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Application of ESN-based Multi Indices
Dual Heuristic Dynamic Programming on
Wastewater Treatment Process

QIAO Jun-Feit! BO Ying-Chun': 2 HAN Guang!

Abstract In order to solve the problem of controlling dissolved
oxygen (DO) concentration and nitrate concentration of waster-
water treatment process (WWTP), a multi critic indices dual
heuristic dynamic programming (MDHP) policy is proposed.
The approximating precision can be improved through lowering
the complexity between the relationship of the critic network’s
outputs and inputs in this scheme. Echo state networks (ESNs)
are adopted to approximate the critic indices and the optimal
control policy. Online learning method of the controller is inves-
tigated. Experimental results indicate that the MDHP scheme
has some advantages over single critic index DHP (SDHP) and
PID in control performance.
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Table 1  Control precision indices of three controllers
) PID E-SDHP E-MDHP
So,s5 SNo,2 So,5 SNo,2 So,5 SNo,2
MAE (4% V3% 2) 0.0442 0.0256 0.0151 0.0714 0.0041 0.0271
DEV™a* (g ki) 0.0993 0.1292 0.0824 0.3210 0.0145 0.1897
MSE (¥77%) 4.98 x 1074 0.0011 3.04 x 107* 0.0084 2.13 x 107° 4.97 x 107*
x 2 =R AR R fe AR
Table 2  Operating amount indices of three controllers
. PID E-SDHP E-MDHP
AR
Kras Qa Kras Qa Kpas Qa
Aty (FEHlE ) 115.01 15674 114.13 17 549 114.29 32675
MSE (77%) 2998.1 2.9875 x 108 2973.5 2.1436 x 108 2996.2 3.9436 x 108
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Fig.5 Changes of E° in the learning process of the critic ESN
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