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[ Abstract] Most of the current electronic signature handwriting recognition models mainly focus on time series features and ignore
the correlation between dimensions, and the feature modeling ability of time series features is insufficient. To solve this problem, an
electronic signature handwriting recognition model based on double-branch Transformer was proposed to realize high-precision
recognition of electronic signature handwriting. Firstly, a dual-branch feature extraction structure of Transformer was designed to fully
capture temporal features and channel features. Secondly, in order to realize multi-scale temporal feature learning, a multi-scale feature
extractor was introduced in the temporal feature branch to enhance the encoder’s fine-grained learning of temporal features, and a
feature recalibration module was introduced in the encoder to strengthen the learning of key points in the signature time sequence. In
addition, a channel attention module encoder with a dual-view pooling mechanism was proposed in the channel feature branch to
enhance the correlation between features of different dimensions. Finally, a dual-branch feature fusion module was designed to
effectively fuse complementary temporal features and channel features using a hierarchical design of local enhancement first and global
fusion later. The performance evaluation was carried out on the public datasets MSDS and MCTY. The EER (equal error rate) of the
simulation scene 1 vs. 1 achieves 2. 54% and 2. 61% respectively, and the EER of the simulation scene 4 vs. 1 achieves 1. 64% and
1.87% respectively. The experimental results show that the proposed method has higher recognition accuracy and has certain
advantages in complex scenes.

[ Keywords| electronic signature handwriting recognition; dual-branch; dynamic characteristics; deep learning; Transformer
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Fig. 1  Overall architecture of the dual-branch model
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Fig. 3  Multi-scale feature extraction module
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A 4 A e 2 ) LA R AE 4 R AR B v
FURFIEPHE S A& LB F2E A =t (18) ~ =X
(20) 7w,

g = softmax(w,) (18)
F|V\ :glFl|

} (19)
F.,=gF,
W (F,) =W,GELU { Dropout[ LN(W,F_ +

b,)] +b,| (20)

Kfw, e R ASH & WIIRER w, =[1,1]7;
g=1[g.8. 1", WHA—AbJ5 B4 R ALE ; fl & 5 Fe o
W, eRszzn;b3 ERZD;WS eRz[)xzp;b4 ERzD‘O

2 XWHERSSH

2.1 HI\EERLHEHET
2.1.1 H%E

K0 MSDS™ A1 MCTY ' A4S 2 1 4k 4 7E
RIS EEE AR E TR P YT E R
E T W AN £ =S Rl Ty = X I [ N A 1
FEIE R, F-AF 6 A i (B P 51, MSDS £ 4 46 4 %
T 402 NPT 244 R b S0 IR AR AL T A
W B (session) REE &4 |, B4 By BOW &4 F P 4%
10 NEEB LR 10 DIRGE S LA,
IF HG R [ B Be b 47 7 B R 43, 28 4% B0 BTl
1623 080, MCYT %45 5 4 & 330 N P, 4426
RUGAESC, A P & 25 D E S A FEAR R
25 NG TE S AR IR E A S Z AP B
(session ) SRAEZE 4 | 85 44 A e B Wy BE b A7 W 3
2 2 B0 B 16 500,
2.1.2 HKFEMAE

&40 BEZEm BEAREDIREM BT
WA AT REN , fEE A RETR D, T2 3%
25 T ) R B PR B T S R S, 2 44 B
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H A AT G M 2 B MR D MR T LA /N 2 4
RNES, 1284 50 i sr i B Al R Ak (07 B
F R I R/NGE) B R I T R R A
ML 725 4 B I RE Rl R AR, 2 AT AR RRE RN A4
AT R R B & 44 R R 4R B, AH G BAR 2R 55U
fEUESCHER [ 17 ], MU HE AT 25 M AT AR R AIE 42 L K%
FRAE I — A Ak B, 25 M6 Kb 2 6 535 ) 55k M 7 AR 590
U P e 2 PAL BB AR B A e
TR AW AT R IR 1 TR,

R1 BTERETMITERE

Table 1 Derivative features of electronic signature

handwriting
5 s
Xy Yn ATE M n (AR AR
Pa BRI n RS
5, B ATE G n BAL R B
Ax, Ay, ,As, AAE R n 19y BRI 8 AL A
Pa EAAE R n W 1A AR
LA B8R TE A n Gy
v, R TE S n BB
LA A AE I n 153 T B EE
a, BB AE A5, D
sina,, , cosa, ZE A AE A n AE x BT 1] Y 1E 5% R 5K
cos, AL R n B ) B o Bl 1) Y AR X
0. AL n i 5 5 2 A 2 IR Y AR
Vo(n) ZEAAE S n AR
@e(n) 2 R4 AE i n 1 1) o R

2.1.3  F%akit

HL 25 24 ZE 08 PR AT 55 b, S50 B T LA TR
AN BE AT AN T O 4 A [ B 2 ). P ks
FH P 32358 2 7 A2 A AR, e R e
STV AR B DX e R 0 (E A G S
0 (R 4 Ry B, LR O P i S RS R A R
Bt AN AS TR 4 P A AS ) 18 1AL, DU R P A
FROE 323K kST OR A2 K RO X 1 e T
AR H P2 HBEIGE

FITAT S 56 2 A6 FH P ik 7 R A7 3K 3 ST A iR
THEAT, % B MSDS FdE 4L MCTY £540 4 (1 I 25
55 VP Ak b o 1 A7 B0 2 G R0 4, Herb MSDS 42 BR
FRA5 202 A PR S IR 4E | Ho At 200 A4S P
FREAS AR 4E | B P AT 20 S ESE4E 44
20 PN TE S 44 s MCTY F22 B8 FH P &1 408 230 4
FH PR R4 Hifth 100 A 1 P 89 RE A AR I
8P HA 25 S E S 25 A g b i
LT AN

XFF Uk, & 51 Bt A B B i AR AR Sk B 5 I hdst
AL, X, MCTY 08 42 9517 B5 B BE &4 4t

MSDS ¥4ig £& 23 5 PFAh T 5 B A B B Al A
o B Be At i AT D0 B AR AR A PR AR A
B R Gk Re A H] 85 By B At AT R T %
JEH P28 308 1 A [) B B ) 22 4k, AR 4 2 44 I i rh
o1 FH A8 AN ) 00 i 1) L S5 5 5 4 44 AT BE 43 5 ) ¢
PERBE , He IR AE 28 45 44 00 UE 5 98 ) 1 3 A L o
BCE MNP B B S 4 B Ty 1 4 B SR
[ 225 4 2 08 N IRUIMERE e 38 m 1 XF 1 A
4 X 1 5, PEFE AR N 24512 % (equal error rate,
EER) .

FP

FPR = o x 100% (21)
FN

FNR = s X 1009% (22)

EER = FPR + FNR (23)

P FPR M BIE 3 FNR MR 6708 TP b 1E 1 )
B IE 2R FEACE; TN by 1E B 70000 1) §7 2R AR B FP R
FER TN A9 IE 2R AR B TN Sl A R 1000 1Y B 2 R
2.1.4 %HBEEHE

JIT 4 B 255 03 2 7 ) — SE 3 R BE R EAT
K H NVIDIA RTX 4090D &£ (%77 24 G),CPU K
Intel i7-14700KF 4 H 4% | 7F Windows 11 #:1/E R G H
B N PyTorch VR EE % 2 HEQRHEAT L85, N £
YN 25 1) B 2 M A Sor: , R T LT U5 3R
e . Y Z5R%EE IR (epoch) ¥ & 24 100, #E K K /) ( batch
size) W BN 16, P4 11 2 F = ool #12%, SR H
Adam AL E HE1T SBM AL, W 1G24 2] R E N
0. 000 01 , FLH =8 R EH 0. 000 1,
2.2 KWHERDW

SN IR IR B A A e IR B TR S
A3 B A SR A 55 Al o AR AR R AT X R R
T RG99 XG5 S B A0 045 A A B 1 A Bk
TT ZWERSCE ; 5 A T 5 uFE A SCRERL G 1k
PERE , HE AT 5 BCE 48 AN W) — B0 4 1 5 B 5 s By
By s ik,
2.2.1 5 ARAEK

FeF X 43 37 Transformer B HL F 25 45 26 306 18 53
BIALYE MSDS Al MCTY %l 4 L 17505, K 4
BT, AR SO ROC i £ F 1 A2 (area under the
curve , AUC) 4 0. 996 5, i} WA 155 1 GE 76 14 55 B K IR
BH A 5 T) B o 30 4 30 30 43 L BH R AR, 6 BE A
WEAMFE N KEE T, JF S Sig2Vec'™ | TA-
RNNs'”! DsDTW ' BiLSTM '’  DWSCNN'*) & 7
JUAE BRI L, 75 MSDS BH 45 Fl MCTY %42
£ BT 1 XL R4 X 1 3 R & 7E MSDS
I MCTY 04 5 1 E 17 15 B B 50408 52 56, 5960 iF 452 7Y
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FIZARRE ST, 5 RNk 2 iR, ik ST 45 R AT LU
153 th A SCEC R AE MSDS B4l 45 b, BB B i 1 X 1
Yy M4 X 1 35 S U e 508 IR i 25 5%, 15
BB 1 X5 1 5 A A EER S8 2. 54% T
WAL TA-RNNs (9. 04% ) B B &35 4 X 1 5
o A EER A F 1. 64% |, [RIRE KRIRE T F A
X HOAREAY 3 3 I AR SCHRE AR R A Ab BRAS [ By
B % 24 R A B HL A O 5 ) 3 O 3 S B g

o8}
so06f
H
Eal
=3
o4l
02}
AUC=0.996 5
0 0.2 04 0.6 08 10
AR BE 73 /%
& 4 ROC iz

Fig.4 ROC curves

Fz2 7EMSDS I MCTY ##E&E L5 MR A L 16

Table 2 The comparison experiments of multiple models
on MSDS and MCTY datasets

EER/%

YGRS i B (%] = T
DTW 13.67 2.31

Sig2Vec 6.76 1.33

1 TA-RNNs 6.99 3.49

DsDTW 4.21 0.91

AR SO 2.31 1.91

DTW 12.83 3.34

Sig2Vec 6.91 1.54

MSDS 2 TA-RNNs 7.63 3.04
DsDTW 4.06 0.87

AR SR 3.18 1.77

DTW 17.26 11. 66

Sig2Vec 15.10 9.03

1&2 TA-RNNs 9.04 7.68

DsDTW 9.58 5.91

AR AR 2.54 1.64

Sig2Vec 5.50 1.71

TA-RNNs 4.40 3.30

MCTY . DsDTW 3.77 1.92
BiLSTM 10. 46 —

DWSCNN — 3.11

AR SR 2.61 1.87

T B R R R L4 R

FE MCTY $Hi e | A SO R [R) 4 82 B0 4 A e
HIPERE. 76 1 X 1 5T B8 EER 153 2.61% ,
8 F B A3 %F Fe B 7Y 40 6 DsDTW (3. 77% ) il Bil-
STM(10.46% ), 1E4 X} 1 5 F AR AER] T
1.87% ) EER , {U B4 T DsDTW H 1.92% ,{H ¥ i
LT DWSCNN 9 3. 11% , X —&5 R it — 20Uk 0 A
SCAE AR R A B HE 4 1 iz AR RE T R ek

S0 45 S F W AR SRR AR B0 4R R B
25 o B 3 v 2R B e G R A B B i 3 B
P RIFEE R AN, R 5 R R R IR AR A SE R R
E£FMERESS B A9 DET fhi 2%, UE W B2 AU /¢ MSDS Al
MCTY Wi~ AN [6) 2 44 28 70 () B0 08 4 B R e,
FHECZ T, 300 ) A AU 7E AN ] B0 45 b i e B 22
SEHER, I TA-RNNs 76 75 504 48 1) EER M 22
WK, E— U B G i . &5, iE 6 fr
N, R BRREY AE A 58 B RO 45 N FLR 45 44 X MS-
DS Fl MCTY 7EAS ] 37 5t T FLABRAE A X R 25 1) 43 A1
0L, E AT — A5 R R B X B BRE A X i X 4 fiE
1o A ECAL G T 15 0 H Al TR E 2 > A AR AR SO A
R T TSR B2 Ak fE 1 RN ER 55 3E R 1 33X % S B
MEAEEZE L,

40.0F — MSDS 1%}1, EER=2.54%
-- MSDS 4%}1, EER=1.64%
— MCTY 1x%}1, EER=2.61%
-- MCTY 4%}1, EER=1.87%

— )
o o
(=} S
T T

R/ %
s

20F

L [} 1 1
05 1.0 2.0 .0 100 200  40.0

RS R /%

Pl s #RAE MSDS Il MCTY #(4E4% L1 DET #iZk
Fig. 5 DET curves of the model at MSDS and MCTY

2,22 HEER

R T IR IE AR SCARE AL A X4 S 4R AL N A% A AR
HIA R, 58— LA MSDS %540 48 19 25 By B Sl dls i 17
151 #4351 g R e, S T ITAE XUy
SCHRAE AT SO | Xof A5 Y 53 Sl S AR B IR R AE S 3
BIE TE RF AR 3 S, B3 37 HE Gl A B P AR HE Y
Transformer % A% i F1 fa] 5 P H2 Al 5 RO 2548 . 403k 3
7, DS 56 235 5 m] R0 R G S SR 1) e A5 Y B
P TALAR B8 553 S5 A8 B 58 AU, X043 5 A A5 1 24
RAWE T 0o SRR XAERE AR
FURE ML % 44 28 00 1Y B R ORI JE AR AE X A
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Fig. 6
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AR A S ) (7] 45 (1 H A X H 4 48 28
BATH ZAE R, P A SR 5 RE 0% B I A5 A 52 3
TEIRG HE RO RAAE 2 2] o e Ah , 72 B Rl B | X i
73 3¢ T 53 3 LA KRR AE RS U R DG ASE B 45 A
BRI OR T AR A4 45, JU IR 32 BB A Z )5 )
PEREAR AL T RE AL B3R T 18 3%

T G MTFE 1 A [ 2 BURE K/ ) 82 T
P2 40 S S R A R RN 1357 .11 B
K13 W&, 70l 1T 2 ARSI R/NY
Sy, SR 4 PR, SR S5 2R 15 H MTFE A [ /Y
A B 5 X B L R R 52 i 45, 4 BPUR 1 3 B
AE A% A 804 3 I 7 R AIE 1Y 42 Jm 15 8 R0 R R A5 8L, 45
RENVNRMWEBREAEH F=3.5.7.11,LAS
REAE S IR b L R K 58 1 22 [ 0 R AE 32 5 R A
5 XU A 2 WURRAIE A B2 30

0T VAL CAM A Fif s £k J7 U S X 4 3R AR
T A S, 56 TE XA AR A 1 1 B 43 ) AT R —
Ak 7 R RO Ak 7 vk B Y SRR, Ik 5 B
AN, NI S5 AT LA 6 T O 4 3 g g AN
[ 7 2 7 0 0tk Ty 2K R X R AL i R TS [ R
B M) 79 Ao it A D =X B0 B R A AR AIE 2 ) 15 IR
#hFE AL B IBURE T A B R T

®3 AEABERMSY ZEMBERITLE
Table 3 Comparison of results across different components

modules and branch configurations

- EER/%

1 X1 4 %1

AR B I P AR 43 3 8.35 7.61

o £ 5 3 T FEAF 43 9.21 8.37
FE Al AL R 7.53 7.02

CAM 3.40 3.11

DBFM 7.12 6.87

WA 3 MTFE + FRM 4.20 3.97
FRM + CAM 4.52 3.88

MTFE + FRM + CAM 2.98 2.52

MTFE + FRM + CAM + DBFM 2.54 1.64

TR KR AR,
X4 MTFEARSERZASEHNERNITN

Table 4 Impact of various convolution-kernel combinations

in the MTFE on model performance

EER/%
MTFE & B4 &
1 %1 4 %t 1
(1,3,5,7) 3.97 3.56
(3,5,7,9) 4.38 4.02
(3,5,7,11) 2.54 1. 64
(3,7,9,11) 4.75 3.97
(3,7,9,13) 4.50 4.11
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2.2.3 T

AT LW b JR R AR A 5 PE R K MSDS i £
W Z2 A4 LG 45 44 28 8RR AR 1 1 [) ) B 5 5 R Gk
T X5 40 A - LG R, 2 o A R 4% S B ER YT Y
FRAEAS AL IR AT Bl #0  E aT AL g, an &l 7 BF
N TR IR 25 44 B0 3 ) B S A 5 44 T B A
B AT R B BT 2 44 RRAE A A AR DL S 3 a8 3
B HAK K 3G MTFE FI FRM 4 65 2% #h 8 #4 F7 1/,
MTFE i3k T K i 7 FRAF , 4805 0 40 3 2 1 2%
o 2t A R SR I A5 B A T (B B R A, FRM 4 5
PP — AL T I R A e SR il 2R 0 O B A T
ST 5 Lk FRM 5 CAM 4 i3 285 44
BN L, B T o A B — P s R IR

x5 CAM A[EMW AT EE 4820 %M
Table 5 Effect of different pooling strategies in the

CAM on model performance

Wty 3t EER/%
1%} 1 4 %1
Avg 3.78 2.91
Max 3.91 2.81
Avg + Max 2.54 1. 64
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IS I 20 59 R AR R AR T A 4 JR) RRAE 1Y I T R
FEAR AR, 0 18 43 2 B CAM 2 Bt 5 33 5 3 18 45 1iE
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Fig. 7 Heatmap of signature sample trajectories
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