
Undersea Search and Survey and Communications/Navigation Aid Demonstration BAA Informational Paper

Index

Background
Undersea Search and Survey Capability



Undersea Search and Survey Objectives

Undersea Search and Survey Background 


Undersea Search and Survey System Concepts
Communication/Navigation Aid Capability

Communication/Navigation Aid Objectives

Communication/Navigation Aid Background

Communication/Navigation Aid System Concepts
Notional Concept of Operations (CONOPS)



 HYPERLINK  \l "OLE_LINK11" 

Navy EOD Forces

Navy EOD Underwater Missions
Tactical Approach to Navy EOD Underwater Missions
EOD Notional Concepts A-1 & A-2 "BINOCULAR SYSTEM"



  Basic Mission Description
  Notional Concept Description
EOD Notional Concept B  "MICROSCOPE" CONCEPT
  Basic Mission Description
  Notional Concept Description
VSW MCM Detachment "S-C-M" Concept
  Basic Mission Concept
  Notional Concept Description
VSW MCM Detachment "R-I" Concept 

  Basic Mission Concept
  Notional Concept Description

Scope of this Effort

In-Water Demonstrations

Surrogate Demonstration Vehicles

In-Water Demonstration Priorities

Demonstration Exit Criteria
Candidate Technologies
Glossary
Background

The Autonomous Operations (AO) Future Naval Capabilities (FNC) addresses critical autonomous operations gaps in the ability of Naval Forces to conduct successful warfare campaigns.  Freedom of air, sea and ground maneuvers in heavily defended areas, to strike enemy targets at will, while minimizing losses to our forces is the essential foundation for Power Projection and Forward Presence.  The vision of the AO FNC is to enhance the mission capability of Naval Forces by developing technologies that will dramatically increase the performance and affordability of Naval organic unmanned vehicle systems.  The goal of the AO FNC is to provide technologies that can eliminate manned operations in hostile environments.

The AO FNC is chartered with enhancing the mission capability of Naval Forces by developing technologies that will dramatically increase the autonomy, performance and affordability of Naval organic unmanned vehicle systems.  To meet this charter, the AO FNC program will focus on developing four technology projects: Unmanned Aerial Vehicle (UAV) Autonomy, UAV Propulsion, Unmanned Undersea Vehicle (UUV) Technology and Unmanned Ground Vehicle (UGV) Technology.  The product of the AO FNC Science and Technology investment are technical capabilities which are demonstrated to and with the primary customers (Fleet operational forces) and, as importantly, capabilities which are ready for transition to acquisition programs.  The finished products for the AO FNC are technical capabilities that are demonstrated and transitions.

The Unmanned Undersea Vehicle Technology project will address the capability to perform missions with UUVs that will allow submarines, surface ships and other Naval Forces to clandestinely expand their sphere of influence while reducing potential vulnerability in the littorals.  The technology demonstrations that are planned are in alignment with the UUV Master Plan that was approved in April 2000.

The Navy’s UUV master plan identifies seven key missions which can be addressed by UUVs through the establishment of four basic signature capabilities, and provides an outline for the development of the underlying technologies required to implement these signature capabilities for littoral operations.  The seven missions are intelligence/surveillance/reconnaissance (ISR), mine countermeasures (MCM), oceanography, communications/navigation, anti-submarine warfare, engagement (weapons platforms), and logistics supply.  Signature capabilities include 1) Maritime Reconnaissance, 2) Undersea Search and Survey, 3) Communication/Navigation Aid, and 4) Submarine Track and Trail.  The Maritime Reconnaissance (MR) capabilities center on the ISR functions; target designation; launch and coordination of UUVs for battle damage assessment; and intelligence collection.  The Undersea Search and Survey (USS) capability is to provide the ability to rapidly survey selected areas through the use of networks of small UUVs, performing functions such as mine hunting/neutralization, underwater object location and recovery, and hydrographic/bathymetric surveys.  The Communication/Navigation Aid (C/NA) is to provide a communication/navigation relay for other underwater vehicles operating within the immediate area, and is expected to serve as a gateway for an autonomous underwater communication/navigation network. The Submarine Track and Trail (ST&T) capability is initially projected to provide a mobile cueing function, but could grow into a fully autonomous system offering multiple levels of engagement.  

The Office of Naval Research working in conjunction with the Autonomous Operations Future Naval Capability (AO FNC) Integrated Product Team (IPT) will demonstrate each of the 4 key signature capabilities cited within the Navy’s UUV master plan.   The timetable for conducting these demonstrations has been established by the AO FNC working group.  The maritime reconnaissance and communication/navigation aid demonstrations are scheduled to begin in FY2002, the undersea search and survey demonstration initiates in FY2003.  The submarine track and trail demonstration is slated to start in FY2006 and is not addressed here. 

Undersea Search and Survey Capability

This capability addresses all aspects of the environment through Object Sensing and Intervention (OSI) and Ocean Survey (OS).   OSI includes finding mines, unexploded ordnance items, weapons of mass destruction, shipwrecks, lost objects, pipelines, cables, and other objects of interest in all ocean environments.  It also includes possible intervention in the environment.  Some examples of intervention are, mine neutralization, object recovery, and connection to in-situ equipment.  Ocean Survey is the collection of hydrographic and oceanographic data, again in all ocean environments and provided as near to real time as possible.  

During peacetime, ocean survey operations occur worldwide.  These operations are augmented by large UUVs operating from T-AGS platforms. These UUVs are optimized for long endurance with little intervention to gather multidisciplinary ocean survey data.  Smaller, midrange UUVs are also employed for use from Hydrographic Survey Launches, other small craft, and aircraft.  These UUVs operate in specific areas.  Other small dedicated UUVs may drift with the currents or glide using energy extracted from the oceans while profiling to gather ocean survey data over very large areas. 

OSI capabilities are designed for conflict or deterrence operations.  However, they can be used during peacetime, for lost object location operations, and for their primary mission of battlespace preparation.  Mid-sized UUVs operating clandestinely from submarines focus on critical operating areas.  In particular, these systems are well suited for forward operations in denied areas to determine the status of the undersea battlespace.  Near real time transmission of this information facilitates the selection of fleet operating areas and the necessity for other follow-on battlespace preparation operations, such as MCM.  

Small UUVs will be used for OSI missions in specific areas to augment manned platform operations as shown in Figure 1.  These UUVs will be delivered to the very shallow water and surf zone by small manned boats to survey assault lanes.  Other small UUVs will be air dropped into the areas of interest and operate cooperatively to search large areas.  This technique will provide very high total area coverage rates to support the fleet’s desired operating timelines, presently unachievable in many critical areas.
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           Figure 1.  Undersea Search and Survey Signature Capability

Undersea Search and Survey Objectives 

The objectives of USS range from reconnaissance of large littoral undersea areas to detailed characterization of specific battlespace areas.  The ability is required to perform these missions in areas were battlespace dominance has not been achieved.  The focus is on the littoral, but a deep-water survey capability is also required for both bottom characterization to accomplish cable route pre-installation and inspection, and detection, localization, identification, and recovery of man-made objects from the seafloor in all water depths. 

An objective of USS is collection of high-quality accurately positioned data.  UUV technology is a force multiplier to manned platforms and is essential to meet critical ocean survey and OSI requirements.  Applicable USS demonstration requirements are listed in Demonstration Exit Criteria.  Ocean survey data types will include physical, geological, chemical, biological, nuclear, and oceanographic measurements.  OSI data includes detection, classification, localization, and identification, with spatial accuracy, of mines, mine-like objects, unexploded ordnance items, and hazards to navigation.  OSI also includes rapidly and responsively eliminating mine and unexploded ordnance threats from designated areas of the battlespace.  Neutralization will not be part of the USS in-water FNC demonstrations.

The predominate driver for adopting UUV technology for USS is to increase the timeliness and cost effectiveness with which the fleet can acquire affordable, near real time data at required temporal and spatial sampling densities.  Used in conjunction with remote sensors, other ocean data and models, UUV-acquired data will provide warfighters with critically required foreknowledge of environmental parameters such as bathymetry, tides, waves, currents, winds, and acoustic propagation, and accurate locations of mines, hazards to navigation, and other features of interest.

Undersea Search and Survey Background 

Currently, Undersea Search and Survey capabilities are represented in several systems.  The Long-Term Mine Reconnaissance Systems (LMRS) is a large submarine hosted UUV that is specifically designed to address the fleet’s needs for deep water clandestine mine reconnaissance.  LMRS is designed to perform best in waters 300 feet to 1500 feet deep. The Semi-Autonomous Hydrographic Reconnaissance Vehicle (SAHRV) will perform reconnaissance in very shallow water to support amphibious landings, hydrographic mapping, and MCM operations.  The SAHRV is also one small vehicle candidate for adaptation to collection of ocean survey data.  An ONR technology development program is addressing advanced MCM capabilities in the Very Shallow Water/Surf Zone (VSW/SZ) Program.  When mature and transitioned to acquisition these capabilities will improve Naval MCM resources in the VSW/SZ region.  The Columbus class vehicles will address expansion of the T-AGS ocean survey capabilities.  The Slocum Glider an ocean survey profiler that operates over great ranges by extracting energy directly from the ocean is in development. 

Undersea Search and Survey System Concepts

A mix of vehicle sizes and capabilities will be required to satisfy all of the USS requirements.   Large vehicles operating from surface ships will allow long range missions that are well suited for wider spatial sampling needs such as ocean survey.  Mid-sized vehicles operating from submarines or surface combatants that can trade standoff range and endurance for clandestine insertion are well suited for USS sampling of small operating areas.

A new OSI-OS concept is required to address the difficult problems presented in conducting large scale or in-stride mine reconnaissance in a timely manner.  Large scale is assumed to be on the order of 100 - 1000 NM2, roughly the size of a carrier battle group operating area, an Amphibious Operating Area, or a long transit through a choke point.  This has been one of the most intractable of the MCM problems due to its very large size and short time allocated to complete the operations.  A solution is to have many systems operating simultaneously.  In order to make this feasible from a fleet employment perspective; these systems must be very small and simple to operate.  To make the concept affordable, these systems must be inexpensive to procure, operate and maintain.  In order to be effective, these systems must operate cooperatively and autonomously.

Communication/Navigation Aid Capability

The Communication/Navigation Aid (C/NA) will be the enabling undersea node of the Net-centric Warfare Sensor Grid.  It will provide connectivity across multiple platforms and the ability to provide navigation aids on demand.  Long range communications and high accuracy navigation subsystems are expensive components of UUVs.  Which is realized as increased vehicle size, power consumption and unit cost.  To meet the USS objectives of very small size and inexpensive to procure, operate and maintain, an alternative approach to putting these subsystems into every UUV is required.  The C/NA will provide this alternative by supporting the long-range communications and providing accurate navigational fixes to a large number of USS UUVs.  Navigation and communication components developed for this capability will become integral parts of or support other UUV systems fielded in the future.

Communication/Navigation Aid Objectives

The objective of the C/NA Signature capability described in he UUV Master Plan is to provide a Low Probability of Intercept (LPI) communication and navigation relay function for a wide variety of platforms.  As a communications relay, the primary focus is on providing a high-speed, high-bandwidth data link for underwater use.  Links would be established with underwater stations, surf zone crawlers, other platforms, and LOS and SATCOM capabilities as depicted in Figure 2.  The advantages offered by using a UUV include the ability for extended standoff distances, greater accessibility, and high bandwidth and data rate communications.  Potential users would include other UUVs, submarines operating at speed and depth, Special Forces units, and any other application where LPI communication is desirable.

As a navigation aid, the C/NA will provide an on-site on-demand reference point for subsea or surface operations.  The system could be mobile or pre-positioned, either just prior to or long in advance of planned operations.  The C/NA could provide reference beacons for other UUVs, surf zone crawlers, submarines, Special Forces, or surface operations, which could take the form of lane designators, undersea mileposts, or even a network supplementing or replacing conventional navigation means.  The C/NA will provide a below water navigation capability equivalent to GPS accuracy without the need for direct satellite communication.  The C/NA will also provide less capable UUV systems with a mobile reference system.
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          Figure 2.  Communication/Navigation Aid Signature Capability

Communication/Navigation Aid Background

There have been a number of programs addressing various aspects of the component Communication/Navigation Aid Signature Capability.  These provide key enabling technologies that will be incorporated into the C/NA systems.  Several relevant programs are described below as a sampling of the development status for some of the critical technologies.

Docking:  A key technology for the C/NA described in the UUV Master Plan is the ability for an autonomous vehicle to dock with a docking station for the exchange of data or possible recharging.  This capability has been demonstrated by a number of existing systems including NMRS, MIT Sea Grant Odyssey, SPAWARSYSCEN Flying Plug, and WHOI REMUS vehicles. 

GPS Operations: There have been a number of approaches to using GPS navigation for underwater vehicles.  Periodic surfacing and deployment of small antennas to the surface have both been effectively demonstrated as means of accessing the GPS network.  Hybrid navigation systems, combining both acoustic and GPS navigation are currently being developed.  The underwater vehicle navigates acoustically relative to buoys, whose position is determined via GPS. 

Communications:  Depending on the need for the specific mission, combinations of communications capabilities would be employed including RF, FLTSATCOM, acoustic modem, Magnetic Induction (MI), laser or fiber.  Fiber optic is the current choice for high bandwidth, high data rate communications.  It has been demonstrated over long distances, using small diameter fibers.  However, currently used fiber has a limited lifespan in shallow water, requires a hard connection and is costly.  Acoustic communications is very appealing for vehicle operation as it does not require a hard connection with the vehicle and may be accomplished over significant distances.  A great deal of work by ONR has been performed in this area over the past decade, resulting in development of acoustic modems and other data communication techniques.  MI communications through the surf zone and onto the beach has been demonstrated as part of the ONR VSW/SZ program.

Communication/Navigation Aid System Concepts

The communications portion of the C/NA would be a versatile communications link, able to provide connectivity through a selection of modes.  It will contain an acoustic modem, relaying communications from an undersea network of vehicles and Comm/Nav Aids.  The C/NA would also provide communications through the surf zone and onto the beach to support VSW/SZ Crawlers.  The C/NA would carry multi-function rf-antennas, providing a safe standoff capability from the host platform, while allowing a full range of contact with standard Fleet communication channels.  The Communications Aid subsystem should be easily re-configurable with a variety of communications modes, making it adaptable to the operational needs.

The navigation subsystem component would have the ability to provide GPS quality navigation fixes to undersea UUVs.  This would allow small UUVs to maintain accurate navigation with simple inexpensive navigation subsystems.  These UUVs would not have to surface thus allowing more effective undersea operations.  It is conceivable that a network of C/NAs could be placed on a semi-permanent basis, acting as a supplement or replacement to GPS for underwater systems.

For both the communication and navigation functions, whole networks can be envisioned, whereby UUVs provide one of many types of linkages.  Network nodes could serve as homing and docking stations for UUVs, providing data communication and energy replenishment.

Notional Concept of Operations (CONOPS)

This section provides a description of notional future employment concepts of small, UUV systems to enhance the capabilities of Navy Explosive Ordnance Disposal (EOD) forces.   It does not cover the full spectrum of OSI-OS missions under USS, but is provided to aid in understanding the rationale for the technical capabilities required during the USS and C/NA exit demonstrations.  Neutralization will not be part of the FNC demonstration.  Sections 1 through 3 provide an overview of Navy EOD forces, the underwater missions that they must perform, and current tactical approaches used for underwater operations.   As can be seen, a diver-intensive approach is used by Navy EOD forces today in performing underwater operations.   Sections 4 and 5 outline two notional concepts for future EOD UUV acquisition program proposals, and sections 6 and 7 outline concepts for two ongoing VSW MCM UUV acquisition projects. 

The VSW MCM UUV projects began at the beginning of fiscal year 2001.   Proposed EOD acquisition projects will tentatively begin in the fiscal year 2003-2004 timeframe.  These concepts are not intended to pre-determine the sole solution for employment of small UUV systems in support of Navy EOD underwater operations, but rather to stimulate ideas among both Fleet operators and technologists with regard to how the challenges might best be addressed.  Technology demonstrations and Fleet engagement in evaluation of early prototype UUV systems will be instrumental in further refinement of these concepts, or in development of alternative, more innovative approaches.  Technology needs for future, small UUV systems for EOD and VSW forces are incorporated in the requirement matrix (Demonstration Exit Criteria).



The emergence of small UUVs will allow better use of available bottom time and search capabilities to allow divers to focus on the complex underwater tasks involving detailed investigation, disposal and/or recovery of unexploded ordnance (UXO) and objects of interest.  Tactical integration of small UUV systems will enable reduction in access time in a variety of underwater operations, and will avoid committing divers to operations on false contacts, and time intensive searches.  These following areas are of greatest interest to Navy EOD.

1. NAVY EOD FORCES 








Navy EOD forces are organized into small four- to eight-man teams known as Detachments or (EOD DETS).   These EOD DETS are outfitted and equipped to perform a wide variety of missions, predominantly against unexploded explosive ordnance (UXO) items as indicated in the chart below.
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Navy EOD DETS are trained and equipped to prosecute ordnance in the underwater environment.  As indicated in the chart, ordnance can be encountered either on land or underwater.  Aside from underwater ordnance that is normally encountered in the water (e.g. sea mines, limpet mines, and torpedoes), surface and air ordnance, and improvised devices may also be encountered in the underwater environment.   

While countering threat UXO remains a primary focus of Navy EOD DETS, the unique capabilities to search, localize, gain access to, identify and dispose of underwater objects is not limited to solely UXO item response.  Navy EOD forces routinely engage in underwater operations involving rapid localization, salvage and recovery of other objects of interest including but not limited to high value equipment that has been inadvertently lost or dropped in the water, aircraft salvage operations, etc. 

Navy EOD DETS routinely embark and deploy in Navy Carrier Battle Groups (CVBGs), and Amphibious Readiness Groups (ARGs). Today, these EOD DETS are for the most part outfitted and equipped to reacquire and investigate contacts already located by other search assets, although they do maintain a limited search capability with their divers in selected underwater operations.  For the most part, these EOD DETS are outfitted with small man-portable inflatable craft such as the combat rubber raiding craft (CRRC).  When operations require that these EOD DETS work at longer ranges from their host platform (i.e. support ship), they will often use a larger craft such as the ship's small boat for transport to and from the operating area.   

Additionally, a small cadre of Navy EOD DETS receive specialized equipment and training as rapid, contingency deployment assets within the Navy's dedicated Mine Countermeasures (MCM) force.  There are also within the Navy EOD force several shore based, deployable EOD DETS that outfit with equipment to perform area search operations.  These EOD DETS termed Areas Search Detachments (ASD) operate from craft of opportunity, and organic small craft (e.g. Rigid Hull Inflatable Boats (RHIBs) with boat mounted side scan sonar and obstacle avoidance sonar systems.  Finally, within the Navy EOD force are a few highly specialized EOD DETS including the Navy VSW MCM DET and Navy Marine Mammal Systems (MMS) DETS.  These DETS are trained and outfitted to perform underwater operations much in the same way as DETS supporting CVBG/ARG and force deployments, but they do so in more complex and unique environments.  

2. NAVY EOD UNDERWATER MISSIONS





Navy EOD DETS support a wide range of missions involving underwater operations.  It is well known that diver forces are not ideally suited for large area search operations underwater, due to their limited coverage rates and endurance, and a number of environmental limitations.  In many instances, such as the majority of mine countermeasures (MCM) missions therefore, EOD DETS are not the primary underwater search assets, but rather are employed to reacquire and investigate contacts that have already been detected and mapped by search platforms.  Trained EOD divers are in essence the highest fidelity identification sensor units available today for investigation of underwater objects.  There are some unique aspects of MCM operations, however where EOD DETS are tasked to perform limited area searches.  These include port clearance operations where navigational constraints and limited water depths preclude safe and effective use of other search assets, and post-assault rapid follow on clearance (RFOC) operations in very shallow water.  For these operations, multiple Navy EOD DETS can be merged into larger diver teams to increase area coverage rates.  Specialized EOD DETS, combining the Area Search Detachments and Marine Mammal Systems, can be tactically integrated to reduce search time.  Small UUV systems could be use to achieve modernization of the four Navy Area Search Detachments currently outfitted with increasingly obsolete towed, side scan sonar systems.

Navy EOD DETS are used as a force protection asset for operations described above, and for other operations.  These include rapid hull searches when a viable limpet mine threat emerges, or for bottom surveys along piers or other mooring areas, where high value assets (i.e. Navy and commercial ships) are moored or intend to moor, and underwater UXO threats are of concern.  Additionally, in instances where high value objects are lost, or specific threat objects are believed to be present in the water column (e.g. improvised devices), and their location is known with a fair amount of accuracy (i.e. within 100 to 200 yards of a geodetic position), Navy EOD DETS may be the fastest means of accomplishing the search due to their rapid mobility and relatively small logistics footprint.  As “lessons learned” from operations have revealed, where pre-survey bottom maps are available, diver bottom time can be greatly reduced by conducting “change detection” surveys as opposed to first time searches where little to no information is available on the area. The same efficiencies in time and reduced risk could be realized in ship hull search operations if small UUV systems can be used to quickly map, and later re-map hull bottoms.  Small UUV systems offer potential of enabling “change detection” operations as opposed to first-time search for many of these missions. 

For object investigation tasks, Navy EOD DETS currently reacquire and investigate contacts reported by other sensors.  Divers in Navy EOD DETS provide unique, high fidelity identification and object disposal capabilities that have not yet been replicated by hardware-only systems.   One exception is the AN/SLQ 48 system; a tethered ROV system used in conjunction with the surface mine countermeasure platforms.  This system while highly effective requires the commitment of the ship in relative close proximity to the mine throughout the operation.  It is not a panacea for all operations, so divers in the Navy EOD DETS are among the alternatives routinely employed by MCM surface forces.  Reacquiring and correctly identifying Mine-Like Contacts (MILC) remains a challenge with all of these hardware-only systems.  In the case of divers, an ability to identify Non-Mine, Mine-like Bottom Objects (NOMBO, i.e. rocks, coral heads, etc) with small UUV systems before committing divers would significantly decrease the tactical timeline.

3. TACTICAL APPROACH TO NAVY EOD UNDERWATER MISSIONS



Navy EOD DETS today are outfitted with specialized diving equipment, support systems, and diver-held sensor suites and specialized tools to enable them to perform a wide variety of underwater operations.  Central to virtually every underwater operation however is the access function, comprised of object localization and reacquisition sub tasks, whereby objects of interest, whether moored, suspended in the water column, on the seabed (termed "proud" bottom) or buried beneath the seabed must be located (or reacquired) and marked.  Once localized, Navy EOD DETS can reacquire them with short-range sensors and diver search/reacquire tactics.  At this point, objects of interest can be positively identified and appropriate action taken with regard to their disposition.  In the case of naval mines where they present a threat to other forces, they can be rendered safe by special techniques, or disposed of using explosives.  In the case of high value items (e.g., ordnance, aircraft components, etc.) they can be prepared for recovery or removal via lifting balloons or other salvage techniques.
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The effectiveness and efficiency of Navy EOD DET operations in underwater environments are greatly dependent on water depth, and other environmental factors (e.g., air and water temperature, current, surge, etc.).  Navigation accuracy of previously detected and reported objects greatly impacts on the speed of access.  In cases where precise locations of objects are not well known (e.g. >100 yards circle error), re-tasking of other search assets may be preferred to committing diver forces to limited area search/reacquisition operations.  In these instances, small UUV systems offer an attractive alternative. 

Currently Navy EOD forces operate from small inflatable craft in the immediate proximity to reported or mapped locations for the objects of interest.  In MCM operations however, where threat mines can be actuated by magnetic, acoustic or other influences, special procedures must be employed.  Characteristic influence signatures of small EOD inflatable craft and diver equipment must be known, and tactics employed to avoid providing threat mines with the activation influence.  Standoff ranges between topside support craft and divers in the water are increased when influence mines are among the objects being prosecuted.  Operations become more time intensive.  Integration of small UUV systems will in large measure, improve the effectiveness and efficiency of Navy EOD DETS operations, and allow standoff during localization.  Unlike man-in-the-minefield solutions, where low influence signature equipment is a safety concern, unmanned systems operating at standoff ranges from manned small craft or diving operations do not need to be low influence from a safety perspective.  While low-influence signature may be desired from a replacement cost perspective in event of inadvertent loss, it is not a design driver. 

In underwater operations (i.e. not limited to just MCM operations), Navy EOD DETS typically operate in small search teams with one to two dive pairs in the water and a topside support crew.  Routine deploying EOD DETS often operate from their small CRRC, or may use the host platforms small boat.  Rapid deployment EOD DETS (i.e. ASD, MCM and MMS DETS) are outfitted with larger Rigid Hull Inflatable Craft (RHIB).  The Area Search Detachments (ASD) outfitted with a towed side-scan sonar system and a hull mounted forward looking sonar system for obstacle avoidance, can operate in conjunction with, or independent of Navy EOD DETS.  ASD often embarks salvage assets to assist in locating debris fields.  Being a towed system, ASD assets must maneuver “out in front” through the water column before the side scan sonar can scan the seabed and water column to the right and left of the ship’s track for objects of interest.  This presents tactical employment challenges that make these assets less than ideal for MCM operations, or when other navigation hazards are possible.  The obstacle avoidance sonar is intended to add an element of safety during these operations, but these commercial forward looking sonar sets are not well suited for the tasks of MCM search and mapping. 

4. EOD NOTIONAL CONCEPTS A-1 & A-2 "BINOCULAR SYSTEM"  

A. BASIC MISSION DESCRIPTION

A versatile UUV system is required that will enable routinely deploying CVBG and ARG EOD DETS, and rapid deployment EOD DETS to operate from afloat/ashore host platforms and to quickly and safely reconnoiter areas not previously searched with 2 - 5 NM standoff ranges.  Missions include rapid tactical reconnaissance of port areas to quickly localize suspect devices, obstructions or other objects of interest underwater, rapid follow on MCM clearance operations in very shallow water (10-40 foot water depths) and shallow water (40-300 foot water depths) regimes.  EOD DETS must be capable of quickly localizing objects underwater without accumulating large decompression profiles or unnecessarily exposing personnel to underwater environmental extremes. 
B. NOTIONAL CONCEPT DESCRIPTION 





A modular system capable of being configured to perform multiple EOD tasks to reduce access time over the current, diver-intensive approaches might consist of three vehicle configurations as diagrammed below: 
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Configuration X - would systematically search for, and precisely map positions of

   
underwater objects, 

Configuration Y - would reacquire and investigate precisely mapped objects to gain

   
sufficient information needed to rule out the object as an object of

   
non-interest, or identify it as a potential object for further

   
Investigation (i.e. high confidence classification), and 

Configuration Z - would serve as relay system to relay information (including

  
navigational positions) between the other UUVs deployed in the 

  
objective area, and the EOD DETS located 2 to 5 nautical miles 

  
away in the CRRC or RHIB. 

Multiple configurations of the same modular vehicle platform, and the ability to easily configure them to optimize the task at hand would enable employment by Navy EOD DETS to meet their diverse operational needs.  For example, the ability to configure one vehicle for relay operations and two or more others for simultaneous search could accommodate missions where time sensitive search operations are paramount, but precise locations are not known. (e.g. aircraft crash salvage operations and rapid follow-on-clearance MCM operations.  Alternatively, the ability to reconfigure UUVs for object reacquisition and investigation tasks offers similar benefits when other (i.e. non-EOD) assets are tasked with the reconnaissance and search-mapping tasks.  EOD DETS employed to investigate detected objects that have already been located and precisely mapped would be able to employ the UUV system to eliminate false contacts.  Such an approach would be particularly useful in deeper water operating areas, where EOD DET decompression burdens make diver-only operations untenable.   A standoff capability of 2 to 5 N.M. become particularly significant when objects of interest are potentially influence mines.  In these instances, safe separation could be maintained between UUVs operating in proximity to influence ordnance and EOD DETS in small craft nearby.   The relay UUV would provide the link between working UUVs and the CRRC/RHIB.  Further relay of mission essential information back to the host platform would be accomplished only as deemed necessary by operators in the CRRC/RHIB, using man portable Tactical Decision Aids (TDA) with real-time/near real-time Battle Group C3I connectivity.


A type A-1 concept would provide a sufficient quantity of small vehicles to enable employment of the UUVs from a combat rubber raiding craft, and would support rapid reconnaissance and investigation tasks in a 2 N.M. x 2 N.M. area.  A type A-2 concept would be similar, but would support larger areas of operations (e.g. 10 N.M. x 10 N.M. areas).  This may involve a larger quantity of the same size small vehicles, or alternatively, larger vehicles that are still sufficiently small to enable RHIB deployment and recovery.  The type A-1 concept would support routinely deploying EOD DETS, and the type A-2 would support rapid deployment EOD DETS outfitted with RHIB and larger craft. 

Small UUV systems potentially offer a means of reducing risk and tactical timelines for EOD operations.  As small UUV systems operated by battle group embarked, or rapid deployment, supporting EOD forces begin to demonstrate operational utility, new and broader applications should begin to emerge.  Future owners of small UUV systems should extend beyond EOD forces to other assets, and play a more pervasive role in the Fleet.  Alternate tactical approaches presented here are notional, and not intended to serve as the only approach for employing small UUV systems to accomplish underwater tasks.  New innovative approaches to perform this mission are encouraged.

5. EOD NOTIONAL CONCEPT B - THE "MICROSCOPE" CONCEPT 

A. BASIC MISSION DESCRIPTION

A small modular UUV system with a high-resolution sensor suite is required that is interoperable with the Type A systems or as stand-alone systems which can quickly reacquire and identify previously mapped contacts, and relay back through the Type A relay information sufficient to enable operators to positively identify each target of interest. 

B. NOTIONAL CONCEPT DESCRIPTION

The ‘target map’ generated by prior MCM search operations is used to generate ‘target investigation plans’ for diver and UUV integrated operations in the objective area.  
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The UUV system then sequentially prosecutes each contact classified as an object of interest.  The UUV system is outfitted with a sensor suite optimized for both reacquisition and close-in investigation of underwater objects to enable operators in

the CRRC/RHIB to correctly identify the objects investigated. The sensor suite and on-board processing capability of the small UUV system relays back to the operators, multiple sensor/target aspect “fused data”, allowing operators to make a contact 

identification call.  Multiple small ID UUVs can be simultaneously deployed in conjunction with the Type A system relay UUV to speed up area clearance rates.  If requires, divers prosecute only those items that are positively identified as targets of interest either simultaneously or sequentially with UUV operations at a safe standoff distances.

EOD forces are often tasked to conduct rapid, small area searches and investigate objects in small, more confined areas where other area search assets are not well suited.  Ship hull searches and berthing areas are among some examples.  A variation of the “microscope” concept might involve employing a small UUV system to quickly search a ship bottom or berthing area, and develop a map of the area for future reference with high resolution images of hull fixtures and other anomalies.  At a later time, the UUVs might be re-tasked to repeat the same search, and provide a second map, which allows the operator to quickly ascertain changes from the prior map.  Divers or other small UUVs could be re-deployed to investigate suspected targets identified through these operations.
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Small UUV systems potentially offer a means of reducing risk and tactical timelines for EOD operations.  As small UUV systems operated by battle group embarked, or rapid deployment, supporting EOD forces begin to demonstrate operational utility, new and broader applications should begin to emerge.  Future owners of small UUV systems should extend beyond EOD forces to other assets, and play a more pervasive role in the Fleet.  Alternate tactical approaches presented here are notional, and not intended to serve as the only approach for employing small UUV systems to accomplish underwater tasks.  New innovative approaches to perform this mission are encouraged.

6. VSW MCM DETACHMENT "S-C-M" CONCEPT 




A. BASIC MISSION DESCRIPTION

A small, 1st generation UUV system is in development for interoperability with current diver, MMS platoons within the VSW MCM Detachment.  While UUVs will not normally be employed in the objective area simultaneously with divers and MMS, they will be used in advance of these forces to optimize accomplishment of the total VSW MCM mission. The Search-Classify and Map (S-C-M) system systematically maneuvers through a preprogrammed search area, collecting data with onboard sensors for post mission analysis.  Results from these pre-assault MCM reconnaissance missions are examined, and information on contact locations is used by diver and MMS assets to investigate contacts classified as mine like contacts.    

B. NOTIONAL CONCEPT DESCRIPTION

The notional system uses previously placed acoustic beacons to determine position and to maneuver on a course toward its first pre-programmed navigation waypoint at the shoreward edge of the objective area (10-foot depth curve of the VSW zone). 
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Once the UUV reaches its first pre-programmed waypoint, it executes a turn to move toward the second point.  Sequential waypoints are pre-selected to enable completion of a systematic search pattern in the area of interest.  Active onboard sensors transmit throughout the search scheme, and the position of objects detected and classified as mine-like contacts (MILCs) are recorded onboard for later analysis.  Additionally, bathymetric and other environmental data are recorded along with vehicle position and time throughout the mission.  As contact information is collected, the onboard processor selects items which have been classified as mine-like and computes a second mission profile which will enable onboard sensors to detect targets from a different attitude.  (e.g. if the original mission profile achieved overlapping tracks which were oriented parallel to the beach and working seaward, the second mission profile might involve perpendicular tracks which will move the onboard sensor receiver at an optimum distance from the suspect MILCs for the second run). Using a similar approach, the S-C-M UUV may also provide a means of speeding up the reacquisition process for EOD forces in the CVBG and ARG forces.  Data will be continuously recorded throughout the objective area mission profiles, and on completion of all search profiles, the UUV would then return to a pre-programmed recovery point at least 2 nm seaward of the objective area for recovery.  UUV system operators and operational commanders would download all data recorded during the mission in the UUV system tactical display/processing set for interpretation.  All operations from the time the UUV is launched until recovered would be autonomous of human intervention. Alternative notional concepts and tactical approaches are encouraged.

7. VSW MCM DETACHMENT "R-I" CONCEPT 





A. BASIC MISSION DESCRIPTION

A small, 1st generation UUV system will initially be developed for interoperability with current diver, MMS platoons within the VSW MCM Detachment.  While UUVs will not be employed in the objective area simultaneously with divers and MMS, they will be used in advance of these forces to optimize accomplishment of the total VSW MCM mission.   The UUV would be employed as a means of performing close-in investigation of precisely mapped contacts of interest, and enable operators post-mission to confirm the presence or absence of mines, and to rule out false contacts.  
B. NOTIONAL CONCEPT DESCRIPTION
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A small UUV system capable of self-navigating on or beneath the surface (no freeboard) from a launch point at least 2 nautical miles seaward of the objective area on its own power.  It maneuvers to a pre-programmed point within 20 yards of a previously recorded MILC #1.  The UUV activates the reacquisition and investigation sensor(s) and maneuvers toward the starting position for contact #1, and reacquires the best contact  in the expected direction of the MILC.  Once at the object, the UUV maneuvers around the MILC employs ID sensors and records data. Once data has been collected on all likely contacts at position #1, the vehicle resurfaces and maneuvers to a pre-programmed position for MILC #2 and the process is repeated.  Once sensors have recorded data on all likely objects of interest at each contact location, the UUV then self-navigates to the next pre-programmed point for reacquisition of MILC #3, and the process is repeated for all MILCs.

If sensors indicate that a MILC being investigated is not an object of interest, the UUV moves back to its starting position for that MILC and pursues the next- best contact in the same manner.   On completion of the final MILC investigation, the UUV would resurface and drive to the recovery point at least 2 nm seaward of the objective area.  If unsuccessful in finding the recovery platform, the UUV would go dormant, awaiting interrogation by the recovery system.  All data recorded during the mission would be uploaded into the UUV system tactical display/processing set for interpretation by UUV system operators and forwarding to operational commanders.  All operations from the time the UUV is launched until it is recovered, would be autonomous of human intervention.  R-I UUVs for use by EOD forces in the CVBGs/ARGS will employ a similar concept for reacquisition and identification of MILCs detected and recorded by other mine reconnaissance systems. A follow on product improvement of the RI MCM task would be the acquisition of a modular neutralization or disposal capability for use by divers, marine mammals, or UUVs.  Alternative tactical approaches to that described here have already been pursued in recent UUV technology demonstrations.  All of these concepts are notional in nature, and no single, tactical approach to date is intended to serve as the preferred approach.  New innovative ideas are encouraged. 

Scope of this Effort

The Office of Naval Research (ONR) is soliciting proposal(s) for new and innovative technologies that can be demonstrated in-water to enhance future Naval Undersea Search and Survey (USS) and Communications/Navigational capabilities of underwater vehicles that can be transitioned into acquisition programs in the FY-2006 timeframe. New USS concepts require a large number of small, inexpensive UUVs cooperatively performing the undersea search and survey mission augmented by a lesser number of Communication/Navigation Aids.   Under this BAA, the successful Offerer(s), over a four year period (FY-2002 through FY-2005), will develop and demonstrate; 1) an autonomous active/passive multi-/hyper-spectral (and/or some alternate technology) remote systems approach for day/night enhanced OSI and OS capability suitable for small inexpensive underwater vehicles; 2) an autonomous, robust, multi small vehicle, cooperative systems approach for rapid OSI and OS easily scalable to large ocean/littoral areas; 3) an autonomous, high bandwidth, low-probability-of-intercept(LPI)/clandestine, network-centric communications, command and control link among underwater vehicles, surface vehicles, airborne vehicles and OTH sites; 4) an inexpensive, open architecture, accurate navigation capability for small underwater vehicles; and/or 5) autonomous navigational aid to provide clandestine/covert GPS quality fixes to underwater vehicles at operational significant speeds and depths.  The operational environment for the in-water demonstrations is expected to range from deep water to shallow water to very shallow water through the surf zone and onto the beach.  Approaches that are modular and allow the sensor suites and capabilities to be tailored to the mission/operating areas of interest are strongly encouraged.  The final technologies that are demonstrated will ultimately be transitioned into Fleet systems.  Potential transition platforms for the C/NA include the Mission Re-configurable Unmanned Underwater Vehicle (MRUUV).  Potential transition platforms for both the C/NA and USS include the Semi-Autonomous Hydrographic Reconnaissance Vehicle (SAHRV), the Mine Counter Measure: Search-Classify-Map (MCM: S-C-M) vehicle, the Mine Counter Measure: Reacquire-Identify-Neutralize (MCM: R-I-N) vehicle, and small vehicles for Explosive Ordnance Disposal (EOD) tactical reconnaissance and object investigation missions.  The UUV component of MRUUV is a 21-inch diameter torpedo tube launchable autonomous vehicle.  The UUV component of SHARV and MCM: S-C-M is a 7.5-inch diameter autonomous vehicle deployable from a Combat Rubber Raiding Craft (CRRC).  The MCM: R-I-N and EOD UUV are notionally small autonomous vehicles, less than 12 inches in diameter, that are deployable from small rigid hull inflatable craft or CRRCs.

The technologies demonstrated are to be a complete systems approach consisting of a combined, integrated undersea search and survey, communications, navigation, and command and control station components.  There is also the need to integrate proven Computer Aided Detection/Computer Aided Classification (CAD/CAC) and Identification algorithms into small autonomous underwater vehicles.  Capabilities to be demonstrated during Fleet Battle Experiments (FBE), Millenium Challenge (MC) or other scheduled Fleet exercises are OSI and OS with small autonomous cooperating underwater vehicles to produce a useful military product to be used within the exercise.  Autonomous, multi-vehicle operation, cooperative behavior, accurate navigation and high bandwidth communications are recognized as key components of a successful demonstration.

Due to the unique, very broad nature of the Undersea Search and Survey and the Communication/Navigation Aid demonstrations, it is possible that the best technological solutions require a broad spectrum of interdisciplinary developments as well as familiarity with current and emerging Naval systems and operational concepts.  Although teaming is NOT required, it is strongly encouraged, where appropriate, when all team members can contribute significantly to the technical objectives.  

In-Water Demonstrations

The product of the AO FNC Science and Technology investment are technical capabilities which are demonstrated to and with the primary customers (Fleet operational forces) and, as importantly, capabilities which are ready for transition to acquisition programs.  The finished products for the AO FNC are technical capabilities that are demonstrated and transitions. This effort will NOT develop new UUV platforms.
The proposed efforts must demonstrate the performance thresholds described below in the Demonstration Exit Criteria through a series of phased lab based and in-water demonstrations that will be performed between FY-2003 and FY-2005 showing a progression of increased capabilities with multiple UUVs provided by the Offerer(s) on Government provided minefields/ranges. These demonstrations may be in conjunction with regularly scheduled Fleet Battle Experiments (FBE), Millenium Challenges (MC) or other scheduled Fleet exercises.   The Offerer(s) will propose their actual demonstration schedules.  A notional demonstration schedule is provided only to show the scope of desirable capabilities to be demonstrated in the FY-2003 through FY-2005 time frame. The full In-Water Demonstration Exit Criteria must be demonstrated during the final exit demonstration during FY-2005.  Priority will be given to demonstration schedules that show a progression of increased capability with specific go/no go decision points.
Demonstration of Static/Dynamic C/NA Technologies

Self-deployment of Static GPS capable C/NA(s) by a UUV(s)

Deployment of Dynamic GPS capable C/NA(s)

Navigational update between a static/dynamic C/NA(s) and dynamic UUVs

Underwater Communications between C/NA(s) and dynamic UUVs

Communication relay between dynamic C/NA(s) and static C/NA(s)

Communication relay between dynamic C/NA(s) and dynamic UUVs

LOS rf-relay from dynamic UUVs to static above water site

Demonstration of C/NA and USS Technologies

Dynamic C/NAs with adaptive repositioning

Moving navigational updates to multiple UUVs

COMMs between C/NAs and multiple dynamic UUVs

LOS rf-relay from multiple dynamic UUVs to underway platform

OTH rf-relay from multiple dynamic UUVs to static site

Dynamic object sensing

High confidence classification/identification sensors

Multi-vehicle search and survey

Multiple vehicle Classification

Cooperative Multi-UUV search and survey

Dynamic updates of UUV Mission Plans

Sensor “snippet” data transmission

Exit Demonstration of C/NA and USS Technologies

Dynamic C/NAs with adaptive repositioning

Moving Navigational updates to multiple dynamic UUVs

COMMs relay between C/NAs and Multiple dynamic UUVs

LOS rf-relay from multiple dynamic UUVs to static and dynamic platforms

OTH rf-relay from Multiple dynamic UUVs to static and dynamic platforms

Cooperative autonomous multi-vehicle search and survey

High confidence classification/identification sensors

Cooperative multi-vehicle Classification/Identification

Docking and recharging

Dynamic update of UUV mission plans

Dynamic UUV Command and Control

Sensor data transmission


Surrogate Demonstration Vehicles

The USS and C/NA in-water demonstrations will require multiple UUVs to perform both the cooperative Undersea Search and Survey mission and act as a Communication/Navigation Aids.  Although, the transition platforms are targeted at small vehicles, it is recognized that obtaining a sufficient quantity of small vehicles for the demonstrations may be in issue.  Demonstrations on larger, surrogate vehicles will be acceptable when supported by engineering analysis to show that the demonstrated technology can be transitioned into small vehicles.  Demonstrations on a combination of larger surrogate vehicles and small vehicles are preferred over demonstrations on a lesser number of small vehicles only.  The following is a list of UUVs that have been used in the past to support ONR in-water demonstrations.  This list is provided for information only.  No endorsement of any specific platform is implied by its inclusion in this list.  Other suitable UUVs not listed below are also acceptable as surrogate demonstration vehicles.   

ALTEX



http://auvserv.mit.edu/
ARIES



http://www.cs.nps.navy.mil/research/auv/auvframes.html
BPUUV



http://www.bluefinrobotics.com/
CETUS



http://www.perrymare.com 

FETCH



http://www.spiauv.com/
OCEAN EXPLORER

http://www.oe.fau.edu/AMS/auv.html
ODESSEY 


http://auvserv.mit.edu/OdysseyIIb.html



MORPHEUS


http://www.oe.fau.edu/facilities/facility.html#vessel

REMUS



http://adcp.whoi.edu/REMUS/
Slocum Glider


http://www.webbresearch.com/slocum.htm
Solar Powered AUV

http://www.ausi.org/research/SAUV/Desc.html
Surf Zone Crawlers (TAR Vehicles)

21UUV



http:/nuwc.navy.mil

In-Water Demonstration Priorities

An analysis of the In-water Demonstration exit requirements for the Undersea Search and Survey and the Communication/Navigation Aid UUVs was performed, based on concepts articulated in the Navy Unmanned Undersea Vehicle Master Plan and Transition Program requirements.  The purpose of this analysis was to provide guidance on the priority of the capabilities to be demonstrated in order to maximize the probability of transition into an acquisition program and to help identify technical areas of emphasis.  The following summarizes the results of this analysis:


Demonstration Priority

Requirement
Comm/Nav Aid
USS

Communications
1 (acoustic & rf)
6

Navigation Accuracy
2
4

Cooperative Behavior
3
1

Vehicle Size
4
2

Vehicle Endurance
5
9

Vehicle Speed
6
Part of ACR

Area Coverage Rate
NA
8

Detect/Classify
NA
3

Identify
NA
5

Affordability
7
7

Supportability
8
10

The Communication/Navigation Aid is primary an aid to communication and navigation for other vehicles and platforms.  Therefore, the need to demonstrate these thresholds is the primary requirements.  The communication aspect must demonstrate the capability for submerged communications between moving platforms at tactically significant speeds, ranges and depth separations.  Additionally the bandwidth and error rates must support the intended missions without undo overhead.  The C/NA must demonstrate the ability to communicate with a control station that is over-the-horizon while submerged with only an antenna above the surface.

Navigation accuracy, in absolute geographical terms, must be sufficient to support the USS reacquire, identify and neutralize missions.  These requirements must be assessed for the overall system navigation function.  The accuracy requirement must take into account:

C/NA navigation errors

C/NA navigation update rate

Acoustic range and bearing errors

USS navigation errors between updates

Since the C/NA is an aid to other systems, it must be able to operate cooperatively with those vehicles.  These behaviors must accommodate the aided system’s need to adaptively maneuver during the missions and the C/NA’s need to maneuver to provide optimum communications coverage and navigation updates. 

The above capabilities must be provided in a vehicle whose size, endurance and speed is demonstrated or easily projected to be operationally suitable for the intended or projected host platforms.  In particular, since the initial Concept of Operations (CONOPS) may require several to low tens of these vehicles for a mission, smaller size should be emphasized.    

The premise of the USS concept is that a massively parallel approach to undersea search can achieve dramatically higher area coverage rates than any single system approach.  In order to make this tactically viable, these individual systems must be small (very small by today’s MCM system standards) and they must autonomously operate in synchronization.  Therefore, the ability to operate cooperatively is the primary requirement.  This includes purposeful maneuvering, accommodating navigational errors of individual vehicles, and replanning tracks when a vehicle fails.

Since many vehicles are required to achieve the level of performance desired by this approach, the performance of an individual vehicle must be demonstrated in a small size.   Otherwise, small increases in the size of individual vehicles may accumulate to an unacceptable level across the fleet of vehicles.  The large number of vehicles requires automatic classification of the targets to greatly reduce the requirements for communications bandwidth, data storage, and maneuvering or reacquisition.

To support the USS reacquire mission it is important to know where, geographically, the targets are located.  Acoustic communication to the C/NA vehicles facilitates the real-time reporting of contacts and the ability to re-plan missions

Demonstration Exit Criteria

The finished products of the AO FNC are technical capabilities that are demonstrated and transitions to acquisition programs.  To ensure successful, useful technology transitions, the Acquisition Managers have provided specific exit criteria for the final USS and C/NA in-water demonstration in FY-2005.  These exit criteria specify both Thresholds and Objectives.  The thresholds are the minimum performance required by the Acquisition Managers to successfully transition the demonstrated technology into their acquisition programs, thus the minimum requirements for the in-water demonstrations.  The objectives provide for a higher technology, performance and risk level for the in-water demonstrations.  If met, the objectives would provide a significant performance improvement in the transition systems.   Priority will be given to proposals that exceed the threshold performance levels.  These exit criteria for the in-water demonstrations of the Undersea Search and Survey and Communication/Navigation Aid are as follows:

Undersea Search and Survey and Communication/Navigation Aid 

In-Water Demonstration Exit Criteria


Thresholds
Objectives

Operational Environment



Water Depth (feet)
10 ft to 300 ft
10 ft to 600 ft

Bottom Type
A1 to B2
A1 to C2

Maximum Sea State for Ops
Sea State 2
Sea State 3

Maximum Water Current (knots)
2 knots
3 knots

Light Conditions
Daylight Operations
Day & Night Operations





“Target of Interest “ Characteristics



Minimum Size
Manta or larger
Manta or smaller

Minimum Acoustic Target Strength (dB)
-20 dB
-30 dB

Location
Bottom Proud and Moored
Bottom and Moored





Operational Areas



UUV Transit to/from Operational Area (nm)
2 nm
5 nm

Launch Platform Stand-off Range (nm)
2 nm
5 nm

Search Area # 1 (nm)
10 nm x 10 nm
10 nm x 10 nm

Search Area # 2 (nm)
0.2 nm x 20 nm
0.2 nm x 20 nm





Operational Performance



Minimum Probability of Detect/Classify
Pc/Pd  = 0.7
Pc/Pd = 0.95

Minimum Probability of Identify 
Pid = 0.7
Pid = 0.9

Maximum Probability of False Alarm
Pfa = 0.4
Pfa = 0.2

Maximum Contact Localization Error (m)
10 m CEP
5 m CEP

Maximum Search Time for Area # 1 (hr)
100 hrs
50 hrs

Maximum Search Time for Area # 2 (hr)
4 hrs
2 hrs

Recognize/Identify Targets of Interest
Collect Images (Thumbnails)
Collect High Resolution Images

Minimum Deployable Platform Size
11 m RHIB
7 m RHIB

Maximum USS UUV Size
12 in dia
A-Size Sonobuoy 

Maximum USS UUV Weight (lbs in air)
300 lbs
150 lbs

Maximum C/NA UUV Size
21 in dia
7.5 in dia

Maximum C/NA UUV Weight (lbs in air)
600 lbs
200 lbs

Cooperative Behaviors
2 USS vehicles + 1 C/NA vehicle
4 USS vehicles + 2 C/NA vehicles

Below water Acoustic Comms  Rate
50 km*kb/sec
100 km*kb/sec

Acoustic Energy  (Joules/bit)
0.1
0.01

Above Water Communication Rates (LOS)
64 kbps
128 kbps

Above water Communication rates (OTH)
16 kbps
256 kbps

Communication Detectability
Low Probability of Intercept
Covert

Transmission bit Error Rate (BER)
10-2
10-4

Maximum Navigation Reference Error
7.5 m CEP
5 m CEP

Minimum Time On Station C/NA vehicle
104 hr
200 hr





Affordability



Production costs for 50 vehicles
$ 500K/vehicle
$ 100K/vehicle

Support equipment costs
$ 250K
$ 150K

Cost of Consumables
$ 50K/mision
$ 20K/mission





Candidate Technologies

There are a number of technologies common to all UUV missions that are potential areas for further development under Exploratory Development (Budget Categories 6.2) funds.  These key technologies include autonomy, navigation, networking, data fusion, vehicle specific technology and sensors, and energy.  Highlights of the technology issues that are of specific interest to USS and C/NA UUVs are provided in the following table: 

Key Technology
Technology Issue

Autonomy
Software/Artificial Intelligence and decision making associated with performing the mission without human guidance. Key components include:

On-Board adaptive planning/replanning systems (mission and path levels)

Dynamic/Static Threat detection and evasion/Obstacle avoidance

Multi-vehicle group behavior, data fusion, localization, and ID

Automated situational awareness/scene generation

Onboard CAD/CAC and Image recognition

       Effective MMI for limited communication links

Navigation
Low cost, precision navigation; modular, open architecture navigation systems; covert GPS capability; combined communication/navigation systems; cooperative, multi-vehicle navigation and mapping; non-traditional navigation, including map matching, concurrent mapping and localization, and gravity referenced navigation.  

Communications
Network communications to provide the ability to control multiple UUV’s working in parallel; High bandwidth, LPI/covert communications, to include acoustic, optical, MI, and LOS and global RF; integrated air-subsurface communication networks; Mobile, low cost, easily deployable systems

Data Fusion
Inter-platform fusion of multiple sensors (magnetic, non-acoustic, optical, acoustic) and intra-platform fusion between offboard systems.  Generation of a real-time common tactical picture among many networked systems.

Vehicle Technology and Sensors
Low cost/power broadband sensors, to include autonomous non-acoustic ASW sensors, passive acoustics, active and passive synthetic aperture sonar; acoustic and non-acoustic stealth; environmentally adaptive sensors; ISR sensors covering ELF to microwave RF, and IR and visible spectrums .

Energy
High energy density, low cost power sources; broad power turndown; on-board replenishability, suitable for use aboard manned platforms in confined spaces; environmentally compliant power sources.

Glossary

ACOMM

Acoustic Communication

ACR


Area Coverage Rate

AI


Artificial Intelligence

AO


Autonomous Operations

ARG


Amphibious Readiness Croup

ASD


Area Search Detachments

BAA


Broad Area Announcement

BER


Bit Error Rate

CAD/CAC

Computer Aided Detection/Computer Aided Classification

CEP


Circular Error Probable

CONOPS

Concept of Operations

C/NA


Communication/Navigation Aid

CRRC


Combat Rubber Raiding Craft

CVBG


Carrier Battle Group

C3I


Command, Control, Communication, and Intelligence

EOD


Explosive Ordnance Disposal

EOD DETS

Explosive Ordnance Disposal Detachments

FBE


Fleet Battle Experiments

FLTSATCOM

Fleet Satellite Communication

FNC


Future Naval Capabilities

GPS


Global Positioning System

ID


Identification

IPT


Integrated Product Team

LMRS


Long-Term Mine Reconnaissance System

LOS


Line of Sight

LPI


Low Probability of Intercept

MC


Millennium Challenge

MCM


Mine Countermeasures

MCM DETS

Mine Countermeasures Detachment

MI


Magnetic Induction

MILC


Mine-Like Contact

MIT


Massachusetts Institute of Technology

MR


Maritime Reconnaissance

MMS DETS

Marine Mammal Systems Detachments

MRUUV

Mission Re-configurable  Unmanned Underwater Vehicle

NMRS


Near-Term Mine Reconnaissance System

NOMBO

Non-mime, Mine-like Bottom Objects

ONR


Office of Naval Research

OPS


Operations

OS


Ocean Survey

OSI


Object Sensing and Intervention

OTH


Over-the-Horizon

REMUS

Remote Environmental Monitoring Units

RF


Radio Frequency

RFOC


Rapid Follow On Clearance

RHIB


Rigid Hull Inflatable Boat

R-I


Reacquire-Identify

R-I-N


Reacquire-Identify and Neutralize

ROV


Remotely Operated Vehicle

SAHRV

Semi-Autonomous Hydrographic Reconnaissance Vehicle

SATCOM

Satellite Communication

S-C-M


Search-Classify and Map

SPAWARSYSCEN
Space and Warfare System Center

ST&T


Submarine Track and Trail

TDA


Tactical decision Aid

UAV


Unmanned Aerial Vehicle

UGV


Unmanned Ground Vehicle

USS


Undersea Search and Survey

UUV


Unmanned Underwater Vehicle

UXO


Unexploded Ordnance

VSW


Very Shallow Water

VSW/SZ

Very Shallow Water/Surf Zone

WHOI


Woods Hole Oceanographic Institution
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