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Abstract This paper proposed a solution method of spectral classification modeling for multi-scene optimization.
Firstly, a modified power function equation was constructed through a simulation analysis of the Mie scattering of
particles, and the direct fitting method was used to achieve accurate turbidity correction of the sample spectra.
Then, the absorbance normalization method was employed to obtain the linear feature spectra of different scenes and
develop a scene-based feature library. Subsequently, the partial least-squares (PLS) method was applied to build a
solution model for each scene and thereby establish a chemical oxygen demand (COD) solution model library. When
an unknown water sample went through the COD detection, its normalized spectrum was first matched with the
linear feature spectra of the scene-based library through the Jaccard similarity theory for the identification of the
scene it belonged to. Then, its COD concentration was calculated with the optimal solution parameters obtained
from the solution library. The experimental results show that the proposed method holds application value in that it
delivers high scene-matching accuracy and reduces the COD solution error under multi-scene conditions.
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Fig. 1 Turbidity direct fitting correction results based on modified power function. (a) Fitting results of the particles’

simulation spectra by modified power function with particle size of 0. 1-100 pm; (b) turbidity direct fitting

correction results of diatomite sample spectra
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Fig. 2 Spectra of samples with different COD concentrations in two scenes. (a) Original spectra;

(b) absorbance normalized spectra
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Fig. 5 Scene matching results of the sample spectra in the test set. (a) Scene matching rate of the sample spectra;

(b) C,,.. of the sample spectra
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Fig. 6 Scenes matching results of test set based on three typical classification methods. (a) SVM; (b) BP-ANN; (c¢) K-NN
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Table 1  Accuracy statistics of four scene-matching methods
Method Accuracy /%
BP-ANN 55.56
K-NN 62.22
SLCSM 100. 00
SVM 91.11
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Table 2 Experimental results of multi-scene COD calculation

Holistic PLS modeling

SVM-PLS modeling SLCSM-PLS modeling

Scene  Actual value / Calculation Calculation Calculation
. Error Error Error
label (mg+L Y value / rate /% value / rate /% value / rate /%
(mg+ L™ (mg+ L™ (mg+ L™
1 80. 44 1175.93 1361. 87 79.08 1. 69 79.08 1. 69
2 141.18 130. 46 7.59 140. 75 0. 30 140. 75 0. 30
3 37.78 545.59 1344.12 264.43 599.92 36.59 3.15
4 160. 88 1573.13 877.83 160. 81 0.04 160. 81 0. 04
5 109. 93 862. 32 684.43 111. 14 1.10 111. 14 1.10
6 3.63 220.67 5979. 06 40.72 1021.76 3. 64 0. 28
7 20.01 285. 89 1329. 45 19. 69 1. 60 19.69 1. 60
8 6.03 156. 08 2488. 39 5.91 1.99 5.91 1.99
9 6.12 75.15 1127.94 23.82 289. 22 6.02 1.63
10 10. 31 100. 77 877. 40 19. 24 86.61 10. 10 2.04
Average execution time /s 0.363 0.553 0.762
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Fig. 7 Influence of three turbidity characteristic fitting
functions on SLCSM-PLS COD calculation
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Table 3  Statistics of the influence of three turbidity

characteristic fitting functions on the error rate

of COD calculation in SLCSM-PLS method

Error rate /%

Scene label Power Exponential ~ Quadratic
function function polynomial

1 1. 69 11.43 14. 06

2 0. 30 10. 49 40. 57

3 3.15 13. 24 12. 25

4 0. 04 8. 45 9.61

5 1. 10 54.73 65.76

6 0.28 2.93 2.09

7 1. 60 10. 27 9.53

8 1.99 9.62 8.98

9 1.63 2.34 2.29

10 2.04 2.95 3.17

Average
1. 36 12.65 16. 83

error rate
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