Proc. SPIE Vol. 6273, Optomechanical Technologies for Astronomy, Jul 2006

A scaleable pick-off technology for multi-object istruments

Peter Hastindgs Suzanne Ramsay HoaPeter SpanoudakjsRaymond van den BrifikCallum
Norrie*, David Clark& K.Laidlaw?, S.McLay, Johann PragtHermine SchnetldrL.Zagd

%UK Astronomy Technology Centre, Royal Observat@ackford Hill, Edinburgh EH9 3HJ.
PCSEM SA (Centre Suisse d'Electronique et de Mictut@ue), Rue Jaquet-Droz 1, P.O. Box CH-
2007 Neuchéatel, Switzerland.
‘ASTRON, P.O. Box 2, 7990 AA Dwingeloo, The Nethada.

ABSTRACT

Multi-object instruments provide an increasing tvade for pick-off technology (the means by whidbjeats are
selected in the focal plane and fed to sub-instnimmeuch as integral field spectrographs). We hisseloped a
technology demonstrator for a new pick-off syst@rhe performance requirements for the demonstratoe feeen
driven by theoutline requirements for possible ELT instruments @rgdscience requirements based on an ELT science
case. The goals for the pick-off include that tiisteam should capable of positioning upwards of lomedred pick-off
mirrors to an accuracy better than 5 microns. Adadlly, the system should be able to achieveftiris curved focal
surface — in this instance with a radius of curkatf 2m.

This paper presents the first experimental resutisrfone of the approaches adopted within the Skactl Plane
project — that of a Planetary Positioning Systems ick-and place system is so called becauseiguety uses a
combination of three rotation stages to placaeagnetically mounted pick-off mirror at any positiand orientation on
the focal surface. A fixed angular offset betwela two principal rotation stages ensures that tbke-gff mirror is
always placed precisely perpendicular to the cufeedl plane. The pick-off mirror is gripped andegsed by a planar
micromechanical mechanism which is lowered andedalsy a coil-actuated linear stage.

Keywords: spectroscopy- multi-objects, spectroscopy - igftarsmart focal planes, pick-off mirrors, pick-gridee
system, ELTs

1 INTRODUCTION

Consideration of the instrument designs for futexgemely large optical and infrared ground-basdeistopes (ELTS)
is proceeding in parallel with the telescope coheapdesigns, to try and ensure the provision @vigy stable
platforms, large space envelopes and mass limitd, even sufficient budget, in the telescope prognam[1,2,3].
Funded by the EU under the Framework 6 Opticon progre, a Joint Research Activityn ‘Smart Focal Planésivas
set up to study the technology developments redumecarry out the science case for the telescftledinder this
programme, we have examined the design of a n&aréa multi-integral field spectrometer capablentdeting the
science requirements of a 50-m to 100-m telescBpaft-MOMSI [5]). Many of the scientific goals afi &L T are most
efficiently met byusing multi-object instrumentation. In this respdsitTs are no different from existing telescopes for
which multi-object instruments have become a mainsf optical spectroscopy (e.g. GMOS [6], FORS ZdF[8]) and
are beginning to be developed for infrared spectipyg (Flamingos [9], EMIR [10]). An extension to riple integral-
field spectroscopy will prove a powerful tool inetfiuture (e.g. KMOS [11]). Examples of multi-fieltience cases
include studies of the star-formation history oflagées through observations of clusters of highshéftl objects,
observation of stellar populations in the nearatxges and of the black holes at the centreseoétliest galaxies.

" The JRA is funded by OPTICONvw.opticon.org.ukOPTICON has received research funding from the Eemop
Community's Sixth Framework Programme under contmaatber RI13-CT-001566.

" Smart Focal Planes are devices that enable theifficampling of a telescope’s focal plane to fegectroscopic and
imaging instruments.
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From the developing ELT science cases, we assembtesesof science requirements that could meet safntieese
science cases. These are summarised in Table 1.

Table. 1. Science requirements for Smart-MOMSI.

Parameter Requirement

Wavelength range 0.8-2.5um (0.4-2.%um goal)
Modes imaging and IFU spectroscopy
Spatial sampling 2.5mas sampling on sky
Spectral resolution R~4000

Pick-off field of view 100mas (goal 200mas)

We considered four pick-off technologies for deypeh@nt for use in Smart-MOMSI: pick-off arms as asopfor the
KMOS; pupil steering mirrors plus static focal ptapick-off mirrors [12]; Starbugs [12nd a novel “pick and place”
positioner - the planetary positioner. In the SF8gpamme, two technologies were developed — theb&ga and the
planetary positioner system (StarPicker). The forare described elsewhere in these proceeding®, Mar present
results of the development of the StarPicker. Thigegt has been realised as a collaboration bet@&EM SA (the
Centre Suisse d'Electronique et de Microtechnigh®Y,RON and the UK Astronomy Technology Centre.

MOMSI
f/6 input beam
350mm focal plate

140 individual spectrometers
175mm square, 1350mm long

overall
2700mm diameter
3100mm high

Figure 1: The overall instrument concept for Smha@MSI.

2 THE MOMSI| CONCEPTUAL DESIGN

Details of the Smart-MOMSI design are given elsawHB]. This summary is intended only to place 8tarPicker in
context. In the basic instrument concept, smallcspin a magnetic base (‘pick-off mirrors’ or ‘pdjrare placed in the
focal plane and relay a collimated optical beanmftbe object to steerable mirrors located arouedpiriphery of the
focal plane. The steering mirrors relay the ligttbithe heart of the instrument — in this caseyrabrer of integral-field
spectrographs, but it could equally be an imagea img-slit spectrograph — and also compensate fécaippath
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differences as the ponase placed at different points on the focal surf&ece most telescope focal surfaces are curved,
a requirement on the MOMSI design is that any imsnt concept should either incorporate a picksgftem capable

of operating on a curved surface or the design lghmelude fore-optics to correct the field curvau Given the
limitations of material availability and wide-fielthage quality in such fore-optics, the abilitytbé StarPicker to place
poms to great accuracy on a curved surface openswpossibilities for very large focal planes.

3 THE STARPICKER DESIGN
3.1 Requirements on placing the poms

One of the most challenging aspects of designiagstiarPicker arises from the requirement on pasitiaccuracy. Itis

expected that observations with Smart-MOMSI will be-added over a number of nights to reach theretesi
signal/noise ratio on the object. To maintain ttimage quality and signal/noise in this co-addititthve, object frames

must be registered to +1 of a spatial sample (xa€imvhich is £7.@m at the f/6focal plane of the 100-m OWL
telescope (chosen as the startinggrface for Smart-MOMSI). To achieve this, oureogtional model is to place the
target within the field of view of the pom optieegasure the position of the pom on the focal plesieg a metrology

system and then usiee measured offset in post-processing to registeobjects.

In this case, a separation of the requirementsaagenas follows. Acquisition of the object onto fhek-off should be to
+10% of the field size i.e. £10mas (#80) at the telescope focal plane and the offseh@fachieved position from the
target should be achieved to +0.5 spatial samptes8.5um at the telescope focal plane. The total budge?Zdum is
distributed equally amongst the contributing module.g. metrology of the PPS system, the beamistestirrors, the
IFU module and the spectrograph module). Each mddd#ocated a budget of £316n. To meet the requirements of
positioning the object wthit10% of the field size, we then have the compaehtivelaxed tolerance of £3¥m for the
StarPicker as built (two rotary stages and thepgip with the remainder of the budget used upoin-repeatable errors
within the full MOMSI system (e.g. flexure). Inhatan our approach is the idea that repeatablewadl be calibrated.
Errors which can be corrected in this wiaglude thecalibration of motodrive steps to position on tliecal plate and
astrometric mapping of the focal plate to the.sky

3.2  The StarPicker ‘pick and place’ mechanism

optical surface, 5mm dia
(tilted sphere)

angular
reference
surface

maximal pick-off mirror assembly || £/6 light path
mass 2.0 gm

clamping force 1.2 N

-’

. lens mount, 8mm diameter

$i0, lens ————— FLi

CaF, lens
collimated beam

~ 4 mm diameter

lens spacer ———

pattern of identification holes
base with integral flat mirror
incorporating clamping magnet

Figure 2: Two of the options for the focal planekpoff or ‘pom’.

The StarPicker is illustrated in Figure 3. It platles pick-off mirrors (Figure 2) in locations whichatch those of the
astronomical target fields. Each mirror has a magnés base which holds it to the curved focatplfrom which it is
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lifted by a gripper mechanism. This has two jawsalthare actuated electro-magnetically through alleaiction
linkage. A second electro-magnet is used to ldgtjgtws and mirror away from the plate along thexig:a

focal gripper
plate (with y axis)
. 6 bearing
turnover axis
main housing

end view showing support for ® bearing

Figure 3: The PPS rotary mechanisms in cross-sectio

The gripper can be rotated about thaxis to align the output beam from the mirror witdhappropriate beam-steering
mirror.The gripper can be positioned anywhere actiesssurface of the focal plate by a combinatiotvad rotations.
Rotation of the gripper about the phi-axis movem ian arc from the centre of the plate to the edygation of the
whole unit about the theta-axis sweeps the arcrartlue whole of the plate — giving complete coverdithe phi-axis is
not parallel to the theta-axis but passes throtghcentre of curvature of the focal plate. This essthat, irrespective
of the location of the gripper, movements along thaxis are normal to the plate’s surface. The ggomof the
mechanism is analogous to that of the swing-arrfilpneeter used in optical metrology. Positioningaege number of
mirrors will take some time and so two focal plaaes provided and positioned back-to-back. As sribuminated and
taking an observation, the other is being re-caméd for the next observation. At the end of areoletion the gripper
is swung completely clear of the focal plate and piates are turned over, allowing a new obsematind re-
configuration sequence to start.

3.3  Design of the rotary mechanisms

The layoutof the rotary mechanisms is one that has beenmseg times in cryogenic instruments designed ariltl dtu
the UK Astronomy Technology Centre. A stepper matiives a Vespel worm which engages with an alumingear
wheelwhich is mounted on ball bearings. The stepper rsaised are Oriental Motors five-phase motors thatde-
powered when not in operation. The motors are pespfar cryogenic operation by thorough cleaning sepdacing the
normal bearings with ones made from 440C staingtesl prepared with a suitable dry-film lubricaithe datum
position is set by the closing of a NC contact toenmercial microswitch, a technique which has Ibagn employed at
the UKATC and gives a repeatability of less than wmeron (see the results report below).

A new feature of the PPS that will be tested in tlext stage of the project is that the motors Wwél run nearly
continuously throughout an observing night. Presimstruments have been set to their observatmordiguration and
then the motors remain stationary and de-powenethébobservation time (typically of order one Houss a result, the
thermal management of motor dissipation will neecbé studied in more than usual detail and the modorents
themselves will need to be minimised — without siathe re-configuration process unacceptably.dedienefit is that
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the motors need not be run only in full-step mode thhe use of multi-stepping brings advantagesrims of operating
smoothness and positional resolution.

Using rotary rather than linear mechanisms bringsimber of advantages. First, it is straightforwardbalance the
mechanisms so that they are unaffected by changg®vity vector. Second, it is easy to obtain gemically-prepared
ball-bearings. Third, the design of cable wrapsdiectrical signals and thermal links is relativelynple. Fourth, the
resulting positioner is compact and can thus b&yded to combine modest weight with high stiffness.

3.4  Design of the gripper

k Figure 4: Detail of the Gripper module

The gripper development was based on the use dasitechnology at CSEM adapted for the requiremehtgasping
objects under cryogenic conditions. The grippetfi{§égure 4) was inspired bg design that uses flexures for the
pinching or gripping action driven by a voice-cadtuator. The gripper design uses two voice-coilators, one to grip
an object and a second one for the linear displanéof the jaws (Figure 5).

Figure 5: Pick-off Mirror (left), POM gripped byyvs (right)

3.4.1 Gripper Module
The gripper module uses a flexure plate design tifzeitsforms the axial motion from a voice-coil a¢twato an
orthogonalripping motion. Two series of flexure plates omeitside of the actuator create a “cage” aroungbitie off

mirror that is to be captured. A passive “power-gfifip force of 2 N assures that the paan be pulled off the focal
platesurface.

The jaws have a gripping stroke of 3 mm and have lolesigned to maintain a parallel and repeatablgomavhen
closing onand releasing a pick-off mirror. An integrated retspring maintains the jaws closed with the poofér
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When the gripper module actuator is activatedpérs the jaws and the pom is released. This mingnieeheat load of
the actuator when operating at cryogenic tempegatur

3.4.2 Linear stage
The linear stage provides (Figure 6) the verticatiomoto pull a pom off the focal plate surface orput it down. The
motion is provided by a commercial voice coil attuayuided by CuBe flexure blades. The linear stage a stroke of
21mm in order to clear the height of the poms angtrface. In the power off or neutral positiorg timear stage is
retracted away from the focal plane by a centralrnespring. When the linear stage is activatatbicends toward the
focal plate where it griper releases an object. When the gripper placedpattoon the focal plate, the membranes are
in their neutral, non-deformed position. This praddigher lateral stiffness and stability duringnpplacement. The
linear stage is operated in closed loop using a L\D3ition sensor for feedback.

1 U3
3 i

Figure 6: Gripper Linear Stage

3.5 Cabling the StarPicker

To get the required signal and power from and towé#né gripper, actuators and other parts of theesyshrough the
three rotational axes, flexible printed circuitsrevaised (Figure 7). Unlike slipring constructiohgede parts aren'’t
sensitive to wear and tear due to friction, sit@yfust roll up. The main challenge for the desigrs making it suitable
for use in vacuum at room temperature and for apaguse. Due to the relatively high currents (maxin 1.5A)
required for the gripper and motors, the crossi@edf the tracks for the motor power had to bgdawhile the flexible
circuits had to be flat to maintain flexibility. Td the flexible printed circuit into the availab&pace it laminated from
two parallel Kapton circuits of unequal length. Eaaid of the flexi-circuit is attached to a rigid BP@roviding
additional support where the micro-D connectorsnanented.

Figure 7: The flexible printed circuit used in SRaker.
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3.6  The Focal Plate

Figure 8: The curved steel focal plate.

The final opto-mechanical part of the StarPickettesysis the focal plate (Figure 8). For the techggldemonstrator,
the focal plate consists of a spherical plate échbunt. In the final instrument concept, the éwahfocal plate will be
part of a tumbling mechanism, making it possibl@lace a configuration of pick-off-mirrors on onides and perform
observations at the same time on the other siceeShe pick-off-mirrors are held in place by magnéhe focal plate
has been made frorStainless steel 430F because of its magnetic giepelSince the main construction of the
instrument is made out of aluminium, the mount lesn designed to compensate for the differencarinkage by an
iso-static mounting.

3.7 Software control of the StarPicker

The software’s principal aims are to support bothtesting required during construction of the syséad to control a
rolling demonstrator of the final assembly.

The StarPicker software is broken down in to twormaackages. One package is the Motion Control Soéwhich

handles the control of the mechanism themselvesptiter is the Patterning Software which modelsath@engements of
POMs and transformations between them. This latter provides the principal interface through whibk system is
driven. Engineering interfaces were also writterallow testing of the developing system at any lesfegranularity

required.

Key to the rapid development of the software wasehrly definition of a clear and simple interfdxsgween the two
packages, and the writing of a simulator of theiamotontrol software which implemented this integaThis allowed
parallel development of the two packages. Effecgfitieé patterning software was developed againssithalator while
the motion control software was developed agaheshardware.

3.7.1 Motion Control Software

The electronics hardware controlling the StarPiackechanism consists of two main components. A custesigned
electronics box for controlling the gripper funetoprovided by CSEM and a commercially availabladgi@one motion
controller with built in Ethernet connection. The i®iaker software runs on a standard PC and commatgschrough
the Ethernet connection to the motion controllerickevThe motion controller has an extended digit@l board for
interfacing with the gripper electronics and drivws stepper motor axes configured for using mtepping.

The motion control device has its own processor amdboard memory for storing program applicationat tban be
written to perform specific tasks. A set of applicas were written to perform sequences of gripped motor axis
movements with built in hardware status tests tib @x application in the event of any unexpectetiaver. These
applications could be downloaded and stored in ngra® updated versions became available.

A generic device communication application was temtin the python programming language. Python etasen for
its portability, speed of development and easesefas a scripting language which is very advantegjéwr developing
and testing new hardware. The application was dedigo be highly configurable using XML configuratitiles that
contain all the information necessary to commueicaith an electronics device that uses a standamthrwinications
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protocol such as Ethernet or RS232 serial connextigdmere commands and replies are encoded in ASGinary
formats. It was also written to be compatible wigtthon compiler for building a Java JAR file fanking into the higher
level patterning software which was written in Java

3.7.2 Patterning Software
With a view to the tight timelines for the projeatlayered architecture was chosen for the pattgrsnftware.
Essentially, this breaks down the problem into &sesf smaller, simpler problems each solved bylaper. Each
resultant layer is quick to implement and easistable — the problem it addresses being manageatleell defined.
Additionally, the design is very flexible, allowirtge software to evolve to match any future chamgdése hardware.

Starting from the lowest, the following layers wéatentified
* (B, @ SequencingThis is the interface implemented by the motion t@nsoftware (and hence also the
simulator), supporting movement in planetary ((6.q)) coordinates as well as picking up and puttinga
POM. It knows nothing about poms other than whethere is one currently held in the gripper or not.

* (X, y) SequencingThis performs the conversion of Cartesian cooréis&b ‘planetary’ ones. It provides
essentially the same interface as ey Sequencing layer, only using Cartesian coordfmetstead. It also
knows nothing about poms beyond whether thereesirothe gripper.

* (x,y) Positioning This layer adds knowledge about the location oftiplel poms on the focal plate. Given a
desired configuration it will work out how to moteit from the current layout. To do this is usegeedy
algorithm to pick the best move to do at any gigeimt. Also in this layer is knowledge of how clbstogether
we can place poms, and it will check the separafibtis is actually done in two places to be dowglge — not
only does the move generation algorithm avoid askie system to place poms too closely togethealsot
the move execution will refuse to so do. Finalhistlayer was designed to be fault tolerant, renerimb
where the POMs are on the plate so that in thetefean unexpected shutdown the StarPicker caantest
quickly. Indeed we had a power cut during develapinaad this function worked perfectly in what wasere
realistic than normal test of catastrophe tolerance

» Pattern SequencingThis is the top level of the rolling test and dentmatser. It continuously cycles through
each of a list of patterns. These patterns ar@eefin simple text files, each listing a set ofyxcoordinates.
The pattern sequencing does know whether it is beingor test or for demonstration purposes, mowhng
mechanism clear and activating the CCD camera ig testing and pausing for applause if doing alipub
demonstration. This layer also handles loading amoadling procedures for getting poms onto androfinfthe
focal plate in a controlled manner.

» User Interface A very thin user interface allows control of thesim, providing all the facilities needed for
test and for the rolling demonstration. This incladiestigating loading or unloading of the systeaiestion of
patterns through which to cycle, start and stopréieng mode etc. The user interface also proviaesonitor
of where the hardware is by subscribing to the amottontrol software which publishes updates abtsut i
position.

4 THE PLANETARY POSITIONER PROTOTYPE TESTING

4.1 Gripper Test Results

The Gripper was tested independemtiythe rotary stages at CSEM before shipment tatKeATC for integration with
the rest of the system. The results of that programhtesting arsummarised below.

The lateral deviation of poplacement in the X-direction and Y-direction wasaswed by picking up and releasing the
pom 30 times (X) and 20 times (YY) and recording gben position each time it was placed and lefthenfocal plane.
The repeatability of pom placements in the X-di@ttis 7um and in the Y-direction is m.

Since the poms with their magnets must work ireldfalready crowded with the other poms, the infageof one pom
on another was also tested by remeasuring the agtaral deviation when placing it next to a secoomhpThis test was
repeated for two separations of the poms. For thdeWation, and with a separation of 16.6 mm anchrivthe
measured offset was Oubn and 4.Qum respectively. For the Y-deviation, the measuriéskets were 3.um and 1.Qum
respectively.
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An important observed characteristic of the sysitethe ability for the the gripper to re-centreddfset pom. This was
evaluated by offsetting the pom in the X-directfoom 25 um to 500um. In all cases, the pom was re-centered to an
average of 1.am. The test with the 500m offset required a repeated sequence (grippiftipgiand replacing the pom)

to re-centre the pom due to the large, initial @ffs

4.2  Test of the single rotary stages independently

45 4 results on phi drive primary datum

w
I

radial offset in microns
N
o
[l
.

. gy I \ l' P" l'_' j

0 LJ LJ L)
0 50 100 150 200 250
trial

Figure 9: Tests of datuming on the phi rotary stage

Our initial tests were to explore the repeatabilitypositioning the rotary stages independently iactlided a test on the
achievable accuracy of initialisirtpe mechanism on the microswitches. The tests vareed out by mounting a ‘spot’
target on the rotary stage which was positionegetin the field of view of a CCD camera. The degifithe test set-up
was such that the plate scale was 30microns pet, @ifficient to allow us to determine the repbaits to 1um, given
an estimated accuracy of centroiding of /30 a pixel. (In practice, we find a centroidingcaracy of 1/100 of the
pixel). The mechanism was then either simply offsetnother step position or initialised and thetumed to the target
position. The tests of moving between two positishewed that the individual rotary mechanisms carrdpeatably
positioned at ~+1 micron. The results from the tdgnitiliasing the mechanism and the moving ttaaet position are
shown in Figure 9. Variations in the datum behawvioarevery small throughout this range of tests — 20@a#p of the
datum and position cycle were carried out. With thechanisms thus qualified, the assembly of thiesetrup was
carried out.
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Figure 10: The complete ‘StarPicker’ in its tedtige.

10
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4.3 Tests of the complete system

We have carried out room temperature tests ontarayassembled from two rotary stages and the griffje tumbler
mechanism ang-rotary stage (for orientation of the gripper heagye not included in these preliminary tests. #st t
set-up is shown in Figure 10. A CCD camera vievesfttal plane through a hole in the StarPicker rtingrplate. A
single pom with a target spot located on the upgpeface is fixed to the focal plate. This is theférence pom’. A
second ‘target’ pom is moved using the StarPickefour, randomly selected, positions on the fodatepand then
returned to the target position. At the target posj both the reference and target poms are withenfield of view of
the camera. Analysis of an image of the field poeducentroids of the two poms targets, from whith&hanges in the
separation can be determined. This differential mmemsent is used so that the tests are insentigaydlrifts in the test
set-up (for example in the position of the camena)d so the high precision required in these temtsbe met. The
primary aim of these tests was to determine theatgbility of positioning the pom in a manmtose to the expected
operational conditions, though the test is necdgssomewhat accelerated. The requirement on positg, as outlined
in Section 3.1, is £]#m. The motor axes were driven using micro-steppih@ &elocity commensurate with the
performance requirement that a full field of 100rmoshould be positioned within one hour (20,000rositeps per
second, where one microstep is 0.1steps). The mischsuare initialised using the datum switch betbeerun of tests,
but not between placing the poms.

offset (um) from the target position
&

.15 <

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Time from start of test (hours)

Figure 11: The measured repeatability of placipga. The red lines inidicate the tolerance on pwsitg without using a
metrology system.

The offset in the pom position on repeat positiori;ighown in Flgure 11. The results are from twsisearried out on
the same day. Between the two tests, the motors lesn initialised. The estimate errorsp(gd) are from the observed
variance on the position on the reference pom. Emreids are measured in pixels and then convésteticrons using
a measured plate scale for the observations of @0ms/pixel. Figure 11 shows the radial offset fribva mean position
of the pom during the tests. The system performaooafortably exceeds the Hih requirement (which is the total x-
axis extent in Figure 11). The horizontal lineswhoon the diagram are the tighter tolerance — thapositoning
without use of a metrology system. The repeatabilitpositioning the pom using the gripper and npt@echanisms is
accurate to H3m. The tests reported here are the first and ondystis of such tests carried out to date.

A potentially extremely powerful result from thessts is that the accuracy of positioning is sidfidy high to allow
the metrology system to be removed from the instminconcept altogether. This would represent aifsignt

11
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simplification as the metrology system is a majab-snodule of the instrument. Moreover, the neetidee ‘sight’ of

the focal plane has influenced the mechanism aipperdesign (there is a sight-line down the ceotrine gripper) and
further simplifications may be possible in theseast Further tests, include the cryogenic tesiis,ofvcourse be

required to ensure that removing a metrology systemald incur no major risks. One aspect that wdwde to be
addressed would be the re-location of the pombérevent of a failure of the hardware or softwaisteans. At present,
the location of the poms is stored in an ASII# as soon as they are placed, and this would efficient safeguard if
the poms truly reach their destination. Shouldrttezhanism misplace a pom, then an alternatieéhod of locating it
would be neededefore the metrology cameras would no longer baired.

5 CONCLUSIONS

We have designed and developed a technology deratorsbf a novel pick-off system for cryogenic usehe
StarPicker takes, as a starting point, the requargsnof multi-field spectrometer on a diffractiomited ELT. We have
demonstrated the ability of the system to meetsthiagent requirements on repeatedly placing opiitsa focal plate,
with room temperature test results showing repddtab of +3um. Cryogenic tests will follow in the next projgaitase.
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