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Abstract


The first Solar X-ray Imager (SXI) will provide a major advance in real-time, continuous monitoring of solar-terrestrial conditions.  This instrument, which will fly on a Geostationary Operational Environmental Satellite (GOES), will provide full-disk images of the Sun once a minute in the 0.6-6 nm range with 5 arcsec pixels.  SXI’s images will complement x-ray fluxes from the disk-integrating GOES X-Ray Sensor (XRS) and optical images from ground-based observatories.  The automated sequence of SXI images will make it easy for forecasters, researchers, and image processing algorithms to interpret the images.


SXI is being built to meet five operational goals for real-time prediction of solar-terrestrial disturbances:  (1) SXI will provide clear evidence of x-ray coronal holes that are associated with recurrent geomagnetic storms.  (2) SXI will provide flare locations that are used to estimate the magnitude and timing  of energetic particle events, including flares from regions behind the solar limb that are not visible at other wavelengths. (3) SXI could provide a significant improvement in forecasting geomagnetic disturbances if CME-associated brightenings can be readily observed.  (4) SXI will provide advance warning of solar active regions that will be rotating onto the solar disk.  (5)  SXI images will show the complexity of the active regions, which will be used to estimate each region’s flare potential.  
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1.	  Introduction


The Solar X-ray Imager (SXI) will provide full-disk x-ray images of the Sun in several wavelength bands from 0.6 to 6 nm.  The 42 arcmin field of view will extend beyond the solar limb to observe features rotating onto and off  the 32-arcmin diameter solar disk.  A regular sequence of exposures at one-minute intervals will be used to cover the full dynamic range required to monitor solar activity.


SXI is a cooperative effort among the National Oceanic and Atmospheric Administration (NOAA), the National Aeronautics and Space Administration (NASA), and the United States Air Force (USAF).  Initial funding was provided by the USAF, and the instrument is being built by NASA’s Marshall Space Flight Center (MSFC) through a contract with the NASA Goddard Space Flight Center (GSFC).  The instrument will be operated after launch from NOAA’s Spacecraft Operations Control Center (SOCC), and the data will be analyzed at NOAA’s Space Environment Center (SEC) and shared with the USAF’s 50th Weather Squadron  (formerly the Space Forecasting Center).


The first SXI will fly on GOES-M as part of the spacecraft’s Space Environment Monitor (SEM).  GOES-M is currently scheduled to launch in December 1999, prior to the launch of GOES-L in December of 2003.  Subsequent SXIs will be included on future GOES spacecraft to provide the continuous series of SXI’s required for real-time forecasting and monitoring of solar-terrestrial disturbances.


In rough order of importance, the following operational goals for SXI are summarized here:


SXI will provide clear images of coronal hole boundaries, which appear in x-rays as regions of low emission and are sources of high-speed solar wind streams associated with recurrent geomagnetic disturbances.


SXI will continuously monitor the Sun to determine flare locations, including flares from regions beyond the east and west limb; flare locations are used to predict the magnitude, arrival time, and spectrum of energetic particle events.


SXI may improve the forecasting of geomagnetic disturbances if the post-ejection signatures of Earthward directed Coronal Mass Ejections (CMEs) are observable as bright arcades of x-ray loops or transient darkenings.


SXI will be used to observe emission from active regions rotating over the east limb onto the visible solar disk, providing advance notification of the appearance of flare-producing region.


SXI will observe the intensity and morphology of coronal magnetic structures above solar active regions, which are used qualitatively to estimate each region’s flare potential.


2.	  SXI’s Heritage


SXI builds on a long heritage of solar x-ray instruments that were first developed for research.  The first solar x-ray instruments had limited spatial resolution and integrated the solar flux over large fields of view.  These instruments matured and NOAA has been including one in the GOES SEM package for many years as the GOES X-Ray Sensor (XRS).  The XRS has been the backbone of solar-terrestrial observations for many years� REF _Ref363024627 \* MERGEFORMAT �1� and will continue to provide a very unique and useful data set for characterizing the magnitude and temporal evolution of solar flares.


The second generation of solar x-ray instruments used grazing-incidence mirrors to image the Sun. The first long-term series of images from these instruments was made by American Science and Engineering’s (AS&E) x-ray telescope S-054 on Skylab launched in 1974� REF _Ref363024655 \* MERGEFORMAT �2�,� REF _Ref363024658 \* MERGEFORMAT �3�.  These Skylab images clearly showed the utility of full-disk solar images for studies of coronal holes and solar flares.  Further research instruments continued with the raster-scanning X-Ray Polychromator� REF _Ref363024696 \* MERGEFORMAT �4� on the Solar Maximum Mission (SMM) in the 1980’s and the images from the Solar X-ray Telescope� REF _Ref363024766 \* MERGEFORMAT �5�  (SXT) on Yohkoh in operation since 1991.


SXI is based on technology developed for the Skylab and Yohkoh instruments.  For example, SXI improves upon the film detection of Skylab by using digital detection. SXI’s mirror uses the same technology used by SXT to create a dual-surface, single-unit mirror, which simplifies alignment and reduces weight.  And ground analysis of SXI images will likely use software developed for SMM and extended for SXT.


Research and instrumentation continue to advance, with the third generation of EUV instruments having normal-incidence mirrors with multi-layer coatings to give narrow EUV bandpasses.  This work started with rocket observations made by several groups� REF _Ref363031583 \* MERGEFORMAT �6�,� REF _Ref363031585 \* MERGEFORMAT �7�,� REF _Ref363031587 \* MERGEFORMAT �8� and continues with satelliate observations. The Observatory (SOHO)� REF _Ref363031889 \* MERGEFORMAT �9� launched in December of 1995, uses this technology for its Extreme-ultraviolet Imaging Telescope (EIT)� REF _Ref363034244 \* MERGEFORMAT �10�.  Images from EIT clearly show coronal holes at a time in the solar cycle when active-region emission is weak and coronal holes are near the sensitivity limit of the Yohkoh/SXT.  The wavelength range of SXI is between that of SXT and EIT, leading us to believe that SXI’s response to coronal holes will be better that SXT’s.


3.	  Spacecraft considerations


The geosynchronous orbit of the GOES spacecraft provides nearly continuous viewing of the Sun, and two SXI in operation would give complete solar coverage.  SXI observations will be interrupted for less than 10 minutes each week for calibration. Additional interruptions of usually 2-4 hours occur roughly every 45 days for station-keeping maneuvers when SXI and the XRS are stowed to protect them from thruster gases.  Regular outages will also occur during the fall and summer eclipse seasons when the Earth blocks the spacecraft’s view of the Sun and therefore limits the power generated by the solar arrays.  


GOES eclipses occur daily during each 45-day eclipse season, with each eclipse growing progressively longer and then shorter with a maximum duration of about 72 minutes.  The SXI will be placed in its survival mode during these eclipses, and routine image patrol will not restart until SXI has returned to operating temperatures and the detector voltages have been brought back to operating values, which can take up to 45 minutes after power is returned to the SXI.  Another eclipse complication is insufficient power to maintain the optimized observing tables stored in the random access memory (RAM).  After eclipses SXI will operate from tables that were loaded into the read-only memory (ROM) during instrument assembly.  SOCC should be able to upload enough commands within a few hours after each eclipse to return the SXI to its optimized observing sequences that may differ from the ROM tables.


Because the first SXI was funded well into this block of spacecraft, the solar pointing capabilities were based on the less stringent requirements for the XRS.  The north/south pointing is maintained by the X-Ray Positioner (XRP) to which both the XRS and SXI are mounted.  The XRP’s closed-loop control maintains the north/south pointing within 0.005( (18 arcsec) of Sun center.  A bias current has been added to the XRP on GOES-M to allow the solar image to drift through the allowable range, rather than keeping it at the limit of acceptable pointing.  


The east/west pointing is determined by the solar array yoke.  The actual pointing is a function of the spacecraft orbit and the stepping of the Solar Array Drive Assembly (SADA).  The spacecraft is being modified to accept discrete SADA-step commands, and SOCC has agreed to command the spacecraft to add or delete SADA steps at least four times per day to maintain east/west pointing to within the desired  (0.005( east/west pointing accuracy.


Each step of the SADA introduces oscillations (sometimes called jitter) into the solar array� REF _Ref363024800 \* MERGEFORMAT �11�,� REF _Ref363024822 \* MERGEFORMAT �12�,� REF _Ref363024825 \* MERGEFORMAT �13�, which affect the pointing stability of the XRP.  For GOES-M the SADA will be operated in the double-step mode.  This increases the time between steps, thereby allowing longer SXI exposure times of up to 3.36 s.  It also improves the pointing stability because the second step is timed to minimize oscillations at the natural frequency of the solar array.  Because the optimum delay time between double steps cannot be adequately determined prior to launch, it will be adjusted during post-launch testing to minimize the spacecraft-induced smear.  Models of the spacecraft oscillations indicate that after optimization 80% of the energy of a point source should fall within a single 5-arcsec SXI pixel and 98% should fall within two pixels.  In addition, SXI can time each image to finish just before each SADA double step so that exposures are taken when the oscillation amplitudes have had time to damp down.


4.	  Telescope Highlights


SXI’s design incorporates requirements for operational solar monitoring from the three-axis spin-stabilized GOES spacecraft.  Design considerations include limited exposure times caused by the repointing rate of the solar array and limited space on the spacecraft’s solar array yoke.  SXI consists of an x-ray telescope, a high accuracy Sun sensor (HASS), and three electronics boxes.  These components were required to fit within the limited space between the structural elements of the yoke.  In addition, SXI must fit within a cutout in the spacecraft body during launch when the solar array is folded against the body of the spacecraft.


SXI’s capabilities differ somewhat from that of its predecessors, as summarized in � REF _Ref362343093 \* MERGEFORMAT �Table 1�.  SXI was designed to observe the development of solar activity and therefore was designed to maintain a continuous cadence of full-disk images, rather than focus on small, flaring regions.  SXI was also designed to maximize the wavelength response at the longer wavelengths where cool coronal features, such as coronal holes, are most prominent.


SXI focuses solar x-rays with a Wolter Type 1, grazing-incidence mirror.  Both the parabolic and hyperbolic surfaces were ground from a single piece of Zerodur glass.  The mirror’s nickel coating was chosen to maximize the response to long wavelength photons, particularly in the 2-6 nm range.


Table � SEQ Table \* ARABIC �1�. Comparison of Solar X-ray Instruments





�
Skylab AS&E�
SMM/FCS�
Yohkoh/SXT�
SOHO/EIT�
GOES/SXI�
�
Launch Date�
1973 May 14�
1980 Feb 14�
1991 Aug 30�
1995 Dec 2�
1999 Dec 15�scheduled�
�
End of Operation�
1974 Feb 8�
1989 November�
still operating July 1996�
still operating July 1996�
3 yr mission life�
�
Orbit�
LEO�
LEO�
LEO�
L1�
Geosynch.�
�
Power�
�
_�
7-12 W + heaters�
�
57 W�
�
Mass�
�
~ 115 kg�
14.7 kg telescope + 9.0 kg electronics�
�
14.76 kg telescope + 7.9 kg electronics�
�
Length �
�
1.5 m�
1.7 m�
�
0.76m�
�
Width�
0.23 m (mirror)�
0.65 m�
0.30 m�
�
~ 0.20 m (0.16 m mirror)�
�
Optics�
nested pair of Wolter I paraboloid hyperboloids �
Collimator�
Nariai double hyperboloid�
Normal incidence, Multilayer, Ritchey-Cretien�
Wolter I paraboloid hyperbaloid�
�
Focal Length�
2.13 m�
1 m collimator�
1.54 m�
1.65 m�
0.657 m�
�
Peak Effective Area�
�
�
78 mm2�
�
~50 mm2�
�
Detector�
film�
gas proportional counter�
X-ray CCD�
back-illuminated CCD�
MCP, phosphor, and optical CCD�
�
Wavelength Coverage�
0.2-6.0 nm�
x-ray lines from 0.18 - 2.0 nm�
0.6-1.2 nm�
EUV Lines�
0.6-6.0 nm�
�
Wavelength Choices�
6 filters�
7 x-ray lines�
5 filters�
17.1, 19.5, 28.4, and 30.4 nm�
6 filters�
�
FOV�
48 arcmin�
7 x 7 arcmin�
42 x 42 arcmin�
45 x 45 arcmin�
42 x 42 arcmin�
�
Pixel Size�
1 arcsec grains�
14x14 arcsec�
2.5 arcsec�(5 arcsec for most full disk images)�
2.6 arcsec�
5 arcsec�
�
Exposure Times�
1/64 to 265 s�
�
0.077 ms to 242 s�
�
1 ms to 3 s�(6 s occasionally)�
�
Temporal Resolution�
 greater than 2.5 s�
4.5 min for�7 x 7 arcmin raster�
�
greater than 2 min�
1 minute�(35 s max)�
�
Full-Disk Image  Cadence�
30-300 images  per day�
not done�
about 5 per day�
3 per day at each wavelength (up to 1 image per 24 min)�
1 per  minute�(up to 1 image per 35 s)�
�
Duty Cycle �
~ 22% ??�
~65%�
~67%�
�
~98%�
�
Data Delay�
months�
hours�
hours�
�
minute�
�
The focused x-rays are detected by an intensified CCD detector stack consisting of a microchannel plate (MCP), a phosphor-coated fiber optic taper (FOT), and an optical charge coupled device (CCD).  The MCP converts the x-rays into a cascade of electrons, which cause the phosphor to emit optical photons.  These optical photons travel through the FOT and are recorded at the CCD.  A 1:1.2 taper was chosen to match the 19 micron CCD pixel size with the desired 5 arcsec field of view for each pixel.  The photon-counting ability of this detector (as opposed to energy-detecting sensors) further improves the instrument response at the longer wavelengths.


Images will be taken using polyimide and Beryllium filters to adjust the wavelength response within the system’s 0.6-6 nm (0.2-2 keV) passband, as shown in Figure 1.  (For comparison, the wavelength response of the Yohkoh/SXT is shown in Figure 2).  The 12-position filter wheel includes redundant x-ray filters, a solid radiation shield, and a UV disperser to be used with the internal UV lamp for aliveness testing and limited in-flight calibration.  The full wavelength response will be comparable to Skylab’s, and SXI’s narrower bandpasses will be comparable to SXT’s widest bandpasses.


The Sun will drift in front of the SXI between SADA steps at the rate of 15 arcsec per second.  This image drift will be removed by stepping the charges within the CCD at the same rate. Pointing knowledge will be available from two sensors: the SXI’s High Accuracy Sun Sensor (HASS) will provide pointing knowledge to 5 arcsec, and the spacecraft’s Sun Analog Sensor (SAS) on the XRP will provide coarser pointing knowledge to at least  (1 arcmin.  If the solar pointing is adjusted during an exposure by either the SADA or the XRP, SXI can be set to automatically retake the image.  If pointing is affected by other sources, such as other equipment on the spacecraft� REF _Ref363034464 \* MERGEFORMAT �14� SXI images  may be affected.


The resolution of the images will be somewhat less than the 5 arcsec pixels, due to limitations of the mirror, the detector stack, and the spacecraft stability.  Estimates from early mirror metrology suggest that the mirror resolution will be about 4.4 arcsec, and resolution tests have given detector resolutions of 7.5 arcsec.  The oscillations from the spacecraft are expected to contribute 2.0 arcsec to the reduced system resolution.  Taken together, these three sources indicate that the resolution of the SXI images will be between 9 arcsec and 14 arcsec, depending on whether these effects add in quadrature or linearly.


Exposure times can be chosen in 1 ms increments from 1 ms to 65 s, although the actual exposure time will be slightly longer because the circuitry adds 0.5 ms to each exposure.  In practice the longest exposures will be much shorter than what is allowable by the software.  SADA double steps occur every 3.36 s, which places a practical limit on the exposure times during routine operations.  We will, however, acquire longer exposures at least four times per day when SOCC commands the spacecraft to drop a SADA double step and take a longer exposure.


5.	  Solar Features


There are four basic features that SXI was designed to observe: coronal holes, solar active regions, flare locations, and signatures of coronal mass ejections.  Each of these solar features is used for monitoring and forecasting solar-terrestrial disturbances.


5.1.	Coronal Holes


X-ray images from Skylab showed clear evidence of x-ray coronal holes.  These regions of extremely low  x-ray emission can persist for months, appearing for approximately two weeks during each solar rotation.  Coronal holes, particularly during solar activity minimum, are associated with high-speed solar wind streams and recurring geomagnetic disturbances, making them extremely useful for predicting  recurrent geomagnetic disturbances.  


For many years, solar forecasters have relied on images taken in the infrared He 1083 nm line observed at the National Solar Observatory’s Kitt Peak Observatory.  Coronal holes are not as striking in these images, and a coronal hole expert determines the location of the holes and sends this information to forecasters in Boulder.  Since 1991, NOAA/SEC has been using x-ray images from the Yohkoh/SXT to locate x-ray coronal holes.  These images have provided very clear indications of coronal hole locations for much of the solar cycle, but are a bit difficult to use during the current solar minimum when overall solar fluxes are low. 


Since early 1996, SEC has also been using coronal hole locations observed in EUV images from SOHO’s EIT.  These images clearly show coronal holes during the current solar minimum, as did Skylab.  SXI’s wavelength response falls between that of SXT and EIT.  The SXI’s wavelength range extends to longer wavelength ranges than SXT and is comparable to Skylab’s.  Therefore we expect SXI’s images to do well in detecting coronal holes, although SXI’s exposure times will be limited.  To counteract this, images will be added during ground processing to increase the signal to noise of these faint features.  In addition, SXI’s point response will be better than Skylab’s, although not quite as good as SXT’s.  Thus the apparent haze in Skylab images caused by scattered light should not be an issue for SXI.


5.2.	Active Regions


Optical emission from active regions originates close to the surface of the solar disk, while the x-ray emission extends into the corona above the solar disk. As a result, x-ray emission provides an indication of active regions that will be rotating onto the solar disk in the next day or two.  This gives forecasters advance warning that a new or returning active region will be rotating into a position to affect the 10.7 cm radio flux and cause solar-terrestrial disturbances.


The complexity of active regions is used to estimate the degree of development and rate of growth of solar active regions;   these factors are used to predict the region’s flare probability.  H( images, which forecasters have relied on for many years, and x-ray images give very different, but complementary views of active regions.  The H( emission comes from the chromosphere close to the solar surface, and active regions are seen as a complex structure of dark fibrils that trace the low-level magnetic field.  In the x-rays the active regions appear as loops of material suspended along magnetic field lines extending far above the chromosphere.  Theory suggests that the coronal structure will provide information about the magnetic field structure that cannot be determined from H( images alone.  Thus, both types of images will be used to estimate each active region’s flare potential.


5.3.	Flares


Forecasters use data from the XRS to alert them that a flare has occurred, and they use reports from the USAF’s Solar Observing Optical Network (SOON) to provide flare locations.  Flare locations are used to adjust the predicted magnitude and temporal evolution of energetic particle events� REF _Ref363034503 \* MERGEFORMAT �15�,� REF _Ref363034504 \* MERGEFORMAT �16�,� REF _Ref363034506 \* MERGEFORMAT �17�, which depends on whether the flare occurs at a location that is magnetically well connected to the Earth. 


On average, the five SOON observatories provide 86% coverage of the Sun, with outages primarily due to terrestrial weather. If the USAF proceeds with plans to consolidate its operations into fewer observatories, this optical coverage is expected to drop to 79%.  During times without optical coverage, forecasters will know if a flare has occurred but have no direct information about the flare’s location.


SXI will provide nearly continuous coverage for flare locations, as will the Solar Radio Burst Locator (SRBL) currently being tested by the USAF.  SRBL monitors the 2-18 GHz microwave emissions from the Sun and uses frequency-agile interferometry to derive the locations of strong radio bursts.  (The antenna beam pattern depends on the observing frequency, so flare location can be derived from the amplitude observed at the different frequencies.)  SRBL should give flare locations to within 2 arcmin for all bursts greater than 500 sfu.  The peak fluxes for solar radios bursts at these frequencies range from 1 to 105 sfu, so SRBL should work well for all large flares, but may not have sufficient signal to derive locations for the weaker flares, including the long-duration events.


SXI will provide flare locations to within 10’s of arcsec for all flares, without restriction on the flare area or intensity.  Observing sequences will provide images every 1-3 minutes that can be used to derive these flare positions.  Although SXI will saturate for many of the stronger flares, these images will clearly indicate the location of the flare because non-flaring regions will not be saturated.  Moreover, images taken during the rise or decay of the flare should not be saturated, and therefore can easily be used to locate solar flares.


5.4.	Coronal Mass Ejections


Coronal Mass Ejections (CMEs) are associated with geomagnetic disturbances. CMEs are generally believed to cause these disturbances if they hit the Earth with a magnetic field oriented opposite to that of the Earth’s magnetosphere.  CMEs are best observed in white light scattered by electrons high in the corona, which can only be observed when the bright solar disk is occulted in a coronagraph.  Unfortunately, coronagraph observations rarely observe CMEs that are directed toward Earth.  


CMEs have been associated with the disappearance of solar filaments observed in H( and Long Duration x-ray Events (LDE) observed by XRS. H( images are used to determine if a filament has disappeared based on visual interpretation of these images.  NOAA  forecasters suspect that many of these filament disturbances are not reported.


Early observations from Skylab� REF _Ref363024885 \* MERGEFORMAT �18� gave intriguing indications that x-ray images provide evidence of solar mass ejections, and recent work with Yohkoh/SXT images� REF _Ref363024944 \* MERGEFORMAT �19� show an arcade of bright loops that form along the filament channel near the time of CME onset.  The emission from these CME-associated arcades is typically much less than the total emission from all other x-ray sources on the solar disk.  As a result, the increase in brightening is often too faint to be recorded by XRS as an LDE.  SXI’s observing sequences are being designed to observe at cadences that will provide properly exposed images to monitor for these CME indicators.  Thus we hope that SXI will provide a useful monitor for CME occurrences.


6.	  Observing Plans


SXI is controlled by pre-loaded and editable tables that specify the exposure sequences and observing parameters such as exposure time and MCP voltage.  These tables are currently being developed to meet SEC’s goals for observing evolving solar features, summarized in � REF _Ref363285226 \* MERGEFORMAT �Table 2�,  that are associated with solar-terrestrial disturbances.  


Standardized images will be taken at regular intervals so that forecasters can immediately interpret the images and the rate of development of the various solar features.  The actual observing sequences cover the full dynamic range of the solar features by taking images with different exposure times. (SXI’s detector is digitized to 10 bits i.e. 1024 counts, although the true dynamic range is expected to be about 300.) During routine patrol the longest useful exposure time is limited by the SADA stepping, which occurs every 3.36 s.  Current plans are to cycle through exposures of 1, 50, and 3000 ms to cover the full dynamic range of the solar features of interest.  Longer exposures of 6 s will be taken at least four times per day, when the solar array is halted briefly via ground command from SOCC.


Image sequences are being created that use the filter wheel to varying degrees;  sequences that make minimal use of the filter wheel are included as a contingency, in case the filter-wheel motor shows signs of reaching the end of its operational lifetime.  Some of these sequences will use a single filter and others will use all filters.  In this way, we expect to have an adequate ROM table for all on-orbit conditions.  Images taken through different filters will be used to derive temperatures and emission measures of solar features.  The different filters will also be used to optimize images for different solar features, with thin filters used to observe weak features and thick filters for bright flares.


7.	  Image Analysis


The SXI data is transmitted from the spacecraft at 100 Kbps and will be received directly at SEC’s GOES Ground Station with 6.2 m dishes installed for this purpose.  After ingest of the raw telemetry stream, the various types of packet data will be separated into image files and housekeeping data files.  These files will be made available for real-time access by image processing computers and forecaster workstations.


Image processing will be used to enhance SXI images.  Images will be deconvolved with the point response function to improve the spatial resolution.   Additional image corrections will be made to correct for instrument degradation;  a running total of the total charge extracted from the MCP will be kept for each pixel and used to estimate the detector stack’s degradation at individual pixels.


Table � SEQ Table \* ARABIC �2�.  Desired Cadences to Observe Solar Features


Solar Feature�
Property�
Required Cadence�
Goal�
�
Flares�
location�
 2 min�
 1 min�
�
“�
statistics *�
as possible�
as possible�
�
Active Regions�
images�
10 min�
10 min�
�
“�
statistics *�
 1 hour�
10 min�
�
CMEs�
filament arcade images�
10 min�
 5 min�
�
Coronal Holes�
images (incl. transient holes)�
30 min�
10 min�
�
�
deep exposures�
 6 hour�
 1 hour�
�
* statistics include temperature and emission measure, which require images using different filter combinations 


SXI images will be arriving at a higher data rate than any other data source used by the NOAA/SEC.  Unlike research instruments where data can be analyzed for many months, operational data must be ready for interpretation within minutes.  For this reason SEC has been working on computer-automated feature recognition� REF _Ref363024945 \* MERGEFORMAT �20�,� REF _Ref363024946 \* MERGEFORMAT �21�,� REF _Ref363024964 \* MERGEFORMAT �22�.  These computer algorithms are currently being developed to recognize solar features such as filaments observed in H(, sunspots observed in white light, and large-scale magnetic field patterns observed in line-of-sight magnetograms. After the features have been recognized, their properties (e.g. width, length, location, intensity, proper motion, and lifetime) can be calculated and used for further analysis.  By the time SXI is operating on-orbit, we should be able to display the outlines and derived properties of these solar features on the SXI images in near real time.  


In the near future, feature-recognition algorithms will also be developed to identify x-ray coronal holes and flares observed in Yohkoh/SXT images.  After SXI’s launch these algorithms will be adjusted to recognize the same features in SXI images.  Our goal is to continuously process images in the background, interpret the image, and alert the forecaster whenever a significant change has occurred.


Composite images will be created from images using three or more different exposure durations.  These composite images will show the full dynamic range of solar features in a single image and will incorporate multiple long exposures to enhance the signal from faint solar features.  


We will also be able to display movie sequences of images, including solar images that have been converted into rectangular latitude-longitude coordinates.  These rectangular displays make it easy to study the evolution of solar features because solar rotation has been removed. 


8.	  Conclusions


Additional information about SXI has been published in two earlier papers� REF _Ref363024977 \* MERGEFORMAT �23�,� REF _Ref363025000 \* MERGEFORMAT �24�,  and in several SXI documents. The instrument operation is described in the Telemetry and Control Document� REF _Ref363025003 \* MERGEFORMAT �25�, and the predicted performance is described in the Sensitivity document� REF _Ref363025005 \* MERGEFORMAT �26� and in the Optical Performance document� REF _Ref363035265 \* MERGEFORMAT �27�. Details about the observing plans are being documented in the Concept of Operations and Observing Sequences document� REF _Ref363025908 \* MERGEFORMAT �28�, and two additional presentations at this conference� REF _Ref363025921 \* MERGEFORMAT �29�,� REF _Ref363025922 \* MERGEFORMAT �30� will discuss the SXI instrument.


Data will be made available to forecasters and researchers around the world, and we encourage studies that lead to improvements in predicting and interpreting solar changes that affect the solar-terrestrial environment.
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