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Power-Efficient Optimization of Floor Transition Recognition

Using a Barometric Sensor

Masafumi Yamamoto'® Nobuhiko Nishio!®

Received: July 25, 2025, Accepted: July 25, 2025

Abstract. This study proposes a power-efficient method for accurately recognizing floor transition behaviors—such as
horizontal walking, stair ascent, and descent—using a barometric sensor embedded in smartphones. First, we measured
the power consumption of GPS and the barometric sensor on an actual smartphone. The results showed that the barometric
sensor consumed only about 5% of battery over 10 hours of continuous background operation, demonstrating superior
energy efficiency compared to GPS. Next, we extracted seven statistical features from the barometric pressure data and
used them to classify user behaviors with a machine learning model. We thoroughly evaluated the impact of sampling
frequency, observation window length, and device holding state (handheld or in-pocket) on classification accuracy.
Experimental results demonstrated that with a 1 Hz sampling rate and a 7-second window, the model achieved over 90%
classification accuracy even under mixed holding conditions. These findings indicate that the proposed method is effective
for indoor 3D localization and can serve as a low-power trigger mechanism for crowd sensing systems, with potential
applications in large-scale data collection infrastructures. Furthermore, we conducted a detailed analysis of the effects of
device holding state on pressure readings and confirmed that a bias of up to approximately 1.5 hPa may occur, particularly
during stair ascent. This underscores the importance of designing systems that explicitly account for holding conditions
and implement robust compensation through feature engineering.
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