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Capability Provided

This project provides naval operations with a new and enhanced predictive capability for the Tactical Ocean Data System (TODS) implemented at NAVOCEANO that allows effective use of overhead and insitu assets for surveillance and reconnaissance. “TODS” provides a real time characterization of the battlespace used to produce warfare performance surface for ocean optical and physical properties and visible detection.   The project will provide an ocean optical forecast capability by integration and assimilation of satellite derived products with physical circulation models to support NSW, EXW, ASW, and MIW missions. The optical forecast system is currently targeted for performance of (MIW) underwater laser imaging system (AQS-24) and diver visibility operations., It will bein applied enhanced to provide 1) ato non-acoustic target detection surface and 2) increased in resolution for intelligence and reconnaissance. The project will provide NAVOCEANOCEANO a capability to exploit optical data provided by ocean gliders, new algorithms for satellite optical products, the fusion of multiple satellites with various spatial resolution, and ocean optical/circulation models.  Through these combined assets will provide a coastal and near shore performance surface will be provided for use in Tactical Decision Aids that support NSW, MCM, ISR, EXW, and ASW operations. These new products characterize the near shore environment enabling improved environmental exploitation for high resolution reconnaissance and ISR sensors.  

The future objectives are to advance and deliver near real time, high resolution, fused and integrated oceanographic products that to support a variety of Navy missions. These products include: 
1) A The performance surface of the laser imaging systems (such as EODES) and diver visibility. 
2) AProvide a forecast of coastal ocean optical properties including water clarity, diver visibility, and swimmer deliverability vehicle (SDV) vulnerability 
3)  A new andn improved capability toproduct to assist in tasking high resolution reconnaissance system for optimal environmental exploitation. 
4) Develop theA  performance surface for supporting deployment of active and passive EO bathymetry systems.
5) A high resolution forecast developed by iIntegratingon and fusingon larger scale ocean models and imagery with high resolution immagery.
6) Algorithms/methods to eExtensdion of low resolution optical products to higher resolution predictions.  

The transition is aimed at providing both software capability and new methods/procedures for: 1) optical glider and satellite data flow, 2) uncertainties and errors associated with optical property  measurements, 3) the integration of satellite imagery, and 4) the integration of this information into 3d forecasting models for operational planning and real-time support.

War Fighter Needs and Requirements

1) The 3d optical environment addresses MIW by providing performance fields for various laser imaging systems (ALMDS, AQS24) and emerging shallow water passive EO sensors (COBRA). Forecasting the optical properties and the development of the performance fields enables prediction of MIW EO asset local effectiveness and provides guidance for areas of optimal deployment.  
2) Near shore exploitation and interpretation of high resolution reconnaissance sensors requires coupling / and fusing real time ocean knowledge of the changing environment. Coupling the different overhead sensors with coastal circulation /optical models, and insitu data will enable provide an improved capability for defining the spatial and temporal environment for use in mission planning and cueing for additional asset deployment or tasking of the limited reconnaissance sensors for image collection over denied access areas. 
3)  Diver visibility and Swimmer Deliverable Delivery Vehicle vulnerability are required for NSW, MIW, Expeditionary warfare, amphibious warfare, and salvage operations. Now- casting and forecasting optical properties areis required for underwater diving operations which are restricted by visibility or can be compromised by the ability to detect divers and their platforms from above the surface.
4)  Visual and EO sensor detection of underwater targets by aircraft and satellite sensors requires knowledge of the 3d optical environment. Forecasting these 3d optical conditions provides effective use and awareness of conditions leading to preplanning for effective deployment, targeting and detection addressing non-acoustical ASW, MASINT, and Intel needs. 
5) The navy’s development of the LBSF&I procurement of underwater gliders, requires effective use and exploitation of these assets to characterize the ocean environment (Optics and Physical). This program addresses these requirements through integration  of glider data with space borne imagery and physical models for adaptive and effective use of glider assets.  

    This project supports CNO validated requirements CINC OCEN 91-06 Ocean Prediction Models, LITT OCEN 93-06 Hi Res Surface Current Predictions, USMC 93-01 Littoral Sea Environment and addresses needs outlined in the Concept of Operations for Naval Oceanography Support to Expeditionary Warfare (November 2009).

Approach

	A spiral development approach will be used to provide an evolutionary development of this capability to operations.  This will entail periodic demonstrations in local and navy exercises joint with the transition customer (NAVOCEANOCEANO) and will include incremental transitions into operations. The development will include close interaction with NAVOCEANOCEANO operations in the Gliders group (NP2,3), satellite groups (NP3, 2)  and the model group (NP1) and provide joint products and interaction to the reach back cells at NAVOCEANO. 

	 The approach will exploit lower resolution satellite ocean color and temperature processing capabilities of the Automated Processing Systems (APS), currently used for operations at NAVOCEANO, and couple it with numerical models and insitu glider data. The Tactical Ocean Display Data System will provide a real-time forecast of the 3d ocean optical environment at larger scales (~250m spatial resolution) which will then be merged with higher resolution image products required for supporting Special and Expeditionary warfare. 
 
	The approach includes development of a new glider optical data handling capability and new software and quality control tools for assimilation of the data into forecast models. The approach includes methods for integration of different data types across oceanographic disciplines with naval operations.  This includes developing links between the RELO – NCOM and ADCIRC models currently operational at NAVOCEANO, with satellite and glider data to provide a 3d optical forecast capability. In addition, the approach includes exploiting new high resolution imagery (Quickbird, GeoEye, Worldview 2, etc.) with the 2d optical forecast (OpCast) which is currently in test evaluation at NP3.  One transition target for this project is extending OpCast to the near shore environment to further exploit tasking and targeting requirements for higher resolution assets used for support of Expeditionary warfare (NAVOCEANO NP2). 
   	
  	(U)  These new capabilities will be demonstrated via joint participation with NAVOCEANO in local and Navy exercises with sequential transition. The program will characterize and forecast the 3d optical environment and provide a pathway to couple coastal optical (visual) data with existing Navy system performance models and predicted diver visibility/vulnerability to produce a performance surface aimed at high resolution environmental characterization.  

	The program addresses 2 specific tasks and provides several transitions to NAVOCEANO in the development of this new capability in 2d/3d optical forecasting, and optical and performance field uncertainty determination. 


Chart showing the alignment of the TODS components with Battle Space on Demand.  





Chart showing funding break down for current and out years.















	Task 1. Tactical Ocean Data System (TODS)

	
	FY11
	FY12
	FY13

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Major TRL Milestones
	7
	
	6,7
	
	6,7
	
	6,7
	
	6,7
	
	6,7
	

	1. Transition of 2D Optical Forecast with integrated 2D uncertainty with Improvements on Advection Techniques
	V2
	
	
	 
	V3
	
	
	
	V4
	
	
	

	2. Upgrade 2D Forecast for High Resolution Imagery Integrated with High Resolution Model for 2D forecasting in Harbor/Estuary (Demo)  
	S 
	C
	
	  
	
	
	
	
	
	
	
	

	  
3. Post-Processing Software of LAGER Glider Optics For Assimilation into 3D Optics Generator (3DOG) v1.0
	
	
	V1
	
	
	
	V2
	
	
	
	V3
	

	4. Ensembles of the 3D Optical Field (Spatial Uncertainty of Volume)     
	 S
	
	
	
	
	C
	
	
	
	
	
	

	5. Transition of 3D Optical Volume Generator v1.0 (VTR & User’s Manual)
	
	
	V1 
	
	
	
	V2
	
	
	
	V3
	

	Monthly reports
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R


S: Start	-: Work under way   D: Demo at TRL 6	C: Complete   R: Report   VTR: Validation Test Report   SDD: Software Design Document   SUM: Software Users' Manual   VTP: Validation Test Panel

Introduction



A component of the TODS software package includes forecasting the 2d surface and – 3d ocean optical fields by linking multiple scale satellite products and “RELO” NCOM and ADCIRC /DELF3d circulation models.  The transition builds on the 2d forecast already going through OPTEST at NP3 to provide the surface optical forecast using satellite and model (i.e. OPCAST).  This capability will be demonstrated by extended to much higher spatial resolutions.  The automation and daily production of the optical forecast requires that data feeds from NCOM (or ADCIRC) and satellite data be available to account for missing data fields. The inter-gridding spatial resolution of satellite and models will be based on satellite resolution to provide constraints and initial conditions for higher resolution sensors.  Daily updates from satellite products and forecasts from the models will be integrated into the display tools for animated forecast products.  


Another component of this software is defining a 3D Ocean Optical nowcast using gliders, satellite imagery, and circulation models to statistically to extend surface satellite properties to depth via determination of the covariance of the optical and physical processes.  An automated software analyses toolkit for analyzing glider physical and optical profiles will be developed for real time optimization of physical – optical coupling.  These real-time glider optimization coefficients will be used for assimilation into ocean color satellite products and physical numerical models (3D Optical Generator). Version one of this capability is planned for transition to NAVO in FY11.  The results will provide a 3d nowcast of the optical properties as an extension of the glider profiles.  Plans are to automate the generation of the uncertainty surface of the 3d –optical nowcast through determining ensembles of the optical- physical relationships. The ensembles statistical properties (mean, standard deviation, range) will be used to define the daily spatial uncertainty and used for characterizing the battlespace, and determining where addition measurements are required.  This will be integrated into operations for deployment of gliders and sampling systems.


 The present focus will provide:
(a) A real time performance surface for the underwater laser imaging system (AQS-24a) through integration with EODES for image quality and tow depth, as well as a diver visibility surface. This capability will be integrated to the MIW reach back cell and EPMA. 
(b) Extend products for forecast to forecast produce diver visibly and vulnerability surfaces, including SDV vulnerability, to support MIW, EXP, and ASW with be addressed. 
(c) A performance surface for the CHARTS laser bathymetry system will be created for optimum deployment of this NAVOCEANO asset (specifically laser penetration depth).


Plans for out years are to assess high resolution reconnaissance imagery adequacy for characterizing the changing (dynamic) battlespace. Real-time environmental nowcast / forecast products will be coupled with ISR needs for intelligence to define the uncertainty in the imagery. The   changing ocean optical environment will be merged with high resolution imagery and a real-time ocean condition predicted that will provide new image tasking requirements for ISR.   


October 2010

1.1. Integrated software changes (OpCast v1.0) made by NP3 to handle their preferred directory layout / file system. The raw changes were simplified and generalized, to make them fit in with the surrounding code. This will make it easier for them to install future updates (v2.0). Version 2.0 is scheduled to transition as soon as the approval to install on NAVO NP3 system (unclassified) is approved.
1.2. Modified forecast software (OpCast v2.0) to support 500m resolution model fields produced by the BioSpace project and produced example runs using MODIS imagery for the Monterey Bay region (the region of this model).

Figure 1 Monterey Bay, 24hr forecast of Chl-a for October 4, 2010.
1.3. Installed latest version of LAGER (2.2) on NRL’s exercise support / TODS system. Ran automated testing of LAGER processing/post-processing software to prepare profile data for assimilation into the 3DOG optimization process during the BIOSPACE exercise of the coast Monterey California. Started setting up TODS OpCast and 3DOG (3D Optical Generator) to produce SEED / initialization field for the 3D optical volume software. Plans are to optimize these daily profiles and use coefficients from each day to derive the daily 3D optical volume for the duration of the exercise. We will examine results from the optimization process and the optical volume.
1.4. No Progress.
1.5. Automation, testing and validation of new Solver API (Optimization) are underway. Will use NRL glider data collected during Biospace experiment in Monterey Bay, California and NAVO glider data collected after Gulf Horizon oil spill for testing and validation. NRL is awaiting word on the MCM assets and glider plans for the Keen Sword exercise in early December. There is a possibility that the TODS system will be operational to support the exercise. NRL is awaiting word for glider deployments in the Gulf of Mexico Test Bed region. Plans are to launch one glider in the next couple of months. Planning is underway for the automation testing phase of the TODS system components (OpCast, 3DOG) using a 3D Bio-Optical-Physical Ocean model set up to run in the Northern Gulf of Mexico Test Bed. Synthetic glider profiles will be generated from the model in the LAGER netCDF format. A “SEED” image in the format (HDF) required by the OpCast and 3DOG components will be supplied from the model surface products free of atmospheric and algorithm drop outs.
2. 












  




























	Task2. Test Bed for Validation of TODS

	
	FY11
	FY12
	FY13

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Major TRL Milestones
	
	-
	-
	6
	-
	-
	-
	6
	-
	-
	-
	6

	1. Completion and Testing of End-to-End Automation of TODS 3D Volume Generation Software (Glider Processing w/ LAGER, Optimization, 3D Volume, Uncertainties) & Optical Forecast (OpCast)
	S 
	
	C 
	
	-
	-
	-
	-
	-
	-
	-
	-

	
2. Glider Data Collection for Assimilation and Validation  
	S 
	
	
	C 
	S
	
	
	C
	S
	
	
	C

	
3. Validation of 3D Optical Volume / Software Upgrades
	S
	
	C
	
	S
	  
	
	C
	S
	
	
	C


S: Start	-: Work under way   D: Demo at TRL 6	C: Complete   R: Report   VTR: Validation Test Report   SDD: Software Design Document   SUM: Software Users' Manual   VTP: Validation Test Panel

Introduction:




The products and capability of the Tactical Ocean Data System (TODS) will be actively validated and demonstrated with NAVOCEANO through an ocean optical-physical test bed in the Northern Gulf of Mexico. This test bed is designed not only to characterize the 3D optical environment but also to automate multiple components of the TODS system for transition and validation to NAVOCEANO. The validation effort will operate over a twelve month period to provide a real-time Nowcast / Forecast of environment optical products and EO performance surfaces.   The automated products will be generated by both NAVOCEANO and NRL and will be validated with observed water column inherent optical properties.  This concept is designed not only to characterize the 3D optical environment but also to automate multiple components of the TODS system for transition and validation to NAVOCEANO.  This can be achieved only through a longer time period than is typical in a 2 week exercise.  If a Navy MCM exercise arises with NAVOCEANO participation, NRL will participate.  The outputs from TODS will address requirements for diving and salvage operations, MCM underwater laser AN/AQS 24 systems and non-acoustic ASW.  We are planning close coordination with NSWC for planned testing of the AQS24 in the Gulf of Mexico region  for validation of TODS and anticipate this real time 12 month environmental test bed will strengthen  support to NSWSC exercise testing. TODS will provide proactive products and capability to support emerging capabilities to dive personnel, MCM targets and Expeditionary Warfare and ensure NAVOCEANO products are aligned with emerging technologies and commands.
 
Demonstrations will target integration with available performance modeling (e.g. EODES) for active EO systems present during these tests (e.g. CHARTS, ALMDS, AQS-20, and AQS24a). Performance fields for visual SDV detection, diver visibility, and water clarity will also be developed and evaluated. These performance fields will be used with MEDAL and EPMA. This extensive evaluation of TODS’ products is the “proving grounds” for the new capability and includes close interaction between NAVOCEANO and the developers to einsure products are specific to operational needs and responsive to the “reach back cell” at NAVOCEANO. Interaction between NAVOCEANO glider teams, modelers, and satellite processing with NRL developers will be demonstrated by jointly developed experiment products being delivered during exercises. The demonstration will enable relevant products to be showcased and refined as well as evaluate the automation of these products within NAVOCEANO operations. 



October 2010
1. 
2. 
2.1. Planning is underway for the automation testing phase of the TODS system components (OpCast, 3DOG) using a 3D Bio-Optical-Physical Ocean model set up to run in the Northern Gulf of Mexico Test Bed. Synthetic glider profiles will be generated from the model in the LAGER netCDF format. A “SEED” image in the format (HDF) required by the OpCast and 3DOG components will be supplied from the model surface products free of atmospheric and algorithm drop outs.
2.2. NRL is awaiting word on the MCM assets and glider plans for the Keen Sword exercise in early December. There is a possibility that the TODS system will be operational to support the exercise. NRL is awaiting word for glider deployments in the Gulf of Mexico Test Bed region. Plans are to launch one glider in the next couple of months. 
2.3. Validation will begin when gliders are deployed and data is collected at any exercise (NGOM Test Bed, Keen Sword, etc.) .
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