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All-Day Autonomous Localization Method Based on
Beacons of Low Frequency Magnetic Field

WANG Guan, XIA Hong-wei, LIU Chao-yue, MA Guang-sheng, WANG Chang-hong

(Harbin Institute of Technology. Harbin 150001, China)

Abstract; Since the GNSS signals represented by GPS and Beidou can be easily affected by weather
and location, the use of GNSS alone may have large positioning errors under certain conditions and
may not even provide positioning services. Aiming at this problem, the autonomous positioning
method based on low frequency magnetic beacon is studied, the principle of Biot-Savart law in elec-
tromagnetism is analyzed, a system model based on low frequency magnetic beacon positioning is
established, and a separate double beacon positioning method, which is used to analyze the error
characteristics of the beacon installation, is given. Finally, the effectiveness of the positioning
method is verified by simulation and experiments. It has important engineering application value
for autonomous positioning and navigation in many situations, such as indoor robot navigation,
underground biological exploration, underwater tracking and positioning, where the results of
GNSS positioning may be greatly influenced.
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Fig. 1 Schematic diagram of positioning method similar to GPS
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Fig. 2 Schematic diagram of double magnetic coil in cave
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Fig. 3 Underground multi-magnetic beacon
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Fig. 4 Magnetic beacon for antenna array layout
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Fig. 5 Localization configuration based on

separate dual magnetic beacons
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Tab.1 Comparison of simulation experiment

position and estimated position

SEBRALE /m i 1L/ m W /m
1 (5.00,10.00) (4.36,9.25) 0.99
2 (15.00,12.00) (15.26,11.59) 0. 26
3 (20.00,16.00) (19. 24,16.09) 0.76
4 (26.00,18.00) (26.53,17.32) 0. 86
5 (35.00,20.00) (34.10,20.35) 0. 97
6 (44.00,22.00) (45.23,22.00) 1.23
7 (50.00,21.00) (50.50,21.06) 0.51
8 (60.00,20.00) (61.04,20.28) 1. 06
9 (75.00,10. 00) (75.30,9.80) 0. 36
10 (80.00,30.00) (79.50,30.20) 0. 54
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Fig. 6 Schematic of system composition
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Fig. 7 Magnetic beacon placement during land survey
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Fig. 8 Land survey experiment
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Tab. 2 Comparision of estimated position and actual

position from land survey experiment

PR E/ m AL/ m
1 (2.00,0. 95) (1.86,0.97)
2 (6.50,3.15) (6.37,3.59)
3 (15.00,10. 00) (14.24,9. 86)
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Fig. 9 Sea survey experiment
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Tab.3 Comparison of estimated position and

actual position from sea survey experiment

SR/ m i & /m
1 (1.50,2.00) (1.71,2.09)
2 (3.50,5. 00 (3.42,4. 85)
3 (8.50,6.00) (7.93,5.76)
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Fig. 11 The positioning with the two beacons 1. 1 meters apart
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