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Automatic learning of fuzzy rules for the equivalent 2 layered hierarchical
fuzzy system
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Abstract

To solve the rule explosion problem in multi-input fuzzy system, a method of converting a given fuzzy system to 2 layered
hierarchical fuzzy system has been reported, where at the 1st layer, linearly independent fuzzy rule vectors generated from
the given fuzzy system are used and, at the 2nd layer, linear combinations of these independent fuzzy rule vectors are used.

In this paper, the steapest descent algorithm is presented to learn the fuzzy rule vectors and related coefficients for the
equivalent 2 layered hierarchical structure. By simulation of learning of ball and beam control system, the feasibility of
proposed learning scheme is shown.
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Figure 1: The ball and beam system.
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Figure 2: (Ball and beam) Membership functions for .
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Table 1: Fuzzy rules (N:Negative, Z:Zero, P:Positive)
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Figure 3: (Ball and beam) Proposed HFS.
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Figure 4: (Ball and beam) Comparison of the outputs of
conventional FLS and proposed HFS.
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Table 2: Fuzzy rules for the optimal HFS

FSi (yi1) ES12 (ys)

"IF | THEN 1F THEﬂ
I 7‘11 ol ’I“l
N [ 5.9363 N | 7.5509
7 | 6.9454 7 | 8.5600
P { 7.9545 P | 9.5691

FS2 (y = a1y + a2yis)

i3 THEN
Ty T3 T4 a1 a2
N N N 1.0000 0.0000

Z N N 0  1.0000

P N N/ -1.0000  2.0000

N Z N/ 24740 -1.7669
Z 7 N| 17669 -1.0598

P 7Z N| 10598 -0.3527

N P N | 76396 -6.6396
Z P N| 66396 -5639

P P N| 5639 -4.6396
N N Z | 2585 -1.5856
Z N Z| 15856 -0.5856

P N Z| 0585 04144
N 7 7| 44560 -3.7489
7 7 7| 37480  -3.0418

P 7z 7z 30418 23347

N P Z|100179 9.0179
Z P Z| 90179 -8.0179

P P Z| 80179 -7.0179
"N N P | 49639 -3.9639
Z N P| 39639 -2.9639

P N P| 29639 -1.9639
N Z P | 64380 -5.7309
Z 7 P 57309 -5.0237

P Z P 50237 -43166
N P P|11.6035 -10.6035
Z P P|106035 -9.6035
| P P P 96035 -8.6035
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Figure 5: Initial structure of HFS.
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Figure 6: Learning Curve.
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Figure 7: (After learning) Comparison of the outputs of
conventional FLS and proposed HFS.
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Table 3: Fuzzy rules after learning

FSi (yi1) FSi2 (y1) FS13 (y13)

IF | THEN IF | THEN IF THEN

1 ri; I 19 1 i3
N | 64274 N | 6.8609 N | 9.6058
Z | 7.0306 7. | 8.4886 Z | 10.2501
P | 7.4095 P | 9.9311 P | 10.7705
FSo1 (y = a1yiy + a2yis + asyis)

IF THEN

T2 T3 T4 a a2 a3
N N N | 1.0000 0.0000 0.0000
7Z N N 0.0000 1.0000  0.0000
P N N/ 0.0000 0.0000 1.0000
N Z7Z N |-1.0867 0.8738 0.2211
Z Z N | -1.0464 0.4122  0.6900
P Z N | -1.1852 0.7220 0.6406
N P N|{-0.1222 1.0002 -1.1164
Z P N -03523 1.2034 -0.9653
P P N 00590 0.8439 -0.7911
N N Z|-17325 1.0413  0.7521
Z N 7 )-14512 05993 1.0812
P N Z|-12450 0.7439 0.9785
N Z 7Z/|-04197 07218 -0.4213
Z 7 Z)-0.0235 07364 -0.5922
P Z Z|-05215 0.6188 -0.0447
N P Z | -0.2124 1.4317 -1.7815
Z P 7| -0.3517 1.2717 -1.3973
P P Z | -0.3243 1.2550 -1.2428
N N P|-0.1541 0.8493 -0.5426
Z N P |-05215 0.9572 -0.2230
P N P |-09359 07684 0.3747
N Z P | -0.2860 09730 -1.0341
Z Z P | -0.3291 0.8401 -0.7857
P Z P -03284 0.8402 -0.6704
N P P| 01585 1.4465 -2.2987
Z P P\ -00707 1.4546 -1.9910
P P P -0.1380 1.3141  -1.6709
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