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Design of Optimized Interval Type-2 Fuzzy
Controller and lts Application

FE -0 A

(Han-Jong Jang + Sung-Kwun Oh)

Abstract - In this study, we introduce the design methodology of an optimized Interval Type-2 fuzzy controller. The
fixed MF design of type-1 based FLC leads to the difficulty of rule-based control design for representing the
linguistically uncertain expression. In the Type-2 FLC as the expanded type of Type-1 FLC, we can effectively improve
the control characteristic by using the footprint of uncertainty(FOU) of membership function. Type-2 FLC has a robust
characteristic in the unknown system with unspecific noise when compared with Type-1 FLC. Through computer
simulation as well as practical experiment, we compare their performance by applying both the optimized Type-1 and
Type-2 fuzzy cascade controllers to ball and beam system. To evaluate each controller performance, we consider
controller characteristic parameters such as maximum overshoot, delay time, rise time, settling time and steady-state

error.
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Table 1 Parameter of the system

Symbol Description Value
K, Motor torque constant 0.00767
K, Back-emf constant 0.00767
K, SRV02 system gear ratio 70
R, Armature resistance 2.6
Ty Equivalent moment of inertia at the 2.0e-3

load
B, Equivalent viscous damping coefficient  4.0e-3
T Lever arm offset(inch) 1
L Beam Length(inch) 16.75
g Earth’s gravitational constant(m/s2) 9.8
Ty Gearbox efficiency 09
Mim Motor efficiency 0.36
m Mass of the Ball(kg) 0.064
Fy Translational force on the Ball
F. Rotational force on the Ball
x Ball Position
« Beam pitch
0 Servo load gear angle
Vo Motor Input voltage
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Table 3 The values of the performance index (IAE} of
Type-1and Type-2 fuzzy controller

Type-1 fuzzy Type-2 fuzzy
cascade controller cascade controller
GAs 8.1857 8.1201

E: 4 Type-12} Type—2 HHX| &Y xof mziolg
Table 4 Parameters of the optimized controllers

Type-1 fuzzy
cascade controller

Type-2 fuzzy
cascade controller

GE, 8.4794 GE 7.6541
GD, 1.2662 GD, 0.0023
GG 9.8793 GG 9.8757
GE, 0.2262 GE, 0.2788
GD, 0.0620 GD, 0.0501
GG, 0.4024 GG, 0.4120

— — Setpoint
-~ Type-1 Fuzzy Cascade Controller(SGA
»»»»»»»» Type-2 Fuzzy Cascade Controller(SGA
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Fig. 10 Comparison of the response of type-1 and type-2
fuzzy cascade controller (simulation results)
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Table 5 Comparison of performance of Type-1 and Type-2
fuzzy cascade controller (in simulation)

Type-1 controller | Type-2 controller
Onershoott%6) 421 314
Delay time(s) 0.69 0.61
Rise time(s) 0.49 052
Settling time(s) 1.73 152
Steady-state Error 0 0
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Fig. 11 Experimental result obtained for the type-1 and
type-2 fuzzy cascade controller

a9 112 24 B9 Alade giste] Alg ol ALg
2 #HEvEHE H4d Aot AAZTIHEY NEYR
A3 ztole B9 #A, WM 92 24 ox Age
Faot B T oA v APEH EAo] A7 wfFo
o AA By AA"ME Type-2 #HX A Aojrjs
Type-1 HA A&y Aoj7|nct W= a AAFH A=
HoEth ¥ 62 44 ZAE AolM 2 Type-13 Type-2
HX A8y Aol7l A& vgdr

E 6 Type-12} Type-2 HX| MY Hof7| 45 H|Wlin

experiment)
Table 6 Comparison of the performance of the optimal
controllers
Type-1 Type-2
0~10s | 10~20s | 0~10s | 10~20s
Maximum - -
Overshoot(%) 18.21 5.35 23.15 0.10
Delay time(s) 1.49 1.39 1.37 1.41
Rise time(s) 1.44 1.24 1.42 1.32
Settling 469 287 | 454 281
time(s)
Steady-state 0 0 0 0
Error
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Fig. 12 Structure of type-land type-2 fuzzy cascade
controller included three kinds of noise
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Fig. 13 Comparison of the dynamic response of the
type-1 and type-2 fuzzy cascade controller with
noise (simulation results)
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Table 7 Comparison of the performance of the type-1 and
type-2 fuzzy cascade controlier

Type-1 [Type-2
(a) (b) (c) (a) (b) ()
IAE  [39.251 ]20.991 24511 {23794 |[19.782 [22.928
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&
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Fig. 14 Comparison of the dynamic response of the type-1
and type—2 fuzzy cascade controller with noise(in
experiment)
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Table 8 Comparison of the performance of the optimal

controllers (in experiment)
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