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Modeling wastewater treatment plant via hierarchical neural networks
CONG Qiu-mei!, CHAI Tian—youl’Q, YU Wen?

(1. Key Laboratory of Process Industry Automation, Northeastern University, Ministry of Education, Shenyang Liaoning 110004, China;
2. Automation Research Center, Northeastern University, Shenyang Liaoning 110004, China;
3. Departamento de Control Automatico, CINVESTAV-IPN, Mexico D.F. 07360, Mexico)

Abstract: A hierarchical neural networks based on the mechanism of activated sludge process is introduced for modeling
the wastewater treatment plant (WWTP) which includes multivariable and multi-nonlinear subsystems with serial structure.
This approach combines the neural network and the mechanism model in a serial configuration; and the nonlinear uncer-
tainties of the activated sludge process are estimated by neural networks. A stable learning algorithm and the theoretical
analysis are given for this model based on the relations of various modeling errors among sub-processes. Operational data

of a wastewater treatment plant illustrate the efficacy of this modeling approach.
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Fig. 1 Plant configuration of nitrogen removal process
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Fig.2 Cascaded process modeling with hierarchical neural networks
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Table 2 Steady values of components in

anoxic and aerobic tanks ~ mg17!
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Fig. 5 Simulation results of hierarchical neural networks

6 45i&(Conclusion)

AR HAT s B a5 K A 3 AJOM
REFEPE HH — 22 B P T AU PR 3 i e 28 I 4%
BT VL, 4R 48 5 1 R R B AR R DL AR g 5K
BB AR T HRREE AR E I, S AT R W,
BT 3 1 a7 30 LA R 2% S TR AR SCHe i)
Jof A 25 IO 248 AR 7 Y 0T i e AR AR g Tl ek 7
(1 A ) LA R

& % 3k (References):

[1] ZHU J B, JIM Z, RAO M, et al. An on-line wastewater quality pred-
ication system based on a time-delay neural network[J]. Engineering
Applications of Artificial Intelligence, 1998, 11(6): 747 —758.

[2] DAESL,PETER A. Vanrolleghem, and Jong Moon Park. Hybird neural
network modelling of a full-scale industrial wastewater treatment pro-
cess[J]. Biotechnology and Bioengineering, 2002, 78(6): 670 — 682.



14 oW s N M

06 %5

[3] DAE S L, PETER A. Vanrolleghem, and Jong Moon Park. Parallel
hybrid modeling methods for a full-scale cokes wastewater treatment
plant[J]. Journal of Biotechnology, 2005, 115(3): 317 — 328.

[4] DUAN J C, CHUNG F L. Cascaded fuzzy neural network model based
on syllogistic fuzzy reasoning[J]. IEEE Transactions on Fuzzy Systems,
2001, 9(2): 293 — 306.

[S] RICARDO J G, CAMPELLO B. Hierarchical fuzzy relational models:
Linguistic interpretation and universal approximation[J]. IEEE Transac-
tions on Fuzzy Systems, 2006, 14(3): 446 — 453.

[6] ANDERSON J S, KIM H, MCAVOY T J, et al. Control of an alter-
nating aerobic-anoxic activated sludge system - Part 1 Development of
a linearization-based modeling approach[J]. Control Engineering Prac-
tice, 2000, 8(3): 271 — 278.

[71 HENZE M, GRADY C, GUJER W, et al. Activated sludge model[C]
/ITAWQ Scientific and Technical Report. London: IAWQ, 1987.

[8] YU W, MARCO A. MORENO A, et al. System identification using hi-
erarchical fuzzy neural networks with stable learning algorithm[J]. Jour-
nal of Intelligent & Fuzzy System, 2007, 18(2): 171 — 183.

[9] LJUNG L, SODERSTROM T. Theory and Practice of Recursive System
Identification[M]. Cambridge: The MIT Press, 1983.

[10] YU W, LI X O. Discrete-time neuro identification without robust mod-
ification[J]. IEE Proceedings: Control Theory and Applications, 2003,
150(3): 311 - 316.

[11] MOODY J, DARKEN C J. Fast learning in networks of locally-tuned
processing units[J]. Neural Computation, 1989, 1(2): 281 —294.

[12] ZHAO L J, CHAI T Y. Wastewater BOD forecasting model for opti-
mal operation using robust time-delay neural network[J]. Lecture Notes
Computer Science, 2005, 3498(3): 1028 — 1033.

[13] BESCH, SERAM. B 1 iR Q2500 B R e R AL > & R 2 BEA AR
PEELT]. 421 5 R, 2007, 24(4): 569 - 573.
(JIA Wenjun, CHAI Tianyou. Soft-sensor of element component con-
tent based on multiple models for the rare earth cascade extraction pro-
cess[J]. Control Theory & Applications, 2007, 24(4): 569 — 573.)

Y A~

Mk
[ REEARE, E-mail: cong_0828 @tom.com;

SR (1947—), 93, vh R LR I L, S0, 2R U,
FUIT 1) g & AR ) R e AR L R Dl RS A B R
e

£ X (1965—), 9, #Iz, WL AW, WRFCTT R E &
Tl AR 4 ASTRI s et Ao 25 1 4 A R HE 1

(1978—), L, WHF5 A, WF9T 07 17 Ry A2 2% Tkl F



