June 10, 2010

Regional Optical test bed 
in the Northern Gulf of Mexico

for validation of Tactical Ocean Display System(TODS)

The present testing, evaluation and validation of the Tactical Ocean Data System (TODS) in an operational setting is limited by unreliability of assets and restraints on participation. Furthermore, training and proficiency at glider operations requires repeated glider operations in concert with automated satellite and modeling data assimilation. This can be achieved only through a longer time period than is typical in a 2 week exercise.  

An ocean optical-physical test range is proposed for the Northern Gulf of Mexico to evaluate and validate the TODS as part of the delivery of a SPAWAR 6.4 funded project to NAVOCEANO.  The test range will operate over a twelvemonth 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 the observed water column inherent optical properties.    This test range 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.  
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We plan on using the Gulf of Mexico test bed for validation of TODS. However, if a Navy MCM exercise takes place with NAVOCEANO participation  with all desired assets for TODS validation,,  we will switch focus to  support the operational Navy exercise if given sufficient notification.     
 The Northern Gulf of Mexico test bed also serves as an ideal location where operation products can be used to support fleet activities at the Naval Surface Warfare Center at Panama City or Eglin AFB.   This test range for TODS will provide proactive products and capability to support emerging capabilities to dive personnel and MCM targets and ensure NAVOCEANO products are aligned with emerging technologies and commands. The output of the model 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 AQS24 testing in the Panama City area and for validation of TODS.  We are confident that this real time 12 month environmental test bed will strengthen support to NSWSC exercise testing.  
We propose a one year close working relationship between NAVOCEANO and NRL where periodic glider optical measurements can be conducted along the Gulf Coast where ships and deployments are convenient and can be performed in conjunction as a NRL/ NAVOCEANO team. The models will assimilate remote sensing data along with these periodic measurements in real-time and provide a real-time TODS system on a continual basis. These results will be examined jointly by a team of SMEs from NAVOCEANO and NRL ultimately leading towards the transition and validation of an operational system.  A 12 month real time operational test bed will provide the time required for initial validation the TODS forecast system.  

I. Validation of Tactical Ocean Data System (TODS).

Presently the TODS software includes 2 software products for validation:
 1)  The Optical foreCast  (OptCast ) (Arnone et al, 2010).
 2)  The 3d optical field called 3DOG ( 3D Optical Generator).  
  The OpCast and 3DOG software provides for the spatial and temporal generation/prediction of three dimensional optical volumes by incorporating sparse glider data with remote sensing imagery as inputs to a  hydrodynamic forecast model.  From the vertical profiles obtained by the unmanned underwater gliders, relationships between the physical properties of the water and the optical variables are derived.  The vertical profile of the optical properties is characterized by a Gaussian distribution with a peak at a given depth, zmax, below the surface of the water. 

The products generated by OptCast are the surface optical properties which are used in planning MCM diving for underwater laser performance. The products from 3DOG include beam attenuation and backscattering coefficients and chlorophyll.  Beam attenuation coefficients is the primary operational product  which is used to produce the underwater diver visibility and the performance surface for the AQS 24 underwater laser imaging system. 
 The TODS system operation and validation effort requires several data streams from:

 1) Insitu data: optical and physical property profile data from a glider or other source from which initial relationships can be established and physical model mixed layer depths evaluated..
 2) Circulation Model:  a hydrodynamic model running at sufficient resolution to represent the physical forcing for the area.. 
3) Imagery: Ocean color remote sensing products from several satellites.  
 Using these required  inputs, OptCast and 3DOG are used to produce navy products of Diver visibility and MCM laser imaging AQS24 performance surface. During an end-to-end evaluation we require data    from any AQS24 test/operation (i.e. system tow altitude and imagery) and diving operation (i.e. dive reports).  Validation of “these” specific products requires participation of the AQS 24. However, the Electro-optical Identification System (EOIDS)  performance model used to generate the system performance has passed OMAL and uses the environmental optical profile as the input.    Therefore, the prime objective here is to validate the 3d optical properties (beam attenuation coefficient) from TODS/3DOGand3DOG and the System performance from the EODES software.   
II. Plan of execution:  
The concept of operations and details will be worked out by collaborations  between NRL and NAVO with approval from CNMOC. However these are some of the details we have identified.   

A. Validation Procedures of Inherent Optical Properties : 

The validation effort will be designed to validate the ability of TODS system to characterize the optical environment . This will be performed  using methods listed below: 
1) Insitu Optical Comparison: Comparison and error statistics  of TODS 3DOG and Glider measured IOP products (both surface and Vertical profile).   Specifically, the beam attenuation coefficient which is measured by the BAM that NAVOCEANO and NRL  currently uses on the  slocum Gliders. . Second, the backscattering coefficient (bb 532, and bb443) collected by the ECO puck on the NAVO gliders.  And third,the Chlorophyll fluorescence on the ECO puck on the NAVO Gliders.   Some of the Glider optical properties collected will be used for generation of the coefficients used by the TODS/3DOG system and some of the data from glider optics will be used for validation.  Additional, insitu measurements of physical- bio-opical profiles will be collected from shipboard measurements using a BSP during deployment and recovery. These data will also be used for validation. 
2) Ocean bio-optical simulations:  3-Dimensional Bio-optical models of the NGOM which create a 4d bio-physical volume of density , scattering , total absorption, phytoplankton absorption  will be  to simulate glider optical profiles (These are called Observing System Simulation Experiment) . These OSSE’s provide a controlled complete coverage of the 3d optical field.  Selected areas on this field will be used to generate coefficients for TODS and we will determine the validation in other regions.  The OSSE is used to  validate TODS/3DOG capability to determine if glider data from one coastal region can be used in other regions with the test bed. 

3) Surface Optical Forecast: The TODS/OpCast forecast of (a)) beam attenuation coefficient, (b) backscattering coefficient and (c)) chlorophyll products will be validated by comparison of the 24 forecast with the next day satellite bio-optical product. We will determine the statistical error on the products based on the forecast error, RMS error, and the distribution of the errors. These procedures are documented in the VTR and Arnone et al, 2010.  These statistics of the forecast error will be reported daily in error maps and accumulated into monthly and annual error field. Theforecast errors will be compared with the optical persistence which will be computed based on difference in IOP from sequential satellite IOP products. 

Note: We are assuming the NCOM model outputs are operational and have been validated. Also we assume the AOPS satellite optical products are operational have been validated. 
B. Platforms of Opportunity:
The northern Gulf of Mexico does have several advantages as a test bed.  The most important is that it is accessible to NAVOCEANO and NRLSSC for deployment of gliders and provides ships of opportunity from which ground-truth measurements can be made.  There are frequent day cruises by the NAVOCEANO operating the R/V Bertram and NRLSSC operating R/V OColor into the northern Gulf of Mexico from which glider and in-situ measurements can be made.  In addition there are research vessels that operate out of (a) Panama City for NSWC, (b) Cocodrie (the Pelican for LUMCON), and (c)  the University of Southern Mississippi’s which offer opportunities for short focused cruises.  Each of these is an opportunity to deploy or recover unmanned gliders or collect bio-optical data from which to validate model predictions.  The northern Gulf of Mexico is also well studied from a remote sensing and hydrodynamic modeling point of view.  Since the prediction of the subsurface optical field is driven strongly by the accuracy of the remote sensing and the hydrodynamic models it is ideal to validate the TODS OpCast and 3DOG software in a region where uncertainties in these two key components can be well determined.  
C. Schedule and responsibility: 

1. Insitu Physical and Optical Data collection for the testbed :


Gliders: We are planning on using the SLOCUM gliders equipped with a minimum of the Beam attenuation Meter (BAM) and a CTD.  We plan on approximately a 1 week deployment per month with these Gliders to be shared between NRL and NAVOCEAN operations.  A coordinated effort of deployment, piloting and data flow will be arranged to enable training of these gliders and processing.  We are planning on using ships of opportunity (NRL, OColor, NAVO’s Bertrum ) or other ships operating in the area between the Mississippi Delta and Panama City.   The Glider data will be processed using LAGER by both NAVO and NRL and assembled in NAVO’s warehouse and NRL TODS assimilation system.  These glider data will be made available daily to the TODS system. Some of the data will be held back for follow on validation of the TODS products. 

NRL and NAVO will team to collect glider and some station profile data. This data will be processed by both NAVO and NRL through LAGER and made available for assimilation into TODS in near real time .


During the deployment and recovery of the gliders additional shipboard measurements will include a vertical profiles of the CTD, with and ac9 (Spectral Absorption, and Attenuation meter) or the beam transmissometer (Battle Space Profiler, BSP).  These instruments are owned and operated by NRL and NAVO. We have agreed upon the protocols for collection and processing of these data.  These data will be integrated into NAVO and NRL insitu data for validation. 

2. Circulation Models: 


NAVO RELO:  Operational  model of the northern Gulf of Mexico at NAVO (NP1)  will be used  as the primary model which is run at 3km spatial resolution with a forecast out to 48 hours. These data will be used by both NAVO and NRL to run the TODS. This model will be run daily and available for the 12 months.  NAVO will run the TODS display showing the nowcast of the NCOM model overlaid on the satellite optical products will be displayed   on the WATCHFLOOR.
3. Satellite Ocean Color Data and OptCast: 

NRL will collect and process using APS software the MODIS, MERIS and SeaWIFS imagery for the test bed in real-time and integrate this into the TODS’ OpCast and 3DOG systems. These include the generation of the bio-optical Seed (daily initialization) imagery.  These nowcast/forecast products will made available daily and compared with NAVO products for the 12 month period.  The error statistics of OptCast will be   generated daily by comparison with next day’s satellite imagery. The output of OptCast will be displayed on monitors at NRL’s real time display room. 

NAVOCEANO NP3 will collect and process using AOPS software the MODIS, MERIS and SeaWIFS data for the test bed in real-time and integrate this into the TODS’ OpCast system.  This includes the generation of the bio-optical Seed (daily initialization) imagery.   These nowcast/forecast products will made available daily and compared with NRL products for the 12 month period.  The error statistics of OptCast will be  generated daily by comparison with next day’s satellite imagery. The output of OpCast will be displayed on TODS display in NP3. 
4. 3D Optical Volume and Performance Field

   NRL will implement    glider data into the    3DOG optimization software   and “coefficients” will be generated in near-real time and placed in specified output directory.   These coefficients will be automatically be updated in the 3DOG  software and used to generate the daily optical volumes of beam attenuation, backscatter (532nm) and chlorophyll.  The coefficients will generate both as a “best” set and an ensemble set of coefficients and mean and spread of the ensembles of the 3d optical structure to show the subsurface variance over the entire test bed region. The optimization and 3DOG software will be run of the NRL computers on a daily bases 24 /7. 

These output  products will be made available to NAVOCEANO in HDF and jpg data formats . These data can be displayed on the TODS Display. 

The 3d beam attenuation coefficient volume will be used as inputs to the EOIDS software and used to determine the ASQ 24 performance field  And run on NRL computers.   These output products will be made available to NAVOCEANO in HDF and jpg data formats on a daily basis and they can be displayed on the TODS Display. 

 
Cross section of the 3d volume as agreed upon with NAVOCEANO  will be made available. 


The first six month these products will be generated at NRL and the second six months the data will be generated at NAVO. 

Some of the data from the gliders and the BSP/station/profile data will held back (i.e. not used in optimization to derive coefficients) and used for validation of the 3d optical field.  Monthly statistics of the errors of the 3d optical volume with these insitu data will be computed. 

III.  Transition Plan
A. TODS DISPLAY 
 The software has been delivered and installed at NP1, NP2 and NP3 and in running at these locations. Manuals have been delivered and a coordinated effort has been established to make this software operations. TODS display is presently operating on the WatchFloor and at NP3.
B. TODS OptCast 
 Software of the Optical forecast of surface satellite optics has been delivered and is being tested at NP3. A manual has been delivered with documentation. The validation has been completed and a VTR is in preparation and will be delivered to NAVOCEANO.   
C. TODS 3DOG Software 
NRL will obtain necessary information from NAVO needed for transition of the 3DOG software including optimization and 3D generation software.  NAVO will work closely with NRL to ensure any software system intended for transition meets both operation requirements for fleet support as well as IT requirements for successful integration into their computing environment.  Information on specifications of the system/platform that the software will be installed on will be obtained and software will be compiled and configured to run on their system.  NRL will supply information to NAVO SME’s on specifications of all the different software platforms used in the software package.  NRL will purchase and assist in the installation and configuration of the Solver API used for optimization of glider profile to obtain coefficients necessary to produce the 3D volume data.  NAVO will need to ensure that specific software packages (IDL, Perl, etc.) are approved through DADMS/MAAD and available.  If not, these will need a timely approval.  A Validation Test Report (VTR) using the test bed data sets and User’s guide will be supplied prior to transition. The transition will be made once all validation is completed.  
IV.  Summary:       Gulf of Mexico as a Bio-Optical Test Bed

The Gulf of Mexico offers many of the global oceanic environments that are needed to validate the optical forecast.   The validation of TODS requires a long time period where insitu data, satellite imagery and ocean model circulation can be evaluated and validated for a several month period . This is required to determine the stability and uncertainty of the products and deliver statistical confidence in the products.  Additionally, by establishing a yearly test bed , the transition of software and readiness of the products can ne performed as a joint NAVOCEANO and NRL coordinated efforts. 

Within the Gulf of Mexico there are many key features that make it relevant for testing optical forecasting.  There are (1) river plumes bulging from the Mississippi, Suwannee, and Atchafalaya rivers, (2) estuary plumes exiting Mobile Bay, Tampa Bay, Apalachicola, Galveston, and Saint Andrews bays, (3) loop current intrusions with large scale advection, (4) clear and turbid waters off the pan handle of Florida versus Mississippi Sound,  (5) surface biological layers in regions of Florida coastline, (6) subsurface layers off of west Florida shelf and northern Gulf of Mexico, and (7) strong nepheloid layers resuspended along Louisiana and Texas coasts.  Because so many optical conditions persist in the northern Gulf of Mexico, it has been identified as a key area in the validation of the TODS’ OpCast and 3DOG systems and is proposed to serve as a test bed for its validation.   
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Extra stuff . 
4) Comparison of the perfpormace field for the AQS 24 requires that the 3d optical be run though the EODES performance models and compared with the performance of the  laser system . We will produce the EODES performance field, but will require the laser system be operated I nthe environment . We anticipate that the panama City will have an exercise testing in the Gulf of mexico in the next 12 months and will try to coordinate with them  for the Validation.  

Validation fo the products will be performed: 

1)  The forecast optical comparison of Opcast  to the next day satellite optical properties . 

2) Comparison  of  3d optical to the vertical profiles of glider optical profiles . 

Roles/Responsibilities:

NAVOCEANO 

1. Participate in field activities, including collection of optical data used for data assimilation or validation.  These field activities include glider and shipboard systems, either belonging to NRL or NAVOCEANO.
2. Pilot NAVOCEANO gliders and quality control data used for TODS assimilation or validation.  This data will be made available to NRL .
3. Set-up and maintain a Northern Gulf of Mexico domain in the2D version of OPCAST at NAVOCEANO.
4. Coordinate with NOMWC, NSWC-PC, and HM squadrons regarding opportunities to conduct end-to-end testing in this test bed.  If approved, the TODS system test bed will be advertised to all pertinent fleet activities as the opportunity arises (IPTs, workshops, conferences, etc) 
5. Work closely with NRL to ensure any software system intended for transition meets both operation requirements for fleet support as well as IT requirements for successful integration into our computing environment.
NRL
1. Test and integrate optical glider operations into the TODS system in coordination with NRL glider team.  Allow coordinated efforts with NRL and NAVOCEANO for optical glider operations and data processing.
2. Use repeated deployments of Gliders/ ship profiles and mooring in the Northern Gulf for validation and evaluation of the TODS system.
3. Provide a demonstration, evaluation / validation of the OPCAST system. Developed statistical validation of the forecast /nowcast optical components on NAVO operations.  
4. Provide a long (5month) period of integration and automation of the gliders and satellite integration.  Demonstrate and validate the real time 3D optical surface and performance surface for laser systems and diving operations by long term integration of new data (satellite, gliders, insitu) into the TODS system over a 5 month period.  
5. Support a long term (months)  validation of the TODS performance and forecast  fields ( 3D optical fields, 2D optical fields).   
