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1. Introduction
The purpose of this document is to define the approach to interface control used during the preliminary design phase of the project, and to identify the controlled documents used for interface control.

The interfaces between internal subsystems of the NGAO system are primarily defined by a series of global NGAO documents rather than subsystem-to-subsystem documents.  This approach also extends at a somewhat lesser level to the external interfaces to the telescope and science instruments.  An interface control document (ICD), KAON 725, has been prepared to more fully define the interface to the science instrument, DAVINCI.  
2. Interfaces

NGAO external interfaces include those between the NGAO system and the:
· Telescope & Observatory
· Science instruments

During the design phase the NGAO system was broken into the following subsystems between which interfaces need to be defined:

· AO enclosures
· AO bench

· LGS wavefront sensor (WFS)

· NGS WFS

· Low order WFS (LOWFS)

· Real-time control system

· LGS facility

· Control system

· Science operations tools
3. Interface Control Documents

3.1  Controlled Documents

The following interface documents are under configuration controlled:

· KAON 682, Master Device List

· KAON 705, AO-Level Control Loops

· Keck drawing 1410-CM0010, Deformable Mirror Actuator Mapping to Telescope Primary Mirror

· KAON 709, Power Consumption and Cabling Budgets
· KAON 724, Mass Budget

· KAON 726, SolidWorks Model

· KAON 727, Zemax Optical Design

Configuration control means that the release of new versions of these documents is controlled by a review process involving the systems engineering group (currently Dekany, Gavel, Neyman and Wizinowich).  Configuration controlled interface document changes requires approval by this group.
3.2  Optical

The Zemax optical design file, KAON 727, defines the following external and internal optical interfaces:
· Telescope to NGAO AO Bench.
· NGAO AO Bench to Davinci science instrument.

· NGAO AO Bench to Interferometer.

· NGAO AO Bench to a future TBD science instrument.

· AO Bench to LGS Wavefront Sensor (WFS).
· AO Bench to NGS WFS.

· AO Bench to Low Order WFS (LOWFS).

The mapping of the telescope primary mirror to the deformable mirrors in the NGAO system is defined by the Keck NGAO drawing 1410-CM0010.  The wavefront sensor lenslets are expected to match the appropriate DM actuators as follows:
· Fixed asterism LGS WFS lenslets map 1-to-1 to the high order deformable mirror (HODM) actuators.

· Patrolling LGS WFS lenslets map 1-to-1 to the LOWFS DM actuators.

· NGS WFS lenslets map 1-to-1 to the HODM actuators in NGS mode and 5-to-63 in the low order mode. 

The LGS facility is considered to be a single subsystem that requires no external optical interfaces.
3.3  Mechanical

The SolidWorks model, KAON 726, defines the following external and internal mechanical interfaces:

· NGAO AO Enclosure (AO room and electronics vault) to Telescope.

· NGAO AO cold room enclosure to NGAO AO Bench.

· NGAO AO Bench to telescope.

· NGAO AO Bench to DAVINCI science instrument.

· DAVINCI science instrument to Telescope.

· NGAO AO Bench to Interferometer.

· Interferometer to Telescope.

· NGAO AO Bench to a future TBD science instrument.

· Future TBD science instrument to Telescope.

· AO Bench to LGS WFS.

· LGS WFS to Telescope.

· AO Bench to NGS WFS.

· AO Bench to Low Order WFS (LOWFS).

A SolidWorks model defines the mechanical interfaces between the LGS facility and the telescope.
The mass limits allotted to each subsystem or system is defined in KAON 724.

The power consumption and heat dissipation limits allotted to each subsystem or system is defined in KAON 709.
3.4  Electronics

3.4.1 Motion and Device Control

All motion and device control is provided by the NGAO Control System which controls all NGAO subsystems.  The required motion and device control is defined in KAON 682.  The motors, encoders and devices themselves will be provided by the relevant subsystem, however the cabling and control will be provided by the NGAO Control System.  The cables themselves will be defined during the detailed design; the cabling budget is documented in KAON 709.
3.4.2  Real-time Control

All real-time control is provided by the real-time control (RTC) system.  The electrical interface between the RTC system and deformable mirrors is internal to the RTC system.  The interface between the RTC and NGS and LGS WFS cameras is TBD.  The interface between the RTC and LOWFS cameras is TBD.  The interface between the RTC and the AO control system will be via ethernet.   
3.4.3 Power

Power will be provided by the Observatory facility through interfaces provided by the NGAO Control System.  The allotted power to each subsystem or component is documented in KAON 709.

3.5  Software

Software interfaces within the NGAO system will be via the software infrastructure defined in KAON 679.  The required control loop software interfaces are identified in KAON 705.  Software interfaces external to the NGAO system, to the telescope and science instruments, will be via keywords.
4. N-squared Diagram

Figure 1 shows the internal and external interfaces for NGAO as represented within an N-squared diagram.

For the purposes of Figure 1, the telescope, observatory facilities, and the science instruments are considered as external to NGAO.  The NGAO system is composed of the AO system, the laser facility, and the science operations tools.  A vertical black line in Figure 1 denotes the systems that are internal and external to NGAO.
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Figure 1.  N-squared diagram for the NGAO system, observatory, and instruments.  Subsystem breakdown is taken from the NGAO product breakdown structrure.
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