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ABSTRACT: Recent rapid development of AI, various tasks such as drawing, writing, and composing are now 
being successfully performed within digital systems. And recently, there has been a rapidly growing demand for 
‘physical AI’ or ‘bodied AI’, the next step in AI that performs direct tasks in the physical world. To extend this 
advancement in AI from digital systems to real systems, the development of sensors that help AI explore and 
learn from real environments, as well as physical bodies such as robots, is essential. Sensors digitize physical 
and chemical information from the real world and convert it into a form that digital systems can understand. 
Early sensors focused on detecting basic, primary information such as pressure, temperature, strain, and 
chemicals, but recent advancements have enabled them to recognize more complex and sophisticated information 
such as vibration and slippage. In this presentation, we will introduce research on sensor design for digitizing 
various real-world information, and cover three areas of application: healthcare, robotics, and agriculture. 
First, in the healthcare field, we introduce a respiratory sensor that can monitor oral and nasal breathing by 
developing an array of breathable pressure sensors that can be attached to a mask. Second, in the field of 
robotics, we propose a sensor that improves grasping stability through a multimodal sensor design that can 
simultaneously detect pressure and strain. Finally, in the agricultural field, we cover technologies for monitoring 
plant health and growth using microneedle-based sensors that minimize the impact on plants.
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ABSTRACT: Mechanoluminescent (ML) platforms have emerged as a promising candidate for self-powered soft 
electronics and biomedical technologies. However, a limited understanding of the mechanistic principles governing 
the interaction between functional polymers and ML phosphors has hindered the broader use of diverse polymer 
matrices and delayed commercialization. Here, we propose a material-guided strategy for selecting elastic polymer 
matrices to achieve high-performance ML platforms. In particular, we reveal a comprehensive design framework 
based on interfacial triboelectric engineering, made possible by the intrinsic negative triboelectricity of polymers, 
along with a defect-localized ML model and a self-charging mechanism that ensures long-term stability. Our study 
offers new fundamental insights into the rational design of polymer-integrated ML systems and provides a potential 
breakthrough toward their next generation applications.
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