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Abstract

This article presents an intelligent trash bin status monitoring
system using Artificial Intelligence (Al) technology to improve
waste management efficiency in public areas. The system uses
an ESP32-CAM to capture images of trash bins and sends them
to a Flask API server, where a YOLOv8 model analyzes the bin
status—such as empty, full, toppled, or missing. The results are
then transmitted via a Heltec ESP32 LoRa board to a LoRaWAN
network and displayed in real time on a dashboard. If an
abnormal status is detected, the system sends alerts through
the dashboard and a Telegram, and logs the data to Google
Sheets for further analysis. Users can also conveniently check
the bin status and images through a LINE Chatbot. Experimental
results show that the system achieves an average accuracy of
0.96, with a precision of 0.95 and a recall of 0.92. The optimal
detection range is within 4.5 meters, and data can be

transmitted over LoRaWAN for distances up to 800 meters. The
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system provides accurate, reliable monitoring and responds to

users in real time with high efficiency.
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