
 August 1, 2006 
MEMS-AO / ViLLaGEs Preliminary Design Review 

 
Response to Reviewers’ Comments 

 
The review went well with very helpful suggestions coming from the reviewers. The purpose of this memo 
is to respond to those suggestions and to recommend courses of action. 
 

1. Perhaps the issue of most concern that I took from the meeting was the ambitious project schedule. 
There are two issues in changing the schedule: one, the risk of additional costs associated with 
having to extend work into next year; and two, the risk that slowing down the project would 
negatively impact its importance and timeliness with regard to next generation Keck and TMT AO 
instruments. 
 
Response: 
We shall make a more conservative project plan and assess the change to costs. I believe the major 
time impact will be at the tail end of the project, during I&T and experiments stages, and that the 
increase will come in the form of additional manpower that is mostly leveraged from LAO 
personnel. 
 
The risk to importance and timeliness was assuaged by Brent Ellerbroek and Mike Bolte: the 
experiment results will still remain highly important to Keck and TMT even if they come next 
year. 
 
As per recommendations, we will plan on closed-loop (and open-loop) testing using a turbulence 
generator in the lab prior to telescope installation. 
 

2. The mechanical flexure analysis was not completed. There were also some gaps in the 
opto/mechanical design, particularly on the science camera path (focus mechanism, filters). Mike 
Bolte and Dave Palmer have suggested we have a critical design review. 
 
Response: 
A critical design review covering the opto-mechanical final design is now scheduled for 
September 1. Chris Lockwood expects to finish both the mechanical design and flexure analysis to 
CDR levels by then. 
 

3. The pixel size on the wavefront sensor camera is too coarse, putting experiment 2 at risk because it 
will depend critically on the wavefront sensor linearity. 
 
Response: 
We will perform simulations of the wavefront sensor performance under typical Lick seeing 
conditions to determine if this is a problem with the current pixel scale. As a fall back we will 
investigate optical design with a finer pixel scale, along with the impact on fabrication of the field 
stop that prevents pixel cross-talk. Should the resulting design prevent fitting two Hartmann pupils 
on the CCD, we have the fall-back option of using a second high speed camera as the “truth” or 
scoring wavefront sensor (also see comment 4). 
 

4. Brent Ellerbroek has suggested we add a second high speed camera, with both far-field and 
wavefront sensing capability, as a scoring camera on the science leg. 
 
Response: 
We will add modifications to the science leg that will allow mounting of a high speed camera 
(another SciMeasure littlejoe head) on the science leg. We will estimate the costs required for 
design/fab and software support of this additional camera. The hardware cost for a second 
SciMeasure if $40K. 

 



5. Putting multiple beams on the wavefront sensor forces them all to operate with the same camera 
setup parameters (frame rate, camera gain). 
 
Response: 
Two of the beams (open and closed loop) are from the same source so they should operate on the 
same setup parameters. The laser beam diagnostic leak brightness can be adjusted separately using 
the ¼ wave plate and ND filters. 
 

6. The glycol cooler is probably not necessary. Controlling air flow in a generally downward 
direction with the dome fans on should prevent convective heating from generating turbulence on 
the optical bench. 
 
Response: 
This is a great idea which saves us considerable trouble and total energy use. We will design in an 
air-path, with possible ducting and insulation, to carry the heat away from the electronics rack. 
 

7. The laser guidestar radiometry calculations were not presented. 
 
Response: 
This is a Phase 2 issue, so we didn’t prepare much on this, thinking it to be outside the scope. The 
radiometry calculation has been done, and is implicit within the error budget presented in the 
introductory viewgraphs. It is grounded in experimental returns reported by Bob Fugate. We can 
certainly prepare a short memo on our assumptions and calculations. 
 

8. Brent Ellerbroek suggested that only a single DM is necessary in Phase 2, rather than a second 
DM for just the laser. The DM can be the laser-coated (not MEMS) device we were planning to 
use for Phase 2 laser uplink control, since the MEMS on-sky demonstration is already achieved in 
Phase 1. This might simplify the overall control system and optical design. 
 
Response: 
Since the laser DM has a different clear aperture size than the MEMS DM, requiring additional 
beam reformatting optics, it is not clear that this results in an overall simplified optical design. The 
control loop architecture still remains fundamentally different for uplink vs downlink, so software 
savings also seems unlikely. But, we will look into it. 
 

9. The tip/tilt mirror has a resonance at 1kHz, which is the AO system frame rate, threatening tip/tilt 
stability. 
 
Response: 
This spec was with a 1 inch mirror. A smaller mirror can be used in our system (it is at a pupil in a 
3.6mm beam) reducing moment of inertia.  The tip/tilt control loop does not need to operate at the 
same bandwidth as the high-order control loop so it will be designed, with a mirror resonance in 
mind, to roll off appropriately. 
 

10. The ImagineOptics mirror is slow and dissipates a lot of heat. 
 
Response: 
This is a Phase 2 issue. We haven’t decided on a mirror for the laser uplink control yet. Obviously 
bandwidth is an important parameter. 
 

11. The VME crate can be eliminated. If we need 200 volt driver boards then we could use the JPL-
built boards. If we need 300 volt driver boards then we could use the BostonMicromachine boards. 
Neither of these require VME. 
 
Response: 



The main issue is the cost of manpower to rewrite drivers. We want to keep the present design as 
baseline because it is a duplicate of the 3 meter system. 
 

12. It may be impossible to fit it through the door of the 1 meter dome. 
 
Response: 
We will look in to how to transport the system, possibly in two pieces, into the basement of the 1 
meter dome, from which it can be hoisted (through much bigger doors in the floor) to the 
telescope level. Right now, it doesn’t look impossible, but would require a lot of recabling. Dave 
Cowley has suggested that the dome basement be the prep lab and permanent storage location. 
 

13. There is no plan to build a GUI 
 

Response: 
We plan to use the GUI from the 3-meter AO system. We will have to make appropriate 
modifications however so this is a good point. 
 

14. RT SW programming should be starting now; MEMS drivers are a big chunk of that; but, MEMS 
driver HW hasn't been selected yet. 

 
Response: 
MEMS driver HW has been selected: the baseline is RedNun cards and the VME system we are 
familiar with. We will get started with that. In parallel we will investigate the 
BostonMicromachines drivers (which they will loan us for evaluation) and plan, as a backup 
option, to use them if 300 Volts is needed. The determination of 300 vs 200 Volts depends upon 
the outcome of a Hartmann test of the 1 meter primary figure, to be completed in the September 
time frame. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


