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Abstract: Real-time monitoring of fatigue and distraction behaviors among personnel engaged in prolonged
monotonous tasks remains a significant challenge. To address this issue, this paper proposes a real-time behavior

detection and analysis system based on multi-modal visual feature fusion. The system integrates the YOLOVS
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object detection network, MediaPipe facial landmark localization, and conventional computer vision techniques
to construct a multi-stage behavior recognition pipeline. At the feature level, the system simultaneously extracts
multiple dimensions of features, including the Eye Aspect Ratio (EAR), the Mouth Aspect Ratio (MAR), head pose
angles, and hand-to-face spatial relationships. A temporal state machine model is employed to perform temporal
fusion over instantaneous detection results, thereby effectively reducing the false positive rate. The system further
incorporates an intelligent data analysis module powered by a Large Language Model (LLM), which automatically
generates structured behavioral assessment reports. Experimental results demonstrate that the system achieves an
overall detection F1 score of 91.2% for behaviors including eye closure, yawning, head-down posture, and handheld
electronic device use in real-world scenarios, with an average inference latency of 38 ms per frame, satisfying real-
time processing requirements. In addition, the system provides comprehensive data management, visual analytics,
and multi-format export functionalities, demonstrating strong engineering practicality.
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