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Abstract To address the shortcomings of single-modal biometric recognition in terms of stability and security and the dif-
ficulties of multi-device and multi-input in multimodal fusion recognition, this paper proposes a learning model that fully
considers intra-class and inter-class measure to implement an automatic authentication method and system based on finger
bimodal features. Since finger veins and finger creases are difficult to change and hard to imitate, this paper selects these two
important hand-based features for authentication. By combining those two different modalities and using the auto-encoder
network to represent the intra-class features, we construct a metric learning-based siamese network to extract the intra-class
and inter-class features. The extracted finger vein and finger crease features are then subjected to distance calculation, and the
distances are fused and used in a logistic regression model to make probabilistic judgments. Finally, a bimodal fusion verifi-
cation model is achieved. To verify the effectiveness of our proposed method, we compared the performance of finger vein
recognition results. Experimental results show that the equal error rate of our method is 1.69% when identifying on more
challenging databases, which is 2.96% lower than that of models proposed by existing representative papers. We compare the
bimodal fusion model with the single-modal model and show that the equal error rate of the bimodal fusion model with finger
vein and finger crease features is 1.55%, which is 0.14% and 3.0% lower than that of the single-modal finger vein and finger
crease models respectively, indicating that the multimodal verification model has better performance. Furthermore, we col-
lected a more challenging database, developed a graphical interface to display the collected images and recognition results,
and finally built an end-to-end automatic authentication system from data acquisition to feature matching. Based on the above
study, a multi-view automatic authentication scheme based on finger vein and finger crease features is proposed for the first
time, realizing a system integrating accuracy, robustness and effectiveness.
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Figure 4 Multiview-VC data set acquisition equip-
ment and description. Use three cameras with different
angles to capture finger images from three different
angles
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The upper and lower rows are three finger images
taken at different angles under ordinary light sources
and infrared light sources
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by aging, folds, skin breakage, and too dark light
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Table 2 The EER representation of EI-Verf and existing methods on various fingervein databases
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Fang et al. 7 (2018) 0.47 0.1 4.65
EI-Verf 0.47 0.1 1.69
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Table 3 Performance of single modal and bimodal fusion
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Figure 7 EER curves of different modals
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angles

522 BEBWMAERRE

TEPEEURFAE 2 17, 184 77 B0 R A BRI AT T
WFE, X R EEN T EBRARERG T 2R
MY Be(s B, R BRSO E . A RGeS A1) A



A G BT FARRUBRFIE R E 2 SR KA TV R S

) AT BGCR S, OF HLTFa s A R AR R v [
SE, T DUE S G AT (AL AC B, SR
TARDEK, #2535 AL G AN (1 T Bt T4 X st
TR E o BT FE TR AL AE B4R P S B AR

BEXEE

R 77

7 TEXf W[5

H

89

RIAKPRE A, ARG T K HGE I T7 i
T IRAL B HEAT A7, HER IR I BIFR T IR P 74
T AR HFR 5 K 5 R 9T IR B R [X 43 (Region of In-
terest, ROD). 1%L FEUIE 9(b)FTs o

THIR IR

S gk

&

I
BN TS

£
I |
I [ —fafeim
[ g | | R | | RAT . FBIKES
| l
[ l [ EA—AETIR | " |
, w I 7
I fEHIKFE 1 [ EMROIXE, | é e VT e ]
l i )
[ | [ ZEROIKEL |
45 7 TR A P R

(©)

B9 RFIERETREE, @EGRERE BERBEHNRER, REBIBEIIMONRERITRFIIEFRK
Bl o) B AERIE, H T E2IEFRRATRE, R BT R EE Y R IAEGRE TR E (o) B 5IR 5]
iz, TIRAME, MH PR, EITREG S BIEEFIEIMEIGIITILY, SRHEMUS L, HITSHREIE
Figure 9 System workflow. (a) Image acquisition process. After the device is activated through the code, the device
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traction. (c) Image recognition process. In the identification stage, the images of the user’s finger veins and finger
creases are compared with the registered images in the database to obtain a similarity score for identity verification
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Figure 11 User Registration Process Diagram. (a) Username registration interface. The user fills in the registra-

tion information here. (b) Finger image under visible light source during registration. The user can observe the im-
age and adjust the finger position in time. (c) Finger images collected by the system. The upper and lower lines are

used to extract finger crease and finger vein feature information respectively. (d) The system finds the finger crease
and finger vein ROI area respectively, extracts the feature information, and stores the feature information in the

database

F 4 AREAEENREGEXREER F5 AREAEIEFIKEGEXARKER
Table 4 Correlation coefficient matrix for different Table 5 Correlation coefficient matrix for different
angle finger crease images angle finger vein images

FALS 2 (%) (%) £i (%) FRALS 2 (%) T1(%) Hi(%)
% 0.9876 0.5893 0.7186 Vi 0.5730 0.2431 0.2705
T 0.6200 0.9808 0.5287 t 0.3285 0.9744 0.2280
fi 0.6849 0.5169 0.9848 *i 0.2190 0.2203 0.9743
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