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The National Polar-orbiting Operational Environmental Satellite System (NPOESS) represents this country’s next generation of polar-orbiting environmental satellite.  It will replace today’s satellites from the Defense Meteorological Satellite Program  and the Polar-orbiting Operational Environmental Satellite program .   NPOESS is being designed with the capability to measure 55 atmosphere, land, ocean, and space environmental parameters with unprecedented accuracy, resolution, and latency reduction.  In order to ensure the warfighter is able to benefit from these revolutionary improvements in measurement capabilities, the Army Research Laboratory with support from other organizations is currently or will soon be involved in several research and development projects that will optimize the use of the NPOESS data on the battlefield.  These projects involve improved tactical communications - direct broadcast field terminals, utility studies quantifying the value of data to the warfighter, data assimilation for nowcasting applications, data mining techniques for large heterogeneous data bases, and exploring other remote sensing technologies to augment NPOESS.  This paper describes these projects and how they are helping to prepare the Army to realize the maximum potential from the NPOESS.

1. INTRODUCTION


The Army is undergoing a transformation to a lighter, faster, and more modular force structure, referred to as the Objective Force.  This force structure is tailored for network-centric warfare and is highly dependent on having timely and accurate intelligence information that includes weather and other environmental information.  Army research and development organizations such as the Army Research Laboratory (ARL) are working on the design and development of the new systems (vehicles, munitions, communications, information, etc) that are needed to meet the new operational requirements of the Objective Force.   As part of its weather-related R&D, ARL is developing capabilities that will optimize the value of the National Polar-orbiting Operational Environmental Satellite System (NPOESS) to the warfighter.  This paper describes the NPOESS and some of the initiatives ARL has undertaken to help the Army utilize the NPOESS data.   

2. NPOESS ERA  


NPOESS represents this country’s next generation of polar-orbiting environmental satellite and will replace the last of the satellites from the Defense Meteorological Satellite Program (DMSP) and Polar-orbiting Operational Environmental Satellite (POES) program.   The NPOESS era begins with the launch of its first satellite in 2009.  Its total fleet of six satellites is expected to extend the NPOESS era to at least 2019.


Under the current operational concept, the NPOESS constellation of satellites will fly at an altitude of 833 km in three sun-synchronous orbital planes (1330, 1730, 2130 ascending equatorial nodal crossing).    The orbit manifest for the NPOESS sensor payloads is shown in Table 1.  Not all of the sensors are required in each of the orbits due to factors such as required refresh rate, orbital characteristics (e.g. terminator orbit is not conducive to certain measurements), and sensor field of view on the spacecraft.  

     Table 1.  NPOESS Payload Configuration

	Sensor
	1330
	1730
	2130

	Visible/Infrared Imager Radiometer Suite (VIIRS)
	X
	X
	X

	Cross-track Infrared Sounder (CrIS)
	X
	X
	

	Advanced Technology Microwave Sounder (ATMS)
	X
	X
	

	Conical-scanning Microwave Imager Sounder (CMIS)
	X
	X
	X

	Ozone Mapping and Profiler Suite (OMPS)
	X
	
	

	Global Positioning System Occultation Sensor (GPSOS)
	X
	
	

	Space Environment Sensor Suite (SESS)
	X
	
	

	Aerosol Polarimetry Sensor (APS)
	
	
	X

	Earth Radiation Budget Sensor
	X
	
	

	Radar Altimeter (ALT)
	
	X
	

	Total Solar Irradiance Sensor (TSIS)
	
	X
	


NPOESS measurements will be used to generate 55 Environmental Data Records (EDRs) (Fig. 1) describing the atmospheric, terrestrial, oceanic, and solar-geophysical environmental domains.  
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   Figure 1.  NPOESS Environmental Data Records (EDRs

NPOESS’ advanced sensor technology along with its greatly improved data processing capability will generate EDRs with unprecedented accuracy, resolution, and reduction in latency.

Processing of the NPOESS global stored mission data (SMD) will be performed at four data Centrals:  National Environmental Satellite, Data, and Information Service (NESDIS) and National Center of Environmental Prediction (NCEP); the Air Force Weather Agency (AFWA); Fleet Numerical Meteorology and Oceanography Center (FNMOC); and the Naval Oceanographic Office (NAVOCEANO).   The Global SMD will be downlinked to 15 globally distributed ground stations via Ka-band frequencies (25500 – 27000 MHz) that will be tied to the Centrals by fiber-optic networks.   The strategically placed ground stations will help to ensure that 95% of the data (daily average) will be delivered to the Centrals within 26 minutes of the on-orbit observation [1].


NPOESS will also have direct broadcast services that offer two continuous real-time data streams for use by high rate data (HRD) and low rate data (LRD) ground terminals.  The specifications for these terminals are given in Table 2.   The HRD data will be broadcast at two X-band frequencies centered at 7812 and 7830 MHz (the frequency is selectable by the user) and provide a complete set of EDRs with the

Table 2.  NPOESS Field Terminal Link Parameters

	Parameter
	LRD
	HRD

	Carrier Frequency
	1706.5  MHz
	7812 MHz or 7830 MHz

	Max Occupied Bandwidth
	8.0 MHz
	30.8 MHz

	Channel Data Rate
	7.765 Mbps
	40 Mbps

	Ground Aperture Size
	1.0 meter
	<=2.0 meters

	Minimum Elevation Angle
	5.0 degrees
	5.0 degrees


exception of the Earth Radiation EDRs.  The LRD data will provide 28 EDRs and be broadcast at an L-band frequency centered at 1706.5 Mhz.   

3. UTILITY STUDIES


ARL preparation for NPOESS commenced in 2001 with the initiation of three studies [2,3,4] that evaluated the potential for NPOESS data to improve the information content in weather-related tactical decision aids.  The studies compared NPOESS and DMSP capabilities and analyzed whether the higher resolution and accuracy of the NPOESS EDRs could contribute to better decision making.  More specifically, the studies examined how the performances of the Target Acquisition Weapons Software (TAWS), and the Integrated Weather Effects Decision Aid (IWEDA) were impacted by the difference in resolution of the EDRs from NPOESS and DMSP.  One study, which was conducted in cooperation with the U,S. Army Engineer, Research and Development Center,  also performed a series of combat simulations to determine the impact of having higher resolution soil moisture data available for mobility and trafficability modeling.  All there studies noted significant improvements in decision making capabilities when using data that have the NPOESS quality attributes. 


As an example the value of having higher resolution soil moisture data is evidenced in Figure 2, which shows the relative change in fuel efficiency of a M1 tank operating under four different soil strength conditions.   Soil moisture 
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    Figure 2.  Relative Changes in Fuel Efficiency      

    for a M1 Tank

is a major factor in determining soil strength and can cause soil strength conditions over a region to be highly variable due to commonly observed gradients in accumulated precipitation.  Consequently battlefield planners who have current soil moisture information with the proper spatial resolution over their area of interest can better prepare for logistic support and perhaps recommend different avenues of approach to achieve better fuel efficiency.   Although soil type is also a contributing factor to soil strength, it is not dynamic and does not require frequent observation.  


Another benefit of these studies was to demonstrate the value of trying to achieve the objective level specification for some of the NPOESS EDRSs as stated in the NPOESS Integrated Operational Requirements Document II [6].  For example if the soil moisture sensing depth can be increased from 0.1 cm to 30 cm, the confidence in the output from the mobility models run by the Army Engineers can be greatly enhanced.  

4. DIRECT BROADCAST FIELD TERMINALS

ARL has a high interest in the NPOESS LRD direct broadcast service.  This interest is the result of the Army’s frequent need to operate in remote areas where communication lines may not be available or where bandwidth is not sufficient to deliver the satellite data from the data Central such as AFWA or a HRD terminal site located at a higher echelon.   The Army requires not only the EDRs but also the intermediate data products referred to as sensor data records (SDRs) that can more readily be integrated with other data at the tactical location.  


 ARL at its White Sands Missile Range, NM facility maintains six satellite receivers for ingesting and processing data from several geostationary and polar –orbiting environmental satellites.  This resource is used to evaluate the overall performance of ground receivers, their ability to function in a tactical environment, and their compatibility with the Army’s Integrated Meteorological System (IMETS).   As a result this facility is well suited to evaluate promising new antenna technology like the Horn Antenna under development at Aerospace [7] for use with DMSP and other satellites.   

The information obtained from these current evaluations will be useful in evaluating the specifications for the NPOESS LRD field terminal and eventually the evaluating prototype LRD field terminals.  

5.  PRODUCTS FOR TACTICAL APPLICATION

 
Recently ARL developed capabilities making albedo; land surface temperature; Normalized Difference Vegetative Index (NDVI); cloud cover; and calibrated, navigated, and projected products available on the IMETS testbed.   These products were developed for use with the current POES and DMSP series of satellites.  These products can be generated in near realtime using data ingested via the satellite receiving stations at White Sands Missile Range.  There are plans to expand the product list and to include data from the Moderate Resolution Imaging Spectroradiomter (MODIS), which can serve as a good surrogate for the NPOESS VIIRS data.   This work is progressing through a partnership with New Mexico State University.   

ARL is also utilizing its affiliation with the DOD Center for Geosciences and Atmospheric Research (CG/AR) at Colorado State University to develop and transition technology to Army battlefield applications.   For example 4-D data assimilation techniques being developed at CG/AR are thought to be adaptable for deriving depth profiles of soil moisture.  ARL is interested in determining if these assimilation techniques can be used with the NPOESS CMIS data to obtain the soil moisture information needed for mobility models.

6.  DATA ASSIMILATION FOR NOWCASTING

 
ARL researchers are now developing a system capable of generating a high-resolution nowcast (1-3 hr) for a brigade size (150 km x 150 km) area.  This program is exploring 4-D data assimilation and 3-D variation analysis techniques using the MM5 Numerical Weather Prediction model.  Meteorological data from a variety of sources such as satellite, unmanned aerial vehicles, and local surface observations will be ingested and processed to produce the accurate nowcasts that can provide the Army with additional tactical advantage.   The assimilation system is being designed to accommodate data from satellites including NPOESS.  The NPOESS data will be especially valuable because its data will generally have a higher resolution than data available from other satellites.     

7.  DATA MINING AND FUSION


Data mining and fusion are important technologies for the success of the Army’s network -centric warfare plans.  To ensure success, ARL is researching and developing new data mining and fusion tools that are capable of searching distributed and voluminous databases that may contain very heterogeneous data.   These tools can identify, access, assemble, and analyze relevant data and capable of trend analysis, association discovery, etc.  They are also very useful for developing indices for prediction.  These tools are being applied to both global and regional weather databases and have, for example, identified predictive indices from the analysis of global databases for sea surface temperature and pressure.  

They were discussed at the recent workshop on Satellite Data Applications and Information Extraction hosted by the Cooperative Institute for Meteorological Satellite Studies at the University of Wisconsin.   At the workshop we established tentative plans to use the data mining tools to search satellite and terrain databases for the purpose of developing a predictive index/model that the can assist the forecasters at the local National Weather Service Office.  This work will occur over the next year and be limited to one topical area such as fog or snow accumulation forecasting. 

8. REMOTE SENSING TECHNOLOGY

 
ARL is developing Doppler small (about 1 liter) and light weight (< 30 lbs) lidar technology for mounting on an unmanned aerial vehicle.  This lidar is expected to be configurable for multiple tasks such as providing high-resolution measurement of the wind, identification of aerosols, measurement of aerosol concentrations, profiling of terrain, etc.   This type of information is especially critical for military operations in areas of complex terrain and urban development.  The Army is looking at ways of using this technology to enhance the NPOESS data, which presently does not include measurement of the troposphere winds.   

9. CONCLUSION

  
   The Army is preparing for the future and is transforming to its Objective Force whose lethality, survivability, and sustainability will be derived more from information and less from metal.  Environmental information is an important component of the Army information database, which is replacing the metal.    Accordingly ARL considers global environmental systems like NPOESS as major Army assets whose capabilities need to be fully exploited to give our soldiers every advantage.    To achieve the maximum benefit from the NPOESS data, the ARL with assistance from other organizations, are developing and improving technologies in areas such as data assimilation, data mining and fusion, and tactical decision aids.  This coordinated research effort will help the Army realize its goals now envisioned for the Objective Force.   
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