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INTISARI 

 

Degradasi infrastruktur beton bertulang akibat korosi baja tulangan 

merupakan masalah global yang mengancam integritas struktural dan menuntut 

pembiayaan rehabilitasi tinggi. Upaya pemantauan dan validasi perlindungan beton 

menggunakan instrumen manual di laboratorium rentan terhadap kesalahan 

paralaks dan gagal mengeksekusi mekanisme pemutusan arus presisi (Instant-Off). 

Keterbatasan metodologis ini menyebabkan data potensial korosi terdistorsi oleh 

hambatan resistansi ohmik bawaan material (IR Drop), sehingga mengurangi 

validitas keilmuan dalam analisis elektrokimia. Untuk memecahkan kebuntuan 

instrumentasi tersebut, penelitian ini mengimplementasikan sistem akuisisi digital 

berbasis Internet of Things (IoT) dengan pendekatan Cyber-Physical Systems 

(CPS). Infrastruktur perangkat keras dibangun menggunakan mikrokontroler 

ESP32 Dual-Core dan Analog-to-Digital Converter (ADC) ADS1115 untuk 

menjamin fidelitas penangkapan sinyal mikro-volt. Rekayasa firmware mengadopsi 

algoritma non-blocking asinkron dan Watchdog Timer sebagai mekanisme 

pemulihan jaringan otonom. Distribusi aliran data disinkronisasikan menggunakan 

struktur NoSQL JSON Tree pada Firebase Realtime Database menuju platform Web 

Dashboard Single Page Application (SPA) React.js guna mengeksekusi pemrosesan 

analitik secara on-the-fly. Hasil evaluasi membuktikan bahwa sistem ini mampu 

mengotomatisasi pemutusan arus Instant-Off dalam orde milidetik secara presisi, 

sukses mengeliminasi bias IR Drop, dan beroperasi secara stabil tanpa kelumpuhan 

jaringan. Inovasi rekayasa yang mentransformasi proses klerikal menjadi sistem 

terdigitalisasi penuh ini dapat dimanfaatkan langsung oleh peneliti teknik sipil dan 

praktisi pemeliharaan infrastruktur maritim. Sebagai langkah pengembangan 

lanjutan, direkomendasikan transisi menuju arsitektur jaringan NB-IoT mandiri dan 

implementasi machine learning untuk memprediksi sisa umur pakai material anoda 

korban. 

 

Kata kunci: Korosi, IoT, Mikrokontroler, Firebase, Dashboard. 
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ABSTRACT 

 

The degradation of reinforced concrete infrastructure due to steel 

reinforcement corrosion is a global issue that threatens structural integrity and 

demands high rehabilitation costs. Efforts to monitor and validate concrete 

protection using manual instruments in the laboratory are prone to parallax errors 

and fail to execute precise current interruption mechanisms (Instant-Off). This 

methodological limitation causes corrosion potential data to be distorted by the 

material's inherent ohmic resistance (IR Drop), thereby reducing scientific validity 

in electrochemical analysis. To solve this instrumentation bottleneck, this research 

implements an Internet of Things (IoT) based digital acquisition system using a 

Cyber-Physical Systems (CPS) approach. The hardware infrastructure is built using 

an ESP32 Dual-Core microcontroller and an ADS1115 Analog-to-Digital 

Converter (ADC) to ensure the fidelity of micro-volt signal capture. Firmware 

engineering adopts an asynchronous non-blocking algorithm and a Watchdog 

Timer as an autonomous network recovery mechanism. Data flow distribution is 

synchronized using a NoSQL JSON Tree structure on Firebase Realtime Database 

towards a React.js Single Page Application (SPA) Web Dashboard platform to 

execute on-the-fly analytical processing. Evaluation results prove that this system 

is capable of automating the Instant-Off current interruption in the order of 

milliseconds precisely, successfully eliminating IR Drop bias, and operating stably 

without network downtime. This engineering innovation, which transforms clerical 

processes into a fully digitized system, can be directly utilized by civil engineering 

researchers and maritime infrastructure maintenance practitioners. As a further 

development step, a transition to an independent NB-IoT network architecture and 

the implementation of machine learning to predict the remaining useful life of the 

sacrificial anode material are recommended. 

. 

Keyword: Corrosion, IoT, Microcontroller, Firebase, Dashboard. 


