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Abstract In fuzzy modeling for nonlinear process, typically using the given data, the fuzzy rules are formed
by the input variables and the space division by selecting the input variable and dividing the input space for
each input variables. The premise part of the fuzzy rule is identified by selection of the input variables, the
number of space division and membership functions and the consequent part of the fuzzy rule is identified by
polynomial functions in the form of simplified and linear inference. In general, formation of fuzzy rules for
nonlinear processes using the given data have the problem that the number of fuzzy rules exponentially
increases. To solve this problem complex nonlinear process can be modeled by separately forming the fuzzy
rules by means of fuzzy division of each input space. Therefore, this paper utilizes individual input space to
generate fuzzy rules. The premise parameters of the fuzzy rules are identified by Min-Max method using the
minimum and maximum values of input data set and membership functions are used as a series of triangular,
gaussian-like, trapezoid-type membership functions. And lastly, using the data which is widely used in nonlinear
process we evaluate the performance and the system characteristics.
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[Fig. 3] Division of input space and gaussian membership
functions
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[Fig. 4] Division of input space and trapezoidal membership
functions
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[Table 1] Performance index based on mutual input space

Type of | No. of

MEFs MFs Type PI E_PI
Simplified 0.022 0.336

2x2
Linear 0.022 0.332

R

Simplified 0.021 0.346

3x3
Linear 0.017 0.298
Simplified 1.184 1.555

2x2
Linear 0.019 0.309

HEE

Simplified 1.092 1.733

3x3
Linear 0.017 0.293
Simplified 0.022 0.336

2x2
Apche)ma Linear 0.022 0.332
= Simplified | 1.108 1.843

3x3
Linear 0.018 0.283
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[Table 2] Performance index based on individual input space

Type of No. of
ﬁFS Es Type PI E_PI
- Simplified | 0.022 0.336
Linear 0.022 0.339
3 Simplified | 0.022 0.338
Ar71+& +
ve 343 Linear 0.020 0.329
sis Simplified | 0.021 0.334
Linear 0.017 0.305
24 Simplified | 1.355 1.628
Linear 0.020 0.324
N Simplified | 1.661 2.620
HEY 3+3
woee Linear 0.019 0.300
ses Simplified | 0.105 0.557
Linear 0.018 0.329
- Simplified | 0.022 0.336
Linear 0.022 0.339
3 Simplified | 1.554 2.493
A Uik +
forelE s 343 Linear 0.019 0.298
ses Simplified | 0.247 0.673
Linear 0.018 0.341
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(a) Simplified, PI

e

55 8 8

(¢) Linear, PI (d) Linear, E_PI
[O8 5] d&9 52 HH (2, 2+2)
[Fig. 5] Input-output space (triangle, 2+2)
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(¢) Linear, PI

(d) Linear, E_PI
[O3 6] d&" 7 HH (4, 3+3)
[Fig. 6] Input-output space (triangle, 3+3)
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[Fig. 7] Input-output space (triangle, 5+5)
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(c) Linear, PI
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[Fig. 8] Input-output space (gaussian, 2+2)
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(2) Simplified, PI

(¢) Linear, PI (d) Linear, E_PI
[33 9] Ad&3 T HH (FEY, 3+3)
[Fig. 9] Input-output space (gaussian, 3+3)

(¢) Linear, PI (d) Linear, E_PI
[3% 10] d=9 34 B4 (RT3, 5+5)
[Fig. 10] Input-output space (gaussian, 5+5)

(c) Linear, PI

(d) Linear, E_PI
[O% 1] d&9 34 FH A EE, 2+2)
[Fig. 111 Input-output space (trapezoidal, 2+2)

(c) Linear, PI (d) Linear, E_PI
(33 12] & 31 B9 (AoEEd, 3+3)
[Fig. 12] Input-output space (trapezoidal, 3+3)
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[Fig. 13] Input-output space (trapezoidal, 5+5)

ooz x1ge] uiAg AAEe zasly] 95
of A Y& ARgste] 618 158 AlAaEE st
o 62Hd AlARE A APl

E 32 AT A 3 B U % 3ol FH
9} -*r EL ﬁ“ﬁ% H“L.*Oﬂ oIt o5 dlolEe} HIAE Hloly

5169



A Eetsl=RA) A2 A11S, 2011

[ 3] 4= o 33 7Nt As A
[Table 3] Performance index based on mutual input space

Tﬁ;:f N;['F;’f Type PI E_PI

2x2x2 | Simplified | 7.19E-03 0.365

e X2x2x2 ‘Line.a.r 6.28E-12 | 716.975
3x3x3 | Simplified | 3.43E-20 | 505.021

x3x3x3 | Linear | 1.84E-20 | 156.181

2x2x2 | Simplified |  0.240 33.920
sy | X2X2x2 | Lincar | 4.17E-07 | 27908.987
Hee 3x3x3 | Simplified | 6.24E-03 |484814.719
x3x3x3 | Linear | 1.11E-04 | 1963.944

2x2x2 | Simplified | 7.18E-03 0.365

. x32x2x2 ‘Line.a.r 6.28E-12 | 716.975
x3x3 | Simplified 0.309 3909.915

x3x3x3 | Linear | 5.70E-04 | 370.890
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[Table 4] Performance index based on individual input space

Tﬁ;;f N;jI‘st Type PI E_PI
2+2+2 | Simplified 0.015 0.181
+2+2+2 | Linear 0.014 0.339
R 3+3+3 | Simplified 0.015 0.181
we +3+3+3 Linear 0.007 0.232
5+5+5 | Simplified 0.013 0.195
+5+5+5 | Linear 9.03E-05 258.193
2+2+2 | Simplified 0.905 1.632
+2+2+2 Linear 4.63E-03 0.577
4] 3+3+3 Sim.plified 1.434 2919
+3+3+3 | Linear 1.60E-03 1.449
5+5+5 | Simplified 0.135 0.818
+5+5+5 Linear 341E-14 67.665
2+2+2 | Simplified 0.015 0.181
+2+2+2 | Linear 0.014 0.339
o= | 3+3+3 | Simplified 1.185 2.519
AerelEs +3+3+3 Linear 4.71E-03 0.936
5+5+5 | Simplified 0.214 0.848
+5+5+5 | Linear 9.36E-04 51.967
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