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1. INTRODUCTION 

1.1 INTRODUCTION 

This is the NFIRAOS Real Time Controller (TMT.INS.AO.COMP.RTC.NFIRAOS) to the 
NFIRAOS DM Electronics (TMT.INS.AO.NFIRAOS.WC.DME) Interface Control Document. 

The intended audience for this document is: 

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

- The NFIRAOS DM Electronics (NDME) 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 DME designs. 

1.2 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 (MCAO) 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 RTC and the NFIRAOS 
DM Electronics. This document does not cover the interfaces between the NFIRAOS DM 
and the NFIRAOS DME or NFIRAOS and the NFIRAOS DM and DME. 

1.3 APPLICABLE DOCUMENTS 

AD1 Ð Operations Concept Document (OCD), (TMT.OPS.MGT.07.002.CCR6) 

AD2 Ð Observatory Requirements Document, (TMT.SEN.DRD.05.001.CCR17) 

AD3 Ð Observatory Architecture Document, (TMT.SEN.DRD.05.002.CCR16) 

1.4 REFERENCE DOCUMENTS 

RD1 Ð NFIRAOS RTC Requirement Document (TMT.AOS.DRD.08.001.REL01) 
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1.5 CHANGE RECORD 

 

Revision Date Section Modifications 

DRF01 December 12, 
2007 All C. Boyer: Initial draft 

    

 

1.6 ABBREVIATIONS 

AO Adaptive Optics 

CC Component Controller 

DC Detector Controller 

DM Deformable Mirror 

DME Deformable Mirror Electronics 

LGS Laser Guide Star 

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 Tip/tilt platform 

TWFS Truth Wavefront Sensor 

WFS Wavefront Sensor 

N/A Not Applicable 
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2. OVERALL DESCRIPTION 

2.1 PERSPECTIVE 

NFIRAOS will include two high order Deformable Mirrors (DM) dedicated to high bandwidth 
and high order wavefront correction. The NFIRAOS deformable mirrors are conjugated at 
the altitudes of 0km (DM0) and 12 km (DM12). 

 In LGS AO mode, the NFIRAOS RTC computes the commands of the two deformable 
mirrors DM0 and DM12 based on the LGS WFS and the IR TT(F) WFS measurements.  

In NGS AO mode, the NFIRAOS RTC computes the commands of the deformable mirror 
DM0 based on the NGS WFS and if available on the IR TTF WFS measurements, DM12 
being flattened. 

In seeing limited mode with IRMS, the two DMs are flattened. 

The DM commands computed by the RTC are sent to the DM Electronics (DME), which 
includes the D-to-A converters and the high voltage amplifiers. 

2.2 INTERFACE FUNCTIONS 

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

¥ Transfer of the DM commands at a 10 to 800Hz frame rate from the NFIRAOS 
RTC to the NFIRAOS DME 

2.3 CONSTRAINTS 

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

2.4 ASSUMPTIONS AND DEPENDENCIES 

None 



                      TMT.AOS.ICD.08.003.DRF01  Page 7 of 8 

                    ICD-NRTC-NDME  February 26, 2008 

3. INTERFACE SPECIFICATIONS 

3.1 OPTICAL INTERFACES 

N/A 

3.2 STRUCTURAL AND MECHANICAL INTERFACE 

N/A 

3.3 ACCESS AND HANDLING 

N/A 

3.4 COMMUNICATION, SOFTWARE AND CONTROL 

[INT-NRTC-NDME-0010] The NFIRAOS RTC shall interface with the NFIRAOS DME of 
the NFIRAOS DMs to transfer the commands of DM0 and DM12 at a 10 to 800Hz frame 
rate. 

[INT-NRTC-NDME-0020] The total number of DM commands to transfer (commands of 
both DMs) shall be 7462.  

Discussion: The numbers of DM0 and DM12 actuators are respectively 3125 and 4337.  
The total number of DMs actuators is defined in the NFIRAOS RTC Requirement 
Document. 

[INT-NRTC-NDME-0030] The command format shall not be greater than 2 
bytes/command, corresponding to +/- 400V dynamic range. 

[INT-NRTC-NDME-0040] The ordering of the DM0 and DM12 actuators is TBD. 

[INT-NRTC-NDME-0050] The total latency to transfer the commands to the two DMs to the 
NFIROAS DME shall not exceed 10 µs (defined as the time between computing the final 
DM actuator command to the time it is transmitted to the DME). 

[INT-NRTC-NDME-0060] The hardware communication support between the NFIRAOS 
RTC and the NFIRAOS DME to transfer the NFIRAOS DMs commands shall be TBD. 

[INT-NRTC-NDME-0070] The software protocol between the NFIRAOS RTC and the 
NFIRAOS DME to transfer the NFIRAOS DMs commands shall be TBD. 

Discussion: Digital parallel LVDS interfaces are expected. 

Note also that the interface cables between the NFIRAOS RTC and the DME will be 
provided by the DME vendor. 

3.5 ELECTRICAL POWER 

N/A 

3.6 SERVICES AND UTILITIES 
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N/A 

3.7 THERMAL 

N/A 

3.8 SAFETY 

Discussion: At the present, safety issues such as clipping large DM commands and inter-
actuator stroke values are described in the RTC Requirement Document [RD2]. 

4. APPENDIX A 

 


