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Design of Modeling & Simulator for ASP Realized with the Aid of Polynomiai Radial
Basis Function Neural Networks
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Abstract — In this paper, we introduce a modeling and a process simulator developed with the aid of pRBFNNs for
activated sludge process in the sewage treatment system. Activated sludge process(ASP) of sewage treatment system
facilities is a process that handles biological treatment reaction and is a very complex system with non-linear
characteristics. In this paper, we carry out modeling by using essential ASP factors such as water effluent quality, the
manipulated value of various pumps, and water inflow quality, and so on. Intelligent algorithms used for constructing
process simulator are developed by considering multi-output polynomial radial basis function Neural Networks(pRBFNNs)
as well as Fuzzy C-Means clustering and Particle Swarm Optimization. Here, the apexes of the antecedent gaussian
functions of fuzzy rules are decided by C-means clustering algorithm and the apexes of the consequent part of fuzzy
rules are learned by using back-propagation based on gradient decent method. Also, the parameters related to the fuzzy
model are optimized by means of particle swarm optimization. The coefficients of the consequent polynomial of fuzzy
rules and performance index are considered by the Least Square Estimation and Mean Squared Error. The descriptions
of developed process simulator architecture and ensuing operation method are handled
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Fig. 1 Constitution of advanced wastewater treatment.
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Fig. 2 Biological system of activated sludge treatment.
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Table 1 Standard of discharge water of sewage.
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Table 2 Values of parameters of PSO algorithm and the
proposed model

Generation size 20
Swarm size 20
PSO vmax 20% of search space
[wmin wmax] [0.4 0.9]
cl, c2 2.0
FCM Number of clusters 15 ~ 35
clustering |Fuzzification coefficient
Polynomial type 1<T<3
Ak Weighting factor(6) 05
=g Division of data 50% : 50%
Learning rate 0.00001 ~ 1
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— 1 - i ~i 2
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n

1 i S 2
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MPI= PIx0+EPI<(1—6) (22)
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Table 3 Tuned optimization parameter

Parameter Value
Number of clusters 34
Polynomial type 2

Learning rate 0.422
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- AAEE A gE 2o e Ry} dagge] o
FES % 3% 2t
E 4 MctE =ee] EXS g

Table 4 Values of Performance index of the proposed
model

BOD | TSS | T N | NH3 | NO3 | T_P | PO4

PI ]0.0096| 0.0097 | 0.0244 | 0.0311 | 0.0144|0.0497 | 0.0619

EPI 0.0042 | 0.0034 ]0.0159]0.0353]0.0172 0.0505 | 0.0638
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Fig. 6 Actual simulator of activated sludge process
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Table 5 Compare of real data and model output

e x T % | BOD | TSS | TN | NH3 | NO3 | T_P | PO4
Real 489 | 999 | 1437 | 269 | 1092 | 089 | 0.49
Output

1263
Model 486 | 997 | 1432 | 274 | 1083 | 088 | 0.48
Output
Real 402 | 978 | 1264 | 071 | 1124 | 146 | 1.09
Output

2111
Model 401 | 978 | 1267 | 077 | 1122 | 147 | 1.09
Output
Real 363 | 968 | 1218 | 056 | 1098 | 179 | 1.45
Output

25.15
Model 361 | 967 | 122 | 066 | 1083 | 1.74 | 1.39
Output
Real 318 | 956 | 1178 | 046 | 1072 | 2.35 | 2.05
Output

29.99
Model 317 | 955 | 1181 | 057 | 1063 | 2.32 | 201
Output
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