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(Development of an MQTT-Based Responsive Data Collection System for Smart Livestock Barns)
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Abstract

The adoption of Precision Livestock Faring (PLF) systens has been acoderating in recent years, however, existing sart
livestock fams still face difficulties in achieving real-time responsiveness due to latency in periodic polling—hased data oollection
and the limited scalahility of RS-485 wired commumnication. These constraints hinder inmediate control during abnonal situations
such as sudden environmrental changes ar gas conoentration spikes, leading to decreased animal welfare and productivity. To address
these challenges, this study designed and inplenrented a reactive data collection system based on the MIT Tixotocol. The proposed
system integrates heterogeneous devices using standardized topic structures and JSON formrets, ensures end-to-end relighility
through Q0S and E-VIITT mechanisis, and enhances scalahility through a hroker dustering structure. In addition, real-tine deta
processing and visualization were achieved using a Node-RED-based dashboard and extemal linkage functions. Experinental results
showed that the reactive collection method reduced average latency by 70 -85%6 conpared to the conventional polling method, while
hroker clustering inproved throughput by 73 -9294 and the Qo2 + E-MJITT configuration decreased deta loss by approxinetely
tenfold. The system also nmeintained stable responsiveness and data continuity under degraded network conditions. Consequently,
the proposed system achieves both low latency and high reliahility, effectively overoaming the limitations of convertional wired
communication. Furthemore, its standardized message structure and scalable hroker—based architecture provide a solid techrical
foundation for redl-time control, anomely detection, and Al or dloud-hased data analysis in smart livestock environmerts,

W keywords : Smart Barn ; MQTT Reactive Collection ; Standard Topic/JSON
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