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RANCANG BANGUN PROTOTYPE SISTEM MONITORING
LINGKUNGAN GEDUNG DENGAN ARSITEKTUR

CANBUS DAN MQTT

Vincent Marlino

ABSTRAK

Sistem pemantauan lingkungan dan keselamatan pada infrastruktur gedung
bertingkat menuntut standar reliabilitas tinggi. Namun, penerapannya sering kali
menghadapi dilema antara kerentanan interferensi sinyal pada jaringan nirkabel
dan rigiditas instalasi pada sistem kabel konvensional. Penelitian ini merancang
solusi arsitektur hibrida yang mengintegrasikan determinisme protokol Controller
Area Network (CANBus) untuk akuisisi data sensor presisi dan efisiensi protokol
Message Queuing Telemetry Transport (MQTT) untuk telemetri jarak jauh.
Sistem dikembangkan menggunakan Arduino Mega 2560 sebagai node pemancar
yang mengakuisisi parameter kritis (suhu, kelembapan, gas, api, dan getaran),
serta ESP32 sebagai gateway yang menerapkan mekanisme Unified Payload
Aggregation untuk optimalisasi bandwidth. Antarmuka pengguna dikembangkan
berbasis Next.js dengan arsitektur komunikasi hibrida (Server-Side Rendering dan
WebSocket) untuk visualisasi data yang responsif. Berdasarkan pengujian intensif
selama 60 menit dengan interval transmisi 1 Hz, sistem berhasil mentransmisikan
total 10.800 frame data tanpa adanya packet loss, mencatatkan Packet Delivery
Ratio (PDR) sebesar 100% pada sisi gateway. Evaluasi kinerja menunjukkan
latensi end-to-end rata-rata sebesar 29,04 ms, memvalidasi kemampuan sistem
dalam mendeteksi anomali secara real-time. Penelitian ini menyimpulkan bahwa
pendekatan hibrida CANBus-MQTT menawarkan keseimbangan optimal antara
stabilitas, kecepatan, dan skalabilitas yang krusial bagi sistem mitigasi risiko
gedung modern.

Kata kunci: CANBus, Monitoring Lingkungan, MQTT, Next.js, Unified Payload.
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DESIGN OF A PROTOTYPE BUILDING ENVIRONMENT MONITORING
SYSTEM WITH CANBUS AND MQTT ARCHITECTURE

Vincent Marlino

ABSTRACT

Environmental monitoring and safety systems in high-rise building infrastructure
demand high reliability standards. However, their implementation often faces
a trade-off between signal interference vulnerability in wireless networks and
installation rigidity in conventional wired systems. This research designs a hybrid
architectural solution integrating the determinism of the Controller Area Network
(CANBus) protocol for precise sensor data acquisition and the efficiency of the
Message Queuing Telemetry Transport (MQTT) protocol for remote telemetry. The
system is developed using Arduino Mega 2560 as a transmitter node acquiring
critical parameters (temperature, humidity, gas, fire, and vibration), and an
ESP32 as a gateway implementing the Unified Payload Aggregation mechanism
for bandwidth optimization. The user interface is built on Next.js with a hybrid
communication architecture (Server-Side Rendering and WebSocket) for responsive
data visualization. Based on intensive testing conducted continuously for 60
minutes with a 1 Hz transmission interval, the system successfully transmitted a
total of 10,800 data frames with zero packet loss, recording a Packet Delivery
Ratio (PDR) of 100% at the gateway side. Performance evaluation demonstrated
an average end-to-end latency of 29.04 ms, validating the system’s capability
in real-time anomaly detection. This study concludes that the hybrid CANBus-
MQTT approach offers the optimal balance between stability, speed, and scalability
required for modern building risk mitigation systems.

Keywords: CANBus, Environmental Monitoring, MQTT, Next.js, Unified Payload.
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