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Engineering technology for medical applications (Biomedical Engineering)
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The theme of this special issue is "Engineering technology in medical applications (Biomedical
Engineering)." A variety of medical devices are constantly being developed within the field of
Biomedical engineering. They enhance the quality of health preservation, testing, treatment, and
nursing care for diseases and injuries. Furthermore, they help reduce the burden on healthcare
professionals and improve patients' quality of life during treatment by reducing pain and discomfort.
We hope that by understanding the research and technology in the various fields supporting real-
world clinical practice, professional engineers will contribute to saving many lives in the future.
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Loneliness as a healthcare challenge and the potential of Al support
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Loneliness is becoming a significant healthcare issue in Japan. This paper explores the use of
large language models (LLMs) as emotional partners for patients, discussing their benefits and
challenges. A system called the "TV Avatar System" is proposed to provide emotional support
using Al in a non-intrusive way. Finally, author considers the ethical responsibility of engineers in

supporting well-being through technology.
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Engineering in healthcare~Invitation to medical device development from other industries
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There is growing interest in medical devices as an opportunity to utilize Japan's manufacturing,
technology. and gquality, but many companies are hesitant to enter the medical device industry.”
Healthcare is expected to become a major industry in Japan in the future. For companies from other
industries to enter the industry, the key is to narrow down their target and determine how they can
arrange, combine, and integrate existing component technologies for medical use.
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The industry-academia collaboration and risk management in medical device development
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This paper aims to organize the complex risk structure specific to medical device development
through industry-academia collaboration. From the perspectives of contracts, intellectual property,
ethics, personal information, and conflict of interest, relevant constraints were examined in
this study, and practical measures such as schedule adjustment and consensus building were
introduced. As a result, sharing prior risk analysis and concrete management procedures were found
to facilitate agreement among stakeholders and reduce risks.
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Development of deep learning model for analyzing sleep architecture
using unconstrained measurements of vital data with piezoelectric sensors
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An unconstrained method for the monitoring of cardiorespiratory and body movement activities
was proposed with the use of sheet-type piezoelectric sensor. By conducting simultaneous
measurements with an overnight polysomnography in over 100 subjects, a deep learning model
was built for predicting sleep stages using bidirectional-LSTM network. This model is capable
of estimating key sleep parameters for evaluating sleep quality, and we have launched the sleep
analysis service for healthcare market.
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Medical-engineering collaboration in radiation cancer therapy
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Radiation therapy, one of the three major cancer treatments, utilizes a wide range of technologies,
including accelerators as beam generator, robotics, and image guidance. This article provides an overview
of the evolution of technologies that meet medical needs and efforts to ensure safety and reliability as well
as development for enhancement of efficacy and efficiency through medical-engineering collaboration.
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Fluoroscopic Observation Method for Medical Catheter Alternative to X-Ray fluoroscopy
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X-ray fluoroscopy is essential for observing external/internal state of medical catheters inserted
into human blood vessels in endovascular surgery. Although fluoroscopy is also required for
surgical training and device evaluations, X-ray is accompanied by radiation problems. This time, the
applicability of Near Infrared (NIR) is examined as a safer alternative for X-ray and revealed that in

vitro X-ray fluoroscopy for surgical training and evaluations is reproducible using NIR.
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The application of engineering technologies that contribute to the development of genetic and genomic
medicine is transforming the medical field. This course examines how the application of genetic analysis
equipment, data analysis, medical information systems, etc. contributes to the realization of personalized

medicine and patient support, and presents initiatives that serve as a bridge between medicine and
engineering technology. Genomic medicine is built on interactive scientific communication with society.
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Development of gas sensors for healthcare monitoring
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Exhaled breath and skin gases contain small amounts of volatile organic compounds (VOCs), and
the concentrations of specific VOCs depend on the diseases and health conditions. Therefore,
there is a strong demand for the development of highly selective and sensitive gas sensors
for their diagnosis. We have developed various types of gas sensors, including semiconductor,
electrochemical, diode, and catalytic combustion-type sensors, by optimizing the composition and
structure of the sensing materials. In this article, we report our recent progress in developing high-
performance gas sensors for healthcare monitoring.
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