4E— core £ Singular,,_, , B 72
W5 T —Z Y RF W, 3x W, 3 I core s EHRTE & il TS &4

Singular,;_z,u -x—Singular,,_; , -x < Ax, (6)
I H
Singular,,_, , - y—Singular, _, -y <Ay, @)

o Singular,,_, , - x RIRAETPRST Wouoox W TREIIEE uw A core 51 x AAMR, R, Singular,,_, , -y FX7R
TESYHURSY Woyox Wy BRI u A core R y ARAR, Ax F1 Ay 2350378 x Ay Jy 1] RIS (B (LA R &
B 5 M2 ).

520

() MRHAEFRFEESZMN Wasx W,y 7RIS NI core mi, N T8 HEBZ LN core &
Singular,,_ , N HT I FAE 1 2 175 B S AT R BN RS Woax Wy RN core 51 Singular,,_,,, JF N $E
WHATEAIRE WooxWp 7P YT AE N IEAER) core s Singular,_, , 1 W 3xW,_3 73 T AE R FEAER) core £
Singular,,_y , LB MEBR BT =8 BEAS 52— 2R (B U0 AT HEASE ) 7] — 7 10)) & ZR 1K — AN dg /N 43 BRI
core FAENEL core sU(UIFE 5 JiuR). B Singular,, ., $| 5 Singular,,_, , P 5 Singular,,_, , i € B2 108 25 0
d, )

J |A x Singular,,_, - x+ Bx Singular, _; -y + C|

®)
VA + B
A= Singular,,_, ., -y—Singular,_, -y, )
B = Singular,,_, , - x— Singular,,_,, - x, (10)
C =-Singular,,_, , -xx A—Singular,,_, , -yxB. (11)
LIES
d < DisThreshold, (12)

WA core xi Singular,, , , W2 ¥ core 1, DisThreshold &2 % IME. WERAAFAETT & = BURGT R

core A EARBRIEA B —H L IX — 54 1 B /NS N 1K) core f, UPKG 5 43 B RSY W, ox W, R N FEUERT core
K Singular,,_, , FTAEYETE & MRS K I W03 x Wy 23 B N[ core sUAE A i 1 AE, A b L 5 He B A T 7 B

(2) WRALAETFE E BN W, ax W, 3 53X PSE R core 13, TF LA W, ox W, 5 BEXF M) core 55
Singular,,_, , NFME B LATA AN W, g3 Wy UK I Y W x W,y XN core i JTAE 733 55 FEHE BT
TEPRE S, BB A 52— 28 00 R, 0 2 W5 S 4 1 4% AR (4 e /1> 43 %o 2 () core sk 2L core iR
DL AN B K core A,

2.3.2  Delta s BV E A

1D DAY ST W, ox W, TR — delta £ FEME B IR H T — R YISE W, 3x W, 5 XTIV
delta RUFTTERE S

82 B MR E E RN Wosx Wz 7SR delta 5,00 A A 4% H FE S TH A5 K W, 5x W5
I3 YUK delta m1, 91 LA delta s A 37 R HE, TR 25 & S AT /AN BRSE W, ax W, o ST delta siH,

© HHEREBAAIGUT http:/ www. jos. org. cn



BEY F IS B T AW 6 ik 1087

[75]
1
ar

R5We

IR SCIR 7R IV fe, AT TR B 1m0 K 2 E AR AR 0 (LS 1 200 V& R 808 4,120 AN AN A =484
ANTFA 10 W5 G B GCR AL 2 #E%  500dpi, G K /N A 320%320,256 (4K J3 -5 SR A2 4 b o BB Bt B LT
7 A A AR A Z2Y202-B B ) 40 08 5T = AR 1 S B AR ST VR 3E T Poincare index AR H Bdb 4T A7
AR 7 VA EAT 70 LS 58 A 3 A R SR I 0w FE M B ATTE 3L T Poincare index 75 VA HR AU 2E 7 1] 3R
JEML T — RV A B AR SR Ty ) [P0 43 A A TR SUEMG 1 J5 0) 3 R AR — R B I OO 43 3 AT S UL
A KA 22, B4 HORST J8OK, 5 1) 3 1 1 O B0 22 347 e A7 38 i A K T Bt P i s ol P A 5 A 11
St S M ARSI B AR S5 R WS 75 B0 GU e Uy 1) AT P DI R vEAL T AH [ 19 37 S AR ARS8 43 7 S
AN S5 APl 8 . Pl e T BRI e R I I A S R AR AR I 2 SR 1 E A TR O R T T
Poincare index J7 VA8 I F1] (1) A7 3 0 (1) 47 2

Fig.8 Examples of the singularities detected
K8 il a7 S i AGr I 45 SR s 5]

IS5 25 BnT LU 55 T 38 F 2R T Poincare index /5 12 AR LG, (3 F AR ST 77 1253 St RS 1) T 5 R R 7
S R TE ARG 2 AT B SR v W0 ot B A 2 AR SR A ST T VA RE B HER . T SE M REAT 75 5 4
K.

AL ) — Pl SRIBORE A DX 7 37 5 KT T i A2 B TR S MR 70 B 2 RS DDA 22 9003 B OS] 2 1) 77 57
RS S A2 T VA TR R SRS 2 I AL 23 Vb AR T S a8 A A AR R AR R AT 2 BROR R $
TP T S UL AR EL DR IR AR P, A i S PR A5 A D 7 A% 7 9 T LA R B v T S D E LR RN T 5
PG TR AU B B B — e S R

ARSI TR TR T 2 9003 B RS 2 R 7 3 B, v S0 52 % T BB A B0~ 7 367 5 s R £ T
PEMVEEVE B v 552 2% B2 22 1) ) 28 i B0 1) R L, 1 5 1k — 20 i LABIF 5. e A, 24 i SO UG P A7 A6 P A BE S AR Y
core s I AL I B 1) A e R AR B R 2 B AR — T ME LK PR core ML E LA 43 X & FH B — D 5e 8
fKy 1) L.

BOSH AR IR IR A SO AR SRR WU AT R B

© HHEREBAAIGUT http:/ www. jos. org. cn



1088 Journal of Software #RAFFIR  2003,14(6)

References:

[1] Yin YL, Ning XB, Zhang XM. Development and application of automatic fingerprint identification technology. Journal of Nanjing
University (Natural Sciences Edition), 2002,38(1):29~35 (in Chinese with English abstract).

[2] Jain AK, Prabhakar S, Hong L. A multi-channel approach to fingerprint classification. In: Proceedings of the Indian Conference on
Computer Vision, Graphics, and Images Processing (ICVGIP’98). New Delhi, 1998. 153~158. http://biometrics.cse.msu.edu/
publications.html#finger.

[3] Kawagoe M, Tojo A. Fingerprint pattern classification. Pattern Recognition, 1984,17(3):295~303.

[4] Maio D, Maltoni D. A structural approach to fingerprint classification. In: Proceedings of the 13th International Conference on
Pattern Recognition (ICPR). Vienna, 1996. 578~585. http://bias.csr.unibo.it/maio/.

[5] KaruK, Jain AK. Fingerprint classification. Pattern Recognition, 1996,29(3):389~404.

[6] Jain AK, Prabhakar S, Pankanti S. Mathing and classification: A case study in fingerprint domain. Proceedings of the INSA-A
(Indian National Science Academy), 2001,67(2):67~85.

[71 Lumini A, Maio D, Maltoni D. Continuous vs exclusive classification for fingerprint retrieval. Pattern Recognition Letters,
1997,18(10):1027~1034.

[8] Cheng JG, Tian J, Ren Q, Zhang TH. Singular point-based fingerprint classification. In: Proceedings of the 2nd Workshop on
Biometrics in Conjunction with the 6th International Conference for Young Computer Scientists. Hangzhou: 2001. S4-27~S4-34 (in
Chinese with English abstract).

[9]1 Srinivasan VS, Murthy NN. Detection of singular points in fingerprint images. Pattern Recognition, 1992,25(2):139~153.

[10] Bazen AM, Gerez SH. Extraction of singular points from directional fields of fingerprints. In: Annual CTIT Workshop. Enschede,
2001. http://utelnt.el.utwente.nl/cgi-bin/sabih/ctit01.pdf?sendfile=ctit01.pdf.

[11] Zhang WW, Wang S, Wang YS. Corner detection based singularity detection of fingerprint image. In: Proceedings of the 2nd
Workshop on Biometrics in Conjunction with the 6th International Conference for Young Computer Scientists. Hangzhou: 2001.
S4-51~S4-56 (in Chinese with English abstract).

[12] Ratha N, Karu K, Chen S Jain AK. A real-time matching system for large fingerprint database. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1996,18(8):799~813.

[13] Jain AK, Hong L, Bolle R. On-Line fingerprint verification. IEEE Transactions on Pattern Analysis and Machine Intelligence,
1997,19(4):302~314.

Bt o 32525 Sk
[1] SO, 7230 5, sk ety 19 2l 48 SORU AR ¥ K Jie 5 3 F L 3 50 R 2% 25 R (1A AR R4 17),2002,38(1):29~35.
[8] FEAERN, FHEE ALTE, 5K M JE T 45 5 s MHR B0 25 028 6 Jm [E B i 4F VF STHL T AR & WU AR 2 i 2B R E R & &5 it
SCEE BN :2001.84-27~S4-34.
(111 3RAT T, T A%, TR AE LT A SR 1 3 QB 2 S PR DU 058 6 Jimt I R 75 A T SOHL DA 3 25 130 58 2 Js A A i R 0 )
ORI HUI:2001.S4-51~84-56.

http:/ www. jos. org. cn




	基于Poincare index的奇异点检测
	算法描述
	指纹图像的背景分离
	各级分块尺寸下多次错位分块的指纹图像的奇异点检测
	指纹图像错位分块
	指纹图像方向场的估计
	各级分块尺寸下的奇异点检测

	奇异点的最终准确定位
	Core点的准确定位
	Delta点的准确定位


	结果与讨论

