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Identification of the types of waste water based on visible/near-infrared
spectroscopy and BP-ANN algorithm
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(1. College of Biology and Environmental Sciences, Jishou University, Jishou 416000, China;
2. School of Info- Physics and Geomatics Engineering, Central South University, Changsha 410083, China;
3. Changsha university of science and technology , Changsha 410000, China)

Abstract : A rapidly and pollution-free method was developed to identify the types of waste water by visible/near-infra-
red spectroscopy and back-propagation artificial neural network ( BP-ANN) algorithm. The spectra data of the total
168 samples were obtained by a FieldSpec ®) 3 spectrometer. All the samples were divided randomly into two groups,
one with the 132 samples used as the calibrated set,and the other with the 36 samples as the validated set,and subse-
quently were analyzed with the whole wave band (400 ~2450 nm) and the selection wave band (400 ~ 1800 nm) mod-
els,respectively. The spectra data were pretreated by the methods of S. Golay Smoothing and Standard Normal Variable
(SNV) ,and the pretreated spectra data were analyzed with Principal Component Analysis ( PCA). The anterior 9
principal components computed by PCA were used as the input variables of BP-ANN model which included one hid-
den layer,while the values of the types of waste water used as the output variables,and consequently the three layers
BP-ANN identification model was built. The 36 unknown samples in the validated set were predicted by the ANN-BP
model. The results showed that the recognition rate was 100% in such both models,and the accuracy of selection wave
band model was higher than that of the whole wave band model. We suggested that it was feasible to discriminate the
types of waste water used by visible / near-infrared spectroscopy and BP-ANN algorithm as a rapid and pollution-free
way ,and the wave band selection was a validated way to improve the precision of the identification model.
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Fig. 1 the visual/near-infrared reflected spectra of 4 types of waste water
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Fig.2  score cluster plot using top three principal components (PCs) for whole wave band model (a) and selection wave band model (b)
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Note: 1 — Printing and dyeing waste water;2 — Domestic waste water;3 — Winemaking waste water;4 — Pharmacy waste water
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Fig.3  accumulative reliabilities plot of the top 12 principal components of two kinds of PCA models



1156

ot 5 4 sh

539 &

3.3 BP - ANN Z# 5 44

FUTIN S tesf g 132 R4, 1L PCA 218 51
O O AR AT o BP 22 190 4 H i A s it 7
37 PCA — BP W[ BUMHIR . dRE A7 14 B
YK AR S B 2 B A
{8} 1.0000,2.0000,3.0000 5 4.0000, BP %24
FE1H] 7 1] Sigmoid Il B ¥, JC bt Sigmoid 2§

0.9, B/NIZREE R 0. 1, 314 2501 0. 6, i
BRZEWN 0. 0001, Fe KE AR E R 3000 ¥k, #H
B e 01 I A R B R R R A
itk BP - ANN #2450 L FERY BP 24454 Ty
9-6-4 =, FUTIFTAESLA BP - ANN HLEL G H
15 36 > HTREHERT T, 45 55491 P K B
KRR TE 1 100% (M2 1 FER) o

F 1 FAARR 36 MR AN TONER

Tab.1 prediction results for 36 unknown samples by two kinds of BP-ANN models
b e B (438 B (FIR )
Sample No. Standard value Predicted value( Whole wave band) Predicted value( selection wave band)
(1) 1.0000 1.1063 1.1159
(2) 1.0000 1.2263 1.0343
(3) 1.0000 0.8931 1.1116
(4) 1.0000 1.2054 0.9135
(5) 1.0000 1.0840 1.2120
(6) 1.0000 1.3335 0.9432
(7) 1.0000 0.9221 1.0985
(8) 1.0000 1.2054 1.2651
(9) 1.0000 1.1852 1.0591
(10) 2.0000 2.2670 2.1027
(11) 2.0000 1.8387 2.0659
(12) 2.0000 2.1571 2.2133
(13) 2.0000 2.3851 1.9095
(14) 2.0000 1.9697 1.8927
(15) 2.0000 1.7986 2.0865
(16) 2.0000 2.0215 2.2567
(17) 2.0000 2.2932 2.1235
(18) 2.0000 1.9752 1.9954
(19) 3.0000 2.8321 2.9761
(20) 3.0000 3.2061 3.2041
(21) 3.0000 2.9816 2.9531
(22) 3.0000 2.9733 3.1556
(23) 3.0000 3.0552 2.9735
(24) 3.0000 2.8779 3.1057
(25) 3.0000 3.2254 3.0879
(26) 3.0000 3.0158 2.8974
(27) 3.0000 3.2247 3.1021
(28) 4.0000 4.2512 3.9281
(29) 4.0000 4.0592 3.8596
(30) 4.0000 4.3282 4.0876
(31) 4.0000 3.8350 3.9162
(32) 4.0000 4.0671 3.9321
(33) 4.0000 4.1873 3.9676
(34) 4.0000 3.9712 3.9952
(35) 4.0000 3.8545 4.0068
(36) 4.0000 4.1871 3.8945

(1) = (9) (EGYEIK; (10) - (18) AEIETG K (19) — (27) 3&i) Bk ; (28) — (36) : il 24) 1K
Note: (1) — (9) :Printing and dyeing waste water; (10) — (18) : Domestic waste water; (19) — (27) : Winemaking waste water; (28) - (36) ; Phar-

macy waste water
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Fig.4 standard value versus predicted value by whole wave band model (a) and selection wave band model (b) in validation set
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