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ABSTRAK 

 

Penelitian ini bertujuan untuk merancang dan mengimplementasikan sistem 

pelacakan objek indoor berbasis Bluetooth Low Energy (BLE), menganalisis 

performa algoritma Random Forest dalam mengklasifikasikan posisi objek, serta 

menganalisis pengaruh jarak dan penghalang fisik terhadap karakteristik sinyal 

Received Signal Strength Indicator (RSSI). Variabel penelitian meliputi nilai RSSI 

sebagai fitur input yang diterima empat anchor dari satu tag BLE, serta label zona 

(Z1–Z20) sebagai output klasifikasi posisi. Sistem dirancang menggunakan satu 

unit ESP32-C3 Super Mini sebagai tag BLE, satu unit ESP32-C3 Core Board 

sebagai Wi-Fi access point lokal, empat unit ESP32-C3 Core Board sebagai anchor, 

serta Raspberry Pi 4 Model B sebagai server inferensi yang menjalankan pipeline 

Moving Average Filter dan model Random Forest. Pengambilan data fingerprinting 

dilakukan pada ruangan berukuran ±3,2 m × 4 m yang dibagi menjadi 20 zona 

dengan jarak antar titik referensi ±80 cm. Total dataset sebanyak 6.000 sampel 

dengan distribusi merata 300 sampel per zona menggunakan teknik purposive 

sampling, kemudian dibagi dengan rasio 80% training dan 20% testing secara 

stratified, menghasilkan 4.800 sampel training dan 1.200 sampel data uji. Metode 

analisis menggunakan algoritma Random Forest dengan 200 pohon keputusan yang 

dikombinasikan dengan Simple Moving Average Filter sebagai tahap 

preprocessing. Hasil evaluasi model pada data offline menunjukkan akurasi 

98,83%, presisi 98,90%, recall 98,83%, dan F1-Score 98,84% dari 1.200 sampel 

data uji. Sementara itu, pengujian real-time pada empat sesi pengujian 

menunjukkan akurasi rata-rata sebesar 36,25% (rentang 10%-60%) akibat fluktuasi 

sinyal BLE yang menyebabkan distribusi RSSI bergeser dari distribusi fingerprint 

saat pelatihan, khususnya pada zona dengan selisih RSSI di bawah 5 dBm. 

Disimpulkan bahwa pendekatan BLE RSSI fingerprinting dengan Random Forest 

efektif untuk klasifikasi posisi indoor pada kondisi offline, namun masih 

memerlukan optimasi untuk mencapai stabilitas prediksi yang memadai pada 

kondisi real-time. 

 

Kata Kunci: Bluetooth Low Energy, RSSI Fingerprinting, Random Forest, Indoor 

Positioning, ESP32 
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ABSTRACT 

 

This study aims to design and implement a Bluetooth Low Energy (BLE)-based 

indoor object tracking system, analyze the performance of the Random Forest 

algorithm in classifying object positions, and analyze the effects of distance and 

physical obstacles on the characteristics of the Received Signal Strength Indicator 

(RSSI). The research variables include RSSI values as input features received by 

four anchors from a single BLE tag, as well as zone labels (Z1–Z20) as the position 

classification output. The system was designed using one ESP32-C3 Super Mini 

unit as a BLE tag, one ESP32-C3 Core Board unit as a local Wi-Fi access point, 

and four ESP32-C3 Core Board units as anchors, along with a Raspberry Pi 4 

Model B as an inference server running a Moving Average Filter pipeline and a 

Random Forest model. Fingerprinting data collection was conducted in a room 

measuring approximately 3.2 m × 4 m, divided into 20 zones with a distance of 

approximately 80 cm between reference points. The total dataset consists of 6,000 

samples with an even distribution of 300 samples per zone using purposive 

sampling, then divided in a stratified ratio of 80% training and 20% testing, 

resulting in 4,800 training samples and 1,200 test samples. The analysis method 

uses the Random Forest algorithm with 200 decision trees combined with a Simple 

Moving Average Filter as a preprocessing step. Model evaluation results on offline 

data showed an accuracy of 98.83%, precision of 98.90%, recall of 98.83%, and an 

F1-Score of 98.84% from the 1,200 test data samples. Meanwhile, real-time testing 

across four test sessions showed an average accuracy of 36.25% (ranging from 

10% to 60%) due to BLE signal fluctuations that caused the RSSI distribution to 

shift from the fingerprint distribution during training, particularly in zones with an 

RSSI difference below 5 dBm. It is concluded that the BLE RSSI fingerprinting 

approach using Random Forest is effective for indoor position classification under 

offline conditions; however, it still requires optimization to achieve adequate 

prediction stability under real-time conditions. 

 

Keywords: Bluetooth Low Energy, RSSI Fingerprinting, Random Forest, Indoor 

Positioning, ESP32 
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