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ABSTRAK

Motor induksi tiga fasa merupakan salah satu motor listrik yang banyak
digunakan pada sistem industri karena memiliki konstruksi sederhana, kuat, andal, dan
sesuai untuk berbagai aplikasi penggerak. Namun, karakteristik motor induksi yang
nonlinier menyebabkan pengendalian kecepatan memerlukan metode yang mampu
menghasilkan respons cepat, stabil, dan memiliki kesalahan keadaan tunak yang
rendah. Penelitian ini mengembangkan pengendali Adaptive Neuro-Fuzzy Inference
System (ANFIS) yang dioptimasi menggunakan Grey Wolf Optimizer (GWO) pada
sistem pengendalian kecepatan motor induksi tiga fasa berbasis Indirect Field Oriented
Control (IFOC).

Penelitian menggunakan metode kuantitatif dengan pendekatan simulasi dan
evaluasi numerik. Dataset yang digunakan terdiri atas 200.000 sampel dengan speed
error (e) dan perubahan error (de/dt) sebagai input, serta referensi torsi elektromagnetik
(T _e*) sebagai output. Data dibagi menjadi 70% data training dan 30% data checking.
ANFIS Standard menggunakan tujuh Generalized Bell Membership Function pada
setiap input sehingga membentuk 49 fuzzy rule, 42 parameter premise, dan 147
parameter consequent. GWO digunakan untuk mengoptimasi 42 parameter premise
dengan populasi 20 wolf dan maksimum 30 iterasi. Pengujian closed-loop dilakukan
pada kecepatan referensi 50 rad/s.

Hasil pengujian menunjukkan bahwa ANFIS Standard menghasilkan rise time
0,052500 s, steady-state error 3,874150 rad/s, overshoot 8,437474%, dan belum
mencapai settling time dalam 2 detik. Setelah optimasi, ANFIS-GWO menghasilkan
rise time 0,046500 s, settling time 1,063000 s, steady-state error 0,448717 rad/s, dan
overshoot 6,657061%. Dibandingkan ANFIS Standard, ANFIS-GWO menurunkan
rise time sebesar 11,43%, steady-state error sebesar 88,42%, dan overshoot sebesar
21,10%. Hasil tersebut menunjukkan bahwa optimasi parameter premise ANFIS
menggunakan GWO mampu meningkatkan karakteristik respons dinamis sistem
pengendalian kecepatan motor induksi tiga fasa.

Kata kunci: ANFIS, Grey Wolf Optimizer, motor induksi tiga fasa, IFOC,
pengendalian kecepatan.
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ABSTRACT

Three-phase induction motors are widely used in industrial systems because of
their simple construction, robustness, reliability, and suitability for various drive
applications. However, the nonlinear characteristics of induction motors require a
speed control method capable of providing a fast and stable response with low steady-
state error. This study develops an Adaptive Neuro-Fuzzy Inference System (ANFIS)
controller optimized using the Grey Wolf Optimizer (GWO) for a three-phase
induction motor speed control system based on Indirect Field Oriented Control (IFOC).

This study employed a quantitative method using simulation and numerical
evaluation. The dataset consisted of 200,000 samples, with speed error (e) and the rate
of change of error (de/dt) as inputs and electromagnetic torque reference (T e*) as the
output. The data were divided into 70% training data and 30% checking data. The
Standard ANFIS used seven Generalized Bell Membership Functions for each input,
resulting in 49 fuzzy rules, 42 premise parameters, and 147 consequent parameters.
GWO was used to optimize the 42 premise parameters with a population of 20 wolves
and a maximum of 30 iterations. Closed-loop testing was performed at a reference
speed of 50 rad/s.

The results show that the Standard ANFIS produced a rise time of 0.052500 s,
a steady-state error of 3.874150 rad/s, an overshoot of 8.437474%, and did not reach
settling within the 2-second simulation horizon. After optimization, ANFIS-GWO
achieved a rise time of 0.046500 s, a settling time of 1.063000 s, a steady-state error of
0.448717 rad/s, and an overshoot of 6.657061%. Compared with the Standard ANFIS,
ANFIS-GWO reduced rise time by 11.43%, steady-state error by 88.42%, and
overshoot by 21.10%. These results indicate that optimizing ANFIS premise
parameters using GWO improves the dynamic response characteristics of the three-
phase induction motor speed control system.

Keywords: ANFIS, Grey Wolf Optimizer, three-phase induction motor, IFOC, speed
control.
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