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Abstract: Multi-source localization is often affected by geomagnetic noise and ambiguous source boundar-
ies, which significantly constrain its practical application. To achieve accurate and simultaneous localiza-

tion of multiple magnetic targets, a multi-magnetic-source localization method based on Moth-Flame Opti-
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mization (MFO) nonlinear optimization and density clustering fusion is proposed. First, magnetic anoma-
ly detection (MAD) is performed on a two-dimensional planar grid using a high-precision magnetic sensor
to determine the point of maximum MAD value for each magnetic target. To address geomagnetic interfer-
ence, a two-point magnetic anomaly localization scheme is designed in the region of maximum magnetic
anomaly. The obtained localization data are then used as the initial input of the MFO algorithm, and the
target positions are further refined through nonlinear optimization to improve localization accuracy. Subse-
quently, repeated optimization of each magnetic target is conducted, generating dense point clusters at the
true target locations. Simultaneous localization of multiple magnetic targets is then achieved using the den-
sity-based DBSCAN clustering algorithm, which effectively suppresses the influence of noise and optimiza-
tion outliers on localization accuracy. Simulation results for nine magnetic targets indicate that, after MFO-
based initial localization, the average root mean square error (RMSE) is 0. 134 6 m. Following cluster-
ing, the interference of noise is mitigated and the average RMSE is reduced to 0. 076 4 m, representing a
57.1% improvement in accuracy. In experimental tests, the average RMSE for localizing three typical
magnetic targets within a 1 m X1 m>X1 m test area is less than 0. 081 2 m, confirming that the proposed
method enables high-precision multi-magnetic-source localization.
Key words: geomagnetic detection; two-point localization; moth-flame optimization (MFO) ; density
clustering; multiple magnetic sources; nonlinear optimization; geomagnetic inteference; spa-

tial clustering algorithm
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Tab.4 Comparison of experimental results of different methods (m)
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Tab.5 Comparison of positioning errors of different posi-

tioning methods (m)
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