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23. Technical Objective

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, will in applied 1) to 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 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 Navy missions. These products include: 
1) The performance surface of the laser imaging systems (such as EODES) and diver visibility. 

2) Provide a forecast of coastal ocean optical properties including water clarity, diver visibility, and swimmer deliverability vehicle (SDV) vulnerability 
3)  An improved capability to task high resolution reconnaissance system for optimal environmental exploitation. 
4) Develop the performance surface for deployment of active and passive EO bathymetry systems.

5) Integration and fusion larger scale ocean models and imagery with high resolution imagery.

6) Extension 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.
Warfighter needs/ requirement:

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 improve 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 Vehicle vulnerability are required for NSW, MIW, Expeditionary warfare, amphibious warfare, and salvage operations. Now casting and forecasting optical properties is 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).

24. 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 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. 
Task 1. (U) Tactical Ocean Data System (TODS). A component of this 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 then be 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 FY10.  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. 
(U) Performance surfaces:   Integration of the 3d optical profiles and 24 and 48 hour environmental forecast will be used to determine specific performance surfaces. 

 a) The present focus will provide 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) Extended products for forecast to forecast 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).
d) Out years plans 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.     
Task 2. (U) Test Bed for Validation. 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 insure 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. 

25. (U) Progress 
a) Satellite algorithms have been transitioned through APS V3.8.2 .This new transition of APS includes new satellite capability for Ocean optical products. This includes: MERIS satellite, 250m products from MERIS and MODIS and extensive updates to the algorithms and automation of satellite processing.  VTR has been completed and system is operational on NAVOCEANO – A2.
b) An exercise in the Arabian Gulf was completed and demonstrated satellite optical products, the optical forecast, and glider processing of physics/optics/swimmer visibility, 3d optical volume, and laser system performance.   The project has supported the reach back cell with post-exercise products in GIS format.

c) The first spiral development of TODS “display” software (V1.2) with reports has been transitioned to NAVOCEANO. This provides the capability for automated real time display of satellite and model products overlaid upon each other. This has been transitioned to NP1 (running on the watch floor), NP2 (GOC), and NP3. This software and its capability will now be extended to higher resolution models and satellite imagery display. 

d)  The TODS’ OpCast (2D – optical forecast) is undergoing transition to NAVOCEANO NP3 and has been demonstrated with software upgrades currently underway.  The OptCast Module has been tested, evaluated, and successfully used by NAVOCEANO to run within APS version 3.8.2 and is being transitioned.  Use of the RELO Model output within OpCast for the Arabian Gulf exercise has been completed. 

e) Three NAVOCEANO – NRL transition teams have been established.  This include teams for 1) APS and its upgrades,  2) OptCast, and 3) Glider processing software (LAGER). These teams have been coordinated across the NP1, NP2 and NP3 at NAVOCEANO and are presently defining the architecture for exchanges of data and formats at NAVOCEANO and NRL. 


29. Background

(U)

Optical properties of coastal waters are required to determine effective use of passive and active Navy EO systems used for target detection and laser mine hunting.  However underwater visibility and surface detection is also critical to diver operations both on-scene and during insertion as visual or bioluminescence detection can compromise the mission.  Such operations occur from the near shore to the coast and even up riverine environments.  Likewise passive high resolution satellites which have been used for bathymetry (e.g. IKONOS and QUICKBIRD) will not penetrate turbid water and thus image collection for such sensors is futile.  In such conditions information on the potential changes in water clarity are invaluable.  Therefore knowledge of surface and subsurface optical properties has a significant impact on key Navy warfare areas including NSW, MIW, ASW, and EXW.  This project provides a capability to NAVOCEANO to help meet these needs by producing real-time and forecast optical properties for the coastal and open ocean waters.  
(U)  While most near shore operations require resolution at the scale of tens of meters, present high resolution environmental reconnaissance has limited temporal coverage and has insufficient wavebands to provide accurate optical products.  In contrast, larger scale imagery, models and in situ water assets are available and currently providing operational production at NAVOCEANO that can define the real time environmental conditions for operations.  This capability is providing real-time coastal optical products and forecast at scales of 1 km to 250 m spatial resolution. While a large advance over previous predictive capabilities, methods to merge the large and fine resolution are required to understand the temporal variability of the coastal environment and forecast the impact on navy operations.  To meet this gap the next step is to move the resolution to the tens of meters to better support Special Operations and very shallow water environmental property determination.  This requires a merging of not only satellite imagery but incorporation of higher resolution hydrodynamic circulation models, available in-situ data as new sensors emerge, and algorithm and/or product adjustment for the higher resolution sensors.  
 (U)  The planned capability will exploit and advance the present satellite processing software at NAVOCEANO (the Automated Processing System (APS)) which has real-time optical products such as chlorophyll, absorption, attenuation, and backscattering coefficients (i.e. water clarity properties) being derived   from several ocean color satellites (SeaWiFS, MERIS MODIS-Aqua, MODIS-Terra). These sensors and future sensors (NPOESS) provide a real time source of environmental data for monitoring coastal conditions.  These satellites are at the spatial resolution of 250 m to 1 km and produce operational products such as: horizontal and vertical diver visibility and laser penetration depth via the diffuse and total attenuation coefficients.  Future satellites such as NPP and NPOESS are planed for operational use at NAVOCEANO for these products. 
(U)

A capability gap has been the ability to forecast optical properties and their operational products.  By coupling these satellite products with ocean circulation/hydrodynamic forecast models one can provide a 24 hour forecast of the optical properties. This software module is called OPCAST for Optical Forecast.  Under this project this capability will transition and run in real time in NP3 and NP1 to provide coastal forecasts.  These 24 hour forecasts will be evaluated using the next day satellite imagery. The differences between the forecast optical properties and those derived from the next day’s imagery provide automated methods to assess the uncertainty of the forecast.  As naval warfare progresses from the offshore coastal environment to the very shallow near shore the needs move to higher spatial scales missions such as ISR, NSW, and EXW.  To meet this changing need, the next step will build on this capability beyond present spatial resolution (1 km to 250m and higher) to target specific navy missions.  Towards this end this project also moves this optical forecast advancement to higher resolution hydrodynamic models and the higher resolution satellites (e.g. IKONOS, Quickbird, GeoEye, and Worldview 2). 
(U)     In the very shallow water and coastal mission these subsurface optical properties are important as they define the “vulnerability’ of divers and detection of SDVs as well as limit diver visibility and operations.  They also play a critical role in determining performance of any EO system being used in the coastal regime such as those for hydrography (CHARTS) or mine hunting (COBRA).  Because optical properties vary as a function of depth, properties determined at the surface may (and usually do not) reflect the subsurface properties.  Therefore a method to extend the satellite surface optical properties to cover the entire water column (3d) is being developed for transition in 2010 to NP3 under this project. This transition to NP3 couples various NAVOCEANO assets: a) glider insitu optical data, b) 3d ocean models (NCOM), and c) satellite derived surface optical properties.  This project now plans to extend these 3d optical forecasting capabilities to higher resolution to meet the needs of expeditionary and special operations missions. 
 (U) System Performance: Many EO naval system’s performances are dictated by the vertical ocean optical properties.  The vertical optical properties derived from this project can be integrated with Navy requirements for visual and bioluminescence detection of subsurface targets via NAVOCEANO’s NOVAS software, determination of diver visibility ranges, and the performance prediction of laser MCM imaging systems (EODES).   The 3d optical field also is critical in determining the likelihood of passive bathymetry determination using high resolution sensors such as IKONOS.
(U) Battlespace Characterization:  Ocean gliders are being equipped with several bio-optical sensors with new sensors expected in the next two years.  These will provide NAVOCEANO with a new measurement capability resulting in a large source of physical and optical data available for use in characterizing the oceanic environment.   The initial version of the software to quality control the glider optical data has been integrated with the Physical data QC called LAGER. This has been delivered to NAVOCEANO and is undergoing evaluation. NAVOCEANO requires software to determine how to maximize the exploitation of these optical gliders and their associated optical properties, as well as, reduce spatial uncertainties in measurement coverage under various glider operations.  When this data is combined with satellite imagery and physical models a capability to forecast the 3d optical field and the resulting performance surfaces can be accomplished.
(U)
NAVOCEANO is the transition point for this project. This project is a unified optical project (supported by both SPAWAR METOC Futures and the Littoral Battlespace Sensor Fusion and Integration (LBSF&I))  that couples satellite ocean color imagery, in situ glider data, and modeling to provide the METOC knowledge of the optical environment required to meet many naval missions. By combining these 2 SPAWAR funded programs, a robust, well coordinated spiral capability has emerged with continual transition to NAVOCEANO of various products to support navy operations. The milestones outlined below, required by both SPAWAR programs, provides for a comprehensive plan to monitor project success and transition progress. 
Transition Points: The project will demonstrate the described capabilities through participation in exercises with NAVOCEANO and provide spiral development of optical forecast capability.  NAVOCEANO transition Points are NP1, 2 and 3 (Ken Grembowicz, Ken Matulewski, D. Kryon, P. Flynn, A. Lee, D. Bryant, Susan McLaughlin, and Julie Dye). 
Dependence on outside work:

1) This program is dependent on continued development and operational satellite processing for ocean optical products .This development is occurring in the “NPOESS – Preparing Tactical Ocean Optical products from NPOESS.” New and emerging gap filler satellites in addition to NPOESS are important for Navy operations.   In addition with the movement to higher resolution products a source of satellite imagery is required.  The specific source of imagery will determine the key products derived for EXW and NSW applications.
2) This program is dependent on the NAVOCEANO operational physical numerical models NCOM – RELO or other high resolution model (i.e. DELF3d, ADCIRC).  These models provide the 3d physical structure from which the optical coupling and forecasting is accomplished. 

3) The NAVOCEANO glider operations are required to provide real time glider physical and optical profiles. This data stream of insitu data is required for real time data assimilation in to the 3d optical environment. Without these data, the derived 3d fields with the optimization routine of the physical / optical relationship must rely on climatological data which is may not be realistic for all environments.  The EODES (performance model for MIW laser line scanner developed by METRON) is nearing OMAL approval and is required for MIW performance surface.  While not totally necessary, the NAVOCEANO NOVAS software would provide a primary model for diver and SDV vulnerability. 

Reliance on this outside work:

All components needed for this project are currently either in transition or in operation at NAVOCEANO.  Glider data, EODES/NOVAS, satellite imagery, are all available for completion of tasks presented.  The selection of the key high resolution satellite(s) to be used will be done in collaboration with NAVOCEANO NP2 and NP3.  

Impact of this work:

1) This program will impact exploitation of future satellite systems being integrated into operations by provide new capability for integration with gliders and models. Specifically, the NPOESS program with new sensors will have new capability for data assimilation and new products for the warfighter. Additionally, the Tactical Ocean Data System and the advancement to higher resolution satellites will provide a new capability so they can be better exploited for Navy operations. 
2) This program provides the NAVY a new capability for sensors (Gliders) capability for characterizing both the physical and optical environment as part of LBSFI. 
3) Immediate impact is to the MIW reach back cell to provide real time environmental characterization and forecast of the performance surface for laser underwater system (AQS-24a) and to swimmer diving operations
4) By combining gliders, hydrodynamic models, satellite optical properties, and performance models this project helps determine the optimal deployment of environmental assets, as well as provides performance surfaces for several key NSW, MIW, and EXW products.  
5) This project is designed to characterize and predict the ocean conditions so that naval operations can exploit the use of emerging systems.  These systems include laser propagation, targeting and detection, enhanced imaging, change detection, and aircraft and UAV imaging. This new predictive capability of the optical field also can help use of overhead and insitu assets effectively for use in surveillance and reconnaissance.
6) Results emerging from the forecast capability will impact the collection and timing of “other” tactically relevant products used for targeting and reconnaissance, as well as provides information on diver vulnerability.  
7) This program provides “dual use” for both the large and high resolution sensors so that they can exploit the environment for optimum utility.  

30. Plans and Milestones
	Major TRL Milestones

	
	FY11
	FY12
	FY13

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

	1 Tactical Ocean Data System (TODS)
	 
	-
	6
	7
	-
	-
	 7
	 
	
	
	7
	

	2 Test Bed for Validation of TODS  
	-
	-
	6
	7
	-
	 
	7
	-
	
	
	 7
	 


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

	Funding

	
	FY11
	FY12
	FY13

	1. Tactical Ocean Data System (TODS)
	$175K
	$250K
	$ 250K

	2 Test Bed for Validation of TODS  
	$125K
	$150K
	$ 200K

	Total
	$300K
	$400K
	$450K


	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
	5
	6
	-
	6,7
	6
	-
	7
	7
	
	
	
	

	1. Transition of 2D Optical Forecast with integrated 2D uncertainty with Improvements on Advection Techniques
	 S
	
	C
	V 
	
	
	
	V
	
	
	
	V

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

	3. Upgrades to Post-Processing Software of LAGER Glider Optics For Assimilation into 3D Optics Generator (3DOG) v1.0
	S
	
	V
	
	
	
	V
	
	
	
	V
	

	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)
	
	
	 
	
	V 
	
	
	
	
	V
	
	

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

	 Ladner (NRL)
	60%
 
	50%
	50% 

	 Casey (QNA)
	40%
	50%
	50%

	Funding required
	$175K
	$250K
	$250


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

	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 
	S
	
	
	C
	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

	Weidemann (NRL)
	25%
	25%
	25%

	Ladner(NRL)

	40%
 
	40%
 
	40%
 

	Casey(QNA)
	35%
	35%
	35%

	Funding required
	$125K
	$150K
	$200K


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
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