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Physical and schematic diagrams of hyperspectral imaging acquisition system

Fig. 1

and tobacco circular conveying device
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Fig. 3  Spectral data acquisition process
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Fig. 5 Technical route diagram for tobacco blend ratio detection
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Fig. 6 Spectral data preprocessing results for blended tobacco
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¥) MAPE 4 5. 083 2% , W1 F00MIAS e s i, bl
22 1) MAPE £ 3 86 B2 v 43 3 24 11,870 2%,
12. 762 6% 2. 467 3%, WHET Wave-SG-GA H:STHY
PLSR (A1 JH B 0 76 A 0 54l T B A B4 iz 1L e
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¥ Wave-SG-GA-PLSR J7 b F T =41 /- B L
VUL S BB, BEAL h 5 ba B 5 A48 BE 4 53 A2
b, AN JBL5 1 AR 22 A5 5 7 5 I I 2 6 ) A
R ASTR] 21 43 09 455 780 0 OR 3 T, 5 Ay ik
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Table 3 Results of PLSR models based on feature bands

ik pllERS AR
R RMSE MAPE/ % R RMSE MAPE/ %
LARS 0.995 0. 440 1. 581 0.995 0. 447 1. 697
CARS 0. 995 0.424 1.423 0. 995 0.427 1. 563
SPA 0.995 0.418 1. 417 0.995 0. 426 1.585
GA 0. 996 0.394 1. 415 0. 996 0.392 1. 531
k4 BUSBRITMNELER
Table 4  Prediction results for two-component blending
Py HIABRC I/ % FI B (E % VAP
22 ajizz iy ajizz
9.090 0 90.910 0 10.169 0 89.831 0 6.528 6
YX 11.110 0 88.890 0 12.527 9 87.472 1 7.178 9
20.000 0 80. 000 0 20. 464 8 79.5352 1.542 1
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Table 5 Prediction results for the three-component blending
HLBE B/ % T TN %
P ,Uf /% ?ﬁy]ﬁ b MAPE/%
22 K 22 22 22 K 22 22
6.960 0 6.090 0 86.960 0 7.964 0 6.372 8 85.662 9 7.814 7
QPL 14.810 0 11.110 0 74.070 0 14.199 2 10.841 9 74.962 0 2.9189
23.7300 19.770 0 56.500 0 23.0113 19.317 3 57.668 2 2.941 0
9.170 0 7.500 0 83.3300 8.9550 7.5757 83.480 1 2.161 6
7ZH 14.810 0 11.110 0 74.070 0 14.303 9 10.783 6 74.913 3 2.5533
20.250 0 16. 460 0 63.290 0 20.176 2 16.465 9 63.358 9 0.710 4
k6 wWASHERAMELR
Table 6 Prediction results for four-component blending
B LB/ % -4 TN {EL/ %
[Eks = B LB % - P % MAPE/%
2z J K22 W22 -2z 2z iz i 2 Wiy 22 2z
HY 20.408 0 6.122 0 5.442 0 68.027 0 20.162 9 7.162 0 6.150 5 66.524 7 8.3615
ZH 10. 000 0 10. 000 0 10. 000 O 70.000 0 10. 420 2 9. 008 2 9.004 7 71.579 4 6.583 4

=W BEh, QPL A M 22 1Y) MAPE 43 %)
M 14.481 7% . 4.185 3%, 3.504 3%, % K 2 1y
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WIAERE 22 55 B 4% ~ 26% TS Ik 22 & 8 3% ~
2295, BEAEHR Sy 1 ffy b, F50000 B A 5 TR B A 2248
T A8 T ZH A ot R ERCTS B v RRG BE

TEVU2H Jr 4B Be b, HY FF 5 R 22 19 MAPE
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Detection of tobacco blend ratio based on hyperspectral imaging
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Abstract ; This study focuses on detecting tobacco blend ratios using hyperspectral imaging. Due to the lack of rapid
methods for detecting tobacco blend ratios on cigarette production lines, spectral data were collected from mixed
tobacco with different blend ratios using hyperspectral imaging technology and machine learning methods. The
effects of single and combined preprocessing techniques on model performance were explored. Regression models
were established using partial least squares regression ( PLSR) and support vector machine regression ( SVR).
Feature wavelength selection was performed with least angle regression ( LARS), successive projections algorithm
(SPA), competitive adaptive reweighted sampling ( CARS), and genetic algorithm ( GA) to build simplified
models. The results showed that preprocessing methods, either individually or combined, affected model accuracy.
The combined wavelet transform and SG filtering ( Wave+SG) method reduced the mean absolute percentage error
(MAPE) by 1.2% compared to raw spectral data. The Wave+SG-GA-PLSR model performed best, with MAPE
values of 1. 415% and 1. 531% for the training and test sets in two-component blends, respectively. This method
was also applicable to multi-component blends, with MAPE values below 8.361 5% for both three-component and
four-component blends. Hyperspectral imaging combined with machine learning can accurately predict the
proportions of components in mixed tobacco, providing a reference for online monitoring of blend uniformity and
quality control in cigarette production.

Key words : hyperspectral imaging technology ;blend ratio ;band selection ; machine learning ; regression analysis
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