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Modeling of Nonlinear SBR Process for Nitrogen Removal via GA-
based Polynomial Neural Network
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Abstract : This paper is concerned with the modeling and identification of sequencing batch reactor (SBR) via genetic algorithm
based polynomial neural network (GA-based PNN). The model cescribes a biological SBR used in the wastewater treatment process
for nitrogen removal. A conventional polynomial neural network (PNN) is applied to construct a predictive model of SBR process
for nitrogen removal before. But the performances of PNN depend strongly on the number of input variables available to the model,
the number of input variables and type (order) of the polynomials to each node. They must be fixed by the designer in advance before
the architecture is constructed. So the trial and error method mus: go with heavy computation burden and low efficiency. To alleviate
these problems, we propose GA-based PNN. The order of the polynomial, the number of input variables, and the optimum input
variables are encoded as a chromosome and fitness of each chromosome is computed. Simulation results have shown that the
complex SBR process can be modeled reasonably well by the present scheme with a much simpler structure compared with the
conventional PNN model.
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Fig. 1. Experimental setup of SBR for nitrogen removal.
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Table 1. Working condition of SBR.
Parameter Average
volume 101
SRT 30d
MLSS 2500 mg/l
MLVSS/MLSS 0.701
Temperature 23+ 2°C
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Table 2. Constituent and state of material.

. Standard

Constituent Range Average deviation
pH 6.7~7.5 7.1 0.12
BOD; 50~85 63 144
COD,, 112~152 131 18.8
TSS 31~52 45 69
VSS 23~46 36 74
NH;-N 18-28 2 35
TP 2.18~2.22 23 0.05
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Fig. 3. Chromosome of PD and its corresponding node description.
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Table 3. Parameters for evolutionary design of PNN.

parameters iIstlayer | 2ndlayer | 3rdlayer
Max. generation 40 60 80
Population size 20(15) 60( 50) 80
Chromosome length 9 20 55
Crossover rate 0.85
Mutation rate 0.05
Type 1~3
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Fig. 4. Used data vector for input variables.
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Table 4. Comparison of identification error with conventional

polynomial neural network.
layer
Structure Inputs Order Pl
1 23 1 2-3

Basic — 2 2 Type2 Type2 2737
Case 1 3 3 Type3  Type3  22.80
Basic — 2 2 Type3 Type2 30.62
(6] Case 2 3 3 Type3d Type2 1337
Modified 2 3 Type2 Type2 15.17
~Case 1 3 2 Type2 Type2 1572
Modified 2 3 Type2 Type3 26.64
—Case 2 3 2 Type3  Type2  21.01
Our model A g 11.39
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