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Palmprint and palm vein recognition method based on
modal information evaluation strategy

PAN Zaiyu', XU Jiameng', WANG Jun', JIA Wei?

(1. School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China; 2. School
of Computer Science and Information Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Multimodal biometric recognition has gained widespread attention in the industry due to its excellent per-
formance and robust reliability. However, traditional multimodal biometric recognition methods usually fuse directly at
the feature or matching layer and rarely consider the differences in fusion effects caused by the quality of modal
samples. Moreover, research on multimodal biometric recognition methods is restricted by the absence of large-scale
publicly available multimodal biometric databases. Therefore, first, a hand multimodal data acquisition device is de-
signed, and a hand multimodal database is created for the validation and evaluation of multimodal biometric recognition
methods. Second, a palmprint and palm vein fusion recognition method is proposed based on a modal information evalu-
ation strategy. It uses the category confidence level corresponding to ground truth sample labels to assess the informa-
tion level of each modal feature. Thus, the model adaptively assigns weights according to the contribution rates of differ-
ent modes during the identity recognition fusion process. This method outperforms other recognition methods by achiev-
ing the highest recognition rate on two public databases and one self-built multimodal biometric database.

Keywords: biometric recognition; palmprint image; palmvein image; multimodal biometric databases; modal informa-

tion evaluation strategy; category confidence level; multimodal fusion; palmprint and palmvein fusion recognition
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B 2 A1 = 7 RIS, 15 3 fe 28 1 8 1
J1El:

M (F) = 0(MLP(Avgpool(F)) + MLP(Maxpool(F)))
A 0() IR Sigmoid K B, FR7N4 A BHF
TR 2) 738 18 2k B2 g AR R AT (81 4 7 oK
A B3t AL B, PR 2 9k AR LB R AE B R A 7
e FEPHE, B R KN T x T8 B A il s
CIRE =W P

M(F) = 3(f™([Avgpool(F); Maxpool(F)]))
A fPIRR NIRRT XTI BB 5

e, B mEE N EAEEEE RS R
UG A FURRE HEA T AH 3, 15 215 58 22 5 1Y RHAE 14
F,=F®M.(F)® M/(F)
KrheRRTTRF,
AR SRR A FURHE (8] P 2 7 Dk 145
B 45 BURRAE B V, 43 5l 4 A B CBAM H iE 47 RRAF
B, 45 21 1458 1Y SR A BUREE ] P, R Dk
B ERREE Y, o
32 EEERETEM
FESEBR N FH A, 28 TR [RFREAS AR [F] B A 1
JoT s R B A AR A, AR SR S 2 0 X6 1 1 A8
R AN RIS I 200 BEAR B, JPR e oy
BAARE B ME B2 0 &5 R
B, % R RS AE B R B AIG, W 3R 7 iz A
REf% S B 5 Bt A AR R E KD
R, AR 1 28 0 A R R i, HAE R
L=
ASCBTT AR B AR AR P B AU 1Y
B BETEAR B 1R R KBS A B PP
P2, Bl 6 45 T ¥ QU SAF BB TPAG B Y 45
FAHE &, 5 k5 B PR B He 250 5 2 2%
Pl BARGBRINT
G, #4453 1Y 3 SUER B B BURE B P,
B K EZ 08 BURHE B W, 43 3l g A B B BT
AR 1 FUE B PEA A e 2 v, Jp Sl s 2 2L
B 1) 45 FUREAE 8] P, 19 S5 K2 0000 ABE 58 W, 2
K U 10 3 B AIE RV, 8 B R 2R T A SR W5
W, = max (9(MLP,(P)))
W, = max (0(MLP,(V5)))
AW, e,1), W,e(0,1), ()& Sigmoid i ik
PRIEL
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SREKRAE

. Sigmoid
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FHIEEL: P, |

o

| AR Py
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it PR

Bo6 BEEREITMERMIER

Fig. 6 Framework of modal information evaluation module

R, P52 SUJ 38 K o BN 2 R 5 A58 0, of
B 1 AL 2 AR A 1) e DR IS T AL SR A Dy 28 ) A
JE, W s B TR A O

Lopsi=— Zyli -log(q},)

Les, = —Z)’m‘lOg(q/zi)
Ly = Lesi + Lase

Krp g AR ELEMER B B BURRE P, 1Y 00 28
I oA, g, AR S K A5 A 2 BURRAE 18TV, B T
M5 oA,y AR BURE Y B BURHIE I P,
SR I3 AR,y AU B K RS Y A AR R AR A
V, B ELSE S oA, kARSI, i 103280

i bR DB, AT LA A A [ S Y 2 1)
15 B, A5 Bl B 7 5T Gy Wl B A R DEAG SRR AE 915 B
B, DT EE AT SE MR AT Z RS RG . H, A
2 A J2E PP Ak S A DR S50 A A 1) 28531 43 A1
X FII TE A AR A, R RS T A 58 W A W, A
[7i) L 2SR 7 AL 3R, 3 AT LAAT A5 S e A
BRHVEFRE . KW, TER BRI LT, B
R ST ME A< 00 F e 1 AL B B, R EUE IR
FRFBIIN o PRI Sk, S0 S8 S 0T 07 1 ARE 38 AR X T e R
25 ) 5T 0 ABE A T AT b S e YA A S 1Y A
JE o SR ISR 10 i M S ] LA 3R A ] S Y
RS 2 ) A B, P DA e A ] 288 53] AN [ A6 2
A YRR ) A A LS ZR X I M R
A TSR, AH i TR B BT TR AR U A
B R T e AR

N g R O T, AR SCBT TR — 2
PR pR Bl G R R R AT BB PRA B e
HH 18 248 ] i KRR 25 A0 L 5 288 53] X O MR R AR —
B R REOTA A

2
L= 2" = F"y

m=1

2 K
m2:1 k;l

F'=3" " yup)
m=1 k=1

Py = max(e(MLP,,(Vy)))
A () & Softmax JIE PREL, kJ2FEHI%L, mft
FAEE pl R R 5 m S 1 52 28 1% R
PIREER, 3, R A m MBS R EE R, pY &R
R 5 m AR S ) e KIS IR vy 1 T AR =,
so/ME LA, AT 2B DEAl I 2% B8 01 v o Hh Ak 1
A RIBLSREAR MG BB, Bt & Z B Rl A 19
CIE R
33 EYEFHKFLEME
TEARAT HE GO E K 2 DS FRE 5 B E
W RIW,, WA A ACE 5 2 o B 7 46 R
FRAE B P AR 15 2] Py, 5 WoAE N FEARRE 5 % #
ik B 19 26 BRRRE B Vo AR SR 15 2] vy, Hd FR iy 3R
P.=W, P,
Vi=W,-V,
i A 2 A ARG T =, R AT DL 4
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Jog Xof AN [ A 28 FHARE A Joi 2t 19 28 Ak, DT B A4S BT AR
FE M RG R IE RIS o BEIS, B SRR ) & LR
TiE PP 25 Ik P15 ) o RRVRRAE 1 R4 T V5 R KR
PG RAWEREER Z, AR K
Z = Concate[ P;, V5]
2 1 Concate(-) R /R FRIEJURERAE . )5, K B
FRAEE Zi AR 2422, T 505 . M
% BRECR 2 S R, TR A N

Los = —Zy, log(q;)

A qm%*ﬂﬁﬁ@lﬁj/\ﬂé)_%}:}:ﬁjﬁEI’J
MREER, v 2SR IEE Z bR %
VK] 26 HE 4 1) S AP K pR LT :—Etjil
L=2A,L +/12-Lm + A5 Lo
KA A AR P BU RE B SH

4 354

4.1 HIEE

1) tBREBE A 31k 0 58 B 59 2206 3% £k 1%
(CASIA-Multi-Spectral-PalmprintV1 dataset, CASIA)
& i R B A s AT 5 e R A T, A 4E
100 iz & FE 5 19 200 A>T REAS, i 1 o for 76 5
o PEAHAILAE 2 A ISR A W, 2 A Ik 30 A B
U H o FEEA SRR, 2565 460,
630, 700, 850, 940 nm LA K& 15 6 /> AS [a] 14 1k Bt
PEATRAE, BB FA T HORAE 3 KR, &
HRALF] 7 200 SREF KGR fEA L, A
SCHEFE T 460 nm F1 850 nm I K TR A 4 A
PRV DK G AE B i o BGER XS R R 02
FIFHZ 75 30K (48] P Ay IRk DX 4 Bk R A7
AP, 17%;55@%?‘1“?1_57 A SR | A
TE LA o BB AN REAS B SO B X R I 1R 7 (a)
FIrs o

2) [) P 2 1) A 42 i 2 2 S0 5 UK B8
(Tongji contactless palmprint&palmvein dataset, Tongji)
FLFE T 600 {7 FEH 1Y 600 D FEFEA . FEASY
2 IR R AR, B — i I A 2R R A 10 9K
KI5 . R DX GO T2 28 SOk [42] Hhig
SRR DR IR AT AL B o R AR A A SR
Sl XK E R AN 7(b) B

3) H Al R Y B S KR % (CUMT
hand multimodal database, CUMT-HMD), H: >Rk £
290 S B A T E a0, KO T K
34‘1‘%%5\1%%\0 A EEE GRS E R RE
10 5K IER, 738 2 D BeRESERL, 2 I Bz
6] [B] B 1R I 10 Ko RSB B g il R4 290 4

LIEH B S SRELL, FERIKA T IR AR . A

SCR AR B T 50 2 A S B P P Y SR

Hﬂk 2 AR A RN R PPl T 5 1 T R A A . IR
@Eﬁ%ﬁlﬁ%m%ﬂﬁﬁf’%%i@i [24] TP RYSE
o TROMEAR A IEOG R DX S P B AN A 7(c) TR

(a) CASIA

(b)Tongji

LY

(¢) CUMT-HMD

7 3NHUIREMEL I EFHKE ROI B &
Fig. 7 Palmprint ROI images and palmvein ROI images of
three databases

42 EEEE

2R 3L 56 K ] PyTorch ¥ JE 2% S HEZ, I F)
J] NVIDIA GeForce GTX 1050 Ti GPU . #E47/in
BT, 28158 i ) 1R 2 > 2B 0.001, £
R E N 0.005, PLik#s SGD, itk K/hik
HHR4, ARG RSTIH—1h 224 18 % x
224 BE, A RSB R S
B A BIBEE N 0.5, 0.5, 1, L8 hs 3 L
T RS T 474 B 1 s 1 1) B A5 ) 43 I 2 A RT3k
£ IR HOHE A A N 3 BT R . R AR SO R Y S
v, R FIE #6372 59 2 (correct recognition rate,
CRR) F145 4512 % (equal error rate, EER) YE b F %
TR F8 R, R PEAE B B 35CR .

Table 3 Distribution of experimental data

Blkemme 200 Igedeticak ARk
CASIA 200 1200 1200

CUMT-HMD 290 2900 2900
Tongji 600 12 000 12 000
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43 CUMT-HMD #{#8 FE i9 36 i 5 7 f&
43.1 BAEEIRIE

RT3 R T R T 2 S A T A K
PR, A SR H 24 28 i T B 2 > 1500 4 7 LA
ALK AE, Hoh 4145 . VGG16. ResNetl8 Fll Mo-
bileNet, B 25 RNk 4 s,

4 FWEMEERER CRR)
Table 4 Identification result (CRR) of single modality
dataset %
Ttk HLL SRRk TRk
VGG16 98.55 99.11 99.31
ResNet18 99.40 99.45 99.86
MobileNet 97.80 98.97 99.10

H 2% 4 T A0, 76 3 BB EE I L, £
AR ETE 98% VL |, H A 3T ResNetl8 i) &
Py R IR AE 3 A BB B e L RS A v R
gEH 5 99.40% . 99.45% £ 99.86%; H: T
MobileNet /14 B {7 T 515 78 AT T fe fIK i 12531 45
W, 51k 97.80%. 98.97% F1 99.10%.

432 BAELKHIIE

R T WU 2 4 E X A 0 R A R ) O ik A
HEBR AR, AR SCGERER T I JLAE L) VGG 16 1E A FEAl
I 26 1) 6 Ff WU il A= 0 REAE U B 7R R A T
SEE IR, AN [RIFLS O E R IR AR 5 TR .

®5 FAERE T EHHR

Table 5 Description of different modal fusion methods

Ik ik
BT WA R A T D, TS5 A T

FPV-Net™) ¥RJ2(% BARIRE B, P72 B4 R A
25

conpygeo ZTEHRIRUTIECS I TR S
23 A1 T R

spnegen TR T AU MR E RSk,

TN BRI A
oo VBRI T B, 4

Jr i i AR RS B T A

v POTEHISEN U RIS 2 A T4 4.8,
IS5 I 5L T AT

rsenpen WBORITBITLRL M, BATCH AR
TR HL

AR 6 Fift A [a] Y SURE 254 i Rl 1 7 VA 2R 4T

T, SR AR SR 6 Frs, R FE )k

99% LA Lo AL, FERlG 3 MRS EIE RO T,

3RS AR YRR R AR SRS BE R B T

100%.

R6 WESHIFEERIELR

Table 6 Multimodal dataset validation results %

WIRES CRR
FPV-Net™*! 100.00
CSAFME 99.79
SF-NetP! 99.37
TC-Net"*? 99.86
MVCNN® 99.72
TSCNNF& 100.00

44 BETESEEEFEHRBEZINRIES

WA
441 HER & EIFEARG MR ITE

T A TG SR Bk T B A B BE PE A (in-
formation evaluation, IE) 3 F R0, A SCHE 2 4>
O FE BB BE DA N B R A R AT T R s
B, HARSIR R EARR 5k, fEA ST
Y AE 2R v, JE LS a2 R TE B, Sk 0 iR iR
Py A 2m: s Hak, A Sk T FRRIEZEK (concat)
FURFAE AN (add) 2 F 25 8 9 il 5 T T VR 3 AR
Fil A AP, G TSN B 2SR TE AR, R DAl X
L KRR TR S A R R R

12 3 B PR B R SER S5 RN ER 7 frs . i
7RI, AR 3 AN EEE B B T IE AL
SR KRR RO B R (%) TE A R0 R O T ARl
FH TE A5 B Y 5 20 5 7 DK CRE AR U1 455 1Y A 1 1 31
L ARG IR, A SCHR 1Y 1B B n] LA
RUCH A T S R KRR IR TR B R PR B

R EINHEELIESEEEFMERNITHER
(CRR)
Table 7 Evaluation results (CRR) of the modal information
evaluation module on three databases %
ViRiS CASIA CUMT-HMD Tongji
Concat 78.83 99.45 99.78
Concat + IE 84.00 99.93 99.90
Add 92.70 99.45 99.60
Add+1E 96.80 100.00 99.98
Attention 94.50 100.00 99.92
Attention + IE 99.00 100.00 99.97

442 5 RS S EMEFIEIRR G ik
R T W T R O IR A S, AR SO BT T
JUAF H A5 32 T 10 35 265 R 22 90 2% 1) 2 B2 A W)
RRIE U TR VR X E AL, R (R S A
TR ARLLE 2 AN FF B 5080 2 Fn B A 0 5080 e
RO RIS R AN 8 iR .
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WEAET, A5 TSR S RE VP A SRS 1) 5 S0 S R A 3R T 1% 55 W

x8 HEINHIEELARFENI LKL R (CRR)
Table 8 Experimental results (CRR) of different methods

on three databases %

Tk CASIA CUMT-HMD Tongji
FPV-Net™*! 94.00 100.00 99.91
CSAFMPY! 95.00 99.79 99.83
SF-Net(*" 93.33 99.37 99.95
TC-Net® 88.17 99.86 99.75
MVCNN® 78.50 99.72 99.95
TSCNNFP 85.17 100.00 99.97
E S IRES 99.00 100.00 99.97

MR 8 AT DL Hh, A SO 2 Y O VA AR
3B PR B U T A 0 B RO 38, 43l
BT 99.00%. 100.00%. 99.97%. X FKIZF L
RE8 A7 2k b il & Z B AE MR IE AR B, $EH i
1) B A UG B2

WAL, Ry 1 B A T b AL IR O I R ASOR,
ARIGEHAT T B AR VERCTZ 5 . AN R b A ik 1 45
551 (EER) #1 ROC (receiver operating character-
istic) Hh £k an 9 & 8~10 AR .

R EINMHEELEAREFENITLLLWLER (EER)
Table 9 Experimental results (EER) of different methods

on three databases %
ViRiS CASIA CUMT-HMD Tongji
FPV-Net*! 2.34 0.22 0.75
CSAFMPY 2.24 0.30 0.81
SF-Net! 2.54 0.62 0.65
TC-Net 4.71 0.29 1.11
MVCNNP 6.60 0.41 0.62
TSCNNFF 4.97 0.15 0.52
KI5 1.34 0.09 0.26
10 & \ \ K37
9 ful \ ~#~FPV-Net
Wl N ~#=CASFM
gp \ > =4-SF-Net
v \\ X _=+TC-Net
[ N, . ,+" =+=MVCNN
7 1 11| i‘ \ ~y’ ~=TSCNNF
6 ¥ AN ™
c\c 1 * “ \\ ’/ » . .
E 5 ! 1!\ ‘\‘,'::\l;'“\ ‘“!.\
= 4 1 i - ~ \\ N 'y
. AN e TS i
3H . “ P S
\ ———
21k ,/\]t“ e T =
1 Lﬁ,u‘-\‘ RQ*=--‘-.._._ S
< e el T

8 7£ CASIA iR LA E 7% H ROC B £
Fig.8 ROC curves of different methods on CASIA data-
base

10 4 . S
FPV-Net
094 3 S CASFM
—& SF-Net
0.8 ﬁ‘ - TCNet
4 —~ MVCNN
0.7 U =~ TSCNNF
1 d
\006 Il w—ﬁ\\\-----—--:;;‘ -------- -
I . /,
E 0.5 I l\\ \\‘\ \\ ’,’
= )
0.4 kl‘ |._° t\\Q\-o I/A\\
A\ o e
0.3} \\ " _"‘-\-\_\
02f ) \.k/‘t*' Yoo = emaas
Ol—k/ ¥y b o
I T S~e-
;o S, Ol N : : ey s
0 0.1020304050607080910
FAR/%

B 9 7 CUMT-HMD #(#FE AR 7% ROC %k

Fig. 9 ROC curves of different methods on CUMT-HMD
database
200 - ]
0 LAY “ S Wik
1.8} IR} \ -aFPV-Net
’ 11 ——CASFM
16l 1AM \ —-SF-Net
: '| I\;‘ NS ~4=TC-Net
i 5“ \ " =+=MVCNN
L4g | uyy N ,*" ===TSCNNF
PRART w p
121 whiay o il
X (TR W
510[ \a'\\ /{ “"-.,_____‘
U—408‘] I\' \\_;;4:__*-_ =
\ | Ses e YOS
00 -“k "&"\‘:hi.:a\ i
0418, 7 Pre MErmmmago-.
(DY .o ——— -
R Sttt}
0 020406081012141.6 18 2.0
FAR/%

B 10 7£ Tongji ¥ #&FE £ [E 7558 ROC Hi £k
Fig. 10 ROC curves of different methods on Tongji data-
base

i % 9 ME 8~10 AT LIE H, 5 HAlh s H
Fb, AR SCHE B PRI B R AR 3 S H50Hi e v A A
T 3AKK EER AH, 43914 1.34%. 0.09% F1 0.26%.
AH B AE oAt 2 AR A J5 A R A v 1 BOHE P L
TEREAS 5 FH AT MR 19 CASIA B3 %2 |, A S
i R R T O B

ARG HERIA, AR SCHE A AR TR R A R AR
B o s A AL LA R B e v . H R A
TEF R4 A 7 v 3 Ao B S A ke TR AN ] A5
A EWfEEE, Sl s & a AL T IR
SRR, S EUS T S Y SR 2

5 % FRiE

AR T AT BB IEE . 2R 2
SRR b, BB I e v U ik F)
1 99.86%, it b il 5 XURR 25 B0, A S 0k —
AR, ARG 3 RSB AE R, 328
AR W R AR RS AL g PUIRE BE K] T 100% 6
LEAh, AR SO X 3 S0 3 DK RS AR PR 53 5 1 v A
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