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Multivariate Control of Wastewater Treatment Process Based on

Self-organized Recurrent Wavelet Neural Network
SU Yin"?  YANG Cui-Li" QIAO Jun-Fei'

Abstract The wastewater treatment process (WWTP) is a complex process containing multiple biochemical reac-
tions with nonlinear and dynamic characteristics. Therefore, it is a challenge to achieve accurate control of the
wastewater treatment process. To solve this problem, a multi-variable control of wastewater treatment process
based on the self-organized recurrent wavelet neural network (SRWNN) is proposed. Firstly, to deal with the dy-
namicity of wastewater treatment process, according to the firing strength of the wavelet base, the self-organizing
mechanism is designed to dynamically adjust the structure of the recurrent wavelet neural network controller to im-
prove the control performance. Then, an online learning algorithm combined with adaptive learning rate is used to
learn the parameters of controller. In addition, the stability of the controller is proved by the Lyapunov stability
theorem. Finally, the benchmark simulation platform is used to conduct simulation. The experimental results show
that this control method can effectively improve the integral of absolute error (IAE) and integral of squared error
(ISE) of the wastewater treatment process.
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able control
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Table 1  Performance comparison of different control methods at constant set-point
DO NO
T Polge No.
IAE ISE DEV_MAX IAE ISE DEV_MAX
SRWNN 3 5.66x10™" 1.63x10°° 0.0087 0.0036 7.61x107° 0.0114
RWNN 5 0.0017 3.26x107° 0.0526 0.0020 3.06x107° 0.0540
i R NNOMC 10 0.0390* 5.31x107* 0.0725* 0.0490* 7.18x107"* 0.1630*
RARFNNC 4 0.0073* 1.61x107"* 0.0104* 0.0126* 2.83x 107 0.1050*
DRFNNC 6 0.0079* 1.82x107** 0.0154* 0.008 5% 3.25x107* 0.0176*
SRWNN 4 0.0041 1.75x10™" 0.1042 0.0101 9.80x10™* 0.1291
BARY RWNN 5 0.0051 2.21x10™" 0.1434 0.0117 1.40x107 0.2244
PID — 0.0016 1.90x10°* 0.2038 0.0317 8.23x107* 0.3233
T T FORBSC G R, < FoR TN SR,

N T kG SRWNN (2 fE, (RS K 6 %
THT, 4505 B E 4K RWNN, NNOMCE, ik — sl
RARFNNCP 1 DRENNC? 77847 Hokk. 7219 ;E_j |
M LA R, 73005 RWNN AL 4E) PID J53A3EAT Z,

P, b sk 1 s, 4% DO WKEM NO 1 . . . . . .

W BE ) TAE, ISE #1 DEV_MAX 318, b A
No. 722 X 255 475 ] 255 B 5 19 s B /NI 15 R 1)

AB AT LU LB 7 R 7E B (A S AR I 13 SRWNN /MBS niZe L

B BIRE R R, 5 AR A, SRWNN Fig.13  Change of SRWNN wavelet node
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TR AR LA B 45, SRWNN /N S B 4
SN BE S A Rt B P i Ak .

3.3 TREE

FEARFTH ) SRHAM R % EE, DO WK
M NO WKER & EE S+

1.8mg/l, 8<t<9
Spo, set = ¢ 2.2mg/l, 9<t <10 (38)
2 mg/1, HAh
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SNO,set =<11 mg/L 12<t<13 (39)
1 mg/1, HAth
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Fig.14  Control results of DO under sunny condition
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Table 2 Performance comparison of different control methods at changed set-point
T Pl No. Do NO
TAE ISE DEV_MAX TAE ISE DEV_MAX
SRWNN 3 0.0067 3.68x10° 0.0156 0.0061 1.64x10™" 0.0067
i R RWNN 5 0.0087 2.62x10™" 0.1156 0.0126 2.30x107* 0.1116
PID — 0.0127 2.38x10°* 0.1038 0.0271 4.90x10°* 0.2184
SRWNN 3 0.0047 1.10x10™* 0.0538 0.006 5 3.18x10™" 0.1527
B RWNN 5 0.0069 1.92x10™* 0.0644 0.0088 4.58x10™ 0.1781
RFNNC — 0.0240* 2.40x107°* 0.0863 0.026 0* 1.00x 107%* 0.1881*
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