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Abstract: The grade identification of flue-cured tobacco is a crucial step in the tobacco industry. In order to

reduce the labor intensity of tobacco farmers in grading flue-cured tobacco, minimize subjective factors,
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and enhance identification accuracy, it is necessary to achieve the automatic grading of flue-cured tobacco.
This article investigated multiple methods of multi-layer feature extraction using various convolutional
neural networks in deep learning. Based on ShuffleNetV2, an improved model (ShuffleNetV2_FTC) was
proposed. The ShuffleNetV2 _FTC modified the backbone units of ShuffleNetV2 and incorporated the
CBAM (Convolutional Block Attention Module) attention mechanism and Sil.LU activation function. This
model was applied to the identification and classification of 27 categories of flue-cured tobacco images. The
testing accuracy of this model reached 93. 2%, and the detection frame rate achieved 15. 3 frames per sec-
ond. Compared to the original model, there was an improvement of 0.24% (0.5X), 6.06% (1X) and
4.73% (1.5X) in accuracy, as well as an increase in the detection frame rate from 12. 3 frames per second
to 15. 3 frames per second. The ShuffleNetV2 FTC, combined with machine vision technology, can effec-
tively identify the grades of flue-cured tobacco, laying the foundation for optimizing the procurement,
drying and processing processes of flue-cured tobacco.

Key words: flue-cured tobacco grade; image processing; machine vision; deep learning; ShuffleNetV2
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I 4 A7 25 AT B N FH R BE o AE X LA X 28 A B AP RS B R L A IR FL 0 BOMMERR 22, EfficientNetV2_S
K2 . ResNeXt50"* 1 MobileNetV3_ S 7E 2l H 35 FL A BRAH |
x6 AEAHBMEMNLERITLE

i K%/ % HmlE/ % F1 5340/ % WA/ %
ResNeXt50" 84. 54 82. 44 82. 41 82. 40
MobileNetV3_S=" 83.70 79. 43 78. 24 84.71
MobileNetV3_LF" 92. 04 91. 23 91. 21 91. 14
EfficientNetV2_SH" 93. 25 91.71 91.57 91. 63
EfficientNetV2_ M7 91. 90 90. 13 89.73 90. 05
ShuffleNetV2_FTC(1X) 91.77 91.39 91.25 91.38
ShuffleNetV2_FTC(1. 5X) 93. 60 93.11 93.08 93.09

HR MR H R F . ShuffleNet V2_FTC(1. 5 X)) (4547 %5 55 1 19 B 3 3 35 % PE . MobileNetV3_S
BB B AR S50 FUR AR Y07 508 8 5 ShulfleNetV2_FTCL X)) & AR N AE 5 & . MobileNetV3_
SWZ; ShuffleNetV2_FTC #4 %& f & W%, MobileNetV3_SkZ . HAKME 7 iR,

7 FEEBMEELL

A SRR /M WA /M FrisHR/G iR/ fps
ResNeXt50 21. 94 134.76 1.26 13.7
MobileNetV3_S 1. 46 16.19 0. 06 14.7
MobileNetV3_L 4.02 50. 39 0.22 14.4
EfficientNetV2_S 19. 26 144. 97 2.87 12.1
EfficientNetV2_M 50. 42 233.59 5. 40 12.2
ShuffleNetV2_FTC(1X) 3.90 15. 05 0. 44 15.3
ShuffleNetV2_FTC(1. 5X) 8.59 20.51 0.97 15.3

i 456 Al ShuffleNetV2_FTC M 4% BAG B 47 B PERE . EfficientNetV2_S B AR BAF A K I 45 5
ER R R R, HMORAUA 12 5k IE J, AR RIE & 388 7ERS 3lidin s MobileNetV3_S BARA iR 47 195 3))
WA BT, (H AR T AS I 2% SR e B R AU 84.71%; ShuffleNetV2 _FTC (1.5 X)) K&K 0 M 175 H
(20. 51<C50. 39) FIH &5 ARG I MR (15. 3™>14. O ffi Lz 5 PERENL T MobileNetV3_L,

3 &g

AR 5 X R A AR B R i T T 1 SR 2 D RN SR DU B 2 KR, A B R B 2 2] B
A E AL B 4 A, et ShulfleNetV2 W45, #8# T ShuffleNetV2_FTC M 4. 48 H ) ShuffleNetV2_
FTC 25 H0 05 T A B3R AT T A R FUR: I MR g B2 7, AR T A R 28 A T 80k . e & O R AL 7E
27 AT P HERR R R 93. 0900, R i e AR RD 15. 3 5k, K 8] T BRAKS I ROR o (A B AR5 A 51 AR
JEAR R CARES & 1 7 X B s R AL T 1, — R Lk e T RMRR B R A . ASE O il D R 0 S
AU H AR IR IR TEVE Tl o7 FH m)  Jy  BAT 5 e, R A o 28 UNMT 55 Ok S 8 S BURS JEE F
R R AR A R R AR T 2% T SR b, Ak s or 6 2R B4, d T e
42 A5 G I R S5 IR 1
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