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Avg Enroll | Avg Match
EER FMR100 | FMR1000 | ZeroFMR | ZeroFNMR Time (s) Time (s)
DB1 | %5.38 %5.78 %5.79 %5.82 %67.3 2.63 2.57
DB2 | %5.12 %5.30 %5.95 %6.13 %74.61 0.81 0.75
DB3 | %3.88 %4.19 %4.46 %4.59 %73.29 0.74 0.69
DB4 | %952 %18.09 %18.26 %18.57 %82.97 0.68 0.64
J3l s 512 0310 acgozo 4 (gl 2-6 Jguzr i (il (3-6 Jgu
Avg Avg Avg Avg Avg Avg Avg
EER | FMR100 | FMR1000 | ZeroFMR | ZeroFNMR | Enroll Time (s) | Match Time (s)
«.;"3) 121
soliiy %5.97 %8.34 %8.61 %8.77 %74.54 116
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Algorithm Avg Match Time Avg EER
P101 1.48s 2.07%
P047 2.07s 2.10%
PO71 0.67s 2.30%
P004 0.71s 2.45%
P039 1.19s 2.90%
P097 0.51s 3.13%
P049 0.38s 3.24%
P009 0.25s 3.31%
P113 0.48s 3.71%
P068 0.47s 4.03%
P108 0.32s 4.04%
P0O16 0.34s 4.27%
P103 0.14s 4.33%
P048 0.39s 4.41%
PO75 0.43s 4.79%
P041 0.17s 4.89%
P111 0.43s 5.66%

Proposed method 1 1.16s 5.97%
P052 0.24s 6.12%
P0O50 0.61s 6.23%
P027 2.63s 6.42%
P120 1.30s 6.56%
P0O83 042s 6.80%
P0O67 0.05s 7.17%
P026 3.78s 7.27%
P0O11 0.47s 7.48%
P072 0.11s 7.64%
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polie a5 Conl oo Lasuine (S S5, b alais B sai ool sl sl Sloges 51 S Lo (s,

BR RO Vw] Fpp 7-6 Jgo & y9a il 1uSile 3 6-6 Jgo & 9 00ls acgome 4 (lp alais O oyl so0e

ol oo 08ls 1,3 6-6 Joux jo s yleg ol puSilis g Sl 0o 00591 00l acgezme 4 (g

p3° a5l FNMR v 5 FMR (sl jlog0i (555 b5 y3lio (6-6 Jour

Avg Enroll | Avg Match
EER | FMR100 | FMR1000 | ZeroFMR | ZeroFNMR Time (s) Time (s)
DB1 %4 %4.2 %4.5 %5 %78 3.25 0.68
DB2 | %22 %2.5 %3.2 %6 %70 2.28 046
DB3 | %16 %17 %1.9 %2.5 %90 2.16 045
DB4 | %59 %5.95 %6 %6.5 %72 214 044
P35 s (512 0015 asg0zx0 4 (sl 6-6 Jgur gl (uileo (7-6 Jguz
Avg Avg Avg Avg Avg Avg Avg
EER | FMR100 | FMR1000 | ZeroFMR | ZeroFNMR | Enroll Time (s) | Match Time (s)
o09) 245
olgiin w3.42 | %3.58 %3.9 %5 W77.5 05
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Algorithm Avg Match Time Avg EER
P101 1.48s 2.07%
P047 2.07s 2.10%
PO71 0.67s 2.30%
P004 0.71s 2.45%
P039 1.19s 2.90%
P097 0.51s 3.13%
P049 0.38s 3.24%
P009 0.25s 3.31%

Proposed method 2 05s 3.42%
P113 0.48s 3.71%
P0O68 047s 4.03%
P108 0.32s 4.04%
P0O16 0.34s 4.27%
P103 0.14s 4.33%
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Algorithm Avg Match Time Avg EER
P048 0.39s 4.41%
PO75 0.43s 4.79%
P041 0.17s 4.89%
P111 0.43s 5.66%
Proposed method 1 1.16s 5.97%
P052 0.24s 6.12%
P0O50 0.61s 6.23%
P027 2.63s 6.42%
P120 1.30s 6.56%
P083 042s 6.80%
PO67 0.05s 7.17%
P026 3.78s 7.27%
P0O11 0.47s 7.48%
P072 0.11s 7.64%
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Avg Enroll | Avg Match
EER | FMR100 | FMR1000 | ZeroFMR | ZeroFNMR Time (s) Time (s)
DB1 | %4.70 %5.20 %5.37 %5.49 Wr77.71 171 033
DB2 | %241 %2.54 %2.70 %2.82 %67.29 115 0.27
DB3 | %1.76 W1.77 %2.13 %2.47 %86 107 021
DB4 | %6.80 %8.2 %8.92 %9.32 %92.8 1.02 019
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Algorithm Avg Match Time Avg EER
P101 1.48s 2.07%

P047 2.07s 2.10%

PO71 0.67s 2.30%

P004 0.71s 2.45%

P0O39 1.19s 2.90%

P0O97 0.51s 3.13%

P049 0.38s 3.24%

P0O09 0.255s 3.31%
Proposed method 2 05s 3.42%
P113 0.48s 3.71%
Proposed method 4 0.25s 3.91%
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P103 0.14s 4.33%
Proposed method 3 0.13s 4.35%
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Abstract

Fingerprint is an important physiological feature used to identify individuals.
Different methods have been proposed for fingerprint recognition. The present
dissertation draws on fingerprint authentication methods and the results corresponding
to these methods to develop new methods of fingerprint recognition. Gabor filter and
segmentation were applied to fingerprint recognition in the first method. The
background was removed from the input image, which was subsequently enhanced.
Then, the center of finger was determined in the enhanced image. An area surrounding
this center was identified and filtered in 8 directions using Gabor filter. The resulting
8 images were normalized. A new segmentation was applied to these normalized
images and variance and mean values were determined as features for each segment.
Feature extraction and recognition processes were lengthy since Gabor filter was used
in this method. In the second method, Sobel Roberts Features (SRF) was used in
feature extraction, which improved the time requirements compared to the first
method. In this second method, the background was removed from the input image
which was subsequently enhanced and prepared for recognition of the center. The
enhanced image was then rotated around this center for 5 times from -45 to 45 with
22.5-degree steps. One area centered on the finger was identified in each rotation.
These areas were normalized, and then, Sobel Roberts Features was used to extract
feature vectors. The third method involved application of 2D Discrete Wavelet
Transform (DWT), instead of Sobel Roberts Features, to the enhanced image for
improvement in running time. First, DWT was used to obtain an approximated image
to which Sobel Roberts Features was applied. The three methods mentioned above
resulted in many unnecessary features which could be eliminated through binary
particle swarm optimization (BPSO). BPSO was applied to the second method since
in outperformed the other two methods. Euclidean distance and support vector
machine (SVM) were used for the purpose of recognition by the three methods.
Among the proposed systems, the second method had the highest efficiency, the third
system had the best performance in terms of running time, and the fourth system had
the smallest number of features with acceptable recognition rate. Database from
FVC2004 were used in this study.

Keywords

Fingerprint Recognition, Segmentation, Enhancement, Core Point Detection, Gabor
Filter, Normalization, Sobel Roberts Featurs, Particle Swarm Optimization, Discrete
Wavelet Transform, Equal Error Rate, Support Vector Machine
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