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ABSTRAK

Perkembangan sepeda listrik sebagai alternatif kendaraan ramah 

lingkungan semakin pesat seiring meningkatnya kesadaran akan efisiensi 

energi dan pengurangan emisi. Namun, salah satu tantangan utama dalam 

pemanfaatan sepeda listrik adalah pemantauan kesehatan baterai secara 

efektif. Baterai yang tidak dimonitor secara berkala berpotensi mengalami 

degradasi lebih cepat, menurunkan performa kendaraan, dan meningkatkan 

risiko kegagalan fungsi. Oleh karena itu, dibutuhkan sistem pemantauan yang 

mampu menyajikan informasi kondisi baterai secara real-time untuk 

mendukung pengambilan keputusan yang tepat oleh pengguna. 

Skripsi ini bertujuan untuk merancang dan mengimplementasikan 

sistem pemantauan kesehatan baterai pada sepeda listrik berbasis 

mikrokontroler ESP-32 dengan dukungan teknologi Internet of Things (IoT). 

Sistem ini dikembangkan dengan memanfaatkan mikrokontroler ESP-32 

sebagai unit pemrosesan utama. Pengukuran tegangan dilakukan melalui 

rangkaian voltage divider, sementara arus diukur menggunakan sensor arus 

berbasis efek Hall ACS758. Untuk perhitungan State of Charge (SOC) dan 

State of Health (SOH), digunakan metode coulomb counting secara manual 

berdasarkan integrasi arus terhadap waktu. Data yang diperoleh dikirim 

melalui protokol MQTT dan divisualisasikan dalam bentuk telemetry 

menggunakan platform Node-RED, memungkinkan pemantauan jarak jauh 

secara real-time. 

Pengujian sistem dilakukan melalui pembandingan hasil pembacaan 

sensor dengan alat ukur standar, serta simulasi kondisi beban variatif untuk 

mengukur reliabilitas sistem dalam lingkungan nyata. Hasil pengukuran 

menunjukkan bahwa sistem mampu memberikan estimasi parameter baterai 

yang cukup akurat dan konsisten, dengan presentase error pengukuran 

tegangan sebesar 1,07% dan error pengukuran arus sebesar 2,89%. Selain itu, 

sistem juga dapat mendeteksi indikasi penurunan performa baterai yang 

menjadi acuan dalam evaluasi nilai SOC dan SOH. 

Kata Kunci: Pemantauan baterai, sepeda listrik, ESP-32, Internet of Things 

(IoT), MQTT, SOC, SOH, ACS758, voltage divider, coulomb counting. 
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ABSTRACT

The development of electric bicycles as an alternative to 

environmentally friendly vehicles is accelerating as awareness of energy 

efficiency and emission reduction increases. However, one of the main 

challenges in the utilization of electric bicycles is effective battery health 

monitoring. Batteries that are not regularly monitored have the potential to 

degrade faster, reduce vehicle performance, and increase the risk of 

malfunction. Therefore, there is a need for a monitoring system capable of 

presenting real-time battery condition information to support informed 

decision-making by users. 

This thesis aims to design and implement a battery health 

monitoring system on an ESP-32 microcontroller-based electric bicycle with 

the support of Internet of Things (IoT) technology. This system is developed 

by utilizing the ESP-32 microcontroller as the main processing unit. Voltage 

measurements are made through a voltage divider circuit, while current is 

measured using an ACS758 Hall effect-based current sensor. For the 

calculation of State of Charge (SOC) and State of Health (SOH), the coulomb 

counting method is used manually based on the integration of current against 

time. The acquired data is sent via the MQTT protocol and visualized in the 

form of telemetry using the Node-RED platform, enabling real-time remote 

monitoring. 

System testing was conducted through comparing sensor readings 

with standard measuring instruments, as well as simulating varied load 

conditions to measure system reliability in a real environment. The test results 

show that the system is able to provide a fairly accurate and consistent 

estimation of battery parameters, with measurement deviations within 

acceptable tolerance limits. In addition, the system can also detect 

indications of battery performance degradation, which is a reference in 

evaluating the SOH value. 

Keywords: Battery monitoring, electric bicycle, ESP-32, Internet of Things 

(IoT), MQTT, SOC, SOH, ACS758, voltage divider, coulomb counting. 
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