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Abstract To improve the position tracking accuracy of permanent magnet synchronous linear motor, a
variable universe fuzzy iterative learning control strategy with adaptive forgetting factor is proposed and
applied to the motor control system. The control strategy integrates the advantages of fuzzy logic, itera-
tive learning and adaptive forgetting factor, which can effectively improve the tracking accuracy of the
control system. Variable universe fuzzy controller dynamically changes the size of the universe by scaling
factor, and a two-level fuzzy controller is designed to generate scaling factor. Adaptive forgetting factor
is used to reduce the position error during iterative learning cycle switching. Smooth switching strategy
and slow stepping strategy are designed to improve the adaptive rate of forgetting factor and further re-
duce the position error during cyclic switching. The results show that this control method can effectively

improve the position tracking accuracy and accelerate the convergence speed.
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factor, iterative learning control, adaptive forgetting factor
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Table 1 ~ Fuzzy control rules of Ak,

ec
NB NM NS 70 PS PM PB
NB PB pPB PM PM PM PS Z0O

NM PB PM PM PM PS Z0 NS
NS PM PM PM PS Z0 NS NM

70 PM PM PS 70 NS NM NM

PS PS PS 70 NS NM NM NM
PM PS 70 NS NM NM NM NB
PB Z0 NS NM NM NM NB NB

®2 Ak, BB
Table 2 Fuzzy control rules of Ak,

ec

NB NM NS ZO PS PM PB
NB NB NM NM NS ZO Z0 70

NM NB NM NS NS NS ZO Z0

NS NM NM NS NS 70 PS PS

Z0 NB NM NS ZO PS PM PB
PS NS NS ZO PS PS PM PB
PM Z0 70 PS PS PS PM PM
PB Z0 z0  ZO PS PM PM PB
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Table 3 Fuzzy control rules of Ak,
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NB NM NS ZO PS PM PB

NB PS PS NB NB NB NM PS
NM PS NS NS NM NM NS PM
NS Z0 NS NM NM NS ZO ZO
Z0 20 ZO NS NS NS ZO ZO
PS Z0 ZO ZO ZO NS ZO ZO
PM PB NS PS PS PS PM PB
PB PB PM PM PM PS PS PB

2 Ak, B%
Fig. 2 Output surface of A%,
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Fig. 3 Output surface of Ak;
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Fig. 4 Output surface of Ak,
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Fig. 7 Motor position tracking error under ILC strategy
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Fig. 9 Motor position tracking error under VUFILC strategy
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Fig. 13 Motor position tracking error under VUF-ILC strategy
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Fig. 14 Motor position tracking error under VUF-AFFILC strategy
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Fig. 16 Error comparison with or without slow step strategy
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