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ABSTRACT

In this paper, an optimal idenfication method using fuzzy-neural networks is proposed for modeling of
nonlinear complex systems. The proposed fuzzy-neural modeling implements system structure and par-
ameter identification using the intelligent schemes together with optimization theory, linguistic fuzzy im-
plication rules, and neural networks(NNs) from input and output data of processes. Inference type for this
fuzzy-neural modeling is presented as simplified inference. To obtain optimal model, the learning rates and
momentum coefficients of fuzzy-neural networks(FNNs) are tuned automatically using improved modified
complex method and modified learning algorithm. For the purpose of its application to nonlinear processes,
data for route choice of traffic problems and those for activated sluge process of sewage treatment system
are used for the purpose of evaluating the performance of the proposed fuzzy-neural network modeling.
The results show that the proposed method can produce the intelligence model with higher accuracy than
other works achieved previously.
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Fig. 2 Membership function of fuzzy-neural network and mapping input variables
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Table 1. Example Data For Logit Model

No route Ti T2 | No route TI1 T2
1 2 52.9 4.4 | 12 1 185 84.0
2 2 4.1 285 | 13 1 82.0 38.0
3 1 41 869 | 14 2 8.6 1.6
4 2 56.2 31.6 | 15 1 22,5 74.1
5 2 51.8 20.2 | 16 1 51.4 838
6 1 0.2 91.2 | 17 2 81.0 19.2
7 1 276  79.7 | 18 1 51.0 85.0
8 2 89.9 2.2 | 19 1 62.2 90.1
9 2 415 245 | 20 2 9.1 22.2

10 2 95.0 435 ' 21 1 41.6 91.5

11 2 99.1 8.4 |
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Table 2. Comparison of identification error with conventional
fuzzy modeling methods
Type THLA | HFE
1) BL(Binary Logit) = d[14] 5.452 90.47
2) PS(Production System) 2 d[6] 2.0 85.7
) wEUES A w9 (6] 0.497 95.2
4) HA-wANESZ v d3d[6] 1.178 90.47
5) HA-FEUEL A »d g (our model) | 0.000493 | 100.
: ORIGINAL DATA
o : MODEL OUTPUT
1.5 T T
. |
= 1 ?
2 W |
> 5
= 0.5 B
> \ |
£ o |
1) |
05 . . J
0 10 20 30
DATA NUMBER
Ol 5. Aulolele} nd 59 &b o]Ete]
Fig. 5 Comparison of original data and output data for model 5
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ssAgols B4 ool UNHoR AeH T Utk BYUTYE WA, AxPAA, Tr)z Y AS
AAAE Tgath e A2 P AR A E 5ol THE AR Jrt ol o8] A pwch %]
Zoﬂ’\i T*l A& o7 slgEFd F77 FHET FU1E A FAL olFE VAEL Fxe] HA
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AV EAHL Z7z 2 HEFAAAE bt @ zd AYPstart 44 HEAHAAZ fdde A=
A ab2 g T3 (Boilogical Oxygen Demand : BOD) ¥ #4142 **#%(Suspended Solid : SS) s=& %3
1, BEFAAR A FE55= AEA A4 o P2 (Effluent Boilogical Oxygen Demand : EBOD) 2 ®f# &
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Fig. 6 Configuration of sewage treatement system
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Table 3. Performance index of model for A.S.P. in the number of membership function
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Fig. 7 The comparison of error convergence procedure of each model
according to the number of membership function
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Table 4. Optimal mapping coefficients
dE A mshmax mshmin
MLSS 0.85 1.05
WSR 0.85 1.05
RRSP 0.85 1.05
DOSP 0.85 1.05
HES F38 &% ¢duelEH 7E g5 dad Ay vl
Table 5. Comparison of identification error between conventional learning algorithm and modified one
w4 el As T 3 5 7 13 15
1) 7159 T & AFAl AR F 12.858117 | 10.760273 | 8.910334 | 2.503827 | 0.816277

2) £ E BEUIEE AMRA] A5 (Z71AA 0] 8A]) | 12.266345 | 10.259945 | 8.481753 | 2.1660427 | 0.457974
3) Y a2 naE AREA] A F(HEHAMIAI R 84]) | 12113760 | 8.486619 | 7.064596 | 1.104633 | 0.293213
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Fig. 8 Comparison of error convergence procedure between
conventional learning algorithm and modified one
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Table 6. Comparison of identification error with
conventional fuzzy modeling methods

LA ) 53 24
Conventional model[15] 1.34
Fuzzy-Neural model{ Our model ] 0.29
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Fig. 9 Comparison of original data and each output according to
number of membership function
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