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Hear - See Text -Assistive Communication
System Combining Edge Computing and
Generative Al for Articulation Restoration and
Audio-Visual Care
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Abstract

Taiwan has officially entered a super-aged society, and communication
difficulties caused by age-related hearing decline among older adults
have gradually become an importantissue. At the same time, prolonged
and high-volume headphone use among younger generations has also
increased the risk of hearing impairment, making hearing loss no longer
anissue limited to older adults, but a communication challenge that spans
different generations. For people with hearing impairments and older
users, the difficulties of telephone communication are not merely caused
by insufficient volume, but also include unclear speech, background noise
interference, difficulty in understanding content in real time, and the
lack of visual cues such as lip movements and facial expressions. Existing
hearing aids, real-time captioning tools, or call transcription systems
mostly provide only sound amplification, one-way text display, or post-call
summaries, making it difficult to solve the two-way communication
problems of users “not being able to hear clearly” and “not being able to
speak clearly.” In addition, traditional single-computing architectures may
suffer from latency or delayed responses when handling high-load tasks
such as real-time speech recognition, generative Al, and image-based
interaction, which may further increase users’ communication frustration.

To address the above problems, our team developed “Hear-SeeText,” an
intelligent communication system. By placing a traditional telephone or
smartphone into a self-designed 3D-printed structure, as shown in Fig. 3,
the system enables collaborative operation between edge computing and
generative Al to convert call content into text in real time, while further
organizing key points, looking up difficult words, and generating suggested
responses. The system also integrates a virtual human interaction interface,
using lip movements, facial expressions, and body gestures to present call
content and compensate for the lack of visual cues in traditional telephone
communication. This allows users to grasp the key points of a conversation in
a more intuitive way. The interface of system is shown in Fig. 4. In addition,
the system adopts a fuzzy gated convolutional neural network for unclear
speech reconstruction, helping users with unclear articulation convert their
speech into clearer and more understandable expressions. It also uses a
Nuvoton edge embedded system for real-time facial expression recognition.
When users appear nervous, hesitant, or unable to respond immediately,
the system proactively provides Al-generated response suggestions,
transforming the assistive device from a passive information receiver
into an intelligent system capable of actively understanding, supporting
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expression, and reducing communication pressure.

This work has completed physical integration and field testing, demonstrat-
ing strong effectiveness in communication assistance. For speech content
that is more difficult to understand, the semantic understanding error
rate was reduced by an average of 35.0%, effectively improving speech
clarity and comprehensibility. In addition, among 86 participants, 90.7%
gave positive feedback regarding the smoothness of system operation,
indicating the practical feasibility of this work. Compared with existing tele-
phone assistive technologies, this system not only helps users understand
call content, but also improves the limitations of traditional telephone
communication in both comprehension and expression through visual
assistance, speech restoration, and suggested responses. In the future, it
can be applied to home care, daily telephone communication, hearing
assistance, and communication scenarios for older adults, helping users
reduce communication anxiety, improve communication autonomy, and
enhance social participation. With this system, telephone communication
is no longer only about hearing, but also about seeing, understanding,
speaking clearly, and expressing oneself with confidence.

Fig. 3 3D-printed structure.
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Fig. 4 System interface diagram.
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