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Introduction

This document summarizes the recommended prototyping effort for the NGAO LOWFS assembly. The LOWFS assembly, described in the concept design study KAON 562, is a critical component of the NGAO system and must satisfy stringent requirements for acquisition over the large 2 arcmin field and dithering within it. The concept design achieves this by adopting a roaming probe arm with a reasonably high accuracy in positioning compensated, where needed, by a very accurate Tip/Tilt stage supporting the MEMS deformable mirror. The combined system of probe arm and MEMS TT stage achieves the requirements placed on the LOWFS assembly by the science requirements flow-down.

The LOWFS assembly contains 3 WFS units and 1 PSF monitor unit that are fed by the probe arms. Contained within 2 units are identical IR Tip/Tilt wavefront sensors. The area of MEMS enhanced IR Tip/Tilt sensing is relatively new and there are some questions regarding the implementation of the detector is this novel mode. 
The majority of the prototyping work should be performed after the designs of the LOWFS probe arm and TT WFS unit are considered at a preliminary design level. To obtain the earliest feedback from this essential prototyping we recommend the designs of the LOWFS OSM probe arm and TT WFS unit be at an accelerated pace during the next phase of study. 

1.1 Top level goal

The top level goal of the LOWFS assembly prototyping is to produce a single TT WFS unit with beam feeding probe arm that as a whole satisfies the functional requirements. 

1.1.1 What is NOT prototyped

The NGAO TT WFS unit contains a deformable MEMS mirror located on a Tip/Tilt stage. During NGAO operation the MEMS mirror is fed signals by the telemetry system in order to enhance the NGS strehl. This is a complicated procedure consisting of many inputs. The control is open loop. The prototyping described in this document is not intended to demonstrate strehl enhancement using open loop control of MEMS devices. This concept is in development elsewhere, in particular the “VILLAGES” experiment based at UCSC/Lick Observatories.

In addition, the software adopted during this prototyping phase does not need to adhere to the NGAO non-realtime software definition. It is to be developed for the purposes of laboratory testing only, though it is hoped techniques developed during the prototyping can be useful to the NGAO non-realtime software development.

1.2 Prototyping description

The single channel assembly (the top level goal) can be thought of in terms of the development of the OSM probe arm unit, which must fulfill its own set of requirements, mated to a TT WFS unit with a separate set of requirements. When the units are combined into the single channel assembly the performance of the full system can be investigated, which mainly center on the interaction between the probe arm and Tip-Tilt stage of the MEMS DM for ultra-accurate positioning.

The prototyping of the LOWFS OSM probe arm also serves as a suitable prototyping effort for the LGS WFS OSM probe arm, given the similarity of the design.

1.2.1 OSM probe arm

We propose to assemble a single OSM probe arm with suitable motors and optics and fully test the following capabilities:

1. Step size error

2. Acquisition speed

3. Simulated lifetime performance

4. Low temperature performance (-20oC)

5. Variation of chief ray angle as a function of field position

The prototyping may require testing of several motors and encoders before selection of an appropriate type for the full testing. In addition, an experimental set-up is required to test the probe arm performance though can be simplified by using visible light sources. Part of this experimental set-up may include a focal plane grid of pseudo-stars for the purpose of automated testing. This grid of points could be generated by a device similar or identical to that required for the NGAO calibration unit during normal operation. 
1.2.2 TT WFS unit

We propose to assemble a single TT WFS unit based on the preliminary level design. Of interest is the use of a low cost NIR detector requiring 3 stage peltier cooling to reach the required level of performance. This unit will contain the following items as stated in the concept design for the NGAO WFS:

1. Suitable re-imaging and collimating optics

2. A Tip/Tilt stage suitable for the future MEMS deformable mirror

3. A (preferably low-cost) NIR detector with 3 stage peltier cooler

4. Enclosure (not cryogenic if peltier cooler employed)

5. Mechanical interfaces as required
1.2.2.1 TT WFS detector

With regards to the TT WFS detector we recommend the purchase one or several low cost detectors recommended by the preliminary design for the LOWFS TT sensor to characterize the following areas for NGAO:

1. Test that the detector can be operated at 4.5 electrons of read noise at full frame
2. Dark current versus temperature
3. Verify the selection in quasi-real time user defined regions and number of pixels from detector

4. Verify centroiding algorithms with extended sources
1.2.3 Single TT WFS unit assembly

This prototyping activity refers to the assembly and testing of the single OSM probe arm with TT WFS unit. For ease of assembly it is assumed the designs of the OSM probe arm and TT WFS unit will be made compatible with a future mating of the 2 components.

Laboratory testing of this assembly includes:

1. Single step size error of the combined probe arm compensated by the Tip/Tilt stage

2. Low temperature tests (-20oC)

3. Lifetime testing

1.3 Deliverables and costing

The cost breakdown and deliverables for the prototyping described above is as follows:

1.3.1 OSM probe arm

1.3.1.1 PD OSM probe arm

Deliverables:

1. Report summarizing motor and encoder tests

2. Report summarizing the experimental set-up of test equipment

3. A single OSM probe arm

4. Laboratory test report of performance

Costing:

The costing is based on the following tasks:

1. Procurement of suitable motors, encoders and controllers (design of probe arm is costed under WBS 4.2.7) Snr Eng 1 week

2. Design and set-up of test equipment Snr Eng 2 weeks

3. Position testing of motor/s and encoder/s Ass Eng 2 weeks

4. Low temperature testing of motor/s and encoder/s Snr Eng 1 week

5. Procurement of optics and structure for 1 probe arm Snr Eng 2 weeks

6. Assembly of 1 probe arm with motor/s and encoder of choice Snr Eng 2 weeks

7. Write software code for lifetime tests Snr Eng 2 weeks

8. Perform lifetime tests Snr 2 weeks

9. Perform low temperature testing of assembled probe arm Snr Eng 1 week

10. Present results in report Snr Eng 1 week

Hardware

1. Motors, controllers and encoders 20k

2. Optics and structure for 1 probe arm 15k

3. Feedback test equipment (fiber sources, video camera, re-imaging optics etc.) 15k

4. Purchase of suitable low temperature freezer for whole assembly testing 20k

Totals:

1. Hardware: 70k

2. Labor: Snr Eng 14 weeks; Ass Eng 1 week

1.3.1.2 DD OSM probe arm

No activity

1.3.1.3 FD OSM probe arm

No activity

1.3.2 TT WFS unit

1.3.2.1 PD TT WFS unit

Deliverables:

1. Report summarizing performance of low cost detectors

2. A single TT WFS unit

3. Report summarizing performance of TT WFS unit

Costing:

The costing is based on the following tasks:

1. Procurement of suitable low cost NIR detector/s and associated controller Snr Eng 2 weeks

2. Assembly of test equipment for detector testing Snr Eng 2 weeks

3. Low temperature testing of NIR detector/s Snr Eng 3 weeks

4. Write report summarizing performance of low cost detectors Snr Eng 1 week

5. Procurement of TT stage and optics for a single TT WFS unit (design of TT WFS unit is costed under WBS 4.2.7) Snr Eng 2 week

6. Integration of all TT WFS unit parts on lab bench and control software written Snr Eng 3 weeks

7. Modify design of TT WFS unit if required to integrate to single channel OSM probe arm Snr Eng  2 weeks

8. Manufacture of unit enclosure Ass Eng 1 week

9. Assemble TT WFS unit parts into TT WFS enclosure Snr Eng 1 week

10. Low temperature test performance of TT WFS unit Snr Eng 2 weeks

11. Write report on performance Snr Eng 1 week

Hardware

1. Low cost detector/s 80k??

2. TT stage 30k??

3. Test equipment 15k

4. TT WFS unit enclosure 20k

Totals:

1. Hardware: 145k

2. Labor: Snr Eng 19 weeks; Ass Eng 1 week

1.3.2.2 DD TT WFS unit

No activity

1.3.2.3 FD TT WFS unit

No activity

1.3.3 Single TT WFS unit assembly

1.3.3.1 PD Single TT WFS unit assembly

Deliverables:

1. SW model of OSM probe arm and TT WFS unit assembly

Costing:

The costing is based on the following tasks:

1. Modify if required SW model of OSM probe arm and TT WFS unit assembly delivered as part of WBS 4.2.7 Snr Eng 2 weeks

Hardware:

None

Totals:

1. Hardware: 0k

2. Labor: Snr Eng 2 weeks

1.3.3.2 DD Single TT WFS unit assembly

Deliverables:

1. OSM probe arm and TT WFS unit assembly

2. Report of test results for positioning and low temperature tests

Costing:

The costing is based on the following tasks:

1. Assemble OSM probe arm and TT WFS unit into single assembly 2 Snr Eng 2 weeks

2. Perform system checkout Snr Eng 1 week

3. Write software to combine OSM and TT WFS unit Snr Eng 2 weeks

4. Perform positioning tests using existing laboratory equipment Snr Eng 2 weeks

5. Perform low temperature tests for verification Snr Eng 1 week

6. Write report on performance Snr Eng 2 weeks

Hardware:

None

Totals:

1. Hardware: 0k

2. Labor: Snr Eng 10 weeks

1.3.3.3 FD Single TT WFS unit assembly

No activity

1.3.4 Totals

For the entire prototyping effort we have the following totals:

1. Hardware: 215k

2. Labor: Snr Eng 45 weeks; Ass Eng 2 weeks
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