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Abstract

The health monitoring and daily communication of deaf and mute individuals have long faced dual
challenges. This paper proposes and validates a multi-sensor fusion and decision arbitration algo-
rithm for MR smart glasses-based life monitoring in deaf and mute scenarios, aiming to systemat-
ically resolve decision conflicts between physiological data and visual recognition results. Built on
a C++17 multithreaded architecture, the system integrates IMU, PPG, and camera data to achieve three
core functions: fall detection, vital signs monitoring, and emergency sign language recognition. To ad-
dress multi-source data conflicts, a three-tier decision arbitration mechanism is proposed: confidence
weighting handles insufficient gesture recognition confidence, physiological-visual conflict resolu-
tion reconciles contradictions between physiological data and sign language commands, and temporal
consistency verification prevents decision jitter. Simulation results demonstrate that each functional
module achieves 100% logical trigger accuracy (10 tests each), with a hierarchical alert logical accu-
racy of 96.7% (29 out of 30 mixed abnormal scenarios correct), a response time under 500 ms, and
72-hour continuous operation without crashes. The above accuracies are preliminary results of al-
gorithmiclogic validation under simulation and do not represent actual hardware deployment per-
formance. This research is in the simulation validation phase, and the proposed architecture and ar-
bitration mechanism can provide an algorithmic design reference for future MR-based health mon-
itoring applications targeting the deaf and mute population.
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Figure 1. Overall system architecture diagram
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Figure 2. Confidence weighting mechanism processing flow and mild alert triggering
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Figure 3. System startup interface
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Figure 4. Multi-modal output interface for moderate-level alerts
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