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INTISARI 

Rancang Bangun Sistem Navigasi Robot Mobile dengan Pengambilan 

Keputusan Berbasis Reinforcement learning pada Lingkungan Multijalur 

Menggunakan Algoritma Q-Learning  

 

Aura Damayanti 

Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas Diponegoro 

Perkembangan otomasi industri meningkatkan kebutuhan robot mobile yang 

mampu melakukan navigasi secara mandiri tanpa bergantung pada garis pandu 

fisik. Salah satu metode yang dapat digunakan untuk menghasilkan keputusan 

navigasi adalah Reinforcement Learning menggunakan algoritma Q-Learning. 

Penelitian ini bertujuan merancang dan mengimplementasikan sistem navigasi 

robot mobile berbasis Q-Learning serta mengevaluasi implementasi policy hasil 

pembelajaran pada robot nyata. Proses pelatihan dilakukan pada lingkungan 

simulasi berbentuk grid berukuran 7 × 5 dengan representasi state, action, dan 

reward yang dibangun berdasarkan posisi robot, orientasi dari sensor MPU6050, 

dan tujuan navigasi, sedangkan sensor proximity digunakan sebagai safety layer 

untuk menghentikan robot ketika mendeteksi halangan. Policy yang dihasilkan 

kemudian diimplementasikan pada robot mobile berbasis Raspberry Pi 3 Model B 

sebagai pengendali tingkat tinggi dan Arduino Mega 2560 Pro sebagai pengendali 

aktuator. Hasil pelatihan menunjukkan bahwa algoritma Q-Learning berhasil 

mencapai konvergensi setelah 1000 episode dengan reward maksimum sebesar 338 

dan jumlah langkah minimum sebanyak 29 langkah. Pengujian Hall Effect Encoder 

menghasilkan rata-rata encoder estimation error sebesar 3,57%, sedangkan sistem 

menghasilkan endpoint motion error sebesar 1,30% terhadap target perpindahan 

satu grid, sedangkan pengujian MPU6050 memperoleh nilai Mean Absolute Error 

(MAE) heading sebesar 0,86°. Hasil implementasi menunjukkan bahwa robot 

mampu menjalankan policy sesuai Q-Table dan berhasil mencapai seluruh tujuan 

pengujian. Meskipun masih terdapat sedikit penyimpangan posisi akibat fluktuasi 

pembacaan heading selama navigasi, hasil penelitian membuktikan bahwa 

algoritma Q-Learning dapat diterapkan sebagai metode pengambilan keputusan 

navigasi pada robot mobile di lingkungan terstruktur. 

Kata Kunci: Robot Mobile, Reinforcement learning, Q-Learning, Navigasi Robot, 

Hall Effect Encoder, MPU6050. 
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ABSTRACT 

Design and Development of a Mobile Robot Navigation System with 

Reinforcement learning-Based Decision Making in a Multi-Path 

Environment Using the Q-Learning Algorithm 

 

Aura Damayanti 

Teknologi Rekayasa Otomasi, Sekolah Vokasi, Universitas Diponegoro 

The rapid advancement of industrial automation has increased the demand for 

mobile robots capable of autonomous navigation without relying on physical guide 

lines. One approach that can be employed to generate navigation decisions is 

Reinforcement Learning based on the Q-Learning algorithm.. This research aims to 

design and implement a Q-Learning-based mobile robot navigation system and 

evaluate the implementation of the learned policy on a real mobile robot. The 

training process was conducted in a 7 × 5 grid-based simulation environment with 

state, action, and reward representations constructed based on the robot's position, 

orientation obtained from the MPU6050 sensor, and navigation goals, while the 

proximity sensor was employed as a safety layer to stop the robot when obstacles 

were detected. The resulting policy was then implemented on a mobile robot 

utilizing a Raspberry Pi 3 Model B as the High-Level Controller and an Arduino 

Mega 2560 Pro as the actuator controller. The training results showed that the Q-

Learning algorithm successfully converged after 1,000 training episodes, achieving 

a maximum reward of 338 and a minimum of 29 steps. The Hall Effect Encoder test 

resulted in an average encoder estimation error of 3.57%, while the system achieved 

an average endpoint motion error of 1.30% relative to the target displacement of 

one grid., while MPU6050 testing resulted in a heading Mean Absolute Error 

(MAE) of 0,86°. The implementation results demonstrated that the robot 

successfully executed the learned policy according to the Q-table and reached all 

designated target locations. Although slight positional deviations were observed 

due to heading measurement fluctuations during navigation, the findings 

demonstrate that the Q-Learning algorithm can be effectively applied as a 

navigation decision-making method for mobile robots operating in structured 

environments. 

Kata Kunci: Mobile Robot, Reinforcement learning, Q-Learning, Robot 

Navigation, Hall Effect Encoder, MPU6050. 
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DAFTAR SINGKATAN DAN SIMBOL 

Singkatan Keterangan 

AGV Automated Guided Vehicle 

RL Reinforcement learning 

IMU Inertial Measurement Unit 

PWM Pulse Width Modulation 

DC Direct Current 

I2C Inter-Integrated Circuit 

SPI Serial Peripheral Interface 

UART Universal Asynchronous Receiver Transmitter 

LCD Liquid Crystal Display 

ADC Analog to Digital Converter 

GPIO General Purpose Input Output 

CPU Central Processing Unit 

RPM Revolutions Per Minute 

PID Proportional Integral Derivative 

EEPROM Electrically Erasable Programmable Read-Only 

Memory 

 

Simbol Keterangan 

𝑥, 𝑦 Posisi robot pada bidang koordinat 

𝜃 Orientasi robot 

𝑣 Kecepatan linear robot (m/s) 

𝑣𝑅 Kecepatan roda kanan (m/s) 

𝑣𝐿 Kecepatan roda kiri (m/s) 

𝜔 Kecepatan sudut robot (rad/s) 

𝑟 Jari-jari roda (m) 

𝐿 Jarak antar roda (m) 

𝑚 Massa robot (kg) 

𝑔 Percepatan gravitasi (m/s²) 
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𝑊 Gaya berat (N) 

𝑁 Gaya normal (N) 

𝐹 Gaya (N) 

𝜇 Koefisien gesek 

𝑇 Torsi (Nm) 

𝑄(𝑠, 𝑎) Nilai Q pada state dan action 

𝑠 State 

𝑎 Action 

𝑟 Reward 

𝛼 Learning rate 

𝛾 Discount factor 

𝜀 Probabilitas eksplorasi 

𝐷 Duty cycle PWM 

𝑉𝑜𝑢𝑡 Tegangan output 

𝑉𝑖𝑛 Tegangan input 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


