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A Study of Position Control Performance Enhancement in a Real-Time OS Based
Laparoscopic Surgery Robot Using Intelligent Fuzzy PID Control Algorithm
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Abstract - The fuzzy self-tuning PID controller is a PID controller with a fuzzy logic mechanism for tuning its gains
on-line. In this structure, the proportional, integral and derivative gains are tuned on-line with respect to the change of
the output of system under control. This paper deals with two types of fuzzy self-tuning PID controllers, rule-based
fuzzy PID controller and learning fuzzy PID controller. As a medical application of fuzzy PID controller, the proposed
controllers were implemented and evaluated in a laparoscopic surgery robot system. The proposed fuzzy PID structures
maintain similar performance as conventional PID controller, and enhance the position tracking performance over wide
range of varying input. For precise approximation, the fuzzy PID controller was realized using the linear reasoning
method, a type of product-sum-gravity method. The proposed controllers were compared with conventional PID
controller without fuzzy gain tuning and was proved to have better performance in the experiment.
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Fig. 5 Structure of rule-based fuzzy PID controller
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Table 1 Linguistic variable

Qo] W A4

NB Negative Big
NM Negative Medium
NS Negative Small
Z0O ZerO
PS Positive Small
PM Positive Medium
PB Positive Big

312 A Mol wae MF

A2 A FHE A% diAd M

Aol FHo2 FAFAL. 4Y WS o5 det= 27 7749
o

497he} HA Ale] gtHo] mhEe A £ vk A" &9
ol Zl&dd 9 IETH = Xbﬂ
fe'S

ﬂi% HEo] Wz, Axd %4’1 7% AAE FH x
Sh& wWe PS B NS @& A&t A A FEr

T 2 HetEl HX| B
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NB | NM NS Z0 | PS | PM | PB

NB Z0 PS PS PM | PM | PB PB

NM PS Z0 PS | PS | PM | PM | PB

NS PS PS Z0 PS PS | PM | PM

Z0 PM PS PS Z0 PS PS | PM

PS PM PM PS PS Z0 PS PS

PM PB PM PM PS PS Z0 PS

PB PB PB PM | PM | PS PS Z0
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Table 3 Linguistic rule table

Ae

e
NH PH PH 70 NH NH
NL PL PL Z0 NL NL
Z0 Z0O Z0 Z0 ZO ZO
PL PL PL Z0 NL NL
PH PH PH Z0 NH NH

NH NL Z0 PL PH

k3 4 10 W=

Table 4 Linguistic variable

o] W i
NH Negative High
NL Negative Low
Z0 ZerQ
PL Positive Low
PH Positive High
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