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INTRODUCTION

INTRODUCTION

This is the NFIRAOS LGS WFS (TMT.INS.AO.COMP.PCVWFS.NFIRAOS) to NFIRAOS
Real Time Controller (TMT.INS.AO.COMP.RTC.NFIRAOQOS) Interface Control Document.

The intended audience for this document is:

- The NFIRAOS Real Time Controller (NRTC) System design team and
contractors

- The NFIRAOS LGS WFS detector and associated readout electronics
(NLGS) System design team and contractors

This document is a living document and will be updated to account for changes and
upgrades to the NFIRAOS RTC and the NFIRAOS LGS WFS designs.

SCOPE

NFIRAOS is one of the three major first light Adaptive Optics (AO) Systems for TMT. It is
located on the TMT Nasmyth Platform and relays light from the telescope to 3 science
instruments after sensing and correcting for wavefront aberrations introduced by
atmospheric turbulence and the observatory itself. It is a Laser Guide Star (LGS) Multi
Conjugate AO (MCAOQO) System, which includes several optical tables, two deformable
mirrors, one tip/tilt platform, six LGS wavefront sensors, one high-order NGS wavefront
sensor for operation without LGS, two truth wavefront sensors, one acquisition camera, a
source simulator and all associated opto-mechanical devices, electronics and computing
systems. In particular, the Real Time Controller (RTC) processes the outputs of the
wavefront sensors to compute the commands of the deformable mirrors and the tip/tilt
platform. The NFIRAOS RTC also controls the low-order Natural Guide Star (NGS)
wavefront sensors located within each NFIRAOS instruments. The NFIRAOS Truth
Wavefront Sensors (TWFS) Detector Controller (DC) controls the two TWFS and finally the
NFIRAOS Component Controller (CC) controls all the slow mechanisms located within
NFIRAOS.

This document covers the control interface between the NFIRAOS LGS WFS readout
electronics and the NFIRAOS RTC. This document does not cover the opto-mechanical
interface between the LGS WFS and NFIRAOS.

APPLICABLE DOCUMENTS

AD1 b Operations Concept Document (OCD), (TMT.OPS.MGT.07.002.CCR6)
AD2 b Observatory Requirements Document, (TMT.SEN.DRD.05.001.CCR17)
AD3 b Observatory Architecture Document, (TMT.SEN.DRD.05.002.CCR16)

REFERENCE DOCUMENTS

RD1 BNFIRAOS Conceptual Design Report, (TMT.AOS.CDD.06.010.REL02)
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RD2 BNFIRAOS RTC Requirement Document (TMT.AOS.DRD.08.001.REL01)

RD3 BPolar Coordinate Detector Final Draft Specification, (TMT.AOS.TEC.08.006.DRF01)
15 CHANGE RECORD

Revision Date Section Modifications
DRFO1 Febzrgg;y 8, Al C. Boyer: Initial draft

1.6 ABBREVIATIONS

AO Adaptive Optics

CcC Component Controller

cw Continuous Wave

DC Detector Controller

DM Deformable Mirror

DME Deformable Mirror Electronics

LGS Laser Guide Star

LGSF Laser Guide Star Facility

MCAO Multi Conjugate Adaptive Optics

NFIRAOS Narrow Field Infrared Adaptive Optics System

NGS Natural Guide Star

RTC Real Time Controller

TTF Tip/Tilt/Focus

TTP Tipftilt platform

TWFS Truth Wavefront Sensor

WFS Wavefront Sensor

N/A Not Applicable
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2. OVERALL DESCRIPTION
2.1 PERSPECTIVE

NFIRAOS includes six high order LGS Shack Hartmann WFS dedicated to LGS
observation. The NFIRAOS RTC controls and reads the LGS WFS array controllers. The
LGS WFS CCD array is a @olar coordinateOCCD array designed specifically for use with
sodium laser guide stars.

2.2 INTERFACE FUNCTIONS

The control interfaces between the NFIRAOS LGS WFS and the NFIRAOS RTC consists
of the following:

¥ Transfer of the LGS WFS pixels/controls at a frame rate of 800Hz rate from/to the
NFIRAOS LGS WFS array controller to/from the NFIRAOS RTC

2.3 CONSTRAINTS

This interface shall follow the rules and standards developed by the TMT Observatory
software.

2.4 ASSUMPTIONS AND DEPENDENCIES

None
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3. INTERFACE SPECIFICATIONS
3.1 OPTICAL INTERFACES
N/A
3.2 STRUCTURAL AND MECHANICAL INTERFACE
N/A
3.3 ACCESS AND HANDLING
N/A
34 COMMUNICATION, SOFTWARE AND CONTROL

[INT-NLGS-NRTC-0005] The NFIRAOS RTC shall configure the six LGS WFS array
controllers.

[INT-NLGS-NRTC-0010] The NFIRAOS RTC shall set independently the frame rate of
each LGS WFS from 1.25m to 5ms (the default configuration is 1.25ms).

[INT-NLGS-NRTC-0015] The NFIRAOS RTC shall configure independently the readout
mode of each LGS WFS (sub-array readout, binning, etc. TBD).

Discussion: Additional requirements may be defined for the control of the bias, the timing,
and other TBD.

[INT-NLGS-NRTC-0020] The NFIRAOS RTC shall monitor the status of the 6 LGS WFS
array controllers.

[INT-NLGS-NRTC-0025] The NFIRAOS RTC shall independently trigger the start of the
exposure of the LGS WFS with a timing error no greater than 1ps.

Discussion: The Laser Sequencer (TBC) will trigger the LGS WFS integration start and
stop times within the overall 1.25ms sampling time in the event that a pulsed laser is
utilized. At the present, it is expected that the Laser Guide Star Facility (LGSF) will
implement solid state continuous wave (CW) or mode locked CW, sum frequency
generation guidestar lasers.

[INT-NLGS-NRTC-0030] The NFIRAOS RTC shall interface with the 6 LGS WFS array
controllers to receive up to 204792 pixels intensities per frame and per WFS.

[INT-NLGS-NRTC-0035] The pixel format shall be fixed point with no more than 2
bytes/pixel, corresponding to TBD Photon Detection Events per ADU.

[INT-NLGS-NRTC-0040] The readout time to transfer the pixel intensities to the NFIRAOS
RTC shall not exceed 500us.

[INT-NLGS-NRTC-0045] The LGS WFS pixel ordering is TBD.

[INT-NLGS-NRTC-0050] The hardware communication support between the LGS WFS
array controllers and the NFIRAOS RTC to transfer the LGS WFS pixels shall be TBD.

[INT-NLGS-NRTC-0055] The protocol between the LGS WFS array controllers and the
NFIRAOS RTC to transfer the LGS WFS pixels shall be TBD.
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[INT-NLGS-NRTC-0060] The hardware communication support between the NFIRAOS
RTC and the LGS WFS array controllers to transfer the control of the LGS WFS array

controllers shall be TBD.

[INT-NLGS-NRTC-0065] The protocol between the NFIRAOS RTC and the LGS WFS
array controllers to transfer the control of the LGS WFS array controllers shall be TBD.

[INT-NLGS-NRTC-0070] The hardware support for the triggering signal between the
NFIRAOS RTC and the LGS WFS array controllers shall be TBD.

Discussion: Standards such as Fibre Channel (one 4 Gigabit Fibre Channel per WFS
qguadrant), or Camera Link may be used for the interface between the LGS WFS array
controllers and the RTC.

Also note that the interface cables between the LGS WFS and the RTC will be provided by
TBD (not the RTC supplier).

35 ELECTRICAL POWER
N/A

3.6 SERVICES AND UTILITIES
N/A

3.7 THERMAL
N/A

3.8 SAFETY
N/A

4. APPENDIX A



