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1. Introduction

1.1 Scope

This document is the report of the review committee established by the Keck and the Keck Next Generation Adaptive Optics (NGAO) Real Time Controller (RTC) team to evaluate the current design of the NGAO RTC. 

The report is based on documentation provided to the panel before the review and on presentations and discussions given during the review December 10, 2009.

The review panel members are:

· Corinne Boyer (TMT), cboyer@tmt.org (Chair)

· Erik Johansson (Keck), erikj@keck.hawaii.edu
· Tuan Truong, (JPL), Tuan.Truong@jpl.nasa.gov
1.2 Review documentation

The Keck Next Generation Adaptive Optics Real-Time Controller Design review documentation is available at: http://www.oir.caltech.edu/twiki_oir/bin/view/Keck/NGAO/RTCminiDesignReviewDec09.

The review documentation was made available to the review panel December 1st, apart from the Testing document, which was provided December 4, 2009.
The review members provided a list of questions and comments to the NGAO RTC team December 7, 2009. The questions and comments were answered by the NGAO RTC team December 8, 2009. Questions and answers are also available at:

http://www.oir.caltech.edu/twiki_oir/bin/view/Keck/NGAO/RTCminiDesignReviewDec09.

2. Charge to the review panel

The charge to the review committee is as follows:

The panel is asked to evaluate the proposed design for the following:

· Technical feasibility and design completeness: The design should be at PDR readiness level. Algorithms are fully specified; computer system is fully specified; selection of vendor-supplied components is ready to begin or has already started.

· Satisfies requirements: A spreadsheet has been provided which list requirements and comments on how the design is intended to meet them. Note that several of the requirements were not originally specified at the start of the design process. These have been subsequently set by the design team to what we believe to be reasonable values consistent with NGAO goals and error budgets. These requirements may need further review.

· Risk: The reviewers should judge if the design has considered a low-risk approach. However, this is not intended to be a risk assessment review.

· Cost effectiveness: The reviewers should judge if the design has proceeded with an eye towards cost-effectiveness. However, this is not intended to be a cost review.
The following item is not completed:

· Detailed layout of four types of specialized FPGA boards for the tomography engine. The needed functions of these boards have been specified and the board architectures have been defined. These boards will be contracted out for detailed layout subsequent to this review.

The following areas are not considered to be in the scope of this review:

· Supervisory Control functions (the RTC interfaces to the supervisory controller)

· Enclosure or environment control (we will cover heat dissipation, size, and weight of the RTC)

· Operator’s Interface (we will provide an engineering interface and a testing plan)
The review panel is requested to provide comments at the conclusion of the review, and a final written report of findings, comments, and recommendations by December 18, 2009.
3. Executive summary

The review panel thanks the NGAO RTC design team for preparing the design documentation, the detailed responses to the reviewers’ questions and the presentations. The review panel recognizes the great level of effort that went into them.

The review panel believes that the NGAO RTC team has the necessary control and real time adaptive optics experience to design and build the very challenging Keck NGAO RTC.

3.1 Technical feasibility and design completeness

The committee panel believes that the most computationally intensive LGS hard real time algorithms including the DM fitting algorithm are well specified (referenced as the tomography HOWFS in the documentation). The algorithms used for the point-and-shoot HOWFS reconstruction, the LOWFS reconstruction and in the NGS mode are not described with the same level of details and in some cases are not described at all in the algorithm document. We recommend that all algorithms including their associated number of operations and memory requirements be described in the algorithm design document. It will greatly help with the design and review of the RTC and AO control system.

The proposed architecture for the NGAO RTC looks reasonably complete at this stage of the design and appears to meet the requirements. The following issue, however, needs to be addressed as soon as possible:

· The overall NGAO control architecture does not appear to be fully defined, in particular regarding the optimization of the real time algorithm parameters, the focus management and offloading, the tip-tilt offloading, the TWFS processing and the Differential Atmospheric Refraction compensation. We understand that some of these functions and loops are not within the scope of the RTC, but we recommend that the Keck NGAO team and the RTC team work together to define these algorithms, solve the interface issues and update if necessary the RTC requirements and design. The interface with the AO control system may be more demanding than expected and may require more analysis.

The design of the tomography engine and associated FPGA-based boards appears to be incomplete at least based on the documentation we have received. More details are required to help assessing the level of maturity, in particular regarding the number of required processing engines, the number of FPGAs per board, the number of boards and how the communication between the FPGAs and between the different boards is implemented.

In addition, we would like the following secondary issues to be addressed for the Preliminary Design Review:

· We would like to see more discussion on the Timing Generation and Control subsystem, with details on how the very stringent requirements (0.5ns) can be met, especially if any of the requirements require synchronization between the Nasmyth platform and the computer room (~100 meters distance). 
· The required HOWFS data rate of 262 MB/s is an issue if an EDT camera link framegrabber were to be used today, given that its best advertised data rate is 220 MB/s peak and 190 MB/s typical. The WFS camera interfaces in general need to be defined in collaboration with Keck.
· Finally, we are concerned that a six-month board development cycle for the FPGA boards seems to be too aggressive.
3.2 Satisfies the requirements

The review panel recommends that the NGAO RTC requirements be updated in collaboration with the Keck NGAO team. In particular, the following areas require careful analysis: 1) high order correction and tip/tilt correction bandwidth for the different modes of operation, 2) maximum allowed latencies for the different modes of operation, 3) update rate of the parameters of the hard real time processes 4) numerical precision of the hard real time processes for the different modes of operations, 5) reliability of the RTC modules and 6) interface requirements with the different AO components (WFS camera interfaces) and with the AO control system. Eventually the NGAO RTC requirements should be updated in the NGAO Contour database.

The traceability from the requirements to the current design document is overall well documented. 
3.3 Risk

The panel acknowledges that the wavefront reconstruction and tomography algorithms have been tested on the AO bench at the LAO in Santa Cruz. However, the committee is concerned about the fixed-point arithmetic implementation of these algorithms. The committee recommends that the NGAO RTC team study this in more detail and if possible compare a fixed-point arithmetic implementation of these algorithms with the floating point arithmetic implementation (assuming the current simulation tools are implemented using floating-point arithmetic).

The panel recommends some benchmarking and prototyping activities before starting the development of the FPGA-based custom boards. We recommend that the NGAO RTC team benchmark at least some representative slice of the design on real FPGA hardware. If possible, we also recommend that a smaller scale prototype of the system be developed to demonstrate the parallel processing efficiency and to test the computational throughput.
3.4 Cost effectiveness

It is difficult to evaluate the cost effectiveness of the proposed design in the absence of any meaningful design alternatives (in terms of algorithms or hardware architecture for example). FPGAs in general are more difficult to program compared to standard processors, so very detailed analysis should be performed to demonstrate that FPGAs are the only solution for each step of the wavefront reconstruction. 
The panel recommends that the Keck NGAO RTC team study in more detail the possibility of using GPUs for the tomography engine by doing small-scale prototyping, and/or benchmarking of specific tasks. Vis-a-vis comparison of the GPU and the FPGA prototyping and/or benchmarking efforts should include not only computation latency, the number of boards and units per board required but also the corresponding intra-board and inter-board communication latencies.
The panel supports the proposal of the NGAO Keck RTC team to continue to study alternative cost-saving solutions to the wavefront reconstruction FPGA-based board and encourages the team to do the same for the tomography engine FPGA based-boards if possible. There is still time (completion of the preliminary design phase and detailed design phase) before the team needs to invest heavily in processing hardware.

