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Modeling of Nonlinear SBR Process for Nitrogen Removal Using
Fuzzy Systems
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Abstract

This paper shows the application of fuzzy system for a modeling of nonlinear biochemical process. A wastewater
treatment process for nitrogen removal in a sequencing batch reactor (SBR) is presented and fuzzy systems with
different consequent polynomials in the fuzzy rules to model and identify the oxidation reduction potential (ORP) of
the process are introduced. The paper compares, analyzes the results of fuzzy modeling, and shows the nonlinear
process can be modeled reasonably well by the present scheme.
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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/1
MLVSS/MLSS 0.701
Temperature 23+ 27T
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Table 2. Constituent and state of material

Constituent Range | Average | Standard deviation
pH 6.7~75 7.1 0.12
BODs 50~85 63 14.4
CODcr 112~152 131 18.8
TSS 31~52 45 6.9
VSS 23~46 36 7.4
NH4-N 18~28 22 35
TP 2.18~2.22 2.3 0.05
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Table. 3 Different forms of the polynomials in the fuzzy rule.

Input
Types 1 2 3
Type 1 Constant Constant Constant
Type 2 Linear Bi-linear Tri-linear
Type 3 Quadratic Bi-quadratic | Tri-quadratic
Type 4 Modified Type 3

-Bi-linear = b0+ b1$1 + bgmg
-Bi-quadratic = Bilinear+b;z, 7, + b,z + bz}
-Modified Bi-quadratic = Bilinear+bs%; Z;
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Fig. 2. Gaussian membership function and its parameter
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Table 4. Simulation results of fuzzy system

Fuzzy system
consequent No. of fuzzy rules
type 2x2x2x2 | 2x2x3x3 | 3x3x2x2
Type 1 41.01 17.46 20.71
Type 2 3.663 1.930 4.076
Type 3 2073 1.529e8 1.088el
Type 4 2476 2.540 6.764

y=2411.6 + 41.773z, + 0.65552z,
+23.4237, — 376 61z,
y=232693 — 936.09z; + 0.5277 Lz,

+ 100.543; — 9854.4z, + 984.49x] (4)
—0.0011349 %7 — 24.12222 + 741.38z?
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