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ABSTRAK

Traffic accidents caused by brake system failure underscore the importance
of accurate periodic brake testing. In practice using a roller brake tester, operators
lack an instrument that simultaneously monitors brake pedal force and roller
rotational speed on a single platform, making it impossible to objectively determine
the correlation between the two parameters. This study designs and builds an IoT-
based monitoring system using a three-node architecture comprising Node A
(inductive proximity sensor), Node B (load cell sensor), and a Gateway,
communicating via the ESP-NOW protocol and connected to Firebase Realtime
Database with a web dashboard interface and history with a spreadsheet. Load
cell calibration yielded an average error of 0.68% with R? = 1 across a 20-100%
sensor capacity range, with a peak deviation of £11 N that does not alter
classification against the regulatory limits of 500 N and 700 N. Proximity sensor
calibration in 1 PPR mode yielded an average error of 0.15% with R2 = 1; in 8 PPR
mode, average errors of 1.56% (left) and 1.24% (right) with R2 = 0.9999, with
errors below 1.60% at the 2.6 kmy/jam operational speed. Black box functional
testing across 15 scenarios achieved an effectiveness rate of 93.33%, categorized
as highly feasible. The system is installed portably without permanent modification

to the existing test equjpment.

Keywords: roller brake tester, IoT, ESP32, ESP-NOW, load cell, inductive proximity

sensor
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INTISARI

Kecelakaan lalu lintas akibat kegagalan sistem pengereman mendorong
pentingnya pengujian rem berkala yang akurat. Pada praktik pengujian
menggunakan roller brake tester, operator tidak memiliki instrumen yang
memantau gaya pedal rem dan kecepatan putar roller secara bersamaan dalam
satu platform, sehingga korelasi antara keduanya tidak dapat diketahui secara
objektif. Penelitian ini merancang dan membangun sistem monitoring berbasis IoT
menggunakan arsitektur tiga node yaitu Node A (sensor proximity induktif), Node
B (sensor /oad cell), dan Gateway yang berkomunikasi melalui protokol ESP-NOW
dan terhubung ke Firebase Realtime Database dengan antarmuka dashboard web
dan data riwayat pada spreadsheet. Kalibrasi /oad ce//menghasilkan rata-rata error
0,68% dengan R2 = 1 pada rentang 20-100% kapasitas sensor, dengan deviasi
puncak £11 N yang tidak mengubah klasifikasi terhadap batas regulasi 500 N
maupun 700 N. Kalibrasi sensor proximity mode 1 PPR menghasilkan rata-rata
error 0,15% dengan R2 = 1, dan mode 8 PPR menghasilkan rata-rata error 1,56%
(kiri) dan 1,24% (kanan) dengan R2 = 0,9999; pada kecepatan operasional 2,6
km/jam error di bawah 1,60%. Pengujian fungsi dengan metode black box testing
pada 15 skenario menghasilkan efektivitas 100% berkategori sangat layak. Sistem

terpasang secara portabel tanpa modifikasi permanen pada alat uji.

Kata Kunci: roller brake tuster, IoT, ESP32, ESP-NOW, /oad cell, proximity induktif
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