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Abstract

Project Code : MRG4680171

Project Title : Automatic Fingerprint Verification Algorithm

Investigator : Vutipong Areekul, Department of Electrical Engineering, Faculty of Engineering,

Kasetsart University

E-mail Address : fengvpa@ku.ac.th

Project Period : 1 July 2003 — 30 June 2005

The goal of this research project is to develop Thai automatic fingerprint identification
algorithm. In this research, fingerprint enhancement algorithm, which is one of the most
important parts of fingerprint identification process, is focused in order to improve the quality of
fingerprint, resulting in higher accuracy of the system. The new way to implement fingerprint
enhancement using Gabor filtering is introduced. The improved fingerprint enhancement
algorithm performs faster with better quality of enhancement, comparing with a traditional
fingerprint enhancement, using all standard Fingerprint Verification Competition (FVC)
databases. Finally, the results of this research will be used in Thai biometric system and Thai
fingerprint verification hardware prototype in order to reduce import biometric products and

strengthened Thai industries in the near future.

Keywords : Automatic Fingerprint Identification Algorithm, Fingerprint Enhancement Algorithm,

Fingerprint Enhancement Using Separable Gabor Filter.
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(Orientation Certainty Level Method)

Algorithm

Fingerprint Segmentation Using Orientation Certainty Level Method
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Reference

A K. Jain, L. Hong, S. Pankanti, R. Bolle, “An Identity-Authentication System Using Fingerprints”, Proceeding
of the IEEE, Volume: 85 Issue: 9, September 1997, Page(s): 1365-1388.
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(Coherence Orientation Method)

Algorithm

Fingerprint Segmentation Using Coherence Orientation Method

Problem
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Reference

A.M. Bazen and S.H. Gerez, “Systematic Methods for the Computation of the Directional Fileds and Singular
Points of Fingerprint”, IEEE Transaction on Pattern Analysis and Machine Intelligence, Volume: 24 Issue: 7,

July 2002, Page(s): 905-919.

3.2) MIMAAMIVITHYHIND (Orientation Estimation)
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(Table 3.2 Orientation Field Estimation Algorithm)

# Algorithm Concept Details | Reference
in Table

1| 3mansdeudued Hong T8I Gradient Yvoaian19veudualy 3.2-1 [5]
(Hong’s Gradient Based) ﬁyaﬁa“lumwﬁuﬁqéaﬂ

2 | FEmansifeudued Bazen Taen1311 Gradient Y9 INANIIVDAFUAY 3.2-2 [10]
(Bazen’s Gradient Based) f:aﬁa“lmzﬁm@mwué’amﬁﬂ
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{ 3 as a Qy J
A5 1997 3.2-1 ﬁflﬁSlaﬂﬂﬂluﬁﬂuﬁﬁﬂWVlﬁﬂNﬁWﬂu%ﬁ@“ﬂN!ﬂilaﬂuﬁﬂlﬂﬁ Hong (Hong’s Gradient Method)

Algorithm Orientation Estimation Based on Hong’s Gradient
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A o ] =2~ o 9 t]
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Disadvantage e luninagaenguinazAanaia (8AINM3 Smooth)
Reference L. Hong, Y. Wan, and A K. Jain, “Fingerprint Image Enhancement; Algorithm and Performance Evaluation”,

IEEE Transactions on PAMI, vol. 20, No. 8, pp. 777-789, August 1998.
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A19199 3.2-2 3180BIATUNDUIDHINANINAIBTINDNAUNTASUAVDI Bazen (Bazen’s Gradient Method)

Algorithm

Orientation Estimation Based on Bazen’s Gradient
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Annumiamaldluszduganin
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Tdanlszunanauuiieannimsmasluszauganin

Reference

A.M. Bazen, S.H. Gerez, “Systematic Methods for the Computation of the Directional Fields and Singular Points
of Fingerprint”, IEEE Transaction on Pattern Analysis and Machine Intelligence, Volume: 24 Issue: 7, July 2002,

Page(s): 905-919.
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Algorithm Orientation Estimation Based on Average Coherence Gradient
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3.3) M3MANNDIeIa18HIU (Ridge Frequency Estimation)
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(Table 3.3 Ridge Frequency Estimation Algorithm)

# Algorithm Concept Details | Reference
in Table
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M13199 3.3-1 TvazBeatuAuITMIUTTINMANNIdUaTeT1IT0UBe Hong (Hong’s Spatial Domain Method)

Algorithm

Ridge Frequency Estimation Based on Spatial Domain by Hong
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Reference

L. Hong, Y. Wan, and A K. Jain, “Fingerprint Image Enhancement; Algorithm and Performance Evaluation”,

IEEE Transactions on PAMI, vol. 20, No. 8, pp. 777-789, August 1998.




16

A = 3 ag A v Qy A a <3 .
AT NN 3.3-2 i”lfJfl$!E]EJWULIC"IE]NTEfﬂiﬂi31!1‘[!1!ﬂ’JﬁJﬂLﬁuﬁmu’m@jﬂfJﬂﬁ!,LTJﬁQ‘VQ\!!‘iEJiLL‘]J‘]J!‘S’J (Fast Fourier

Transform Method)

Algorithm Ridge Frequency Estimation Based on Fast Fourier Transform Method
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Gabor EER of FVC 2000 Database (%) EER of FVC 2002 Database (%)

Type Db1B Db2B Db3B Db4B Db1B Db2B Db3B Db4B
1 19.422123 | 16.512897 | 15.230655 | 24.208830 | 26.639385 | 32.073414 | 32.996033 | 25.778770
2 18.320934 | 14.508928 | 14.756945 | 20.687004 | 20.838293 | 26.835318 | 31.765873 | 21.939484
3 19.238590 | 22.056051 | 18.839287 | 25.203373 | 25.000000 | 31.465775 | 35.778770 | 25.964783
4 19.112103 | 14.422123 | 14.578373 | 20.317459 | 20.307539 | 27.869545 | 31.961805 | 21.200397
5 18.226686 | 17.852182 | 17.507441 | 25.287699 | 23.152281 | 31.312004 | 36.800598 | 24.370039
6 18.816963 | 22.822420 | 15.553075 | 26.887402 | 24.248512 | 32.956352 | 34.903275 | 23.313492
7 19.521330 | 22.996033 | 16.021826 | 26.569939 | 25.039680 | 32.127975 | 33.794643 | 24.756945
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Gabor EER of FVC 2000 Database (%) EER of FVC 2002 Database (%)

Type Db1B Db2B Db3B Db4B Db1B Db2B Db3B Db4B
1 14.104663 | 10.133928 | 13.134920 | 12.465278 | 16.408730 | 27.043652 | 24.913195 | 14.955358
2 11.490576 | 8.891369 10.461309 | 8.452381 14.712301 | 26.356647 | 23.487103 | 9.156746
3 12.834822 | 11.760913 | 13.169642 | 12.817461 | 17.395832 | 27.643848 | 26.235119 | 14.652779
4 11.356647 | 8.504465 10.126489 | 8.834326 15.565476 | 27.996033 | 23.891369 | 8.717758
5 13.673115 | 13.204365 | 11.951885 | 10.208333 | 15.334822 | 27.748016 | 29.439484 | 13.048115
6 14.474206 | 15.282738 | 12.313988 | 12.460318 | 16.413689 | 28.435020 | 28.546627 | 16.904762
7 14.861112 | 16.374008 | 12.961309 | 12.199902 | 16.321926 | 29.600697 | 27.564486 | 16.765873
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Gabor Average filtering time of FVC 2000 Database Average filtering time of FVC 2002 Database
Type (Seconds) (Seconds)
Db1B Db2B Db4B Db1B Db2B Db3B Db4B
1 0.629613 0.526100 0.839113 0.341588 0.490850 0.752688 0.348450 0.405062
2 1.152000 1.046813 1.734850 0.673650 1.022437 1.440325 0.729600 0.819550
3 0.242125 0.210525 0.314512 0.131438 0.191212 0.297450 0.140063 0.158388
4 0.463100 0.417213 0.669875 0.266987 0.405725 0.587838 0.287662 0.330875
5 0.260350 0.227375 0.328387 0.150625 0.209737 0.320300 0.155688 0.177763
6 0.242125 0.210525 0.314512 0.131438 0.191212 0.297450 0.140063 0.158388
7 0.223812 0.190263 0.278287 0.120662 0.171050 0.268775 0.129138 0.143900
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Gabor Average filtering time of FVC 2000 Database Average filtering time of FVC 2002 Database Average. | Times
Type (Ratio Compared with Conv. Gabor 8- (Ratio Compared with Conv. Gabor 8- Ratio Ratio
Orientation) Orientation)
Db1B Db2B Db3B Db4B Db1B Db2B Db3B Db4B
1 1 1 1 1 1 1 1 1 1 1
2 1.8399 1.9898 2.0675 1.9721 2.0830 1.9136 2.0938 2.0233 1.998 0.5
3 0.3867 0.4002 0.3748 0.3848 0.3896 0.3952 0.4020 0.3910 0.391 2.56
4 0.7396 0.7930 0.7983 0.7816 0.8266 0.7810 0.8255 0.8169 0.795 1.26
5 0.4158 0.4322 0.3914 0.4410 0.4273 0.4255 0.4468 0.4389 0.427 2.34
6 0.3867 0.4002 0.3748 0.3848 0.3896 0.3952 0.4020 0.3910 0.391 2.56
7 0.3575 0.3616 0.3316 0.3532 0.3485 0.3571 0.3706 0.3553 0.354 2.82
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# Fingerprint Image Sensor Finger/ Product by EER Rank/ Total
Database Size Type Images / % Number of
(pixel) Total Participants
Images
1 FVC2000 Db1A 300X300 Optic 100/8/800 Keytronic 10.28% 7/11
2 FVC2000 Db2A 256X364 | Capacitive | 100/8/800 ST Microelectronics 4.16% 5/11
3 FVC2000 Db3A 448X478 Optic 100/8/800 Identicator Tech DF-90 10.14% 5/11
4 FVC2000 Db4A 240X320 Synthetic 100/8/800 SFinGe 6.49% 5/11
FVC2000 All - - - - 7.77% 9/14
5 FVC2002 Db1A 388X374 Optic 100/8/800 Identix Touch View II 10.12% 28/31
6 FVC2002 Db2A 296X560 Optic 100/8/800 Biometrika FX2000 13.74% 27/31
7 FVC2002 Db3A 300X300 | Capacitive | 100/8/800 Precise Biometric 100 SC 12.51% 25/31
8 FVC2002 Db4A 288X384 Synthetic 100/8/800 SfinGe v2.51 8.02% 25/31
FVC2002 All - - - - 11.10% 27/31
9 FVC2004 Db1A 640X480 Optic 100/8/800 CrossMatch v300 28.62% 38/41
10 FVC2004 Db2A 328X364 Optic 100/8/800 Digital Persona 16.70% 39/41
11 FVC2004 Db3A 300X480 Thermal 100/8/800 Atmel Sweep 8.38% 31/41
12 FVC2004 Db4A 288X384 Synthetic 100/8/800 SfinGe v3.0 10.75% 36/41
FVC2004 All - - - - 16.11% 38/41
13 KSIP OFP Db01R 352X288 Optic 240/4/960 NECTEC 7.83% N/A
14 KSIP CFP DbO1R 300X300 | Capacitive | 240/4/960 Veridicom 6.03% N/A
15 KSIP OFP Db01W 352X288 Optic 240/4/960 NECTEC 4.66% N/A
16 KSIP CFP Db01W 300X300 | Capacitive | 240/4/960 Veridicom 12.35% N/A
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Algorithm Process

FVS v.1.4 Average Execution Time on Pentium IV 1.8GHz/256Mb

(Second) Database KSIP CFP Db01R (300X300, 960 Images)

Algorithm Time
1. Quality Analysis Quality Testing 0.026
2. Enhancement Sep-Gabor/Any Directions 0.413
3. Registration Focal Point/Gabor/Thinning 0.698
4. Feature Extraction, Filtering, & Encoding Minutiae Extraction 0.049
5. Matching Focal Loop & Direction Order 0.035
Computational Complexity Time (Second)
(A) Enrollment Time 0.757 Second

(From Enhancement to Encoded Template)

(B) Average Verification Time (1:1)

(Verifying Template to Template)

0.035 Second

(C) Average Identification Time (1:960)

(Identifying Template to 960 Template)

33.60 Seconds
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MININ 4.3 HANITNATOUYTLANTAIN FVSv. 1.4 Algorithm Tumsauyamsuaadiu FVC2000 [2]

R399 4 g1uT0Ya DBIA, DB2A, DB3A, Uiag DB4A

Rank Organization Type Country Average
EER%
1 Neurotechnologija Ltd. (Late Entry) Industrial Lithuania 1.37%
2 SAGEM (Algorithm #A) Industrial France 1.73%
3 SAGEM (Algorithm #B) Industrial France 2.28%
4 Center for Signal ProcessingNanyang Technological University Academic Singapore 5.19%
5 TeKey Research Group (Late Entry) Industrial Israel 5.94%
6 CEFET-PR/Antheus Technologia Ltd. Industrial Brazil 6.32%
7 Centre for Wavelets, Approximation and Information Processing, Academic Singapore 7.08%
Department of Mathematics, National University of Singapore
8 FingerPin AG Version2 (Late Entry) Industrial Switzerland 7.45%
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(&) FVS v.1.4 KSIP Lab (Simulation) Academic Thailand 7.77%
9 Kent Ridge Digital Labs Industrial Singapore 10.94%
10 Electrical Engineering, University of Twente Academic Netherlands 15.24%
11 FingerPin AG Industrial Switzerland 15.94%
12 Inha University Academic Korea 19.33%
13 Ditto Information & Technology Inc. Industrial Korea 20.97%
14 Natural Sciences and Mathematics, Institute of Informatics Academic Macedonia 47.84%
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MINI 4.4 HAMTNATOUYTLANTAIN FVSv1.4 Algorithm Tumsauya@msuadiu FVC2002 [3]

Rank Organization Type Country Average
EER%
1 Bioscrypt Inc. Industrial USA 0.19%
2 Anomymous Industrial - 0.33%
3 Anomymous Industrial - 0.41%
4 Bioscrypt Inc. Industrial USA 0.77%
5 Siemens AG Industrial Germany 0.92%
6 Neurotechnologija Ltd. Industrial Lithuania 0.99%
7 SAGEM Industrial France 1.18%
8 Andrey Nikiforov Independent Developer USA 1.31%
9 SAGEM Industrial France 1.42%
10 Deng Guogqiang Independent Developer China 2.18%
11 IDENCOM AG Industrial Switzerland 2.22%
12 Suprema Inc. Industrial Korea 2.50%
13 Anomymous Industrial - 3.31%
14 Biometrics System Lab, Beijing University of Posts and Academic China 3.76%
Telecommunications
15 Anomymous Industrial - 4.19%
16 HZMS Biometrics Co.Ltd Other China 4.24%
17 ActivCard Canada Industrial Canada 5.21%
18 Antheus Tecnologia Ltd. Industrial Brazil 5.46%
19 TeKey Research Group Industrial Israel 5.72%
20 FINGERPIN AG Industrial Switzerland 6.05%
21 Inha University Academic Korea 6.07%
22 Aldebaran Systems Industrial USA 6.16%
23 Digital Fingerpass Corporation Industrial China 6.40%
24 DATAMICRO Co.Ltd. Industrial Russia 6.72%
25 Anomymous Industrial - 7.12%
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26 Dept. of Comp. Science and Inf. Eng., Da-Yeh University Academic Taiwan 9.04%
27) FVS v.1.4 KSIP Lab (Simulation) Academic Thailand 11.10%
27 Anomymous Industrial - 12.09%
28 AlLab, Institute of Automation, The Chinese Academy of Sciences Academic China 14.66%
29 Dept. of Electrical and Computer Eng., Univesity of Tehran, Industrial Iran 16.79%
30 Anomymous Other - 39.10%
31 Anomymous Academic 50%
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MINN 4.5 HAMINAAOUUTEANTAIN FVSvI.4 Algorithm TUMIauyAMIUYIvY FVC2004 [4]

Rank Organization Type Country Average
EER%
1 Bioscrypt Inc. Industry Canada 2.07%
2 Sonda Ltd. Industry Russia 2.10%
3 The Chinese Academy of Sci. Academy China 2.30%
4 Gevarius Industry Russia 2.45%
5 Jan Lunter Independent.Developer France 2.90%
6 NITGEN Co., Ltd Industry Korea 3.13%
7 Neurotechnologija Ltd. Industry Lithuania 3.24%
8 Suprema Inc. Industry Korea 3.31%
9 Anonymous (Siemens AG) Industry - 3.71%
10 IDENCOM Germany GmbH Industry Germany 4.03%
11 Beijing HanWang Technology Industry China 4.04%
12 Deng Guoqiang Independent.Developer China 4.27%
13 Testech Inc. Industry Korea 4.33%
14 Anonymous (SAGEM) Industry - 4.41%
15 Ariel Unanue Industry Argentina 4.79%
16 Miaxis Biometrics Co., Ltd. Industry China 4.89%
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17 Changsha XingTong Tec. Dev. Industry China 5.66%
18 Integral Ltd. Industry Ukraine 6.12%
19 Anonymous Independent.Developer - 6.23%
20 Zaklad Techniki Mikroproc. Industry Poland 6.42%
21 Morphosoric Industry Germany 6.56%
22 Anonymous Industry - 6.80%
23 Anonymous Industry - 7.17%
24 Anonymous Industry - 7.27%
25 Anonymous Academy - 7.48%
26 DATAMICRO Co., Ltd. Industry Russia 7.64%
27 Anonymous Academy - 8.24%
28 Anonymous Academy - 8.29%
29 Futronic Technology Co. Ltd Industry China 8.30%
30 Li Lijuan Independent.Developer China 8.38%
31 Anonymous Industry - 9.57%
32 Anonymous Industry - 9.62%
33 Nyoun Industry Korea 10.03%
34 Anonymous Industry - 11.37%
35 Anonymous Industry - 12.29%
36 Anonymous Independent.Developer - 12.68%
37 Anonymous Industry - 13.08%
(38) FVS v.1.4 KSIP Lab (Simulation) Academic Thailand 16.11%
38 Anonymous Independent.Developer - 16.84%
39 Anonymous Academy - 28.44%
40 Anonymous Industry - 36.77%
41 Anonymous Academy - 37.83%
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