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23. Technical Objective

Capability provided:

This effort will develop an ocean optical forecast capability by integration and assimilation with physical circulation models to support ASW, MIW and NSW missions. The project will provide NAVOCEANO with a new capability exploiting optical data on sea gliders, new algorithms for satellite optical products, and ocean optical models.

The program will develop a real-time capability for characterizing the ocean optical properties by exploiting satellite ocean color, ocean glider physical and optical measurements, and 3d optical modeling and defines an optical performance surface for Naval EO Systems (lasers, cameras) for “Tactical Decision Aids” that support Spec Warfare, MCM Warfare, ISR, and ASW operations.

The objective is to develop specific water clarity and optics products to support Navy Electro-optical systems operating in the marine environment. 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 various 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.

The program will provide a new capability termed Tactical Ocean Data System (TODS) to the Naval Oceanographic Office for the “fusion” of 1) satellite data, 2) gliders data and 3) physical model data. The software for data fusion and generation of the performance surface will be delivered with tools to display the ocean nowcast – forecast environmental.    



Warfighter requirement:

1) Forecasting the Ocean optical properties is required for MIW to determine the performance field of the Laser imaging systems (ALMDS, AQS24). Forecasting the optical properties and the performance field enables improved MIW assets can be effectively deployed. 
2) Now casting and forecasting optical properties is required for underwater diving operations which are restricted by visibility. Diver visibility is required for MIW, Expeditionary warfare, and Amphibious warfare, and salvage operations. 
3) The 3d optical environment is required for visual detection of underwater targets. These include aircraft and satellite detection. Forecasting the 3d optical condition provides effective use and awareness of conditions leading to preplanning for effective targeting and detection. These address non-ASW, MASINT, and Intel requirements. 


4). 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 integratation of glider data with spaceborne and models data for adaptive and effective use of glider assets to meet the requirements of Navy operations.  

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.  



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 navy exercises joint with the transition customer (NAVO) and will include incremental transitions of a new capability into operations. The development will include close interaction with NAVO operations in the Gliders group (NP2,3), satellite group (NP3)  and the model group (NP1) and provide joint products and interaction to the reach back cells at NAVO. The effort will develop both the 3d optical field and couple it to the  performance surface Model (EODES) which is currently in OMAL evaluation and acceptance.  

	 The approach will exploit the satellite ocean color processing using the Automated Processing Systems (APS) currently used for operations at NAVO. This new capability will be integrated into APS to include data assimilation. 

	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 will include developing links between the RELO – NCOM model currently operational at NAVO, with satellite and glider data to provide a 3d and forecast capability. 
The approach will include methods for integration of different data types across oceanographic disciplines with naval operations. 
	
 	New capabilities will be demonstrated via joint participation with NAVOCEANO in Naval exercises with sequential transition. The program will characterize the 3d optical environment and provide a pathway to couple optical data with existing Navy system performance models to produce a performance surface to support navy systems and TDA development and upgrades. 

	The program will address 5 specific tasks to provide several transitions to NAVO to provide new capability in 3d optical forecast, optical and performance field uncertainty 

Task 1. (U) Forecasting the 2d surface and – 3d   ocean optical forecasting by linking satellite and “RELO” NCOM.  Initial transition will provide the surface optical forecast using satellite and model which will be followed by a 3d optical forecast (i.e. OPCAST). The forecast model fields will be used to automatically advect satellite products accounting for upwelling and downwelling processes.  The daily automation of the optical forecast requires that data feeds from NCOM and satellite data be available accounting for missing data fields. The inter-gridding   spatial resolution of satellite and models will be based on satellite resolution to provide for newer higher resolution sensors.  Daily updates from satellite products and forecasts from the models will be integrated into the display tools for animated forecast products.  The subsequent effort will be formation of a 3d optical forecast by coupling OPCAST with the 3d field  outlined below. 
 
Task 2. (U) Defining 3d Ocean Optical nowcast using gliders, satellite and models to statistically to extend surface satellite properties to depth  through developing the covariance of optical and physical processes.  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). The results will provide a 3d nowcast of the optical properties as an extension of the glider profiles. The uncertainty of the 3d –optical nowcast will be determined by establishing ensembles of the optical- physical relationships. The ensembles mean and spread will be used to define the daily spatial uncertainty.  [Is this uncertainty or changes in the relationships that you aren’t accounting for leading to a model that doesn’t have uncertainty as much as it is just plan wrong]  

Task 3. (U)  Integration of the 3d optical profiles with EO systems performance models to define the Performance surface (i.e. EODES). The 3d optical properties (above) have been coupled with performance models for specific navy systems. Our initial effort targeted the ASQ24 system and its performance model for underwater laser imaging of target to produce a Probability of detection and identification in various altitudes and operational scenarios . The 3d optical field coupled with the performance model enables the spatial and forecast of the AQS 24 performance in coastal environments. These performance fields will be demonstrated during exercises and capability transitioned to NAVO and the MIW reach back cell. Follow on performance field for additional naval assets will be coupled with 3d optical field.  The  confidence of the performance field’s products will be established by using the uncertainty of the 3d ensemble spread.  

[bookmark: OLE_LINK1]Task 4. (U)  Optical Glider Data analyses package   analyze and characterize optical processes and define the errors, sensitivity and uncertainty of glider optical measurements which impact MIW and ASW systems directly.  (LADGAR-Optics and Post data Analyses)  This task includes automated analyses and QC of glider data into the NAVO BUFR format. The procedures and methods of glider data flow, data formats and defining data quality and reliability will be integrated into the existing NAVO software tool. Additionally the procedures for preparing the output of LAGAR-optics for optimization will be developed. This task determines the uncertainty of the different optical sensors (Backscattering, Fluorescence, Beam Attenuation coefficient, Irradiance) from different gliders.  
 
Task 5. (U) Optical Data analyses tool for assimilation of glider and optical data into NCOM (TODS). The spatial and temporal uncertainty of the physical – optical coupling will be developed based on using the gliders uncertainty and extending it with satellite and hydrodynamic models. This task is oriented to improve the 3d optical field based on covariance’s of the optical – physical relationships. This task provides the adaptive analyses of using the uncertainty of the 3d nowcast- forecast to direct the glider data collection.  Out year efforts provide the capability to use the 3d optical analyses as an initialization for bio-optical model forecast. These include growth and decay of bio-optical properties.    

Task 6. (U) Participation and demonstration of the new optical capability in Naval Exercises.     Optical products will target integration with   performance tool,  CHARTS, ALMDS, AQS-20, and AQS24a systems with Navy Electro optical performance models such as EODES. .These performance fields will be used with MEDAL and EPMA. This task is the “proving grounds” for the new capability and includes close interaction between NAVO and the developers to insure products are specific to operational needs and responsive to the “reach back cell” at NAVO. Interaction between NAVO glider teams, modelers and satellite processing with NRL developers will be demonstrated by jointly developed experiment products being delivered to the “real-back cell” during exercises. The demonstration will enable refined and relevant products to the showcased and refine the automation of these products within NAVO operations.  





25. Progress

a) Satellite algorithms have been transitioned through APS V3.8.1 .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 NAVO – A2

b) Participated in RIMPAC and demonstrated 3d optics, 2d forecast and performance fields. Participated in   Arabian Gulf Experiment and demonstrated satellite optics, optical forecast, glider processing and 3d optics.   

c) Transitioned the TODS- “display” software (V1.2) with reports. This capability provides capability for automated real time display of satellite and model products 

d) 2d – optical forecast and 3d optical environment has been  demonstrated in coordination  with NAVO.  OpCast Module – in  Evaluated  APS 3.8 transitioned to NAVO .  OPCAST tested and successfully used NAVO – RELO Model output within OPCAST for the Arabian Gulf exercise. 
   
e) Three NAVO – NRL transition teams have been established for 1) APS 2) OPCAST and 3) Gliders. These teams have been coordinated across the NP1, NP2 and NP3 at NAVO and are presently defining the architecture for exchanges of data and formats at NAVO and NRL. 




29. Background
	The project supports MIW, ASW and Spec Warfare by providing a capability to NAVOCEANO to produce real time and forecast optical properties of the coastal and open waters.  Optical properties of coastal waters are required to determine effective use of Navy EO systems used for laser mine hunting, diving operations, and target detection systems

   (U) New Electro-optical (EO) sensors are emerging for use in MIW, SUW, and ASW navy applications.  As such NAVOCEANO and fleet operations require a capability to monitor and forecast the 3d optical environment to support system performance and tactical campaign excursion analyses activities. The ability to redirect assets based on predicted environmental conditions (Battlespace on Demand) is becoming a key element in new navy strategies.  The optical environment impacts EO naval system performances for underwater laser imaging for targets (mines and submerged objects) such as the AQS24a, and performance of airborne submarine and mine detection systems (ALMDS).  

	Currently, optical products such as chlorophyll, absorption, attenuation, and backscattering coefficients are generated at NAVOCEANO from several ocean color satellites (SeaWiFS, MODIS-Aqua, MODIS-Terra) using the Automated Processing System (APS) developed by NRLSSC but these are not directly ingested into performance surfaces and are not extended over 3-d, forecast, or assimilated.  

 Satellite Optics:  Ocean color satellites require new algorithms and processing capability to detect and monitor ocean optical properties.  There operational and planned ocean color satellite capability of determining ocean optics however, these satellite require calibration and validation in order to make them consistence with heritage satellites. These satellites offer a new capability for naval operations (Spec Warfare and MIW, ASW) because they can monitor coastal water turbidity.  The software package Automated Satellite Processing (APS) has been integrated into NAVOCEANO/ Navy operations for making new satellite optical products available to the warfighter. Advances in algorithms and sensor updates are required to provide ocean optical monitoring capability.  Improvements to the (APS) software are required to improve the accuracy and consistencies of satellite optical products are part of the NPOESS – future satellite development.  The present METOC ocean color satellites provide ~ daily global coverage and are used in blending to provide new complete coverage (cloud removal). There satellites are at the spatial resolution of 250 m to 1 km and produce products such as: diver visibility, absorption, scattering, chlorophyll, attenuation coefficient, laser penetration depth, diffuse attenuation coefficient.  Future satellite such as NPP and NPOESS are planed for operations use at NAVO for these products. 

2-d Forecast optics: Satellite derived optical properties of the “surface” layer will be advected using circulation models to provide a 24 hour forecast of the optical properties. The program is called OPCAST for Optical Forecast. The forecast optics product is produced based on Eulerian and Lagrangian advection. We have replaced the Lagrangian with Eulerian software. This process treats the satellite products as a conservative process and does not account for growth and decay of the optical process. This assumption can be applied in the short time frame for certain areas. The NCOM – RELO model is current operational at NAVO and provide the nowcast/ forecast output that is used with OPCAST.  

	The initial “seed” imager that is used with OPCAST must have a complete coverage of the optical / surface properties. The initial image used several methods to obtain a complete cloud free/ satellite coverage of the surface optics. This seed image generation includes yesterdays forecast. The automation of the forecast is developed using scripts based on multiple satellite products and over a history of time in addition to the forecast in addition to obtaining the RELO updates. 

	These 24 hour forecast will be evaluated by the next day satellite imagery. The differences of the forecast with next day’s imagery provide automated methods to asses the uncertainty of the forecast. 

	This capability has been demonstrated in navy exercises and now requires transition to NAVOCEANO for enhancement and operational testing.   This can be accomplished via participation in operations. Satellite imagery at a variety of spatial scales will be used (1 km to 250m and higher) to target specific navy missions.  Future developments will address higher resolution models and satellites. 

3d- Optical Profile: Ocean optical properties change vertically and can form optical layers.  Because satellite derived optical properties are limited to the near surface, methods have been developed to extend the satellite optics vertically. This 3d optical profile provides much needed data for MIW system performance determinations. Extending the satellite optical properties vertically has been demonstrated by linking satellite properties with physical properties (mixed layer depth) from the RELO ocean models and in-situ optical profiles. This capability was demonstrated in the Valiant Shield exercise as part of the SPAWAR “Exploitation of satellite optical for EO sensors” project.  This statistical approach to extend the vertical satellite imagery to the vertical profile will be transitioned to NAVOCEANO through steps that include incorporation of satellite imagery, ocean glider data, and numerical models. This statistical approach will be evolving into development of 3d bio-optical models as their maturity and transition readiness level increases.   

 System Performance: The vertical ocean optical properties can be integrated with Navy performance models to determine a performance field of EO systems such as ALMDS, AN/AQS24, AQS-20 and diver visibility in addition to target vulnerability and probability of detection and identification.  System performance can be obtained in denied areas using satellite derived optics where limited insitu measurements are available. Methods to integrate these performance models with 3d optics are required to directly support the warfighter; therefore output of required  TDA’s must be accomplished.

Ocean gliders optical sensing:  Gliders are being equipped with several bio-optical sensors with new sensors expected in the next two years.  This will provide NAVOCEANO with a new measurement capability which will help fill a gap in optical data (and associated physical properties) with optical characteristics in various oceanographic environments and their associated physical properties.   
	NAVOCEANO is planning to purchase a suite of optical gliders to support MIW and ASW warfare areas specifically.  The limits and uncertainty of this glider technology for use with bio-optical sensors has not been established.  Also the methods to determine the limitations of these sensors as a glider package and their deployment to resolve the spatial, vertical, and temporal optical properties must be established and evaluated. Hence, NAVOCEANO requires software and a capability to determine how to maximize the exploitation of these optical gliders and their associated optical properties and reduce uncertainties given anticipated glider operations. In addition, NAVOCEANO requires a capability to extend the glider’s spatial and temporal data to characterize and forecast the complex 3d optical environment. 

Glider data exploitation: Present assimilation methods for physical oceanographic data into numerical models are not completely applicable to optical data.  Biological and terrigenous particulate, and colored dissolved matter which are responsible for optical properties are not conservative tracers and therefore are not expected to be properly assimilated using present methods (such as NCODA)  without a large increase error within predictive accuracy and precision. Because the initialization state and the errors associated when using static versus dynamic relationships (i.e. limitations in the relationships between physics and bio-optical which have not been defined) there is a need for testing and evaluation of the existing assimilation methods to determine the errors and uncertainties inherent in this methodology.  There is also a need to determine what limitations and constraints are, when properly applied can be used to provide a first order optical property forecast field.  The variability and dynamic nature of the covariance matrix of optical properties (particle scattering absorption from phytoplankton, CDOM, detritus etc) and their relations to physical covariance needs to be tested and improved to enhance our ability to assimilate optical glider data and provide a 3d optical forecast. Utilization of satellite information, glider vertical/horizontal data, and various assimilation schemes with their initialization states will help define the limits of our capability to forecast optical fields.  This project is aimed at improving our capability to forecast optical properties by better defining the space time variability of physical and optical properties and show where various assimilation schemes can improve our forecasting abilities.

	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 emerging MIW and Spec Warfare missions with required METOC knowledge of the optical environment. By combining these 2 SPAWAR funded programs, a robust well coordinated spiral capability can emerge with continuous transition to NAVOCEANO to support navy operations. The milestones outlined are required by both SPAWAR program to develop a comprehensive plan to monitor transition progress. 

Transition Points : The project will demonstrate capability 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. 

Dependence on outside work:

1) This program is depending on continued development and operational satellite processing for ocean optical products .This development in 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. 
2) This program is dependent on NAVO operational physical numerical models NCOM – RELO. These models provide the 3d physical structure which the Optical in coupling and forecasting. 
3) The NAVO glider operations are required to provide real time glider – Physical / 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 3d fields the optimization of the physical / optical relationship will be climatology which is may not be realistic for all environments.  
4) The EOID – Electro-optical Identification software for determining the performance of specific navy systems in under development and testing by ONR/ Coastal System Center – Panama City and METRON. This software is currently being evaluated in OMAL. 
 

Reliance on this work:
This program will impact the use of future satellite system 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 will provide new capability for higher resolution sensors (satellites and AUVS) so they can be better exploited for Navy operations. Results emerging from TODS will impact the collection and timing of “other” tactically relevant products used for targeting and reconnaissance. This program provides “Dual use” for these sensors so that it can exploit the environment for optimum utility. TODS significantly impacts the optimum collection of environmental assets, (Satellite, gliders etc). by providing NAVO a prediction for optimum data collection.  

New research programs and naval operational systems under development are exploiting the electro-optical developments of the oceans. TODS is the 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 from   TODS provides naval operations the capability to use there overhead and insitu assets effectively for use in surveillance and reconnaissance. 



30. Plans and Milestones

	Major TRL Milestones

	
	FY10
	FY11
	FY12

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

	Optical Forecast 
	 
	-
	-
	6-
	-
	-
	7
	 
	
	
	6
	

	3d Optical Model 
	-
	-
	-
	-
	-
	 
	 6
	-
	
	
	 7
	 

	Glider Analyses package 
	-
	-
	-
	6
	-
	-
	7
	-
	-
	-
	7
	-

	Optical Data Analyses and Integration with NCOM
	-
	-
	-
	-
	-
	6
	7
	-
	-
	-
	7
	

	Navy Exercise 
	-
	
	
	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

	
	FY10
	FY11
	FY12

	Upgrade 2d optical Forecast Field 
	$162K
	$200K
	$ 200K

	3d Optical Model 
	$ 150K
	$ 200K
	$ 200 K

	 Glider Data Analyses package 
	$150K
	$153K
	$153K

	Optical analyses and integration 
	$150K
	$153K
	$153K

	Navy exercise Particiation and demonstration 
	$70K
	$100K
	$100K

	Total
	$685
	$803
	$803



	Optical Forcast  Forecast 

	
	FY10
	FY11
	FY12

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

	Major TRL Milestones
	5
	-
	-
	6
	6
	-
	6
	7
	
	
	
	

	1. Improve optical divergence along coast for seed imagery via  improve incorporation of improved source function
	S
	
	
	C
	
	
	
	
	
	
	
	

	2. Upgrade the 2 d forecast with   high resolution imagery –  

	 
	
	S
	
	C
	
	
	
	
	
	
	

	  Determine uncertainty fields estimates of forecast.
3. 
	
	S
	
	C
	
	
	
	
	
	
	
	

	4. Upgrade the Seed generation software-      
	S
	
	
	C
	
	
	
	
	
	
	
	

	5. Transition v2.0  – 2D Optical Forecast capability to NAVO  (Optest, and OpEval) VTR   - manuals   .    
	
	
	S
	C
	 
	-
	 
	
	
	
	
	

	6. Upgrade 2d forecast for high resolution imagery , integrate with Very high resolution models and imagery  Incorporate 2d – 3d the uncertainty  into forecast  and in transition           
	
	
	
	
	S
	
	
	C
	
	
	
	

	7. Extend   the  2d to  3d  forecast  field           
	
	 
	
	
	
	S
	-
	C
	
	
	
	

	8. Transition v3.0  – transition to N2 classified systems  (Optest, and OpEval) VTR
	 
	 
	 
	 
	 
	 
	 S
	C
	
	
	
	

	Monthly reports
	R
	R
	R
	R
	R
	R
	R
	R
	
	
	
	

	Arnone (NRL)
	5%
	5%
	5%

	Ladner (PSI)
	20%
	20%
	20%

	Casey  (PSI)
	75%
	75%
	75%

	Funding required
	$161K
	$200K
	$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

	3d Optical Model                                                                                                                                                                                           

	
	FY10
	FY11
	FY12

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

	Major TRL Milestones
	
	-
	-
	6
	-
	6
	
	
	
	
	
	

	1. Automate the methods for 3d optical profile
	S 
	
	
	C
	
	
	
	
	
	
	
	

	Upgrade the 3d. model with 3d advection, particle settling, and bottom type?
2. 
	 
	-
	S
	C
	
	
	
	
	
	
	
	

	
3. Develop ensembles of the 3d optical field (uncertainty of the volume)

	S 
	
	
	C
	
	
	
	
	
	
	
	

	5. Integrate the EO –performance models with optical fields and create surface map 
	S
	
	C
	
	
	
	
	
	
	
	
	

	6. Transition V1 of the satellite 3d optics  field to NAVOCEANO VTR                  
	
	
	S
	C
	
	
	
	
	
	
	
	

	 7.  Improve automation methods for 3d optical profile 

	
	
	
	S
	
	
	C
	
	
	
	
	

	8.  Automate   model ensembles of optical models and define the 3d model uncertainty
	
	
	
	S
	
	
	C
	
	
	
	
	

	9. Couple Model uncertainty with  the uncertainty of   EO –performance models
	
	
	
	
	S
	
	
	C
	
	
	
	

	10.Transition  V2 software of the satellite 3d oPtics  field to NAVOCEANO VTR        
	
	
	
	
	
	
	S
	C
	
	
	
	

	3. Monthly Report
	R
	R
	R
	R
	R
	R
	R
	R
	
	
	
	

	Arnone (NRL)
	10%
	10%
	10

	Ladner  (PSI)
Lovitt
	50%
30%
	50%
30%
	59
30

	Funding required
	$150K
	$200K
	$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

	Optical Glider Data analyses package    

	
	FY10
	FY11
	FY12

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

	Major TRL Milestones
	5
	-
	
	6,7
	-
	-
	6
	7
	-
	-
	-
	-

	1. Upgrade LAGER to handle spikes, boundaries ,etc for data QC   
2. Improved automate of visual display methods
	S
	
	C
	
	
	
	
	
	
	
	
	

	3. Integrate optical uncertainty methods glider adaptive sampling
	
	S
	
	C
	
	
	
	
	
	
	
	

	4. Determine  bb and FL Covariance from gliders (Vertically) for various optical environments  with physical layers
	S
	
	
	C
	
	
	
	
	
	
	
	

	5. Develop coupling of model uncertainty to glider adaptive sampling . . demo in exercise
	
	
	S
	C
	
	
	
	
	
	
	
	

	6. Upgrade software analyses for Gliders  V2 T           
	 
	
	S
	C
	
	
	
	
	
	
	
	

	7. , Upgrade spatial and vertical uncertainty  capability within LADGER
8. Improve data quality 
	-
	 
	
	
	S
	
	
	C
	
	
	
	

	9. Develop Post processing of LAGER optics for assimilation    
	
	 
	-
	
	S
	
	C
	
	
	
	
	

	10. Determine  bb and FL Covariance from gliders (Vertically) for various optical environments  with physical layers
	
	
	  
	 
	  
	S
	  
	C
	
	
	
	

	11. Upgrade optical software analyses for Gliders  V3 
	
	
	
	
	 
	 
	 S
	C
	
	
	
	

	12. Define software for glider adaptive sampling  based on model  uncertainty   VTR V1 T            
	
	
	
	
	 
	 
	S
	C
	 
	 
	
	

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

	Hou (NRL)
	25%
	25%
	25%

	Weidemann (NRL)
	5%
	5%
	5%

	Lovett (PSI)
	25%
	25
	25-

	Ladner  (PSI)
	10%
	10%
	10%

	Funding required
	$153K
	$150K
	$153K


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


	Optical Data Analyses and Integration with NCOM  

	
	FY10
	FY11
	FY12

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

	Major TRL Milestones
	5
	-
	
	6
	
	
	6
	
	
	
	
	

	1. Determine uncertainty of bio-optical and physical linkages in vertical profiles for various ocean conditions  
	S  
	 
	
	C
	
	
	
	
	
	
	
	

	2.   Begin developing initialization field of optical data in 3d model for bio-optical model.
	
	 S
	 
	C
	
	
	
	
	
	
	
	

	3.     Determine uncertainty and Covariance from satellite for coastal waters  ( bb and Flu) based 
          
	S
	 
	 
	C
	
	
	
	
	
	
	
	

	4.    Define  satellite/glider scales with scales derived form model results to ensure models are accurately capturing observational variability
	 
	 
	 
	S 
	
	
	C
	
	
	
	
	

	5. Software development for 3d model   uncertainty  VRT  -  V1-T
	 
	 
	
	
	S
	 
	C
	
	
	
	
	

	6. Evaluate NCOM bio-optics model  and 3d optical models for coupling . (integration of bio-optical)
	
	 
	 
	
	
	
	S
	C
	
	
	
	

	Monthly reports
	R
	R
	R
	R
	
	
	
	
	
	
	
	

	Arnone  (NRL)
	5%
	5%
	0

	Gould  (NRL )
	20%
	20%
	0

	Derada  (NRL )
	20%
	20%
	0

	Martin (MSU)
	20%
	20%
	

	Funding required
	$150 K
	$150K
	0


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


	Navy exercice   participation  and demonstration

	
	FY10
	FY11
	FY12

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

	Major TRL Milestones
	
	7
	-
	7
	-
	-
	7
	7
	
	
	
	

	1. Demo in Virginia Capes 
	S
	C
	 
	
	
	
	
	
	
	
	
	

	2. Demo in Mediterranean 
	
	S
	C
	 
	 
	
	
	
	
	
	
	

	3. Demo in Rim Pac 10
	
	
	S
	C
	-
	 
	 
	
	
	
	
	

	4. Demo in Rim Pac 11 
	
	
	
	
	 
	 -
	S
	C
	
	
	
	

	5. Demo 
	
	
	
	
	
	
	S
	C
	
	
	
	

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

	Arnone   (NRL)
	5%
	10%
	 

	Ladner, Casey , Scarborough, Lovett, Vaughn (PSI)
	15%
	50%
	 

	Weidemann   (NRL)
	10%
	10%
	 

	Hou (NRL)
	10%
	
	

	Funding required
	$70K
	$100K
	$100K


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





31. References


32. CONTRACTS
             FY10 	FY11 		FY12
QinetiQ Inc	$250K 	280		280	
MSU		$ 70K	 	 70		70		

TOTAL		$320K       350		350 
