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Abstract Geomagnetic navigation is an autonomous navigation method that utilizes the natural mag-
netic field of the Earth. It has various advantages such as strong autonomy and good anti-interference
performance, and can work normally in various environments to play its role. However, in the fields of
low altitude navigation and underwater navigation, geomagnetic matching navigation requires the con-

struction of geomagnetic maps based on a large amount of measurement data, and requires the motion
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platform equipped with this navigation method to have high computing power. The above issues bring
inconvenience to the application of geomagnetic navigation. Inertial navigation method is a commonly
used autonomous navigation method that has high accuracy in a short period of time. However, over
time, its navigation results will have significant cumulative errors, which will affect the accuracy of navi-
gation positioning. This article extracts differential information of magnetic anomaly fields from the to-
tal measurement information of the Earth's magnetic field through differential measurement information
at different positions during platform movement, as the observation of the paper. Meanwhile, based on
the magnetic dipole characteristics of the magnetic anomaly field, this article derives a magnetic anoma-
ly gradient measurement matrix that can be applied to navigation system filters on the basis of the mag-
netic dipole model theory. By using the magnetic anomaly gradient information to correct the cumula-
tive error of the inertial navigation system, a geomagnetic/inertial fusion navigation method is proposed.
This method can reduce the requirement for high-precision prior geomagnetic maps in geomagnetic navi-
gation, while also correcting navigation errors in inertial navigation. Comparing the navigation method
proposed in this article with the pure inertial navigation method, it was found that the navigation posi-

tion accuracy of this method has significantly improved under the same conditions. The research con-

2025, 45(1)

ducted in this article explores a new method for autonomous navigation of motion platforms.
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Table 1

Amplitude of the gradient of a certain geomagnetic anomaly field

AT, #5% /( nTkm ")

AT, W5% /( nT-km ")

AT, B3 /( nT-km ')

P Bk BRME o ME FBRME fME FRME R/ME
1 48.3 ~71.2 63.6 -40.4 122.3 —68.3
2 43.3 —48.5 44.4 -31.6 81.0 —44.2
3 36.0 -37.0 32.3 -23.0 60.8 -39.0

*k2 HESH
Table 2 Simulation parameters
HESH HfH
T SEL R Z: [0.01, 0.015, 0.02] (°) -h*
FERBREHLIEE: [0.001, 0.001, 0.001] (°) -Hz
IS BE A2 A: 50, 90, 100] pg
I EEREHLIEE: (1,1, 1] pgs “Hz
WAy 28 HEsR TIN5 2% (B%h): 1 nT

ESR T AT R 100 Hz
SEUGRESE: M=[4.55, 2.5, 7.81]"x 10’
7 E: (34.011°N, 108.014°E, —1000m)
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Table 4 Mean error of multiple simulations under

3 nT magnetic measurement noise

BELRHEME / m
fi s il AL B
WA '
T y z M T Yy z B

1 545 147 593 4.28 1554 5.89 17.87 13.10

2 595 1.84 570 4.49 1533 583 17.89 13.02

3 552 143 524 4.06 1537 598 17.67 13.01
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Fig. 13 Simulation results of navigation algorithms in

a complex magnetic environment
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Table 5 Mean error of multiple simulation errors in

a complex magnetic environment

RELXTELIE /m
i . N ™ -
- eSS Btk A

1 594 257 588 480 1539 5.88 17.81 13.03

2 595 266 588 4.83 1549 5.79 17.99 13.09

3 547 297 593 479 1554 5.85 17.92 13.10
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B F B RARE PR BE 1) =R 5 Horh, Sl AT ik
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TR T T S R RN S 1 b /AP R S
R GEAN BT A e 500 R S8 5 0K B S S 4R T4
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*6 3nTREFEEFENEZRHEIRENE
Table 6

a complex environment with 3 nT noise

Mean error value of multiple simulations in

R4 /m
Pk - . I S
Y}*’i ” Rl S {5 P
T Y z B z y z 2

1 652 339 649 547 1547 590 17.82 13.06

2 6.67 340 7.71 593 15.38 5.70 18.05 13.04

3 633 333 778 581 1534 585 17.84 13.01
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