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Cigarette Laser Code Recognition Based on Dual-state Asymmetric Network

LIANG Shang-Rong', WANG Hui-Qin', MA Qi>, WANG Ke', WEN Yu-Dong®

'(College of Information and Control Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
*(Liquan Branch, Xianyang Tobacco Co. Ltd., Xianyang 713200, China)

Abstract: Cigarette laser code recognition is an important tool for tobacco inspection. This study 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 due to the similarity between cigarette codes and their background patterns, a dual-
state asymmetric network (DSANet) 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

this method has higher recognition accuracy and speed, with the recognition accuracy reaching 87.34%.
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,“]%‘:'?—EEs Wf’ Wi9 W09 WC }Fnbf3bi’b0’bc ﬁ\%U%ﬂ?iﬁE I‘_‘l A
BNTT gt 1T LA AR S B AN B 5 S AH

A 45 ¥ AN T8 7 6] 1 LSTM K ik Bi-LSTM, i PA Bi-

LSTM i & Bt 5 =k (22) Frx:
Vi = (W, + W) (22)
b, 3R, R R eI ZI1E 7] A0 s R LSTM HRL G 1 %
SE, wHWRIR AT ISR, 5,38 R i %)) Bi-LSTM
TLHIER A A R, o ()RR RIS BREL
Deep Bi-LSTM 12 Bi-LSTM & i &, a7
Bz, )2 Bi-LSTM B ¥ = (51,95, 55, -+, 3} TEA L
JZ Bi-LSTM N, W2 THE S FE A A, fc 283
FEFFAY = {y1.y2.y3.7+ )i}
332 SIABERINS
WK 7 Fros, BiFEE 1L (self attention mecha-
nism)P I BEICRT — 2 W 45 28 R Y € RTC,T =
HxWAE NN, CRMIEL, @i 5 RO
SR KR R V 2 R AR ELAE Y, B R OG0 7 AR AIE 1
HARARNE. Q, KAV 43 50l B i A\ 5K B Y RIAS =i e 1)
RAZEAH, =X (23) s
Q=YWI, K=YW V=YW (23)
;g\qj’ w4 eRCXD, Wi eRCXD, W, GRCXDﬁj\%IJ?%/j?Q, K
FV A o
) B Q RIS AR P K B 1) AL AR B E R
JIBLE, 2 Sofimax(-) bR 043 2 & A 1 = 145 BIRHIE
FFEA. A5 H RV I SR8 AL AR B W, TR A
CidiE, fHRFER A Z, ik 24) AX 25) Fiow, &
SE AR TR - d) R e I

A= Soﬁmax( Q\/IZ_Z ) (24)

Self attention
[

zZ —»
Scor

sofimax (OK"N,)

e{‘%icore%corﬁ . Scorf"%
| | | |
Score, | Score, | Score, Score,

K7 35 Ak B R 2 A ]

34 BRE

R JE R CTC g8, XM AT 5 AT H
¥, A RO R T JE 2% 3R AT 1 T BR A P A Y =
W1y, v 5 LR EEAR AR T A . CTC ffhid
FRAEREAT I 1] B SR, 38 ORI T e e R AT SR, IX
T S W (1A% 0o o T4 — 2 i KRR 10 747 o B AT, 3%
XA BEAT X N7 SR R B AT B 4 e, Heih B A =K
wr:

T T

pay) = [paivy =¥, (26)
=1 t=1

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

Hrb, palY) AR — AT R A a IOBESR, Y, /2
1IN 25 AR 25 e R 4R B 2 B FR A5 P
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laltt, i WG BRS Bk B R AT A A AT, A
AR RIARZE L.

4 SZE
4.1 HIE&E

TR = A TF IR E s A, A SOR Y ol 4
Je fE R B L S R/ A R AR B, B a2,
o TNEL =L BEESE. FIA Labelme XHHEAS AL
B X3RS 55 AT N CARvE, ¥ DUREAT AR 1
5. &t g, R T HE s

CCD (cigarette code detection): il Z4f 4, 15
6913 Tk AR MRAS 5, Hoh il ZR gk 5531 3K, Kbk
691 7k, MR 691 5. MRS 745 X sgbr 2 T 2R
4 DR RS BIFTEHE, HEAT AT HRIE.

CCR (cigarette code recognition): A H I, B &
13 826 5K HAT AL 77 X B4, Hrrill % 11 062
5K, SR 1382 gk, P4 1382 5K. H CCD bt X 1k
L ETIRAS, MHRS 75K BAT R TR =
42 FWRE

SCEFRES AN R : Windows 10 #:1/E £ 45, AMD
Ryzen 9 5900X 12-Core Xb¥E%¢, 3.70 GHz F45, 32 GB
M A%, NVIDIA GeForce RTX 3090 {1 S256 % ] Python
VER9m%B1E S, BT IR L% SIHESE N PyTorch 1.7.1.

DSANet YIZpE R4 AR ) 9384 %32, K AT Adam
PR, #8147 S 31 3 1) DI 25, BB A6 5% >0 %08 0.001,
batchsize 4 64, Y ZRIEAKEN 100 K.
4.3 ITNEHR

ARSI R H B A7) % CRA (character recog-
nition accuracy). LA R 5% WRA (word recognition
accuracy) FIEHEE FPS A NI brdE. Forb S /il
TS ARG B AL 45 1) SRR 2, =X (28)
Fiw:
¢
C
Horb, CONIIAR ALY Hh () B 15 S 8, C 3R IERA R )
PIHHIS PR HL. 5 2 AR WRA AEAR U RN BEAT IR
S TERA IR AR o IR AR & 1) LAl
4.4 HRLSELG

(1) NLA 25475

N T IR NLA 771 e £ AH AP AR 46 1R A R,
I3 AT S AR e . IR #2038 NLA ()38 4 07 V5 3

CRA = 28)

8

FIF CCR %4545, WEN=8, R=cut/3, #4177 4 4
TH ARG, DA 7V 5 S5 ) A B I R I AR Y
ATV R A B %% DT VR IR A

1 BT b ae A5 AR, (TS AR . W
A AR LA PR AR 8 9 R AR WRA A L DSANet
oyaE 450 4.6 A1 9.94 AN E 43 55, 47 AR 5 FH AL
PEAS AL, BB R A PE, 27 A i BE AR T B AR,
WA 2 A PR T AT AR 46, ERARSKT T — M X e
L b LR B BCSIE A, A AR I IS = 55 0 2 R, 6T
BEALPERE B TH AR B AT PR DRk, ARACL P AR 4 53 & FH
TG SR MRS AT (1) 2 R

F 1 NLA B J7 SOH RS (%)

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) FESHN MR IUE

NLA i KA BB S5 5 515 5
N EAER, EATREMEXS NLA 58 3CREE
BRBEEMEH, SCHHBMENN =8, R=cut/3. AH75E
56 43 T % PR A B 2 B BB HEAT B 7, RCBE RS [
BIHKE Nimg W, 521 Nimg H, K XI55 A N4y ]
B HIKE Ncut =img W/N, R € (0,cut].

2 SLIGBEE N = 8HFFCRIGHUY, SLi6 gk R W,
XF T 384 x 32 (1 R I L # 8 AR IUME N R = cut/3, R
kNS HRIRRE AN, A JE DL R ROREAR, # R > img_H|/ 2,
D358 B S 320 HE X N7 D St ) 1 A B [X 5 7E y il
Jila g EEE S, 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 AL 1R 3R A W s B
i IIRE AL A 16 DNTRF, RIl9r T 8 ANER 4RI, FEFIAS
TP — R S, P A A G AR A
RE = AR I SCASE M N T SRR, (A
LIRS AR

NLA 77742 s w22 A 5 an (8 B, LG
k. B BURIARAE 4 Fh. [FRF, 8T R NLA X
TR 4 B AR T, i e A O A PR R AT T AR,
o5 RAnE 9 frow, FoHh, (2) 4 ground truth; (b) N
DSANet; (c) J DSANet+NLA. 1] LLFE H!, 18 ] NLA 1
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i H AR G N A

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

R2 AEIESENHEBSEE (%)

N CRA WRA
1 94.6 78.40
2 95.55 82.21
3 95.91 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) AERTHRAZ T e B i s

SZIS ) NLA-* %7~ 7E NLA 958 5 (O $iE 4
YNZRAT TR IR AL, SRS X IR AU e s B 1
BEPE, LL WRA VE RV ARFR A K P A% 2 BT
AL s B E R R R £ 90° iR #
180° e Al I R #l 4 Bl & 4 BUR, BERATLAM—FiHE

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

2041531830751350

(a) 1234610116231234
(b) 1234616116251134

(c) 1234610116231234

3041551830151350

2041531830751350

XTRR A BUZ A 2 AR AL ME R, (AR L TV 3x3 45
TR, AT BN — AT R AR AL PR RE. (UK
PRI RLTE 3 AN BEFEIASE FAHE T SR AL
FEFESY AR 1,06+ 1.27 A1 1.19 AN E 40 s, AU TE
L B RN B 43 3R s 0.61. 0.52 A1 0.8 N E 43 A4,
ATLLE H, KFAZXT 180°F_E B 1S AT 3 m S 72

*£3 BIFEERIHEMELE (%)

R CRA WRA
%’” 95.63 82.50
%’” 98.50 87.34
cut 96.14 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

9 WA P 45 X L I

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

Horizontal ~ Vertical Original ~ Rotate Rotate
kernel kernel input 90° 180°

— — 85.75 58.00 58.95 58.86

— S 86.98 58.61 59.47 59.66

v — 86.90 59.06  60.22 60.05

v N 87.34 5920 59.89 60.10

Up-down flip

IKPAZ AN T A% 70 S FR H K PR 2 B 7 1) PR RRAE,
BB e 180°)5, A4 U I Bk AE Y BE AR 5[], e
AT S, 598 T LLAR BURE 28 U7 1) b A 23 R i 4 Y 3 24
IR, 5T B R, il 10 BoR, 5 3x3 TG
UL L, 7K P B AE B i UGS A B B AR A
[ (&5 5, 20, PACB (19— &5 20548 il LA B
IERRRRFE. DL ESEESUER T PACB, )2 H K
A%, S ORRE, v AR Y AL e

(4) PRz B AR s

DL S 56 38 3k 502 X R AL il o L,

PACB W AR FRZ AN E] 33 BRL B R U %%
(i~ T, X 3%3 A% JAL B ) S B AT BT

Horizontal Square
kernel kernel
(a) Horizontal convolution kernel

(b) 3x3 convolution kernel
K10 AFETPAREPUZ UG LA BURHIE £ X 2

5 e g R BR, AERTFR G AL I 0 3 1 4
BB CRA FI WRA (B HLIR N A %Ak = 1.05 F10.42
ANE A UGBS A EEEE K 11 N
— LV PR A 2 S S RS PR AR S 4 S EE P, T
DA H AR PR AN o B SR 47 B0 B2 2% 1 st T AR
B 1A Rk

11 s Ron R, 7T LA H AR R A5 AR
BTN A BT A 0N RS B0 288 SR B A, T % A 0 R
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RS I 228 B0 B L T 210 G A B o0 =1
PO H B R BOR T 436 SERR A R 45 (1) £
33 B, B AL T 1A% B %, (2) PACB
F B BE 5 A0 1 AL, [R]IN A Bl T 0] T SR 7S S
(3) BT 1 95 28 ) PACB B, M sRih AL E 22 F
BB RIPERE T [

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

.o 'I m G

(a) 1334616116251234

(b) 1234616116251234
(c) 1234610116251234
(d) 1234610116231234

r &/

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

(a) 126461011623125*

(b) 1234610116331134
(c) 1234610116231134
(d) 1234610116231234

/
7 A

(b) 1224610111231234
(c) 1224610116231234

(d) 1234610116231234

(a) 12346***18231234
(b) 12346*0111231234
(c) 1234610216231234
(d) 1234610116231234

11 B2 RS BB R 45 R HE

(5) DSANet ByEEE AR fl L 16

N T VPl DSANet H 5 BSOBE A BRI AT Rk, BEAT
T RD SIS YN RBURE & 12 Fros, ASC5 kB AR
RAE T AT ALY, RS fa e Bt Hap i
T HAWBLRY, GIE B2 vk B s e

B 6 nl s, It A HE LB /E CRA M1
WRA £ IR TE 1.26 F1 2.04 AN 43 55, I 2555 B Al
FPS 73 5l FRMK T 45.24% F119.58%, X PACB [ 5] A
FAE I 253 P AN FPS 4K 40.85% 1 16.38%, it B
PACB X B 5% M AR R 5 0 8 A5 =X 10 HE 1 3 5 I R AL
RURE, B FPS AN EEFEAERE AL T [ 4.9%, B3 AL
KT R AERLAY, R FEHEAR A s N 1 33 5= T HL A,
JIt LLAEFE B 5 NLA-CRNN+SA ], PL_E&5 B 45 5,
PACB &% i fl & v] DA B HRs R & s v L &
SRS Y S5 AP B 4 TR DR A S HE R U
TR (e A% 24 5 3k P ) [0 I 2 T TR A 6.
4.5 xtEbscIg

N T R UE AR S VR IR Rk, TR R — D

(d) 1234610116231234

1

(a) 1234616116231234
(b) 1234612116231234
(c) 1234612116231234
(d) 1234610116231234

10

A 4E L f# ] CRNN (baseline). % #e g 22 /0 4%
f) CRNN-ResNet507), SVTR. 3T /ML H] 34
HHFIELIAER] ASTER. MORAN. JEF 277 1%
ABINet. T HHA5 I 50 B 70 1 A 28 g8 5725, BA K
NLA-DSANet 77 %, PEA LA A2 i 15000 14 e 5 24T
F#g, 45 B tn# 7 Fron, NLA-DSANet #5575 4731
IR WRA KB T 87.34%, 5 _LIRBIRIMILL, 4342
T 13.94. 12.04. 6.69. 8.81. 11.24. 4.34. 9.86. 18.74
ANE o s EEEEE UK T CRNN. s236 45 R, %
TiEAE SRR PR AT 55 R A 1 B IR AR B2, BN
R 3ok 22 HE RN R), B 0% 328 4R N () RORS B 1 - .

9
80 |
~ 70 +
S
60
g
0 —— 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) HEMRZE LLAL
24 —— NLA-CRNN
22 F —— NLA-CRNN+SA
20 L —— NLA-CRNN+PACB
—— NLA-DSANet
1.8 F
1.6
g 14
S 12 F
1.0
0.8
0.6 |
04
02 F
00 1 1 1 1 1
0 20 40 60 80 100
Epoch
(b) MZRAR K LLR
B 12 IR B
# 6 DSANet MR b sz
CRA  WRA  Training speed  FPS
Method
(%) (%) (samples/s) (fls)
NLA-CRNN 9724  85.30 864.80 78.95
NLA-CRNN+SA 97.33  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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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 AR 94.37 77.48 69.6
B gl 92.15 68.60 42.10
NLA-DSANet (Ours) 98.50 87.34 75.01

5 45w

B W AR S R A AN SR AE A2 AR D55 o
Pl 42 5 R s 5 AR A0 R AR S5 503 ) A A 2 A1 g ) R
ARFEHE T P BT RS R I 28 P KBS TR0 T v
T e, VTR ARZR M JR G AR AR e, d e E MR R 2
Ve B AT B AT A AR e, AR A R e A A
WGRFEAR, SR A2 A B8 775 IR, BTt DS R AR
WA 4%, 1% 2% 75 CRNN #8381 B il E A Z R
WG SRR B A X, YR s v AT AR R AR
BB e BT A 3 x 3 FA L5 1), il I SRR AR B AR AL AL
oA, H8 AR A RS R AE S ERE 77, D PRAIE SN,
BT BN a4 SCRlA J7 vk, I vk S
A BUE VAR SR W 2% 5 U, B PACB 45 305 i
0] 3 345 AR 4l ), A8 FH 7= i 5 AN 385 80 4 4 2 B ) £
L NI TR B B, fEPERR Z R oI NBVER )
MU, 38 207 VR PP Z B, 38 AR X A [X 3
KIEE. IR, 5 HAR R B S IEM b, AT HE IR
IKEREIAF] 87.34%, 5 CRNN AHLLHRTT T 13.94 N
43 R, TE IS et 4 b HAT 5 e AR R
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