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Abstract: In high-altitude working environments, voice signal detection is severely affected by complex interferences
such as wind noise, mechanical noise, and multipath effects in open spaces, significantly degrading the recognition
performance of target speech features. Traditional filtering methods fail to simultaneously suppress steady-state noise
and preserve transient speech characteristics. To address this issue, a joint adaptive filtering and feature enhancement
algorithm is proposed to improve speech recognition reliability in high-altitude operational scenarios. During the
adaptive filtering stage, a filter based on the variable step-size least mean square (VSSLMS) criterion is constructed,
incorporating a dynamic adjustment strategy for environmental awareness coefficients. This strategy enables the filter to
dynamically adjust its convergence step size according to real-time wind noise intensity and mechanical noise spectrum,
effectively suppressing background noise while avoiding signal distortion. In the feature enhancement stage, a combined
time-frequency masking and spectral subtraction framework is designed to perform preliminary noise reduction on the
filtered signal. Subsequently, a deep neural network is employed to reconstruct residual speech feature information from
remaining noise, thereby recovering weak feature components masked by noise. Experiments were conducted using data
collected from a simulated plateau work platform under various conditions, including different wind speeds, levels of
mechanical noise, and speech targets. Results show that the proposed algorithm improves the clarity of target speech
features by approximately 40% under low signal-to-noise ratio (SNR) conditions, outperforming traditional spectral

subtraction and fixed-step LMS methods in terms of feature fidelity. The method also demonstrates strong robustness
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against sudden changes in wind noise and mechanical impact noise. This approach effectively solves the challenges of

adaptive filtering and feature enhancement in speech feature detection at high altitudes, providing a reliable acoustic

sensing solution for early fault warning of plateau equipment and personnel safety monitoring.

Keywords: High-altitude operation; Speech feature signal; Adaptive filtering; Feature enhancement; Variable step-size

LMS; Deep neural network; SNR improvement
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