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RANCANG BANGUN SISTEM PEMANTAUAN VISUAL
REAL-TIME UNTUK SPECIAL SERVICE TOOLS BERBASIS
ESP32 DENGAN MEMANFAATKAN TEKNOLOGI YOLO

Samsul Huda
ABSTRAK

Special Service Tools (SST) merupakan peralatan khusus bernilai tinggi
yang berperan vital dalam prosedur servis kendaraan di bengkel otomotif. Pada
praktiknya, pengelolaan peminjaman dan pengembalian SST di banyak bengkel
masih dilakukan secara manual melalui pencatatan pada buku log, sehingga rentan
terhadap kesalahan pencatatan, kehilangan alat, serta ketidakjelasan tanggung
jawab antar teknisi. Penelitian ini bertujuan untuk merancang dan membangun
sistem pemantauan visual real-time yang mampu mendeteksi serta mencatat
aktivitas peminjaman dan pengembalian SST secara otomatis. Sistem yang
dikembangkan memanfaatkan modul kamera ESP32-CAM sebagai unit akuisisi
citra pada rak penyimpanan alat, yang terhubung secara nirkabel melalui jaringan
Wi-Fi ke unit pemroses pusat. Deteksi objek dilakukan menggunakan algoritma
You Only Look Once (YOLO) dengan confidence threshold 0,5 dan Non-Maximum
Suppression 0,3. Logika pencatatan berbasis state machine diterapkan agar
perubahan status alat (“TERSEDIA” atau “DIPINJAM”) tercatat secara otomatis
ke dalam berkas log CSV lengkap dengan timestamp, serta ditampilkan pada
dashboard web berbasis Flask yang diperbarui secara berkala. Hasil pengujian
menunjukkan bahwa sistem mampu mengklasifikasikan status keberadaan alat
dengan tingkat akurasi yang tinggi pada kondisi pencahayaan normal, dengan nilai
confidence rata-rata di atas 80%. Pencatatan aktivitas berlangsung otomatis
berbasis perubahan status dengan latensi keseluruhan berkisar 0,5-1,5 detik dari
kejadian fisik hingga tampil pada dashboard web. Intensitas pencahayaan terbukti
berpengaruh signifikan terhadap kinerja deteksi, di mana kondisi redup (di bawah
50 lux) menurunkan keberhasilan deteksi secara nyata. Dibandingkan metode
manual, sistem ini meningkatkan efisiensi, akurasi, dan akuntabilitas pengelolaan
SST serta mendukung terwujudnya konsep smart workshop.

Kata kunci: Special Service Tools, ESP32-CAM, YOLO, Internet of Things,

Pemantauan Real-Time, Web Dashboard.
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DESIGN AND DEVELOPMENT OF A REAL-TIME VISUAL
MONITORING SYSTEM FOR SPECIAL SERVICE TOOLS BASED ON
ESP32 USING YOLO TECHNOLOGY

Samsul Huda

ABSTRACT

Special Service Tools (SST) are high-value specialized equipment that play
a vital role in vehicle service procedures in automotive workshops. In practice, the
management of borrowing and returning SSTs in many workshops is still done
manually through logbook recording, making it susceptible to recording errors,
tool loss, and ambiguous responsibilities among technicians. This research aims to
design and build a real-time visual monitoring system capable of automatically
detecting and recording SST borrowing and returning activities. The developed
system utilizes the ESP32-CAM camera module as an image acquisition unit on the
tool storage rack, wirelessly connected via a Wi-Fi network to a central processing
unit. Object detection is performed using the You Only Look Once (YOLO)
algorithm with a confidence threshold of 0.5 and Non-Maximum Suppression of
0.3. A state machine-based recording logic is applied so that changes in tool status
("AVAILABLE" or "BORROWED") are automatically recorded into a CSV log file
complete with timestamps, and displayed on a periodically updated Flask-based
web dashboard. Test results indicate that the system is capable of classifying the
presence status of tools with high accuracy under normal lighting conditions, with
an average confidence value above 80%. Activity recording occurs automatically
based on status changes with an overall latency ranging from 0.5 to 1.5 seconds
from the physical event to its appearance on the web dashboard. Lighting intensity
proved to have a significant effect on detection performance, where dim conditions
(below 50 lux) noticeably reduced detection success. Compared to manual methods,
this system improves the efficiency, accuracy, and accountability of SST
management and supports the realization of the smart workshop concept.

Keywords: Special Service Tools, ESP32-CAM, YOLO, Internet of Things, Real-
Time Monitoring, Web Dashboard.
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