Image Quality Upgrade Plan of the IRTF 

PART I.

Dan O’Connor

Goal: The goal of this program is to make the IRTF a telescope which is atmospheric seeing limited.

Outline:

PART I. (Now thru end of year)

1. Improve HVAC

2. Monitor Dome Environment

3. Provide Routine Image Quality Assessment

4. Characterize the Static Optics of the Telescope

5. Provide WEB based documentation

PART II. (Next Year... in follow on document)

1. Provide Wavefront Sensing (T/T other?) 


1.a. Low Order - For no. 4 below (AO WFS ? other?)


1.b. High Order - Need to verify no. 2 below

2. Fix Static Optics of Telescope

3. Provide AO Seeing Estimator (RMS focus term from WFS) 

4. Implement Active Optics


4.a. Model System understand Zernike vs system elastic modes

4.b. Astigmatism + Trefoil (Low order WFS ---> Mirror Bender)

4.c. Coma Offload (Low order WFS ---> Hexapod)

4.d. Residual Sphere? Mirror Support re-think

1.) Improve HVAC System (Bond)

 The HVAC system of the IRTF has been looked at and improved in the past year with the help of a consultant. The upgrades to this system are in the hands of

Tim Bond. 


Personnel: Tim Bond: design, overall coordination, George Koenig:  


Goals: 

To have an operational HVAC system in place, with the capacity to set the dome thermal environment to a temperature specified by an operator. That temperature will be based on predictions as to what the outside temperature will be during the evenings observing run.  

Highest Priority:

Task 1.1 The dome seals, both shutter and skirt need to be addressed.

Task 1.2 A strategy on cooling of the primary mirror needs to be defined and implemented.

High Priority:

Task 1.3 Temperature sensors and flow meters need to be added to certain key points in the system in order to more easily identify how well the system is operating.

Task 1.4 Air bleeds need to be placed in the coude coolant loop.

Task 1.5 A defrost circuit similar to the one on air handling unit #3 needs to be installed on the coude room air handling unit.

Task 1.6 A commercial air separator needs to be purchased and installed.

Medium Priority:

Task 1.7 The new expansion tank needs to be installed.

Task 1.8 A control system needs to be defined, and implemented. 

Task 1.9 Investigation is required as to the needs of the machinery room with respect to ventilation issues.

Task 1.10 A strategy needs to be defined for the use of the exhaust tunnel.

Task 1.11 Once the HVAC system is working to capacity, tune all dome louvers to eliminate air stratification.

Low Priority:

Task 1.12 A document must be procured summarizing all of the HVAC system.

Task 1.13 An emergency shutdown procedure, and a maintenance document needs to be   developed.

Task 1.14 Training in HVAC for some of our staff.

2.) Monitor the Dome Environment (Watanabe)
We need to have the capability to sense the environment of the dome and primary mirror cell.  

Goal: To have quantitative environmental data (temperature, humidity, dewpoint)  in order to properly optimize the dome thermal environment. 

Task 2.1  Spec sensor suite (excluding primary mirror cell)- Dan, Darryl, Tim

Status: an initial suite of temperature sensors and controllers have been defined for a lab evaluation. We still need to decide on the dewpoint sensor (Dan/Darryl).

Final placement of the sensors has been agreed to by Dan/Tim/Darryl

Task 2.2 Spec sensor suite for primary mirror cell - Dan, Tim, Darryl

Status: Must clarify mirror cell cooling strategy first, then trip to summit to inspect mechanics. 

Task 2.3 Purchasing - Darryl

Status: the initial temperature sensor suite and controllers have been purchased. All other purchasing to be done by Darryl

Task 2.4 Lab integration and calibration of sensors - Darryl

Status: must develop a sensor calibration plan, a wiring plan, a sensor attachment plan, an electronics location plan.

Task 2.5 Lab test the ‘jump-the-gap’ modem hardware, if successful then test modem hardware at telescope (Darryl). If not successful look for another solution (Darryl + Dan + tech staff)

Status: hardware identified, purchasing to be done, tests carried out.

Task 2.6 Software - develop WEB based software tools for analysis of data and long term archiving of data.

Personnel: To be determined, most likely discuss with Tony on overall design, then Miranda assigned to implement with Darryl + Student help assisting.

Software sub-tasks.


2.6.a need convenient way to look at sensor data in lab 

2.6.b need to have 24 hour monitoring of all dome sensors, and the ability to           automatically produce daily summaries of critical sensors. 

2.6.c Must build and maintain sensor data archive

2.6.d must be able to produce plots of selected sensors from archive data. 

2.6.e produce real-time status of dome

Task 2.7: Installation of hardware on telescope - Darryl + day crew

Status: Must wait until all hardware purchased, calibrated, tested and integrated with software in lab.

3.) Provide Routine Image Quality Assessment (O’Connor)


[Auto-focus, & Focus Update]


When possible the telescope operator should make an assessment of image quality 3 times a night, once at dusk, midnight, and dawn respectively. These measurements cut into the observer’s time and are not carried out when visitor instruments are on the telescope (eg. MIRLIN). We propose to build an Auto-focus system which when implemented by the observer will, as a background job, add a data point to the IQ database on FWHM and Strehl. We believe that three benefits will ensue. The first is that the observer will spend less time focusing because the process is automated. Secondly he/she will be inclined to focus more often because it is simpler. Thirdly an auto-focus system will provide more consistent data on FWHM and Strehl ratio since the current method is subjective.  

Goal: Build an auto-focus system for use with NSFCam and Spex to provide an automated estimate of focus for the observer, and provide routine assessment of image quality at the telescope. 

Task 3.1 Replace HEXE (user interactive program with Hexapod) with HEXE Daemon (allows software to interact with Hexapod directly). 

Task 3.2 Develop auto-focus algorithm, use 2D Gaussian fit

Task 3.3  Develop code for interfacing with NSFCam and Spex acquisition code

Task 3.4  Develop/modify GUI - display Auto-Focus results

Task 3.5  Store data in IQ data base, (image, FWHM fit, Strehl) 

Task 3.6  Develop focus update procedure (separate from auto-focus) which adjusts the focus based on an empirical model of the telescope truss temperature expansion versus focus. This model will be determined from engineering data after auto-focus and temp. monitoring of the truss are in place.

4.) Characterize the static optics of the telescope (O’Connor)

We need to characterize the optics of the telescope in a detailed fashion and take steps to improve those optics to minimize static and slow speed aberrations. 

Goal: Understand factors in the telescope optics and mirror support system that limit image quality. 



Static Optics Characterization

Task 4.1 Define problem more completely, consult with local expertise.

Questions: what spatial resolution do we need? How to make the measurement, curvature of shack-hartmann or other?

Priority - HIGH

Task 4.2 Hire consultant


4.2.a. Produce SOW


4.2.b Find candidates


4.2.c Hire consultant

Task 4.3 Make measurement of primary statics

Task 4.4 Make measurement of secondary statics

Task 4.5 Combine results from 4.3 and 4.4 to estimate static contribution to overall error budget

Task 4.5 Produce report with recommendations

5.) Provide WEB based Documentation (O’Connor)

Goal: We will provide WEB based documentation for all aspects of the project, including hardware documentation, data archiving and analyzing capability.

Task 5.1 Make integrated WEB site for IQUP

Task 5.2 Make dedicated WEB page for each sub-project.

PART II.

1. Provide Wavefront Sensing (T/T other?) 


1.a. Low Order - No. 4 below, AO WFS based?, other?


1.b. High Order - Need to verify no. 2 below

2. Fix Static Optics of Telescope

3. Provide AO Seeing Estimator (RMS focus term from WFS) 

4. Implement Active Optics 


3.a. Model System understand Zernike vs system elastic modes

3.b. Mirror Bender (Astig. + Trefoil)

3.c. Coma Offload

3.d. Residual Sphere? Mirror Support re-think
