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Keck Next Generation Adaptive Optics

Notes on costing
Revision 1

Don Gavel, 9/5/2007
1. Phases

· Design means up to drawings and vendor specs.
· Implementation means component purchasing and manpower to implement.
· Fabrication means cost of in-house or vendor fabrication. In-house means at either the Keck, Lick, or Palomar shops.
· Hardware means purchase cost of either custom or off-the-shelf components from an outside vendor.
2. Labor costs computation
We are no longer taking the approach of taking procurement costs and multiplying by 2 as was done at the architecture retreat. Instead, labor estimates are made considering 1) costs of implementing individual pieces of hardware, where appropriate, plus 2) costs of in-house design and fabrication effort needed to assemble each of the subsystems.
3. Subsystems are:

· AO enclosure including temperature, dust, and humidity control, just for optics (i.e. not for electronincs), and mounting to the Nasmyth platform

· Enclosure costs for large system is more than for small systems (e.g. MEMS). We used $400K for Indian Wells enclosure at -40 degrees C. Based on David Law’s curves we may need from -5 to -20 decrees C depending on throughput, but never lower than -20. We’ll assume no savings for small systems because of uncertainties in enclosing the instruments and cost/benefit trades of windows.

· Support structure – optics bench and cover. $40K assumed + 2mm of design + 2 mm of implementation. We assume <$10K for K1 upgrade option.
· Electronics enclosure – Includes cooling. Need to assume rebuild because of extra electronics needed for tomography. 
· First and second optical relays of the cascaded relay architecture.
· In the case of the K1 upgrade

· recoat OAPs and other optics to increase throughput $5K.

· K mirror replacement for 3 arcminute FOV. $300K + 8mm per Peter
· OAP and mounts replacement if needed for 3 arcmin FOV. Including other mount customizing to avoid clipping, flip mechanism for Wyko pickoff. $65K

· 589 dichroic if needed for FOV, $20K. Cost of just dichroic, see “optical switchyard” below for mounts and stages.
· IR dichroics. 2 at $20K=$40K for big dichroics, $5K each for small dichroics x 2=$10K. Cost of just dichroic, see “optical switchyard” below for mounts and stages.
· ADC

· High order wavefront sensors – 
· LGS WFS radial CCD, small tip/tilt mirror, no DM

· NGS WFS LL 256x256, scale CCD39 40x40 at $40K

· assume $250K camera + $20K custom lenslet + $10K optics + $5K mounts = $285K per channel

· Motion stages for WFS – 2 Z-axis degrees of freedom per channel $40K per channel. Possibly 3 more automated “set and forget” stages for alignment.

· Low order wavefront sensors
· IR detector and dewar, and a small tip/tilt mirror

· if not correcting TT star with dedicated beacon, may need to use Hartmann sensor instead of pyramid for the TTFA channel. Not a significant cost difference

· Cost assumption: Picnic chip 256x256 $65K + $20K Leach? board + fibers, connectors + dewar $20K + $20K temp control = $140K per channel + 3mm 1st channel + 1mm each additional channel – tip/tilt only per channel

· Cost assumption for TTFA: add $20K for custom lenslet. Needs a TT mirror for align beam on apex and/or modulate

· PSF imager

· R camera $65K + $20K Leach board + $10K Optics + $20K dewar=$100K + 3mm testing and implementation

· Optical relays for dNIRI
· AO relay $15K per channel (Brian’s refractive design)

· Kick-bots and other pickoff mechanisms
· K1 upgrade will need extra design work and possibly optics to fit it into the elevation journal. 2 mm? K1 upgrade will likely need a flat turning mirror(s?) and a relay lens to fit in without upsetting the K mirror. $30K+$15K
· Truth WFS – not well defined yet. Is this the TTFA sensor (in which case it’s one of the LOWFS)? Assume 8x8 subaps visible using CCD39 $40K + stock lenslets and mounts $10K + 2mm designing and testing. + labor
· TT Acquisition camera
· wide field IR camera, no AO

· includes dewar and readout electronics

· Mounting on K1 upgrade is a little bit more complicated. Needs to be in Elevation bearing. All will need flip-in diagonal mirror.

· Large array Hawaii 2RG $400K + $20K dewar + optics? + 3 mm testing and development

· LGS Acquisition camera – not well defined yet. Possibly a wide field CCD with astrometry good enough for handoff to LGS WFS $20K.
· Optical switchyard – mirrors and switching mechanisms. Assumes flat mirrors, stages and mounts $10K
· Telescope simulator – multiple fiber sources, mechanism for insertion, aberration simulator, optics to form pupil

· Electronics – includes hardware purchasing, assembly, and people time for software development and subsystem testing.

· Real-time

· WFS electronics and interfaces

· DM electronics and interfaces

· TTM electronics and interfaces

· RTC – Just the computer – See costing model below. Probably <$500K and not a differentiator for architecture.

Identify differences based on architecture. I.e. if pointing to TTStars with 3 separate LGS closed loop systems and doing tomography on 6 LGS is different then one big 9 LGS tomography system. Is there an extra cost to do pseudo-open-loop control (closed loop control) vs straight open loop control. (These are probably subtle effects on cost)



Erik says $1.5M
· Telescope interfaces. – Offloads to tracking, focus, and figure.

· Electronics racks and support (e.g. cooling, electrical breakout, cables)
· including centroiding, non-linear compensation, tomography, and DM control with open-loop non-linearity compensation:

· Non-real-time

· Motion controllers – means electronics and computer to control the AC power, moving stages, encoding and limits, encoders, software drivers, and software user-interface to all this.

· Calibration support (e.g. taking data to help with diagnosing alignment and calibrating WFS and DMs)

· camera control for PSF camera, acquisition camera

· Monitoring – video camera, humidity monitor, temp monitors

· Racks

· Servers – to hold the diagnostic data

· Laser system

· Laser – lasers cost $100K/watt

· Laser enclosure

· Laser beam transport

· Fiber cost $200K for 5 fibers 25 meters

· Pointing and diagnostics $600K total, not a discriminator

· Fixed asterisms

· Movable asterisms

· Uplink tip/tilt $10K per beacon

· Field rotation $10K

· Launch telescope

· 50cm costs $750K + 3mm design + 12mm implement

· Laser safety and laser traffic control $75K + 4.5mm design + 9mm implement

· Alignment and diagnostics tools

· Interferometers for measuring DM(s)

· Operations tools 2.3 FTE design and 6.7 FTE implementation

· Observing setup

· Astronomer planning tools

· User Interface to AO system

· DCS and science instrument interface - e.g creating FITS headers and communicating to science camera

· Documentation

· Telescope I&T – differentiate cost of building and testing whole system in Lab one time vs incremental upgrades to current AO system

4. Other assumptions about components

· Deformable Mirrors – includes D/A and amplifier electronics
· In science path

· 20x20 piezo at 7 mm pitch – either free (we have one) or $500K for new one from Xinetics
· 32x32 piezo at 5 mm pitch from Cilas $1.0M

· 64x64 MEMS at 0.4 mm pitch from BMC $400K
· Only in HOWFS – 9 channels
· Assume we are not using a DM in the HOWFS.
· Only in LOWFS – 3 channels. Assume 32x32 MEMS at 0.4 mm pitch from BMC $100K
· in PSF imager – 1 channel same as science 64x64 MEMS
· in DNIRI – 6 channels of 32x32 and a PSF channel at 32x32 $400K per channel including labor
· Tip/tilt mirrors

· In common science path

· “Big unit” (6” mirror) $400K

· K1 upgrade: tip/tilt stage mount for DM - $30K

· in DNIRI

· PI: $20K per channel

· “Small units” PI 12mm $20K

· in PSF imager

· assume PI 12mm: $20K

5. Not costed:
· Interferometer support
· Instruments

6. Management

· Management – 18% of material and labor costs of project.
· Contingency – 30% of materials, labor, and management costs
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