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Abstract: In order to solve the problem of measurement blindness caused by the lack of 

detectability analysis in the near-infrared spectroscopy (NIRS), two important parameters 

including Equivalent Signal Noise Ratio (ESNR) and Overlapping Coefficient (OC) are proposed 

in this manuscript. According to the proportion of the component absorbance to the total 

absorbance and the overlap degree between near-infrared spectral curves of the components, the 

above parameters can achieve quantitative analysis of the concentration of components tested 

based on NIRS. The research combines the theoretical simulations and ethanol concentration 

experiments.The quantitative relationship between above two parameters and spectral analysis 

error is discussed by the partial least squares (PLS) modeling NIRS. The estimated RMSE of 

ethanol concentration obtained by theoretical analysis of this study was 0.30%, and the actual 

RMSE of near-infrared spectroscopy was 0.32%. The relative error is 6.67%, and the results are 

consistent.This study provided an effective and rapid prediction method for the quantitative 

analysis of NIRS, and optimized the theory of the detectability analysis of NIRS, which is a 

significant guidance for the quantitative analysis of the concentration measured by NIRS. 
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1 Introduction 

Near-infrared spectroscopy (NIRS) is widely used in the inspection and monitoring of 

food
[1,2]

, medicine
[3,4]

, environment
[5,6]

, chemical engineering and other fields
[7,8]

. Compared with 

visible spectroscopy, fluorescence spectroscopy, Raman spectroscopy and other analytical 

methods, near-infrared spectroscopy has the advantages of non-destructive, environmental 

protection, and convenient operation. NIRS characteristic absorption peaks and spectral line 

overlaps severely, and mathematical models need to be established by chemometric methods. 

Therefore, improving the analysis accuracy is the most important issue in the field of spectral 

analysis. Researchers mainly study the improvement of the accuracy of NIRS from the following 

three aspects. First, develop a higher-performance spectrum acquisition instrument to obtain better 

spectral data
[9,10]

; Second, use appropriate spectral pre-processing methods to improve spectral 
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