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Underwater Mine Countermeasure:
The Role of ROV Technology

How unmanned underwater vehicles are replacing human divers in mine detection,
classification, and neutralisation - eliminating operational risk without compromising mission
effectiveness.

The Problem. The Gap. The Solution.

Underwater sea mines are among the most cost-asymmetric weapons in modern warfare. A
single device can deny access to a strategic waterway, halt commercial shipping, or cripple a
naval vessel, yet costs a fraction of what it takes to find and remove it. Conventional clearance,
built on trained divers and specialist vessels, cannot meet this threat at scale without
unacceptable risk to personnel. Remotely Operated Vehicles (ROVs) close that gap.
Purpose-engineered for mine countermeasure (MCM), ROVs detect, classify, and neutralise
mines without placing a single person in the danger zone. This paper presents the operational
case for ROV-based MCM.

The Underwater Mine Threat

A sea mine is a self-contained explosive device designed to destroy ships and submarines
without requiring a crew, targeting system, or continued logistical support. Once deployed, it
waits, detonating on contact, or activating via sensors that detect a vessel's magnetic signature,
acoustic signatures, pressure change, or underwater electrical activity. More advanced rising
mines fire a projectile warhead upward toward the target from deep water. All variants can also
be triggered remotely.

Mines are classified by position: drifting mines float freely on the surface, carried by current and
wind; moored mines are tethered below the surface at an adjustable depth; bottom mines rest
directly on the seabed and carry the largest explosive charges. Each type presents a distinct
detection and neutralisation challenge. Combined, they create a three-dimensional,
time-dynamic threat, one that tidal currents can reintroduce into a cleared area after operations
have concluded. Deployment platforms range from warships and submarines to aircraft and
fishing vessels operating under civilian cover, requiring no specialised infrastructure.

The strategic consequences are disproportionate. A minefield at a single chokepoint, a strait, a
port approach, a shipping lane, is sufficient to suspend trade, spike insurance costs, and disrupt
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energy supply chains. The economic damage of a mine threat routinely exceeds the cost of the
mines themselves by orders of magnitude.

"Clearing sea mines is harder than clearing landmines. You are working in three dimensions,
and across time, as mines can drift and re-contaminate already cleared areas."

— Paul Heslop, UN Mine Action Service (UNMAS), UN News, March 2026

Why Traditional MCM Is No Longer Sufficient

Mine Countermeasures have formed the backbone of naval mine clearance for decades,
hull-mounted sonar, trained clearance divers, and controlled detonation. Under ideal conditions,
this works. Its limitations, however, are structural. Divers operate in proximity to live ordnance at
depths constrained by human physiology, for durations limited by fatigue and decompression. In
poor visibility, strong currents, or deep water, crewed operations degrade or become impossible
entirely. Mission preparation is measured in hours. Area coverage per sortie is narrow.

The mine threat does not constrain itself to ideal conditions, and it does not wait. ROV
technology exists, in part, precisely because crewed MCM cannot keep pace with the scale,
depth, and variety of the modern mine threat.

ROV Technology: Capability and Architecture

Mine Countermeasure ROVs are unmanned underwater systems designed to carry sensors and
neutralisation payloads into mine-threat areas while the operator remains safely on the surface.
Although ROV systems differ in vehicle design, sensor configuration, materials, depth rating and
neutralisation method, their core operational principle remains the same: the machine enters the
danger zone, not the human. Typically, these vehicles are constructed from non-corrosive,
non-magnetic materials such as HDPE, composite structures, or aluminium alloys to ensure
durability and minimal interference with mine sensors.

In MCM operations, these ROVs support detection, classification, identification and
neutralisation of naval mines as part of an unmanned MCM suite. In addition to their primary
mine countermeasure role, they may also support channel mapping, route survey, seabed
sanitisation, SAR and HADR operations, mine laying, local naval defence, coastal surveillance,
and participation in Maritime Interdiction Operations (MIO) and Visit, Board, Search and Seizure
(VBSS) operations within maritime zones.
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Dual-Role Architecture

Most MCM ROV operations follow a two-role model. An identification ROV, equipped with
reacquisition sonar and a camera, leveraging acoustic sensing for reliable target reacquisition,
is deployed first to inspect and confirm a contact. Once confirmed, a disposal ROV carrying a
neutralisation payload is guided to the target. Auto-depth and auto-track modes allow the
disposal vehicle to navigate to the minefield area autonomously using prior cartography data,
reducing operator workload significantly. In advanced configurations, a single ROV can perform
both identification and neutralisation, combining sensing and disposal capabilities to streamline
operations.

Sensors and Navigation

The sensor suite of an MCM ROV is its primary operational capability. Commonly integrated
systems include Side-Scan Sonar for wide-area seabed mapping; multi-beam imaging sonar for
object classification; a high-resolution camera for close-range visual identification; a Doppler
Velocity Log (DVL) for precise subsea positioning and mine coordinate logging; and a USBL
system for real-time tracking from the surface. Onboard deep learning algorithms can
autonomously classify mine-like objects, reducing the operator's cognitive load during
high-density survey operations.

Mine Neutralisation, Step by Step

The ROV sweeps the target area with sonar, flagging contacts by
1. DETECT shape, size, and acoustic reflectivity. Wide-area coverage is
achieved in a single deployment without personnel in the water.

Based on prior detection data, the ROV reacquires each contact,
using camera imagery and DVL coordinates to confirm the target.
2. TARGET It is then guided, or autonomously navigated, to position the
IDENTIFICATION neutralisation payload at the critical point. This may be carried out
by a single ROV or a two-vehicle approach, without human
presence in the water.
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The ROV releases the payload and returns to a safe standoff
3 WITHDRAW distance (without explosion). No personnel are in the water at any
stage of this sequence.

The operator triggers the charge remotely. The mine is destroyed
4 NEUTRALISE or disabled. A post-clearance sweep confirms the result and all
logged data is transmitted for route certification.

Deployment Flexibility

They can operate from dedicated mine countermeasure vessels, vessels of opportunity, or
Unmanned Surface Vehicles, reducing crew requirements while maintaining effective mission
control. This flexibility enables rapid deployment to any theatre without reliance on specialised
infrastructure.

Emergency Recovery

Mine countermeasure operations are typically conducted in a coordinated manner. Small
vessels or ships equipped with towed array systems are deployed to scan and detect potential
mine locations over a wide area. Based on this data, an ROV is then deployed to accurately
reacquire the identified targets and carry out mine countermeasure tasks.

ROVs are also designed with autonomous navigation capabilities, allowing them to operate
without a tethered interface in emergency situations such as tether loss, ensuring continued
functionality and safe recovery.
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ROV versus diver-led MCM, operational comparison
Parameter Diver-led MCM ROV-based MCM
Personnel exposure Diver within metres of live Significantly reduced - operator
ordnance remains on the surface at a safe
distance

Operational depth Constrained by human physiology Depth-rated per system
specification

Detection Visual, visibility-dependent Acoustic-based detection
(Side-Scan + multi-beam imaging
sonar)

Mine positioning USBL/DVL-assisted positioning Automated DVL + USBL real-time
available, but accuracy depends  coordinate logging with

on diver orientation and manual repeatable precision
logging
Neutralisation Diver-placed charge using Remotely triggered, operator at

self-contained diving apparatus safe distance
(cylinders), blast exposure risk

Deployment Dedicated MCMV required Vessel, USV, or vessel of
platform opportunity

Failure Scenario Requires diver to safely ascend Auto-surface, GPS/UHF tracking;
Response and be recovered; time-critical no human risk

The Case for ROV-Based MCM

The operational arithmetic is clear. Mines are cheap, persistent, and three-dimensional. The
clearance gap they create, in risk, in depth, in coverage, is one that crewed systems were never
designed to close at scale. ROV technology closes it: personnel removed from the hazard zone,
operational depth extended beyond human limits, mine positions logged with precision, and
threats neutralised without detonation. For any naval force, port authority, or maritime security
body responsible for the safety of waterways, ROV-based MCM is not an emerging option but it
is the current operational standard.
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