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Sensing, Rendering and Forecasting the 
3D Optics of the Undersea Battlespace


An emerging challenge for U.S. power projection abroad, particularly the U.S. naval forces response to crises overseas, is the increasing technological sophistication of anti-access and area-denial weapons, mines, and defensive systems.  To assure U.S. naval forces access to a potentially contested maritime environment, the future warfighter will utilize a variety of unmanned and autonomous platforms with mission-specific sensor suites.  A prototypical example of this trend may be found in the U.S. Navy’s mine warfare and mine countermeasures operations. Organic mine countermeasures systems destined for the Littoral Combat Ships will be equipped with LIDAR sensors designed to image sonar-detected objects on or near the seafloor for identification. 

The efficacy of these systems is still subject to the vagaries of light penetration through the aquatic medium. Just as a diver’s ability to see through the water may be diminished by a cloud of suspended materials—these undersea plumes of turbidity, composed of suspended organic and/or mineral constituents, can severely attenuate directed light propagation. The ability to detect/identify targets and neutralize potential threats, on the seafloor or within the water column, may be compromised by deleterious environmental conditions. Thusly, the capability to detect and forecast the emergence of fully three-dimensional underwater turbidity plumes, if realized, would provide the future naval warfighter with the tools needed to efficiently deploy assets and minimize asset vulnerability. 

For example, U.S. Navy Helicopter Mine Clearance Squadrons (HM-14, HM-15) presently incorporate the helicopter-towed AN/AQS-24 platform into operations. The ability of the AQS-24 platform’s laser line scanner (and in the future, streak tube LIDAR, AQS-20) to identify bottom targets is dependent upon the relationships between the tow height off the bottom and the water column clarity.  Higher tow height yields more spatial coverage and faster clearance times. Forecasts of optimal water column clarity for sensor performance can optimize operational planning for improved clearance times and reduce in asset vulnerability. This concept was demonstrated during HM-14’s MCM exercise VULCANEX wherein the Naval Research Laboratory (NRL) provided daily briefs on diver visibility and optimal tow altitude to the exercise mission planners. An improved capability to forecast the coastal optical environment will translate directly to mission planning and operational support for these units. 

Challenges:
Polar-orbiting passive ocean color radiometers are now entering their 37th year of application in the field of oceanography. Next-generation sensors of ever-increasing spatial and spectral resolution will soon supersede the present set of operational space-borne sensors. These will provide unprecedented synoptic images of the surface ocean. However, therein lies the limitation: subsurface layers of turbid water may not be visible to the above-water sensor. Below the surface, turbid water may emerge near-bottom as friction between tidal or wind-driven currents and the seafloor re-suspend both organic and minerogenic materials.  Furthermore, the multifaceted coastal ocean interplay between outflows of freshwater, frictional near-bottom boundary layers, and biological complexity may result in apparent layers of opacity that may emerge over any depth in the water column. 

Near-bottom optical (turbidity) layers—and specifically those that are likely to obscure mines from mine hunting/detection systems—are also subject to high temporal frequency disturbance and settling events and may be undetectable via satellite remote sensing techniques. Autonomous and/or Unmanned Underwater Vehicle (A/UUV) observations of particle optics have demonstrated how difficult the detection of such disturbance and settling events may be. Within a matter of hours the entire water column along the coast may become effectively opaque and then clear once again; orbiting satellites may miss the entire sequence, even if the turbidity event was indeed visible at the surface. 

Thusly, data from both satellites and A/UUVs are forever incomplete: once interpolated to a 3D field of a sufficiently pragmatic spatial resolution, there will be gaps in time and space due to the inherent limitations of these sensing techniques. The subsurface profiles from A/UUVs are invaluable, however, the need for information is synoptic and a single platform can only be in one place at one time. The complete 3D field must nonetheless be rendered from these incomplete data streams. Statistical interpolation, no matter the sophistication, is less than optimal since the strictly mathematical technique will ignore other potentially useful sources of environmental information. The challenge is to ingest all of the available observations into a single system, combine these with other environmental data and analyses, and render a best estimate of the 3D optical field. 

Rendering and Forecasting

NRL has developed a software system, the Tactical Ocean Data System (TODS), to ingest UUV data, satellite data, and 3D density fields from data assimilative ocean circulation models to render the 3D optical field. An example is shown (Figure 1) from the Trident Warrior, 2013, U.S. Naval Exercise. During the exercise, slocum electric gliders collected coincident subsurface density and optical profile information. These data streams, in combination with surface optical data derived via satellites, were used to create statistical covariance structure describing how optical attenuation was related to subsurface density variations. The relationships are then projected unto 3D density analysis fields provided by operational ocean circulation models. This procedure renders 3D volumes of subsurface turbidity and may be used to inform mission planners where diver visibility or Laser Line/LIDAR imaging technology will be obscured. Platform-specific information may then be added via sensor simulation software: the rendered environmental/optical conditions are input to the system and estimates of system performance are output.

The physical movement of water masses is, to a first approximation, a result of tidal and atmospheric forcing. Ocean circulation models are now coupled to atmospheric models such that the response of the ocean to changing atmospheric conditions may be forecast over a 24- to 48-hour time horizon. Recently, models that simulate surface gravity waves have been integrated into the NRL’s Coupled Ocean Atmosphere Mesoscale Prediction System (COAMPS). As the models that simulate the complexities of the physical environment improve their fidelity and spatial resolution—the window opens to begin to simulate how the physics will force and interact with biological and geological undersea processes that govern water column clarity (or biogeooptical processes). COAMPS will thus serve as a basis to integrate bio-geo-optical calculations forward in time and begin to forecast the emergence and movement of 3D undersea turbidity plumes. 


The Future 

The ability to remotely-sense the fully three dimensional physical and optical structure of the coastal ocean via satellites and A/UUVs, combined with a means to ingest such data streams into high spatial resolution computational fluid dynamical models will provide the future naval warfighter with a “nowcast” and forecast of optical clarity down to the spatial scale of meters.  This sophisticated level of detailed environmental/battelspace awareness will be made possible via the fusion of decades of oceanographic research, advanced computing technology, and increasingly sophisticated A/UUV sensing of the marine environment. In a more specific context, the future naval warfighter will be able to clear the operating area of potential threats with maximum efficiency and minimum asset vulnerability, thereby assuring access to the battlespace environment. In addition, these capabilities will be adapted to the deep ocean, where deep layers of organic matter and detritus may exist along specific density surfaces, in support of non-acoustic Anti-Submarine Warfare operations.

Figure 1. A slice through the 3D optical volumes generates by the TODS system during the Trident Warrior exercise. Turbidity layers are associated with near-bottom sediments, nearhshore effluent, and most notably, a large layer of organic matter near the shelf break. 
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