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Abstract

Nowadays, developing secure and reliable identity recognition technology is a critical issue,
and finger vein recognition has become our focus because of its high security and resistance to
counterfeiting. This research began by investigating Gabor filter-based models to understand
feature representation in finger vein recognition. Our initial experiments with fixed-angle
Gabor filters (Model I) revealed that 45° orientation achieved optimal feature extraction, while
subsequent models with learnable Gabor parameters (Models II and III) demonstrated that
combining high-frequency vein features with low-frequency background information
significantly enhanced recognition accuracy, achieving 98.06% correct identification rate on
challenging datasets.

Building on these insights, we proposed SFA-FD (Model 1V), aimed at addressing the
limitations of existing technologies in representing and extracting finger vein image features.
By developing the Wavelet Feature Decoupling Module (WFDM), the model can effectively
discriminate between background information (low-frequancy features) and texture (high-
frequancy feature) of finger veins and recombine them to improve recognition accuracy. In
addition, with our proposed Spatial Feature Attention Module (SFAM), the model can extract
both global and local features, further strengthening the model's understanding of the spatial

context of finger vein features.



We conducted experiments on multiple public datasets, including FV-USM, PLUSVein-FV3,
MMCBNU-6000, UTFVP, NUPT-FPV, and SCUT-FV, and our SFA-FD model demonstrated

excellent correct identification rate (CIR) across these datasets, achieving 100%, 98.47%,

99.75%, 96.11%, and 99.82%, respectively. The exceptional stability and generalization

capabilities of the model provide confidence in its performance across diverse databases,

including those with low resolution, limited samples, extensive identity categories, age

diversity, and nationality diversity. This versatility of the model is a testament to its potential

in diverse real-world applications.
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R gpf o A EE F AT - A e

Jir

S S S LR
AF17 € * Roboflow # F] % fhirsesbfHp# % e T § fhse » &
i * »r ] i¥ 9 COCO Dataset 4 %t+7 3 # Iz\ii gy oo WiITHE BAEE S
(Region Of Interest, ROT) #* i » r ¥ L FobL f & cn2 A § k24 # 5% eh
RSN SRR I E R R
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Roboflow
. &ﬂi%ﬁﬁa

(-) FV-USM 7 # &[20]
i ;ﬂiﬁa.é * k£ 850 nm =iT iz vh sk LED e & 123 {i»i;é«'ﬁ m;}ﬁ%;”‘\
B #4283 5T RAed0 A @ PERE 203 52K ekt fé
=+ 'ﬁiﬁ ~ v %lﬁ R ’F‘r#g ~ #ﬁ ’i*g'{#ﬁﬁ‘ﬁ - b2 R B3t 492
BRG] o F L BEAA XTI B R AL E 6P £ 5904 5 fRiT
B & 640x480 g oo £ (T HEA D A PR BRI S 0VRE  BRE
BAoRlE bl 5 42

FIBCOCO Dataset
EEK:

PR Y B ]

(=) PLUSVein-FV3 F# & [21]

p ?n‘i&zﬁﬁ NIR LED g | F 1 5 (Laser) g R Ficf 60 &%y
g ERF N ¢ 735 LI e 2S pAM s BRI T Tk o FinR
- IRl Sk (1 MR E IR P SEaE DR N I L 2 S AN
FBox2a g ARG 2 Al Ft o SRR S G 360 B £ i w
$r7200 SEfEAT R A W] 5 1280%1024 i ddp #9% B e 736x192 ¢ ROI 4y
PR FAEF AT AR > AL R 1 G g FRE o T
FV-USM ¢ § &t & ¢y 3 #% @ ffo 2 0 #- LED {r Laser 511t & 35 3 7% ¢h ROI

PORF RSB 2 S0 - RFBEORIZEE 65 32

)  MMCBNU-6000 3 #  [22]
t"?ﬂ‘i%i&* * ot E 850 nm T i vh Sk LED Yz & %k p 20 B K] 7e 100 &
S A B SR § 83 LT e 1T b ERER 161 72
Ao d g REE S G4y ek tH AR 10 5 5 6,000
A fe 600 BAFS] o fit FHCT DR A PETRE RS 2 RS R
BAcRlEE v b5 320

v

(
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(1)

(=)

UTFVP 7 #[23]

PR R kK 850 nm T i #h sk LED e B 60 % 3K cndp 0
oo 744 LT A0 16 t4 o ERFERAR L 192 304 B kp L
hédg P dp el Hdpo M3 360 B AT R e 1,440 247 R 5 672x380 e o
HIE FHCAIPIRE 0 AR 2 o S VTR JoREE 0 B G 55

NUPT-FPV F#L & [24]

SRR L 850 nm itk bk LED ft i 140 £ gy #0%
Foifo ¢ 7 108 £ 9 4o 32 £ M ESFEH 16 1 20 o F L g
Sad P hfeR thPBGARENICE 1050 £33 kg AR S
Podgul o B0 0 F BE 0 AR MEAR L W E 2R FRE o X
P HEOTIEER LD S - o FP 0 L FAEE 16,800 3EF i 840 B
ATu] o Al R BGE 0 B TR AR SV R B oRE R o 6D 55

SCUT-FV F #L £ [25]

B FOR B i 850nm 3T iz bk LED e B 568 43+ 4 ¢9161,344 3R F e
HuERI L B OAHEL LI FEHTRA ) T 1204 B EpEE
BT R BT RE  FRP T L B3 200 iR E 6 A
6487 Fenitizst & (NIR) %R T A SO RP o ZH B R FHE
Aot o SCUT-FV F# e (g it { % > 2/ @ Ay B s
o LA PR o BIE FHCRDIRE O 2 TR BRSSP oRIE o Bl
2330

PEARRFA R R

FV-USM PLUSVein-FV3 MMCBNU-6000

Jo gk NIR(850nm) NIR(850nm)

NIR(850nm ~ 950nm)

Laser

W
-%c;
ok

2123 & £ 60 % £ 100 %
83 1= 9 |+ 35 =7 | 83 i 7 {4+
40 i 1 25 kit 17tk
20 ~ 52 f& 18 ~ 79 A 16 ~72 &
B ke I #H A 20 1 B R

Ry
=

gy fh

%‘._{ %i %_—E
Shedd | ShoYH-meh| kY hH&bh
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600

) 492 1 360 B (& % )
2 i 5904 3 7200 3 6000 3&
Bbofatt B 640 x 480 1280 x 1024 640 x 480
UTFVP NUPT-FPV SCUT-FV
fo = i NIR(850nm) NIR(850nm) NIR(850nm)
£ 60 % £ 140 £ )
e
44 9 1 108 =7 42 ;ﬁ;i 6£§
<) ~ = Py ey ! i ﬁ ’ “g‘%/
i;é‘ﬁ’ﬁ‘;‘% 16 =%+ 32 =4 (£R<20°) 12
19 ~30 f 16 ~29 f -
R AW * K
%‘._—E
kL I 1T N IO £ 568 134 4
. E”fﬂ‘ #ﬂ‘%r%‘p
g
A7 Y 360 1 840 1 10224 i
2 i 1440 5% 16800 5% 61344 3
o fatt B 672 x 380 300 x 450 640 x 288

L~ FLREEHEG

- R E

0 H AT A4 4 eh SFA-FD #1073
FV-USM ~ PLUSVein-FV3 + MMCBNU-6000 « UTFVP %2 NUPT-FPV 2 * F#
FEFE#- 5 (Correct Identification Rate, CIR) 4p

BB AR T SRS
HAl % > 0 CIR a3t 8 2 Ve o 58(6) 977 o

Tk

W FEEGE G i o ”g,,‘? CIR :}Fﬁf—r&m A% 3

=t # (Number of total case ) # 7 #-73) 4 & 7%

a= ply
Hb

%2R

16

]&_mv TR TER N fpesE #

Correct case
CIR =
Number of total case
2P I omryeai=t#ic (Correctioncase) # 70 Hof] I Fr F5as =t #kc o

B Bl end 2Rk s a A AR F 0 CIR B4R A 7 B0 kit




Jir

~N

BRI R BREB R E
Bdp # PR PR CA] 542 S8 (hyperparameter) 3K B 3 & 0 AFTF BA 4o g
% % (learning rate) K % % 0.001 > B2 ® -+ (image size) &K 5 112 +=x £
(batchsize) 3% % 32 ¥5%=x# (epochs) & % 40> i * AdamW iF 3 -3
it B A2 L (cosineannealing) £ 5 & ¥ 53 & ® (scheduler) ki {73
oo PR A A WU ARY F g S T ars ar b 3R E RfE o
FA DR g i\' 12th Gen Intel® Core™ 17-12800HX CPU ~ 24GB RAM A4r
Nvidia RTX 3070Ti GPU =7 Windows 11 i¥%# % %} » & & * Python £2 PyTorch

A

% ke Gabor gt B 4 & 454 - (LDA-FV + Constant Gabor) £ 48

d 3> Gabor it Ben4 ek & ¢ 1 B DE HE Ak Bock > T A
T EIRIEET 0944594900 fo 135° w7 A B E T WA A S BV AT
ALE et e (CIR) o R PF - 57 B B 23713 &7 F Gabor gt B
£ BT }fjﬁ FHIRTHEROMIIER 0 AT F %% GradCAM $3] ¥ AR T gl > 5
WHA AL A BB DB AP H B AR R

+ = 1 7 ki Gabor gk B & & ¥ LDA-FV + Constant_Gabor #5-%] 9 CIR ' fiz

£ B (°) FV-USM PLUSVein LED PLUSVein Laser
0 99.90 96.94 96.11
45 99.90 96.94 95.00
90 99.90 96.94 96.67
135 99.90 96.67 95.00

¥4 = 7 childp ot 0 2 FV-USM #cdh & ¢ > 7 I ch Gabor o it B & &
(0°~45°~90°~ 135°) $HHAl 4 32588 e > CIR 35 5%-3F & 99.90% o F]p* 5
THWRFHENRGTERE - - RpEH m,;;‘ L& > Gabor gt B gk B S ¥ T
B EHEAI A oM eEF)$ - 8@ 0 & PLUSVein LED 4r PLUSVein Laser
BEAFREL > 2 & R Gabor ok FERBA CIR ENIRP LS o 2
PLUSVein LED 34 ] » CIR % 0° ~ 45° ~ 90° prif 3] 96.94% » e o 135°pF 4r T
"53] 96.67% it % ¥ it £.7] 5 PLUSVein#cdp # ¢ 2 { 5 FR 447 &
4@%8@@.‘]@;& Ao H R _Fxﬁm}f;% F ¥+ Gabor Jgid F & & FiE 4ot
s FIRF B HATSE S R R F B P FEK 0 Gabor & B (RELAS B R
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B c AREDLRERT N ER- B MR IO LG AT

7 H#-3)0 CIR -

4. = 1 % e Gabor gt B & & ¥1#-7] - (LDA-FV + Constant Gabor) #71 & 4 iz
o LDA-FV theta=0° theta=45° theta=90° theta=135°
FV-USM
PLUSVein
LED
R = dnt )7 g 0 Ak S HERT o # % Gabor Jhik B eHEA]
LB L7 R MR ERNRIEFR o 4pt 2T 5 s LDA-FV 3] 0
AR TR AET M - LR R 0 4o PLUSVein LED ]
Heom & FV-USM Tl &+ » X2 £ § 4 BK 5 45° pF > @ * Gabor jpik ¥
PAARN ] 387 A 4 o
7~ #A - (1Para-Gabor) ¥7 i 4oH07] et i

v @ 53] = (1Para-Gabor) £ 44557 99 CIR +- g
il FV-USM PLUSVein LED | PLUSVein Laser
LDA-FV 99.90 97.50 97.22
A = 100.00 97.78 98.06
4w e CIR k“f{ﬁéé WA Az BER %FmCIRF’ﬁ%E%

PLUSVein LED {r PLUSVein Laser #
#3837 97.78% - 98.06% - WL“P,L Fisailrw
ES IR Sl o L A A

it Gabor jpit B 58 » {4 P45
ke

EE e I

18

# & CIR » A %% 97.50% F= 97.22%
7 & 4 &1 GaborConv2d fics
GaborConv2d sc #9351 p 3 B3 B
R R I F R B R B D




I=q

7.7 473 = (IPara-Gabor) ¥ 4o avi g 4 v i
OoR R LDA-FV A =

FV-USM

PLUSVein

pEal o) O

& _GradCAM ¥ 41t g % % > 31 » GaborConv2d & » #-3] it 53 { 4v 5
b B 'Ji%l;—]%g‘? RENR I 0 4P RT 4 LDA-FV 503 fo i3] - ""3”‘ P BT L o

~N

-] = (sPara-Gabor) 22 4o et die

# = -3l = (sPara-Gabor) £ R 4457 e CIR v 2

A FV-USM PLUSVein LED PLUSVein Laser
LDA-FV 99.90 97.50 97.22
Al = 100.00 97.78 98.06

P ehlg s kg o WA= = B AR L Re- 7 Bt LDA-FV 03] o0
CIR-#* %% %% 7 ¥ & ¥ ¢hGabor % # & it Jg %2~ { &

T AT H D E g sih e )b b WY sPara-Gabor $03] ch dkc  KR
beth%) 120 2 2 21 § > 2 & FV-USM 4r PLUSVein 7 &+ 53 3] 7
100% 22 98.06% > # % #c® { % chLDA-FV #3 ~ 3 - ~#3= F {4 r
Lo IBEP T SRR A W M AR e PR T R i
TR MR Y 2T AT chg o Y kg B E hiRE o

B4 o R o

# = 1473 = (sPara-Gabor) ¥ Rdeficd] i g 4 ik
TR LDA-FV ¥A =

FV-USM ] '
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PLUSVein
LED

>3

& FV-USM ’?1 Bz i R4 B4 Wi ot RBke LDACFV 031 €
ok fodbry o 822X & PLUSVein 7R ﬁ_l AR AMAERR G - LR
e 40§30 R d LDA-FV 3] eng 4 Bl g p i 36 > B 3 H3 5 ¥ a e B
% GradCAM T AL = 2 R EH- R g B k2 2334 4 B ed 2%
T X P RN ERF PR B - U = 2R F PR
?K%&g’lmb" sy H - #hoRlik? - Grad-CAM 3 ¥ ;g;@‘;; T4
B R 3 o 0 b > Grad-CAM i 3 A& 2 #u 4 Bk ¥ AR (L omat 3R 4 @;«])\ﬁ i
HEA DR T b > RIFAFY A TV RRE, > Ragr ii
B e Tl > B TR v kKT S ERS BE S SRTARL
Ak i I P RN R GRS E TR o B ] FIRs ARG
GradCAM 07 410 = % oh s B & 8 8 A 45 £ B R BG H03) enlil foi7 4 o

3w WFDM £ SFAM i vk at 3% 0%

%732 WFDM #i{r SFAM e & SFA-FD 73] ¢ s fr > 2§ ie
70 s ¥ R > B SFA-FD #3407 PR R e 7R S 0 AT
A BHCEEECE R R e BRIEY o A B o WEDM i
#fc SFAM fioe o F % 5 % &1 » WFDM fr SFAM #-e te & B F4L2 + ¥ 4

EUEATE S L S e

WEDM - 3% it A 7 5%t & 17

FE % WEDM fiCi s il )3 % 7 o B0 ifd ¥ s 7
R A E iﬁi’wﬁéafﬂﬂ%énmgﬁ@yﬁb.w
B chir e o m WEDM HC 030 36 (248 (AT 07 B AT i » & 34 B st 1 B B
A B R R SR R CIIR R L 20 B B T
WFDM #5273 W55 7 R pechf Bois 4 B1% T F FFaY avg s o

LR RS RS AR > Aok 4 AT o

SFAM - 3T ey & 37 2%as & 7
%ﬁ d ¥ SFAM e admaic i3 m 8% » AP g me Rz ;?L Conv2Former
P~ 2B P A G oocd S A st 4 0 e ]S SFA-FD A% i 4%
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FH
%?ﬂp Pk Lo ERECA E - ﬁ?
Al s it o SFAM - e » 2 5E A 3

S SR SRty S LR

ﬁ/’:§§§fq¥?ﬁk‘ﬂb Ao AR H BTl G

ﬁ:}’]‘m’ if*l% %5,7
FSA-FD #3730
A R 61‘?‘”7% IR P > SFAM #3835 18

)

- 5 it

% SFA-FD #-3]3% B~ » *3‘4”{7\@4‘?5}9%;"( ﬁ"f’a‘g’mﬂ‘ﬁjﬁg GpEs R
B EFRA N

i

i 39 e P

THFIEE RINEA BEFES R RSN ok AT o
FAPNIN FHEEFEAr e (CIR) 7+
PLUSVein MMCBNU-
WFDM | SFAM | FV-USM NUPT-FPV UTFVP | SCUT-FV
LED | Laser 6000
v v 100.00 99.65 | 99.17 99.53 99.96 95.17 99.90
X v 99.95 99.48 | 99.10 99.48 99.92 94.72 99.89
v X 99.95 99.58 | 98.99 99.41 99.95 94.91 99.90
X X 99.95 99.41 | 98.96 99.42 99.88 94.24 99.89
2t~ E ?ﬁi%i@-ﬁﬁfﬂ‘lm WFDM #ic%esziy (CIR) 3=
PLUSVein
BAE | ®#E | FV-USM NUPT-FPV | MMCBNU-6000 | UTFVP | SCUT-FV
LED | Laser
v v 100.00 99.65 | 99.17 99.53 99.96 95.17 99.90
X v 100.00 99.51 | 99.10 99.49 99.93 94.51 99.90
v X 99.95 99.48 | 98.89 99.51 99.92 94.52 99.89
X X 99.95 99.48 | 99.10 99.48 99.92 94.72 99.89
F - ’?&1[ B3] SFAM #-22xit (CIR) #*=i5
PLUSVein MMCBNU-
Amplification FV-USM NUPT-FPV UTFVP | SCUT-FV
LED | Laser 6000
After Attention 100.00 99.65 | 99.17 99.53 99.96 95.17 99.90
Before Attention 99.95 99.58 | 99.03 99.44 99.89 94.94 99.89
None 99.95 99.24 | 99.06 99.05 99.88 94.35 99.89
S AELRFLHAN L AR FREATEER
) iﬁ%#ﬁ%’“ﬁ B TRE - - (457 A HE e

e
FALE L CIR ¢ i 5|7
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PRk AR A SRR L F e B AP R Al aiE T R R
B EIFER R o H P ’1&&::1']9: T APdRRliE- BEEFENAET R

WFDM 4r SFAM #-ke > F]1H &0 43 7 xﬁ*%a:}ﬁ R 0% 0k i R TR 4 s A B
P TR 4 B B R B PR o vt B
TR M A Apt o AP BR WA RS G R DE R dod - T

T
2Lt - BT & FV-USM TR E 2 CIR #ciE ' #
Methods Years | CIR (%)

DenseNet-121 [26] 2017 99.71

EfficientNet-B0 [27] 2019 99.78

Semi-PFVN [28] 2022 99.80

PVTv2-BO [17] 2022 97.45

FastViT-T8 [29] 2023 99.61

LDA-FV [14] 2024 99.71

#-4]- (457) (ours) 2024 99.90

#-4] = (ours) 2024 100.00

#-41 = (ours) 2024 100.00

#-A] 2 (ours) 2024 100.00
ZESERR SR TR E - B (457) #8532 - W le

PERESEEY ERERRA RE T R ESE S RENI DR
14 (adaptability ) frf& i (robustness) #& 7 J2 B iPIETR B - F R B * %
P Al e & PLUSVein-FV3 F#LE ¢ > g-4d LED fr Laser g B % 4p &
Pl AL 99.65% fr 99.17% ) CIR #3ff > dod & = %57 o 54 7
A AES S TRAEDTREY & G RIFRE SRR RS 0 ot IS
i e R R eh U et

EEAL A AR L A& R s 59 4 #. LRD ( Long-Range
Dependence ) 77 FastViT #3] 2 H &8 5§ i cdp # 94 Fpab p e (77 00 o
&% FastViT HA) L § 5%« chE RS EGFH A 4 > D RIE - 2 &
PLUSVein-FV3 T E + chT 32 CIR 7 # 4 95.19% °
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.+ - ~ 2y w PLUSVein-FV3 T4 E 2. CIR #iciE V' #&
CIR (%)

LED Laser | Average

DenseNet-121 [26] 2017 99.34 98.61 98.98

EfficientNet-BO [27] | 2019 99.17 98.44 98.81
Semi-PFVN [28] 2022 99.38 98.72 99.05
PVTv2-B0 [17] 2022 96.81 96.53 96.67
FastViT-T8 [29] 2023 97.05 93.33 95.19

Methods Years

LDA-FV [14] 2024 | 98.61 | 98.30 | 98.46
B3l (457) (ours) | 2024 | 9694 | 96.67 | 96.81
¥4 = (ours) 2024 | 9778 | 98.06 | 97.92
#41 = (ours) 2024 | 9778 | 98.06 | 97.92
#4)w  (ours) 2024 | 99.65 | 99.17 | 99.41

(2) *BELLFUTHRE - H32 g3
PO E- HBREFEATLEF LA AR LR TREY SR 4 o
ARG R F 2 5 840 B E U whH NUPT-FPV TR E & (736 « 2 FHE
B R CREE Gy A e ek T forEa 4 B B 98 Reodr
2o fEAle AR FAE L PR 99.53%: CIR

+
=~

#+tz 2y = NUPT-FPV T E 2 CIR #iciE v #&

Methods Years | CIR (%)

DenseNet-121 [26] 2017 97.60
EfficientNet-B0 [27] 2019 99.51
Semi-PFVN [28] 2022 98.93
PVTv2-B0 [17] 2022 94.01
FastViT-T8 [29] 2023 97.05
LDA-FV [14] 2024 98.18
#-3] = (ours) 2024 99.76
#-3lz (ours) 2024 | 99.53

(2) LE&2FMSRELTHE - f3e
& MMCBNU-6000 74L& ¢ > 73w 0 CIR 3 5i£ $1 7 99.96% » 4o 4 +
wA e S FALEE AP 20 B R R FSAE B B RE O R
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B @i HER O W s A L ST b
Z F’ﬁﬁ%ffn%%m)& 4“5 Bét: ) ]}(9 ”b)”ﬂ ]E_;IH‘_YFE-E )imj/l)};ﬁ: k» 4 o

Ztw ~ 2 A7 = MMCBNU-6000 74 & 2. CIR #ciE \* #&

Methods Years CIR (%)

DenseNet-121 [26] 2017 99.78
EfficientNet-B0 [27] 2019 99.92
Semi-PFVN [28] 2022 99.86

PVTv2-B0 [17] 2022 97.45

FastViT-T8 [29] 2023 99.71

LDA-FV [14] 2024 99.72

-3l 2 (ours) 2024 99.96

(1) %fwz%mw FHE - e

e ttf')gz_#gw*f' TR ) okl A ET L
UTFVP F# E A F a0 c (27 A7 ik A4 HR S > i i3
FEHFEHFALL A A PR o dod T 7m0 H 4 UTFVP FRE + 9 CIR
FI 95.17% o M SKp lw_?&%gﬁk S Al R SRR
% R g m:}ﬂ B BImA L ek a4 o
b B AT 2 Al EE B F w ARy A gt Y > £ H 2 3 A
* ViT (VlSlonTransformer) FHOEA B R T AP TR e &
CIR } 1 PVTV2-BO % 1! 11.68% - %7 11 &g ¥ ot ae iR -

#1717 t @AY & UTFVP FR 22 CIR #c it i

Methods Years CIR (%)

DenseNet-121 [26] 2017 90.23
EfficientNet-BO [27] 2019 91.13
Semi-PFVN [28] 2022 93.13
PVTv2-B0 [17] 2022 83.49
FastViT-T8 [29] 2023 82.19
LDA-FV [14] 2024 87.70
#-3) 2  (ours) 2024 95.17
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() Eﬁw&%ﬁﬁ7 FRE - 3
7 61,344 3£ R ff ek B SCUT-FV T & + > SFA-FD 17 4%
1%mMmcm’%a4ﬁ%ﬁo&ﬁww/%iﬁi%ﬂ SEN T SR 1
PR R BRHAGAFREFL R ERT SUEVHE
Bo XRWFHREEFe 7L 5nBMLE - L5 P fok+ 4 - SFA-
FD i€ i DFAB 33+ @ ehig it B3 B 4{rf i B acEda > g R
W% ¢ RN AR

L2 0BT T & SCUT-FV TR 2 CIR #cid bt i

Methods Years CIR (%)

DenseNet-121 [26] 2017 99.71
EfficientNet-BO [27] 2019 99.19
Semi-PFVN [28] 2022 99.58
PVTv2-B0 [17] 2022 99.71
FastViT-T8 [29] 2023 93.43
LDA-FV [14] 2024 99.66
#-A] = (ours) 2024 99.90

"
i
-%;;

* iﬁiw?E*G%W&ﬂ$mr“(ﬁﬂ—‘ﬁﬂ:‘ﬁ*i)iﬁﬁ
FoHREN BFRF G T R F NS HR Y PR S(CIR)IHME & -
. FV-USM 1} » #i23) - & = w i 3] 100% i g% 5 > & PLUSVein LED 4r
PLUSVein Laser #cp & + 4 B 7] 97.78% v 98.06% o #* b » igikt & & 77 i 5 7
HoAw eh % Sl iR S ik o

*F2 3 #5*% Vision Transformer #-% FHR N - A IR E R ACE 7 R4

£ ZE a3 e (SFA-FD) iﬁﬁif’fiﬁ FER R o A F AT 7 & 4 e WEDM
wvﬁmﬁi@f%ﬁm BENEFRRIE DR ¥ AR FEEF E2
VI P Ae R FER A endp R e ¥ > 3w B8 SFAM fimae - 5 i
PRI G RBE 2 B pyrip bl g ¥ o R TR 5 LR B Rl
%&ﬁmﬁﬁﬁﬁ’mﬁ%ﬁﬁ? RHCR] 3 3 IR DR drie 4 e

TR R A R AR E LB AT I 0 SRR
¢ e ¥ a‘ﬂ FFH &> ¢ 3 FV-USM~PLUSVein-FV3~MMCBNU-6000~UTFVP~
MDPWV&SUH$V@F?%°EQ?#%@EWiﬁﬂkﬁiﬁﬁﬁ@‘ﬂ
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