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Abstract: The near infrared spectroscopy technology has been widely applied to the quantitative
analysis in tobacco industry because of its advantages of rapidness and non-destructiveness.
However, the accuracy and robustness of the original model may deteriorate when predicting samples
with new variations. When samples are obtained from different harvest years and different
environmental conditions, new variations will be introduced. Therefore, there is a need to maintain
the predictive performance of the original model when it works on a new batch. In this study, a
method called semi-supervised parameter-free calibration enhancement(SS—PFCE) was used to
update the original model. The regression coefficient of original model was corrected by constrained
optimization. The original model for total sugar determination was firstly developed with the tobacco
samples of 2016, which showed a predicted correlation coefficient (Rp) of 0. 997 8 and a root mean
square error of prediction(RMSEP) of 0. 310 8. After updating the model by the SS — PFCE method,
the total sugar contents in the samples of 2017, 2018 and 2020 years were predicted, respectively.
The Rp values of the three test sets were improved by 0. 13%, 1.32% and 4.29%, and the RMSEP
were decreased by 15.26%, 58.69% and 36. 53%, respectively, compared with the non-updated
model. Furthermore, the updated model by the SS—PFCE approach offered a better predictive
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performance than re-modeling method, while significantly reduced modeling costs. The results of
this study showed that the SS —PFCE method could maintain the prediction accuracy for tobacco
samples of different years efficiently, and it is of great practical application value in industrial
production.
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Table 1  Summary of tobacco samples in different years

Year 2016 2017 2018 2020
Total of samples 193 180 451 122
Total sugar content range (%) 12.9~42.9 17.2~44.5 9.21~44.0 17.0~38.6
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Table 2 Statistics of reference quality measurements for tobacco samples

Training set Validation set

Ye:
ear Number of samples Minimum value(%) Maximum value(%) Number of samples Minimum value(%)  Maximum value(%)

2016 145 12.9 42.9 48 21.1 41.0
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Table 3 Total sugar content prediction performance obtained by original PLSR model
Training set Validation set
Year - -
LV Re RMSEC Rp RMSEP RPD
2016 25 0.999 5 0.197 1 0.997 8 0.3108 15.25
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Table 4 A summary of total sugar content range for model updating and testing sets for different years of tobacco

Model updating

Y Testing set
ear
Number of samples Minimum value(%)  Maximum value(%) Number of samples Minimum value(%)  Maximum value(%)
2017 45 17.2 44.5 135 19.4 43.5
2018 113 9.2 44.0 338 13.6 43.9
2020 31 20.7 38.6 91 21.5 37.5
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Fig. 2 Total sugar contents of tobacco made on samples in 2017(A), 2018(B) and 2020(C) years predicted with

the master model for 2016 year
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Table 5 Prediction effects of SS — PFCE method on model updating in different years

Original . Without update Updated with SS — PFCE
Testing set N .
model Rp RMSEP RPD Rp_ss RMSEP_ss RPD_ss
2016 2017 0.9955 0.4652 10. 54 0.996 8 0.3942 12. 67
2018 0.984 3 0.8730 6.51 0.997 3 0.3606 13.72
2020 0.933 8 1.1554 4.27 0.973 9 0.7333 4.49
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Table 6 Total sugar content predictions for different years based on two different model updating approaches

Original . Rebuild models Updated with SS — PFCE
Testing set - -
model Rp_re RMSEP_re RPD_re Rp_ss RMSEP_ss RPD_ss
2017 0.962 8 1.3245 3.72 0.996 8 0.3942 12. 67
2016 2018 0.994 8 0.5057 9.83 0.9973 0.360 6 13.72
2020 0.945 4 1.0524 3.11 0.9739 0.7333 4.49
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