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Hybrid Positioning with Deep-Learning-based PDR and BLE Beacons

Kazuma KANOT, Keisuke HIGASHIURAT, Koki TAKIGAMI', Kohei YAMAGUCHI', Yoshiteru
NAGATAT, Shin KATAYAMAT, Kenta URANOT, Takuro YONEZAWAT, and Nobuo
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1 Graduate School of Engineering, Nagoya University Furo-cho, Chikusa-ku, Nagoya, Aichi, 464-8603 Japan
E-mail: T{kazuma,urachan,tacky,kohei,teru,shinsan } @Qucl.nuee.nagoya-u.ac.jp,
T1{urano,takuro ,kawaguti} @nagoya-u.jp

Abstract In various industrial settings, there is a growing demand for digitizing and utilizing people’s location
information to improve labor productivity. Combining multiple methods is a reasonable approach for accurate
and economical indoor positioning. As part of these research efforts, PDR Benchmark Standardization Committee
created a dataset consisting of measurements from smartphone sensors, received signal strength data from Blue-
tooth Low Energy (BLE) beacons, and location and orientation data for ground truth. Then, they organized an
international competition called xDR Challenge 2023, which assesses positioning performance. This study proposes
a hybrid positioning method targeting the competition. It integrates walking speed and heading estimation with
DualCNN-Transformer models, map-matching, and multilateration by BLE on particle-filter algorithm. The evalu-
ation results from xDR, Challenge 2023 show that the proposed method achieved a median positioning error of 0.59
[m], the smallest among all participating teams.

Key words indoor localization, indoor positioning, smartphone, pedestrian dead reckoning, particle-filter
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Circular error [m] v >= 30

Circular accuracy [m] v >= 10

Error accumulation gradient [m/s] v >=2
Velocity error [m/s] v >=2
Requirement for obstacle avoidance v=0
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