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Design and Implementation of an Edge-Intelligence-Driven Video Monitoring System for Slope
Rockfall
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Yangtze University

[Abstract] To address the challenges of high suddenness in highway slope rockfall disasters, poor real—time
performance of traditional monitoring methods, and difficulties in deployment, this paper designs and
implements a cloud—edge—device collaborative rockfall video monitoring system. The system employs industrial
cameras at the device end to capture video streams, performs real—time detection at the edge using a lightweight
YOLOv26 model, and utilizes the cloud for data aggregation and secondary warnings. Key technologies are
elaborated, including a dual — mode frame sampling strategy, edge — side model quantization and operator
fusion acceleration, and low — bandwidth structured data transmission. Through INTS8 quantization using the
Ascend CANN toolchain, a 2.52% inference acceleration is achieved (reducing the inference time of NanoDet —
plus — m from 68 ms to 27 ms). By employing adaptive frame sampling and a four — level event filtering
mechanism, the end — to — end latency is less than 200 ms, the data volume per alarm is under 5 KB, and
dynamic frame sampling reduces bandwidth requirements by 63%. In a demonstration application on a highway
in Hubei Province, the system operated stably for 30 consecutive days, achieving a detection accuracy of 96.3%,
thereby effectively enabling real — time rockfall event warnings. The system is deployed using Docker
containerization, integrates an NPU+CPU heterogeneous computing architecture, and incorporates a four —
level fault tolerance mechanism, providing a highly reliable and easily deployable technical solution for highway
slope safety monitoring.
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“timestamp”:”2025-06-15T14:30:45+08:00”,
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“bbox”: [100, 150, 80, 60],
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“confidence”:0. 96,

“compressed_img”:” baseb4...”

}
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