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Abstract. The GOES M satellite will host the first of a series of Solar X-Ray Imagers. This capability on the Geostationary Operational Environmental Satellites (GOES) will provide long-term operational images of the sun. The NOAA Space Environment Center (SEC) will use these images in its Space Weather Operations (SWO). Data will be made available to the operational user community in real-time from SEC, and to the general public in near real time from the NOAA National Geophysical Data Center website. This paper provides an overview of the image processing and data availability when the GOES M satellite is declared operational. 

1. Introduction


For three decades the monitoring of solar X-ray emission has been coordinated with ground based observations to predict changes in space weather. Prior Geostationary Operational Environmental Satellites (GOES) satellites carried a Space Environment Monitor (SEM) [Heckman et al., 1996] which investigated the effect of solar activity on Earth's telecommunications and power systems. The SEM detects solar X-rays [Bornmann et al., 1996a], protons, and alpha particles [Onsager et al., 1996] as well as geomagnetically trapped protons and electrons [Onsager et al., 1996].  It also monitors the magnetic field at geostationary altitude [Singer et al., 1996].


Starting with GOES M, GOES satellites will fly a Solar X-ray Imager (SXI) [Bornmann et al., 1996b] which will provide continuous full-disk X-ray images of the Sun’s outer atmosphere known as the corona. GOES M will fly the prototype, built by NASA Marshall Space Flight Center. Lockheed Martin will build the follow-on instruments. Both instruments have basic 1-minute image cadences and 512x512 arrays of pixels, with each pixel covering ~3,500 km square on the Sun.  The instruments are sensitive to coronal temperatures of 106-107 K. The NOAA Space Environment Center (SEC) will use these images in its Space Weather Operations. 


The data processing and distribution system will be implemented as a distributed processing system relying on commercially available hardware platforms, servers, and mass storage.  The software components include commercial off-the-shelf (COTS) software, public domain libraries, and custom software written for SXI.  To reduce duplication of effort, SEC is working very closely with the NOAA National Geophysical Data Center (NGDC) on the archiving system and the public dissemination system.
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Figure 1: Schematic diagram of the solar atmosphere.
2. Space Weather:  Causes and Effects


GOES Solar X-ray Imager (SXI) will provide critical information for forecasting geoeffective space weather events.  These events originate in the outer atmosphere of the sun and propagate through the interplanetary medium where they may intersect Earth's space environment.  Like all atmospheres, the sun's has a temperature and density profile (Figure 1).  The level that we see in visible wavelengths originates at the photosphere – this is the effective 'surface' of the sun.  The temperature of the photosphere is about 6000 K. Density decreases rapidly through the overlying chromosphere.  Above the chromosphere is the corona (Figure 2), where temperatures rapidly climb to ~106 K.  This is where all the 'action' happens that affects Earth. And most of the emission at these temperatures is in X-rays.
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Figure 2: X-ray image of the sun taken with the Yohkoh Solar X-ray Telescope. (Image courtesy of Lockheed Martin Solar Astrophysics Laboratory.)

SEC has generated the NOAA space weather scales [Poppe, 2000] that provide three categories of space weather effects: Radio blackouts, radiation storms, and geomagnetic storms.  Solar flares, which are explosive releases of energy resulting in orders of magnitude increases in X-ray output, can cause radio blackouts by affecting the ionosphere and can also result in radiation storms at satellite altitudes.  Coronal Mass Ejections (CMEs) are releases of plasma from the sun that can result in radiation storms and can generate geomagnetic storms.  High-speed solar wind streams originating in coronal holes cause recurring geomagnetic storms.


The effects of flares on communications (radio blackout) can be dramatic. For instance, GPS errors doubled during the storm associated with flare on July 14, 2000.  Energetic particles (radiation storms) from the same event resulted in a 'blizzard' effect on a number of imaging instruments in orbit and included attitude upsets due to star tracker errors.  In addition, geomagnetically induced currents affected power grids across the East Coast causing capacitor banks to trip and damaging some transformers. To help forecast such events, the following SXI requirements have been set:

· Locate coronal holes for recurring geomagnetic storm predictions
· Monitor for changes indicating coronal mass ejections (CMEs) for non-recurring geomagnetic storm forecasts

· Locate flares for particle event predictions, including flares beyond the west limb

· Monitor active regions beyond east limb, rotating onto the solar disk, for activity forecasts

· Monitor active region complexity for flare forecasts


Without SXI, the NOAA Space Environment Center would get only two numbers from the GOES X-Ray Sensor (XRS) to reflect solar X-ray activity.  Having only XRS data would be analogous to having a sounder on GOES with only one pixel for the entire Earth.  For further information on how the Sun affects the geospace environment, see Suess et al., 1998.

3. Data Processing


Routinely, the SXI will download images at a one-minute cadence on the telemetry data stream from the GOES.  The stream will be received directly at SEC for processing. The observing sequences will be planned cooperatively by SEC and NOAA Spacecraft Operations Control Center (SOCC) and executed by NOAA SOCC. SEC will process the data in real time for use by it and other collaborating agencies in predicting space weather. To meet this need, SEC processes, corrects for known image defects, calibrates, and stores each image. Then using automation tools, it processes the images to: display on the real time monitors, automatically locate flares, produce movie sequences, calculate coronal hole indices, and produce products for the general public. 


The general user will be able to order the full high-resolution images for research. The products available to the research community are level 0 (raw data), level 1, and level 2 data. The level 1 data will consist of single calibrated images which have had defects removed. Level 2 data will include multiple image products such as difference images, ratio images, wide dynamic range images, and movies. All levels of data will be archived at the NOAA National Geophysical Data Center located at http://www.ngdc.noaa.gov. Figure 3 shows an overview of the processing stream with an emphasis on product archiving and distribution.

Figure 3: SXI data processing, archiving, and distribution.
3.1. Data Ingest and Product Generation


SXI telemetry data is received at the NOAA Boulder ground station and assembled into raw (level-0) images by the ingest and preprocessing system. This real-time process also generates other instrument related non-image products. Both product types are created as files, which are transferred to a circular file buffer on the level-1 image processing platform for further processing and distribution.  When a product file has been sent to the buffer, a notification message is sent to a monitoring object on the level-1 machine.


The level-1 code generates cleaned and calibrated images that are referred to as level-1 images.  This processor is composed of control code that oversees a set of image and support software written in Interactive Data Language (IDL).  The algorithmic codes are written in IDL to take advantage of its powerful high-level image processing capabilities and the vast SolarSoft library [Freeland et al., 1998] written in IDL.  The IDL codes perform standard image processing functions such as dark frame subtraction, registration, and point-spread-function (PSF) deconvolution.  Additional tasks include automatic flare location, tracking region of interest light curves, and simulating the instrument observing sequence.  

[image: image3.wmf]SEC

SEC

Image

Image

Processing

Processing

GOES SXI

GOES SXI

DVD 

DVD 

Jukebox

Jukebox

WWW

WWW

WWW

WWW

Level

Level

-

-

0 (raw) 

0 (raw) 

Level

Level

-

-

1 (processed) 

1 (processed) 

Level

Level

-

-

2 (multi

2 (multi

-

-

image)

image)

SEC

SEC

SEC

SEC

NGDC

NGDC

NGDC

NGDC

Telemetry Frames

Telemetry Frames

Level

Level

-

-

1 & 2 to DVD

1 & 2 to DVD

-

-

R

R

Level

Level

-

-

1 Browse JPEG to RAID

1 Browse JPEG to RAID

Level

Level

-

-

0,1, & 2 to 3590 Tape

0,1, & 2 to 3590 Tape

Metadata on RAID

Metadata on RAID

One Copy Off

One Copy Off

-

-

site

site

NGDC SXI

Servers


The level-1 processor also produces level-2 image products.  These products are formed by combining two or more individual level-1 solar images. Examples of two-image products are difference images, which emphasize temporal changes, and ratio images, which highlight relative temperatures of emitting regions. Multiple-image products include composite images for expanded dynamic range and movies for tracking temporal events. The currently planned suite of products includes:

· Level-0

· Raw images

· Level-1

· Single processed images

· Level-2

· Composite (wide dynamic range) images

· Difference images (temporal changes)

· Ratio images (temperature)

· Standard movies

· Other Derived Products

· Flare locations

· Coronal hole boundaries

· Regions of interest tracking

3.2. Product Dissemination and Archiving


SXI images are stored as files on mass storage media.  A relational database is used to index and track the image files and contains all ‘meta-data’ about the images.  Non-image data is stored directly in the relational database.  Stored data has two applications: one operational and one archival. SEC maintains an operational store of 60 days worth of images and NGDC archives all the images. The images are archived at NGDC in real-time as they are received at SEC.  Both SEC and NGDC maintain redundant database/file servers.


Distribution of the SXI products to real-time users is done using Common Object Request Broker Architecture (CORBA).  A server provides all real-time products to registered clients over intranet or internet.  This system is referred to as the Real-Time Image System (RTIS).


For further analysis, forecasters and other operational users need rapid and flexible access to recent images. To accomplish this, SEC is implementing the Database Image System (DBIS).  As in the RTIS, distribution to users is via CORBA.  The DBIS server, essentially an object wrapper for the main relational database and file server, supports CORBA clients.  For redundancy the DBIS is designed such that the server can fail-over from the SEC operational database and file store to the NGDC archival database and file store.


For researchers, the public, and other non-operational data users, distribution is through the web.  The SEC will maintain a cache of recent images in compressed (gif or jpeg) format on its web site (http://www.sec.noaa.gov).  However, as the archive of SXI data, NGDC will be the main source of data for the public.  At this web site, users will be able to browse data products and select from various formats.  The default display will show the most recent sequence of images as a table of expandable thumbnail images. The browse will be flexible and allow users to step though the archive with a programmable interval, i.e., 1-minute, daily, solar rotation, etc.  A significant search capability will be built into the web site and a wide range of data retrieval options will be provided. Table 1 provides a summary of planned NGDC web site capabilities.
Table 1:  Data to be available through the NGDC web site.
	Default Display:

	Thumbnails of recent exposures.  


	Browse:


	Programmable interval

MPEG browse 


	Image Search:

	Date & Time

NOAA/USAF active region #. 
SPIDR* II interface:


Flare classification


Whole disk XRS or EPS levels, etc.


	Retrieval:

	JPEG images from RAID via FTP

Research grade level-1 and level-2 from a tape library via FTP

FITS level-0 from tape via FTP

Off-line shipment of large volumes will be via CD-R and DVD-R.

Custom MPEG video sequences.



*Space Physics Interactive Data Resource

4. Conclusion


SXI data will make an invaluable contribution to forecasting space weather affecting human technology systems. The SXI data processing and distribution system will be a flexible system that supports real-time operational users and the public in near real-time. Close cooperation between SEC and NGDC has improved system redundancy and reduced duplication of effort.  
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