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1 Introduction

This document describes the functional requirements for W.M. Keck Observatory’s (WMKO) Next Generation Adaptive Optics (NGAO) system.  The Functional Requirements Document (FRD) flows down the requirements from the design-independent System Requirements Document (SRD) to a few high level systems (AO system, laser facility, science operations facility and science instruments).  These systems were chosen to divide the NGAO system into functions that would be required independent of the selected architecture.  The flow down of the requirements on the other hand is frequently a design choice that could be revisited.
2 Scope and Applicability

This document establishes functional requirements for all of the AO system aspects of NGAO.  
3 References

3.1 Related Documents

1. Instrumentation Baseline Requirements Document.
2. KAON 456.  NGAO System Requirements Document.

3.2 Referenced Drawings
Table X lists the drawing numbers, revisions and date, source and title for all drawings referenced in this document.

4 Revision History

	Version
	Date
	Author
	Reason for revision / remarks

	0.0
	Apr. 17, 2007
	Wizinowich
	Initial version

	
	
	
	

	
	
	
	

	
	
	
	


Overall System Architecture & Assumptions
4.1 Purpose

The purpose of the background section of this document is to provide context and related information for the functional requirements defined in later sections of this document.

4.2 Overview 

The scientific and technical requirements for NGAO result in the following basic systems:

1. AO system.  The AO system will likely consist of an AO enclosure, an opto-mechanical system, and software and electronics for both non real-time and real-time control. 

2. Laser facility.  The laser facility will likely consist of a laser enclosure, the laser(s), the launch facility including a beam transport system and launch telescope, safety systems and laser system control electronics and software. 

3. Science operations facility.  The science operations facility will primarily include the software and computers required to support operation of the AO system and science instruments.  This includes operating the systems for nighttime observing as well as pre- and post-observing activities.

4. Science instruments.  The three highest priority instruments are currently a near-IR imager, a visible imager and a deployable near-IR integral field unit (IFU).  Three lower priority instruments have also been identified including a near-IR IFU, a visible IFU and an L and M-band imager.  There is also a requirement that the NGAO project be designed so as to allow the continued AO support of the Interferometer and the fiber injection module used for the ‘OHANA (Optical Hawaiian Array for Nanoradian Astronomy) project.    

5. Telescope facility.

The AO and laser facilities and the science instruments will have to interface with the telescope structure.  Figure 1 shows a schematic view of a Keck telescope.  The most likely location for the NGAO system and science instruments is on one of the Nasmyth platforms of the telescope.  Nominally we have chosen the left Nasmyth platform of the Keck II telescope as our starting point.  The most likely location for the projection telescope is behind the f/15 secondary mirror in the top end of the telescope.
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Figure 1 Keck telescope structure
4.3 Performance Budget Flowdown

5 Overall Functional Requirements (Requirements for all Subsystems)
The purpose of the overall requirements section is to convey requirements that apply generally to the overall .  
Note that the Observatory’s standard requirements for all new instrumentation are summarized in the Instrumentation Baseline Requirements Document.  Additional Observatory requirements specific to NGAO are listed in the following sections. 

5.1 Architectural Assumptions

The following architectural assumptions have been made in preparing this FRD:

1. AO system located on the left Nasmyth platform of Keck II.

2. Existing f/15 secondary mirror used to feed NGAO.

5.2 Optical Requirements

5.3 Mechanical Requirements

5.4 Electronic/Electrical Requirements

5.5 Safety Requirements

5.6 Software Requirements

5.7 Interface Requirements

5.8 Reliability Requirements
5.9 Spares Requirements

5.10 Service and Maintenance Requirements

5.11 Documentation Requirements

6 AO System Functional Requirements

6.1 Architectural Assumptions

The following architectural assumptions have been made regarding the AO system:

1. An enclosure is required to perform the following functions:
a. Clean room

b. Humidity control

c. Background light suppression

d. Optics area temperature control

e. Separate electronics enclosure with glycol cooling

f. Input and output shutters

g. Ventilation for personnel

2. An optics support structure is required.

3. An optical relay is required to perform the following functions:

4. A deformable mirror is required

5. A tip/tilt stage is required to perform the following functions

6. An optical switchyard is required to perform the following functions
7. Atmospheric dispersion correction is required to perform the following functions

8. LGS wavefront sensors

9. Three fast low order wavefront sensors are required to perform the following functions

10. A slow NGS wavefront sensor is required to perform the following functions 

11. NGS wavefront sensor

12. One or more acquisition cameras are required to

13. A calibration unit is required to

14. The following alignment and diagnostic functions are required

6.2 Optical Requirements

	#
	Optical Performance Requirements
	Discussion

	1
	The telescope plus NGAO throughput to the science instruments shall be ≥ 70% at 0.6-5.5 µm 
	

	2
	The telescope plus NGAO throughput to the interferometer shall be ≥ 60% at 5.5-14.0 µm
	

	3
	The telescope plus NGAO emissivity to the science instrument shall be ≤ the sky emissivity at K and L-bands
	

	4
	The rms wavefront error for the combined telescope, NGAO system and visible and NIR imagers shall be TBD for the following TBD conditions
	

	5
	The rms wavefront error for the combined telescope, NGAO system and visible and NIR IFUs shall be TBD for the following TBD conditions
	

	6
	The rms wavefront error for the combined telescope, NGAO system and deployable NIR IFU shall be TBD for the following TBD conditions
	

	7
	The rms wavefront error for the combined telescope, NGAO system and thermal NIR imager shall be TBD for the following TBD conditions
	

	8
	The rms wavefront error for the combined telescope and NGAO system delivered to the Interferometer shall be TBD for the following TBD conditions
	

	9
	The residual static wavefront errors from the NGAO system shall be ≤ 50 nm rms as delivered to the visible and NIR imagers 
	

	10
	The NGAO system shall introduce ≤ TBD % polarization in the path to the TBD science instruments
	

	11
	The stability of the field produced by the NGAO system shall be TBD as delivered to the TBD science instruments
	

	12
	The rms residual tilt from the NGAO system output to the interferometer should be ≤ 0.007” 
	

	13
	Instability must not decrease the Strehl on the visible and NIR imagers by more than 5% during any 1-hour period or over a 3 ºC temperature change
	The image improvement provided by the facility must be stable over periods of hours, under stable atmospheric conditions.  The wavefront sensor calibrations must be stable with time, temperature and telescope position.  This requirement does not include performance degradations due to changing atmospheric conditions, or different magnitude and location of NGS or LGS

	14
	Instability must not decrease the Strehl on the visible and NIR imagers by more than 10% during any 24-hour period or over a 5 ºC temperature change
	


	#
	Optical Implementation Requirements
	Discussion

	1
	The field of view provided to the science instruments must be centered on the telescope elevation axis to within 2”
	


	#
	Optical Design Requirements
	Discussion

	1
	The focal ratio provided to the science instruments should be TBD
	

	2
	The exit pupil location provided to the science instruments should be TBD
	

	3
	The NGAO system should be capable of correcting TBD level of non-common path aberration in the science instruments
	Image sharpening can be used to correct for aberrations in the science instruments.  New science instruments should be designed to have small optical aberrations.  The interferometer and possible legacy instruments such as NIRC2 or OSIRIS may be allowed larger aberration budgets.

	4
	The peak-to-peak range of tip/tilt correction provided by NGAO shall be ≥ 3”
	The existing Keck AO systems have a peak-to-peak range of 1.6” which has proven to be inadequate in windy conditions.


	#
	Science Instrument Optical Design Requirements
	Discussion

	1
	A wavelength range of 0.6 to 1.0 µm must be provided to the visible science instruments (imager and IFU)
	

	2
	A wavelength range of 1.0 to 2.45 µm must be provided to the NIR science instruments (imager,  IFU and deployable IFU) 
	

	3
	A wavelength range of 3.0 to 5.3 µm must be provided to the thermal NIR imager
	

	4
	A field of view of ≥ 20”x20” must be provided to the science imagers (visible and NIR)
	

	5
	A field of view of ≥ 12” diameter must be provided to the visible IFU
	

	6
	A field of view of ≥ 16” diameter must be provided to the NIR IFU
	

	7
	A field of regard of ≥ 1.5’ diameter must be provided to the NIR deployable IFU
	

	8
	A field of view of 25”x25” must be provided to the L and M-band imager
	


The following design requirements are imposed by the Interferometer and/or ‘OHANA support requirements.

	#
	Interferometry Optical Design Requirements
	Discussion

	1
	A wavelength range of 1.1 to 14 µm must be provided to the Interferometer
	

	2
	A wavelength range of 1.1 to 2.45 µm must be provided to the OHANA injection module
	

	3
	A field of view of ≥ 1’ diameter must be provided to the Interferometer
	

	4
	A field of view of 5” diameter must be provided to the OHANA injection module
	

	5
	NGAO must be able to support a chopping mode for the interferometer.
	The nuller requires small amplitude chopping with the AO loops closed at each end of the chop for alignment purposes.  

	6
	The interferometer output of NGAO must be polarization matched to the  interferometer output of the AO system on the other telescope in order to produce ≤ 3º of differential s-p phase shift 
	The current KI achieves polarization matching by keeping the number, angle and coatings of all reflections the same in the beam trains from each telescope.  The differential s-p phase shift in the current KI is measured at 6º resulting in a loss in V2 of 0.003.

	7
	The interferometer output of NGAO must have the same image rotation as the interferometer output of the AO system on the other telescope
	

	8
	The interferometer output of NGAO must have the same pupil rotation as the interferometer output of the AO system on the other telescope
	

	9
	The interferometer output of NGAO must have the same longitudinal chromatic dispersion as the interferometer output of the AO system on the other telescope
	Transmissive optics fabricated from different materials can have different amounts of longitudinal chromatic dispersion resulting in the loss of fringe visibility

	10
	The ratio of the Strehls from the interferometer output of NGAO and the interferometer output of the AO system on the other telescope must be ≤ 1.2 and ≥ 0.9. 
	A Strehl mismatch of 22% or an intensity ratio of 1.22 results in a V2 loss of 0.010.

	11
	NGAO must be able to accommodate the accelerometers needed to support the Interferometer
	On the current AO bench one accelerometer is placed near the telescope focus and another near the output to the DSM.  These are used to measure vibration along the optical path and are used in the fringe tracker control system.  The accelerometer acquisition system is housed in an electronics rack in the AO electronics vault.

	12
	NGAO or NGAO in combination with a modified DSM must be capable of supporting the laser metrology beams from the interferometer
	These metrology beams are a potential source of background light on the wavefront sensors 

	13
	NGAO must incorporate the required tools and tolerances to support alignment to the interferometer 
	For example, the current AO bench hosts a corner cube to aid in aligning the interferometer to the optical axis of the AO system and telescope

	14
	NGAO or NGAO in combination with a modified DSM must provide a collimated 100 mm diameter beam to the interferometer
	In the current AO system a removable (on a translation stage) dichroic beamsplitter, located between the deformable mirror and second off-axis parabola, folds the collimated beam to the DSM


6.3 Mechanical Requirements

	#
	Mechanical Performance Requirement
	Discussion

	1
	The NGAO AO system shall not exceed a thermal dissipation budget, into the dome environment, of 100 W
	


	#
	Mechanical Implementation Requirement
	Discussion

	1
	The NGAO facility must allow a means to install new science instruments
	For example, if a new instrument can only be installed with the overhead crane then a means of removing the appropriate portion of the AO enclosure roof would be required. 


	#
	Mechanical Design Requirement
	Discussion

	1
	The maximum weight of the AO system on the Nasmyth platform shall not exceed 10,000 kg 
	The weight requirements are imposed by limits on what the telescope can support at various locations without changing its performance.

	7
	The NGAO facility must fit within the mechanical constraints of a Nasmyth platform (nominally the Keck II left Nasmyth platform)
	

	8
	The NGAO facility must provide access and space for the installation of each science instrument and a mechanical interface on which to mount each instrument
	

	9
	The NGAO facility must provide access for routine maintenance of the elevation bearing, elevation wrap, bent Cassegrain platform and mirror cell stairwell
	

	10
	The required glycol flow rate and pressure for cooling the NGAO facility shall not exceed TBD and TBD, respectively 
	


6.4 Electronic/Electrical Requirements

	#
	Electrical Performance Requirement
	Discussion

	1
	The AO system must not exceed a total electrical power requirement of 10 kW
	From a total NGAO budget of 30 kW

	2
	The NGAO facility cabling through the azimuth wrap must not require an area of more than TBD
	


6.5 Safety Requirements

The general Observatory safety requirements that are also applicable to NGAO are already contained in the Instrumentation Baseline Requirements Document.  This section covers the additional laser safety and laser projection safety requirements.

Adequate earthquake restraints are also required for all systems.

6.6 Software Requirements

Unless otherwise indicated all of the requirements of this section apply to all software components of NGAO.

	#
	Software Design Requirements
	Discussion

	1
	The NGAO system must be able to support the external interfaces supported by the existing AO systems
	The external keywords and EPICS channels used by the existing AO systems are documented in KAON 315, Summary of External Interfaces in the Current WFC and Implications for the NGWFC Design”

	2
	The NGAO system must be able to accept tip/tilt offloads from the science instrument
	

	3
	The NGAO system must be able to acquire and configure the AO system based on the star magnitude and spectral type provided in the target list
	

	4
	NGAO must be able to support a chopping mode for the Nuller mode of the interferometer
	


6.7 Interface Requirements

	#
	Mechanical Interface Requirements
	Discussion

	1
	An agreed upon kinematic interface between the NGAO opto-mechanical systems and the telescope structure must be provided
	Kinematic interfaces are proposed so that thermal changes do not distort optical benches.

	2
	NGAO must be compatible with the interferometer dual star module (DSM) or replicate its functionality
	The current Keck AO systems interface to the interferometer via an opto-mechanical system known as the DSM.   

	3
	An agreed upon mechanical interface between the NGAO electronics and the telescope must be provided
	

	4
	An agreed upon mechanical interface between any NGAO enclosures and the telescope must be provided.
	

	5
	An agreed upon mechanical interface between any NGAO glycol cooled systems and the telescope instrument and/or facility glycol systems must be provided 
	

	6
	An agreed upon mechanical interface between any NGAO CCR-cooled systems must be provided
	


	#
	Electrical Interface Requirements
	Discussion

	1
	An agreed upon electrical interface for power between NGAO systems and the Observatory/telescope must be provided
	The Observatory is responsible for providing power to the various NGAO system locations.

	2
	An agreed upon interface for communication between NGAO systems and the Observatory/telescope must be provided
	The Observatory is responsible for the implementation of all cables between NGAO system locations.  The Observatory must in particular approve all cabling required to go in the elevation or azimuth wraps.


	#
	Software Interface Requirements
	Discussion

	1
	An interface should be provided to offload tip/tilt errors to telescope pointing through the telescope drive and control system (DCS)
	

	2
	An interface should be provided to offload focus errors to the secondary mirror piston through DCS
	

	3
	An interface should be provided to offload coma errors to the secondary mirror tilt through DCS
	

	4
	An interface should be provided to offload segment stacking errors to the active control system (ACS)
	

	5
	An interface should be provided to write all appropriate NGAO keywords to the science instrument FITS header
	

	6
	An interface should be provided to allow NGAO to read/write NGAO science instrument keywords
	


6.8 Reliability Requirements

TBD
6.9 Spares Requirements

TBD

6.10 Service and Maintenance Requirements

TBD
6.11 Documentation Requirements

TBD

7 Laser Facility Functional Requirements

7.1 Architectural Assumptions
7.2 Optical Requirements

7.3 Mechanical Requirements

7.4 Electronic/Electrical Requirements

7.5 Safety Requirements

7.6 Software Requirements

7.7 Interface Requirements

7.8 Reliability Requirements
7.9 Spares Requirements

7.10 Service and Maintenance Requirements

7.11 Documentation Requirements

8 Science Operations Facility Functional Requirements
8.1 Architectural Assumptions

8.2 Optical Requirements

8.3 Mechanical Requirements

8.4 Electronic/Electrical Requirements

8.5 Safety Requirements

8.6 Software Requirements

8.7 Interface Requirements

8.8 Reliability Requirements
8.9 Spares Requirements

8.10 Service and Maintenance Requirements

8.11 Documentation Requirements

9 Telescope Facility Functional requirements
9.1 Architectural Assumptions

9.2 Optical Requirements

9.3 Mechanical Requirements

9.4 Electronic/Electrical Requirements

9.5 Safety Requirements

9.6 Software Requirements

9.7 Interface Requirements

9.8 Reliability Requirements
9.9 Spares Requirements

9.10 Service and Maintenance Requirements

9.11 Documentation Requirements

10 Science Instruments Functional Requirements
10.1 Architectural Assumptions

10.2 Optical Requirements

10.3 Mechanical Requirements

10.4 Electronic/Electrical Requirements

10.5 Safety Requirements

10.6 Software Requirements

10.7 Interface Requirements

10.8 Reliability Requirements
10.9 Spares Requirements

10.10 Service and Maintenance Requirements

10.11 Documentation Requirements

11 Deployable IFU Science Instrument Functional Requirements
11.1 Architectural Assumptions

11.2 Optical Requirements

11.3 Mechanical Requirements

11.4 Electronic/Electrical Requirements

11.5 Safety Requirements

11.6 Software Requirements

11.7 Interface Requirements

11.8 Reliability Requirements
11.9 Spares Requirements

11.10 Service and Maintenance Requirements

11.11 Documentation Requirements

12 Imagers Science Instrument Functional Requirements
12.1 Architectural Assumptions

12.2 Optical Requirements

12.3 Mechanical Requirements

12.4 Electronic/Electrical Requirements

12.5 Safety Requirements

12.6 Software Requirements

12.7 Interface Requirements

12.8 Reliability Requirements
12.9 Spares Requirements

12.10 Service and Maintenance Requirements

12.11 Documentation Requirements

13 Single Object IFU Science Instrument Functional Requirements
13.1 Architectural Assumptions

13.2 Optical Requirements

13.3 Mechanical Requirements

13.4 Electronic/Electrical Requirements

13.5 Safety Requirements

13.6 Software Requirements

13.7 Interface Requirements

13.8 Reliability Requirements
13.9 Spares Requirements

13.10 Service and Maintenance Requirements

13.11 Documentation Requirements

14 Glossary

Table 2 defines the acronyms and specialized terms used in this document.

Table 2 Glossary of Terms

	Term
	Definition

	ACS
	Active Control System

	ANSI
	American National Standards Institute

	AO
	Adaptive Optics

	DCS
	Drive and Control System

	DSM
	Dual Star Module

	FAA
	Federal Aviation Administration

	FOV
	Field Of View

	FWHM
	Full Width at Half Maximum.  

	IFU
	Integral Field Unit

	KAON
	Keck Adaptive Optics Note

	KI
	Keck Interferometer

	LGS
	Laser Guide Star

	MTBF
	Mean Time Between Failures

	NGAO
	Next Generation Adaptive Optics

	NGS
	Natural Guide Star

	NIR
	Near InfraRed

	NIRC2
	NIR Camera 2

	NIRSPEC
	NIR SPECtrometer

	‘OHANA
	Optical Hawaiian Array for Nanoradian Astronomy

	OSHA
	Occupational Safety and Health Administration

	OSIRIS
	OH-Suppression InfraRed Integral field Spectrograph

	TBC
	To Be Completed

	TBD
	To Be Determined

	WMKO
	W. M. Keck Observatory
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