A4 4R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2019,30(6):1886—1900 [doi: 10.13328/j.cnki.jos.005421] http://www.jos.org.cn
O R Bt AT 58 BT RB BT A5 Tel: +86-10-62562563

A LY LY *
EEEEIRERE RSV EHMRESIE A
TEEW TELY, K BY Kk #Y REFY
(RN TR R R ILIR RN 221116)

(P EBER BRI A B E T db st 100190)

JCRBITE R PSS BB, 28 JEW 241002)
B T, E-mail: dingsf@cumt.edu.cn

i B RBOBREEEADELIA RAT O EZRY A RAME RIS R B3GR IR 00814 40k — 45
B8 % Ak EIREORIR E 0 BAH A LT v % T A8 E R S IR ELA 7 @R 6 7 @ & A 1
TR BRI R MUS , B AR AR ST 49323 R KR R R 4 @i R IR I R ZAUDBM) MR
W7 kA T RIS R ik 5IRE 3 3 Bk 69 5 AR A RSR 0 B4R 8 ), A8 9% T ATHRJR B 45 SL B 1R 69 8 3K
5% A T IIER ) Hk e AN TT MR RS B FVC2004 LT T KB 5206, 2304 R R 9 A0 T %6945
LI IR ok 32 k6 o ik B AR R 6 SR 3T R B AR B 4SSO B4 38 55 R I

R ARLOEIR BT BN S @ ST R K B R JE K /R 3% ZHU(DBM)

hEESES: TP391

BT RIRE A T YRR, T O, SR A B AR T S D BRI R R 25 2 L TR TR R S0 5 B 2 41k ,2019,30(6):
1886—1900. http://www.jos.org.cn/1000-9825/5421.htm

Y5 %5 Bian WX, Ding SF, Zhang N, Zhang J, Zhao XY. Combined filtering and dbm reconstructing for fingerprint
enhancement. Ruan Jian Xue Bao/Journal of Software, 2019,30(6):1886—1900 (in Chinese). http://www. jos.org.cn/1000-9825/
5421.htm

Combined Filtering and DBM Reconstructing for Fingerprint Enhancement

BIAN Wei-Xin'??, DING Shi-Fei'?>, ZHANG Nan'?, ZHANG Jian'?, ZHAO Xing-Yu'?

'(School of Computer Science and Technology, China University of Mining and Technology, Xuzhou 221116, China)

*(Key Laboratory of Intelligent Information Processing, Institute of Computing Technology, Chinese Academy of Sciences, Beijing
100190, China)

3(School of Computer and Information, Anhui Normal University, Wuhu 241002, China)

Abstract: The enhancement of fingerprint plays an important role in automatic fingerprint identification system. In order to make up for
the shortcomings of the traditional fingerprint enhancement, this study proposes a novel algorithm by using orientation Gaussian bandpass
filter (OGBPF) to enhance the fingerprint firstly, and then the deep Boltzmann machine (DBM) with orientation selection is employed to
reconstruct these regions that are enhanced incorrectly in the first phase. The fingerprint is enhanced based on the quality grading scheme
and the composite window strategy. In the proposed method, the traditional enhancement method and deep learning method complement
one another perfectly. To validate the performance, the proposed method has been applied to fingerprint enhancement on the FVC2004
databases. Experiments show that, compared with the state-of-the-art enhancement methods, the proposed method is more accurate and
more robust against noise, and can achieve better results.
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Fig.1 Parameters estimation of fingerprint block in the frequency domain
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Fig.2 Examples of the orientation bandpass filters
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Fig.4 Model structure of the deep Boltzmann machine with two hidden layers
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Fig.5 Greedy pre-training process of the DBM with two hidden layers
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Fig.6 Diagram of the fingerprint block reconstruction based on the DBM
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Fig.7 Examples of fingerprint block reconstructions using the classification DBM
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Fig.8 Fingerprint block quality assessment
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Fig.9 Fingerprint enhancement based on quality grading scheme and the compsite window strategy
by using orientation Gauss band-pass filter
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Fig.10 Fingerprints reconstruction using the DBM based on fingerprint blocks quality assessment
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Fig.11 Contrast test results of fingerprint enhancement
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Fig.12 Valid minutiae extraction from the enhaced fingerprints
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Table 1 Comparison of the valid minutiae extraction based on the enhaced fingerprints

R 1T HGRIREUNAT AT AR O L

Methods A S
Bian, et al./"™} 43 34 41 70 61 8 45 85 64 78 58 62 105 75 56
ABSF!'¥ 59 36 50 68 66 8 44 90 55 8 52 70 112 70 58

VeriFinger software 69 42 67 91 78 97 42 88 57 75 49 76 102 72 62
Proposed method 39 32 36 56 53 78 37 74 58 70 39 59 103 63 50

33— WAUE A SC TP VA TE F Bh 3R SUR I &R St (automatic fingerprint identification system,f&j#X AFIS)H
I I 3R VR AE — AN TR IR0 38 T CHHEZE 148 80U 51 2F (http://www.codeproject.com) 1 34T T VT L S 56,
SRR FREUE g FVC2004. 31 AT 144 H] Medina-Pérez %5 N H 56T M3 gl ()40 5 1 UG Fic S0 05 A7 DT e 52 6, 512
6 vp FRATTAAN 23 T K 0 N Fig 20 VR 55 ke DAy 5 ol 8 92 3 SR P HR S A5, 4% 3 DR A DU TR R 4 1) T A
4% FMR(false match rate)f! FNMR(false non-match rate) & [ SRl Fig SUUR I BB 2k BE I WA 3= B 45 b, 0 3 il
FH EER(equal error rate) fll FMR100 %5 F5 bR K PEAN AFIS B3 ARVERE. B 13 25 Y T 3R AE 25 Rk b B0y R U 1 RE 1
ROC gk, 55 B4R — 2ok BeFadr b IR TE R 2 rp AN ST T LU HA AH B T At 0 b A0 ik 76 K 2 0 0 1o
PR B T I Hh 235 AFIS P RE.
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Fig.13 ROC curves of different fingerprint enhanced by different methods on FVC2004 databases
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Table 2 Performance comparison of different enhancement algorithms on FVC2004

T2 ARRIELOLREEL FVC2004 5402 F I REXT H

Fingerprint Orimage ABSF'"!  Bian et al.™  VeriFinger software  Proposed method
DB3 B EER (%) 6.488 2.546 2.328 1.524 1.089
- FMR100 (%) 10.714 5.506 2.654 1.793 1.258
DB4 B EER (%) 15.774 6.152 5.226 5.000 4.060
- FMR100 (%) | 27.857 10.802 7.752 6.070 5.025
5 ZRiE
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