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Fig. 1 Ideal curve of molar extinction

coefficient of three components
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Table 1 Modeling and prediction results
with different noise units

IR Y RE4E fiBES

WiE/% R RMSEC R? RMSEP
1 .00 1.9X1075 .00 1.8X10°5
5 L00  9.6X10° L00  9.7X10°
10 0.99  1.9X10°* .00 2.0X10*
20 0.98  3.7X107* 0.99  3.3X107*
50 0.91  8.7X107* 0.90  9.4X107*
100 0.78  1.4X10°3 0.48  2.1X10°3
150 0.72  1.5X107° 0.29  2.5%X10°3
200 0.62  1.8X107° 0.12 2.8X107°
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Fig. 2 Relationship between standard deviation and added noise
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Table 2 Modeling and prediction results
of different wavelength numbers

Xl KRS SIES

O} 3514 R? RMSEC RZ RMSEP
1 0.00  2.9X1073 0.00  3.0X1073
4 0. 84 1.2X1073 0. 86 1.1X1073
16 0.94  7.1X10°* 0.94  7.3X10°*
64 0.98  3.6X10°* 0.98  3.9X10°4
256 0.99  2.2X10°* 0.99  2.4X10°*
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Fig. 3 Relationship between standard deviation

and wavelength number
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Table 3 Modeling and prediction results

of different wavelength number

S5 S SIES
PRI B R? RMSEC R2 RMSEP
1 0.00  2.9X1073 0.00  3.0X1073
4 0.78  1.4X1073 0. 81 1.3X1073
16 0.88  9.9X10°* 0.89  9.7X10°*
64 0.97  5.0X10°* 0.95  6.1X10°*
256 0.99  2.7X107* 0.99  2.8X10°*
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Fig. 4 Relationship between standard deviation

and wavelength number
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Table 4 Modeling results of different wave bands

S B B =B
MK R RMSEC R? RMSEC R? RMSEC

1 0.00 2.9X1073% 0.00 2.9X107% 0.00 2.9X10°3
4 0.51 2.0X107% 0.06 2.8X107° 0.03 2.9X107*°
16 0.79 1.3X107* 0.15 2.7X107°% 0.04 2.8X107*°
64 0.92 82X107* 0.23 2.5X107% 0.18 2.6X107°
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The Effects of Signal to Noise Ratio of Instrument and Number of
Wavelengths on the Accuracy of Spectral Analysis

LI Gang', ZHAO Zhe', WANG Hui-quan', LIN Ling', WU Xiao-rong’, ZHANG Bao-ju®*
1. State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China
2. College of Physics & Electronic Information, Tianjin Normal University, Tianjin 300387, China

Abstract In order to study the influence of the two factors, the signal to noise ratio (SNR) of instrument and number of wave-
lengths, on the accuracy of quantitative analysis in spectral modeling analysis, the influences of different SNRs, the number of
wavelengths participating in partial least square regression, and multi-wavelength modeling in different SNR bands were taken
into account. The relationships between these factors and quantitative analysis accuracy were explored by modeling analysis ex-
periments. The results show that the analysis accuracy is directly related to the SNR of instrument. And increasing wave-
lengths, especial the ones with high SNR, reflects a phenomenon that four times of wavelength number will bring 2 times accura-
cy increasing, which can compensate for the lack of SNR. The research provides the experimental basis and theoretical guidance
to improve the model’s quality and reduce the prediction error by the utilization and improvement of the instrument’s SNR and
the reasonable choice of wavelengths and bands of modeling.

Keywords Signal to noise ratio; Number of wavelengths; Spectral analysis accuracy; Pure absorption; Partial least square
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