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Flexible positioning systemFlexible positioning systemFlexible positioning system
•• Deploy arbitrary payloads over the focal surfaceDeploy arbitrary payloads over the focal surface

– For example: Mirrors, fibres, d-IFUs, complex optical relay 
components (MOEMs) , integrated device ( wavefront sensors, 
local AO correction units, detectors, photonics, etc)

•• MicroMicro--robots to independently and simultaneously deploy an robots to independently and simultaneously deploy an 
arbitrary numbers of payloads over small to large surfacesarbitrary numbers of payloads over small to large surfaces
– Many wonderful examples of micro robots exist, however .... 

Large size, operational orientation, low temp operation, cost.

•• Extremely high positioning accuracy and stability (micron)Extremely high positioning accuracy and stability (micron)
•• Operate at low temp and vacuum for near and mid IR systems Operate at low temp and vacuum for near and mid IR systems 
•• Fast reconfiguration and microFast reconfiguration and micro--tracking capabilitytracking capability

– Atmospheric effects (refraction, etc) and flexure

•• Reliable, cost effective and readily scaleableReliable, cost effective and readily scaleable
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Starbugsher itage – FibrepositionersStarbugsStarbugs her itage her itage –– FibreFibre positionerspositioners

FOCAP (AAT)
FLAIR (UKST)

Autofib (AAT)
2dF (AAT)
6dF (UKST)
OzPoz (VLT)

FMOS (Subaru) 
WFMOS (Gemini/Subaru)

Plug plate or similar

X,Y or R,q Positioning Robots

Echidna Style Systems

Starbug Systems
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StarbugsStarbugs (AAO)(AAO)

OPTICON

JRA5 Smart Focal Planes
(PI Colin Cunningham)

Image 
Slicers

Beam
Manipulators

Slit
Mechanisms

MOEMS Fibres

European Union FP6

IAP - Towards Next Generation Extremely Large Telescopes

Australian Government (DEST)

Phase A fundingPhase A fundingPhase A funding
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Active roversActive roversActive rovers
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Active plate - Crowd sur fer  conceptActive plate Active plate -- Crowd sur fer  conceptCrowd sur fer  concept
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Configurable IFS systemConfigurable IFS systemConfigurable IFS system
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Starbugs the Movie – The current statusStarbugs the Movie Starbugs the Movie –– The current statusThe current status
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Next phaseNext phaseNext phase
•• Positioning accuracy, feedback (metrology to ~1 Positioning accuracy, feedback (metrology to ~1 

part in 10part in 1066) including micro) including micro--tracking tracking 

•• Feed management Feed management (wires(wires, fibres, etc), fibres, etc)

•• Payload manipulation and optical relays  Payload manipulation and optical relays  

•• Wireless Wireless StarbugsStarbugs



Starbugs Roger Haynes – Instrumentation for ELT Workshop, Ringberg Castle, 25- 29th July 2005

Example: OWL MCAO Focal PlaneExample: OWL MCAO Focal PlaneExample: OWL MCAO Focal Plane

•• 2 arc min diameter (349mm)2 arc min diameter (349mm)
•• F/6F/6
•• 2.91 mm/arc sec2.91 mm/arc sec
•• Diffraction limited imagingDiffraction limited imaging

– 50% Strehl over 2 arc min at K
– 20% Strehl over 30 arc sec at V

•• To fully sample focal plane would need ~1.4 x 10To fully sample focal plane would need ~1.4 x 101010 pixels pixels 
(~3400  2K x 2K arrays)(~3400  2K x 2K arrays)
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• Astronomical sources
• Atmospheric effects
• Telescope and AO system
• Correctors and ADCs
• Focal plane details
• Focal plane elements

• Pick-off’s and positioning (Starbugs)
• Optical relays
• Pupil plane elements 
• Instrument structures and environmental control
• Detectors and controllers
• Data pipelines
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Atmospher ic DispersionAtmospher ic DispersionAtmospher ic Dispersion
•• Atmospheric dispersion across J band can be ~100mas.Atmospheric dispersion across J band can be ~100mas.

•• Atmospheric Dispersion Compensator is essential.Atmospheric Dispersion Compensator is essential.

•• Differential refractionDifferential refraction

– Each bug needs to be able to move in XY by ~20mas (60mm) 
during observation.

19.6 19.6 masmas45 45 -- 6060

6.7 6.7 masmas30 30 -- 4545

2.4 2.4 masmas15 15 -- 3030

0.6 0.6 masmas0 0 -- 1515

Diff Ref over  1 arc minDiff Ref over  1 arc minZD change (degrees)ZD change (degrees)
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Fixed Path Length RelayFixed Path Length RelayFixed Path Length Relay
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260mm across
2mm collimator 
lenses.
4mm pick-up 
lenses.
10mm bug 
diameters.

178 out of 200 
allocated.

200mas field
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2 arc sec 
field

2 arc sec 2 arc sec 
fieldfield

8.4mm collimator 
lens.
15.6mm pick up 
lens.
12mm bug.
All of 50 
allocated.
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4 arc sec 
field

4 arc sec 4 arc sec 
fieldfield

16mm collimator 
lens.
21mm pick up 
lens.
18mm bugs.
36 out of 40 
allocated.


