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System based on Wireless Sensing and Machine Learning
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Human sensing techniques such as activity recognition, localization, and crowd
estimation, have been continuously studied since the human population in the modern
society has gone beyond the range of manual processing. Until now, many human
sensing technigques have been mainly performed by vision-based approaches using
cameras, however, the camera could not always become an appropriate solution in all
situations or entire area of interest due to its critical constraints. This is the major
reason why WiFi sensing-based methods are now highly spotlighted thanks to WiFi's
ubiquity and fine-grained source data like channel state information (CSI). In this thesis,
a joint crowd estimation system for crowd counting and localization by leveraging WiFi
sensing and machine learning (ML) has been addressed. So far, crowd counting and
localization have been mostly considered as the separate topics. On the other hand,
vision-based crowd estimation system can intuitively estimate the crowd size and the
location of human cluster at the same time. We are inspired by the idea that the same
thing a camera can do also can be performed by WiFi sensing. As part of our
observations, the fluctuation level of CS| amplitude shows monotonic relationship with
the crowd size, meanwhile, a particular shape of CSI curve in subcarrier domain implies
the location of people gathering at. By investigating these CSI characteristics, we found
that WiFi CS| sufficiently contains the information that reveals dynamic (size of a
moving crowd) and static state (location of the crowd) of a WiFi channel. By this work,
we demonstrate the feasibility of joint crowd counting and localization by the
combination of WiFi sensing and ML, and practically construct the system in real
environment, and empirically provide various analytic results obtained by the practical
experiments. As a result of real-environment experiments, we achieved 0.35 median
absolute error (MAE) of counting and 91.4% of localization accuracy with five people in
a small-sized room, and 0.41 MAE of counting and 98.1% of localization accuracy with
10 people in a medium-sized room.
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