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Abstract 

This note outlines methods proposed for dealing with the management of interfaces for NGAO.  The document considers internal NGAO interfaces, i.e. between subsystems.  In addition, it also considers external NGAO interfaces, i.e. with the observatory, telescope, and science instruments.  This unified approach will make the most of the commonality in these tasks.  The document also includes supporting material including an ICD outline and several N-squared diagrams.  This work was part of the preliminary design phase of NGAO, a standard phase of new instrument development at W. M. Keck Observatory.

1. Introduction

The purpose of this note is to propose guidelines for establishing and conducting the interface control process for NGAO so that items produced by different design teams connect and operate such that they fulfill all requirements.  The methods in this proposal are based on examples taken from several methodologies [1-3] including the new instrument development standards at Keck Observatory [4]. 

The exact level of detail needed for NGAO in the interface definition and control process is still to be determined for NGAO.  For a small project composed on only one or two main systems and a few participants, the interface control process can be less formal, consisting only of the written interface control document (ICD).  In contrast, for a large project with several systems and many participants, a detailed interface control process is necessary.  This would include tracking and documentation of comments, decisions, agreements, and approvals about each interface.  For NGAO, the level of complexity should be tailored to the expected size of the project.

While the process of delineating all interface parameters is a daunting task, it is essential for the success of NGAO that some method be used to identify and control all the relevant interface parameters.  When setting up this system, it is not necessary that all final details of each interface are known.  Rather, it is important that the parameters be identified, that anything that is known be recorded and tracked.  At the same time, missing information should be noted and a plan made to remedy these blanks over the course of the remainder of the project.  The progressive refinement of each interface until the dimensions or conditions are completely identified can be a catalyst for the efficient completion of the preliminary design.

In the following sections, we give an overview of a proposed approach to interface management. Preliminary analysis of the NGAO interfaces and several N-squared diagrams are given in the next section.  Then an integrated approach to interface control documents for NGAO is proposed in section 3. The document concludes with a generic ICD outline in the final section.    

2. Approach to interface control management

The NGAO project and Keck observatory have already invested in database software for tracking requirements for the NGAO project.  This software tool is flexible and can easily accommodate a database record for delineating requirements.  In fact, a significant part of the current requirement from the System Design Phase describe interfaces or interface functionality needed for the subsystems of NGAO.  It would be straightforward to tag the subset of the current database entries that represent interface requirements.  The first step in producing an interface requirements document would be to sort and organize the relevant requirements.  Unlike a static document, the database already has functionality for recording the comments, revision history, discussions, and approvals for each interface requirement.  The decision to use the database for interface documents is still to be determined.  We next discuss the structure of the interfaces that we need for NGAO and how to organize them.

In order to facilitate the interface analysis in the next section we propose the following classification for interfaces at Keck observatory.  These are generally similar to other organizations used for electro-optical systems.  They are organized along the main engineering disciplines.  The following four general categories of interfaces are proposed:

· Optical 

· Mechanical

· Electrical

· Software

Below we give examples of each type of interface.  The lists are not exhaustive but rather designed to make each category more definite for the reader.

2.1. Optical 

This interface type is generally concerned with optical beams passing between systems.  It is important  to give a reference wavelength for some of these optical metrics. Some optical interface requirements such as alignment and vignetting might imply related mechanical interfaces. The optical interface can include such items as:

· Transmission

· Wavelength

· Wavefront quality stated in terms of optical path difference

· Encircle energy 

· Strehl

· Image properties such as full width at half maximum 

· Field of view, field of regard and vignetting

· Alignment tolerances such as wavefront errors, translation, or angle

2.2. Mechanical 

These interfaces include structural connections between systems as well as connections involving thermal and environmental interfaces. These interfaces can include such items as:

· Mass and Volume

· Mounting and attachment points

· Operating and non operating environment

· Location 

· Coordinate systems or other measurement references

· Vibration

· Acoustic noise levels

· Vacuum system and support facilities

· Access for service and maintenance 

· Handling methods for removal and installation

· Coolant type and flow rate

· Thermal interfaces including cooling fluids, waste heat specifications, and insulation

2.3. Electrical

These interfaces are concerned with the electrical environment between systems including interference, power, mounting connectors, and cabling:

· Electrical power: voltage, phase, stability, and cabling

· Power failure tolerance

· Electromagnetic interference levels

· Environmental sensors and monitors for temperature, humidity, etc.

· Cables and connectors

· Racks and other mounting points for EE hardware including computers/workstations

2.4. Software

Our proposed structure combines some functionality under software that is normally split between electronics and software into an integrate category that covers software, data, communications, and intersystem control.  Typically these functions are usually handled by digital means with software.  Included as part of this category are interfaces involving:

· Data type and context such as: AO offloads, telescope pointing angles, images, AO wavefront errors, etc.

· Format of data: integer, floating point, number of bytes

· Data rate: once a day, every minute, 1-10 Hz, kHz, etc.

· Communication between high level system control functions

· Computer to device control such as: optics changers, image rotators, atmospheric dispersion correctors

· Control computer to device functions such as: readout properties, exposure time, data format

3. NGAO interface analysis and N-squared diagrams 

As a first step in interface analysis for NGAO, I have made several high level N-squared diagrams.  I have followed the standard conventions of putting all the connected systems along the diagonal of the diagram.  Interfaces are noted in the intersection between systems with a letter designating the interface type from section 2. These are: O, M, S, and E for optical, mechanical, software, and electrical respectively.   Boxes with no letters imply that the related systems have no direct interface.  The diagrams use the system breakdown for NGAO and related facilities used in the System Design Manual [5].   I have also color-coded the diagrams as appropriate for easier reading.  A simplified diagram is shown in Figure 1.  No particular system is represented, just the basic format of the N2 diagram.

My diagrams are consistent with general industrial and NASA [1,2] standards.  The N-squared diagram from the Thirty Meter Telescope (TMT) project [3] contains similar information to my diagrams.  Major differences between TMT and NGAO include:

· A different layout of the systems

· TMT uses the convention that letter X indicates the existence of an interface control document

· TMT use the letter X as a hyperlink to the related ICD in their document repository

· TMT diagrams had no indication as to the type of interface, i.e. optical, mechanical, software, or electrical
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Figure 1. An example of a N-Squared diagram with 4 systems (A, B, C, and D).  The letters in the top half of the diagram denote the existence and type of interface.  Systems A and B have only a mechanical interface.  Systems C and A have both a mechanical and an electrical interfaces. Systems B and C have no interface designated by an empty box.
A preliminary NGAO overall N-squared diagram is given in Figure 3.  The reader should also look at the associated spread sheet, as it maybe easier to read the figures in it than this word document.  For the purposes of Figure 3, the telescope, observatory facilities, and the instrument 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 3 denotes the systems that are internal and external to NGAO.  Certain assumptions are made in the assignment of letters and blanks in the N2 diagram.  It is beyond the scope of this document to discuss all details of the interfaces represented by the contents of each box.  This is the job of the interface requirements and the associated interface control documents.  However, in the next section, we discuss the general assumptions behind the diagram.

Assumptions about the design generally follow the information from the system design manual [5].  In particular, the software interfaces follow the assumptions made in the software controls infrastructure section of reference [5].  For reference, I have reproduced Figure 43 from the NGAO system design manual as Figure 2.  Although every software interface will have an associated electrical interface for cables and connectors; for simplicity these interfaces are designates with an S and not an S and E.

The User Interface and the Pre and Post Observing Tools make connections to the NGAO system only through the Multi-system Command Sequencer.  High-level coordination between systems is through an intermediary communication layer that is shown inside the Top Level Control box of Figure 2.  This communication layer is shown in the N2 diagram as a vertical column and horizontal row of S interfaces connected to the Multi command sequencer.  The AO system has an interface to the telescope control system for acquisition, guiding, and pointing control. Hence, the letter S is placed in the box linking telescope and AO non real time control.  The Data Server will receive data from the science instruments and telemetry data from the laser and AO systems.  In addition, the Data Server will receive high-speed diagnostic data directly from the AO real-time control.  Up tip tilt control signal will be sent from the AO system real time control directly to laser facility.  This interface will be direct to the laser launch facility or to the laser control system; an S has been placed in the corresponding boxes of the N2 diagram in both locations.  One interface will be selected later in the design process.  Future interfaces to new instruments are planned to be through the Data Server and Multi-system Command Sequencer exclusively.  The Interferometer and OSIRIS have interfaces to current AO system.  The N2 diagram shows the legacy interfaces.  It is still to be determined if these interfaces will be supported by NGAO.  On the mechanical and electrical side, it is assumed that interfaces between observatory facility services such as electrical power or gycol cooling are made through the AO Enclosure and Laser Enclosure respectively.  The respective Enclosure will then interface these services to the other subsystems as needed. 
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Figure 2.  NGAO controls infrastructure, from NGAO System Design Manual page 60, figure 43. KAON 511.
4. Overview of combined internal and external NGAO interface control documents 

In many cases in the NGAO system, several components will share common or similar interfaces.  Therefore, I propose that we group common interfaces together in a single ICD.  This is shown in Figure 4 on the N2 diagram.  Systems with similar interfaces that can be covered by a single document are filled in the color.  The diagram is otherwise the same as Figure 3.  The following documents are proposed with a brief synopsis of their scope.

AO system and laser facility ICD: This document would cover the up tip tilt interface and an interface for the laser system and AO system to share status information.  

Telescope control and AO acquisition, guiding and pointing ICD: This document covers interfaces involving coordination between AO and telescope control system for acquisition, nodding, chopping, and other pointing related AO functions.

Telescope and AO IDC: This document covers optical, mechanical, and electrical interfaces between the AO system and Telescope. 

AO facility to AO instruments ICD: This document covers optical, mechanical, and electrical interfaces between AO system and science instruments.

Multi-System Command Sequencer ICD: This document covers the interface between the overall command sequencer and the other systems of NGAO including AO system, laser facility, science instruments as well as the user interface and the observing tools.

Data Server ICD: This document covers the telemetry interface from the Data Server to the science instruments, AO System, and Laser Facility.  This document would also cover the Date Server interface to the AO system real-time control 

Laser facility and Telescope IDC: This document would cover the mechanical and electrical interfaces between the telescope and the laser facility.

Laser facility and Telescope control system software ICD:  This document would cover the software interfaces between the Laser Control system and the Telescope Control System.  In addition, it would cover interfaces between the Laser Safety Systems and the telescope such as the Mauna Kea wide laser traffic control.

Facilities to NGAO ICD: This document would cover the interface between the observatory facility such as electrical power and glycol cooling and the relevant NGAO systems.  These would most likely be the Laser Enclosure and the AO enclosure.

Legacy instrument to NGAO ICD: This document would cover to what extent NGAO would support legacy interfaces that the current AO instruments have to the non NGAO AO systems, the telescope, and the observatory facilities. 

AO system internal software ICD:  This document would discuss the AO internal software interfaces inside of the AO system.

AO system internal ICD: This document would discuss the internal AO system mechanical, optical, and electrical interfaces.

Laser facility internal software ICD: This document would cover the internal interfaces of the laser control system software to the other laser facility subsystems.

Laser facility internal ICD: This documentation would discuss the internal laser facility mechanical, optical, and electrical interfaces.

5. Outline of ICD documents

Below we propose that NGAO would use the following outline for the structure of its interface control documents.  This format is generally consistent with other new ICD used for new instruments [4] at W. M. Keck Observatory.  

1.0 Introduction

2.0 Scope and Applicability

3.0 Revision History


4.0 Referenced Documents

5.0 Referenced Drawings

6.0 Document Control Protocol

7.0 Glossary


8.0 Overall Interfaces




(Example subsections content may vary)

8.1 Non-Operating Environment

8.2 Operating Environment

8.3 Power Failure Tolerance

9.0 Optical Interfaces

(Example subsections content may vary)

9.1 Field of View

9.2 Alignment

9.3 Wavelengths of operations


10.0
Mechanical Interfaces




(Example subsections content may vary)

10.1 Operating Position

10.2 Storage Position


10.3 Dimensions

10.4 Weight and Balance

10.5 Defining Points

10.6 Power Dissipation

10.7 Glycol Cooling

10.8 Vacuum System


10.9 Vibration


10.10 Handler


10.11 Temperature

11.0 Electronic/Electrical Interfaces



(Example subsections content may vary)

11.1 Electrical Power

11.2 Interconnections

11.3 Computer Rack

11.4 Fiber Optic Connections

11.5 100Base-TX Network Connections

12.0 Software Interfaces



(Example subsections content may vary)


12.1
Data Storage


12.2
Network Data Communications


12.3
Target Computer


12.4
Instrument Keywords


12.5
Interlocks and Alarms
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Figure 3. N-squared diagram for NGAO system, observatory, and instruments.  Subsystem breakdown is taken from SD manual work breakdown structure.  See NGAO_Nsquared_V1.0.xls
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Figure 4. N-squared diagram for NGAO system, observatory, and instruments.  Color code includes group of similar instruments into ICDs. See NGAO_Nsquared_V1.0.xls
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