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Abstract A method for detecting chemical oxygen demand (COD) in water based on ultraviolet and fluorescence
multi-spectral fusion is proposed. The experimental samples are 53 actual water samples, including coastal seawater
and surface water. The physicochemical values of the experimental samples are calculated by the standard chemical
method, and the ultraviolet absorption spectra of the samples are collected by the ultraviolet-visible spectrometer,
and the three-dimensional fluorescence spectra are collected by fluorescence spectrophotometer, then the processed
spectral data are used to build model. Using the ant colony-interval partial least squares (ACO-iPLS) as feature
extraction algorithm and the particle swarm optimization least squares support vector machine (PSO-LSSVM) as
modeling method, we establish the prediction model based on ultraviolet absorption spectra and fluorescence
emission spectra at single excitation wavelength, the data level fusion model and the feature level fusion (mid-level
data fusion, MLDF) model based on ultraviolet and fluorescence multi-spectral information, respectively. And the
prediction results of various models are compared. The results show that the prediction effect of the MLDF model
based on ultraviolet and fluorescence multi-spectral information is optimal, and the prediction accuracy of COD in
water is relatively high. The determination coefficient of calibration set is 0. 9999, the prediction determination
coefficient of validation set is 0.9912, and the root mean square error in prediction set is 1.1297 mg/L. It provides
a new research idea and solution for the rapid detection of COD in water.
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Fig. 1 UV absorption spectra of experimental water samples
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Fig. 2 Contour maps before and after removal of scattering of sea water samples.

(a) Before removal of scattering; (b) after removal of scattering
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Fig. 3 Modeling process of the optimal model in this study
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Modeling results of UV spectra of experimental water samples by PSO-LSSVM
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Table 2 Modeling results of fluorescence spectra of experimental water samples by PSO-LSSVM

Excitation Calibration set Validation set
wavelength /nm R: RMSECV /(mg+L ") R: RMSEP /(mg+L ")
220 0.9999 0.1004 0.9692 2.0987
225 0.9999 0.1703 0.9783 1.7783
230 0.9999 0.0468 0.9779 1.8459
235 0.9980 0.6351 0.9876 1.3725
240 0.9293 3.7334 0.9661 2.5271
245 0.9995 0.3051 0.9684 2.1227
250 0.9980 0.6545 0.9750 1.9570
255 0.9283 3.7744 0.9620 2.5084
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275 0.9342 3.3273 0.9038 4.3444
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295 0.9996 0.2965 0.9737 2.1070
300 0.9896 1.4185 0.9725 2.1539
305 0.9999 0.0912 0.9656 2.3591
310 0.9993 0.3665 0.9789 1.7811
315 0.9936 1.1119 0.9800 2.2497
320 0.9966 0.8122 0.9690 2.2926
325 0.9999 0.1123 0.9514 3.1902
330 0.9846 1.5396 0.9647 2.6610
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Fig. 4 Flow chart of low level data fusion modeling

based on UV and fluorescence multi-spectral information
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Table 3 PSO-LSSVM modeling results of low level data fusion based on UV and fluorescence multi-spectral information

Calibration set

Validation set

Fusion approach

R? RMSECV /(mg+L ") R? RMSEP /(mg+L ")
LLDF1 0.9999 0.1361 0.9821 1.6552
LLDF2 0.9999 0.0585 0.9886 1.2582
LLDF3 0.9999 0.3969 0.9876 1.4495
LLDF4 0.9999 0.0450 0.9857 1.5243
LLDF5 0.9999 0.0377 0.9766 1.8591
LLDF6 0.9999 0.0713 0.9860 1.5294
LLDF7 0.9999 0.0352 0.9875 1.4589

L5 #E LLDF1 ~ LLDF7 i 46 78 % 5% 0] %0,
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F4) T 50 SR AT b 5 T R AR A I B RS 56 4B A (]
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Fig. 5 Flow chart of mid-level data fusion modeling

based on UV and fluorescence multi-spectral information
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Table 4 PSO-LSSVM modeling results of mid-level data fusion based on UV and fluorescence multi-spectral information

Calibration set Validation set

Fusion approach

R? RMSECV /(mg+L ") R? RMSEP /(mg-L ")
MLDF1 0.9999 0.0284 0.9863 1.4265
MLDF2 0.9999 0.0285 0.9864 1.4265
MLDF3 0.9999 0.0409 0.9886 1.4086
MLDF4 0.9999 0.0168 0.9856 1.5116
MLDF5 0.9999 0.0304 0.9912 1.1297
MLDF6 0.9999 0.0164 0.9833 1.5715
MLDF7 0.9999 0.0131 0.9848 1.5517
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Fig. 6 Prediction results of MLDF5-PSO-LL.SSVM model. (a) Calibration set; (b) validation set
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