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6 = angle with respect to vertical,
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dcsana Jidh G Q (il peains ¥ 32 S Caag piis ¢ Y €Y any 235 Xy, s, Xp € X))
AT, FS ddle

T =y}, (3-13)

Ty FS ddle dogane Lind i Q IS (gl jumins B Ul y

I, ={7)7, B-19

G(oxg,s e, X)) SN (e iy Al Jiay
:Zadeh aclgal aladl KA (65

R} : IF xyis Fland x, is F} and ... ... ... ...and x,is B} THEN y is G

TTSK sclsil olall (€0 Luiy
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[9] Jalaadl g lls id) (b dRdaall 56 :(2-4) Jsaad

Variables ky ky ks ky ks
NI 41.37 10.03 3.16 4.29 .34
N2 40.41 10.05 3.16 4.29 0.21
N3 4137 10.03 3.16 429 .34
N4 40.41 10.05 3.16 429 0.21
N§ 38.56 10.18 3.16 429 -0.05
N6 37.60 10.15 3.16 4.29 .18
N7 38.56 10.18 3.16 4.29 -0.05
N8 37.60 10.15 3.16 4.29 .18
P9 37.60 10.15 3.16 4.29 0.18
P10 38.56 10.18 3.16 4.29 0.05
P11 37.60 10.15 3.16 429 0.18
P12 38.56 10.18 3.16 429 0.05
P13 4041 10.05 3.16 429 -0.21
P14 41.37 10.03 3.16 429 .34
P15 4041 10.05 3.16 429 .21
P16 4137 10,03 3.16 429 -0.34
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PSO duajled A deaiical) cllahlll gaen s 1(4-4) Jgaad

Symbol Parameter Value
Noax Population size 50
maxiter Maximum iterations 50
[Xmins Xmax] Position range [107°,10]
o Maximum inertia weight 0.5
w3 Minimum inertia weight 1
Cy1 Maximum value of ¢; 2.5
C1z Minimum value of ¢, 1.5
21 Maximum value of ¢, 2.5
o Minimum value of ¢, 1.5

s o} LS Sugeno 1T, FLC 1 a PSO duey el el) Ldise sl dad jieal Cumy
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k1 kz k3 k'l ks min [TAE

11 Mamdani 2470 1 079 | 3469 | 0386 | 0443 | 41003

[T2 Mamdani U923 | 0052 | 2678 | 0260 | 1239 | 26999

11 Sugeno SO | 16% | 60890 | 4375 | 0463 | 200N

IT2 Sugeno LI | 1363 | 3360 | 2654 | 0.5 | 17.664
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Abstract

Tuning the membership function parameters of a Type-2 Fuzzy Control System is a
challenging task in the presence of uncertainty and imprecision. The performance of the
Type-2 fuzzy controller can be enhanced by optimizing its parameters using
optimization algorithms such as the Particle Swarm Optimization (PSO) algorithm and

the Grasshopper Optimization Algorithm (GOA).

This research aims to improve the performance of an inverted pendulum system,
simulated in MATLAB, by employing a Type-2 fuzzy controller whose parameters are

optimized using both PSO and GOA.

The findings of this study demonstrate that the system optimized using the Particle
Swarm Optimization algorithm outperforms the one optimized using the Grasshopper
Optimization Algorithm. The PSO-based controller exhibits superior capability in
reducing oscillations more rapidly, achieving stability at the desired position with minimal

overshoot and a shorter settling time.
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