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Abstract: With the rapid evolution of smart cabin interaction technology, contactless gesture recognition has become an
essential component of in-cabin human-computer interaction. Traditional methods, such as vision-based and radar-based
systems, often face challenges like privacy concerns, high deployment costs, and limited coverage. To overcome these
limitations, we introduce a novel gesture-based mute control system that leverages the advantages of contactless interac-
tion to enhance user experience and system efficiency. This solution repurposes existing audio hardware to construct an af-
fordable near-field recognition system. By transmitting high-frequency acoustic signals and analyzing the changes in the
channel impulse response (CIR) induced by hand movements, the system effectively recognizes mute gestures. Specifi-
cally, to eliminate system delay, we first establish an electrical loopback channel to extract a reference signal. This refer-
ence signal is then used to dynamically compute the system delay, ensuring accurate CIR time alignment. Additionally,
we propose a fusion scheme that combines single-channel multi-dimensional feature judgment with a multi-channel col-
laborative decision-making mechanism. This integrated approach is designed to accurately distinguish predefined gestures
from environmental interferences. Experimental validations across multiple scenarios show that the system achieves a

mute gesture recognition accuracy exceeding 98%, a false alarm rate below 1.5%, and a response time within 0.05 sec-
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