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Fig. 1 Overall Architecture of Multi-system Collaborative Indoor and Outdoor Precision Positioning Technology
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Tab. 2 Test Accuracy Statistics of Indoor Positioning and Indoor and Outdoor Switching

HIRES K 5 AR EIESYiIBu R VAR
% RMS/m W7 A5 A (L) TR ECL ) "]/ %
% 2.336 0(0.000%) 1(0.001%) 99.990
ol 2.404 8(0.007%) 0(0.000%) 99.300
it 2.305 1(0.001%) 1(0.001%) 99.830
T 2.348 3(0.027%) 0.7(0.001%) 99.707
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Pedestrian Indoor and Outdoor Seamless Positioning Technology and
Prototype System Based on Cloud-End Collaboration of Smartphone

LIU Wanke' TAO Xianlu' ZHANG Chuanming® YAO Yibin' WANG Fuhong'

JIA Hailu® LOU Yidong®

1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
2 Baidu Netcom Science and Technology Co. Ltd., Beijing 100089, China
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Abstract: Objectives: With the rise of location service applications and the popularization of mobile smart
terminals, the demand for high-precision navigation and positioning is extending {rom isolated areas to
seamless whole areas, from professional groups to mass users. However, real-time, continuous, and com-
plete pedestrian navigation still faces many challenges, such as occlusion of global navigation satellite sys-
tem (GNSS) signals, frequent updates of Wi-Fi/ bluetooth low energy (BLE)/geomagnetic fingerprint data-
bases, and smoothly switching in the transitional area of indoor and outdoor. In addition, the positioning
sensors of popular mobile smart terminals are limited by cost and power consumption, and the observation
data 1s generally noisy and poor in stability. Methods: Therefore, this paper proposes a pedestrian indoor
and outdoor seamless positioning technology based on cloud-end collaboration of smartphone, which breaks
through the crowd sourced collection and rapid update of the beacon fingerprint database, the precise posi-
tioning of the smart phone multi-sensor information fusion, and the indoor and outdoor seamless switching.
We have developed a smartphone positioning application for pedestrians. The collaborative precision posi-
tioning enhancement information is provided by the location service platform and the multi-source observa-
tions data (GNSS, miniature inertial measurement unit (MIMU), Wi-Fi, BLE, magnetometer, barome-
ter) are obtained by the smartphone.Results: The feild test results show that the outdoor positioning accura-
cy of ordinary users is better than 1.5 m, and indoor accuracy is about 1-3 m. Conclusions: It supports
thedemand of mass-market users for seamless and precise positioning indoors and outdoors.

Key words: pedestrian navigation; seamless indoor and outdoor; cloud-end collaboration; smartphone;

multi-source fusion; machine learning
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