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2 Acronyms
AO
Adaptive Optics

CLPM
Closed Loop Mirror Positioning System

DSP
Digital Signal Processor

DTT
Down Tip Tilt

HV
High Voltage

HVA
High Voltage Amplifier

HVC
High Voltage Control

mas
milli arc seconds

MGAOS
Microgate Adaptive Optics real-time System

NGWFC
Next Generation Wavefront Controller

RMS
Root-Mean Square

RTC
Real Time Controller

SOW
Statement Of Work

STRAP
System for Tip-Tilt Removal with Avalanche Photo diodes

TBC
To Be Confirmed

TBD
To Be Determined

UTT
Up Tip Tilt
VME
VersaModule Eurocard

WBS
Work Breakdown Structure

WCP
Wavefront Control Command Processor

WIF
Wavefront Controller Interface

WFP
Wavefront Processor

WFS
Wavefront Sensor

WMKO

W.M. Keck Observatory
3 Introduction

This Statement of Work (SOW) is written to detail the modifications required to the existing Keck II AO Real Time Controller to enhance its ability to suppress image jitter.  WMKO would like to implement the Keck Interferometer parametric oscillator approach to tip-tilt vibration reduction on the Keck II AO system.  The goal of this work is to demonstrate that this approach is successful at reducing vibrations during astronomical observation.  The purpose of this note is to give Migrogate, S.r.l., Italy, enough information to generate a schedule and cost estimate to implement the parametric oscillator in the current NGWFC system.
The Keck Adaptive Optics (AO) system suffers from the effects of vibration between 20-35 Hz due to rotating machinery in the telescope and dome enclosure.  These frequencies are typical of electrical motors that run at 1700-1800 revolutions per minute.  Typically, the dominant vibration is close to 29 Hz.  These frequencies are close to or above the tip-tilt control bandwidth and cannot be completely eliminated by the AO system.  The vibration amplitude varies, but it is often large enough to be seen in the closed-loop power spectrum of the AO tip-tilt system, resulting in poor system performance and reduced Strehl.  The proposed Keck Next Generation AO system, which is currently in the design phase, requires very high-Strehl performance over a large fraction of the sky and cannot operate properly in the presence of these vibrations.  A parametric oscillator has been proposed as a control method to drastically reduce or eliminate the effects of these vibrations for NGAO.  We would like to implement the parametric oscillator in the current NGWFC system on the Keck II telescope to verify the performance as a vibration canceller and reduce the overall risk for the NGAO project.  This phase of the work is limited to an on sky demonstration.   As such some requirements and documentation will be reduced relative to a development project with the goal of producing a fully operational system.  Partial details will be given here and more complete details of these modifications will be given in an accompanying requirements document [1]. 
3.1 Parametric Oscillator Overview

The parametric oscillator is described in detail in reference [2]. A block diagram is shown below. The input parameters to the filter are , the estimated angular frequency of the disturbance, φ, a phase offset, and k, a gain factor.  The distorted input signal is modulated by sine and cosine signals of the same frequency as the distortion, run through integrators, and then modulated again. The resulting signals are summed with the original distorted signal resulting in an output that contains error signals for both tip tilt atmospheric jitter plus jitter at the vibration frequencies.  Only a single instance of the parametric oscillator is shown below in figure 1, both the x and y centroid error would be processed through such a filter.  In addition, since the Keck AO system often exhibits multiple vibration frequencies, WMKO desires if possible, to have parametric oscillator for 3 selectable frequencies.  A total of 6 in all: 3 frequencies with 2 axes each. 
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Figure 1: A block diagram of the parametric oscillator
3.2 Possible Implementation in the NGWFC
A block diagram of the existing NGWFC tip-tilt controller [3,4] is shown below in Figure 2.
The residual tip-tilt error signal is passed through a 3rd order control servo that computes the appropriate tip-tilt mirror commands to correct for the error. The parametric oscillator could easily be added as a post-processing stage to this controller in the NGWFC, before the commands are fed to the Closed Loop Mirror Positioning System (CLMP). A block diagram of the system with this modification is shown below in Figure 3. The frequency, phase offset, gain, and an enable flag are the input parameters required for the filter. All the computations in the parametric oscillator are accomplished with the same sample rate as the incoming tip-tilt error signal (the NGWFC loop rate in NGS mode, or the STRAP loop rate in LGS mode).

The addition of the parametric oscillator to the NGWFC would require the following modifications:

· Adding the input parameters (frequency, offset, gain, enable flag) to the MVME 6100 WIF parameters and WIF commands.

· Modifying the BCU DSP data structures and software to accommodate the additional data for archiving of new telemetry.
· Modifying the DTT tip-tilt controller to add the parametric oscillator computational logic and enable feature.

· Generation of parametric oscillator error data at full frame rate for TRS archiving.

Implementation of the parametric oscillator should not require any hardware changes to the NGWFC, only the addition of the filter computations, and modification of data structures to support the input parameters.
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Figure 2: Block diagram of existing NGWFC tip tilt controller
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Figure 3: A block diagram of the NGWFC tip-tilt controller showing the addition of the parametric oscillator for vibration cancellation.
4 Implementation Plan

Microgate will be given remote access to the third MGAOS system that is located in the Keck headquarters in Waimea.   This system can be used as needed for design, testing, and implementation of the requested modifications.  This should eliminate the need for parts of the system to be shipped to Microgate or for travel by the Microgate team to Hawaii. 
As soon as the specifications are finalized, Microgate will proceed through the task of designing the modifications to the NGWFC real time code.  The WMKO and Microgate teams would teleconference to review the design.  This would be followed by implementation of the code and testing.  When completed, WMKO will checkout, build, install, and test the changes based on the Microgate test plan.  Once the testing is satisfactory, Microgate will update documentation of the MGAOS system.   This will complete the development activity for Microgate.  The migration of these modifications to the summit will be the responsibility of WMKO with support provided for TBD months from Microgate.
The Parametric Oscillator will only be implemented on one of the two Keck AO systems, likely Keck II.  We would prefer however, not to have the Keck I and II control systems diverge.  If the on sky demonstration is successful, then WMKO will migrate all changes to the Keck I AO system.  Therefore, at the end of the work detailed in this document, Microgate would have transferred enough technical expertise to Keck personnel that WMKO will be able to modify the Keck I system without Microgate support.  
5 Work Breakdown Structure

The major phases of the parametric oscillator demonstration are as follows:

WBS #   Element Name

1
NGAO Parametric Oscillator

1.1
Demonstration Planning

1.2
Preparation

1.3
Management

1.4
Microgate RTC Subcontract
1.5
Systems Engineering / Design

1.6
Implementation and Lab Testing

1.7
Summit Integration

1.8
Parametric Oscillator Demonstration

1.9
Remaining Implementation Plan for Parametric Oscillator

The sub elements of the Microgate subcontract are as follows:

WBS #   Element Name
1.4
Microgate RTC subcontract:
1.4.1
NGWFC Design Document (WFP, WIF)
1.4.2
Document NGWFC Test Plan (WFP, WIF)
1.4.3
Implementation of WFP Algorithm and Wavefront Controller Interface (WIF) Modification by Microgate on HQ system
1.4.4
Microgate Testing on Waimea NGWFC system

6 Deliverables
6.1 Intellectual Property Rights
Intellectual property rights to all deliverables to WMKO shall be governed by the following considerations:

Foreground intellectual property (FIP) is defined as intellectual property developed as a result of work

performed under the contract resulting from this SOW. Background intellectual property (BIP) is defined as

intellectual property belonging to the RTC vendor and developed prior to the start of the contract resulting

from this RFP.

The RTC vendor shall grant to CARA a royalty free non-exclusive license to all BIP required for, or used

in, any deliverables, including software source code. 

Ownership of all FIP, including all software source code shall belong to CARA. CARA shall grant to the

RTC vendor a non exclusive license to all FIP developed as a result of work performed under the contract

resulting from this RFP.
6.2 Software Deliverables

The software deliverable will include the following:

· Adding the input parameters (frequency, offset, gain, enable flag) to the MVME 6100 WIF parameters and WIF commands.

· Modifying the BCU DSP data structures and software to accommodate the additional data for realtime archiving of new telemetry.  WMKO will deal with The TRS server and client side updates.
· Modifying the DTT tip-tilt controller to add the parametric oscillator computational logic and enable feature.
· Updated source code files with procedures for compiling and generating executables.  Copy of executable(s) generated by Microgate with procedures to download the program to the controllers/DSPs.

· Relevant test tools and routines required to support the test plan.

· Detailed as-built design documentation, as an update to the current documentation.
· Test plan document and test results.

6.3  Configuration Management
Configuration management will consist of Microgate delivering source code updates to WMKO.  WMKO will be responsible for committing the updated files into our repository and rebuilding of the system executables.  Microgate will also be responsible for delivering versioned documents to WMKO for archiving.
6.4 Hardware Deliverables
It is anticipated that no hardware deliverables are required to complete the project at this time.
6.5 Support for Integration and Testing

It is anticipated that Microgate will provide support to WMKO total 10 hours (TBC) during summit integrations and testing.  
7 Administrative Deliverables
7.1 Reporting
Given the short duration of the project, we expect that the scheduled deliverables should be sufficient and WMKO requires no additional progress reports at this time.
7.2 Project Coordination
Good communication between the WMKO staff and the Microgate is absolutely critical to the success of this project.  E-mail will be used as the primary means of intra-project communications.  Ad-hoc phone conversations will also be used and WMKO will accommodate Microgates time zone.  Team teleconferences will be held to support the reviews associated with the major milestones listed in section 9.
7.3 Support of Development Reviews and Testing
WMKO requires that Microgate support the internal reviews of the RTC modifications specified in the proposed schedule, see section 9.  These will be done by teleconference between the WMKO and Microgate teams. 
8 WMKO Deliverables
WMKO will be in charge of Microgate access to the NGWFC development system in Waimea, HI.  WMKO will be responsible for writing the needed modifications to the AO SC, the AO User Tools, and the WCP side of the interface to the WIF.   WMKO will also be responsible for migration of the all changes from the laboratory to the summit AO system on Keck II.  Subsequent daytime and nighttime testing will be the responsibility of WMKO.

9 Schedule

Microgate will be expected to provide the required support to meet the following milestones (TBC) for the development of this Parametric Oscillator Demonstration.
	Task
	Date (TBD)

	Contract with Microgate Signed
	Oct 15, 2010

	Software Design Review
	Nov 15, 2010

	Test Plan Review 
	Nov 26, 2010

	WMKO Acceptance of Microgate Modifications
	Dec 15, 2010

	HQ Lab Integration Support
	Nov 26, 2010 –  Feb 2, 2011

	Summit Integration Support
	Feb 2, 2011 –Feb 16, 2010


10 Technical and Management Contacts
Sudha LaVen will be the software engineer at WMKO responsible for coordinating technical issues with Microgate for the purposes of this contract.

Chris Neyman will be the AO Scientist and responsible for system level issues regarding the details of the parametric oscillator algorithm and interfaces.

Kevin Tsubota will be responsible for management issues.
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