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A Near Infrared Finger Vein Recognition Approach Based on Wavelet
Grayscale Surface Matching
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Abstract Aiming to identify the finger vein and considering the rich texture characteristics of the finger vein, a near
infrared finger vein recognition approach based on wavelet grayscale surface matching is proposed. The region of
interest of the original image is adjusted by using the histogram equalization, the different resolution images are
extracted after decomposition, and the images for matching are constructed. The gray difference surface is obtained
by computing the gray difference of two pixels from two different images. The variance is calculated by using the
gray difference surface, and is considered as the distance between two feature surfaces of the finger vein images,
and the result is used to determine whether the two finger vein images are from the same finger. The comparison
experiments are performed with the typical and popular approaches on two databases. The experimental results show
that the lowest equal error rate (EER) is 0% and 4.6281% respectively, and the recognition time is only 0.061 s and
0.0502 s, respectively, when the different resolution images are extracted after Haar wavelet decomposition. The
superiority and feasibility of the proposed approach is indicated , and high accuracy, good security and fast running
speed of the approach are exhibited.
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Fig.1 (a) Finger vein image after size normalization; (b) grayscale surface image of the finger vein
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Fig.2 (a) Image of finger vein after 1*~level Haar wavelet dimension reduction;
(b) image of finger vein after 2"'-level Haar wavelet dimension reduction
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Fig.3 Grayscale surface diagrams
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Table 1 EER based on different wavelet gray surface matching methods

Algorithm Original image 1* level (Haar) 2" level (Haar) 1* level (db2) 1* level (db3)
EER /% 1.8008 1.7973 0 1.8015 1.8095

2 R R IAT

Table 2 Execution time of the proposed algorithm

Algorithm Original image 1" level (Haar) 2" level (Haar) 1% level (db2) 1% level (db3)
Feature extraction time /s 0 0.0284 0.0450 0.1633 0.1506
Matching time /s 0.0175 0.016 0.015 0.0172 0.0173
Total time /s 0.0175 0.0444 0.060 0.1805 0.1679

3 /N BE T 7 ik AR D7 v EER X [E

Table 3 EER of wavelet gray surface matching method and other methods

Algorithm Proposed method 2Dfisher PCA LDA 2DPCA
EER /% 0 0.4785 2.9276 0.2986 2.3101
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Table 4 Execution time of the proposed algorithm and other methods

Algorithm Proposed method 2Dfisher PCA LDA 2DPCA
Feature extraction time /s 0.045 0.06078 0.30575 0.3049 0.3047
Matching time /s 0.015 0.005427 0.019 0.020 0.019
Total time /s 0.060 0.066207 0.32475 0.3249 0.3237
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Table 5 EER based on different wavelet gray surface matching methods

Algorithm Original image 1" level (Haar) 2" level (Haar) 1" level (db2) 1" level (db3)
EER /% 5.4523 4.6281 5.4481 5.4891 5.4453
K6 SILEIATHIE]

Table 6 Execution time of the proposed algorithm

Algorithm Original image 1" level (Haar) 2" level (Haar) 1* level (db2) 1*level (db3)
Feature extraction time /s 0 0.0342 0.0477 0.1851 0.1584
Matching time /s 0.0192 0.016 0.016 0.0213 0.0201
Total time /s 0.0192 0.0502 0.0637 0.2064 0.1785

T /NI BE T 7 5 AR DT 5 EER X L

Table 7 EER of wavelet gray surface matching method and other methods

Algorithm Proposed method 2Dfisher PCA LDA 2DPCA
EER /% 4.6281 4.6354 6.4564 5.4253 5.4355
F 8 H TR A 5 12 AT I [ X HE

Table 8 Execution time of the proposed algorithm and other methods

Algorithm Proposed method 2Dfisher PCA LDA 2DPCA
Feature extraction time/s 0.0342 0.4759 0.5245 0.56339 0.3118
Matching time /s 0.016 0.0246 0.018 0.019 0.020
Total time /s 0.0502 0.5005 0.5425 0.5529 0.3318
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1 G2 7 1 %) T 415 1 K T 50 R S ] 1) Sh 5 I8 A R ' IR A 1 25 LE B0 IR BE J AR XA BR Tl EL PCA
LDA 2DPCA 55— SEFR A $7 BUH vk 1 5 BLad 7 P A A2 %, B AR S B T e A ARUi) 23R, 20 LA APk ACA T e ] A £
#ro 2DFLD & e i 1 f Jo AR e B9 25 )RR J B 315 o, o Al e 17 28 D 1A 4 1) R G o S R L, 4 07 I i), L
PR 2 7 S84 DL T MO PR AR Ak 2R T B, BRI 1 R Rl T A SRS oRE i B3 it ThT DS IS B9 D7 9 32 2
T KU Xk i Ik P45 SR R I DT R A 45 A B 5T R A I 119 1 B MR R S B — i B AR, HLRA B R
JEE AR O B, 48 T T A AL, HTRRAE T8 4 A o DE C 5, & e R PR s AT B PR

A A /N P AR L, Haar /N EVE RE SR 00 , $2 1 17 58 W 35 69 DX P 15 B, A R v 17 IRl PR RE L, IR T
EER, A %A% 1 808 4k B2, 4 8 1 5T ]
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4 %5 ®

BT K SRR A, BRI SO A BT A A 0 AR R R R B T BT N DR K il T O 40 A0 T4
JOKAEUR B3k o % FH /AN I8 G ik ek A 582 B AN [ AR 43 9% 23 PRIGHE A 7 5 0 B o v DG JC 7 3k P TR0 7 R vl
fiefs 5 5 KGR AL P 5 5256 25 (K] 2 F1 [ 48 USM (FV-USM) & | 1Y 52 56 25 5 o, 5 At 7 A7 i Y 43 9k
FH LG, AR SOV e %5 8 T U R G AR M A R M RO i BB — o AR M, T AR AR SRR R
0%7#11 4.6281%[%) EER , iR 51 it /8] {4 0.061 s F10.0502 s, B A AR 5 38 &0 2%kt s fT
JEE PR R o o 5 A A S AR R R 2 R A R R A v A I (R TR B RO OGRS BN A R
F B T AU — A REAE 5 25 A A AN R AE T O R N 2% SRR, 5 2 N RRIE(E A L
FER B B ULRE AR A R o A 5 EEAE A A e U Ty T 2 VRS T, A 2 R R R i i D G vk [ A
FI) 5 SR kSR 2 il A 2k o s A TS I 42 R 45 R 22 B Pk AR SR 1 5 AR S8 R A BE B Oh v RE
T3 EAE R REVE AR S i TR AR A B 0 B R T A R IR R Rl . RS A AR
T T i F IR 0 AU 1) 22 AP RN S Ik
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