
 
Center for Adaptive Optics 

 

 

 

 

 

 

 

 

MEMS-AO / VILLAGES 
 

MEMS in Astronomical Adaptive Optics 
Visible Light Laser Guidestar Experiments 

 

 

On-sky Experiments at the Nickel 40inch Telescope to Demonstrate Next Generation Adaptive Optics 
Concepts for Extremely Large Telescopes 

 

Donald Gavel 

Director, Laboratory for Adaptive Optics 

UCO/Lick Observatory 

UC Santa Cruz 

Contributors: 

Scott Severson 
Daren Dillon 
Mark Reinig 

Mark Ammons 
Brian Bauman 

Chris Lockwood 
Katie Morzinski 

 

July, 2006 



 

Table of Contents 

 

1 Introduction and Background................................................................................................................ 1 
2 Proposed Experiments .......................................................................................................................... 1 

2.1 Phase 1: MEMS Open Loop Experiment .................................................................................... 1 
2.2 Phase 2: Laser Projection Experiment......................................................................................... 2 

3 Summary of Program Goals.................................................................................................................. 3 
4 Exploratory High Risk Nature of the Proposed Research..................................................................... 4 
5 Connection to the Large Telescope Projects ......................................................................................... 4 
6 Management, Schedule, and Budget..................................................................................................... 5 

 ii



MEMS Adaptive Optics and Visible Light Laser Guidestar Experiments 
(MEMS-AO / ViLLaGEs) 

1 Introduction and Background 

The Lick Observatory has been a pioneer in the development of innovative technology for astronomy 
particularly the development of adaptive optics and laser guidestar systems. Adaptive optics enables high 
resolution observing from the ground by actively correcting for the distorting effects of the turbulent 
atmosphere above the telescope. The laser guidestar adaptive optics system installed at the Lick 3-meter 
Shane Telescope in 1996 was the first such system to be commissioned for regular observing in astronomy. 
Subsequently a laser guide star system of this same design was installed at the Keck 10-meter telescope and 
is presently producing ground breaking results in extragalactic science, solar system science, and science of 
the center of our Galaxy. 

Building on this earlier success, the next generation of telescopes and adaptive systems will want to realize 
the full potential of high Strehl, wide field / multiplex observing. A number of efforts have begun along 
these lines including feasibility studies for a Thirty Meter Telescope and for next generation adaptive optics 
system on the Keck 10-meter telescope. On the TMT, all infrared instruments and a few of the visible 
wavelength instruments are being designed to utilize adaptive optics. Near-infrared science instruments will 
employ multiple laser beacons to provide tomographic measurement of the volume of atmosphere above 
the telescope. On Keck, the next generation high precision AO system will utilize multi-guidestar 
tomography for science observing down into the visible wavelength bands. 

The UCO/Lick Observatory Laboratory for Adaptive Optics (LAO) is actively pursuing development of 
new technologies and techniques that will enable the next generation of adaptive optics systems for 
astronomy. Experiments at the LAO have demonstrated the multi-guidestar tomography and wide-field 
wavefront correction techniques. In addition, the LAO has been developing, in coordination with industry, 
new device technologies for wavefront sensing and control. 

We propose to field an on-sky experiment that will demonstrate two new key technologies for next 
generation adaptive optics on large telescopes. These key technologies are: MEMS electrostatically-
actuated deformable mirrors and pulsed lasers for efficient generation of laser guidestars with a minimum 
of laser power. 

2 Proposed Experiments 

2.1 Phase 1: MEMS Open Loop Experiment 

Over the past two years the Laboratory for Adaptive Optics, in collaboration with the Center for Adaptive 
Optics and industrial partners, has been developing a radically new kind of adaptive mirror based on silicon 
micro-machining technology. These micro-electro-mechanical system (MEMS) devices have a mirror 
surface and actuators that are fabricated on a single chip of silicon in much the same way as a CCD or 
integrated circuit. The silicon foundry approach enables construction of devices that have a very high 
number of actuators with high reliability and very low cost. We have been testing MEMS deformable 
mirrors in our laboratory over the past year and have recently published experimental results that 
demonstrate the potential of these devices for astronomical application. We have tested a number of 1024 
actuator MEMS deformable mirrors and are now embarking on a collaborative effort to develop a 4096 
actuator device that will be built in to a new major instrument for the Gemini Telescope. 

MEMS mirrors will change the paradigm of how AO systems are designed and built. Their low size weight 
and cost will mean MEMS DMs can serve unique new roles not normally considered for active optics and 
which will drastically improve the performance of astronomical AO systems. These include, in addition to 
correcting the incoming starlight, correcting the wavefronts of laser beacons (both outgoing beam and 
return beams at the wavefront sensor), correcting the wavefronts of tip/tilt reference stars, and correcting 
science wavefronts at multiple field points. 

MEMS actuators have very reliable and predictable response to applied command voltages. For this reason, 
it is practical to operate them “open-loop,” that is, without requiring that the guide star light be used to 
monitor the mirror’s surface shape. This opens up a powerful new architectural concept for AO called 
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multi-object adaptive optics (MOAO) where several science objects can be observed simultaneously each 
using its own deformable mirror for correction. A recent study for the Keck next generation adaptive optics 
system has predicted that the multiplexing advantage of MOAO could provide a factor of 50 increase in 
science data collection rate – essentially the same as building 49 more Keck telescopes! 

We propose to demonstrate the performance and reliability of MEMS deformable mirrors for astronomical 
instruments by building a MEMS based single-arm MOAO system and fielding it at the 40-inch telescope 
at Mount Hamilton. This system will make diffraction-limited images at visible wavelengths using bright 
natural stars as reference beacons and will clearly demonstrate two key points to the astronomical 
community: 

1) The feasibility of MEMS deformable mirrors as wavefront correctors in an astronomical 
adaptive optics system. 

2) The unique capability of MEMS deformable mirrors to work accurately under open loop control 
with real starlight and in typical atmospheric turbulence conditions. 

The configuration of the experimental 
instrument is shown in Figure 1. This system 
will be mounted at the Cassegrain focus 
(behind the primary mirror) of the Nickel 40-
inch telescope. Light coming from the 
telescope on its way to the science camera 
reflects off of the MEMS deformable mirror, 
which applies the wavefront correction. The 
system is configured with two paths for 
starlight to enter into a wavefront sensor, one 
prior to correction and one after correction by 
the deformable mirror. This architecture 
enables either the closed or open loop control 
arrangement and in each case provides 
information about system performance by 
measuring both pre and post correction 
wavefronts simultaneously.  

The system design for Phase 1 experiments has 
recently passed Preliminary Design Review, 
with reviewers representing the TMT Project, 
and the Keck, Palomar, and Lick Observatories 
attending.  This review provided us with a 
valuable critique of the program plan and also 

guidance on our experimentation plans in view of their potential impact on future strategies for large 
telescope AO instrumentation. 

Figure 1. MEMS-AO / ViLLaGEs system. 
This system employs a 140 actuator MEMS 
deformable mirror and fits on the back of the 
Lick Observatory 40-inch Nickel telescope.
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2.2 Phase 2: Laser Projection Experiment 

Another extremely important technology under development is the laser that produces the guidestar. Laser-
induced beacons provide the bright wavefront reference sources needed for probing the atmospheric 
aberrations anywhere the astronomer wishes to observe; bright enough natural guide stars being unavailable 
over most of the sky. Future generation AO systems will also require multiple laser guidestars in order to 
tomographically measure of the volume above the telescope. 

Increasingly precise wavefront measurements, e.g. for correction at shorter wavelengths, require 
increasingly greater return signal. Recent advances in solid state laser technology, partially supported 
through the NSF sponsored Center for Adaptive Optics headquartered at UC Santa Cruz, have lead to the 
possibility of small power efficient sodium guidestar lasers. Although these lasers show promise, there is 
still considerable expense and uncertainty involved with scaling them to very high power. 

In order to achieve the ambitions goal of laser guidestar adaptive optics correcting at visible science 
wavelengths, we have begun to investigate novel means of increasing the guide star signal without 
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increasing the required laser power. Our suggested approach is, instead of increasing the laser power, to 
decrease the apparent beacon size. Wavefront measurement theory trades these off in a manner favoring the 
smaller spot: each factor of two improvement in spot diameter is equivalent to a factor of four increase in 
laser power. 

A smaller spot is produced by pre-correcting the laser beam’s phase wavefront for the atmospheric 
distortions it will see on the path up through the atmosphere and then projecting it out of a large aperture to 
produce a diffraction-limited beacon spot. Taking into consideration the thickness of the mesospheric 
sodium layer, the ideal projection aperture for a sodium guidestar laser is around 70 cm in diameter. In our 
proposed experiment, this condition is ideally met by using the 1-meter Nickel telescope as the laser 
projection aperture. An AO corrected laser beam projected through this aperture will produce a spot that 
appears 0.2 arcseconds in extent. Comparing with the roughly 2.0 arcsecond diameter spots of current LGS 
AO systems the resulting gain in signal to noise would be roughly a factor of 100, with no increase in laser 
power. 

In order for us to verify that the spot is in fact that small, we plan to use the MEMS based AO system 
developed under Phase 1 to measure it in the following manner. First, the adaptive optics control loop will 
be closed using a bright natural guide star as a reference beacon. The wavefront control signal that is used 
to adaptively correct the incoming light can also be used to pre-correct the laser light for its path upwards 
through the atmosphere. In our experiment the launch aperture and path through the atmosphere are shared 
between outgoing laser light and incoming starlight, thus the laser light must be pulsed, or chopped, so that 
incoming light can be sent to a detector in between outgoing laser pulses. The laser light is fed into the 
optical train of the telescope via a beam splitter and then projected out the 1 meter aperture to the sodium 
layer, as shown by the red lines in Figure 1. Return light from the sodium layer, coming back after an 
approximately 600 microseconds round trip time, is gated into the detector. The science camera will see 
both the natural star and the laser star, both corrected by the AO system to the diffraction limit of about 0.2 
arcseconds full width half maximum, for comparison. An image of the LGS spot that is close to this 
diffraction limit proves that the spot-sharpening concept is working. 

As a final step in our proof of concept, the return laser beacon light can be sent into the wavefront sensor 
and we can close the loop using the laser guide star. A successfully closed AO loop and correction of 
science light at visible wavelengths will prove our basic hypothesis: that visible wavelength laser guidestar 
AO is feasible with modest laser power. 

3 Summary of Program Goals 

The experiments we propose are in a series of 4 demonstrations, each producing their results in a timely 
manner and each demonstrating a key principle that stands alone as a milestone in the path to the next 
generation of AO systems. We believe that the experiments can be performed in a 2 year timeline, with 
experiments 1 and 2 (MEMS demonstration) happening in year 1 and experiments 3 and 4 (with the laser) 
happening in year 2. The experiments are summarized in Table 1. 

Table 1. Summary of MEMS-AO / ViLLaGEs Experiments 

Phase Experiment Description Demonstrates Impact 
Phase 1    
Experiment 1 Closed loop on-sky demo using 

MEMS  
MEMS will work for 
astronomical AO 

Reduced risk for 
Keck and TMT AO 

Experiment 2 Open loop on-sky demo using 
MEMS 

MEMS will work in 
the MOAO 
architecture 

MOAO architecture 
is feasible for Keck 
and TMT designs 

Phase 2    
Experiment 3 Produce small LGS spot with 

Uplink AO 
A small LGS spot can 
be produced; SNR 
increased 

Choice of laser and 
launch facility for 
Keck, TMT 

Experiment 4 Close the loop on the small spot 
LGS 

Small LGS spot 
concept works 

Visible λ LGS AO 
systems are feasible 
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Start of Phase 2 will be contingent on availability of a suitable test laser for the experiments. We have two 
alternatives we are pursuing: one with Lawrence Livermore National Laboratory using the fiber laser they 
developed under CfAO and AODP funding, and second with Lockheed Martin Coherent Technologies 
using a developmental laser they have built under AODP funding. It is possible we may be able to test both 
of these, as both of their research programs are targeting astronomy users and testing at the Lick facility 
will benefit their program goals. 

The broader impact of these experiments is worth noting: 

• A number of the precursor experiments have already been performed in the Laboratory for Adaptive 
Optics, for example demonstration of the ability of the MEMS deformable mirror to correct for test 
aberrations similar to those of the atmosphere and demonstration of MEMS DM open loop 
performance. The on-sky experiments are a natural next step in the flow of technology from laboratory 
to telescope instrument. This progression to on-sky experiments demonstrates the tangible benefit of 
forming and supporting the laboratory at UCO/Lick. 

• The Laboratory employs a number of graduate students and post doctoral researchers in astronomy and 
engineering. Hands on experience in the laboratory, followed by hands on experience at the telescope 
(the Nickel Telescope on Mt Hamilton is a two hour drive from the UC Santa Cruz campus) inspires 
student involvement in instrument design and provides valuable observing experience. It also educates 
the next generation of adaptive optics instrumentalists. 

• These experiments demonstrate the strength and resourcefulness of the UCO/Lick Observatory and the 
Laboratory for Adaptive Optics, putting it in a position to build the next generation of AO instruments 
and continuing a tradition of pioneering technology for astronomy. 

4 Exploratory High Risk Nature of the Proposed Research 

The new concepts for adaptive optics systems outlined above have never been tried before on astronomical 
instruments. Nor are they on the main instrumentation design path for future generation systems (with the 
exception of the Gemini Planet Imager) because of their perceived high risk. A successful demonstration at 
a small telescope will give them high credibility which would result in a high impact on the future of AO 
instrumentation. The risks we face are: 

• MEMS survivability and performance in the observatory operating environment 

• Laser survivability and performance in the observatory operating environment (both of our candidate 
lasers are new designs). 

• Practical issues with laser uplink correction 

• The process of closing the LGS control loop while maintaining a small spot 

These risks are surmountable with good planning; however the entire concept is new and involves a series 
of techniques untried before in astronomy. Because of this, we have specifically designed the project plan 
in a progression of four experiments, each relying on only one new device or concept, and where success at 
any stage will have profound impact on the nature of future AO systems as outlined in Table 1. One must 
furthermore recognize that a strong point of the proposed system is that it is actually an experimental 
platform, flexible enough for relatively quickly and cheaply testing new concepts and components on-sky 
and is therefore a natural extension of the laboratory. 

5 Connection to the Large Telescope Projects 

The principal investigator has had extensive experience in developing the first generation of laser guidestar 
adaptive optics systems, and was responsible for significant components of the Lick 3-meter and Keck 10-
meter AO systems. He recently served as chair of the Thirty Meter Telescope adaptive optics working 
group and led the feasibility study for the IRMOS adaptive optics system. IRMOS uses the MOAO 
architectural concept and even though the science advisory committee ranked it highest priority among the 
infrared science instruments for TMT, it was put on hold by the project office pending demonstration of the 
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MEMS technology it depends on. The PI is also involved with the Keck telescope next generation adaptive 
optics project which may also use the MOAO architecture pending demonstration of the key technological 
concepts. 

6 Management, Schedule, and Budget 

The schedule spans two years with experiments 1 and 2, involving proof of concept for the MEMS, 
happening in year 1 and experiments 3 and 4, involving tests with the laser, happening in year 2. At this 
time we are requesting for funding for the first 18 months’ efforts, which include preparations for the laser 
experiments. 

The project will be managed by the PI, who is director of the Laboratory for Adaptive Optics, and 
significant portions of the design and fabrication work will be performed by the UCO/Lick optical shops.  
Optics alignment, AO real-time software, integrated testing, and on-telescope experiments will be 
performed by LAO personnel. This work will be leveraged with partial support coming from the LAO and 
from the Observatory operating budget. Our total request from NSF Small Grants Exploratory Research is 
$200K to cover instrument fabrication, to be leveraged with the other funds to cover an overall estimated 
budget of $310.4 K for Phase 1 and the initial laser preparations of Phase 2. A budget spreadsheet is 
attached to this proposal. 

Major component purchases are the MEMS deformable mirror and drive electronics from Boston 
Micromachines Corporation (with whom we have been partnering to produce MEMS DMs for astronomy), 
and a high speed wavefront sensor CCD and control electronics from SciMeasure Incorporated. Other 
components include optical lenses, mounts, a tip/tilt mirror, and optical breadboard. The real-time control 
computer will be a spare from the 3-meter AO system. The CCD science camera will be the existing 
camera that is used for science observing on the Nickel telescope. 

Because of the truly urgent need to prove these concepts in time for making design decisions for TMT and 
Keck AO instruments, we plan to mount the system and get it operational as soon as possible. Hence our 
plan is, starting from the successful Preliminary Design Review on August 1, to get started with final 
design and construction immediately and to bring this experiment to the telescope early in 2007. 

 

 

Figure 2.  MEMS-AO / ViLLaGEs project schedule 

 

 5


	1 Introduction and Background
	2 Proposed Experiments
	2.1 Phase 1: MEMS Open Loop Experiment
	2.2 Phase 2: Laser Projection Experiment

	3 Summary of Program Goals
	4 Exploratory High Risk Nature of the Proposed Research
	5 Connection to the Large Telescope Projects
	6 Management, Schedule, and Budget


<<
  /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


