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Prediction Method of Tobacco Sensory Indicators Based on
Near Infrared Spectroscopy and Transformer
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Abstract: In order to overcome the technical bottlenecks of strong subjectivity, over-reliance on manual
experience and sensory evaluation in the process of traditional cigarette formula design and maintenance,
an indirect correlation model of “near infrared spectroscopy-chemical composition-sensory indicators” was
constructed, and an end-to-end tobacco sensory quality indicators prediction method was proposed based
on near infrared spectroscopy and Transformer architecture. Firstly, three spectral preprocessing
techniques, Savitzky — Golay convolution smoothing method (SG), first derivative method (D1), and
multivariate scattering correction (MSC) , were used to effectively eliminate baseline drift and scattering
interference; then a Transformer prediction model oriented to spectral data features was designed to
achieve accurate prediction of the three-dimensional evaluation system of tobacco sensory quality (style
characteristics ; freshness, sweet, and burnt; smoke characteristics: concentration and strength; quality
characteristics ; quality of aroma, volume of aroma, offensive taste, irritating, and pleasant aftertaste ).
The model was analyzed by using the SHAP method to enhance its interpretability. Results showed that
the model’s mean absolute error for each sensory indicators test set was no more than 0. 56, demonstrating
good usability. For different sensory indicators, the model demonstrated strong capture of distinct spectral
feature bands, effectively exploring the synergistic mechanism of spectral features and demonstrating good

interpretability. Furthermore, a method for assisting tobacco leaf substitution was designed by combining
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multidimensional similarity analysis, providing quantitative decision support for tobacco leaf substitution

and blend optimization.

Key words: tobacco sensory indicators; near infrared spectroscopy; Transformer; prediction model;

tobacco leaf substitute
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Fig. 1  Distribution map of tobacco leaf samples
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Tab.4 Five-fold cross-validation MAPE results

%

Pk i il A g # % AU A Z ik AR
1-Fold 14. 16 27.12 13.38 3.50 3.92 3.19 2.90 4.89 3.90 3.39
2-Fold 12.53 25.91 12.04 4.16 3.12 3.27 2.91 4.58 3.71 3.37
3-Fold 12.79 22.65 10.21 3.26 3.85 3.00 2.66 4.72 3.36 3.10
4-Fold 12.07 22.24 12.75 3.75 3.22 2.71 2.38 4.78 3.25 3.15
5-Fold 11.32 24.92 10. 45 3.24 3.06 2.56 2.62 4.62 2.74 3.05
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Fig.7 Full spectrum SHAP analysis bar chart of each sensory indicators prediction model
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Tab.5 Actual and predicted values of sensory indicators of target tobacco leaves 1 and alternative tobacco leaves
- W& it B i35 #k HR HFRE gt T FRUS S
il s
P R P R P R P R P R P R P R P R P R P R
HirdEm 1 — 40 — 1.0 — - 70 — 55 — 205 — 20.5 — 10.0 — 10.5 — 15.0 <0.0001
4.2 40 1.0 1.0 0 0 7.1 7.0 5.4 5.5 20.6 20.0 20.4 20.0 10.3 10.0 10.9 11.0 15.5 15.0 0.0039
4.0 4.0 1.0 1.0 0 0 7.1 7.0 5.5 5.5 21.3 20.0 21.1 21.0 10.5 11.0 10.9 11.0 15.4 15.0 0.0072
Tops A1 229 40 1.0 1.0 0 0 7.1 7.0 5.5 5.5 21.2 21.0 21.2 21.0 10.5 11.0 10.8 11.0 15.1 15.0 0.007 4
g2 (A -
B 41 40 1.0 1.0 0 0 7.1 7.0 5.4 5.5 21.0 21.0 21.2 21.0 10.6 10.5 10.9 10.5 15.4 15.5 0.0076
4.0 40 1.0 1.0 0 0 7.1 7.0 5.4 5.5 21.4 21.0 21.2 21.0 10.3 10.0 10.5 10.5 14.9 15.0 0.009 5
x6 HEREW2AEERMEEREHRAEERESESTNE
Tab.6 Actual and predicted values of sensory indicators of target tobacco leaves 2 and alternative tobacco leaves
W ik B g 3% Wit TR gt R ZUN i
I Ss
P R P R P R P R P R P R P R P R P R P R
Hinam 2 — 30 — 1.0 — 0 — 6.5 — 45 — 200 — 190 — 10.5 — 1.0 — 15.0 <0.000 1
3.0 3.0 1.0 1.0 0 0 6.5 6.5 4.9 4.5 20.0 20.0 19.1 19.0 10.2 10.0 10.9 11.0 15.0 15.0 0.0106
3.0 30 1.0 1.0 0 0 6.5 6.5 4.6 4.5 20.4 20.0 19.2 19.0 10.4 10.0 11.0 11.0 14.1 14.0 0.0116
Tons HliL
opS A 3.0 3.0 1.0 1.0 0 0 6.5 6.5 4.5 4.5 20.5 20.0 19.9 19.0 10.8 11.0 10.9 11.0 15.2 15.0 0.0142
At
3.0 3.0 1.0 1.0 0 0 6.5 6.5 5.0 50 20.6 20.0 19.1 19.0 10.2 10.0 10.9 11.0 15.0 15.0 0.0263
3.0 3.0 1.0 1.0 0 0 6.5 6.5 5.0 50 20.6 20.5 19.6 20.0 10.7 10.5 10.9 11.0 15.2 15.0 0.0278
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Tab.7 Actual and predicted values of sensory indicators of target tobacco leaves 3 and alternative tobacco leaves

- Ry i B ez #k HAF wHE e % R s
~S

P R P R P R P R P R P R P R P R P R P R
H AR 3 — 50 — 20 — 0 - 7.5 — 55 — 220 — 220 — 11.O — 11.0 — 16.0 <0.0001
50 50 2.0 20 O 0 7.5 7.5 5.5 55 21.8 22.0 22.0 22.0 10.9 11.0 10.9 11.0 16.2 16.0 0.000 I
4.6 40 2.0 20 O 0 7.4 7.5 55 55 21.2 21.0 21.0 21.0 10.8 11.0 11.0 11.0 15.8 16.0 0.004 6
Top? i 50 5.0 220 2.0 O 0o 7.5 7.0 5.1 55 21.5 21.0 21.1 21.0 11.0 11.0 11.0 11.0 15.8 16.0 0.0047
B 50 5.0 220 2.0 O 0 7.5 80 51 55 21.522.0 21.1 21.5 11.0 12.0 11.0 11.5 15.8 17.5 0.0047
50 50 20 20 O 0 7.5 7.5 55 50 22.1 22.0 22.0 21.0 12.0 11.0 11.5 11.0 15.6 16.0 0.0048
3 & B, it — DR SE TR R B4 ok o SER 4 R R W] B
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