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COD on-line soft measurement based on TentFWA-GD RBF neural network

Chen Ruqing Yu Zhiheng

(College of Mechanical and Electrical Engineering, Jiaxing Nanhu University, Jiaxing 314001, China)

Abstract: With the goal to realize the real-time accurate measurement of chemical oxygen demand (COD) in wastewaler treatment
process, a soft-measurement method based on TentFWA-GD RBF neural network (NN) was proposed. To solve the problems of network
parameters settings and local optima existing in RBF NN based soft sensor modeling for complex industrial processes, as well as improve
the model’ s prediction precision and generalization ability, tent chaotic mapping was introduced in fireworks algorithm (FWA) to keep
the population diversity and avoid the premature convergence by making use of the global ergodicity of chaos movement. Then a novel
training method for RBF NN was proposed by combining the improved TentFWA with gradient descent ( GD) method to enhance the
learning ability. The TentFWA-GD RBF NN was applied to construct the fitting models of four Benchmark functions and the COD soft
sensor model of rural domestic sewage treatment process. Simulation and application results showed that the model had lower function
approximate error and higher COD prediction precision as compared with other neural network models. In COD soft sensor modeling, the
mean square error and mean absolute error of the training results were 0. 18 and 0. 25, which of the test results were 0. 23 and 0. 36,
respectively.
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Fig. 1 RBF NN based soft sensor model
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Table 2 Comparison of function fitting results between six neural network models

N N f
HERHRL ER1 ER2 ER3 ER4 ER1 ER2 ER3 ER4
BP 9.792x107°  4.554x107%  8.621x107%  6.399x107"  3.610x107*  1.472x107"  1.590x107>  3.883x107'
GA-BP 7.218x107°  8.337x107%  1.402x107*  1.026x107"  9.102x10™°  6.159x107%  1.014x107>  1.735x107"
PSO-BP 6.965x107°  7.671x107%  1.321x107%  9.872x107*  9.616x107°  6.833x1072  1.323x1072  2.006x107"
RBF 7.730x107°  8.395x107°  1.392x107>  1.855x107"  1.204x107*  7.021x1072  1.471x107%>  2.314x10""
FWA-GD RBF 2.032x107°  5.764x107*  3.212x107°  9.872x107%  5.943x107°  8.319x107*  4.932x107°  5.303x1072
TentFWA-GD RBF  1.314x107®  4.113x107°  8.123x10™*  1.512x107%  3.394x10™°  9.659x107>  2.319x107°  1.530x1072
N , /3 J4
HERHRL ER1 ER2 ER3 ER4 ER1 ER2 ER3 ER4
BP 1.150x107  2.124x107"  7.662x107>  4.080x107"  1.194x10™>  1.441x107>  9.001x107>  1.011x107"'
GA-BP 6.757%x107°  1.180x1072  4.858x107>  6.047x107>  9.870x107°%  1.183x1072  7.540x107>  8.972x10" >
PSO-BP 5.873x107°  1.025x107>  4.222x107%  5.255x1072  1.026x107%  1.238x107>  7.889x107>  9.891x1072
RBF 9.612x107*  1.678x1072  6.910x107>  8.601x1072  1.176x107>  1.352x1072  9.184x107>  1.093x107"
FWA-GD RBF 5.783x107%  8.204x107°  4.531x107%  5.762x1072  7.012x107°  8.503x107°  7.223x107>  9.705x107?
TentFWA-GD RBF  3.659x107°  7.532x107°  2.616x107%  4.069x107>  5.127x10™°  6.684x10™°  5.275x1072  8.012x1072
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Table 3 Partial of the sample data

S8/ TP/ TN/ DO/ CoD/

/m’ 7/C
@m (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L™")

28316 317.57 2.60 28.03 22.77 2.93 22.97
31429 268.18 2.51 34.51 19.53 4.86 17.10
35071 315.74 3.39 17.41 17.41 1.92 14.78
28 214 303.60 3.09 20.95 16. 39 1.52 10.73
25968  160.60 2.02 18.72 19.03 2.23 18.52
33198 190.86 3.24 21.45 14.37 0.71 20. 54
33523 374.44 2.66 16.90 21.05 4.45 16.19

30526 213.53 2.52 40. 08 23.17 2.83 8.91
30736 293.48 2.34 17.61 24.39 1. 11 17. 61
30912 425.04 2.72 13.05 19.33 1.52 26.92
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Table 4 Comparison of training and prediction

results between six models

R 2K LERSES pIECES
ERI ER3 ER2 ER4
BP 164 113 2.12 1.24
GA-BP 130 0.65 1.72 0.77
PSO-BP .22 0.62 1.63 0.70
RBF 1.49  0.76 1.99 0.90
FWA-GD RBF 0.42  0.40 0.56 0.53
TentFWA-GD RBF 0.18  0.25 0.23 0. 36
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Fig.2 Training result of TentFWA-GD RBF

based soft sensor model
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