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Abstract

This paper proposes a speech-image UI pipeline to improve the usability of digital signage for the
mobility—challenged. It consists of two main stages: visual speech detection and auditory signal
enhancement. First, the image processing module utilizes Google MediaPipe Holistic and a
MobileNetV2-GRU hybrid model to analyze the user’s lip movements and capture "speech intent” in real
time. Specifically, data augmentation and a circular buffer prevent early speech loss, achieving 100%
speech detection accuracy. Second, the speech processing module adopts an adaptive signal-to—noise ratio
(SNR) noise removal algorithm based on the "Do No Harm” principle. To solve the problem of deep
learning models (Sepformer) distorting Korean speech signals, the SNR threshold is set to 6 dB. It is
remove noise in case of low—SNR environments and skip processing in case of high-SNR environments to
prevent speech loss. In particular, if it omit the speech processing of 79.4% of the total speech data in a
low-SNR environment, 1.07% decrease in WER will be achieved. Furthermore, applying data augmentation
techniques in visual speech detection significantly achieve the accuracy of 1.0(100%) and the loss of
0.0004.
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Table 2. Comparison among Pipeline Versions
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Table 3. Pipeline Results against Noise Types

L] Byt SNR| 2] W2 |SkipE| WER %3}
Traffic 47 dB |xo1= AA| 17% |+378%p (714)
Complex | 6.1 dB =% 67% | +2.63%p (714)
Construction| 16.8 dB Skip 100% | 0.00%p (FA1)
Factory 188 dB Skip 100% | 0.00%p (F+4)
Facility 183 dB Skip 100% | 0.00%p (A1)
Outdoor 83 dB Skip 100% | 0.00%p (A1)
Hat 12.3dB - 794% +1.07%p
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Table 4. Performances for Final Pipeline System
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