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Pedestrian heading estimation based on improved magnetic
inspection and principal direction algorithm
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Abstract: Aiming at the issue of heading distortion in the pedestrian positioning algorithm that re-
lies on inertial navigation, the pedestrian navigation algorithm integrating inertial measurement
unit (IMU) and magnetometer is proposed. The pedestrian movement is divided into straight walk-
ing and curve walking based on the alteration in stride heading. When the pedestrian is detected to
be walking along a straight path, the adaptive heuristic drift elimination algorithm for real-time es-
tablishment of the principal direction is proposed to compensate the navigation angle error. When
the pedestrian walks along a curve path, the geomagnetic field information is assisted. The gener-
alized likelihood ratio test is constructed by using the three eigenvalues of the magnetic field inten-
sity, the geomagnetic inclination angle, and the difference between the heading angle calculated by
inertial navigation system(INS) and the magnetometer. The magnetic field is inspected to obtain
quasi-static magnetic field information, and the heading angle error is compensated by Kalman fil-
ter. The sensor is placed on the foot for experiments. The experimental results show that the two

algorithms can achieve complementary advantages, effectively suppress the interference of geo-
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magnetic information, and improve the navigation accuracy. Compared with the zero velocity up-

date algorithm, the zero angular rate update algorithm, and the fusion algorithm using the magne-

tometer alone, the positioning errors have reduced 91.02%, 82.93% and 61.39%, respectively.

The endpoint positioning errors in outdoor and indoor experiments are 4. 545 4 m and 0. 543 6 m,

accounting for 0. 69% and 0. 17% of the total distance.

Key words: Pedestrian positioning; Heading distortion; Stride heading; Quasi-static magnetic

field; Pedestrian heading correction
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Fig. 1 Pedestrian navigation algorithm based on IMU and magnetometer
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Fig. 7 Experimental results of outdoor complex environment
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Tab. 2 Positioning error in outdoor complex path

Iyt i m OVEML BAUER

"2 /m /%
IEZ 21.656 4 19. 457 4 3.28
IEZ+ZARU 11.150 0 10. 274 0 1.69
IEZ+ZARU+QSF  7.843 8 4.532 6 1.19
AR ST S 4.545 4 1.747 3 0. 69
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Tab.3 Comparison of the main direction established in real time with the main direction of theory

HITHE S 1 2 3 4 5 6 7 8
SERFEENL A FE T /() —5.9 —123.4 —93.4 —165.7 129. 4 173.5 —151.4 93.1
L E S A IAGS) —2.2 —120.4 —90.2 —170. 6 126. 1 170. 1 —149.2 95. 4
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Fig. 8 Sensor installation and indoor experimental environment
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Fig. 10 Experimental results of two algorithms

in indoor environment
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