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Abstract 
The number of everyday smart devices is projected to grow to 
the billions in the coming decade, which enables various smart 
building applications. These applications, especially in-home 
long-term occupant monitoring, rely on the emerging device-
free human sensing techniques. From the system perspective, 
general problems faced by existing technologies (vision-, 
sound-, RF-, and load-based methods) are the tradeoff 
between the information acquisition resolution and the 
sensing requirements (e.g., line-of-sight, high deployment 
density, calibration). We introduce an alternative non-intrusive 
indoor human information acquisition through ambient 
structural vibration, or ‘Structures as Sensors’. People’s 
interaction with ambient structures (e.g., floor, table, door) 
induces structures to vibrate. By capturing and analyzing the 
vibration response of structures, we can indirectly infer fine-
grained (action-level) information about the people and their 
actions. However, due to the complexity of the physical world, sensing data distributions can 
change significantly under different sensing conditions. Therefore, from the data perspective, 
accurate information learning through pure data-driven approaches requires a large amount of 
labeled data, which is costly and difficult to obtain in real-world applications. We address these 
challenges by combining physical and data-driven knowledge to reduce the label data needed via 
multiple approaches. 
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