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Table 1 Comparison of advantages and disadvantages of several types of drones
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Figure 1 (Color online) Development history of magnetic sensing technology
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Figure 2 Theoretical simulation curves of magnetic anomalies for
vertically oriented plate-shaped magnetic bodies with varying widths
distributed in underground lateral intervals'®!
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Figure 3 (Color online) Theoretical simulation of magnetic anomaly,
shown as amplitude variation versus detection distance for two
underground magnetic bodies. (a) Theoretical magnetic anomaly
curves. (b) Subsurface magnetic body model. The bodies labeled 1.0 and
2.0 represent two weakly magnetic anomalous bodies with magnetizations
of 1.0 and 2.0 A/m, and magnetic dip of 60° and 45°, respectively. The
simulated survey line is oriented in the magnetic north direction
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Figure 4 (Color online) fT-level magnetic anomaly amplification of an
underground magnetic anomaly body with burial depth increasing.
(a) Anomalies of all depth; (b) anomalies above 100 m; (c) anomalies
between 200 to 400 m; (d) anomalies between 500 to 1000 mat depth.
following the right-hand spiral rule; Y-axis represents burial depth of the
anomaly body in meters; X-axis represents two-dimensional spatial
distribution range of the anomaly body, symmetrically distributed on
both sides directly below the origin; Z-axis represents magnitude of
magnetic anomaly
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Figure 5 (Color online) Magnetic pump magnetometer detection results for a typical region using a multi-rotor UAV. (a) Total magnetic field in nT;
(b) relative change in total magnetic field at pT level after subtracting the minimum regional total magnetic field
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Figure 6 (Color online) Spatial distribution of magnetic disturbance generated by a multirotor UAVP”). (a) Static magnetic noise; (b) magnetic noise
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Figure 8 (Color online) Comparison of low-temperature superconducting quantum magnetic measurements at the Huainan Deep Underground
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Advantages and challenges of pT-level quantum magnetic
surveying mounted on multi-rotor UAVs

Yun Wang'", Yufeng Shi*, Qi Han’, Yanzhang Wang®, Guiying Zhang’, Lianghui Guo', Changli Yao',
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A comprehensive review of the current state of aeromagnetic technology reveals that the real accuracy of quantum
aeromagnetic survey mounted on multi-rotor drones remains at the nano-Tesla (nT) level, far lower than the theoretical
expectation of pico-Tesla (pT) accuracy, while the fixed-wing and composite-wing drones achieve accuracies ranging
around tens of pTs by utilizing large wingspans to mitigate magnetic interference from the drone itself; The primary causes
of degraded performance in multi-rotor UAV quantum magnetic measurement are due to the extremely complex Earth’s
magnetic field and magnetic disturbances which affect magnetometers, UAVs, and their integrated systems under static and
moving conditions, and due to the lack of optimized matching hardware and software, along with compensation techniques.
Essentially, the degraded performance of quantum magnetic survey mounted on multi-rotor UAVs’ should be attributed to
unknown coupling mechanisms between the Earth’s endogenous and exogenous fields, secondary induction fields, the
material magnetic disturbances of magnetometer itself, the UAVs and its components mounted, the interactions of their
induced magnetic fields and the electromagnetic eddy current under dynamic conditions, which generate complex
spatiotemporal interferences under multi-source, multi-scale of geomagnetic field. And that inabilities of the traditional
system optimization and software compensation techniques further degrade the performance, especially as the traditional
techniques of daily variation correction and normal field correction only achieve nT-level precision. Further analysis
suggests that artificial intelligence (Al) technology can overcome the limitations of the T-L model and other technical
bottlenecks in multi-rotor UAV quantum magnetic surveying, only by utilizing mobile simulation systems in large zero-
magnetic or stable-magnetic room, combined with ultra-high-sensitivity magnetic sensor arrays, and simultaneously
conducting comprehensive static and moving experiments on multi-rotor drones, quantum magnetometers and their
composite systems so as to accumulate extensive machine learning samples and achieve to disruptive sub-nT or pT-level
magnetic measurements.

aeromagnetic surveying, UAV, multi-rotor, quantum magnetometer, performance degradation, pT-level
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