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The Look-up table Plus-Minus Tuning Method of Fuzzy Control Systems
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ABSTRACT

In constructing fuzzy control systems, there are many parameters such as rule base, membership functions, inference
method, defuzzification, and 1/O scaling factors. To control the system in properly using fuzzy logic, we have to consider
the correlation with those parameters. This paper deals with self-tuning of fuzzy control systems. The fuzzy controller
has parameters that are input and output scaling factors to effect control output. And we propose the look-up table
based self-tuning fuzzy controller. We propose the PMTM(Plus-Minus Tuning Method) for self tuning method, self-
tuning the initial look-up table to the appropriate table by adding and subtracting the values.

Key Words: Fuzzy Control, Scaling Factor, Look-up table self-tuning
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Table 1 Rule base

NB | {NM|NS | ZO | PS |PM | PB

NB |NB | NB | NB|{NM|NM| NS | ZO
NM |NB|NB | NM|INM|NS  ZO | PS
NS |NB|NM|NM| NS | ZO | PS | PM
Z0 {[NM|NM | NS |[Z0 | PS |PM | PB
PS [NM|NS | ZO | PS |PM | PB | PB
PM |NS|ZO | PS |PM | PB | PB | PB
PB |ZO | PS |PM | PB | PB | PB | PB
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Table 4 Input/output scaling factors (1st order)
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Fig. 2 Response for optimal and non-optimal value of K3
(1st order)
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Fig. 3 Response for K3 tuning and PMTM tuning (1st
order)
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I 5 K3=0.25 THA| 71Z-E= 4ot HoigkE (TRHA)
Table 5 Look-up table of PMTM result with fixing K3=0.25
(1st order)
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Table 6 Look-up table of PMTM resuit after tuning K3
(1st order)
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Table 7 Performance Index (1st order)

A7l FF 1 2 3 4 5

458 71 ak(]) |5476.24 | 1204.60 | 620.20 | 377.85 | 310.54
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Table 8 Input/output scaling factors (2nd order)

K1 K2 K03 K3
K357t 2 0.06 0.06 0.0 1.80188
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Fig. 4 Response for K3 increase tuning and PMTM tuning
(2nd order)
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Table 9 Look-up table of PMTM result
(2nd order, K3 increase tuning)
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Table 10 Performance index (2nd order)

A7l FH 1 2 3
e w7 ak(]) 3162.88 1018.49 2351.88

A2 K39 #e 2 < 200 F-8 7421 0.014 7

1 7104 FxsETh T2 23 K3gke] 3.944029014 A
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Fig. 5 Response for K3 decrease tuning and PMTM tuning
(2nd order)
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Table 11 Look-up table of PMTM result
(2nd order, K3 decrease tuning)

AERROR
-6l -5/ -4l -3 -2[-1l ol 1] 2[ 3] 4/ 5] 6
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Table 12 input/output scaling factors (2nd order)
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Fig. 6 Response for K3 tuning and PMTM tuning
(3rd order)

¥ 13 K38=% 712Ex 4o MogtE (3R1A))
Table 13 Look-up table of PMTM result after tuning
K3(3rd order)

AERROR
-6 -5/ -4 -3 -2| -1} o] 1] 2] 3] 4
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Table 14 Performance Index (3rd order)

A7) &5 1 2
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Fig. 7 Response for K3 tuning and PMTM tuning (DC Servo
Motor)
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Table 15 Look-up table of PMTM result after tuning K3(DC
Servo Motor)

AERROR
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Table 16 Performance Index (DC Servo Motor)
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