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Weak differential information extraction and similarity assessment of
near-infrared spectroscopy
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Abstract: The data obtained from near infrared spectroscopy ( NIR) analysis has special characteristics to improve the difficulty for
quantitative evaluation and modeling, such as nonlinearity, high overlapping peaks, information redundancy, and symbiosis of background
and noise. This challenges the effective evaluation to discover weak difference generated by correlated samples with serious similarity.
Therefore, it is very important to quantitatively analyze such type of data and further reasonably evaluate the correlations. Using the NIR
data of some raw tobacco material as an example, this study systematically constructed 352 combined evaluation methods, comprising 32
preprocessing strategies and 11 similarity analysis methods. Taking the scientificity, discrimination and stability of similarity evaluation
results as core screening indicators, the combined pretreatment method consisting of Standard Normal Variate transformation, first-order
Savitzky-Golay derivative and min-max normalization is selected for spectral data processing. Furthermore, three similarity discrimination
metrics including Euclidean distance, correlation coefficient and spectral divergence information are integrated to construct a multi-
dimensional comprehensive evaluation model for near-infrared spectral sample similarity. Experimental results demonstrate that the proposed
method exhibits outstanding sample discrimination performance. The spectral similarity coefficient of tobacco samples from the same
category is no less than 0.9, while that of samples from different categories is lower than 0. 7, and the identification accuracy of tobacco
blending proportion reaches 5%. Validated by actual tobacco recipe maintenance data, this method provides a reliable solution for the
evaluation of weak differences in NIR data.

Keywords: near infrared spectroscopy; weak differences identification; spectral preprocessing; similarity analysis; chemometrics; recipe
optimization
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Tab. 1 Information of experimental samples
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Tab.2 Sample preparation specifications and experimental conditions for near-infrared spectrum acquisition
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Fig. 1 Flow of preprocessing and similarity analysis for weak difference information of near-infrared spectral data

WA 1R I LLANETE G B A B R LS

KOl e R A5 2R 9 TOAL PR AR P AT DG 3 ) AR 81k 2y

B AZHEEA R S5 55 22 530k, 3R 3 ik T BT 4r
ST WAL BT 1 e AR



A Zh b 8 R 5 H

2026 4F 2 45 4% 5 10 Techniques of Automation and Applications 51

®3 EANEIEERWMAETE

Tab.3 Common preprocessing methods for near-infrared spectra
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Tab.4 Eleven similarity calculation methods compared and analyzed in this paper
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Fig.2  Overall scheme of similarity evaluation for near-infrared spectra
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Tab.5  Analysis results of different spectral similarity evaluation methods

T A IIES Between_Categories Within_Category Sim_Estimate
1 SNV+SG/1D+MM+SS 0.607 3 0.905 1 0.648 9
2 SG/1D+MM+SS 0.618 8 0.902 7 0.642 0
3 SG+MM+ED/COD 0.674 4 0.905 1 0.615 4
4 NN+MM+ED/COD 0.674 4 0.905 1 0.615 4
5 NN+MC+ED/COD 0.692 6 0.912°5 0.610 0
6 SG+MC+ED/COD 0.692 6 0.912'5 0.6100

1 . F LR Within_Category =0. 9, H. Between_Categories<0. 7 BRI HT45 5
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Fig.3  Analysis results of different spectral similarity evaluation methods
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Tab. 6  Experimental verification scheme for tobacco

formula replacement
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Fig. 4 Near-infrared spectra and their preprocessing results
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