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Smartphone built-in sensors based vehicle integrated positioning
method
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Abstract: To meet the vehicle positioning requirement using the built-in sensor of smart phone, a
positioning algorithm is designed integrating GNSS, gyroscope, accelerometer and magnetometer. The
Inertial Navigation System (INS) is used as a bridge, and the Extended Kalman Filter (EKF) is used to fuse
other positioning sources and constraint information. The update information includes GNSS position, zero
velocity, zero heading angular rate, magnetic field heading angle variation, vehicle motion constraint and
vehicle speed prediction model. Among them, the misaligned angle between smartphone and vehicle and
the lever-arm from the inertial sensor to the center of the rear wheels are used as augmented states to be
evaluated so as to maximized the effect of vehicle motion constraint. In addition, to take the advantages of
data post-processing, backward smoothing is used to further improve the positioning accuracy of the
system after the forward filtering. Test results based on the published dataset of an international
competitions show that the proposed algorithm can effectively integrate different sensors in the phone and
the vehicle motion constraint information, and can output stable and reliable positioning results even when
the GNSS signals are interfered or blocked for short time (i.e. 400 seconds). In track 6 "Smartphone-based
Vehicle positioning without additional equipment" of the Indoor Positioning and Indoor Navigation
Conference (IPIN2020)-7th indoor positioning competition, the proposed algorithm won the championship
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with the positioning accuracy better than 7 m (75% probability).
Key words: smartphone; MEMS-IMU; Vehicle Positioning; GNSS; Magnetometer
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Fig.1 Flowchart of the vehicular integrated navigation

algorithm based on smart phone built-in sensors
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Tab.1 RMS, 75% and 95% of the plane position errors
of the four positioning schemes (Unit: m)

ENHE 5% 95% RMS
1 131.52  1807.64 669.86
2 2421 117.52 42.90
3 16.76 37.55 17.44
4 7.09 31.29 11.34
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