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Abstract
Currently, the digital transformation of cigarette factories is at a critical stage. The “pack carton case”
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correlation technology has promoted the transparency of production and logistics. However, fol-
lowing factory upgrades and relocations, increased production capacity and the addition of more
tobacco channels have led to a temporary mismatch in production speeds between packaging ma-
chines and case sealers. This often results in a large number of cigarette sticks requiring manual
“pack carton case” correlation. The outdated association equipment cannot meet the high-efficiency
production demands of the new workshop, exhibiting issues such as slow speed, code-reading er-
rors, and data entry mistakes, which constrain production efficiency and quality control. To address
these issues, this study designed and developed a semi-automatic “pack carton case” correlation
packing device, achieving precise association between box codes and stick codes, along with auto-
mated packing. Experimental results show that the device achieves a packing speed of 80 sticks per
minute, significantly improving production efficiency and automation levels. By integrating out-
dated equipment with modern automation technology, the project enables effective resource utili-
zation. This solution has strong potential for widespread application, significantly reducing labor
costs and enhancing quality control levels, providing a practical and feasible technological pathway
for the digital transformation of the cigarette industry.
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Figure 1. The original manual “carton case” correlation process
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Table 1. Statistical analysis of time consumption in manual “carton case” correlation

Tl AL “Ff” XEFERST

bl F B

sk 10 s/44
SR 3 s/4H
H& 50 s/4H

HEo% 20 /48
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Table 2. Technical specification requirements for the device
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Figure 2. Process design for “carton case” correlation in the device
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Figure 3. Stick conveyor module
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Figure 4. Circuit design of the QR code scanner
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Figure 5. Carton pick-and-place module
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Table 3. Passing the speed test
3. BEF RIS

» R A% Wk + AT W%
- i SEEL I I (s) 7 s 1 (s) 2 @I A (s)
1 98 1 117 1 100
2 97 2 120 2 99
3 98 3 118 3 98
4 96 4 116 4 99
5 100 5 119 5 100
6 99 6 121 6 98
7 95 7 118 7 100
8 99 8 117 8 97
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9 94 9 116 9 98
10 98 10 119 10 100
ST (2R /53 ) 61.6 50.8 60.67

DRI 2 o ik 2% B 5 IR 25 PR BRZE B, Bl 100 500%%, SeitBHZE RS, Suit4s 3L
% 3.

Table 4. Test for blocking frequency
< 4. EHEMR

S B ik Wk + T IR ThES
Frs FHIE R HK s FH ZE R # lE=) RHIE X H
1 0 1 0 1 2
2 0 2 1 2 5
3 0 3 0 3 3
4 0 4 2 4 2
5 0 5 1 5 0
6 0 6 0 6 5
7 0 7 1 7 4
8 0 8 0 8 0
9 0 9 0 9 3
10 0 10 1 10 4
S5 BH 2E IR H 0 0.6 2.8

TR 45 0 i a6 5 B IS A8 B fE R, RRUclid 100 260025, Gl =BG A SGitssik
3% 4,

Table 5. Quality defect test
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7 e mEks e LS A e R3O

1 0 1 6 1 2

2 0 2 8 2 1

3 0 3 3 3 1

4 0 4 2 4 0

5 0 5 0 5 0

6 0 6 5 6 1

7 0 7 4 7 2

8 0 8 0 8 0

9 0 9 6 9 0

10 0 10 4 10 2

P15 RH 2E IR E 0 3.8 0.9
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Table 6. Stick QR code scanning speed test
< 6. FFAREERE MR

3 SR 1 2 3
A DI R (s) DI R (s) G A (s)
1 157 96 85
2 159 98 84
3 158 95 88
4 156 99 84
5 159 97 89
6 160 99 85
7 155 96 89
8 154 94 87
9 152 97 90
10 157 94 84
P-4 38 5 (5% /min) 38.29 62.43 69.36

T2 B RA 1. 24 3 DRGSR B I T 23R sl &, Sl 100
KIS, GRS ERIIRE, PR IIR . Gk RERIE 7 R,

Table 7. Average scanning success probability test

= 7. ARG R ER

M ! 2 ’
g HAHE  BAHE  H&EE WARD  SsEn BaEn
e W4 Hoh 4 Hh 44
1 91 98 99 100 100 100
2 92 99 98 100 99 100
3 91 97 99 100 98 100
4 93 100 99 100 98 100
5 90 98 97 100 99 100

DOI: 10.12677/iae.2025.134090 754 s 5%


https://doi.org/10.12677/iae.2025.134090

XUy 55

6 92 99 98 100 100 100
7 90 98 99 100 100 100
8 91 98 100 100 100 100
9 91 97 99 100 99 100
10 92 96 100 100 99 100
PRI Th 91.3% 98% 98.8% 100% 99.2% 100%

AR E R 2 AN 3 ARk R AT S S 1 i 2 RS > 60 25/708F, RS T K
NF > 99%MI L ER, sl iAs, 2 2 MGk I BEAT A

33. FAARKE

FAFARG R A FH ] 5 Ao B A RS AN T ARG R e i, [ e S HE R MU [ e e A B, M EIhEH
A, FRABNEFMHTFREE, MINETFRAM. FEEBIMER . TR <3
PP RIZE > 99%.

AR AE R R PSR 38 i h 2, ARk 50 46, Suitpri it al, THEaAa Pl 4
THRIAREL, THEPHIRIhER . Gl R 8.

Table 8. Average speed and success rate test for carton code-scanning

3 8. FETIRD 15 AL B AR T 2R MK

Hig iy I 5 $9 FHRA
75 BT 5 1] (s) P FF A5 7 (s) ¥R
1 148.25 50 189.54 50
2 147.55 50 190.32 49
3 149.87 50 188.04 50
4 145.53 50 191.87 50
5 144.32 50 190.71 48
6 148.62 50 189.66 50
7 147.97 50 191.55 49
8 146.71 50 192.42 49
9 149.68 50 190.83 48
10 145.29 50 188.74 50
Y 2.95 100% 3.81 98.60%

T DA IR L, e A ] F R AR P SRS [R] < 3 s FRS PR REDR > 99% 1/ 5K -
34. BAERE

KT AR 2 B 2 S A MR (TR, T Rk B A T R R e A i R R T A =
TE R ] 2R N TR T B I R AR AR 2 o7 L [ 7 » 9P [ 2 S N TR A B i O IR A R L,
AL R R TR E MBS B, WA A RON N TORAR T & MR R €A 8, Pl A shi &0F
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IR AR e o DTS 2 i R~ R B S AP B A B A, BRI 20 4H, SR SRR A RIS
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Table 9. Average defect rate and position accuracy test for carton pick-and-place

9. MRTABUACT BB MR K B IR RN

A6 75 28 TERE I e =X e I e =X TR A
e BeEAER MEWERRR GRS SIEMEHR O SURMK BB
1 0 20 1 20 2 18
2 0 20 2 19 2 19
3 0 20 0 18 1 19
4 0 20 1 19 3 20
5 0 20 1 20 1 19
6 0 20 0 19 1 18
7 0 20 0 20 0 19
8 0 20 2 19 2 18
9 0 20 3 19 3 19
10 0 20 1 20 2 20
BIME 0% 100% 5.50% 96.50% 8.50% 94.50%

T KT MR S BT JAAR 1 220 T 2 5 UG 10 4, Geit B I, 550 58 BRIDUBURS -1 438 L
gLt AL R A 10,

Table 10. Position accuracy test for carton pick-and-place

= 10. FHESA B ETHERNR

AR 75 2K TR E 2 e [ e 2Q TR A
(A JT i i T (s) FIt 5 1 16 (s) JIT i i 1R (s)

1 488.23 517.19 532.49

2 491.22 521.29 536.36

3 492 .45 523.18 529.38

4 494.56 519.98 532.32

5 487.94 526.69 534.29

6 489.85 528.65 521.84

7 488.91 521.36 533.74

8 492.92 519.17 536.26

9 490.84 518.45 543.36

10 487.77 519.26 540.21

ST 43 8 (4i/min) 1.22 1.15 1.12

DA 00 R 0 A ] e KONG4 TR AR 0o AR R R R = 05 FLLEHERAZR > 99%; HL
BRI > 1.2 F8/70 BRI EOR,  OBOROR 2R B B TR A ] 5 3
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Table 11. Forming speed test
=11, RELEE A

DR FLAE R K A2
FFs JIT B A (5) JIt 1A (s)

1 549.32 479.23
2 551.23 482.36
3 550.96 481.23
4 552.38 483.36
5 554.74 481.32
6 549.86 478.71
7 548.92 477.79
8 553.38 478.29
9 550.46 476.63
10 553.39 480.81

A2 1.09 1.25

IV PN N RV L T gt B
4. IMEHR S
4.1. SCHEIRE

AR N, ALB AR P B AR B R IR 6 R A AR B B RI% DL

REMAEE > B
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=
= £73 > B BEEAE
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; B e EEEEEE
%
#
§ S > BEEER
BRI > SRKAREL

Figure 6. Equipment selection
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Figure 7. Cigarette sticks conveying speed test
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Figure 8. Packing speed test
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Figure 9. Scanning speed test
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Figure 10. QR code scanning accuracy
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Table 12. Efficiency comparison before and after renovation

F 12, WIERTRM R

JEAEML 15.31 46/« 4%
TRAE b 0 (B e ) 40 /N « 4r%h
ST 261.27%

5. ZRE5RE
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BIFTATYE o R s, 123 B AR IR R fi e A 80 2%/70 B, SRIBRHERA FIL ] 100%, AHLL A T #
TERESRTE 261%, RIS A ERIERI 3.2%0F 2 0%, AREER T NONiRE, 6 743 .

FERCR QBT AW 7O IF B og S PR A S BOR FR LR &, R DRIERE IR S T 10
I, SEHLT 60%HI G AT 2. RITZHH RIEHIHOR, M 7RI . PLC 426 5 Hds
BRI ARG, AL, U PLC R 3RTT 1 s M R FI RE 70, A RISR B ah e &
MBI AR T AT SRR T %

AR TR E— P Ve A A i LV PR AR G e v, S A 7 Hetls 0 S A% 5 R R M
PAG & 4ED RN, s REMEEE ST M. FIR, MRS 2R R BORTE B MR AR = v (IR
RLH, HESH L) E e B RS AT R R, AT IR BT AR AT TS

SEEk

1 EEYE, BRE, A0 R AN THIT AT SHORII]. R E AZRAIEA, 2023(5): 31-34.

1 BRIER, 2R ABR YERDT A TR A R R[], AL 515 B R4, 2023(4): 16-18.

1 BB, £, 61dE. RFID BARTEENRREAT A A A = 5B B A I R A[I]. T E 404, 2024(12): 102-105.
1 ARERE. —Z— AU B2 R IERIND. 45 H), 2025-04-13(003).

1 MR T2 R E Z A IRAL G R S B S SR D]: [ AR 5], AR L RHE R, 2017.
[6] HEH-FHARRUET TP, 27 bR e biliE A M. dbat: T E T EARARHE I B, 2021.

1 THERACH REVRRHE A A IR A R WHRIER TV AR RS B P). 1 E L], 202280091282.3. 2024-09-27.
1 EREN. 205 IR T A I 7T 5 N A [D]: (200850, 5 8 o B K, 2013,

1 RE X BRBESE I e R S E G BT #8515 B R4, 2019(4): 50.

DOI: 10.12677/iae.2025.134090 760 s 5%


https://doi.org/10.12677/iae.2025.134090

XUy 55

[10] #p3de, EhE e, EXAE, %5, YPISB ABYZEEFNLRAL i m BT 2 4 B2 B W [J]. M 7R AL, 2022, 53(9): 160-
162.

[11] E#, ke, ¥, % RFID 5 BH AR MR RA TR AT YRR E R, 2021, 26(9): 145-147.

DOI: 10.12677/iae.2025.134090 761 s 5%


https://doi.org/10.12677/iae.2025.134090

	半自动二维码关联封箱装置的研制与应用
	摘  要
	关键词
	Development and Application of a Semi-Automatic QR Code Association Sealing Device
	Abstract
	Keywords
	1. 引言
	2. 需求分析与总体设计
	2.1. 需求分析
	2.1.1. 相关设备应用
	2.1.2. 工厂现状

	2.2. 性能指标要求
	2.3. 总体设计方案
	2.4. 核心模块介绍

	3. 设备改造与实现
	3.1. 烟条输送装置
	3.2. 条码扫码装置
	3.3. 箱扫码装置
	3.4. 取放箱装置
	3.5. 成型方式

	4. 实验与结果分析
	4.1. 实验设置
	4.2. 测试结果
	4.3. 改造前后对比

	5. 结果与展望
	参考文献

