[image: image3.jpg]



[image: image2.jpg]




NGAO Controls Architecture
AO Facility Sequence

Authors:  Douglas Morrison

Table of Contents
41
Introduction


41.1
Terminology


41.2
Notation and Document Layout


62
Overview


62.1
Phases


83
System Startup


83.1
Cold Startup


83.2
Warm Startup


93.2.1
Shutdown Existing Processes


93.2.2
Start Configuration Service


93.2.3
Deploy Control System


93.2.4
Check System Health


114
Home and Initialize


13Mode Configuration


134.1
Mode Configuration Process


134.2
Fixed-Field (Imager or IFS)


144.2.1
Fixed-Field NGS


144.2.2
Fixed-Field LGS


144.3
Fixed-Pupil (Imager or IFS)


144.3.1
Fixed-Pupil NGS


154.3.2
Fixed-Pupil LGS


154.4
Interferometery


154.4.1
Fixed-Field NGS


164.4.2
Fixed-Field LGS


164.4.3
Fixed-Pupil NGS


164.4.4
Fixed-Pupil LGS


175
Instrument Checkout


186
LGS Observing Acquisition


217
NGS Observing Acquisition


238
Observing


249
Halt


2510
Idle


2611
Power Down


2712
Detailed Sequences and Error Handling


2813
References




Revision History

	Revision
	Date
	Author(s)
	Remarks

	1.0
	
	Douglas Morrison
	Initial release.


1 Introduction
This document details the sequencing requirements of the Adaptive Optics (AO) Facility as part of the Next Generation Adaptive Optics design (NGAO). The general sequence and control requirements are discussed in detail in KAON 636: Observing Operations Concept Document (OOCD), and are used as the basis for developing the detailed AO sequence herein. 

1.1 Terminology

The following terms and acronyms will be used throughout this document:

	Acronym
	Definition

	AO
	Adaptive Optics

	ASTRA
	Astrometric phase-Reference Astronomy

	BGS
	Beam Generation System

	DM
	Deformable Mirror

	HOWFS
	High-Order Wavefront Sensor

	IFS
	Integral Field Spectrograph

	KAON
	Keck Adaptive Optics Note

	KCSF
	Keck Common Service Framework

	LGS
	Laser Guide Star

	LOWFS
	Low-Order Wavefront Sensor

	LSS
	Laser Safety System

	MSCS
	Multi-System Command Sequencer

	NGAO
	Next Generation Adaptive Optics

	NGS
	Natural Guide Star

	OA
	Observing Assistant

	OOCD
	Observing Operations Concept Document

	PSF
	Point Spread Function

	TTFA
	Tip-Tilt Focus Astigmatism (WFS)

	TWFS
	Truth Wavefront Sensor

	VA
	Vertical Angle

	WFS
	Wavefront Sensor


1.2 Notation and Document Layout
Sequences are defined by an ordered list of operations. Each step in this sequence is notated with a numeric identifier, and complex steps can be further subdivided into nested tasks. A specific task can be uniquely identified by its fully extended name: 

<Section>.<Step>[.<SubStep>]* (e.g. 5.1.1 ‘Close Shutter’)
The fully extended names are used within the AO Sequence Diagram companion document to map back to individual sequence steps.

Steps written in bold signify a task that is to be performed synchronously, requiring that the action(s) complete before the sequence can continue. Items in normal font signify asynchronous actions that will be run in parallel. Comments and notation may also be used within a sequence to give additional information about the state of the system or conditional requirements, and are identified as text surrounded by parenthesis.
For each step in a sequence we attempt to identify the estimated time for completion. Complex steps are calculated based on the contribution of all sub-tasks. In the case of fully asynchronous steps this is the value of the longest executing task. In the case of synchronous steps this is the total accumulated time of all sub-tasks. The total duration of a step is expressed in seconds and is identified within square brackets at the end of the step (e.g. [5s]: five seconds). Any step that does not have an identified time to completion indicates that it does to contribute significantly to the overall execution time (< 0.1 second).

Failure and branching sequences are also defined for most major steps. Each step with addition sequencing information will be followed by a link to one of the detailed subsequence sections discussed in the Detailed Sequences / Error Handling section. Further information about each software controller is available by clicking on the name of the controller, which will bring up its corresponding component design document (CDD). Additional details about the general response and handling of system events and failures can be found in KAON XXX NGAO Control System Philosophy.

2 Overview

NGAO is a complex system that will require a controls architecture capable of coordinating and managing the execution of dozens of devices. Each device must be configured and operated in a precisely timed and synchronized fashion to ensure the safety and performance of the system. A key to defining this device coordination is through the development of control sequences.

A sequence is a step-by-step breakdown of events and operations that a control system must perform to accomplish some task. Each step in a sequence represents a distinct system command. In many cases a step can itself be divided into sub-steps allowing the developer to design a hierarchical command sequence. These hierarchies are very useful for discovering the collaboration and communication between components within the system.

Steps within a sequence can be executed serially, parallel or a combination of the two. A sequence or an operation within a sequence can be defined synchronously or asynchronously, where the execution of the sequence may depend on a specific system event. 
The NGAO system can be divided into two main sequences: up-link and down-link. The up-link sequence pertains to the tasks and operations that must be performed by the Laser facility to generate, align, and project the laser asterism on the sky. The down-link sequence defines all of the steps that must be performed by the AO facility to acquire, calibrate, and perform atmospheric correction. The terms down-link and up-link indicate the direction of travel the light takes in and out of the system, respectively.

The following sections detail the down-link control sequence for the AO facility (herein known as the AO sequence). The laser up-link sequence is described in the NGAO Laser Sequence document.
2.1 Phases

The AO control sequence covers everything from bringing up the software system, to acquisition, and finally shutting down for the night. The sequence itself can be divided into a set of phases each covering a specific state of the system during a typical night’s observing. These phases are (listed in order of execution):
· Startup
· Initialize
· Configure
· Acquire
· Observe
· Halt

· Idle
· Power-down

For the most part these phases can be executed straight through to perform NGAO correction for a science target. However there is flexibility allowing the sequence to return to a previous phase or jump forward to a latter phase. The following state diagram describes the relationship between each phase in the ao sequence:
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The main branch of the sequence proceeds through each of the phases as outlined. At specific points in the sequence the control can be sent back to a previous step, such as going from Halt to Acquisition. This flexibility allows the system to be reconfigured multiple times throughout a night for greater flexibility. (Note: this diagram is a simplified version of the actual AO control sequence. The complete sequence employs a more complex state machine, with some details left out here for brevity. The full AO Facility state machine is documented in the NGAO AO Facility Component Design Document.)
Each of the AO sequence phases are detailed in the following sections. A sequence diagram (NGAO AO Sequence Diagram) has also been produced based on the written sequence, and is a companion to this document.
3 System Startup

Before the NGAO system can be used it must be properly started. There are two types of startups scenarios: cold start and warm start. A cold start covers every thing from powering up hardware to launching the controls system. Warm starts cover the launching of the NGAO control system, and assumes the hardware system has already been powered and properly configured. The majority of the operational system startups will be performed as warm starts, where the hardware and work stations are running, but the control system has not yet been launched. In the event that a full system shutdown occurs (power-outage, hardware replacement, etc) the cold start procedure will need to be followed. The startup sequences are detailed below starting with the cold start.
3.1 Cold Startup
The cold startup process is performed outside of the KCSF / NGAO controls system and requires manual powering up and configuring the hardware and controls infrastructure. During this process the operator would boot the run-time machines, power on the hardware devices and configure the motion controllers.  The cold startup procedures are not part of the AO Sequencer and are detailed in the relevant NGAO hardware manuals and procedures.
3.2 Warm Startup

After the system has been prepared and devices powered the operator can execute the NGAO startup scripts to launch the control processes. These scripts, along with other system tools, will live on a dedicated server and will be responsible for starting the required KCSF container managers and components on their target machines. The following sequence describes the warm startup procedure:

1. Shutdown any running NGAO processes:

1.1. Search system hosts for KCSF processes, and kill by process ID.

2. Prepare the Configuration System:

2.1. Launch the Configuration Management GUI.

2.2. Ensure the database server is running, or start it if it is down.

3. Load the desired configuration snapshot.

4. Launch the startup script to deploy the NGAO control system.

4.1. For each Container Manager defined in configuration, launch the manager process of the target host and initiate the lifecycle startup.

4.2. Containers, Controller and Components will be created and initialized.

5. Launch the operator and system tools.

5.1. Alarm Interface

5.2. Health Monitor

5.3. MSCS Command GUI

5.4. Science and instrument tools.

6. Validate the system startup and health of the control system through the Health Monitor and Alarm Interface.

3.2.1 Shutdown Existing Processes

To bring the system up fresh the operator will need to ensure that any existing NGAO control system processes have been shutdown. A system shutdown script will be created to automate the search and shutdown process.

The script will search a set of defined hosts to find all NGAO KCSF processes. Any running process will be killed by their process ID. If the process is responsive it will catch the kill signal and cascade a shutdown command to all subordinate controllers and components. This will ensure a graceful disconnection from hardware and software shutdown. If the process is not responsive the OS will immediately kill the process and release resources. The shutdown script will end after all NGAO run-time processes are terminated.

3.2.2 Start Configuration Service

Before the NGAO control system can be restarted the configuration database has to be prepared. All database management tasks can be performed through the Configuration GUI. Launching this GUI will show you the contents of the current active database. From this GUI you can stop and restart the database process, load a specific configuration snapshot, and modify the control system properties. Once the database has been properly configured the control system can be started.

3.2.3 Deploy Control System

The startup script uses the Configuration Service client interface to obtain a list of all of the container managers that the control system must deploy. This list contains information including the name of the manager -- which defines the root of a configuration hierarchy -- and where it will run. The script will launch the generic KCSF Container Manager process for each of the defined managers on their respective hosts. Each manager process will be provided with its name and the address of the configuration service. The component deployment process is built into the standard lifecycles of KCSF, and will be performed automatically once launched.  

3.2.4 Check System Health

After the software control system has been brought up, the operator will want to launch the observing tools and check the state of the system to ensure everything has been deployed and is running properly. The KCSF Health Monitor and Alarm Service tools are designed to provide at-a-glance feedback about the system. 

The Health Monitor tool displays a listing of all components and processes defined in the NGAO control system, and their current status. From here an operator can quickly check that all software components are running and in their appropriate state (RUNNING). Any components that have either failed to launch, are not responding, or did not complete the startup process will be immediately visible based on a simple color coded display. An operator can perform rudimentary diagnostics on each component from the tool, and is able to start, stop and reload a component easily.

The Alarm Service provides detailed information about system events ranging in importance from notices to critical failures and covers both software and hardware. From this tool the operator will be told why a specific component has failed to initialize or become unresponsive, and can then determine the next course of action. 

Once the operator has determined that all components have been deployed and in their correct starting state the system can be initialized for observing. See KAON 679: NGAO Control Software Architecture for more information on the Health Monitor and Alarm Service tools.

4 Initialize
Once the NGAO software control system has been launched, the distributed controllers will need to be initialized. This process includes homing devices; zeroing encoders; enabling telemetry; making remote connections to system dependencies; and preparing the software for run-time operation. For the RTC this will also entail powering on devices and loading default parameters and files. When the initialize phase is complete the NGAO software control system should be ready for target acquisition.
The initialization process is initiated through the MSCS and will perform the following actions. Estimated time: [?]
1. Initialize the First Relay devices: [?]

1.1. Command RTC to power-on and initialize the Low-Order DM and Tip-Tilt mirror. This will include loading default parameters and flat files.

1.2. Command the Image Rotator Controller to home and initialize the device. 

2. Initialize the Second Relay devices: [?]

2.1. Command RTC to power-on and initialize the High-Order DM.

2.2. Command the High Order Tip-Tilt Controller to initialize.

3. Command the LGS WFS Composite to initialize the LGS WFS subsystem. The composite will: [?]

3.1. Command the WFS Focus Stage Controller to initialize.

3.2. Command the Tomography WFS Controller to initialize. This will in turn tell RTC to power on and initialize the sensor, and load the default parameters.

3.3. Command the Point-and-Shoot WFS Controllers (3) to initialize. This will in turn tell RTC to power on and initialize the sensors, and load the default parameters.

4. Command the LOWFS Composite to initialize the LOWFS subsystem. The composite will: [?]

4.1. Command the LOWFS TT Controllers (2) to initialize. This will in turn tell RTC to power on and initialize the sensors; home and initialize the pickoff; and home and initialize the focus stage.

4.2. Command the LOWFS TTFA Controller to initialize. This will in turn tell RTC to power on and initialize the sensor; home and initialize the pickoff; home and initialize the lenslet array; and home and initialize the focus stage.

4.3. Command the LOWFS TWFS Controller to initialize. This will in turn initialize the camera, and home and initialize the lenslet array and rotator.

5. Command the NGS WFS Composite to initialize. The composite will: [?]

5.1. Command the FSM Controller to initialize.

5.2. Command the Focus Stage controller to initialize.

5.3. Command the NGS WFS Dichroic to initialize.

5.4. Command the NGS Lenslet Array to initialize.

5.5. Command RTC to power on and initialize the NGS sensor, and load default parameters.

6. Command the Acquisition Composite to initialize the acquisition camera subsystem. The composite will: [?]

6.1. Command the Acquisition Camera Controller to initialize.

6.2. Command the filter wheel controller to home and initialize.

6.3. Command the focus stage to home and initialize.

7. Command the ADC Composite to initialize the ADC subsystem. The composite will: [?]

7.1. Command the ADC Controller to initialize.

8. Command the Offloading Composite to initialize the offloading and offsetting tasks. The composite will: [?]

8.1. Command the Telescope Offload Controller to initialize: connect to DCS and RTC.

8.2. Command the Tip-Tilt Offset Controller to initialize: connect to the NGS FSM, LOWFS (3), RTC, KAT, and the High Order Tip-Tilt.

Mode Configuration

Before observing can begin the operator must configure the system for the desired observing mode. This process commands the control system to configure the hardware and software for observing and may include enabling / disabling hardware, positioning stages, and idling or activating software controllers. Ideally, configuring for a particular mode should put the system in its optimal state and should do everything possible to reduce resource overuse and improve system efficiency (e.g. disconnecting unrelated telemetry from the network, and idling or powering down unused hardware.)
Configuring the system for a particular observing mode will typically be performed from the top-level MSCS. An operator will select one of the available modes and command the system to configure. This command is passed down through the hierarchy to every component in the system affected by the mode change. It will be up to the parent composite components to determine which child components are affected, and forward the command accordingly. 
Each component will be designed to configure itself and, in the case of composites, their children. The functionality for this configuration process will be defined within the performSetMode delegate method by executing the controller’s SetMode action. In general this will involve loading the appropriate parameters and homing / initializing the device. Additional steps may include connecting to other components, enabling or disabling telemetry, and configuring hardware. 
In general, if a component or composite is not used in a particular observing mode it will be put into a disabled state. While disabled, the component will not be publishing telemetry or actively communicating with hardware or software components. If control of a disabled component is needed it can be selectively reinitialized, but care should be taken to ensure it will not interfere with observing. Note: mode configuration operations will disconnect and remove event monitors, which must be explicitly re-enabled after the component is manually initialized. 
The following sections detail the general system and component configuration of each observing mode. System configuration information was derived from KAON 550: NGAO System Configurations.
4.1 Mode Configuration Process
An observing mode configuration change is performed by issuing the recursive SetMode action on the AO Control Sequencer. The action will cascade down through the entire controls hierarchy, causing the composites and controllers to automatically reconfigure themselves as defined by the developer. While the configuration sequence for the AO Facility is common for all observing modes, the final state of devices and controllers will depend on the specific mode requirements. The following section details the final configuration of the AO system for the identified observing modes.
4.2 Fixed-Field (Imager or IFS)

Fixed Field (FF) mode will be the most common observing mode of the NGAO system, as required by the majority of science use cases. In this mode the laser and AO system are configured such that the star field remains fixed relative to the science camera, while the pupil can rotate freely. Up to three patrolling LGS beacons may be used. 
Fixed field observing is specified by the configuration names FixedField_LGS and FixedField_NGS. 
4.2.1 Fixed-Field NGS

In Fixed-Field NGS with an instrument, the laser system and dependent AO hardware will be disabled. The primary beam train will consist of the rotator, low-order relay, high-order relay, NGS subsystem and ADC. The following software and hardware configuration will be obtained for this mode:
· Rotator enabled.

· Low-Order Relay enabled.

· LGS WFS subsystem disabled:

· Includes WFS, pickoffs, and focus stage.

· LOWFS Subsystem disabled:

· Includes WFS, pickoffs, focus stages, lenslet arrays and DMs.

· High-Order Relay enabled.

· NGS WFS Subsystem enabled; dichroic in beam.

· ADC Subsystem enabled.

4.2.2 Fixed-Field LGS

In Fixed-Field LGS with an instrument, the laser system and dependent AO hardware will be enabled. The majority of the AO hardware and control software will be active in this mode. The following software and hardware configuration will be obtained:

· Rotator enabled.

· Low-Order Relay enabled.

· LGS WFS subsystem enabled.

· LOWFS Subsystem enabled.

· High-Order Relay enabled.

· NGS WFS Subsystem disabled; dichroic off beam.

· ADC Subsystem enabled.

4.3 Fixed-Pupil (Imager or IFS)

Fixed Pupil (FP) mode is designed to maintain the structure of the Point Spread Function (PSF) in a fixed location on the science camera, while allowing the star field to rotate freely. This observing mode is ideal for detecting faint sources next to bright companions 3. Since there is no plan for tracking wide-field tip-tilt in fixed-pupil mode, the point and shoot LGS beacons will not be available. 
Fixed pupil observing is specified by the configuration names FixedPupil_LGS and FixedPupil_NGS. 
4.3.1 Fixed-Pupil NGS

Fixed-pupil NGS observing with an instrument follows an identical configuration as fixed-field, except the image rotator will maintain a fixed pupil orientation in place of a fixed field (e.g. track the vertical angle.)
4.3.2 Fixed-Pupil LGS

Fixed-pupil LGS observing will not use the wide-field beacons, and will therefore have to get the truth information from a different source. The NGS WFS can be put into TTFA / TWFS mode allowing the AO to obtain truth information from the on-axis science target.
· Rotator enabled: tracking VA.

· Low-Order Relay enabled.

· LGS Tomographic WFS enabled. Point-and-Shoot WFS disabled.

· LOWFS Subsystem disabled.

· High-Order Relay enabled.

· NGS WFS Subsystem enabled:

· Dichroic on beam.

· NGS sensor in TTFA / TWFS mode.

· ADC Subsystem enabled.

4.4 Interferometery

Interferometer (IF) observing can be performed in single target (V2 and NULLING), and dual star (ASTRA) modes. Single target inteferometry can be performed in either fixed field or fixed pupil modes, while dual-star must be performed in fixed field. The configuration for Interferometer observing is similar to instrument observing, but with a slightly reduced hardware set. Since the IF fold dichroic picks off the near-infrared light the LOWFS sensors do not have enough signal to correct for full-field TT. Additionally, since the fold mirror is between the first and second relays the tweeter DM does not contribute to the corrected light seen by the interferometer, and is put in its optimal flat shape.
The following interferometer NGAO observing configurations will be available:

· FixedField_LGS_IF: Fixed field LGS inteferometry.
· FixedPupil_LGS_IF: Fixed pupil LGS inteferometry.
· FixedField_NGS_IF: Fixed field NGS inteferometry.
· FixedPupil_NGS_IF: Fixed pupil NGS inteferometry.
4.4.1 Fixed-Field NGS

The following configuration will be obtained when observing in Fixed-Field NGS IF:
· Rotator enabled.

· Low-Order Relay enabled.

· IF Fold Dichroic enabled and on beam.

· LGS WFS subsystem disabled:

· Includes WFS, pickoffs, and focus stage.

· LOWFS Subsystem disabled:

· Includes WFS, pickoffs, focus stages, lenslet arrays and DMs.

· High-Order Relay enabled: DM flat.

· NGS WFS Subsystem enabled; dichroic in beam.

· ADC Subsystem disabled.

4.4.2 Fixed-Field LGS

In Fixed-Field LGS with an instrument, the laser system and dependent AO hardware will be enabled. The majority of the AO hardware and control software will be active in this mode. The following software and hardware configuration will be obtained:

· Rotator enabled.

· Low-Order Relay enabled.

· IF Fold Dichroic enabled and on beam.

· LGS Tomographic WFS enabled. Point-and-Shoot WFS disabled.

· LOWFS Subsystem disabled.

· Includes WFS, pickoffs, focus stages, lenslet arrays and DMs.

· High-Order Relay enabled: DM flat.

· NGS WFS Subsystem enabled:

· Dichroic on beam.

· NGS sensor in TTFA / TWFS mode.

· ADC Subsystem enabled.

4.4.3 Fixed-Pupil NGS

Fixed-pupil NGS observing with the interferometer follows an identical configuration as fixed-field NGS, except the image rotator will maintain a fixed pupil orientation in place of a fixed field (e.g. track the vertical angle.)

4.4.4 Fixed-Pupil LGS

Fixed-pupil LGS observing with the interferometer follows an identical configuration as fixed-field LGS, except the image rotator will maintain a fixed pupil orientation in place of a fixed field (e.g. track the vertical angle.) Fixed-pupil mode can not be used during dual-star observing (ASTRA).

5 Instrument Checkout
T.B.D

· Alignment Sequence: sources, calibrations
6 LGS Observing Acquisition

The AO Acquisition process is initiated during the slew to the pointing star for the next target. It is assumed at this point that the lasers have been shuttered and the AO device loops have been opened (either because of a recent system initialization or the termination of a previous sequence). The following steps can be performed in parallel. Total time: [?]
Configure the AO Bench

1. Command Image Rotator controller to obtain desired orientation for field or pupil, and enter track mode. [?]
2. Command ADC Composite to obtain required position and enter track mode (instrument observing only). [?]

3. Command the High-Order TT controller to center the second relay Tip-Tilt (TTM2). Alternatively this mirror can be positioned at an observer demanded orientation. (Certain instruments and observing modes may require a tip-tilt dither of the second relay.) 
4. Command the RTC controller to center tip-tilt mirrors and zero devices. RTC will:

4.1. Center TTM1

4.2. Center LOWFS tip-tilts

4.3. Center LGS WFS tip-tilts

4.4. Load flat files and apply to DM1, DM2, and LOWFS.

5. Command Acquisition Composite to prepare for target acquisition [?]:

5.1. The Acquisition Composite will install acquisition camera fold mirror. [?]

5.2. The Acquisition Composite will focus the acquisition camera by commanding the focus controller to slew to required position. The acquisition camera focus is based on the focus required by the science instrument. Fine adjustment focus may also need to be performed. [?]

5.3. The Acquisition Composite will configure the acquisition camera controller (integration time, binning, etc.) based on science target properties. Specific camera configuration values can be identified and applied by the observing preparation tools, if desired.
5.4. The Acquisition Composite will command the camera controller to begin integration and start publishing images.

6. Command LGS WFS Composite to slew to the LGS target positions [?]:

6.1. The Composite will calculate the relative offset between LGS beacons and science target, and command WFS Pickoff Controllers (3) to position accordingly (instrument observing mode only). Occlusion and field tests will be performed to ensure the pickoffs do not obstruct the science field or one another. [?]

6.2. The Composite will command the common WFS Focus Stage controller to the expected focus position. Focus position is based on instrument, telescope elevation and estimated altitude of sodium layer. [?]

7. Command LOWFS Composite to slew to the calculated Tip-Tilt target positions (instrument observing mode only.) [?]:

7.1. The Composite will calculate the relative offsets between NGS and science target, and command LOWFS Pickoff Controllers to position accordingly. 
7.2. The Composite will command each individual LOWFS stage to the expected focus position. Focus is based on the optics in the beam path and the focal plane of the science instrument. [?]

8. Command the NGS WFS Composite to slew the FSMs to the calculated target position (IF and fixed-pupil modes only.) [?]:

8.1. Command the NGS dichroic stage to move on-beam.

8.2. Command the Field Steering Mirror to acquire the target based on its offset from the science target.

8.3. Command the focus stage to be positioned conjugate to the instrument and field position focus.

9. Configure RTC system for observing. RTC will: [?]
9.1. Configure wavefront sensor frame rates based on expected laser and atmospheric properties.

9.2. Configure servo gains.

9.3. Configure reconstructors.

9.4. Define the mapping between the HOWFS PnS WFS and LOWFS DMs.

The configuration of the AO acquisition camera should be completed before the slew to the pointing target has completed. The remaining steps must be completed before the science target is acquired, and can be performed in parallel with the telescope pointing calibration, discussed next. 

Pointing Correction
Pointing errors of tens of arcseconds are possible after long slews with the Keck telescopes.  The acquisition sequence must therefore include a pointing correction step, based on the known location of a star near the science target.  Use of a bright pointing star allows the process to proceed rapidly using automated routines, rather than relying on human operators to identify faint asterisms in the field of the science target. The Observing Assistant will initiate the pointing correction process. Total time: [?] 

10. Record acquisition image. [?]
11. Offset to pointing target [?]:

11.1. Compare image to catalog of field images to determine precise position of telescope. [?]
11.2. Calculate offset to pointing target from current position.

12. Observing Assistant verifies offset, initiates slew to target. [N/A]
13. Validate new telescope pointing.
13.1. Record acquisition image. [?]
13.2. Compare image to catalog of field imagers to determine precise position of telescope. [?]
13.3. Calculate offset to pointing target from current position.

13.4. Verify less than acceptable pointing error threshold. If not return to step 9.
14. Offset to science target.
15. Remove the acquisition camera fold mirror.

Acquire LGS WFS
After the pointing has been calibrated the telescope is offset to the science target, the lasers are propagated on sky, and the AO LGS acquisition can begin. The Observing Assistant will initiate the LGS WFS acquisition process. Total time: [?]
16. Command the LGS WFS Composite to perform a background measurement.
16.1. The Composite will command each WFS to measure the background noise
17. Command the Laser Unit Composite (laser facility) to tune lasers on 589nm. [10s]
17.1. The Composite will command each laser unit to tune on to the operating wavelength.
18. Command the LGS WFS Composite to acquire the LGS beacons [?]:

18.1. The Composite will align the tomography sensors by using a combination of BGS Tip-Tilt and Rotator offsets.
18.2. The Composite will command the LGS WFS Controllers to align the wide-field LGS beacons (up to three), by moving the BGS Point-and-Shoot arms (instrument observing mode only.) The pickoff arms will be aligned serially to reduce the chances of laser collisions in the BGS as the PnS are moved.
18.3. The Composite will command RTC to close the woofer low-order servo loop (DM1), and the PnS low-order LOWFS DM servo loops (3).

18.4. The Composite will close the WFS LGS beacon tip-tilt offloading control loops.
18.5. The Composite will command the WFS Focus Stage Controller to enter track, closing the LGS WFS focus control loop.
Acquire LOWFS
Once the AO LGS WFS acquisition is complete the tip-tilt stars can be acquired by the LOWFS (instrument mode only). The Observing Assistant will initiate the LOWFS acquisition process. Total time: [?].

19. Command the LOWFS Composite to acquire the TT NGS targets. The Composite will [?]:
19.1. Command each of the LOWFS controllers (3) to acquire their NGS. The controllers will:

19.1.1. Record a full-frame (long exposure) image.

19.1.2. Center the NGS target on the LOWFS.

19.1.3. Select the region of interest for the LWOFS.

19.2. Command each of the LOWFS controllers (3) to perform a background calibration. The controllers will:
19.2.1. Offset the LOWFS pickoff arm to blank sky.

19.2.2. Record the background signal over region of interest at operating frame-rate.

19.2.3. Center the target on the WFS by returning to the original pickoff position.

19.3. Command each of the LOWFS controllers (3) to close their RTC tip-tilt servo loop. 
19.4. Command the TWFS to acquire the shared TTFA target, and close the focus tracking loop.

19.5. Close the RTC low-order relay tip-tilt loop (TTM1).

19.6. Close the RTC focus control loop for the LGS WFS (TTFA).

Close Control Loops
Once all of the tip-tilt NGS have been acquired and servo 
loops are stable, the Observing Assistant will issue the command to close the remaining control loops:

20. Command RTC to close the tweeter-DM high-order servo loop [?]:
21. Command the High-Order Tip-Tilt mirror controller to close the ADC tip-tilt error control loop.
22. Command the Offloading Composite to close the offload and tip-tilt offset tracking loops. TTM1 offloads will be applied to telescope tracking, and DM1 focus will be applied to the secondary mirror for focus and coma.  

7 NGS Observing Acquisition

The acquisition process when observing in NGS mode is far simpler than LGS. Total time: [?]

1. Command Image Rotator controller to obtain desired orientation for field or pupil, and enter track mode. [?]

2. Command ADC Composite to obtain required position and enter track mode. [?]

3. Command the High-Order TT controller to center the second relay Tip-Tilt (TTM2). Alternatively this mirror can be positioned at an observer demanded orientation. (Certain instruments and observing modes may require a tip-tilt dither of the second relay.) 

4. Command the RTC controller to center tip-tilt mirrors and zero devices. RTC will:

4.1. Center TTM1

4.2. Center LOWFS tip-tilts

4.3. Center LGS WFS tip-tilts

4.4. Load flat files and apply to DM1, DM2, and LOWFS.

5. Command Acquisition Composite to prepare for target acquisition [?]:

5.1. The Acquisition Composite will install acquisition camera fold mirror. [?]

5.2. The Acquisition Composite will focus the acquisition camera by commanding the focus controller to slew to required position. The acquisition camera focus is based on the focus required by the science instrument. Fine adjustment focus may also need to be performed. [?]

5.3. The Acquisition Composite will configure the acquisition camera controller (integration time, binning, etc.) based on science target properties. Specific camera configuration values can be identified and applied by the observing preparation tools, if desired.

5.4. The Acquisition Composite will command the camera controller to begin integration and start publishing images.

6. Command the NGS WFS Composite to prepare devices and acquire the target. The composite will:

6.1. Command the NGS dichroic stage to move on-beam.

6.2. Command the Field Steering Mirror to acquire the target based on its offset from the science target.

6.3. Command the focus stage to be positioned conjugate to the instrument and field position focus.

7. Configure RTC system for observing. RTC will: [?]

7.1. Configure wavefront sensor frame rates based on expected laser and atmospheric properties.

7.2. Configure servo gains.

7.3. Configure reconstructors.

7.4. Configure pupil sampling.

7.5. Configure LOWFS for acquisition.

Steps one through five should be completed before the slew to the pointing target has completed. The remaining steps should be completed before the science target is acquired. The next part of the acquisition sequence focuses on calibrating the telescope pointing, and is described previously.

Once the telescope pointing correction has been performed the NGS can be acquired. This process is initiated by the observing assistant. Total time: [?]

8. Command the NGS WFS Composite to acquire the NGS target. This will cause the composite to steer the FSMs to center the target on the WFS.
9. Command the NGS WFS Composite to perform a background calibration. The NGS WFS Composite will: [?]

9.1. Offset the High-Order Tip-Tilt mirror controller to offset a small distance (~5 arcseconds) to blank sky.

9.2. Command the NGS WFS to record the background signal.

9.3. Zero the High-Order Tip-Tilt controller offset to center the guidestar on the NGS WFS.

10. Verify that sufficient signal is present on the NGS WFS. If below a configured threshold, initiate a troubleshooting tree, which could include imaging the science field with the acquisition or science cameras and perform a search process with the NGS field steering mirrors.

Once the NGS acquisition process has completed the remaining control loops can be closed.

11. Command RTC to close the low-order Tip-Tilt (TTM1) control loop.

12. Command RTC to close the woofer and tweeter DM servo loops.

8 Observing

During the observing phase the AO facility devices will be actively correcting for atmospheric turbulence. The real-time control loops will be executed by the RTC system, completely outside of the NGAO controls system. The non-real time tracking devices will be executing the NGAO servo loops to offload tip-tilt and focus; track the targets with the telescope; and maintain a stable field / pupil for the science instrument. 
The following servo loops have been identified for the AO controls system:
· Tip-Tilt offload to the telescope (Telescope Offload Controller)

· Focus offload to the telescope secondary (Telescope Offload Controller)

· Coma offload to the telescope secondary (Telescope Offload Controller)

· Field and pupil tracking (Image Rotator Controller)

· LOWFS rotation offload (Image Rotator Controller)

· LGS WFS focus tracking (WFS Focus Stage Controller)

· TWFS image acquisition and processing (TWFS Controller)

· TWFS centroid offsets to RTC (TWFS Controller)

· Tip-tilt and offsets from DAR and KAT (Offset Controller)

· Atmospheric Dispersion Corrector tracking (ADC Controller)

If any of the control loops fail during observing, performance will suffer. In some cases the sequence will need to be halted: for example if the telescope tip-tilt offload loop loses communication with DCS. Other control loop failures may still permit observing but in a degraded capacity: for example the LGS WFS focus loop. 
A servo loop failure will be reported to the control system and operator by transitioning the host controller into the FAULT state. If the controls system determines that the faulted device(s) are safety or observing critical the sequence will be automatically halted. Otherwise, the sequence will persist and it will be up to the operator to decide whether to continue as is, recover from the failure, or halt the sequence. Capabilities for intra-sequence recovery and sequence termination will be available on the MSCS and Health Monitoring tools.
The AO controls system is also dependent on the proper operation of the RTC and Laser Facility. If either of these subsystems fail it may not be possible to continue observing. For example, if a laser unit fails or a BGS tracking device stops responding (e.g. asterism rotator), the LGS WFS will loose the LGS beacons and will be forced to halt the sequence. Similarly, if RTC reports that one of the real-time devices are no longer functioning or are responding erratically AO corrections will be severely degraded or impossible. As with the servo loops, the AO Controls system will need to decide if the failure requires a sequence halt or if observing can continue.  

9 Halt

At the end of observing the Halt sequence is executed. This sequence is initiated through the execution of the AO Facility Halt command, and is responsible for opening device loops and putting the system in a safe state. The halt sequence can be performed at any time prior to or during AO acquisition and observing. From HALT the operator can reinitialize the system or acquire a new set of targets. Estimated time: [?]
1. Command the ADC Composite to halt. The composite will:

1.1. Command the ADC Controller to halt.

2. Command the Offloading Composite to halt. The composite will:

2.1. Command the Telescope Offload Controller to halt.

2.2. Command the Tip-Tilt Offset Controller to halt.

3. Command NGS WFS Composite to halt. The composite will:
3.1. Command RTC to open the NGS WFS servo loop.

3.2. Command the Focus Stage controller to halt.

3.3. Command the dichroic to halt.

3.4. Command the Lenslet Array Controller to halt.

3.5. Command the FSM Controller to halt.

4. Halt the second relay devices:

4.1. Halt the High-Order Tip-Tilt Controller (TTM2).

4.2. Open the tweeter-DM RTC servo loop.

5. Command the LOWFS Composite to halt. The composite will:

5.1. Command the TTFA controller to open the RTC focus servo loop.

5.2. Command the TWFS controller to halt focus calculations.

5.3. Command RTC to open the low-order Tip-Tilt (TTM1) servo loop.
5.4. Command the LOWFS controllers (3) to open their RTC tip-tilt servo loops.

6. Command the LGS WFS Composite to halt. The composite will:

6.1. Command RTC to open the LOWFS DM servo loops (3)

6.2. Open the LGS WFS focus tracking loop.

6.3. Open the LGS beacon tip-tilt offload control loop.
6.4. Command RTC to open the LGS WFS tip-tilt servo loops (3).

6.5. Command RTC to open the low-order DM servo loop (DM1).

7. Command the Image Rotator Controller to halt.

10 Idle
At the end of the night the system should be idled, which is done by issuing a Disable command for all of the devices. This phase is designed to disconnect software components and release system resources. After the system has been idled the software and hardware devices will be in a low-power / disabled state. Software processes will still exist in the system but they will no longer be executing tasks or publishing information: CPU and network usage should be at a minimum. At this point it is safe to power down hardware completely, and kill the Container Manager processes. The system can be reinitialized for operation by following the sequence defined in section 3. Estimated time: [?]
1. Disable the First Relay devices: [?]

1.1. Command RTC to power-down the Low-Order DM and Tip-Tilt mirror.

1.2. Command the Image Rotator Controller to disable. 

2. Disable the Second Relay devices: [?]

2.1. Command RTC to power-down the High-Order DM.

2.2. Command the High Order Tip-Tilt Controller to disable.

3. Command the LGS WFS Composite to disable the LGS WFS subsystem. The composite will: [?]

3.1. Command the WFS Focus Stage Controller to disable.

3.2. Command the Tomography WFS Controller to disable. This will in turn tell RTC to power-down the sensors.

3.3. Command the Point-and-Shoot WFS Controllers (3) to disable. This will in turn tell RTC to power-down the sensors.

4. Command the LOWFS Composite to disable the LOWFS subsystem. The composite will: [?]

4.1. Command the LOWFS TT Controllers (2) to disable. This will in turn tell RTC to power-down the sensors.

4.2. Command the LOWFS TTFA Controller to disable. This will in turn tell RTC to power-down the sensor

4.3. Command the LOWFS TWFS Controller to disable. 

5. Command the NGS WFS Composite to disable. The composite will: [?]

5.1. Command the FSM Controller to disable.

5.2. Command the Focus Stage controller to disable.

5.3. Command the NGS WFS Dichroic to disable.

5.4. Command the NGS Lenslet Array to disable.

5.5. Command RTC to power-down the NGS sensor.

6. Command the Acquisition Composite to disable the acquisition camera subsystem. The composite will: [?]

6.1. Command the Acquisition Camera Controller to disable.

6.2. Command the filter wheel controller to disable.

6.3. Command the focus stage to disable.

7. Command the ADC Composite to disable the ADC subsystem. The composite will: [?]

7.1. Command the ADC Controller to disable.

8. Command the Offloading Composite to disable the offloading and offsetting tasks. The composite will: [?]

8.1. Command the Telescope Offload Controller to disable: disconnect from DCS and RTC.

8.2. Command the Tip-Tilt Offset Controller to disable: disconnect from the NGS FSM, LOWFS (3), RTC, KAT, and the High Order Tip-Tilt.

11 Power Down
A full system power down may be required when changing out hardware, performing system maintenance, or when recovering from a malfunction. During a power-down, some or all of the hardware and workstations will be completely brought down. Before the system can be used again a full cold-start will need to be performed. See section 3 for more information on restoring the system.
1. Idle the control system. (See 10)
2. Execute shutdown script
.

1.1. Unloads all services and components.

1.2. Kills Container Manager processes.
2. Power down hardware.

12 Detailed Sequences and Error Handling
The following sections expand on some of the key steps in the AO sequences. 
T.B.S
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�We may want to keep the Acquisition Camera in to perform the rough alignment and verification of the LGS asterism with the AO system. Essentially we can use ACAM to align the BGS rotator and tip-tilt to position the asterism within a few arcseconds of the WFS pickoffs. This will reduce the likelihood of needing to perform a search to find the beacons during WFS acquisition.


�At some point we need to acquire the NGS WFS and perform a background calibration for IF and fixed-pupil modes.


��Should this step be done earlier so we don’t loose the NGS and LGS targets?





� Would it be better to perform this task before we take a background signal? (You don’t want step 8 offsetting to the target by accident if it isn’t where you expect it to be.)


�Do the following steps need to be performed in any particular order / serially?


�Provide reference to script design document.
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