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Feasibility Study of ROV-Towed Marine Loop Electromagnetic
System through Off-Shore Experiment

Hwicheol Ko, Seong Kon Lee*, In Hwa Park, Seong-Jun Cho, IJ Won,
Frank Funak and Hyunsub Kim

Abstract : We performed an off-shore experiment with a new marine small loop electromagnetic (EM) survey
system, which was developed primarily for exploration of seafloor hydrothermal deposits. The system is a
multi-frequency loop EM system designed to endure high pressure in deep sea up to 2000 m. In order to maintain
altitude of the system from the seafloor in rough seafloor topography condition, the system was connected rigidly
to ROV (Remotely Operated Vehicle) which tows the system. We performed a test with the new loop EM system
by keeping altitude of ROV 2 m above from the seafloor at a depth of 300 m near Tonga off-shore. The ROV
position and attitude while moving (pitch, roll, yaw) and CTD (Conductivity, Temperature, Depth) data are also
recorded simultaneously with electromagnetic responses. Experimental results showed that electromagnetic anomaly
was clearly identified at the location of metallic object, and the pattern of the EM responses matches well with
the theoretical responses from a 3-D integral equation EM modeling code. With the test in Tonga offshore, we
confirmed that the method of operation of the EM survey system by ROV was readily feasible, and the system
could detect actual seafloor hydrothermal deposits in the highly conductive seafloor environment.
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Fig. 1. Conceptual scheme of a monostatic electromagnetic
survey equipment to countervail primary field (Tx1) by
using bucking coil (Tx2). A receiver (Rx) is located in the
bucking coil where the primary electric field is removed.
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Fig. 2. (a) Assembled marine small loop electromagnetic survey equipment (KIGAM-GEM3). The Rx, Tx, Bx and Ref
are receiver, transmitter, bucking and reference coils. (b) Pressure housing of control unit in the KIGAM-GEM3 system.
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Fig. 3. Schematics of rigid connection between ROV and
KIGAM-GEM3. (a) Side view and (b) plan view.
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Fig. 7. (a) Survey lines in test 1. The red dot represents
the metal target and the distance between seafloor and
ROV is 2 m. (b) Scheme representing test 2. Position of
ROV above the target is changed up and down.
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Fig. 9. In-phase and quadrature components of magnetic responses from KIGAM-GEM3 at four frequencies: 90, 570,
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Fig 10. Model setup for 3-D integral equation modleing. Metal target is located in the center of grid. (a) Plan view and
(b) depth section.
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Fig 11. Results of 3-D modeling by using the integral equation code developed by Zhdanov et al. (2006) at four frequencies:
90, 570, 3330, and 20010 Hz.
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