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Cigarette Laser Code Recognition Based on Dual-state Asymmetric Network
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'(College of Information and Control Engineering, Xi’an University of Architecture and Technology, Xi’an 7100554 China)
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Abstract: Cigarette laser code recognition is an important tool for tobacco inspection. This stu&y proposes a method for
recognizing cigarette codes based on a dual-state asymmetric network. Insufficient training on samples of distorted
cigarette codes leads to the weak generalization ability of the model. ‘To address this issue, a nonlinear local augmentation
(NLA) method is designed, which generates effective-training samples with distortion to enhance the generalization ability
of the model through spatial transformation using controllable datums at the edges of cigarette codes. To address the
problem of low recognition accuracy"dué to the similarity between cigarette codes and their background patterns, a dual-
state asymmetric network (]jSANet) is proposed, which divides the convolutional layers of the CRNN into training and
deployment modes. The training mode enhances the key feature extraction capability of the model by introducing
asymmetric convolution for optimizing feature weight distribution. For real-time performance, the deployment mode
designs BN fusion and branch fusion methods. By calculating fusion weights and initializing convolutional kernels,
convolutional layers are equivalently converted back to their original structures, which reduces user-side inference time.
Finally, a self-attention mechanism is introduced into the loop layer to enhance the extraction capability of the model for

cigarette code features by dynamically adjusting the weights of sequence features. Comparative experiments show that
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this method has higher recognition accuracy and speed, with the recognition accuracy reaching 87.34%.

Key words: cigarette laser code; data augmentation; text recognition; asymmetric convolution; attention mechanism
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i H AR SN A

AT ST TERES B o B i 5 A 5
R

Jr=0Wr[yr-1, %] +by) (17)

ir = (Wi [51-1, %] + by) (18)

0r = o(Wo [F1-1, 2] + bo) 19)

C, = tanh(Wc [§1-1, %] + bc) (20)
¥, = oy xtanh(f; * C—y +i;+ C,) 1)

o, x, Fy, 3 5l s eI Z1 LSTM 5876 1 i N\ A i
FEAE, W, Wi, Wo, We Rlby, b by, be 77 70 R 7n 18 i 1]
BINT]S i 1T DA FCIR S oA A i B PN AH

] 45 ¥ A7) J5 191 1 LSTM #4 % Bi-LSTM, Fr LA Bi- |

LSTM Hy Tt g St H A = (22) fios:

V=0 (W)_’t'i'wf’t)* . (22)

Sk, 5, A9, FE o 2 IE R 17 LSTM 8 76 0
LS A BT DIZEBLER, 5, %m0 %] Bi-LSTM 2
TCI RS 45 R, o () TR BE R AL

Deep Bi-LSTM % 2 Bi-LSTM & lifi &, ti& 7
Fiaw, FJ2 Bi-LSTM i H Y = (51,52, 53, 3 MEAN L
JZ Bi-LSTM WA, W ZE 1TSS FEAH [, & 24t RF
TEFFAY = {y1.2,y3,-+ )i}
332 SIABERINS

WK 7 Fros, BiFEE 1L (self attention mecha-
nism) P VB ISCET — J2 4% AL R BRI Y € RTXC,T =
HxWAE RN, CON@IEL, @it o EWHEQ.

SR KMMELRE V 2 18] FAR LA, 2 SR e B R AL R

BARASCNE. Q, KANV 7355 iy A\ 5K Y AVBCEE R B (14
RFZE AR, X (23) Fis: g !

0 =YW% K ywt v - yw (23)
Hof, we ERCXD’ A eRCXD, W, GRCXD%%U%@%Q’ K
AV AL EFEFE.

A B Q FIRAE B K B I R RIS A B
JIRLE, 2 Softmax(-) & U5 B & A VE R JIME B AVRHE
HFEA. A SEREFEV R S PUE A E W, RN
CHiHE, M3 2R S Z, ik 24) MK (25) Pros, B’
SEABIN T Ve R e BRI

A= Soﬁmax( Q\/IZ_Z ) (24)

Self attention

r—> ® )
M?%Tﬁﬁw%m&ﬁ%

||
¢!
Softmax (OK"/Ndy)
|

g BV Rgr By R kK v

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

} Score, | Score, | Score, Score,

I ' T

| N
) -

| 1

|

|

|

|

| \

1 | -

r

|

BT e BRI
L)L 7
34 BERE

S ERA CTC MRS58, XA AR 5l A% A
T, RO AR T R 4R 3R AR I B AR A Y =
D1 y20e ey} 5 5 B UG AR B A 35 1 1 . CTC A
SRTE AT IO A S SN, RO T BB AR R, X
TRl S S P A 0 2 48— 2R KM 1 7 B B,
XA B AR 68 I8 R B4 A e e A o, et S A R
e

T T

pay) = [paivy =¥, (26)
t=1 t=1

L" = argmax p(alY)) (27)

Horb, plal) AEE— AT R AR a IOBESR, Y] /2
11 25 AR 25y a R 4R B M2 B FR 25 P
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Slaltt, L WG pREERE R P RS (A, A
RS R AR L.

4 SZE
41 HIE&E

BTk = A FF BB B A, A SR I Eis 4R
MR L 2R E, SHnERERE =M. F
B T . RIS, IR Labelme XHHAY A7
B X RS = R AT N bR, 3 LB AT bRy I
h . Sk g, TR T Hdh 4.

CCD (cigarette code detection): il Z4f 4, 15
6913 FKJFE AR AL EIR, Horbill 9%k 5531 5K, JnikEdeE
691 gk, MREE 691 k. JHAD 7 7F X AR 13 =R H
4 NI RURR A TEAR, AT BATFRIE.

CCR (cigarette code recognition): ig%ﬂ%ﬁﬁ%, (Y
13 826 3K B AT AL 745 R BRI 15, F i)l 2546 11062
B, WS 1382 K WURALE 1382 3. th CCD i X ik
L BIRAT, MRS AR AT bR T
42 IWEH

SCEFRES AN R : Windows 10 #:1/E &4, AMD
Ryzen 9 5900X 12-Core AbFH 8%, 3.70 GHz 40, 32 GB
A%, NVIDIA GeForce RTX 3090 ‘&t S256% ] Python
VERYwiETE S, Bt R EE 2% ST HESE A PyTorch 1.7.1.

DSANet I ZRf R4 A\ RS2 384 % 32, K H] Adam
PeA 28 13547 s 21 v B U1 5, B AVTER % 21 %08 0.001,
batchsize A 64, YIZREARIRE)y 100 K.

4.3 1FNIER

AL R H R ZE CRA (character recog= |

nition accuracy) LA R 5% WRA(word recognition
accuracy) FHEELIH FE F PSAE R PN B e, b B 77 iR
e S TR IR S I B, 1K (28)
Fiw: .
Q
C
Horb, ORI ALY Hh () B 15 S8, C 3R IERA R
IRRRS 7 4. 5 2 AL WRA TEAR SO R IR BEAT IR
S TERA IR AR o IR AR & 1) LAl
4.4 HRESELG

(1) NLA &4 77 =

N T IR NLA 5 ¥ e #AH AP AR 46 KA R,
I3 AT S AR e . IR AR #2038 NLA ()38 4 07 75 3

CRA = 28)

218 F A HiARH % Software TechniquesAlgorithm

FF CCR 454, ®WEN=8, R=cut/3, #1777 4 4
TH ARG, DA 7V 5 ST ) A B I R I S AR Y
ATV R A B %% DT VR IR A

1 BT b ae A5 AR, (TS AR . W
A AR AL AR 45 184 560 (1) LA AR A WRA {E L DSANet
Syl 4.5 4.6 F19.94 H 4 i, 7 AR S AR AU
AL, (AR BA RN, 2 T AR T RIFEA.
WA A PR T AT AR 4, ERARSKTT — M X e
1 MO B LS, LT ARG N AR A5 1 2 R, T
ALV B (O PR TR BEA PR, AL, R 5 4 B 5 45
T3 A PR A

.

L NLATHORME (%0

Method CRA WRA
DSANet 95.76 77.40
DSANet+Affine 96.60 81.90
DSANet+Rigid 96.63 82.00
DSANet+NLA (Ours) 98.50 87.34

(2) FESHNFRIIEUE

NLA i KA BB S H: 5 815 5
N ZEAER, AT IUEXS NLA 13 5 3Ok
BRBEZEMEH, SCHBMENN =8, R=cut/3. AH75E
56 43 T K PR A B 2 B 0 BB HEAT B 7, B R [
G E Nimg W, %5 FE Nimg H, ¥R 5 N 4 ]
B IRE N cut = img W/ N, Re (0, cur].

22 2SI E N = 8T TUR (U, SLia st KW,
X 384 x 32 () B B AE 2y - A BUE R = cur/ 3, R
SENAHMREL N, AN B A, 5 R > img_H 2,
D358 A I 320 HE X N7 ) — St ) 1 8 B X 5 7E il
Jila g BB, XA S 8O A, A TR0
GRFEAR.

3 SIS BE R = cut/ W SN HUA, HHsings R
A CUR LN S AEIUE A 8, PR A YR 3R A W o B
mE IR AL A 16 ADNTARF, RIor T 8 ANER AR, FERAS
TP — R S, P A A G AR A
RE = AR I SCASE M N T BRI AR, (A
LIRS AR

NLA J5 ¥4 B e A )RS P45 an 14 8 Fro, fdis
k. B BURIARAE 4 Fh. [FRF, 8T R NLA %
TR 4 B AR T, e e AR R A PR AR AT T AR,
o5 KK 9 frow, FoHh, (a) 4 ground truth; (b) N
DSANet; (c) J DSANet+NLA. i LLE H!, 18 ] NLA 1
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i H AR SN A

5 (K] DSANet £ 4k B M A2 SR A5 I A LE TR 18 SR A A A
BEHFHIRCR.

R2 AEIERSENHERSLE (%)
N CRA WRA
1 94.6 78.40
2 95.55 82.21
3 9591 83.64
4 96.02 84.10
5 96.24 84.95
6 96.35 85.40
7 97.53 86.83
8 98.50 87.34
9 96.87 83.28
10 97.00 84.00

(3) AR FRAZ R e Pl A ) A bk

S ) NLA-* %75 7E NLA #4305 FORUEAE T b

VI 15 . 90 AF X R A5 B 0 WG 1
EFRTE, DL WRA (ERVEMR IR X AT R, T LT
L5 TR A TR IR L 30 90° i 4%
180°HERHE A | T EIEE 4 Fi. 2 4 S, B BRAE (T —Fh e

2 [ T ) P 7
5 : [ et r..wi
I Ll

2041531830751350

(a) 1234610116231234
(b) 1234616116251134

(c) 1234610116231234

9 WA P 45 X L I

# 4 NLA-DSANet J7i2% T e e w45 i fih Sz i

Horizontal Vertical Rotate Rotate

Original

. Up-down flip
kernel kernel input 90° 180°
— — 8575 5800 5895  58.86 ..
— v 86.98 5861 5947  59.66
V — 86.90  59.06% 60.22 60.05
v N 8734 5920 59.89 60.10

. )

KPR AT B A SRR T T #7  BREAE,
FIE e 180° )5, AN 2 B AR IX BERFAE (1) AR J7 1], %o &
T &, AT3AA T DABR KR 52 7 1) AN 2 TR e e sl 25 e
IR, 5T B R, il 10 BoR, 5 3x3 TG
FUZAR B, ZKP 6 AU AE Bl RO R B b= R A
A5 3, 2 i, PACB 1) — &/ 4588 iT LLER B
IERRRRFE. DL ESEESUER T PACB, )2 H K
A%, SRR, AT AR SR AL KRR

(4) PRz B AR s

AT S 5638 5 2028 AR5 B2 AU (A L L 8

3041551830151350

2041531830751350

XTRR A BUZ AT 2 AR AL ME R, (AR L T 3x3 45
TR, AT BN — AT R AR R PR R (UK
PRI RLTE 3 AN BEFEIASE FAHE T SR AL
FEFESY AR 1,06+ 1.27 A1 1.19 H 40 s, SUIMATEE
PR RORE FE 43 3 0 0.61. 0.52 AT 0.8 T 43 5, AJ LA
A, ACFARZNT 180°F1 Tl #% G A S

#3 BEEERER (%)

R CRA WRA
%’” 95.63 \ 82.50
cut 98.50 - - 8134
3 L ) -
cup \ L 25 84.54
4% - -

\, ¥ 95.31 81.24

e N 7 TIEY T
(A7 1B S 9

K8 NLA A A smpe A

2110853672783135 XYYC610425130045

3110853622783136 8YYC610425150C45

2110853672783135 XYYC610425130045

A %
PACB *E@ﬂkxﬁtﬂ%iﬁémiu 353 BRLIE KD 4
i
(E\\Fjﬂ)s_ﬁ‘%@ R AL B ) AT ST

4
e 3
Square

Horizontal
kernel kernel
(b) 3x3 convolution kernel
B 10 ARTEIRE R BUR b SR BURFIE (1 X 42k

5 e g R BR, AEXTFR G AL I N 3 1 4
BB CRA FI WRA (B HLIRIN AR A2k Ab = 1.05 F10.42
By, ISR 2R B EE K 11 hFE—
UK H PR 1 52 2% T 0D B U 45 0T LG I, AT R
F RS FR A AN B 2R B A R ST PR [
EGRESEVEE

11 s Ron R, 7T LA H AR R A5 AR
BN A BT A 0N B ASE B0 288 SR B A, 4 A 0 R

(a) Horizontal convolution kernel

Software TechniquesAlgorithm #fF4 AR« 5%: 219
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FERZ AN N 22 287 B A B T8 22 1 Ay B 0 1
P B S UNBOR T b, SR A SLIR A R T 15 (1) 18
3x3 BRI, A T L&A B H 2 (2) PACB
PR BE SR Ak B R, 5] IR A BT 0 1) 1 S e 75 r]-
(3) AR T4 5 4R ) PACB #ibi, oIl A4 B &
BRI 1 e R B

K5 AR EBZA AL E N SR (%)

Model CRA WRA
NLA-DSANet (skeleton) 98.50 87.34
NLA-DSANet (border) 97.55 86.92

L

(a) 1244616116351**4
(b) 1234610116331134
(c) 1234610116231134
(d) 1234610116231234

(a) 1334616116251234
(b) 1234616116251234

(c) 1234610116251234
(d) 1234610116231234

r &/

(a) 1124610115231234
(b) 1234610111231234
(c) 1234610116231234
(d) 1234610116231234

(a) 12346***18231234
(b) 12346*0111231234

(c) 1234610216231234
(d) 1234610116231234 (d) 1234610116231234

11 B2 RS BB R 45 R HE

(5) DSANet ByEEE AR fl L 16

N T VAl DSANet H1 % SOgE B 1) R, 24T
T A S, Y ZRBR AN 12 TR, AR 307 R ) B AR AR
RFGE T BT HABBL RS, R E AR e BT &R
FHARAEARY GIE B Z 7R AT A S vt g

122 6 A4, I Sl B HERE U LE CRA A1 WRA

ESr AR T 1.26 #12.04 T 45 s, I #ﬁﬁ?ﬂl FPS 45

PR T 45.24% il 1.9.58%,,,1R~PACB (51 A SUAE I ZR
MR FPS A% 40.85% H1 16.38%, 15 PACB X%
JE S MRAR K ; 30 B xC I v 1 22 5 I B B 6 F, (H
FPS % bb JE A TR N [ 4.9%, i T o8 J8F AN ¢ T~ 6k v
B, R FE AR Al N T 3 = AL, BT DAE ER
B 5 NLA-CRNN+SA #[F]. LA &5 5 Ui ], PACB %
FURZ B R mT DA B Fe A SR A A b o B, (A A 46
ROPR AT 3 I 46 (3 B . R AR S H R S A Y R
S R LR B 1) [ B B U A T A 2
4.5 XPtEsciy

N

L (a) 126461011623125%*
(b) 1224610111231234
(c) 1224610116231234
(d) 1234610116231234

(a) 1234616116231234
(b) 1234612116231234
(c) 1234612116231234

-

A WAEA STV WA R, 2[R — MY

220 #AHARH % Software TechniquesAlgorithm

W EHE 2 A CRNN (baseline). # #2202
f) CRNN-ResNet50°? . SVTR. T ER A ML I
G ETBE ASTER. MORAN. 3T £ A0 )77
ABINet. F T M5 R 50 B 70 1) A 28 077, B
NLA-DSANet 77 %, PEA LA A2 i 15000 14 e 5 24T
F#g, 45 B tn# 7 Fron, NLA-DSANet #5545 4731
IR WRA KB T 87.34%, 5 _LIRBERIMILL, 4342 i
T 13.94. 12.04. 6.69. 8.81. 11.24. 4.34. 9.86. 18.74

B3 s HERE FE AT CRNN. ERRI %
VETE SRS R AT 55 H 3k ﬁTiﬁcmng\f%WE, HAH
%ﬁ%?’ﬁfiﬁa‘{ﬂ\m@@iiﬂ%ﬁfiﬂﬂﬂ%ﬂﬁ%ﬂ@%&y

\0

. 9
80 |
~ 70
§
60 +
g
S0F —— NLA-CRNN
—— NLA-CRNN+SA
40 + —— NLA-CRNN+PACB
—— NLA-DSANet
30 1 1 1 1 1
0 20 40 60 80 100
Epoch
(a) MERZ LL R
24 +
22 —NE& EEN-%—SA
20 L —— NLA-CRNN+PACB
s L i — NLA-DSANet
1.6 Y
2 145
ot
<7 10 |
0.8
0.6 -
04
02
0'0 1 1 1 1 1
0 20 40 60 80 100
Epoch
(b) LA K LE R
K12 gt t
%% 6 DSANet BHA I i SL 4
CRA  WRA  Training speed  FPS
Method
(%) (%) (samples/s) (fls)
NLA-CRNN 97.24 8530 864.80 78.95
NLA-CRNN+SA 9733 85.75 809.40 75.01
NLA-CRNN+PACB 97.51 86.76 511.50 66.02
NLA-CRNN+SA+PACB 98.50 87.34 473.60 63.49
NLA-CRNN+SA+F-PACB 98.50 87.34 — 75.01
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i H AR SN A

7 XS

Method CRA (%) WRA (%) FPS (f/s)
CRNN 93.35 73.40 78.95
CRNN-ResNet50 93.82 75.30 74.00
SVTR 96.37 80.65 42.75
ASTER 95.97 78.53 66.01
MORAN 94.03 76.10 63.49
ABINet 96.50 83.00 51.36
ESEN 94.37 77.48 69.6
G gl 92.15 68.60 42.10
NLA-DSANet (Ours) 98.50 87.34 75.01

5 4R
Gt W A R T R AR S JRAF B2 A RS 1159 . 15 5

PR 22 5 0 7 72 A A 005 S 51 Tt 1 1 )
AR EE R T — ol T SO0 e R D0 45 AR 5] v
B e, BEVF ALt R S SR, 7 AT UG 14 2%
2 BT AT 2 T A, AT R W A AR
I ZRRE A, 1SRRI AL BB T, ok, Wik s AR AR
%%, 1% 2% 76 CRNN BB 5L Rl K35 BUZ R4 A
IR R BB 2, I 2 L I A7 AR X 2
LB T4 3 x 3 B ), T et AR B AL
AN, R 00 B A B B 7, A ARATE S
HBR AT BN Bha RIS SRS i, 8
SALE IEHTHA AL B U W 28 25 UL, 5 PACB 25 2 6t
513 x 335 AR G544, 5 FR P i 7 RS 888 A5 M 3 I 7)1
T SR THR MRS BE; LS, TEARFR 2 o 3]\ L )
WL, 38 3o 25 VR e A IR, 8 S A e X J5k
SVERE. SEBG RN, 5 AR B A b, A B R

WIS Bk F) 87.34%, 5 CRNN AMHECHRF T 13.94 714

A, FE MRS R 2 LA R RS
BENH

1 LA, S B BOR 0D E R BIRT R (B i
321, B BRI K2, 2016.

2 AR B 44T 5 R 32 OB DAL RN VAR 7T [
T3], BRG ERBUEE TK2%, 2014,

357 . AT OB Dy TR 5 K He RGeS B [ 24y 16
3] B B T KA, 2017.

4 BRI BRSO T Y4 SR 5 [
e 3], B B TR 2, 2018,

5 HIRR, B0, B, WA TR RLEHT 5. B
W LS A shik, 2010(3): 117-119.

6 WA, T, X, 2. 3T S 00 JIR i 2 40 55 D K R iR

oo

10

11

13

15

16

18

S THE NS 53, 2019, 36(12): 189-194, 244.
W, RN, BB, S A TR AR I 4% 1) MR R Y
REIR BT i, TR B BE TS B 22 2241, 2019, 31(1):
111-117.

WL, I SCHE, R TR 2 S B AR SO IR U5 v
iR HHEHURE SRR, 2024, 18(5): 1160-1181.

Shi BG, Bai X, Yao C. An end-to-end trainable neural
network for image-based sequence recognition and its
application to scene text recognition. IEEE Transactions on
Pattern Analysis and Machine Inte%lig;nce, 2017, 39(11):
2298-2304. [doi: 10.1109/TPAMI.2016.2646371]

Graves A, Fer{léndez S, Goméz F, et al. Connectionist
temporal,_ classification: Labelling unsegmented sequence
data with -recurrent neural networks. Proceedings of the 23rd
Intérnational Conference on Machine Learning. Pittsburgh:
ACM, 2006. 369-376.

SRR, B TR A 2] (R B S AR ) SRR T S S
(AR 2A A2 3] BUML: HTT RS, 2021,

Du YK, Chen ZN, Jia CY, et al. SVTR: Scene text
recognition with a single visual model. Proceedings of the
31st International Joint Conference on Artificial Intelligence.
Vienna: ACM, 2022. 884-890.

Sutskever I, Vinyals O, Le QV. Sequence to sequence
learning with neural networks. Proceedings of the 27th
International Conference on Neural Information Processing
Systems. Montreal: MIT Press, 2014. 31Q4—31 12.

Shi BG, Wang XG, Lyu PY, ‘er 'ﬁal. ‘Robust scene text
recognition with automatic rectification. Proceedings of the
2016 IEEE Qoﬁference on Computer Vision and Pattern
Re\cogniti'on. Las Vegas: 1EEE, 2016. 4168-4176.

Jaderberg M, Simonyan K, Zisserman A, et al. Spatial
Transformer networks. Proceedings of the 28th International
Conference on Neural Information Processing Systems.
Montreal: MIT Press, 2016. 2017-2025.

Shi BG, Yang MK, Wang XG, et al. ASTER: An attentional
scene text recognizer with flexible rectification. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2019,41(9):2035-2048.[doi: 10.1109/TPAMI.2018.2848939]
Yang MK, Guan YS, Liao MH, et al. Symmetry-constrained
rectification network for scene text recognition. Proceedings
of the 2019 IEEE/CVF International
Computer Vision. Seoul: IEEE, 2019. 9147-9156.

Luo CJ, Jin LW, Sun ZH. MORAN: A multi-object rectified
attention network for scene text recognition.
Recognition, 2019, 90: 109-118. [doi: 10.1016/j.patcog.2019.
01.020]
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24

25

FRiE®E, trfe, T/NE, %5 35T Encoder-Decoder HEZE KXY
B AL B 2R3 S OCARRG. tHREHL TR S N, 2022,
58(6): 128-133.

Zhong DJ, Lyu SJ, Shivakumara P, et al. SGBANet:
Semantic GAN and balanced attention network for arbitrarily
oriented scene text recognition. Proceedings of the 17th
European Conference on Computer Vision. Tel Aviv:
Springer, 2022. 464-480.

Fang SC, Xie HT, Wang YX, et al. Read like humans:
Autonomous, bidirectional and iterative language modeling
for scene text recognition. Proceedings of the 2021
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Nashville: IEEE, 2021. 7098-7107.

Chu XJ, Wang YT. IterVM: Iterative vision modeling
module for scene text recognition. Proceedings of the 26th
International Conference on Pattern Recognition (ICPR).
Montreal: IEEE, 2022. 1393—1399.

Wang P, Da C, Yao C. Multi-granularity f)rediction for scene
text recognition, Proceedfngg of the 17th European
Conference on Cor‘nplilter Vision. Tel Aviv: Springer, 2022.
339-355.

Atienza R. Vision Transformer for fast and efficient scene
text recognition. Proceedings of the 16th International
Conference on Document Analysis and Recognition.
Lausanne: Springer, 2021. 319-334.

Dosovitskiy A, Beyer L, Kolesnikov A, ef al. An image is
worth 16x16 words: Transformers for image recognition at
scale. Proceedings of International Conference on Learning
Representations. Washington: ICLR, 2021.
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32

33

Yan XM, Fang ZH, Jin YC. Augmented Transformers with
adaptive n-grams embedding for multilingual scene text
recognition. arXiv:2302.14261, 2023.

Schaefer S, Mcphail T, Warren J. Image deformation using
moving least squares. ACM Transactions on Graphics, 2006,
25(3): 533-540. [doi: 10.1145/1141911.1141920]

Bookstein FL. Principal warps: Thin-plate splines and the
decomposition of deformations. IEEE Transactions on
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