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NOAA-NASA GOES-R and GMU CSISS Responses to the GEOSS AIP-3 CFP
1 Overview

The CFP calls for collaboratively deploying "Societal Benefit Areas (SBA) scenarios”, developing “component and services” “based on Interoperability Arrangements”, and refining “the architecture”. The development process will be evolutionary based on previous phases of AIP with emphases on enhancing capacity for SBA scenarios, refining architecture, and increasing data availability. Developed SBA scenarios for this phase of AIP are further expanded to include disasters, health, energy, ecosystems, biodiversity, climate, and water, out of the nine SBAs of GEOSS. Three types of participation roles are called for. They are (1) participant in the collaborative development of SBA scenarios, (2) service providers for SBAs, and (3) contributor for the refinement of architecture and interoperability.
These objectives of AIP-3 are in alignment with those of the Center for Spatial Information Science and Systems(CSISS) of George Mason University (GMU). CSISS has been actively involved in developing interoperability standards and prototypical software, especially those in compliance with OGC specifications and ISO/TC211 standards. CSISS has accumulated tremendous experiences in developing standards and technology for the interoperability of geographic information. The center has been extremely active either as the leader or as experts of standard development projects in FGDC, NCITS/L1, OGC, CEOS, and ISO TC 211. Experiences have been gained in all previous OGC Web Service initiatives as an OGC-funded participant of OGC WMT I, WMT II, OWS 1.1, OWS 1.2, OWS 2, OWS 3, OWS 4, OWS 5, and OWS 6. CSISS has also been actively participated in the previous two phases of AIP and contributed several components, such as developing and hosting GEOSS Registry and providing persistent GOES-R data service,  standard-compliant geospatial Web services, and workflow engine. The center will contribute to the GEOSS AIP-3 in all levels by being a scenario participant, a service provider, and an architecture contributor.
In AIP-3, CSISS, in collaboration with NOAA GOES-R Ground Segment, proposes to (1) participate in the SBA scenario development, mainly water - drought, water – extreme precipitation, biodiversity and climate - arctic, and agriculture, with infusing NOAA GOES and other data and products into those SBAs; (2) provide GOES data services, geospatial processing Web services, and workflow engine for SBA scenarios, and (3) contribute to the refinement of architecture and interoperability, especially those related to semantic integration of geospatial Web services and refinement of GEOSS registry (e.g. Task #DA-06-04). In addition to providing a existing suite of geospatial Web services (e.g. WCS, WFS, WPS) for serving NOAA and NASA Earth observation data to AIP-3, we will continue on adapting BPELPower BPEL engine, GeoBrain Online Analysis System (OnAS), and GEOSS Registry to better serve GEOSS community.
2 Proposed Contributions

The team proposes to contribute to AIP-3 in all three levels, as a scenario participant, a service provider, and an interoperability refinement contributor.
2.1 Societal Benefit Area Alignment and Support
The team will actively participate in developing multiple SBA scenarios, including water – drought scenario, water – extreme precipitation scenario, and biodiversity and climate change – arctic scenario. A new SBA scenario, Agriculture – crop progress condition, is also expected to be developed and architected during AIP-3.
2.1.1 Societal Benefit Area Alignment

The project team proposes to participate in three SBA scenario developments: water-drought, water – extreme precipitation, and climate change - arctic. A new SBA scenario will be developed for Agriculture. 
2.1.1.1 Water - Drought Scenario

Soil moisture is an important parameter and an indicator to drought scenario. It can be used as the model input. Several soil moisture data exists, including soil moisture data from Advanced Microwave Scanning Radiometer - EOS (AMSR-E). These can be used in the model. However, the drought detection desires higher resolution soil moisture than these available now from AMSR-E at nominal 25 km resolution. CSISS has been developing an algorithm that is capable of downscaling the soil moisture data to much high resolution with fusion and correlation of observations from higher resolution multispectral sensor observations, such as MODIS. CSISS will make the service available as a standard WPS process to support on-demand processing. Processed soil moisture as well as GOES weather products and GOES-R simulated land surface products will be made available through standard WCS interfaces. 
2.1.1.2 Water – extreme precipitation scenario
Severe weather detection can be a good indicator to extreme precipitation event. Several satellite observations can be used to detect severe weather events. One of the algorithms developed by John Moses, a scientist from NASA GSFC, can detect, track, and depict severe weather events from GOES and other satellite observations in features of cloud peaks, sinks, and couplets. These severe weather features can be served through standard WFS interfaces. The effort in collaboration with NOAA will open the door to access all weather-related satellite observations discoverable and accessible through the standard OGC-compliant service via NOAA CLASS, including GOES images and operational weather products from GOES, such as Operational Hydro-Estimator Precipitation Imagery. The team proposes to contribute as active data service providers to the extreme precipitation scenario, in the forms of satellite observations and derived weather event features. 
2.1.1.3 Climate

The team will contribute GeOnAS, an online analysis portal of GeoBrain, to the development of the scenario: Biodiversity and Climate Change – Arctic Spatial Data Infrastructure Scenario – A Framework for Science Polar. GeOnAS has been backed by a federation of catalogue services that supports data discovery from multiple large catalogue services. The catalogue federation is also lively linked to the NASA-developed Earth Observing System (EOS) Clearinghouse (ECHO), NOAA CLASS, and USGS Landsat. Discovery data across time and space become easy with the portal. In the phase, the team will facilitate the scenario development. 
2.1.1.4 Agriculture

A new SBA scenario is proposed from the team that supports the decision makers in agricultural sectors to better understand the crop progress condition using Earth science and satellite sensor observations. The goal in AIP-3 will focus on the scenario and architecture development.
1. Overview

Crop progress condition is an important indicator extensively used by decision makers in the agricultural sector to make decisions, such as agricultural product pricing and subsides. Public users also need to access the information for them to predict the market, especially those in the commodity market for agricultural products. Satellite observations have been proved to be very useful sources for deriving the decision-supporting products. This will be developed as a new SBA scenario, possibly to be included in next phase of AIP for implementation. The goal in this phase will form the scenario framework and identify user requirements, architecture, and prototyping.
2. Targeted or Supported Community

The agricultural agencies  and general public worldwide are the end users. The National Agricultural Statistics Service (NASS) of USDA is both an information user and a information producer. Interested parties include reporters for agricultural economy, food security, commodity brokers, traders, bankers, and economists.
3. Context and pre-conditions
This is a decision support system that leverages the service-oriented architectures and NASA Earth Science observations.
a. Actors

Data providers – Satellite observations that can be used in determining crop progress conditions. Example data providers are those satellite sensors in operations from NOAA and NASA, and in-situ or field observations collected by USDA NASS.
Service providers – Processing services are required to analyze satellite observations and derive the crop progress condition. For example, image analysis service and NDVI models from GMU CSISS and crop data layer from USDA NASS.
Public – They can be end users if they are interested in agricultural commodities. The crop progress condition is a good indicator for forecasting price of agricultural products.
Policy makers – Decision makers in the agricultural sectors, e.g. USDA agencies, need this information to regulate agricultural base price and subsides.
b. Information Assumed to be Available

Crop Data Layer (CDL) will be provided by USDA NASS. 
Weather status will be provided through one branch in the NASS.
c. Processing and Collaboration Functionality Needed

The following processing capabilities are required.

(1) NDVI generation service from real or near real time satellite observations
(2) Chronological stage models that estimate crop growth sage from satellite sensor observations
4. Scenario Description

The simplified data flow for the derivation of crop progress is as follows. More details will be developed during the AIP-3.

(1) Sensor observation acquisition, e.g. MODIS for NDVI: WCS, SOS, SPS
(2) Multi-temporal NDVI derivation from satellite observations: WPS

(3) Modeling for NDVI series to crop stage estimation: WPS

(4)  Persistent data storage: WFS-T, WFS-T
(5) Presentation and spatial query: CS/W, WMS, KML, WFS, WCS

a. Scenario Events

The major events for this scenario are weekly releases of crop progress condition during crop growing season.
5. Enterprise Model
To be developed during the AIP-3.

6. References

Z. Yang, H. Zhao, L. Di, and G. Yu, 2009. A Comparison of Vegetation Indices for Corn and Soybean Vegetation Condition Monitoring, 2009 IEEE International Geoscience and Remote Sensing Symposium, July 12-17, 2009, Cape Town, South Africa.

Di, L., G. Yu, et al. (2008). A service-oriented general framework for facilitating the integration and dynamic coupling between sensor Web and Earth system models. IEEE International Geoscience and Remote Sensing Symposium, Boston, MA, USA, IEEE.
G. Yu, Z. Yang, and L. Di, 2009. Web Service Based Architecture for US National Crop Progress Monitoring System, 2009 IEEE International Geoscience and Remote Sensing Symposium, July 12-17, 2009, Cape Town, South Africa.

H. Zhao, Z. Yang, L. Di, L. Li, H. Zhu, 2009. Crop phenology date estimation based on NDVI derived from the reconstructed MODIS daily surface reflectance data, The 17th Internatioanl Conference on Geoinformatics, Aug. 12-14, 2009, Fairfax, VA.
2.1.2 Societal Benefit Area Support

In AIP-3, CSISS will continue to provide generic component services that can be used in all the scenarios, including WFS, WCS, WMS, CS/W, WPS, Sensor Planning Service (SPS), Sensor Observation Service (SOS), Sensor Alert Service (SAS), and Web Notification Service (WNS). All the functionalities of open-source Geographic Resources Analysis Support System (GRASS) have been supported in both standard Web services and WPS processes. These can be used across all aspects of geospatial analysis occurred in scenario development.  CSISS has developed a special strength in BPEL and related technologies. BPELPower, a seasoned BPEL execution engine, will be made available to all scenarios and positioned to be further refined during the scenario development. 
Across the scenario development, the team will provide the following direct supports.
(1) Access services – Rich data are available in the NOAA CLASS data repository. These data can be extremely useful for many of the scenarios. In this phase, an automatic, virtualized WCS or standard interface adaptor will be implemented and made available to the GEOSS community, to enable the data access with standard, open, OGC-compliant interfaces.

(2) Service Chaining and workflow – Workflow engine is the mediator and the executor of service chain. CSISS has accrued experiences in supporting both BPEL-based and REST-based workflow. In the phase 3 of AIP, CSISS will continue to provide support on its BPELPower BPEL execution and interoperation to other workflow execution. 
(3) Data transformation service – CSISS has data transformation service. The WCTS will be made available to all scenario development.
(4) Sensor Web Services – CSISS has been actively in applying specifications developed in the Sensor Web Enablement of OGC. A framework to use sensor Web technology has been developed. The frame is Self-adaptive Earth Predictive System (SEPS) that have been demonstrated in several scenarios to coordinate and dynamically support data-driven Earth science modeling. The framework and its demonstrated architectures will be made available to the GEOSS community. Further refinement and adaption are expected for the extended use of such framework in different scenarios.
2.2 Component and Service Contributions

CSISS will support the GEOSS AIP 3 efforts with many in-house Web services.
2.2.1 GEOSS Component and Service Registry
CSISS has been responsible for the design, implementation, operation, and upgrade of GEOSS Component and Service Registry from February of 2007. This registry is maintaining key metadata information for geospatial resources and services that are available for GEOSS users. It provides both web-based search and registration interfaces to providers and users, and Application Programming Interface (API) to GEOSS clearinghouses, and portals. 

During the AIP-1 and AIP-2, this registry has been visited by researchers from more than 100 countries. More than 320 Resource records and more than 330 service records have been contributed by providers worldwide. During the AIP-3, we will continue to operate and upgrade this registry.
2.2.2 Enhancement of Persistent GOES Data Services
On top of the prototype Simple NOAA Archive Access Protocol (SNAAP) API developed by Eric Kihn and Rob Prentice at NOAA’s National Geophysical Data Center (NGDC), GOES data are made accessible through OGC-compliant Web Coverage Service (WCS) and Catalog Service for Web (CSW) to the GEOSS community for weather and related activities during the API-2. 

During the AIP-3, we will enhance these persistence data services by providing a live link to the operation NOAA's Comprehensive Large Array-data Stewardship System (CLASS). Therefore, the current limitations in SNAAP on the data discovery, and order functionalities can be overcome. These services will provide the proof of concept for contributing data from the future GOES-R satellite series to GEOSS in the future. 

Besides directly supporting GOES data, this enhancement will also make other NOAA CLASS data available to the GEOSS, such as data products from Advanced Very High Resolution Radiometer (AVHRR), Defense Meteorological Satellite Program (DMSP), Joint Polar-orbiting Operational Satellite (IJPS), NOAA Coral Reef Watch's operational global satellite.
2.2.3 BPELPower engine

BPELPower is a standard BPEL execution engine developed in CSISS. It has been evolved over years of demonstrations in several research projects and OGC technical meetings, including OWS-3, OWS-4, OWS-5, and OWS-6. Specific adaptations to support cross-architecture workflow and security have been made during different testbeds and implementation evaluations. In this phase, CISS will continue to evolve ths engine to meet the requirements of scenario development. 
2.2.4 GeOnAS portal
GeoBrain Online Analysis System (GeOnAS) is a function-rich lightweight portal. It require noting but a JavaScript-enabled Internet browser that can be easily found in all modern computers. This facilitates the wide accessibility of services, especially to educational community. It has been used and incorporated in curriculum of several universities. In this phase, GeOnAS will be further evolved to support most of the scenario development, such as the arctic vegetation change monitoring and climate change analysis with data access directly from EROS of USGS under the OGC-compliant service oriented architecture. For the developing scenario oriented to the SBA of Agriculture, GeOnAS will be the interface for all users to access products and complete on-the-fly on-demand analysis service.  
2.2.5 OGC-compliant geospatial Web processing services

Geographic Resources Analysis Support System (GRASS) is a well-known, well-developed, rich-functional, open-source geographic information system. All services are exposed as WSDL-described Web services and OGC-compliant WPS processes. These services or processes will be further tested and evaluated in this phase of AIP. If debugging and changes are required, CSISS will provide the necessary support.
2.3 Architecture and Interoperability Arrangement Development

CSISS will continue on contributing to architecture refinement of all activities participated. The following list some of the aspects that the team will contribute during the phase 3 of AIP.
· Information model for GEOSS Registry: GEOSS Registry follows the standards of OGC CS/W. However, information model can be developed to meet specific requirements of different communities. The GEOSS community still needs to expand many aspects to include all the geospatial resources and support the registration of diverse existing and newly-emerged data services and processing services. The information model will be evolved to meet the community requirements.
· Information model for discovery and registry of sensors: Sensor Web specifications are evolving. New requirements are emerging. One is that metadata and informational model for sensors are not sufficient in supporting dynamic sensors under the event-driven system. Dynamic sensors mean that status and position of sensors are constantly changing. This increases the difficult to geo-tagging the observations acquired from the sensors. Information model needs to be developed to better support the geo-tagging of dynamic sensors.
· Service chaining and workflow: Workflow engine needs to expand the support of all OGC-compliant Web services in breadth and depth. Across-architecture workflows need to be interoperated. REST-based services and workflows need to work with SOAP-based services and workflows. On top of these generic services and workflows, an added layer of requirements should be met in the geospatial domain.
· WPS profiling: Web Processing Services (WPS) are generic services for geospatial processing. In specific sub-community, WPS can be further defined and profiled, such as transformation service. The specified WPS is easier to be used automatically in other service chaining and re-using. Different SBA may result in useful services common to that community. This need to be captured and provided as preferably standard profiles.
CSISS is an active member in OGC. It will continue to contribute to the development of OGC specifications and standards. Professor Lping Di is a chair of standard development project in ISO/TC211, a geospatial standard organization. These memberships and active involvements will contribute to the perfection of GEOSS-endorsed standards and specifications.
3 Description of Responding Organization

3.1 CSISS

The Center for Spatial Information Science and Systems (CSISS), formerly known as the Laboratory for Advanced Information Technology and Standards (LAITS), George Mason University is an off-campus university research center located near NASA Goddard Space Flight Center (GSFC) at Greenbelt, Maryland. The center currently has 4 faculty members, 9 research faculty members, 2 post-doctoral research fellows, and 11 Ph.D. students/research assistants. Its operation is supported solely by research grants and contracts. CSISS is one of the leaders in developing advanced information technology and systems for applications in Earth Sciences and in setting federal, national, and international standards for geospatial information and interoperability. The center maintains close cooperation with NASA, NOAA, USGS, and NGA and support actively U.S. contributions to GEOSS. CSISS is a member of the OGC, a GEO participation organization. Prof. Liping Di, the director of CSISS, is the chair of data and archiving and distribution technical committee (DADTC) of IEEE GRSS, which is also a GEO participation organization. CSISS scientists has been involved in multiple OGC Web Service initiatives and led or contributed the development of many OGC geospatial web service and sensor web enablement specifications. CSISS is one of the major players and technical contributors in GEOSS AIP 1 and 2. The CSISS scientists will contribute to this Phase 3 of AIP in many capacities.

CSISS will make all necessary human resources available to AIP3. Dr. Liping Di will lead the CSISS AIP 3 efforts with participations of Drs. Yuqi Bai, Peisheng Zhao, Genong Yu, and several students. CSISS will provide excellent computing facilities to AIP 3. The flagship computing facility is an Apple G5 server cluster, which is connected to Abilene, the 1Gps high speed Internet 2. The server has a head node consists of dual 2.0GHz G5 processors, 4GB of DDR SDRAM and two 250GB Hard disks. There are six cluster nodes each having dual 2.0 or 2.3 GHz G5 processors with 2GB DDR DSRAM and 8GB hard disk. The storage system of the server consists of five RAID systems with total capacity of 32 Terabytes. Terabytes of geospatial data are serving through these servers in open standards, mostly OGC-compliant WCS and WFS. CSISS will dedicate several terabyte storage and adequate computing power to this AIP.

3.2 NOAA-NASA GOES-R

The Geostationary Operational Environmental Satellite R Series (GOES-R) Program is a collaborative effort between NOAA and NASA that will provide a key element of NOAA’s operations. The GOES-R Ground Systems Project is supporting GMU/CSISS to prototype standard-based enhanced access to GOES data products currently held in NOAA’s archives and infuse those data products into applications for support GEOSS as a pathfinder to future GOES-R data access and application services. The first launch of the GOES-R series satellite is scheduled for FY2015. On behalf of the GEOS-R Ground System Project, members of NOAA’s Global Earth Observation Integrated Data Environment (GEOIDE) initiative will coordinate this AIP effort with CSISS and serve as the interface with related NOAA projects.
3.3 Contacts

Programmatic Contact:
Ken McDonald

NOAA Data Management Architect

1 301 713 2789 – ext 143

Kenneth.Mcdonald@noaa.gov

Technical Contact:

Prof. Liping Di

Center for Spatial Information Science and Systems

George Mason University

6301 Ivy Lane, Suite 620

Greenbelt, MD 20770, USA

Phone: 301-982-0795

Fax: 301-345-5492

Email: ldi@gmu.edu

































��





















































��









[image: image3.emf][image: image4.png]


