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Introduction





This document was produced to summarize the state of the Center of Curvature Alignment Sensor (CCAS) for the Hobby-Eberly Telescope as of September 2000.  At this point in time there have been several major accomplishments involving CCAS and during the next engineering run a major milestone will have been reached when CCAS starts to work with the HET Segment Alignment Maintenance System (SAMS).  It was felt that a document which provides an overall summary of the last year's effort should be produced prior to the CCAS/SAMS interaction phase of the project.





Contained in this document are attempts to describe the evolution of the CCAS instrument up to September 2000 with emphasis on the improvements made over the last year.  An attempt is also made to quantitatively characterize what CCAS is currently able to do and its limitations.  





This is an interim report and should not be considered the final report on CCAS as there is still much to be done.  It is not meant to be an all inclusive document and assumes some familiarity with CCAS.  For details on how CCAS works and the theory behind it one should read "The HET Center of Curvature Alignment Sensor (CCAS) - Testing Interim Report" by Marsha J. Wolf, October 1999.  








Summary of Initial State of CCAS as Delivered





The CCAS instrument was built by W. J. Schaffer & Associates in 1994.  At the time of design and construction there was no primary mirror to test with.  The company went out of business just prior to the HET staff taking delivery of the instrument.  So the contractor was never able to test or debug the system on-site or with the HET primary mirror.





Documentation


No real documentation about the system as a whole was delivered.  There was one page of documentation that was hand written and copied out of someone's spiral notebook and mainly dealt with hardware connections.  All OEM documentation for various purchased hardware components were included.





Hardware


The instrument was delivered complete and in functional order.  Some minor alignment tasks remained to be performed by HET staff.





Software


The software delivered was a DOS based program that ran on the IBM 486 that was delivered with the instrument.  The software included all source code and the compiler used that was used to make the CCAS program executable (Microsoft C++).  It should also be noted that there was very little documentation inside the code itself.  Program version 4.0 was the latest version of the code on the delivered system.





Operations


The system as delivered was not operational.  The software and hardware components seemed to function with each other, however no valid results could be obtained.


Improvements Made Since Delivery





Documentation


In order to understand how the software and instrument operated, the software was reverse-engineered and a detailed software documentation outline was produced.  This document totaled some 100+ pages of documentation.





Software Bugs  


Approximately 9 software bugs were located during the during the documentation of the software.  Of these bugs, one would have caused a complete failure of the system to produce valid results by incorrectly reading the camera gains and offsets during the initialization of the system.  Other bugs had the tip and tilt swapped and the direction sense of the X-axis (tilt) wrong which again would have caused a complete failure of the system.  All of the other bugs would have caused various program crashes, but would not have been a direct cause of invalid results.  All known bugs have now been patched and tested.





Software Testing: Simulated Fringes & Fixpower()


To "bench" test the software, synthetic fringe data was created and submitted to the CCAS program for analysis (see Figure 1).  Horizontal fringes should have yielded corrections only in mirror tip and vertical fringes should have yielded corrections only in tilt.  However, the CCAS program was returning cross coupled values for the purely horizontal fringe data (see Table 1).  The initial analysis of each mirror did return the correct values but these values where then run through a routine called fixpower().  When the mirror correction values returned from this routine they had been modified and cross coupled in both tip and tilt.  If the fixpower() routine was not run, the values were correct (see Table 2).  





The reason the data were only cross coupled for horizontal data was due to the signs of the coefficients used in the equations inside of fixpower().  The vertical data had coefficients that would cancel out cross coupled terms and the horizontal data did not.  It is unknown whether or not this is a bug, but when the signs were changed on coefficients for the horizontal data, the results were incorrect as well.





The fixpower() routine has absolutely no documentation (external or in the programming source code) and it is not obvious exactly what this routine does or why it is needed.  Whether or not the fixpower() corrections are applied is set by a user controlled flag in the program.  While the CCAS program defaults to run this routine, the user can select not to run fixpower() over the data.  The CCAS program is now modified to default to not run this routine.





Analysis Display Mode


The analysis display was modified to where it can display either accumulated tips and tilts (i.e. referenced back to the reference mirror segment) or localized tips and tilts (referenced to the neighboring mirror only).  In the localized mode, the user can also view each shearing axis separately.  This is useful in debugging the tip/tilt calculations and determining which mirror might have a problem.�



�


Figure 1:  Example synthetic fringe data image
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Mirror #�
Axis 0 X�
Axis 0 Y�
Axis 1 X�
Axis 1 Y�
Final X �
Final Y�
�
43�
-0.057980�
-0.100425�
0.057980�
-0.100425�
0.000000�
0.000000�
�
38�
-0.057980�
-0.100425�
0.057980�
-0.100425�
0.057980�
-0.100425�
�
33�
-0.057980�
-0.100425�
0.057980�
-0.100425�
0.115961�
-0.200849�
�
39�
-0.057980�
-0.100425�
0.057980�
-0.100425�
0.173941�
-0.100425�
�
45�
-0.057980�
-0.100425�
0.057980�
-0.100425�
0.231921�
0.000000�
�
51�
-0.057980�
-0.100425�
0.057980�
-0.100425�
0.289901�
0.100425�
�
Table 1 :  Analysis of synthetic 1.5 horizontal fringe data with fixpower() corrections applied.
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Mirror #�
Axis 0 X�
Axis 0 Y�
Axis 1 X�
Axis 1 Y�
Final X �
Final Y�
�
43�
0.000000�
-0.133900�
0.000000�
-0.133900�
0.000000�
0.000000�
�
38�
0.000000�
-0.133900�
0.000000�
-0.133900�
0.000000�
-0.133900�
�
33�
0.000000�
-0.133900�
0.000000�
-0.133900�
0.000000�
-0.267799�
�
39�
0.000000�
-0.133900�
0.000000�
-0.133900�
0.000000�
-0.133900�
�
45�
0.000000�
-0.133900�
0.000000�
-0.133900�
0.000000�
0.000000�
�
51�
0.000000�
-0.133900�
0.000000�
-0.133900�
0.000000�
0.133900�
�
Table 2 :  Analysis of synthetic 1.5 horizontal fringe data without fixpower() corrections applied.








Camera Gain and Offsets Calibrations


During calibration testing it was determined that the method the original instrument designers had come up with for measuring the eight camera's gains and offsets was poor at best.  It relied upon statistical extremes (overall maximum and minimum values) and was therefore subject to wild swings in values on back-to-back measurements.  A new method was developed in which various neutral density filters were inserted into the laser beam.  Average readings were then taken for each camera.  These readings were then plotted against the values obtained for camera 0 on each axis (defined as the reference camera by the software).  These values were then inserted into an ASCII text file and the software was modified to read this file at startup.  It should be noted that the gains and offsets for each camera were found to be reproducible within a few percent over time.  One camera had more than a 10% swing in its values.  It was later determined by other means that this camera was bad and it was subsequently replaced.





Average Mode


During testing it was noted that it was not possible to pick out a single measurement made by the CCAS system and tell whether or not it was valid (see Figure 2).  This is mainly due to dome/CCAS seeing issues.  However, the overall trend produced by back-to-back measurements was in the correct direction.  On 18-July-2000, the software was modified such that three measurements of tip and tilt values are made for each mirror.  Those values are then averaged together and reported as the final mirror correction value to the mirror segment positioning system (SPS).  When the averaging mode was initiated, CCAS started to generate reproducible mirror corrections that resulted in improved mirror stacks.  During many of the tests, circular fringes are now seen on the CCAS images which indicate perfect alignment with monochromatic light.





It was noticed that in marginal dome seeing conditions with the averaging mode activated, the applied mirror movements under-corrected the actual mirror motions.  In watching the fringes during these times, it appeared that if one or two of the three averaged measurements had fringes washed out by seeing, these frames added artificially low values to the average, causing an under-correction of the tip/tilt errors.  To eliminate this problem a low value clipping algorithm was added to the averaging routine.  If the calculated tip or tilt value was less than 0.06 arcseconds, that measurement was excluded from the average.  Washed out fringes result in numbers lower than this value.  This is also the mirror-to-mirror alignment specification, so no correction need be applied if the error is legitimately below this value.  If all three measurements produce values less than 0.06 arcseconds, a zero correction is sent for that mirror.





No plot of the data is shown for averaging mode as it is basically a flat line.  With the averaging mode, the mirror capture rate (the percentage of mirrors on which valid measurements are obtained) increased from less than 50% to greater than 95%.





A drawback to using the averaging mode is that it takes three times longer to take a single measurement (~100 seconds).  During times of rapid temperature change, the mirrors can drift significantly during this time.  This is evidenced by vastly different mirror correction values reported by CCAS on back-to-back measurements without any mirror position corrections being applied.  An upper limit to using CCAS under these conditions appears to be a two degree Fahrenheit or greater  difference between the mirror truss and ambient air.
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Figure 2:  Sample data for Axis 0 tilt (X-axis) values.  The line represents a linear regression indicating the trend of the data.








Video Noise


During the summer of 1999, Marsha Wolf noticed a large jump in the noise level of the eight data acquisition cameras.  Some cameras were noted to be worse than others but all had a sudden  increase in the noise level.  This change occurred after a lightning strike and the replacement of a resulting bad frame grabber card.  During a major "house cleaning" push at the end of July 2000, the entire CCAS instrument was removed from the CCAS tower and brought down to the control room.  At that time Earl Green and Mark Blackley were able to troubleshoot the entire video system.  They were able to track the problem to a bad video multiplexing chip.  The chip was swapped with another unused chip on the board.  The result is very clean video signals.    





Dynamic Range of Acquisition Cameras


During the "house cleaning" in July 2000, Jim Fowler was able to adjust the dynamic range of the acquisition cameras under nominal CCAS operating conditions.  This resulted in a greater dynamic range (0-255) over the light intensities generated by the CCAS instrument.  The gains and offsets of each camera were then re-calibrated.





CCAS Tower Shake


The CCAS towers have a motion coupling mode between the inner and outer towers.  This is due to the fact that they share a common base plate.  This was not the way it was designed, but it is the way it was built.  This allows wind induced tower shake to be transmitted from the outer tower to the inner tower resulting in a sometimes wildly swaying image.  For CCAS to operate, the laser light returning to the CCAS instrument from the primary mirrors must pass through a light baffling pinhole.  During winds >15 mph, depending on direction, the returning laser light rarely goes down the pinhole since the image is moving all over the place.  Typical tower motion for winds of 15-20 mph is 500 to 750 microns, judged by the movement of the laser stack relative to the pinhole on the faceplate.  Under these conditions CCAS is inoperable.  





During November 1999, McDonald Physical Plant installed tensioning guidelines to the outer CCAS tower.  This resulted in damping the tower motion by an order of magnitude and now allows CCAS to operate in higher wind conditions (however, no upper limit has been quantitatively established yet).  In September 2000, Marsha Wolf ordered new, larger pinholes which should also assist in CCAS operations during higher wind conditions.








SAMS Testing


The CCAS software has been modified for a "SAMS Testing Mode".  In this mode the program will make repeated measurements of the seven mirror segments used for SAMS testing.  The results of each test are written to disk in a text format that can then be read by any spreadsheet application for analysis.  The measurements are made as quickly as the program can make them (~1/minute) and are continued until the user interrupts the program and exits the mode.  During the August CCAS engineering run, this mode was satisfactorily tested in a simulation mode.











Summary of Current State





Seven Segment Mirror Stacks


After the sorting out of the fixpower() problem and the creation of the averaging mode for the CCAS program, the program is now able to capture and align a 7 mirror segment stack.  The average of the CCAS stack is 0.775 EE50 and 1.31 EE80 (arcseconds).  Under the best conditions, CCAS yielded a stack with 0.704 EE50 and 1.21 EE80 (arcseconds).  Under the worst conditions in which CCAS was still able to operate, the average stacks was 0.860 EE50 and 1.46 EE80 (arcseconds).  (For reference, a single mirror's typical values are 0.5 EE50 and 0.9 EE80 arcseconds on a good night.  See the section "Limitations: Dome Seeing" below for more information.)  





The plots below (Figures 3 & 4) show how CCAS is able to maintain a 7 mirror stack over time while other uncontrolled stacks fall apart.  The night shown here (21-July-00 GMT) is considered an average night.  It should be noted that towards the end of the plot where the non-controlled stacks seem to be improving is misleading.  At that time, the non-controlled stacks have fallen apart so far that some of the mirrors are falling outside the analysis search radius.
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Figure 3:  EE50 plot of 7 segment stacks plus single mirror 43.  CCAS applied corrections to the 7 mirror stack centered on mirror 55. 
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Figure 4:  EE80 plot of 7 segment stacks plus single mirror 43.  CCAS applied corrections to the 7 mirror stack centered on mirror 55.





�
Twenty-Three Segment Mirror Stacks


On the last two nights of the August 2000 engineering run, all of the goals for the run had been accomplished so an attempt was made to see if CCAS could capture and align 23 mirrors.  The mirrors used comprised the lower left quadrant of the mirror array (top view).  It appears that CCAS was able to accomplish this task.  There is currently no mirror stacking code for the coarse alignment done by the Telescope Operators (T.O.).  So the T.O. had to do a coarse alignment manually with each individual mirror.  Given the amount of time this took, no comparison stacks were made to compare the CCAS controlled stack against. So at this point these results are not completely definitive.  However, for the most part CCAS did align and hold the stack.





On the first night of testing (see Figures 5 & 6 below), the dome seeing conditions were so poor that mirrors would normally not be aligned.  CCAS did manage to capture all of the mirrors and align them to 0.87 EE50 and 1.44 EE80 (arcseconds).  It should be noted that these values are  within 0.01 arcseconds of the alignments that CCAS could achieve for a 7 mirror stack under poor dome seeing conditions such as these.  However, at 9:30 GMT, there was a large temperature gradient and mirror 88 popped out of the stack.  Mirror 88 is located at the extreme lower left corner which is the first and most affected by temperature changes.  Due to the small size of the pinhole, the large stack size and the cycle times of the system (see Cycle Times under the Limitations of CCAS below), CCAS was unable to recover the mirror.  At this time the decision was made to stop applying CCAS mirror corrections and let the mirrors drift to demonstrate the underlying mirror drift that CCAS had been correcting for (as seen by the rise at the end of the curve on the plots below).
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Figure 5:  EE50 plot of a 23 segment stack.  CCAS applied corrections to the stack until 9:30 at which time the mirrors were allowed to drift.
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Figure 6:  EE80 plot of a 23 segment stack.  CCAS applied corrections to the stack until 9:30 at which time the mirrors were allowed to drift.








The second night's dome seeing and large temperature gradients made stacking and aligning impossible until just before dawn in which a quick test of the 23 segment stack was done.  CCAS captured all mirrors and aligned them to 0.77 EE50 and 1.25 EE80 (arcseconds).








Improvement Over Telescope Operator's Stacks


CCAS was always able to improve over the T.O.'s stacks.  The quality of the initial T.O. stack was highly dependent on things like temperature gradients, dome seeing and mirror hysteresis.  So any quantitative analysis has take these problems into account.  On average, CCAS improved the T.O.'s stacks by 0.19 EE50 and 0.23 EE80 (arcseconds) on the 7 mirror segment stacks.  For the  23 segment stack it was improved by 0.14 EE50 and 0.16 EE80 (arcseconds) (under poor seeing conditions).  Typically the improvement over the T.O.'s stack are realized within 5 minutes.  At no time did it take longer than 15 minutes (under poor dome seeing and high temperature gradient conditions).





Mirror Capture


Mirror capture is defined as a mirror having enough quality of signal for the CCAS system to be able to determine a tip and tilt correction for it.  It also depends on all other mirrors in its chain that links it back to the reference segment to also have been captured.  If one mirror is not captured in the chain, all other mirrors further out on the chain are unable to be captured as well.





When testing was started with CCAS the mirror capture rate was less than 50% (probably even less than 30%).  After the averaging mode was installed this rate increased to better than 95%.  These rates are highly dependent on the dome seeing, tower shake and mirror drift velocity.  


On testing with the 23 segment stacks it was noticed that CCAS only captured the center core mirrors initially.  As these mirrors were brought into alignment, mirrors further out on the chain were then captured and brought into alignment as well.  After approximately 4 iterations (6 - 7 minutes) all 23 mirrors had been captured and aligned.








SAMS Testing


The CCAS system is currently ready to monitor the seven segment SAMS test (currently scheduled for October 2000).  During the August 2000 CCAS engineering run, CCAS was tested to see if it could correctly measure (and control) the seven mirrors that are to be used for the SAMS test (mirrors 10, 15, 19, 24, 25, 30 and 88).  It was able to measure and control these mirrors as usual.  





During the SAMS test, CCAS will only be required to monitor the seven mirror segments after the initial alignment.  At that time CCAS will be placed into the SAMS Testing mode in which it will measure tips and tilts for the mirrors under test.  The normal CCAS mirror corrections that would have been sent to the HET SPS system will be rerouted and stored in a file on a disk.  The system will repetitively make these measurements approximately once every 90 seconds until interrupted by the user.  The output file is in a comma-separated-value (csv) format.  This will allow the data to be ported to any spreadsheet application for analysis.  Data flow rates for this mode were calculated to be about 21 Kbytes/hour so running out of disk space should not be an issue.








Group Drift


One thing that was noticed during testing is that if the reference mirror drifts, CCAS will drive the rest of the mirrors to follow it (as it should).  However, this means that the entire mirror stack's position will drift.  If this turns out to be a problem, the program may need to be modified to yield mirror corrections such that the overall correction average is zero.  This also may be a problem during the SAMS testing as the mirrors may drift as a whole out of the field of view while maintaining their internal alignment.











Limitations of CCAS


While CCAS is functional, there are limitations.  Some of the limitations can be reduced through upgrades in hardware and software while others are probably beyond any means of reasonable control.





Dome Seeing


Dome seeing is defined as the amount of seeing, or the quality of the image, that is present at the CCAS data collection cameras.  The atmospheric turbulence can be coming from inside the HET dome, inside the CCAS tower or from winds blowing between the CCAS tower and HET dome.  





At times of high turbulence, the interference fringes seen by CCAS can be completely lost in the noise.  Under these conditions CCAS is unable to yield any valid results.  However, since the system knows nothing of the seeing conditions, it will report the results as normal small alignment errors until the mirrors drift out of capture range.  If the results are applied to the mirrors, the stack degrades.  This was witnessed several times when dome seeing suddenly increased then later improved.





During the seven segment stack tests in May and July 2000, EE50 and EE80 measurements were made of a single mirror (mirror number 43) to obtain some type of quantitative measurement of the seeing.  (During the August 2000 engineering run mirror 43 developed a mount problem which resulted in poor measurements.  Those values are not used in the following analysis.)  More than 150 measurements were made of the single mirror.  The average EE50 is 0.55 and 0.98 EE80 (arcseconds).  During each run the typical EE50 value ranged ± 0.10 and the typical EE80 value ranged ± 0.16 arcseconds.  On a night with good seeing, single mirror measurement was usually about 0.50 EE50 and 0.90 EE80 (arcseconds).  On a poor night, typical values were 0.70 EE50 and 1.20 EE80 (arcseconds).





Dome seeing for CCAS could be predicted by looking at the temperature difference between the truss and ambient air (outside the dome), and the outside wind speed.  If the difference was less than 1.0 degrees Fahrenheit with winds above 10 mph the seeing was typically good.  If the difference was 2 degrees or more, or wind speed dropped below 10 mph, CCAS was inoperable since the fringes were washed out by the dome seeing.


 





Cycle Times


CCAS' ability to improve a mirror stack is sometimes limited by the overall time it takes to make a measurement, analyze it, and apply the calculated corrections to all of the mirrors in the stack.  Typically this time is around 4-5 minutes.  On nights with high temperature gradients, (which implies high mirror drift rates) the mirrors can drift significantly between cycles.  Hopefully in the post SAMS install era, mirror stacking would not be done on nights such as these.





Telescope Operator Interface


In the current system the TO must make approximately 7 mouse clicks to command a CCAS measurement and then apply the corrections when probably only 2 should be needed.  The TO's interface automatically brings up various windows (some of them with the same information) which the TO has to either allow to stack up or close.  This part of the system seems to have been left in some sort of debug mode by the original designers.  While not a major time issue, there is still some wasted time (~10-15 seconds) as well as a large increase in TO aggravation.





Computer Hardware


The slowest component of the CCAS instrument is the time it takes for the CCAS computer to download the images from the 8 data acquisition cameras.  All 8 cameras are downloaded serially by a video frame grabber card inserted in the CCAS computer.  A video multiplexer device, located in the CCAS tower and controlled by the CCAS computer, determines which camera the frame grabber card sees at any given time.  This card is old, slow, not manufactured any more and is a single point failure of the CCAS system.  It takes approximately 30 seconds for the card to read out all 8 cameras.  While this is not a huge amount of time, when the system is in the 3 pass averaging mode, this takes over a minute and a half.





To improve this time, the frame grabber card would need to be replaced which also implies replacing the computer as no currently sold hardware will work with the 486 computer.





�
HET Segment Position System


Currently it takes the SPS system 90 seconds to update the entire mirror structure.  This is limited by the design of the system that communicates with each mirror actuator.  The only way to realize any gain here is to basically redesign the system with speed in mind.





Camera Resolution


There has been much discussion about the ability of the CCAS data acquisition cameras to be able to resolve fringe data when there are more than ~6 fringes present.  Although the CCAS software does not actually count fringes, it is true that under these  fringe conditions CCAS believes the mirrors to be aligned.  This also gives us an upper limit on the capture range of CCAS of approximately 0.36 arcseconds in mirror-to-mirror alignment.  In performing large mirror stacks, there are typically only 5 or so mirrors that have more than 6 fringes.  The telescope operators have shown themselves to be very adept in correcting these mirrors manually to a fringe number that is within the CCAS capture range in a short period of time.  So at this time there appears to be no reason to replace the cameras based on their resolution.





Dynamic Range


Initially the dynamic range of the cameras were thought to be low over the CCAS signal range.  However, frame grabber cards turned out to be the limiting factor and they had never been adjusted.  After Green and Blackley removed the majority of the electronic noise from the system and Fowler was able to adjust the frame grabber card for each camera under normal CCAS operating conditions, the dynamic range of the cameras (and the entire system) seems to be more than adequate.





ADC and DAC Conversions


The images from CCAS pass through 4 conversions of analog-to-digital and digital-to-analog before an image is ready for analysis.  At each conversion, some amount of information is lost.  However, since there is nothing to compare it to, the amount of loss here is unknown.  The image starts it journey from a CCD chip in the camera as a digital image.  However, the camera converts it to an analog video signal before outputting it to the individual camera's frame grabber card.  The frame grabber card then converts it to a digital signal internally so it can freeze the image.  However, the image outputted by the frame grabber card is an analog video signal that is then sent down to the CCAS computer where it is once again converted to the digital form for analysis by the frame grabber card in the computer.  So the image conversions go D->A, A->D, D->A, and A->D.  Clearly there are better ways of doing this with today's technology.











Future Improvements of CCAS





If CCAS is to remain a viable instrument in the future, some improvements (or repairs) will eventually need to be made to it.  If any one improvement is made to the CCAS system it should be noted that the improvement will most likely set off a chain of required improvements as the current CCAS system is making use of several pieces of old technology that are no longer available and are not compatible with current technology.  Updating or replacing one item will require the replacement of another item which will in turn require the replacement of another item, etc...  So the improvement of CCAS should be looked at as an entire package instead of the upgrading of individual parts.





Hardware





Host Computer


The current CCAS computer is an old 66 Mhz IBM 486 PC clone with an ISA/VESA Local Bus and 8 Mbytes of RAM running MS-DOS.  Any modernization of the CCAS system, additional image analysis, or replacement of the PC's frame grabber card will require a new computer and operating system.





PC's Frame Grabber Card


The frame grabber card located in the PC performs the final analog to digital conversion of the CCAS images.  This card is a single point failure of the CCAS system.  The card is no longer made and the original manufacturer has none left in stores.  No spare card was delivered with the original system.  Any currently manufactured frame grabber cards run under an PCI bus and expect image display to be done under some sort of windowing operating system.  Replacing this card will require a new computer, a new operating system and a fairly extensive programming effort but should be undertaken at some point to insure that the system is not down for an extended period of time.





Camera Frame Grabber Cards


Currently there are eight frame grabber cards, one for each data acquisition camera, located in the electronics box in the CCAS tower.  At some point these cards could be completely replaced by frame grabber cards in the host PC.  Fiber optic cable could feed the signals from the cameras to the new cards in the control room.  This would get most of the signal processing hardware out of the CCAS tower and down into the control room in a controlled environment.  It would also eliminate one frame grabber card from the system (the one currently located in the host computer) as well as the video multiplexer which has been the source of most of the electronic noise on the video signals.  This would also eliminate one of the analog-to-digital conversions as well as one of the digital-to-analog conversions which should help in increasing the signal-to-noise ratio.  Another benefit of making this upgrade would it should cut down the cycle time for CCAS from 100 seconds to less than 10 seconds.  Applying this upgrade will require a new host computer, a new operating system and extensive reprogramming of the current CCAS program.








Software


The current software of the CCAS system runs under MS-DOS.  The software is currently using about 98% of the host computer's resources.  Any changes to hardware or in how the system operates will likely require a major rewrite of the program.  When this occurs an effort should be made to reuse as much of the original code as possible.  The code should be updated in a manner to make the system as modular as possible and employ modern software techniques.  The computer operating system should be upgraded to Linux, a freeware UNIX operating system, which will allow for multitasking of the CCAS program and an Xwindows based display system.





Documentation


At some time the documentation for the entire CCAS system should be created.  This should include an operators manual, a software and technical manual and documentation inside of the program's source code.





�
Conclusions


The CCAS system has now proven to be a reliable system for the fine alignment of seven mirror segments and should be able to monitor the Segment Alignment Maintenance System as required.  Initial tests also indicate that it works for the fine alignment of up to 23 mirror segment stacks.  The system may be able to work on larger stacks but is currently limited by the pinhole size.  Typical CCAS aligned stacks have an EE50 of 0.775 arcseconds and an EE80 of 1.31 arcseconds which is an improvement of 0.14 EE50 and 0.16 EE80 over the stacks achieved by the telescope operators.  The major limiting factor in using CCAS for fine alignment is dome seeing conditions.  At some point in time CCAS will need to be upgraded or repaired and at that time a major investment of manpower and hardware will have to be made.
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