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INTISARI 

RANCANG BANGUN SISTEM LIFTING DENGAN KONTROL FUZZY 

LOGIC MAMDANI PADA LINEAR ACTUATOR BERBASIS SENSOR 

LOAD CELL MENGGUNAKAN METODE FINITE STATE MACHINE 

(FSM) PADA ROBOT MOBILE 

Zulham Amin Ristianto 

Program Studi Sarjana Terapan Teknologi Rekayasa Otomasi, Sekolah Vokasi, 

Universitas Diponegoro 

Sistem lifting pada robot mobile memerlukan pengendalian yang mampu 

menyesuaikan proses pengangkatan berdasarkan berat beban agar pergerakan 

linear actuator lebih stabil dan tepat sesuai target ketinggian. Penelitian ini 

bertujuan merancang dan mengimplementasikan sistem lifting otomatis berbasis 

sensor load cell menggunakan metode Fuzzy Logic Mamdani dan Finite State 

Machine (FSM). Sistem dibangun menggunakan Arduino Mega 2560, empat sensor 

load cell yang terhubung dengan modul HX711, sensor ultrasonik HC-SR04, linear 

actuator, dan motor driver BTS7960. Metode FSM digunakan untuk mengatur 

urutan kerja sistem, sedangkan Fuzzy Logic Mamdani digunakan untuk menentukan 

nilai Pulse Width Modulation (PWM) berdasarkan kategori berat dan selisih target 

lifting. Pengujian dilakukan pada variasi beban 2 kg, 4 kg, 6 kg, 8 kg, dan 10 kg. 

Hasil pengujian menunjukkan bahwa sistem berhasil melakukan pembacaan berat, 

klasifikasi beban, penentuan target lifting, dan pengendalian linear actuator dengan 

tingkat keberhasilan sebesar 100%. Selain itu, metode Fuzzy Logic Mamdani 

menghasilkan pergerakan aktuator yang lebih halus, posisi lifting yang lebih presisi, 

serta osilasi yang lebih rendah dibandingkan metode ON-OFF. 

Kata Kunci: Sistem lifting, robot mobile, Fuzzy Logic Mamdani, load cell, Finite 

State Machine (FSM), linear actuator. 
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ABSTRACT 

RANCANG BANGUN SISTEM LIFTING DENGAN KONTROL FUZZY 

LOGIC MAMDANI PADA LINEAR ACTUATOR BERBASIS SENSOR 

LOAD CELL MENGGUNAKAN METODE FINITE STATE MACHINE 

(FSM) PADA ROBOT MOBILE 

Zulham Amin Ristianto 

Program Studi Sarjana Terapan Teknologi Rekayasa Otomasi, Sekolah Vokasi, 

Universitas Diponegoro 

A lifting system on a mobile robot requires a controller capable of adjusting actuator 

speed according to payload mass and position error to achieve stable lifting. This 

study developed a prototype lifting system using a 12-V linear actuator, four load 

cells connected to HX711 modules, an HC-SR04 ultrasonic sensor, a BTS7960 

motor driver, and an ATmega2560 microcontroller. A Finite State Machine (FSM) 

was used to manage the operational sequence, while a Mamdani fuzzy-logic 

controller generated the PWM command during the lifting state based on payload 

mass and the difference between the actual and target positions. The payload was 

classified into light, medium, and heavy categories with target heights of 10 cm, 8 

cm, and 6 cm, respectively. Tests were conducted using 2-, 4-, 6-, 8-, and 10-kg 

loads. After taring, the weighing system produced a reported mean relative error of 

0.34%. The third fuzzy configuration yielded a mean oscillation value of 0.426 deg, 

compared with 2.38 deg  for Trial 1 and 0.753° for Trial 2. Under the applied 

comparison settings, the fuzzy controller produced final-position deviations of 

0.11-0.17 cm and vibration standard deviations of 0.72-0.94 deg, whereas the ON-

OFF controller produced deviations of 0.39-1.41 cm and standard deviations of 

1.25-1.62 deg. These results indicate that the third fuzzy configuration provided 

smoother motion and final positions closer to the targets for the five tested load 

conditions. Further repetitions, response-time measurements, and comparisons 

under equivalent operating conditions are required to strengthen the general validity 

of the findings. 

Keywords: Finite State Machine, linear actuator, load cell, Mamdani fuzzy logic, 

mobile robot, lifting system. 
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DAFTAR SINGKATAN DAN SIMBOL 

Singkatan Definisi 

AC 
Alternating Current (Arus Bolak-

balik) 

ADC Analog-to-Digital Converter 

AGV Automated Guided Vehicle 

BTS7960 Driver Motor DC Arus Tinggi 

CoG Center of Gravity 

DC Direct Current (Arus Searah) 

EEPROM 

Electrically Erasable 

Programmable Read-Only 

Memory 

FSM Finite State Machine 

GPIO General Purpose Input Output 

HC-SR04 Sensor Ultrasonik HC-SR04 

HX711 
Modul ADC 24-bit untuk Sensor 

Load Cell 

I²C Inter-Integrated Circuit 

I/O Input/Output 

IP Ingress Protection 

LC Load Cell 

LCD Liquid Crystal Display 

LiFePO₄ Lithium Iron Phosphate 

MCU Microcontroller Unit 

NO Normally Open 

NC Normally closed 

PWM Pulse Width Modulation 

RPM Revolutions Per Minute 

SPS Samples Per Second 

UART 
Universal Asynchronous 

Receiver-Transmitter 

VCC 
Voltage Common Collector 

(Tegangan Catu Daya Positif) 

GND Ground 
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Simbol Definisi Satuan 

m Massa beban kg 

F Gaya N (Newton) 

g Percepatan gravitasi m/s² 

W Berat benda (W = m·g) N 

t Waktu s (detik) 

v Kecepatan m/s 

a Percepatan m/s² 

s Perpindahan m 

P Daya Watt (W) 

V Tegangan V (Volt) 

I Arus A (Ampere) 

R Hambatan Ω (Ohm) 

τ Torsi N·m 

η Efisiensi % 

E Energi Joule (J) 

Ek Energi kinetik Joule (J) 

Ep Energi potensial Joule (J) 

Fc Gaya angkat aktuator N 

x Perpindahan aktuator cm / mm 

T Periode s 

f Frekuensi Hz 

Δt Perubahan waktu s 

Δx Perubahan posisi m 

ΣF Resultan gaya N 

LC Output sensor load cell mV/V 

ADC Nilai pembacaan ADC - 

   

   

 


