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1. Narrative

This report provides an update to Project Report #3 that was submitted to the Observatory Directors on June 19, 2007.  The next project report will be submitted in November. 

1.1 Summary

The system architecture phase had just begun at the time of the last report and this has been the primary focus of our activities during this reporting period.  We are pleased to report that this phase has largely been completed.  In particular, a system architecture was selected as the result of a process that evaluated and compared five different architectures.  We refer to the selected architecture as a “cascaded relay” since it consists of two optical relays:  a wide field lower order correction relay that feeds the LGS wavefront sensors, tip/tilt sensors and near-IR multi-object IFU, and a narrow field high order correction relay that feeds the narrow field science instruments.  The other major product of this phase is a functional requirements document (version 1 is nearing completion).

All of the work to date (performance budgets, trade studies, architecture and subsystem evaluations, and the functional requirements) provides the basis for the next stage of the system design phase which has recently begun.  This is the system design phase where conceptual designs are developed for all the major subsystems and the functional requirements (version 2) are further refined.  So far, six teams have been set-up with subsystem level design responsibilities (i.e., opto-mechanics, controls, etc.) and work scope planning sheets have been developed for each major WBS element. 

Additional work during this period has included: Completion of two performance budget reports (background and transmission, and companion sensitivity); additional atmospheric characterization data have been used to update our atmospheric model assumptions; and summary reports have been written for the performance budgets and trade studies.

A decision was made by Observatory management to submit an NSF TSIP proposal for the NGAO preliminary design phase.  Sean Adkins took the lead in producing a very nice proposal using the materials developed by the NGAO team and in consultation with Observatory management and the NGAO EC.  The management and budget sections of this proposal were based on the currently available information, and do not represent commitments on the part of the EC.  The NGAO team still needs to develop a detailed systems engineering management plan as part of the system design phase.

1.2 Technical Status

The technical status reported below is organized according to the major WBS elements in the SEMP.  Only the currently scheduled WBS elements are included.   

1.2.1 System Design Phase Management (WBS 1)

The NGAO Twiki site (http://www.oir.caltech.edu/twiki_oir/bin/view.cgi/Keck/NGAO/WebHome) continues to be heavily utilized to manage and document the project.

Three team meetings have been held since the last report and our next team meeting will occur in November.

Management emphasis during this period has included: organizing and carrying out the system architecture phase, organizing the start of the subsystem design phase, supporting the preparation of a TSIP proposal and preparing for the Keck Strategic Planning Meeting where a 2 hour NGAO session is planned.    

1.2.2 System Requirements (WBS 2)

Good progress has been made on the science and system requirements.  In particular, a single page science requirements summary was produced to support the system architecture team and iterated on with the science team.  This summary was used as the basis for a requirements discussion with the Keck AOWG.  In particular, feedback was obtained on the field of view of the narrow field science cameras, performance and flexible observing modes versus seeing conditions and performance versus galactic latitude.  This science summary is being integrated into the system requirements document.  
1.2.3 Performance Budgets (WBS 3.1.1)

The progress and status of each of the performance budget elements is summarized below.

Model Assumptions (WBS 3.1.1.1).  Additional TMT site monitoring data were compiled and analyzed in KAON 496.  This data was used as a basis to update our atmospheric turbulence model assumptions in KAON 503.  This new model will be used as the basis for requirements and performance analysis.  

Model/Tool Validation (WBS 3.1.1.2).  Results of LAO tomography experiment published as an SPIE proceeding for the August annual SPIE meeting.  

Transmission and Background Budgets (WBS 3.1.1.3 & 3.1.1.4).   Complete as KAON 501.
Wavefront Error and Encircled Energy Budgets (WBS 3.1.1.5 & 3.1.1.6).  Release 1 complete as KAON 471.  Release 2 is being developed based on new input including refinement of the science requirements and atmospheric model.
Photometric Precision Error Budget (WBS 3.1.1.7).  Complete as KAON 474, as reported in progress report #2.
Astrometric Accuracy Error Budget (WBS 3.1.1.8).  Complete as KAON 480 as reported in progress report #3.  
Polarimetric Accuracy (WBS 3.1.1.9).  No progress.  
High-contrast Error Budget (WBS 3.1.1.10).   Complete as KAON 497.

Observing Efficiency Performance Budget (WBS 3.1.1.11).  No work currently scheduled.

System Uptime Performance Budget (WBS 3.1.1.12).   No work currently scheduled.

Performance Budgets Summary WBS 3.1.1.13).  Version 1 released as KAON 491.

1.2.4 Trade Studies (WBS 3.1.2)

A series of trade studies was initiated at the start of the Keck NGAO System Design phase in order to help solidify system requirements and to give us a perspective on the feasible system architectures.  The progress and status of these trade studies is described below.  All but one of the trade studies listed below are complete, and one was cancelled.  

MOAO versus MCAO (WBS 3.1.2.1.1). Complete as KAON 452 as reported in Progress Report #3.  

NGAO versus Keck AO Upgrades (WBS 3.1.2.1.2).  Complete as KAONs 461 and 462, as reported in Progress Report #2.     

Adaptive Secondary Mirror Option (WBS 3.1.2.1.3).  Complete as KAON 485, as reported in Progress Report #3.

Keck Interferometer Support (WBS 3.1.2.1.5).  Complete as KAON 483, as reported in Progress Report #3.
GLAO for non-NGAO Instruments (WBS 3.1.2.1.7).  Complete as KAON 472, as reported in Progress Report #2.

Science Instrument Re-use (WBS 3.1.2.1.8).  Complete as KAON 493, as reported in Progress Report #3.

Telescope Wavefront Error (WBS 3.1.2.1.9).  Complete as KAON 482, as reported in Progress Report #3.  
Observing Model (WBS 3.1.2.1.10). Complete as KAON 476, as reported in Progress Report #3.

Optical Relay (WBS 3.1.2.2.2) & Field Rotation Strategy (WBS 3.1.2.2.2.3).  Cancelled.  Initial results used in system architecture phase.
Rayleigh Rejection (WBS 3.1.2.2.5).  Complete as KAON 490, as reported in Progress Report #3.
LGS Wavefront Sensor Type (WBS 3.1.2.2.6) & LGS Wavefront Sensor Number of Subapertures (WBS 3.1.2.2.7).  Complete as KAON 465, as reported in Progress Report #3.
Low Order Wavefront Sensor Architecture (WBS 3.1.2.2.9).  Complete as KAON 487, as reported in Progress Report #3.

Number and Type of Low Order Wavefront Sensors (WBS 3.1.2.2.10). Complete as KAON 470, as reported in Progress Report #2.

d-IFU and LOWFS AO and Object Selection (WBS 3.1.2.2.16).  In progress.

LGS Asterism and Geometry (WBS 3.1.2.3.3).  Complete as KAON 429, as reported in Progress Report #1.  Additional analysis in KAON 492, as reported in Progress Report #3.

Variable versus Fixed Laser Asterism (WBS 3.1.2.3.4). Complete as KAON 427, as reported in Progress Report #1. 

Uplink Compensation (WBS 3.1.2.3.5).  Complete as KAON 509.  The report concludes that taking full advantage of uplink compensation represents considerable risk due to the multiple untested technologies.  Additional evaluation should be performed to understand whether the required laser power can be reduced.   
Trade Study Conclusions Summary (WBS 3.1.2.4).  Complete as KAON 495.  A summary of the results of all of the trade studies (excluding the last two) was produced as KAON 495.

1.2.5 System Architecture (WBS 3.1.3)

The subsystem and system architecture evaluations have been completed and the system architecture has been selected.  The selected architecture is referred to as the “cascaded relay” since it consists of two optical relays in series.  The first relay provides a wide (180” diameter) field to the deployable IFU, the LGS wavefront sensors and the tip/tilt sensors.  The second relay provides a narrow (40” diameter) field with a higher level of correction to the narrow field science instruments.  The laser asterism consists of an on-axis LGS, a variable radius set of five LGS and three LGS that can be positioned anywhere in the field.

The four alternate architectures that were evaluated included a split relay separately addressing the needs of the deployable IFU and the narrow field science camera, a large optical relay feeding all instruments, an adaptive secondary mirror based architecture and an upgrade to the Keck I LGS AO system.  

The process included a subsystem evaluation effort that was completed in June.  This was followed by a week long system architecture evaluation meeting in early July.  Five architectures were identified and evaluated during this meeting and a system architecture evaluation document (KAON 499) was produced.  By the end of the week the five architectures had been ranked according to a set of technical, cost and programmatic criteria.  Action items were identified at the meeting that could potentially change the relative rankings of the architectures.  These action items were addressed over the next few weeks.  Some of these were documented in KAONs, including the evaluation of the feasibility and cost basis for the Keck upgrade architecture (KAONs 500 and 502) and various aspects of the technical evaluation of the split relay architecture (KAON 506).  

A product of the system architecture phase is the first release of the Functional Requirements Document (the second release is a product of the subsystem design phase covered in WBS 3.2 to 3.5).  Good progress has been made on the AO system and laser FRD’s (see  http://www.oir.caltech.edu/twiki_oir/bin/view.cgi/Keck/NGAO/FunctionalRequirements). 
1.2.6 AO System and Laser Facility Design (WBS 3.2 & 3.3)

Five working groups have recently started work covering the following areas: AO opto-mechanical, AO wavefront sensors, AO operational tools, laser facility and controls (real- and non-real-time).  The following technical leads have been identified for these groups: Don Gavel, Viswa Velur, Chris Neyman, Jason Chin and Erik Johansson, respectively.  Work scope planning sheets have been produced for all WBS elements; review and approval are pending.
1.2.7 Science Operations (WBS 3.4)

Four work scope planning sheets have recently been produced for the top-level WBS elements in this category.  Review and approval are pending.
1.2.8 Science Instruments (WBS 3.5)
A draft report on proposed and under development deployable near-IR IFU work at other observatories is nearing completion, as well as a report on the simple versions of the two imagers.
1.2.9 System Design Manual (WBS 3.6)

The first release of this document is ~50% complete (KAON 511).  This first version is heavily based on the summary of the work to date in the TSIP proposal.  This document is intended as a basis for the subsystem design phase and version 2 will be produced as a result of the subsystem designs.
1.2.10 Keck Adaptive Optics Notes

The following KAONs have been produced since the last report:

· 484 Optical Design Practices for NGAO

· 491 NGAO Performance Budget Summary

· 495 Summary of NGAO Trade Studies

· 496 Mauna Kea Turbulence Statistics

· 497 NGAO High-Contrast and Companion Sensitivity Performance Budget

· 499 NGAO System Architecture Definition

· 500 Keck AO Upgrade Feasiblity

· 501 NGAO Background and Transmission Budgets

· 502 Keck AO Upgrade Engineering Cost Basis

· 503 Mauna Kea Ridge Turbulence Models

· 504 Performance vs Technical Field of View for LOWFS Guide Stars

· 506 Split Relay Architecture Evaluation

· 509 Uplink Compensation Trade Study

· 510 Preliminary Technical Risk Evaluation

· 511 System Design Manual

All of the NGAO KAONs can be found at http://www.oir.caltech.edu/twiki_oir/bin/view.cgi/Keck/NGAO/NewKAONs 
1.3 Schedule and Budget Status

1.3.1 Milestones

The SEMP milestones through September are shown in the table below along with their status.    One milestone has been completed since the last report.

	#
	MILESTONE
	DATE
	DESCRIPTION
	STATUS

	1
	SD SEMP Approved
	10/9/06
	Approval of this plan by the Directors.  Initial SEMP version released to Directors for comment on 9/12 & final version on 9/29/06. 
	Verbal approval received from individual Directors.  Written approval requested.

	2
	SD phase contracts in place
	10/27/06
	Contracts issued to Caltech & UCSC for the system design phase.
	Complete

	3
	Science Case Requirements Summary v1.0 Release
	10/27/06
	Initial Release of the Science Requirements as input to trade studies and performance budgeting
	Complete

	4
	System Requirements Document (SRD) v1.0 Release 
	12/8/06
	Initial release of System Requirements with emphasis on the science requirements
	Complete

	5
	Performance Budgets Summary v1.0 Release
	6/15/07
	First round of all performance budgets complete & documented
	Complete

	6
	SRD v2.0 Release
	5/22/07
	Second release of System Requirements Document
	Nearing Completion

	7
	Trade Studies Complete
	6/22/07
	All trade studies complete & documented (as a series of KAONs); with one new trade study excepted
	Complete

	8
	SRD v3.0 Release
	9/7/07
	Third release of System Requirements
	Not started

	9
	System Design Manual v1.0 Release
	9/21/07
	First release of System Design Manual
	Nearing Completion

	10
	Technical Risk Analysis v1.0 Release
	9/21/07
	First round of project risk analysis complete & documented
	Some work as part of system architecture

	11
	Cost Review Complete
	12/7/07
	Project cost estimates complete, documented & internally reviewed
	Rough initial costs developed during system architecture activity


1.3.2 Schedule

The following discussion focuses on the WBS elements for which major work should have occurred through August.    

SD Phase Management (WBS 1).  We are generally on track with the management items.  The planning and contracting is complete to date and meetings are being held on schedule.   
System Requirements (WBS 2).   We continue to be behind schedule on documenting these requirements, although progress continues to be made on the second version of the SRD.  By not having these sufficiently defined we assume more risk that the performance budgets and the AO system and science instrument decisions may need to change. This has been somewhat mitigated by producing a science case requirements summary sheet that the technical team has been referencing.

Performance Budgets (WBS 3.1.1).  Good progress has been made on the performance budgets during this period, resulting on this WBS being roughly on schedule.  Some revisions to the wavefront error budget will need to be made based on recent decisions. 
Trade Studies (WBS 3.1.2).  Only one trade study remains to be completed. 
System Architecture (WBS 3.1.3).  This phase has largely been completed on schedule.  The remaining key element, which is behind schedule, is the completion of the first release of the Functional Requirements Document.   
AO System (WBS 3.3), Laser Facility (WBS 3.4) and Science Operations (WBS 3.5).  All three of these efforts have recently kicked off and are making good initial progress.  This will be the primary focus of the team during the next few months.
Science Instruments (WBS 3.5).  This effort is behind the replanned schedule.  The EC needs to work with Adkins to find a way to get this WBS on schedule.
1.3.3 Budget

As mentioned in Progress Report #2 the total FY07 budget is $818k.  The total budget spent through July, 2007 is $563k.  This represents 69% of the FY07 budget and 49% of the total System Design Phase budget.  

1.4 Anticipated Accomplishments in Next Period

The next project report will be distributed prior to the November Science Steering Committee
 Meeting.  The priority during this period will be on the subsystem design (WBS 3.2 to 3.5) and functional requirements.  We will also need to complete the science and system requirements.  We anticipate all project milestones through milestone 10 (see Milestone table in section 1.3.1) to be complete by the next report.

2. Schedule

A high level snapshot of the tracked version of the schedule through August is shown below with 44% complete.  Note that the % of work completed is 49%.
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3. Financial Summary

Overall Budget: The total expenditure through the end of July is $563k as summarized in the table below.  This represents 71% of the $798k FY07 budget, excluding $20k of contingency, versus the ~ 83% level planned in the SEMP.  These expenditures through July represent 49% of the system design phase budget ($1142.8k including contingency).  This should be compared to the 49% of the work complete, through August, noted in the tracked schedule.

The average number of FTEs working on the NGAO system design tasks at our three institutions was 5.3 in the first ten months of FY07 versus the 6.1 FTE level in the SEMP.    

	Category
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	YTD
	FY Plan
	% Spent

	Personnel (FTEs)
	4.1
	5.2
	3.4
	5.7
	6.9
	5.4
	6.5
	5.2
	5.0
	5.3
	4.4
	6.1
	72%

	Personnel ($k)
	29.8
	50.0
	29.5
	62.2
	62.3
	49.0
	73.7
	52.8
	56.0
	69.8
	535.1
	700.6
	76%

	Travel, phone ($k)
	0.1
	2.7
	0.2
	5.6
	4.8
	0.1
	3.1
	1.7
	2.4
	7.3
	27.9
	39.9
	70%

	Students ($k)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	57.4
	0%

	Total ($k)
	29.9
	52.6
	29.6
	67.8
	67.2
	49.1
	76.8
	54.5
	58.4
	77.1
	563.0
	797.9
	71%

	Contingency ($k)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	20.0
	0%


WMKO Report: The following table lists the WMKO FTEs and total costs through July, along with the year to date (YTD) total and the FY plan from the SEMP (not from the replan).   WMKO is slightly below the ~83% level expected in both FTEs and personnel costs.
	Category
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	YTD
	FY Plan
	% Spent

	Personnel (FTEs)
	2.1
	2.5
	1.4
	3.2
	3.7
	2.5
	3.2
	2.6
	3.0
	2.2
	2.2
	2.8
	79%

	Personnel ($k)
	16.1
	27.1
	11.0
	31.8
	27.3
	22.4
	29.5
	26.4
	23.8
	20.2
	235.7
	305.5
	77%

	Travel, phone ($k)
	0.1
	2.5
	0.1
	0.6
	0.1
	0.1
	2.7
	1.7
	1.8
	3.8
	13.3
	13.3
	100%

	Total ($k)
	16.2
	29.5
	11.1
	32.4
	27.4
	22.4
	32.2
	28.1
	25.6
	23.9
	248.9
	318.8
	78%


COO Report: The following table lists the COO FTEs and total personnel costs through July.   COO is significantly (~20%) below the expected number of FTEs however this has apparently been compensated with higher level FTEs as seen by the personnel dollars.   

	Category
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	YTD
	FY Plan
	% Spent

	Personnel (FTEs)
	0.3
	1.1
	0.7
	1.3
	1.8
	1.3
	1.8
	1.1
	1.4
	2.1
	1.1
	1.6
	67%

	Personnel ($k)
	6.9
	15.1
	11.4
	22.2
	26.5
	16.0
	33.5
	15.7
	20.5
	30.4
	198.2
	232.5
	85%

	Travel, phone ($k)
	0.0
	0.2
	0.1
	4.3
	0.3
	0.0
	0.0
	0.0
	0.4
	1.3
	6.6
	13.3
	50%

	Total ($k)
	6.9
	15.3
	11.5
	26.5
	26.8
	16.0
	33.5
	15.7
	20.8
	31.7
	204.8
	245.8
	83%


UCO/Lick Report: The following table lists the UCO/Lick FTEs and total personnel costs through May.  UCO is low in both FTEs and personnel costs versus the plan.  The FTEs are higher than the personnel costs because the no-cost LAO personnel were not in the MS project plan.

	Category
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	YTD
	FY Plan
	% Spent

	Personnel (FTEs)
	1.7
	1.7
	1.3
	1.2
	1.4
	1.6
	1.6
	1.6
	0.6
	1.0
	1.1
	1.7
	66%

	Personnel ($k)
	6.8
	7.8
	7.0
	8.1
	8.6
	10.6
	10.6
	10.6
	11.7
	19.3
	101.2
	162.6
	62%

	Travel, phone ($k)
	0.0
	0.0
	0.0
	0.7
	4.4
	0.0
	0.4
	0.1
	0.2
	2.2
	8.0
	13.3
	60%

	Total ($k)
	6.8
	7.8
	7.0
	8.9
	13.0
	10.6
	11.0
	10.7
	12.0
	21.5
	109.2
	175.9
	62%


A postdoc is included in the UCO budget.  The postdoc, Elizabeth McGrath, started unpaid work at a 3 days/week level during the summer and full-time paid work in early September subsequent to the completion of her Ph.D. defense. 
Science Case Requirements Report:  The SEMP does include 620 hours ($19k) for graduate students to support the science case development.  A student of F. Marchis was recently funded for the period of Aug. 1 through Nov. 30 for a total cost of $13.2k .  Project scientist and science community participation, which is “free” to the project, is not tracked.

�Is this correct?
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