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Purpose

The science requirements of the ExAOC instrument are defined in the Operational Concept Definition Document (OCDD), along with appropriate operational scenarios. Being a facility instrument, there are a variety of interface, environmental and operational constraints and requirements that must be met.

This document, the ExAOC Functional and Performance Requirements Document (FPRD), has two main purposes. First, it translates the science requirements, as outlined in the OCDD, into technical requirements. Secondly, it identifies the technical requirements to properly exist as a facility instrument at either Gemini telescope. In all cases, the requirements are directly traceable to requirements in the OCDD, other sections in the FPRD, Gemini ICDs or other Gemini relevant documents.

The  FPRD provides the Gemini scientific community with an understanding of the performance capabilities of the ExAOC and as a guide to the requirements on which to base the ExAOC designs. In short, the design of the ExAOC instrument shall be based on this document. All features described here must be satisfied.

The requirements of the ExAOC will change over time; particularly at the time of each main review (the CoDR, the PDR and the CDR). This current version reflects the state of the ExAOC requirements at the time of the CoDR.
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[5] ICD-G0015, “Gemini Facility Handling Equipment and Procedures for Instrumentation”, IGPO
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2 Acronyms and Abbreviations

	AMNH
	American Museum of Natural History

	AO
	Adaptive Optics

	AURA
	Association of Universities for Research in Astronomy

	CfAO
	Center for Adaptive Optics

	CWS
	Cold Working Surface

	DHS
	Data Handling System

	EPICS
	Experimental Physics and Industrial Control System

	ExAOC
	Extreme Adaptive Optics Coronagraph

	FPRD
	Functional and Performance Requirements Document

	GIS
	Gemini Interlock System

	HIA
	Herzberg Institute of Astrophysics

	ICS
	Instrument Control System

	INO
	Institut Nationale d’Optique

	ISS
	Instrument Support Structure

	IWD
	Inner Working Distance

	JPL
	Jet Propulsion Laboratory

	LAO
	Adaptiave Optics Laboratory

	LLNL
	Lawrence Livermore National Lab

	OCDD
	Operational Concept Definition Document

	OIWFS
	On-Instrument Wavefront Sensor

	OWD
	Outer Working Distance

	SCS
	Gemini Telescope Secondary Control System

	StScI
	Space Telescope Science Institute

	UdeM
	Université de Montréal

	
	


3 Introduction

This document describes the current technical capabilities and performance of the Extreme Adaptive Optics Coronagraph instrument. The conceptual design is commissioned by AURA, being provided by the University of California, with collaborations with AMNH, Cornell University, HIA, INO, JPL, LAO LLNL, Lick Observatories, STScI and UdeM.

The ExAOC is primarily a planet finding and characterising instrument. Coupling a high-strehl AO system with a high performance coronagraph and calibration systems, one of two science instruments will receive a high quality, high contrast field of view of about 4 arcsec. For more details relating to the science, see [8], the ExAOC OCDD.

This document makes the distinction between the “functional” requirements and the performance requirements. The functional requirement specifies what must happen(e.g. the instrument must bolt onto the ISS standard ports and weight 2000 kg), in contrast with performance requirements that specify how well something has to happen (e.g. the AO system shall achieve a strehl of 92% in K in medium seeing at a zenith distance of 60 degrees). Sometimes there is an almost arbitrary distinction between these two.

System Requirements

3.1  Top Level

These requirements relate the very top-most requirements for the ExAOC instrument as a whole. Requirements on the sub-systems, or for specific disciplines are covered separately.

3.1.1 Top Level Functional Requirements

3.1.1.1 Inner Working Distance

REQ-FPR-: The required contrast ratios will be achieved at an inner working distance of 4λ/D, where D is the telescope entrance diameter of 7.98m. This is 0.1 arcsec at a wavelength of 1 micron.  (PLEASE CHECK THIS)

NOTES:

1. Derived from OCDD.

3.1.1.2 Outer Working Distance

REQ-FPR-: The required contrast ratios will be achieved at an outer working distance of T.B.D., where D is the telescope entrance diameter of 7.98m. This is T.B.D. arcsec at a wavelength of 1 micron.  (PLEASE CHECK THIS)

NOTES:

1. Derived from OCDD.

3.1.1.3 Field of View

REQ-FPR-: ExAOC will provide a field of view of  4.0 x 4.0 arcsec.

NOTES:

1. Derived from the ExAOC OCDD ???
2. This is larger than the OWD.
3.1.1.4 Spectral Resolution

REQ-FPR-: ExAOC will provide a spectral resolution of 50 in H band.

NOTES:

1. Derived from OCDD???

3.1.1.5 Gemini Telescope Compatibility

REQ-FPR-0001: ExAOC will accept the raw Gemini telescope beam, with the pupil at the secondary mirror, either directly on the bottom ISS port or either side-looking port fed by the Science Fold Mirror.

NOTES:

1. Derived from ICD ???
3.1.1.6 Polarimetry

REQ-FPR-: ExAOC will incorporate a polarization analyzer. This will permit simultaneous observation of both orthogonal polarizations. (OK, what else should be specified here).
NOTES:

1. Derived from OCDD.

3.1.1.7 Thermal Background

REQ-FPR-: ExAOC will exhibit an instrument generated thermal background of less than ????? (James, what would you like to specify here?)
NOTES:

1. Derived from error budget.

3.1.1.8 Automatic Operation

REQ-FPR-: ExAOC shall be capable of, when presented with a suitable object on-axis to within T.B.D. arcsec, locking on and starting an exposure without manual intervention.

NOTES:

1. Derived from OCDD.

3.1.1.9 Observing Efficiency

REQ-FPR-: The observing time (as defined as science instrument acquiring science target photons) shall be greater than T.B.D. %, exclusive of weather, down-time attributed to other systems, or telescope acquisition time, with exposure times of 60 minutes. This may be interpreted as ExAOC requiring less than T.B.D. minutes to acquire, lock and start exposing.

NOTES:

1. Derived from OCDD???

3.1.1.10 Non-common Path Flexure

REQ-FPR-: There will be no more than T.B.D. mm of relative flexure between the final measuring point of the calibration module and the science instrument detector. (The intent is to place a constraint on absolute flexure {with or without flexure compensation}. How is this best measured {milliarcsec/mm?} and where is it important? Right at the detector? At the lenslets? There is an internal flexure spec for the science instrument derived from here}

3.1.1.11 Downtime

REQ-FPR-: The downtime of the instrument shall be less than 2%/year.

NOTES:

1. Nominal daytime maintenance that does not require re-calibrations or alignment of the instrument is not considered downtime.

3.1.1.12 Lifetime

REQ-FPR-: The ExAOC instrument shall be designed to operate for T.B.D. years at a duty cycle of T.B.D. hours/night T.B.D. nights per year before requiring any re-coating of optics. No component shall be used that has a specified MTBF of less than T.B.D. (I will get input from Glen Herriot on how to specify this. But, what is the expected life-span of this instrument, e.g. 1, 5 or 10 yr?)

NOTES:

1. Derived from ???

3.1.2 Top Level Performance Requirements

3.1.2.1 Contrast Ratio

REQ-FPR-: ExAOC, including post-processing, will attain a contrast ratio of the following in a 60-minute exposure.

	R Magnitude 
	Contrast Ratio Requirement
	Contrast Ratio

Goal

	< 6
	10-7
	10-8

	6 – 7
	10-6
	10-7

	7 – 8
	10-5
	10-6

	8 – 9
	N/A
	10-5


NOTES:

1. Derived from the OCDD???
3.1.2.2 Seeing condition Limits

REQ-FPR-: ExAOC will meet all requirements, in the required zenith distance limits, in T.B.D. best seeing conditions. ExAOC will operate in T.B.D. best seeing conditions with no guaranteed performance. 

NOTES:

1. Derived from OCDD???

3.1.2.3 Zenith Distance Limits

REQ-FPR-: ExAOC will meet all requirements, in required seeing conditions, from a zenith distance of T.B.D. to T.B.D. degrees. ExAOC will operate at a zenith distance of up to T.B.D. degrees with no guaranteed performance. 

NOTES:

1. Derived from OCDD???

3.1.2.4 Throughput

REQ-FPR-: There shall be a total throughput of the system (from top of atmosphere to detected photons at the science instrument) of 25% in H band.

NOTES:

1. Derived from OCDD???

3.1.2.5 Astrometric Accuracy (Precision?)
REQ-FPR-: ExAOC will permit an astrometric accuracy of T.B.D. mas. (OK, do we want absolute accuracy or a stability {i.e. precision} here?).

NOTES:

1. Derived from OCDD???

3.1.2.6 Spatial Resolution

REQ-FPR-: ExAOC will achieve a spatial resolution of 13 mas over the entire operating wavelength range. (Is this correct?)

NOTES:

1. Derived from OCDD???

AO Requirements

This section specifies the AO sub-system specific requirements for the ExAOC instrument.

3.1.3 AO Functional Requirements

3.1.3.1 Coronagraph Compatibility

REQ-FPR-: The AO system shall feed the coronagraph as specified in ICDs 1.9.x.1/1.9.x.2 [10] and 1.9.x [9].

NOTES:

1. Derived from ???

3.1.3.2 Limiting magnitudes

REQ-FPR-: The AO system shall be capable of locking onto and maintaining lock on a ??? R magnitude star at a zenith distance of up to ??? degrees in ??? percentile seeing conditions.

NOTES:

1. Derived from an OCDD spec???
3.1.3.3 Differential Chromatic Aberration

REQ-FPR-: ExAOC will exhibit a chromatic aberration of less than T.B.D. (Should this be specified in a maximum pupil shear?)

NOTES:

1. Derived from error budget.

2. Chromatic aberrations impact speckle suppression. 

3.1.3.4 Transmission Uniformity

REQ-FPR-: The AO module will maintain a transmission uniformity of all optical components, over a time span of T.B.D. months of T.B.D. percent.

NOTES:

1. Derived from error budget.

3.1.3.5 Polarization Stability

REQ-FPR-: The AO module will maintain a polarization stability of T.B.D. percent.

NOTES:

1. Derived from the OCDD???

3.1.3.6 Image Position Stability

REQ-FPR-: The AO system shall maintain a image forming location constant to within ??? mm (milliarcsec?) in the focal plane through 60 minutes of telescope tracking, worst case. The exit pupil shall remain constant to within ???mm (%?).

NOTES:

1. Derived from an OCDD spec???

3.1.3.7 Residual Fast Tip/Tilt

REQ-FPR-: In T.B.D. % best seeing conditions at T.B.D. the AO module will exhibit a residual Tip/Tilt of T.B.D. (How should this be specified? PSD? Milliarcsec RMS?)

NOTES:

1. Derived from error budget.

3.1.3.8 Bad Actuators

REQ-FPR-: The AO system shall meet all requirements with at least T.B.D. non-functioning actuators in the illuminated patch on the DM. Goal is to maintain performance with T.B.D. non-functioning actuators. (BIG RED FLAG HERE! This is being determined by Lisa/Bruce. Might not be able to tolerate ANY bad actuators).
NOTES:

1. Derived from error budget.

3.1.4 AO Performance Requirements

3.1.4.1 Strehl Ratios (Is Strehl the suitable metric here? Is J band correct?)
REQ-FPR-: The AO system shall maintain an on-axis strehl ratio, in J band, of the following in the required seeing conditions to the maximum operating zenith distance for 60 minutes:

	R Magnitude
	Strehl

Requirement
	Strehl

Goal

	< 6
	0.92
	0.94

	6 – 7
	0.90
	0.92

	7 – 8
	0.88
	0.90

	< 10
	N/A
	0.80


These numbers are just made up for now.

NOTES:

1. Derived from the ExAOC error budget???
3.1.4.2 Intensity Contrast

REQ-FPR-: The AO module will achieve a raw intensity contrast, in J band, of the following in the required observing conditions in a 60-minute exposure to the maximum operating zenith distance:

	R Magnitude
	Intensity Contrast

Requirement
	Intensity Contrast Goal

	< 6
	10-5
	10-6

	6 – 7
	10-4
	10-5

	7 – 8
	10-3
	10-4

	< 10
	N/A
	10-3


These numbers are just made up for now.

NOTES:

1. Derived from the ExAOC error budget???
3.1.4.3 Noise Contrast

REQ-FPR-: The AO module shall achieve a raw noise contrast in J band, of the following in the required observing conditions in a 60-minute exposure to the maximum operating zenith distance:

	R Magnitude
	Noise Contrast

Requirement
	Noise Contrast Goal

	< 6
	T.B.D.
	T.B.D.

	6 – 7
	T.B.D.
	T.B.D.

	7 – 8
	T.B.D.
	T.B.D.

	< 10
	N/A
	T.B.D.


These numbers are just made up for now.

NOTES:

1. Derived from the ExAOC error budget???
3.1.4.4 Plate Scale Stability

REQ-FPR-: The AO module will maintain a plate scale stability of T.B.D.

NOTES:

1. Derived from astrometry spec in this document.

3.1.4.5 Optical Throughput

REQ-FPR-: The optical throughput of all optical components in the AO system (including the ExAOC input window and WFS beamsplitter) shall be (over the entire specified band):

	Wavelength [μm]
	Science Leg %
	WFS Leg %

	< 0.5
	< 1
	< 1

	0.6 – 0.94
	< 1
	> 75

	0.96 – 2.5
	> 80
	< 1


(Numbers made up for now, assuming a 0.95 μm WFS/science switch-over)

NOTES:

1. Derived from top level throughput spec in this document.

2. Assuming Silver coatings (97% @ 0.75 μm, 98% > 1.0 μm)

Coronagraph Requirements

3.1.5 Coronagraph Functional Requirements

3.1.5.1 AO Compatibility

REQ-FPR-: The coronagraph will interface with the AO system. This shall meet the interface specifications of ICDs 1.9.x.1/1.9.x.2 [10] and 1.9.x [9].

NOTES:

1. Derived from ICD 1.9.x???

3.1.5.2 Science Instrument(s) Compatibility

REQ-FPR-: The coronagraph will interface with the science instrument(s). This shall meet the interface specifications of ICDs 1.9.x.2/1.9.x.3 [11] and 1.9.x [9].

NOTES:

1. Derived from ICD 1.9.x???

3.1.5.3 Calibration System Compatibility

REQ-FPR-: The coronagraph will interface with the calibration system. This shall meet the interface specifications of ICDs 1.9.x.2/1.9.x.4 [12] and 1.9.x [9].

NOTES:

1. Derived from ???
3.1.5.4 Inner Working Distance

REQ-FPR-: The coronagraph module shall achieve the specifications at an inner working distance of  4λ/D, where D is the telescope entrance diameter of 7.98m. This is 0.1 arcsec at a wavelength of 1 micron.  (PLEASE CHECK THIS)

NOTES:

1. Derived from top level requirement in this doc.

3.1.5.5 Thermal Background

REQ-FPR-: The coronagraph module shall contribute less than T.B.D. thermal background. (What units/specs. here. Is it wavelength dependant?)

NOTES:

1. Derived from thermal background in this document.

3.1.5.6 Throughput

REQ-FPR-: The coronagraph shall achieve a throughput, over the entire operating range, from the IWD to the field of view of T.B.D. percent.

NOTES:

1. Derived from the top-level throughput item.

3.1.5.7 Operating wavelength

REQ-FPR-: The coronagraph will meet all requirements over the wavelength range of 0.95 to 2.5 microns.

NOTES:

1. Derived from top level specification in this document.

3.1.5.8 Resolution degradation

REQ-FPR-: The coronagraph will not degrade the planet strehl or resolution by more than T.B.D. percent over the entire operating wavelength. (This is meant to capture both a “resolution degradation” and the “planet strehl”. Is this not basically a strehl vs radius spec.?).

NOTES:

1. Derived from OCDD???

3.1.6 Coronagraph Performance Requirements

3.1.6.1 Residual Diffraction Contrast

REQ-FPR-: The coronagraph shall achieve a residual diffraction contrast of T.B.D. (How/what number/units do we put here?)

NOTES:

1. Derived from OCDD???

3.1.6.2 Airy Throughput

REQ-FPR-: The coronagraph shall achieve an airy throughput of T.B.D. (OK, how do we specify this? Bruce, did you determine a better way to describe what you meant here?).
NOTES:

1. Derived from ???

3.1.6.3 Transmission Uniformity

REQ-FPR-: The coronagraph will maintain a transmission uniformity of all optical components, over a time span of T.B.D. months of T.B.D. percent.

NOTES:

1. Derived from error budget.

3.1.6.4 Wave-Front Error Stability

REQ-FPR-: The coronagraph shall maintain a wave-front error stability of T.B.D. percent over a 60-minute exposure to the maximum zenith distance.

NOTES:

1. Derived error budget ???

Science Instrument Requirements

3.1.7 Science Instrument Functional Requirements

3.1.7.1 Coronagraph Compatibility

REQ-FPR-: The science instrument(s) will interface with the coronagraph. This shall meet the interface specifications of ICDs 1.9.x.2/1.9.x.3 [11] and 1.9.x [9].

NOTES:

1. Derived from ICD 1.9.x???

3.1.7.2 Spectral Resolution

REQ-FPR-: The science instrument(s) will achieve a spectral resolution of???

NOTES:

1. Derived from top level requirement in this document???

3.1.7.3 Wavelength Coverage

REQ-FPR-: The science instrument shall operate in the I, J and K bands.

NOTES:

1. Derived from OCDD???

3.1.7.4 Throughput

REQ-FPR-: The science instrument shall achieve a throughput, over the entire operating wavelength, of T.B.D. percent.

NOTES:

1. Derived from the top-level throughput item.

3.1.7.5 Internal Opto-Mechanical Flexure Stability

REQ-FPR-: The science instrument shall exhibit less than T.B.D. flexure between the input mounting reference point and the science detector at any gravitational orientation. (Is this right? Should it be only until the lenlets?)

NOTES:

1. Derived from ??? overall flexure requirement.

3.1.7.6 Spatial Resolution

REQ-FPR-: The science instrument will achieve a spatial resolution of 13 mas over the entire operating wavelength range. (Is this correct?)

NOTES:

1. Derived from top level specification in this document???

3.1.7.7 Polarimetry

REQ-FPR-: The science instrument will incorporate a polarization analyzer. This will permit simultaneous observation of both orthogonal polarizations. (OK, what else should be specified here).
NOTES:

1. Derived from OCDD.

3.1.8 Science Instrument Performance Requirements

3.1.8.1 Planet Recovery

REQ-FPR-: The science instrument, including post-processing, shall permit a planet recover of T.B.D. as a function of parent star separation and type. (OK, how do we specify this? Bruce, I believe you had something in mind!).

NOTES:

1. Derived from OCDD???

3.1.8.2 Speckle Suppression

REQ-FPR-: Science instrument, after post processing, will achieve a speckle suppression of ???

NOTES:

1. Derived from OCDD???

3.1.8.3 Added Speckle Noise

REQ-FPR-: The science instrument will not add more than T.B.D. speckle noise to the incoming wavefront, as measured over a 60-minute exposure.

NOTES:

1. Derived from speckle suppression specification in this document.

3.1.8.4 Pixel Intensity Crosstalk

REQ-FPR-: The science instrument will achieve a pixel intensity crosstalk of less than T.B.D. percent.

NOTES:

1. Derived from speckle suppression specification in this document.

3.1.8.5 Pixel Spectral Crosstalk

REQ-FPR-: The science instrument will achieve a pixel spectral crosstalk of less than T.B.D. percent.

NOTES:

2. Derived from speckle suppression specification in this document.

3.1.8.6 Flat Fielding Stability

REQ-FPR-: The science instrument will permit flat fielding repeatability of T.B.D. percent in each observing band.

NOTES:

1. Derived from speckle suppression specification in this document.

2. May be achieve in any fashion that does not affect the night-time observing efficiency, and can be carried out in less than T.B.D. minutes per day calibration time.

3.1.8.7 Detector Noise

REQ-FPR-: The science detector will incorporate a detector that exhibits less than T.B.D. of read noise.

NOTES:

1. Derived from error budget.

2. Baseline is a Rockwell HAWAII-2RG HgCdTe/CdZnTe MBE.

3.1.8.8 Resolution degradation

REQ-FPR-: The science instrument will not degrade the strehl or resolution by more than T.B.D. percent over the entire operating wavelength. 
NOTES:

1. Derived from top level specification in this document???

3.1.8.9 Optical Throughput

REQ-FPR-: The science instrument shall maintain an overall optical throughput, measured from and including the input window through to and including the detector, over the entire specified band of:

	Wavelength [μm]
	Science Leg %

	J
	> ???

	H
	> ???

	K
	> ???


Calibration System Requirements

3.1.9 Calibration System Functional Requirements

3.1.9.1 Coronagraph Compatibility

REQ-FPR-: The calibration system will interface with the coronagraph. This shall meet the interface specifications of ICDs 1.9.x.2/1.9.x.4 [12] and 1.9.x [9].

NOTES:

1. Derived from ICD 1.9.x???
3.1.9.2 AO Compatibility

REQ-FPR-: The calibration system will provide the AO system with the required metrology. This shall meet the interface specifications of ICDs 1.9.x.1/1.9.x.4 [13] and 1.9.x[9].

NOTES:

1. Derived from ???

3.1.9.3 Non-Common Path Stability

REQ-FPR-: The calibration module will not contribute more than T.B.D. wavefront error to the science path over a 60-minute exposure to the maximum operating zenith distance.
NOTES:

1. Derived from error budget.

3.1.10 Calibration System Performance Requirements

3.1.10.1 Absolute Accuracy

REQ-FPR-: The calibration module will achieve an absolute accuracy of T.B.D. nm at the following bandwidths:

	R Magnitude 
	Accuracy per Update [nm]

	< 6
	T.B.D.

	6 – 7
	T.B.D.

	7 – 8
	T.B.D.


NOTES:

1. Derived from error budget???

3.1.10.2 Update Rates

REQ-FPR-: The calibration module will meet the following specifications.

	R Magnitude 
	Update Rate [Hz]
	Precision per Update [nm]

	< 6
	1000
	T.B.D.

	6 – 7
	500
	T.B.D.

	7 – 8
	250
	T.B.D.


Of course these are just made up; what is reasonable to specify? What else needs to be captured.

NOTES:

1. Derived from error budget???

4 Optical Requirements

4.1  Optical Functional Requirements

4.1.1 Temperature Range of Warm Optics

REQ-FPR-: The optics, other than those within the science instrument, will meet specifications at all temperatures within the range of –20 (C to 25 (C, at a maximum temperature change of 0.25 (C/minute.

NOTES:

1. Derived from OCD???

2. This is likely too large, covers both MK and CP.
4.2  System Performance Requirements

4.2.1 Thermal Cycling

REQ-FPR-0011: The overall performance of all optical components and coatings will not be degraded by repeated thermal cycling at a maximum rate of temperature change of 0.25K/minute of the operating, storage and transportation temperature ranges.

NOTES:

2. Derived from ???
5 Mechanical

5.1  System Functional Requirements

5.1.1 Mechanical Duplication

REQ-FPR-0101: The mechanical design will duplicate existing Gemini instrumentation designs when appropriate.

NOTES:

1. Derived from ???
2. This requirement is to reduce risk and cost. It should not drive cost or complexity.
3. Leads to Gemini re-use trade studies.
5.1.2 Instrument Alignment Provision

REQ-FPR-0111: 

NOTES:

1. Derived from ???
5.1.3 Thermal Gradients and Transients

REQ-FPR-: External thermal gradients and transients (i.e. ambient) normally present in either Gemini Telescope environment will not degrade the performance of the instrument.

NOTE: Meant to ensure that ExAOC will operate even while the ambient temperature at the telescope changes. Need better wording here.

NOTES:

1. Derived from ???

2. ICD-G0013 stipulates 0.8ºC/hour for CP. Special case may be granted for MK specific instruments at 0.2ºC/hour.

5.1.4 Thermal Cycling

REQ-FPR-: The overall performance of all mechanical components will not be degraded by repeated thermal cycling at a maximum rate of temperature change of 0.25K/minute of the operating, storage and transportation temperature ranges.

NOTES:

1. Derived from ???
5.1.5 Space Requirement

5.1.5.1 Space Envelope

REQ-FPR-: ExAOC will be designed to conform with the space envelope requirements as per ICDs 1.1.1/1.9 and 1.5.3/1.9. This space envelope will include any/all thermal enclosures to be mounted on the ISS.

NOTES:

1. Derived from ???
5.1.5.2 Access to Thermal Enclosures

REQ-FPR-: For servicing, the thermal enclosures will be accessible, both front panel and rear-connectors, without removing ExAOC from the ISS or unplugging any services. Derived from ICD 1.9/3.7.

NOTES:

1. Derived from ???
5.1.5.3 Access to Services Ports

REQ-FPR-: All service ports (coolant, helium, dry compressed air, LAN, GIS, power and any special connections such as fibres) will be accessible for connection/disconnection without removing ExAOC from the ISS, removing more than one ExAOC access panel or partially disassembling ExAOC.

NOTES:

1. Derived from ???
5.1.5.4 Mounting Access

REQ-FPR-: ExAOC will be able to be mounted/dismounted from the ISS without disturbing instruments/facilities on other ISS ports. ExAOC will be mounted/dismounted as a single unit.

NOTES:

1. Derived from ???
5.1.6 Mass Requirement

All mass, CofG and balance specifications are called out in ICD 1.5.3/1.9.

NOTES:

1. Derived from ???
5.1.6.1 Total Mass on ISS

REQ-FPR-: ExAOC, including support frame, thermal enclosures, electronics, cabling, services connections and coolant (i.e. all mass mounted on the ISS) will have a mass of 2000 kg.

NOTES:

1. Derived from ???
5.1.6.2 Centre of Gravity

REQ-FPR-: ExAOC will exhibit, for the total ISS mass, a centre of gravity (CofG) located 1000mm out from the ISS mechanical interface (i.e. into ExAOC) on a line perpendicular to the centre of the science port.

NOTES:

1. Derived from ???
5.1.6.3 Balance Tolerance

REQ-FPR-: The tolerance on the CofG is such that the out-of-balance will not exceed 400 Nm w.r.t. the telescope elevation axis. This must include static imbalance, change in mass moment due to moving elements, and change in mass due to changes in coolant volumes.

NOTES:

1. Derived from ???
5.1.7 Cooling Requirements

5.1.7.1 Cooling system

REQ-FPR-: ExAOC will use cryogenic closed-cycle cooling system(s).

NOTES:

1. Derived from ???
5.1.7.2 Cooler Vibration

REQ-FPR-: The cryogenic closed-cycle coolers will not introduce vibrations greater than ??? into the mechanical structure.

NOTE: This needs to be tied to a specification derived from the overall ExAOC performance, I presume mainly to do with the rejection capability of the AO sub-system.

NOTES:

1. Derived from ???

5.1.8 Vacuum Requirements

REQ-FPR-: ExAOC will require only existing vacuum pumping system facilities at the Gemini Telescopes holding and staging areas. This is expected to be those as used by NIRI at Gemini North, and GSAOI at Gemini South. This includes the same type of vacuum pump, pump procedures, test equipment and configuration.

NOTES:

1. Derived from ???

5.1.9 Mechanism Safety

REQ-FPR-: No mechanism will move in the event of loss of electrical power, with the exception of the cryogenic closed cycle coolers.

NOTES:

1. Derived from ???

5.1.10 Environmental Cover

REQ-FPR-: ExAOC will be fitted with an environmental cover that can be operated either by the control system or manually in case of power failure. Manual operation must not require more than one access panel to be removed or ExAOC being removed from the ISS. The cover shall be dust and light tight.

NOTES:

1. Derived from ???

5.1.11 Dust reduction System

REQ-FPR-: ExAOC will be fitted with a dry air dust reduction system. This is to minimise the accumulation of dust within the instrument, in particular on exposed optical surfaces.

NOTE: OK, this was mentioned in GSAOI, in particular for the entrance window. With our tight specifications on emissivity and optical surfaces, should we be concerned with this at all?

NOTES:

1. Derived from ???
5.1.12 Instrument Handling

REQ-FPR-: The ExAOC structure shall have feet permitting free-standing storage and attachment points for the Gemini instrument handling facilities as per ICD-G0015

NOTES:

1. Derived from ???
5.1.13 Metric Dimensioning

REQ-FPR-: Metric dimensioning will be used in ExAOC. Dimensions will be in millimetres, called out to 0.01mm.

NOTES:

1. Derived from ???
5.1.14 Metric Fasteners

REQ-FPR-: All screws, bolts, nuts, tapped homes and fasteners will be of standard metric sizes, and called out as such on the as-built drawings. The only exception will be internal components of commercially purchased mechanisms.

NOTES:

1. Derived from ???

5.2  System Performance Requirements

5.2.1 Instrument Alignment Maintenance

REQ-FPR-: The alignment of the ??? will be maintained to the required accuracy as specified in ??? in any attitude of the telescope and rotator, and on any port of the ISS.

NOTES:

1. Derived from ???

5.2.2 Cryogenic Cooling System

5.2.2.1 Cool Down Time

REQ-FPR-: ExAOC will have a cryogenic cooling system capable of cooling the instrument from room temperature (20º C) to operating conditions within TBD hours.

NOTES:

1. Derived from ???

5.2.2.2 Warm Up Time

REQ-FPR-: ExAOC will not require more than TBD hours to warm up the entire instrument from operating conditions to room temperature (20º C).

NOTES:

1. Derived from ???

5.2.2.3 Thermal Stability

REQ-FPR-: ???

NOTES:

1. Derived from ???

5.2.3 Mechanisms Operation

5.2.3.1 Mechanism Set Time

REQ-FPR-: Individual ExAOC mechanisms will have a maximum set time of 30s. This is worst case (i.e. maximum travel time).

NOTES:

1. Derived from ???

5.2.3.2 Mechanism Configuration Time

REQ-FPR-: A complete reconfiguration of ExAOC (i.e. all mechanisms) will be performed in less than 60s.

NOTES:

1. Derived from ???

5.2.3.3 Repeatability of Configuration

REQ-FPR-: The total error at the detector resulting from a total reconfiguration will be less than 0.5 pixels.

NOTE: Is this significant/necessary/sufficient?
NOTES:

1. Derived from ???

6 Detectors

7 Control Systems

8 Electrical and Electronic Requirements

8.1  Grounding and Shielding

REQ-FPR-: Separate ground returns will be provided for low-level signals, noisy components such as relays and motors and hardware components such as enclosures, chassis and racks. See [6] and [1].

NOTES:

1. Derived from ???

8.2  Electrostatic Discharge

REQ-FPR-: All sensitive components will be protected from electrostatic discharge. See [6] and [1].

NOTES: 

1. Derived from ???

8.3  Power Dissipation

REQ-FPR-: Individual elements exposed to the air volume will not attain a temperature 2º C above ambient.

NOTE: Is this sufficient for ExAOC? Do we have stricter requirements due to the higher strehl?

NOTES:

1. Derived from ???

9 Software Requirements

9.1  Software Function Requirements

9.1.1 Conforming Instrument

REQ-FPR-: ExAOC will be a conforming instrument. This will either be the Gemini classic EPICS based control system or adhere to the “Aspen Instruments” [7] guidelines.

NOTES:

1. Derived from ???

9.1.2 Engineering Interface

REQ-FPR-: ExAOC will provide engineering interfaces to allow the exercising, testing and verification of all ExAOC mechanisms and functionality. This includes controlling all mechanisms, reading of sensors and reading all status. This code is a deliverable, but not required to meet any Gemini standard; Gemini will provide engineering GUIs.

NOTE: This is my take on discussions with Gemini etc. Am I wrong here?

NOTES:

1. Derived from ???

9.1.3 Mechanisms Control

REQ-FPR-: All ExAOC mechanisms will be controlled through the ExAOC control system. This includes all low level and coordinated and virtual mechanisms (such as representing a pair of filter wheels as a single virtual filter wheel).

Notes:

1. Derived from ???

9.1.4 Temperature Control

REQ-FPR-: The ExAOC control system will configure the temperature controller(s) controlling any thermally stabilised systems. This includes detectors, cooled/heated mechanisms and monitoring of ambient temperature(s).

Notes:

1. Derived from ???

9.1.4.1 CWS temperatures

REQ-FPR-: The control system will configure the temperature control of the cold working surfaces. This includes cool-down, warm-up and operational.

NOTES:

1. Derived from ???

9.1.4.2 Imager Detector Temperature Control

REQ-FPR-: The control system will configure the temperature of any detectors. This includes cool-down, warm-up and operational.

NOTES:

1. Derived from ???

9.1.4.3 Temperature Monitoring

REQ-FPR-: The control system will monitor and optionally log all temperatures within ExAOC. This includes thermally controlled systems such as the detector(s) and passive sensors such as ambient temperature(s), coolant temperatures (inlet and outlet) and all major sub-components (e.g. DMs, T/T mirror).

NOTES:

1. Derived from ???

9.1.4.4 Detector Temperature During Cool-Down/Warm-Up

REQ-FPR-: The control system will ensure that the following two conditions are kept:

1. Cool-Down: the detector(s) are maintained at a temperature between 5º and 20º C higher than the CWS during cool-down until the CWS is at operating termperature.

2. Warm-Up: the detector(s) are maintained at a temperature between 5º and 20º C higher than the CWS during warm-up until the detector(s) are at ambient temperature..

NOTES:

1. Derived from ???

2. This requirement is to minimize the risk of condensation on the detector.

9.1.5 Science Detector

9.2  Software Performance Requirements

9.2.1 Configuration Time

REQ-FPR-: The software control system overhead for mechanism control will not increase the configuration time by more than the larger of: 5% of the mechanical operation time or 1 second.

NOTES:

1. Derived from ???

2. This is to ensure that the configuration time specified in ??? is maintained.

9.2.2 Temperature Control

REQ-FPR-: The accuracy of the ExAOC temperature control will not be limited by the performance of the software system.

NOTE: 

1. Derived from ???

2. This implies that electronic temperature control system(s) is required.

9.2.3 Science Instrument Detector

REQ-FPR-: The software system will ensure that the detector readout rates as specified in ??? can be met.

NOTES:

1. Derived from ???

2. DHS throughputs likely to be an issue.

3. ???

10 External Interfaces

10.1  ISS Interface

10.1.1 ISS Ports

REQ-FPR-: ExAOC will be capable of being mounted on and used on any side-looking port and the upward-looking port of the ISS.

NOTE: We should convince ourselves that there are no issues with using a side-looking port (such as stability of alignment/pupil alignment or image quality).

NOTES:

1. Derived from ???

10.1.2 ISS Mounting Material

REQ-FPR-: ExAOC will take into account the material of which the ISS is made and will hold differential temperature effects to a level that permits ExAOC to meet all optical alignment and safety requirements over the entire operating temperature range.

NOTES:

1. Derived from ICD1.5.3/1.9 [4].

10.1.3 ISS Mounting Fasteners

REQ-FPR-“ ExAOC will utilise fasteners sized for a safe working load including static and dynamic factors of safety to accommodate predicted loads on the Gemini telescope. This includes complying to all aspects of [4].

NOTES:

1. Derived from ICD1.5.3/1.9 [4].

10.1.4 Optical Feed

REQ-FPR-: ExAOC will accept and use the optical feed of the telescope, off of the science fold mirror if mounted on a side-looking port.

NOTES:

1. Derived from ICD1.5.3/1.9 [4].

11 Environmental Requirements

12 Other Requirements
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