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Capability provided:

This project provides naval operations with a predictive capability for the Tactical Ocean Data System (TODS) implemented at NAVOCEANO that allows effective use of overhead, model, and insitu assets for surveillance and reconnaissance. “TODS” provides a real time and forecast characterization of the 3D battlespace used to produce warfare performance surface for ocean optical and physical properties and visible target detection.  TODS is a fusion of satellite, model and observational products (gliders).  These products are coupled to Navy performance models to define the performance surface.   

a) TODS will produce the performance surface for MIW supporting the underwater laser imaging system (AQS-24) and airborne system (ALMDS). 

b) TODS will produce the swimmer performance surface for underwater diver visibility and diver vulnerability for the MIW and EXW missions.  

Through these combined assets a coastal and near shore performance surface will be provided for use in Tactical Decision Aids that support MIW and EXW operations. 

TODS will provide NAVO a capability to:

1) Provide a Nowcast/forecast of coastal ocean optical properties at (~250m) including water clarity, diver visibility, swimmer vulnerability and Lidar penetration depth (ALMDS).   

2) Provide a 3D optical operational environment to be used for supporting underwater operations: a performance surface of the laser imaging systems (EODES) and diver visibility and vulnerability. The swimmer performance surface provides the depth of visual detection.  
3) Provide the performance surface for deployment of active and passive EO bathymetry systems.

Warfighter requirement:

1) The 3d optical environment nowcast / forecast  is required for performance surfaces for MIW   for laser imaging systems (ALMDS, AQS24) and passive EO sensors (COBRA). Forecasting of the operational environment is required to support deployment of these navy assets.     

2) Diver underwater visibility and vulnerability are required for NSW, MIW, Expeditionary warfare, amphibious warfare, and salvage operations. Nowcasting and forecasting optical properties at higher spatial resolution 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.
3) 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. TODS will provide the environment; the performance model can be integrated. 

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 (optically and physically). 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


 The Tactical Ocean Display System will provide a real-time forecast of the ocean optical environment (~250m spatial resolution) for coastal areas including estuaries and harbors. The approach will exploit operational systems presently at NAVO by exploiting satellite ocean color and temperature processing capabilities of the Automated Optical Processing Systems (AOPS), and fuse with NCOM numerical models i.e. RELO and insitu glider physical and optical data from the NAVO GOC.  These data will be fused in near real time to produce the nowcast and used to provide the 24 and 48 hourly forecast. TODS output will be coupled with performance models (EODES and Diver visibility and vulnerability models) to produce the performance surface.  NRL is developing these systems with NAVO and can construct fusion for transition to NAVO. 


NRL will demonstrate and validate the performance surface using the Navy exercise (Vulcanex, Panama City March 2010).  The transition to NAVO development will include close interaction with NAVOCEANO operations in the Gliders group (NP3), satellite group (NP3) and the modeling group (NP1) and provide joint products and interaction to the reach back cells at NAVOCEANO. 

 
 There are 4 components of Tactical Ocean Data System (TODS).  This system provides several transitions to NAVOCEANO and new capabilities in 2D/3D optical forecasting and optical and performance field uncertainty determination. 

Tasks. (U) Tactical Ocean Data System (TODS).  

TODS has 4 components:  1) Display (delivered) 2) Advection software (OpCast - delivered) and BioCast (FY12), 3) Optimization software and 3D optical generation software (3DOG) and 4) performance surface software.   


 Component 1 - Display - Completed and delivered to NP1 and NP3. 

 Component 2 - Advection - In FY12, the current 2D optical forecast (OpCast) will be upgraded to a 3D advection scheme (BioCast).  Improvements to the model boundary and the initialization “seed” image have been made based on results from the OpTest.   BioCast uses a 3D mass conservative and first order upwind differencing approach. BioCast provides for running advection of both the 2d (homogenous water column) and the 3d non-homogeneous vertical profile.  This has been tested and validated in FY 11 and will be transitioned with a VTR using the March 2011 Vulcanex experiment. BioCast VTR will be delivered in FY12.

 Component 3 - Optimization software and 3d optical generation (3DOG) - The software to optimize the physical-optical coupling using the satellites and glider physical and optical data is used to determine the covariance of the optical and physical processes.  These real-time glider optimization coefficients are used assimilation of ocean color satellite products and physical numerical models in the software called 3D Optical Generator – 3DOG.  The testing and demonstration of 3DOG are performed in FY11/12.     

A VTR of 3DOG will also be done in FY13 using the March 2011 Vulcanex and future exercises based on participation.  The transition and VTR will include the performance surface described in Component 4a.   


Component 4 –– Performance Surface - The final component integrates the environment 3D optical volume and Nowcast/forecast surface to determine specific performance surfaces.  

a) The EODES performance model has been coupled with the 3D Optical Volume in FY11 and will be transitioned in FY13.  This will provide the performance surfaces for the underwater laser imaging system (AQS-24).   

b) The ALMDS performance surface has been tested in FY 11 and will be transitioned in FY12. 

c) The swimmer visibility and the vulnerability performance surface has been tested and demonstrated in FY11 and will be transitioned in FY12. 

 d)  A performance surface for the laser bathymetry systems (NAVOCEANO SHOALS) was tested in FY11 and will be transited in FY 12.   

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. 

 (U)  The planned capability will exploit and advance the present satellite processing software at NAVOCEANO (the Automated Optical Processing System (AOPS) 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, NPP Proxy, GOCI?). 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 planned 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 2D 24 hour surface forecast of the optical properties. This software module is called OpCast.  The successor to OpCast will be a 3D optical forecast module called BioCast.  Under this project this capability will transition and run in real time in NP3 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.  

(U)     In the very shallow water and coastal mission these subsurface optical properties are important as they define the “vulnerability’ of divers and 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 (ALMDS,AQS-24,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 2012 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.  

 (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).     

(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 latest 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 has been evaluated. 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 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 and NP3 (Ken Grembowicz, Ken Matulewski, D. Krynen, P. Flynn). 

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 JPSS program with new sensors will have new capability for data assimilation and new products for the war fighter. Additionally, the Tactical Ocean Data System (TODS) 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 with a new capability for sensors (Gliders) that will characterize both the physical and optical environment. 
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 and MIW 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.
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Chart showing the alignment of the TODS components with Battle Space on Demand.  
	MANPOWER AND COST ESTIMATES ($K)
	FY11   (prior Year)
	FY12 (current Year)
	FY13

	A. CIVILIAN-PROFESSIONAL
	0.6
	0.7
	0.7

	B. CIVILIAN-TOTAL
	0.6
	0.7
	0.7

	LABOR AND OVERHEAD
	
	
	

	C1. CIVILIAN LABOR & OVERHEAD ($K)
	147
	155
	155

	C2. TOTAL LABOR & OVERHEAD ($K)
	147
	155
	155

	D1. MATERIALS AND EQUIPMENT ($K)
	0
	0
	0

	D2 TRAVEL AND PER DIEM ($K)
	10
	10
	10

	D3. OTHER (COMPUTERS & TRANSFERS) ($K)
	30
	25
	25

	E. CONTRACTS
	113
	60
	60

	F. TOTAL PLANNING ESTIMATE ($K)
	300
	250
	250

	
	
	
	


Chart showing funding break down for current and out years
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Project Schedule with Major Deliverables

Red hyperlink indicates delays and green indicates on or ahead of schedule (as compared to FY10/FY11 DD1498)
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Chart showing transition plans for out years
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A component of the TODS software package OpCast 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 and upgraded to new 3D advection scheme using upwind differencing called BioCast.  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.  
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Another component of this software 3DOG is defining a 3D Ocean Optical nowcast and forecast 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 FY13.  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.
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 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 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).
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February-April 2011

An extended validation comparison has been performed, covering the seven month time period beginning June, 2010, and continuing through December, 2010. For this comparison, the backscatter (bb) coefficient measured by the MODerate resolution Imaging Spectrometer (MODIS), was forecast using OpCast. Modeled physical ocean currents were used from NCOM RELO AMSEAS. For each day in the time period, a comparison was made with the coincident forecast produced from the previous day’s MODIS product. Performance statistics were produced 1) for each daily comparison, 2) for the entire time period, and 3) as a metric of location which produces a 2-dimensional “map” of performance.

Additionally, the persistence comparison that was previously performed, and included in the OpCast VTR, was extended and modified at the request of James Rigney, NAVO NP3. A comparison was performed for the same seven month June-December, 2010, time frame described above, but using the 7-day latest pixel composite (7daylp). The 7daylp is NAVO’s current operational remote sensing product. For each day during the time period, a comparison was made with the previous day’s 7daylp product. Error statistics were calculated to provide a baseline for the performance of this persistence product, and for comparison with the OpCast performance.

The overrall RMS error for the OpCast and 7daylp were similar in magnitude, 0.0199 and 0.0132 respectively.

The overall results are summarized in the table below:

	
	RMS
	r2
	Slope
	y-Intercept
	Count

	OpCast
	0.0199
	0.5280
	0.8627
	0.0047
	8266558

	7daylp
	0.0132
	0.7090
	0.8385
	0.0018
	7354768
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A binned comparison was also performed. Since the range of measured backscatter is not evenly distributed, the offshore waters with very low backscatter may skew the results of the error calculations. To remove the effects of this weighting, bins were created of width 0.005, and the measured backscatter elements that fell within the range of a particular bin were averaged. The forecast or 7daylp element coincident with the measured backscatter elements were averaged and placed into a symetrical bin. The error statistics were calculated on this binned data set as above.
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The binned results are summarized in the table below:

	
	RMS
	MAPE
	R2
	Slope
	y-Intercept

	OpCast
	0.0886
	63%
	0.8591
	0.3067
	0.0463

	7daylp
	0.0936
	65%
	0.7833
	0.2929
	0.0438


The OpCast and 7daylp products have an error that is similar in magnitude. This result is similar to the result of the one-day persistence comparison. The dominant shortcoming of the 7daylp product continues to be its dependence on cloud-free unobscurred remote sensing measurements, while the dominant strength of the forecast product is its ability to produce an optical forecast estimate for every grid point in the image regardless of cloud cover.

The seven month comparison was expanded to include a comparison of the 48th timestep forecast hour. This will help to understand how well the forecasts produced by OpCast will perform for a two-day forecast. A similar statistical analysis as that performed for the 24 hour data set was produced for the 48 hour data set.
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Figure shows OpCast forecast errors for the 24 and 48 hour forecasts over a 7 month period in the North Central Gulf of Mexico (Mississippi Bight).  Results show that the average 24 hour forecast error of at least 18% was obtained for 75% of the data (Current version 2.0 of OpCast / NAVO) compared to 35% using v1.0, 75% for persistence and 65% for 48 hour forecast (Current Version 2.0).  Also, 95% of the data had average forecast error of at least 33% for v2.0, 75% for v1.0, 99% for persistence and 90% for 48 hour forecast.
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Figure shows OpCast forecast mean errors for the 24 hour forecasts over the 7 month period in the North Central Gulf of Mexico (Mississippi Bight) for each backscattering bin (x-axis).  Results show that errors (>50%) are higher for smallest (<0.05 m-1) and largest (>0.235 m-1) values of backscattering due to higher backscattering being advected into areas with smaller values and vice versa. This mainly occurs around river and estuary mouths. The smaller errors (0-50%) occur for bb values ranging from 0.05 to 0.235 m-1.



	
	RMS
	r2
	Slope
	y-Intercept
	Count

	OpCast 48-hr
	0.0234
	0.4130
	0.7928
	0.0068
	8263588


Statistics for OpCast validation will be introduced into VTR which will be delivered to NAVO soon. (In Preparation)

The optimization spreadsheet (Excel) has been modified so that diffuse attenuation and the euphotic depth can be derived directly from beam attenuation measured by a glider. This allows all of the required products to be derived exclusively from glider measured products, removing a dependency on satellite imagery. Many glider profile measurements have not been able to be used in the past when the coincident satellite imagery was cloudy.
Prepared for and presented FY10 completed work and future plans at SPAWAR reviews.

We evaluated using a 3D Bio-Optical-Physical model GOMMS (Gulf of Mexico Modeling System) to test and evaluate the components of TODS (OSSE’s).  The cost of doing this is evaluation during NAVY exercises is quite expensive and the uncertainties and predictive skill is not easily quantified or accurately measured.  The motivation to perform this initial evaluation was that:

1) TODS and GOMMS were both running the Northern Gulf of Mexico

2) The ability to test and evaluate empirical forecasting systems spatially and temporally
3) Observational data are fraught with many limitations affecting validation of the sytem

4) Model data can provide daily synthetic in-situ (glider) and satellite observations to be used as input

5) Controlled evaluation of the system’s predictive skill

6) Perturbations introduced to mimic the nature of observational data
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Figure shows an evaluation of forecasting chlorophyll concentrations using OpCast for December 08, 2010.  The OpCast initialization field is the nowcast model surface (top/bottom left). Results show that by using the model nowcast surface chlorophyll and surface currents the accuracy in the next day’s forecast produced correlation coefficient (r) value of 0.93 as compared to the next day’s image / model surface (persistence) r value of 0.90.
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Figure shows an evaluation of predicting the subsurface chlorophyll volume using 3DOG for December 08, 2010.  Simulated glider profiles from the GOMMS model vertical slice (top right) was extracted from the model along the track (top left) and coefficients for 3D model representing the relationship between the physics and bio-optics were derived thru optimization. The resulting 3D Volume chlorophyll slice produced by 3DOG (bottom right) compares very well to the glider interpolated field (bottom left).
We plan to do more testing and evaluation of the TODS components/system using the GOMMS model in the future.

We ran forecast comparisons between OpCast v2.0 and a premature version of BioCast for a clear 2-day sequence of images from MODIS-Aqua collected on January 25, 2010 and January 26, 2010. 
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Figure shows a comparison between OpCast v2.0 and a premature version of BioCast 24 hour chlorophyll forecasts for MODIS Aqua for January 25, 2010. Initial results are promising in that BioCast (3D Advection Scheme explained above) performed better than the current NAVO operational version (2.0) of OpCast.  The bar plot (right side) shows the Total Absolute Difference between the 24 hour forecast and the next day’s chlorophyll image over the entire region shown above. 

Modified the EODES software that is used to predict the AQS-24 Laser Line Scan system performance surfaces to be able to read in a 3D volume of beam attenuation to use for predictions.  Before the backscattering volume was used. This change was made due to the NAVY (NAVO) removing the backscattering sensors from the gliders and replacing with the BBAM beam attenuation sensors.  Now the beam attenuation profiles from the glider will be used to tune/optimize the coefficients used in the 3D volume software (3DOG) to generate the 3D volumes of the beam attenuation.
NRL planned and participated in the VULCANEX exercise in Panama City, Florida between March 30, 2011 and April 08, 2011. NRL coordinated our exercise participation/support with multiple groups: Naval Surface Warfare Center (NSWC), AMCM Weapon Systems Training School (AWSTS), AMCM Tactics Development, Naval Support Activity (NSA), HM-14 Squadron, United States Coast Guard (USCG-Panama City) and NOMWC.  NRL set up the TODS system operationally/automated. NRL deployed a Slocum glider to collect profiles of backscattering, beam attenuation, temperature, salinity, chlorophyll and CDOM used for optimizing/tuning coefficients in 3DOG that are used in deriving the subsurface / 3D optical volume used in deriving the system performance predictions.  NRL setup the LAGER (Glider Physics and Optics post processing package) to process the glider profiles collected during exercise.  NRL provided daily support briefs to Chief Joel Reyes-Rivera (NOMWC).  NRL will use the majority of the profiles collected to validate the 3DOG component of TODS. The components used/exploited during the exercise were OpCast and 3DOG with integrated system performance software (EODES).  We supported the exercise with the following products / predictions in support of MCM towed laser operations (AQS-24) and diver operations:

1) Nowcast and forecast of the surface optical conditions (beam attenuation & diver visibility) out to 48 hours.
2) Nowcast and forecast of the subsurface/vertical optical conditions (beam attenuation & diver visibility) out to 48 hours
3) Nowcast and forecast system performance surfaces (Go/No-Go and Optimal system tow altitude off the bottom for target ID out to 48 hours.

4) Surface and Subsurface nowcast and forecast currents from RELO-NCOM AMSEAS model obtained from NAVO out to 48 hours.

5) Time series of nowcast and forecast surface beam attenuation and diver visibility, predicted tow heights and surface current velocity and direction out to 48 hours.

Planned Accomplishments:

1) Optical environmental impact on MCM towed system and diver operations.
2) End-to-End testing/validation/improvement of the TODS sytem components (OpCast, 3DOG using optical glider profiles, towed laser system performance surfaces using image snippets from the laser imaging system (AQS-24)

3) Transitioning an easier-to-use TODS system.
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Figure showing what data was requested for NRL participation during VULCANEX 2011 exercise near Panama City, FL.
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Figure shows the schedule of events for the VULCANEX 2011 exercise. Note that we participated in the following: Planning Meeting 1/25/11, Glider Deployment 3/21/11, Presented a support brief at the pre-sail briefing 3/28/11, Exercise started on 3/30/11, Sent forward daily support briefs during entire exercise, Exercise ended on 4/8/11, Glider Recovered 4/12/11.
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Figure showing HM Squadron objective during the VULCANEX 2011 exercise – HARP Assessment:  Exercise objectives (Top). Exercise Scenario given to HM-Squadron leaders (Middle Left), Plan of attack prepared by HM Squadron (Middle Right), and Assessment on how well the HM Squadron performed (Bottom).
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Figure showing VULCANEX 2011 exercise operational area.
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Figure showing how products from Glider profiles and TODS components are fused to achieve/derive the final product – AQS-24 laser system performance surface.
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Figure showing an example of the AQS-24 laser system performance surfaces used to support the VULCANEX 2011 exercise. These performance surfaces are derived from the 3D optical volume generated by fusing glider optical profiles, satellite surface optics and numerical models (physics-Mixed layer depth and its intensity). Target ID (Go/No-Go) performance surface (Top Right). Optimal sensor tow altitude in meters (Bottom Right).
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Figure showing images of USCG assisting with glider recovery on 4/12/11. Their participation was key in saving funds due to not having to rent boat.  They were very appreciative of having the opportunity to go out and recover the glider. The benefit to them was that they were able to execute their Search And Recovery training (SAR).  They were able to apply their SAR person overboard and First Aide training during the recovery.
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Figure showing the NRL VULCANEX 2011 Glider Operations.  Special thanks goes out to Beth Branham of NSWC and the USCG for assistance with the deployment and recovery of the glider at no extra cost to project.  During the 23 days the glider was operational, it covered 384 kilometers and collected 5,868 profiles. The glider track (red) overlaid on the true color MODIS Aqua image collected on 4/11/2011 shows the locations were the glider data was collected in reference to the Op-Area and AQS-24 flight lines.
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Figure showing the glider cross sections for entire deployment: Backscattering at 470nm (Top Left) and Beam Attenuation at 532nm (Top Right). Note that values at the surface (Top of Cross Section Plots) from the glider compare very well to the observed satellite surface values (Blue ovals in lower left corner of cross section plots).  Also note that bio-fouling of the sensors occurred due to barnacles and webbed algae around 4/7/11.
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Figure showing the glider cross sections for entire deployment: Chlorophyll (Top Left) and Salinity and Temperature (Top Right). Note that values at the surface (Top of Cross Section Plots) from the glider compare very well to the observed satellite surface values (Blue ovals in lower left corner of cross section plots).  Also note that these sensors did not have bio-fouling issues even though barnacle and webbed algae existed.

The following slides were pulled from the daily brief on 4/7/11:
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Figure showing the location of the glider on 4/7/11 (CW) and were it is projected to be the next 3 days.  This was important to fleet (HM Squadron) operations and feedback was received on where they were planning on towing the laser in the future. Future glider waypoints were established based the feedback on operations from the fleet.
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Figure showing the nowcast surface and subsurface optical (beam attenuation) and visibility and performance surfaces.
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Figure showing the 24 hour forecast surface and subsurface optical (beam attenuation) and visibility and performance surfaces.
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Figure showing the 48 hour forecast surface and subsurface optical (beam attenuation) and visibility and performance surfaces.
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Figure showing the nowcast, 24 hour forecast 48 hour forecast surface and subsurface modeled depth averaged current velocities.  The vertical slice location is represented in images above the slices.
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Figure showing the 48 hour forecast tidal ranges and surface horizontal diver visibility (satellite), optimal tow altitude for AQS-24 deployment and modeled depth average currents (knots) at the location on the image in the top right corner of slide.
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Figure showing the summary of entire daily brief. Note that since the surface optical properties are used to get to final derived performance surfaces, it is noted at the bottom of the slide on what days we had useful information from the satellite.  If the closest “good” satellite image was collected within 24 hours of the daily brief the bullet numbers and note at bottom of the slide was green, within 48 hours yellow and older than 2 days red.  This made the fleet aware of the uncertainty of the briefed performance predictions.
The ability to use a optical forecast (produced by OpCast) as the base image for deriving a 3D optical volume (forecast) has been implemented/integrated into TODS’ 3DOG component. This capability was demonstrated during Vulcanex 2011. Examples of a forecast 3D surface and vertical slice follow:
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Surface slice of 3D beam attenuation volume, 48-hour forecast for April 7, 2011, with overlay of exercise area.
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East-West Vertical slice from center point of Figure 4 depicting beam attenuation down to 150 meters.

































Binned backscatter using bins of size 0.005. The plots get noisy in the upper right hand side since this is near the maximum range of the backscatter product and there were few measurements with this high value. 





Map of Mean Absolute Percent Error (MAPE) for OpCast (above) and 7daylp (below).





Map of Mean Absolute Percent Error (MAPE), 48-hour forecast backscatter, June 2010 - December 2010
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Project Schedule with Major Deliverables

Red hyperlink indicates delays and green indicates on or ahead of schedule (as compared to FY10/FY11 DD1498)

Milestones indicate VTR panel-accepted and OPTEST

																																		

				FY10								FY11								FY12								FY13						

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

		Task #1 Forecast Optical  Properties (OpCast-2D /BioCast-3D/3DOG Test)		S				 C		V		O										V		O										

		Task #2 3D Optical Nowcast (3DOG)  & Display		S				V 		O						D														V		O		

		Task #3 Glider Optics (LAGER)		V						V/O																								

		Task #4 NGOM Test Bed								S						D		C																

		Task #5 Exercises						D								D																		

		Task #6 Performance Surfaces (AQS-24 w/ EODES, ALMDS, DV&DVUL, BATHY)										S				D								C						CAQS				

		Task #7 High Resolution Littoral Forecast Demonstration w/ OpCast (~100m)										S		C																				



Indicate changes from FY10/FY11 1498 by highlighting original planned time in red
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 Deployed by NRL & NSWC 

on 3/21/11

 Operated by Andrew Quaid (NRL) for 23 days 

 Covered over 384 km

 Collected over 5,868 Profiles

 Aborted mission at 3 AM on April 12, 2011 

( Snagged on Bottom & Released Emergency Ballast Weights)

 Planned pick-up by NRL (Quaid & Ladner) and USCG on April 12, 2011.
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