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1 Purpose
This document provides a detailed plan for the commissioning of ARGOS. This commissioning plan forms the basis of all activities concerning the ARGOS system commissioning detailed in the following chapter. The main purposes of the commissioning activities are:

· Ensuring the safe operation of ARGOS, especially the laser system

· Demonstrating the system works according to specifications

· Determining the operational limits: what support is needed, who can use the system and when (atmospheric conditions)

· Characterising the system performances and  illustrating the scientific win of ARGOS for a variety of science projects
This commissioning plan supersedes all previous versions of ARGOS Commissioning Plans, including ARGOS FDR-006.

2 Scope

This document describes the activities required for commissioning of the entire ARGOS system, focusing on the following operational aspects:

· Functional test and performance characterisation of all sub-systems (chapter 5)

· Test and verification of ARGOS at system level (chapter 6)

· Full system characterisation and science verification (chapter 7)
The total number of required nights together with other relevant details is given in a summary at the end of each section. Finally, the overall commissioning schedule and organisation is summarised in chapter 8.
3 Applicable documents

	No.
	Title
	Number & Issue

	AD 1
	ARGOS Laser System Installation Plan
	ARGOS XXX

	AD 2
	Argos Alignment Plan
	ARGOS Acceptance XXX

	AD 3
	ARGOS Laser System Acceptance Test Plan
	ARGOS Acceptance XXX

	AD 4
	ARGOS Top Level Requirements
	ARGOS_FDR-003

	AD 5
	Procedures to measure the Interaction Matrixes
	ARGOS Tech Note 118

	AD 6
	
	

	AD 7
	
	

	AD 8
	
	

	AD 9
	
	

	AD 10
	
	

	AD 11
	
	

	AD 12
	
	

	AD 13
	
	

	AD 14
	
	

	AD 15
	
	

	AD 16
	
	

	AD 17
	
	


4 General Remarks

This commissioning plan focuses on activities performed at the LBT telescope on a system/sub-system level. The installation and functional tests of the ARGOS sub-systems is described in the installation plans and acceptance test plans respectively (e.g. AD 1 and AD 3 for the laser system). Although this plan includes the alignment of the ARGOS sub-systems, the details of the actual alignment procedures are covered by the applicable alignment plans (e.g. AD 2 for alignment).

Time estimates (number of required nights) are generally based on clear, observable nights i.e. those numbers do not account for any telescope down time due to weather or technical issues. 
The results of all commissioning activities specified in this plan will be summarised in a separate document (Commissioning Report) to be issued after the completion of the commissioning activities.
5 Sub-System Tests

5.1 Laser/Laser Launch System Testing
5.1.1 Purpose of this Test

During this commissioning step, the lasers will be propagated on sky for the first time! These tests have the following goals:

· Alignment of the laser system with respect to the telescope optical axes.
· Characterising the impact of the laser light on (sub-)systems that need to be operated at the same time as ARGOS.
The tests described in this section will be performed for both sides (SX and DX) of the ARGOS laser/laser launch system, ideally during one continuous commissioning campaign.
5.1.2 ARGOS Status at the beginning of this step

· The aircraft avoidance and satellite avoidance infrastructure is available and “operational” i.e. laser propagation out of the LBT dome and into the open sky must be possible. In the case of aircraft avoidance, this likely means the presence of aircraft spotters trained and positioned according to FAA regulations.
· The SX and DX laser systems and laser launch systems are fully installed and operational. All functional tests have been successfully performed and all components are operating according to specifications.

To ensure the full operability of the laser system one full day of detailed system check is required before any night-time activities. After this initial, detailed check, one half day (afternoon) before each following night is required for starting up and health checking the laser system.

5.1.3 Commissioning Tasks
5.1.3.1 Alignment of the laser beacons to the LBT telescopes

The laser launch systems of both sides have to be aligned with respect to the optical axes of the LBT telescopes (the laser system and the launch telescopes already where aligned with respect to each other, see AD 02). This is done with the following procedure using the LBT-MATS:
1) Point the telescope to a bright isolated star or well recognizable constellation
2) Propagate the laser beacon of one side (3 LGS)

3) Detect the LGS beacon with the WF-MAT and check rough alignment. If required, adjust LM2 manually until the laser beacon is roughly within the field of view of the NF-MAT.
4) Detect the LGS beacon with the NF-MAT, adjust LM1 until the laser beacon is centred to within 10 arcsec around the nominal position
5) Repeat with the other side

The alignment of the laser beacons is then confirmed using the ARGOS internal star cameras:

1) Point the telescope to a bright isolated star (“reference star”) or well recognizable constellation
2) Switch on the ARGOS star camera and take dark images (if required)

3) Propagate the laser beacons of both sides (6 LGS)

4) Take images with the ARGOS star camera
5) Compare the ARGOS images of the reference star with telescope pointing information
Estimated night time: 2 nights each side
Additional day time: 1 day prior to each block of nights + 1 afternoon before each night within a block
5.1.3.2 Characterisation of laser light interactions

This set of tests will check/characterize any interactions with other sub-systems. They will also provide a measure to quantify the impact of the laser light on the performance of these sub-systems (visible/measurable glares, “blinding”). These tests will apply to the following sub-systems: 
· TT-sensor, FLAO - pyramid sensor, FLAO - guider
· AAS system/cameras

· any other sub-system/camera that needs to be operated at the same time as ARGOS

This test will be performed with all sub-systems that are available at the first time the lasers are propagated on sky and repeated as part of the night-time characterisation, every time a new sub-system is installed.
The tests will follow a common test procedure:

1) Point the telescope (target TBD)

2) Switch on all sub-systems that need to operate at the same time as ARGOS
3) Take dark images with the laser system in standby (i.e. no LGS propagation on sky)

4) Propagate the laser beacon of both sides

5) Take images/operate sub-systems
6) Repeat steps 2 – 5 as required with individual lasers off and/or individual sub-systems off as required

Estimated night time: A few hours per test. Will usually be part of the sub-system characterisation.
Additional day time: 1 day prior to each block of nights + 1 afternoon before each night within a block

5.1.4 Summary: Laser/Laser Launch System Testing
Responsible: Sebastian Rabien
Additional support: ARGOS team members from: MPE Garching, MPIA Heidelberg and U of Arizona

Required LBTO support: telescope operator, laser safety person, aircraft spotters
Total estimated night time: 4 nights
5.2 Dichroic Performance Tests

5.2.1 Purpose of this Test

The tests described in this section will ensure the operability of the dichroic system, including the optical alignment and, even more importantly, check and quantify the impact that the ARGOS dichroics have on the optical performance of the LUCI instruments. None of test described in this section will require any laser propagation, neither on-sky nor inside the dome. 

5.2.2 ARGOS Status at the beginning of this step

· The ARGOS dichroic system is fully installed 
· For some of the tasks, the LUCI instruments need to be installed and operational. Personnel to operate LUCI need to be present.

5.2.3 Commissioning Tasks

5.2.3.1 Functional tests

Functional tests are carried out to ensure proper functionality and safe operation of the dichroic mechanical system. The tests can be performed either with the “real” or with dummy dichroics and consist of the following tasks:
Task 1: Mechanism tests
Testing the dichroic mechanism consist of moving the motors over their entire movement range, verified by moving from one end switch to the other and back again. The movement of the mechanisms is observed to verify smooth and uninterrupted movement.

Task 2: Interlock test

Verification of the interlock mechanism between the ARGOS dichroic mechanism and the Luci calibration source assembly is essential for the safe operation of the dichroic system. In order to prevent any hardware damage in case of a malfunctioning of the untested interlock system the interlock test needs to be performed in a safe setup first:

1) Unplug power cables of dichroic motors

2) Move Luci calibration source into Luci beam path (in calibration mode)

3) Try to move dichroic mechanism into the beam path (ARGOS observing position) and measure signals on (unplugged) power cables. All motors should remain unpowered.

4) Move Luci calibration source out of Luci beam path (into observing mode) and unplug power cables for calibration source motors

5) Plug power cables of dichroic motors in again and move dichroic into Luci beam path (ARGOS observing position)

6) Try to move Luci calibration source into beam path and measure signals on (unplugged) power cables. All motors should remain unpowered as well.

7) Move the ARGOS dichroic out of the beam path again and reconnect the Luci calibration source. Verify functionality of the calibration source mechanism!
After the successful “safe mode test”, the actual interlock verification can be carried out:
1) Move Luci calibration source into Luci beam path (in calibration mode)

2) Try to move dichroic mechanism into the beam path (ARGOS observing position). Verify that the dichroic mechanism does not move.

3) Move Luci calibration source out of Luci beam path (into observing mode) and move the ARGOS dichroic into the Luci beam path (ARGOS observing position)

4) Try to move Luci calibration source into beam path. Verify that the Luci calibration source does not move.

Estimated day time: 0.5 days per side (for both tasks)
Estimated night time: none

5.2.3.2 Optical alignment

The alignment of the dichroic system will be carried out using the internal FLAO alignment laser requires the mounting of an auxiliary mirror behind the ARGOC dichroic (as seen from Luci). The alignment procedure consists of the following steps:
1) Switch on FLAO alignment laser and verify alignment of laser is required
2) Mount auxiliary mirror behind dichroic and adjust the mirror for retro-reflection of the alignment laser beam

3) Move the dichroic system into the ARGOS observing position

4) Observe location of the laser beam (reflected by the dichroic system) on a screen mounted on the WFS table. Measure location and distance of the laser spot.

5) Adjust dichroic tilt and location until the laser spot is on the proper location on the screen

Estimated day time: 2 days each side
Estimated night time: none

5.2.3.3 Field distortion, pointing and impact on spectral performance

This series of tests is designed to measure the influence of the ARGOS dichroics on the optical performance (especially field distortion) and the exact pointing of the two Luci instruments. The nature of these tests requires the operation of the respective Luci instrument. The tests consist of the following tasks:
Task 1: Field distortion and pointing check:

1) Point the telescope at target (target TBD)

2) With the ARGOS dichroic system out of the beam path, integrate on target with Luci N3.75 and N1.8 cameras. Record multiple integrations.
3) Move the dichroic system into the ARGOS observing position

4) Repeat step 2 on the same target
5) Move dichroic system out of the Luci beam path again and repeat steps 2 to 4 on remaining targets
Task 2: Spectral performance:

1) Point the telescope at target (target TBD)

2) With the ARGOS dichroic system out of the beam path, integrate on target with Luci in long slit spectral mode (see remark below). Two stars can be in the Luci slit simultaneously.
3) Move the dichroic system into the ARGOS observing position

4) Repeat step 2 on the same target
5) Move dichroic system out of the Luci beam path again and repeat steps 2 to 4 on remaining targets
Remark: Luci observing configuration (Spectral mode):

· The Luci slit width should be ≥1’’

· Spectral observations will be performed using the H+K grating (200 lines/mm) with the N1.73 and the N1.8 camera. Each spectral observation will therefore consist of 3 individual integrations:

1) H+K with N3.75 camera, central wavelength in the centre of H band

2) H+K with N3.75 camera, central wavelength in the centre of K band

3) H+K with N1.8 camera; central wavelength at 1.8µm (centred between H and K band)

Target definition for task 1 and 2: the following set of targets will need to be defined for these tests:

· Fields with few (1 or 2) stars of brightness ~12mag in the Luci field

· Moderately crowded star fields of brightness ~12-16mag (~5 stars in the Luci field)

· Fields with ~10 stars of brightness ~12-16mag in one Luci field

Estimated day time: 3 hours before observations (mechanism, software & instrument checkout)
Estimated night time: 0.5 nights each side
5.2.4 Summary: Dichroic Performance Test

Responsible: Simone Esposito, Lorenzo Busoni
Additional support: Luci operator (some tests only)
Required LBTO support: telescope operator

Total estimated time:  3 days + 0.5 nights each side
5.3 Calibration Unit Tests
5.3.1 Purpose of this Test

The tests describe alignment and testing of the calibration unit. None of tests described in this section will require any laser propagation, neither on-sky nor inside the dome. The goal is to illuminate the ARGOS wavefront sensor with calibration light with an optical setup as close as possible to the optical setup as for night observation. SX and DX can be treated independently and tasks can be split over several different runs. Following main tasks are performed: 

1. Test of swing arm functionality

2. Test of calibration source power

3. Alignment of Calibration Unit

4. Testing of an automated procedure/script to fine align the calibration unit

5.3.2 ARGOS Status at the beginning of this step

· The calibration unit swing arms are installed

· The calibration unit fibers are routed from the sources to the ASM and the swing arms

5.3.3 Commissioning Tasks

5.3.3.1 Test of swing arm functionality

The swing arms are already installed at LBT and primary functionality was already tested however a final verification test has to be done and some minor updates have still to be installed.

1. DX and SX CRE racks have to be switched to telescope power. Internal temperature control has to be verified. The installation of the telescope power has to be done by LBT at any time and is not included to the commissioning time.

2. The network IP has to be changed to the final.

3. Final adjustment of software parameters.

4. Final verification of DX and SX movements and interlock conditions with the telescope

a. Movement SX, DX

b. Emergency stop SX, DX and movement back to park position

c. Non movement if not in zenith and no stow pins in

d. Interlock conditions for:

i. Stow pins not in

ii. LBC in

iii. LBC out

iv. Handling when ASM retro-reflector is mounted

5.3.3.2 Calibration source power

Finally, the flux can only be tested on the detectors in the final destinations, LUCI, FLAO and ARGOS wavefront sensor, respectively. Intermediate measurements with a power meter can be done, i.e. at the

Swing arms or any intermediate connectors reachable.

1. Power meter measurement for the green sources at the swing arms (this needs the telescope at horizon, computer switched on and ARGOS powered on)

2. Power meter measurement of the white light sources on intermediate connectors. This can only be done for SX so far.

3. Flux measurement on LUCI (needs fibres to the ASM installed and connected, LUCI running, ARGOS powered up)

4. Flux measurement on ARGOS wavefront sensors (needs ARGOS wavefront sensor installed and running, ARGOS powered up

5.3.3.3 Alignment of calibration unit

During the alignment it is quite probable, that some of the tasks will be changed in order or additional steps might be added as we will figure out that they are not feasible. I.e. we do have high uncertainties in the amount and impact of background during day time. 

1. Final changes on mechanical parts, which showed to be unreliable (telescope on horizon).

a. Fine screws for focus

b. Fine screws for tilt adjustment

c. Calibration unit holder

2. Measurement of the calibration unit position with a test plate and laser tracker. With this adjustment we should get so far to see the on-axis calibration source on LUCI only by moving the hexapod of the ASM (telescope in zenith). 

Goal: within +/- 1mm, +/-1.5' form optical axis of telescope. 

3. Mounting of Calibration unit (telescope horizon)

4. Adjust hexapod to see on-axis source on LUCI as point source and in focus (ARGOS running, LUCI running, telescope on zenith, dome dark) 

5. Check repeatability by removing CalUnit and mount it again (to horizon, than repeat 4)

6. Adjustment of the calibration unit as close as possible to the nominal hexapod LUCI position. This is an iterative task by help of phase diversity on LUCI. More or less removing coma. Movements can also be calculated from the current hexapod positions of each iteration. The calibration source is adjusted mechanically, while moving the hexapod step by step back to its nominal position. The M3 has to be pistoned in such way, that it compensates for the spot movements (ARGOS running, LUCI running, telescope on zenith, dome dark)

7. LUCI is rotated and the movement of the spot is measured. Depending on the result a re-adjustment is necessary. (ARGOS running, LUCI running, telescope on zenith, dome dark)

8. A pinhole mask is moved in. Depending if the flux changes a re-adjustment is necessary. (ARGOS, running, LUCI running, telescope on zenith, dome dark)

9. LUCI is rotated and the movement of the spot is measured. Depending on the result a re-adjustment is necessary. (ARGOS running, LUCI running, telescope on zenith, dome dark)
If the source stays on the same pixel with and without pinhole for all rotations the calibration unit must be on the optical axis.
10. Test the green calibration source position on the wavefront sensor with white paper. (ARGOS running, LUCI running, dichroic in, telescope on zenith)

11. Test the green calibration source position on the wavefront sensor CCD. (ARGOS running, LUCI running, dichroic in, telescope on zenith)

5.3.3.4 Test of the fine adjustment procedure

The procedure will be developed mostly off telescope and will be a result of the final alignment procedure.

1. The hexapod will be moved a bit of the alignment position and the automated procedure will be tested. The goal is to get the hexapod and M3 on the alignment position. (ARGOS running, LUCI running, telescope in zenith, dome dark)

5.3.4 Summary: WFS Testing and Verification

Responsible: Diethard Peter
Additional support: 
Required LBTO support: Laser tracker, FLAO, LUCI, ASM, telescope operator
Total estimated time: 12 days
5.4 Wave Front Sensor Testing and Verification

5.4.1 Purpose of this Test

The tests described in this section will ensure the operability of the wave front sensor system and all its sub-components as well as the verification of the alignment of the wave front sensors.
5.4.2 ARGOS Status at the beginning of this step

· The ARGOS WFS system is fully installed including cabling and cooling water/pressurized air supply.

· WFS functional tests have been successfully performed in the lab.
5.4.3 Commissioning Tasks

5.4.3.1 Sub-Systems Functionality Check

To verify the operability of the wave front sensor system, all sub-components/systems need to be tested for basic functionality. The following tests are almost exact copies of the lab tests performed before the actual installation (see acceptance test plan/report). A short summary of the required tests is given here:

Task 1: Software and communication (to WFS) test

The engineering software is started. Communication to the hardware is verified by automatically during start up of the WFS system. 

Task 2: Patrol cameras
The functional test for all patrol cameras consists of a communication test and is performed by a standard software routine. The routine checks if all cameras are reachable and if the system is able to communicate with them.
Task 3: pnCCD camera
The functional test for the pnCCD camera also consists of a communication test and is performed by a standard software routine as well. After booting the pnCCD camera, the routine checks if the camera starts up properly, is reachable and if the camera is able to communicate with the ARGOS system.

Task 4: Internal light sources

The functionality of the internal light source is verified optically as well as by observing the light on the pnCCD camera once it has been verified.

Task 5: PZT’s and pupil adjustment motors

PZT’s and pupil adjustment motors are verified by moving them into the end switch (adjustment motors) and out of the end switch again and by observing the light of the internal light source on the pnCCD while moving the mechanism. The results are compared with the lab test results.
Task 6: Filter wheels

The filter wheels are moved to the allowed positions. Those positions are verified through the position read-out.
Task 7: Pockels cells

The Pockels cells are also tested with the internal light source. The intensity of the spots on the pnCCD is recorded as the gating (“on”) time is increased from a very small value. The intensity should increase with increasing gating time. The result is compared with the lab test result.

Task 8: Metrology devices (temp, humidity sensors)

Communication to the metrology devices is verified. The measurements are recorded and checked form plausibility.

All tests that require the use of the internal fibres will be repeated at a number of telescope elevations within the allowed operational ranges of ARGOS (Zenith distance 0 – 45°). This is required to exclude any internal misalignment due to the influence of the direction of the gravitational vector.
Estimated day time: 1 day each side + 1 day for tests at various elevations
Estimated night time: none

5.4.3.2 Initial calibration of wave front sensors

The calibration of the wave front sensor system is performed with the ARGOS calibration sources during nominal operation of the ARGOS system. Nevertheless, Task 1and 2 described in the following should also be performed using the ARGOS laser guide stars during night time for early checks or if the calibration sources are not available. If these tests are performed as night time tests with the ARGOS LGS, a rough adjustment of the gating timing and focus location is required before the actual tests (see section 6.3.3.1).
Task 1: Checking spot geometry on wave front sensor camera

For early tests of the WFS/LGS system this tasks consists of the following steps:

1) Point the telescope at target (target TBD)

2) Propagate ARGOS coherent green light photons on sky

3) Record images of the wave front sensor camera. This data set is used to quantify the spot geometry (number of spots and sub-apertures, spot sizes, flux in individual spots, ect.). The data will also be used for sub-aperture mask definition.

Task 2: Adjustment of pupil centring

The correct centring of the WFS pupil by verified through the flux on pnCCD. The steps requird for this task are identical to Tasks 1. If required, the pupil has to be aligned to maximize the flux on the wave front sensor camera.
Task 3: Verification of WFS slope signals vs. AdSec tip/tilt

1) Move swing arm into calibration position and switch on ARGOS 532nm calibration source

2) Acquire calibration source on wave front sensor

3) Record stream of slope offsets produced by the ARGOS BCU

4) Increase tip of the AdSec mirror stepwise and record stream of slope offsets produced by the ARGOS BCU. Decrease AdSec tip again.

5) Repeat step 4 for tilt of AdSec mirror.

Task 4: Measurement of slope offsets

This test is designed to define the “zero” point of the slope signals and requires flattening of the AdSec mirror immediately before the measurements.
1) Flatten AdSec with 4D interferometer or FLAO

2) Move swing arm into calibration position and switch on ARGOS 532nm calibration source

3) Acquire calibration source on wave front sensor

4) Record images of the wave front sensor camera as well as the stream of slope offsets produced by the ARGOS BCU. The x/y position of each spot on the wave front sensor camera defines the zero point of the individual slopes in each sub-aperture.

Estimated day time: 2 days (tasks 1 – 4 incl. flattening of AdSec) each side
Estimated night time: 0.5 nights (early tests of task 1 and 2) each side. None after early tests.
5.4.3.3 Sub-System Performance Verification

Many of the tests described in the following are copies of the lab tests performed before the actual installation. Communication of the ARGOS BCU with the LBT AdSec mirror as well as the required control software can only be verified at the telescope once the entire WFS/BCU system has been installed.

Task 1: PnCCD performance
The test required to check the basic functionality of the pnCCD cameras was already described (see 5.4.3.1). The tests described here are designed to verify the performance of the cameras and quantify their basic properties.
1) Power up pnCCD camera and verify operation and communication with the ARGOS system.

2) Record images of the wave front sensor camera. This data set is the basis of the analysis of the basic to quantify the performance of the camera (dead/hot pixel map, noise, common mode noise, ect…)

Task 2: BCU communication and control software verification
Proper communication between the ARGOS BCU fast link and the LBT AdSec system is essential for the functionality of the ARGOS adaptive optics system. The following steps describe a tests designed to verifiy the entire chain of communication between the ARGOS BCU and the LBT AdSec mirror (ASM BCU). A software script is provided to perform these tests.
1) Start up and configure ARGOS BCU and software system

2) Start up AdSec operation and verify configuration

3) Upload artificial test image to ARGOS BCU

4) Trigger one slope computation pass and send slope vector to AdSec (ASM BCU)

5) Record stream of ASM diagnostics (including slope vector) on FLAO IDL terminal and ARGOS BCU master diagnostics

6) Compare slope vectors retrieved from FLAO IDL terminal and ARGOS BCU master diagnostics. The slope vectors have to be identical.

Estimated day time: 1 day each side (task 1), 2 days each side (task 2)
Estimated night time: none
5.4.3.4 Alignment verification

The final alignment of the wave front sensor system with respect to the telescope axis/Luci optical axis is performed using the ARGOS calibration source. This test will be repeated at a number of telescope elevations within the allowed operational ranges of ARGOS (Zenith distance 0 – 45°).
1) Move swing arm into calibration position and switch on ARGOS 532nm calibration source

2) Slew telescope to the desired elevation

3) Record light from calibration source on the patrol cameras and on the wave front camera (pnCCD). Verify location of spots.

4) Repeat step 3 for remaining elevations.

Estimated day time: 1 day
Estimated night time: none

5.4.3.5 Verification of WFS patrol camera functionality

Task 1: Observation of laser spots on patrol cameras

The night-time adjustments consist of the following steps:
1) Point the telescope (target TBD)

2) Take dark images with all three patrol cameras of one side (no lasers propagated on sky) if required.

3) With the laser beacon at the nominal constellation radius, propagate the lasers on sky (one side).

4) Check the location of the LGS beacons on the patrol cameras.  Move the LGS beacon until the laser guide stars are centred on the patrol cameras. The LGS beacon is moved by applying offsets to the LGS flexure loop, driving the periscope mirrors.

5) Verify the patrol camera field of view by moving the individual laser guide stars within the allowed LGS beacon range (see AD 04). 

6) Repeat steps 1 -5 on the other side

Task 2: Patrol camera loop verification

1) Acquire interaction matrix of LGS offsets with respect to observed LGS coordinates on the patrol cameras.

2) Close patrol camera loop and verify proper response of the control loop (the LGS must be “pulled” to the centre of the wave front sensor entrance aperture).

Remark: The function and performance of the patrol camera loop will depend on the weather conditions. This test will therefore be repeated in a number of nights with varying weather conditions (e.g. with cirrus clouds).

Estimated day time: none
Estimated night time: 0.5 nights each side (Task 1), 2 hours of multiple nights (Task 2)

5.4.3.6 Internal loop performance verification

The following tests are performed with the internal light source of the wave front sensors. 

Task 1: Internal jitter loop verification
1) Switch on internal light source

2) Verify spots on the wave front sensor camera and record camera images.

3) Initiate jitter loop and observe spots on wave front sensor camera. The spots should move to the nominal position.

4) Optionally if observed movement is too small to be observable: Deactivate jitter loop and move PZT mirrors off nominal position. Repeat step 3.

Task 2: Internal pupil tracking loop verification
1) If not done previously, switch on internal light source

2) Verify spots on the wave front sensor camera and record camera images.

3) Initiate pupil tracking loop and record wave front sensor camera images. The flux of the spots should increase to the nominal value.

4) Optionally if flux change is too low to be observable: Deactivate pupil tracking loop and move mirrors off nominal position. Repeat step 3
Estimated day time: 0.5 days per side
Estimated night time: none

5.4.3.7 IM generation and closed loop test

The generation and verification of the interaction matrix of the wave front sensor is one of the core tasks of the commissioning effort. It will need to be started as early as possible and will likely repeated  multiple times throughout the entire commission period. The recording of the interaction matrices will be performed with the ARGOS calibration source i.e. no night time is required. Ample time for software verification and debugging need to be provided at the beginning of this commissioning task.  The DM control software as well as the communication to the DM needs to be verified each time before performing this commissioning task. The generation of the IM and closed loop test consists of the following steps:

1) Start up DM operation and verify configuration

2) Start up ARGOS system and switch on 532nm calibration source

3) Acquire calibration source on wave front sensor by adjusting the hexapod of the secondary (tip, tilt and focus)
4) Execute the IM acquisition procedure for first 10 modes (see also remark below)
5) Check closed loop operation with 10 mode IM. The data taked in this step is used to quantify the quality of the closed loop operation.
6) Repeat steps 4 – 5 with first 50 modes, then for 100 and 150 modes

7) Adjust parameters and check for optimized correction

8) Check system gain modal optimization

Remark: Brief overview of IM acquisition procedure

The acquisition procedure consists of the following steps, independent of the number of observed modes:
· Load desired of modes into DM and initiate DM correction

· Record SH pattern

· Create IM (dedicated software tool)
· Analyze IM quality (standard tests of IM quality like SVD ect..)
The IM acquisition procedure is described in detail in AD 5.
Estimated day time: 4 days per side at first time, 2 days per side when repeated
Estimated night time: none

5.4.3.8 Closed loop performance verification
Verification of the closed loop performance is part of the previous task (chapter 5.4.3.7), but even with fully optimized parameters this tasks will need to be repeated prior to each regular ARGOS observation. The required procedures and software tools need to be developed during the ARGOS commissioning. The closed loop performance is verified with the ARGOS calibration sources. To our current knowledge this will consist of the following steps:
1) Start up DM operation and verify configuration

2) Start up ARGOS system and switch on 532nm calibration source

3) Acquire calibration source on wave front sensor

4) Load proper configuration and IM

5) Close loop on calibration source with/without artificial turbulence 

6) Analyse performance 
Estimated day time: 2 hours prior to each observation
Estimated night time: none

5.4.4 Summary: WFS Testing and Verification
Responsible: Simone Esposito, Lorenzo Busoni
Additional support: ARGOS team from MPE and MPIA
Required LBTO support: telescope operator

Total estimated time: 11.5 days + 1 night each side
5.5 Tip-Tilt System Verification

5.5.1 Purpose of this Test

5.5.2 ARGOS Status at the beginning of this step

5.5.3 Commissioning Tasks

Dark current measurement with shutter open and closed (night, dome closed)

Throughput verification w.r.t. laboratory measurements

Verification of link to ARGOS BCU 

Use tip-tilt guiding with reference source

Verification of tip-tilt signals when moving W-board

Acquisition of TT stars with APD

Quantification of differential flexure w.r.t. IRTC and pyramid sensor

Determination of on-sky orientation of the lenslet array (for guider matrix)

TT loop testing with stars ranging from 12 mag – 20 mag (with different cadences)

Tracking of telescope on TT star

Off-setting the TT star sensor location in the field

Acquisition of science object with TT loop closed

Acquisition of a TT star on the pyramid sensor

Test of truth sensor on stars with various magnitudes

Optimisation of guiding parameters

5.5.4 Summary: Tip-Tilt System Verification

Responsible: Jesper Storm
Additional support: 
Required LBTO support: telescope operator

Total estimated time: 3 nights each side
6 ARGOS System Tests

6.1 Purpose of these Tests

The primary components of ARGOS will be tested and verified as a complete system for the first time. The tests described in the following sections have to following goals:

· Characterisation and verification of the laser guide stars properties

· Verification and optimisation of the control loops: patrol camera loop, flexure compensation loop, jitter loop, vibration compensation loop

· Verification and optimisation of the feedback between the WFS and laser system (LGS position control)

· Verification of WFS open loop performance and if possible cross check with FLAO pyramid sensor

6.2 ARGOS Status at the beginning of this step

The status of ARGOS before this step is the same as in section 5.1.2, and in addition:

· The dichroics and the wave front sensor systems are installed in the final configuration. The WFS system is tested and operational.

· The computer system required to operate the WFS system is installed. All software modules required to operate the WFS system are installed.

· The network connections for the WFS system are installed

· The calibration sources are installed, aligned and operational.

· The vibration compensation system is installed and operational (TBC).

6.3 Commissioning Tasks

6.3.1 Software and Communication Verification

Wolfgang, Arcetri: please insert details!
6.3.2 Verification of control loops

6.3.2.1 Verification of focus loop

The details of the focus control loop are not well defined at this time. The description of the commissioning tasks will be added as soon as the focus control loop is implemented.

6.3.2.2 Verification of vibration compensation loop

Diethard: please insert details!
Estimated day time: TBD
Estimated night time: TBD
6.3.2.3 Summary: Verification of Control Loops

Responsible: Diethard Peter, Wolfgang Gässler
Additional support: ARGOS team members from: MPE Garching and MPIA Heidelberg

Required LBTO support: 
Total estimated time: 

6.3.3 Laser Beacon Adjustment and Characterisation
6.3.3.1 Adjustment of gating timing, focusing and polarisation of LGS spots
Task 1: Day time pre-adjustment
1) With the calibration source on, adjust the calibration source and the secondary until a sharp image of the calibration source (both the simulated NGS and LGS) is observed on Luci and on the WFS.
Task 2: Night time gating timing and focus adjustment
1) Point the telescope to a bright star (natural guide star)

2) Focus the telescope to produce a sharp image of the natural guide star on Luci (the FLAO respectively)

3) Project laser beacon on sky and verify signal on wave front sensor

4) Vary the gating timing in small steps around the nominal 80 µs gating time (80 µs ± TBD µs) and observe the FWHM (“sharpness”) of the LGS images on the wave front sensor. The gating timing is set to the minimum of the FWHM curve generated in this way.

5) If the optimal gating timing is far of 80 µs, the location wave front sensor needs to be adjusted and steps 4 is repeated.

6) Move the launch input lens in steps around the nominal 12 km focus point and observe the FWHM of the LGS images on the wave front sensor. The launch input lens is moved to the position of the minimum of the FWHM curve.

7) Repeat steps 1 – 5 for the other side.

Task 3: Laser guide star polarisation adjustment
1) Point the telescope (target TBD)

2) Project laser beacon on sky and verify signal on wave front sensor

3) Incrementally rotate the polarisation rotators by ~20° over the full 360° range. Record the LGS flux measured on the wave front sensor. The (three) polarisation rotators can either be rotated synchronously or sequentially.
4) A sin2(() curve is fitted to the data points. The polarisation rotators are set to the maximum calculated flux.

5) Repeat steps 1 – 4 for the other side.

Estimated day time: 1 day (both sides) for pre-adjustment
Estimated night time: 24 hours (3 nights) both sides: Task 2, 8 hours (1 night): Task 3
6.3.3.2 Laser guide star characterisation

Task 1: Characterisation of LGS spot size and flux vs. seeing and weather conditions
This characterisation task will need to be repeated several times during the course of the ARGOS commissioning runs to in order to build a complete dataset of LGS fluxes and spot sizes under various seeing and weather conditions. Each of these measurements consists of the following steps:
1) Project laser beacon on sky (target TBD) and verify signal on wave front sensors

2) Record the LGS fluxes and spot sizes measured on the wave front sensors

3) Record seeing and weather conditions at the time of the measurement

Task 2: Characterisation of LGS magnitude vs. launched power and zenith distance
Calculation of LGS magnitudes from the flux data provided by the wave front sensors requires a calibration of the system. Details of this calibration are TBD. 

1) Point the telescope to Zenith (no tracking)

2) Project laser beacon on sky and verify signal on wave front sensors

3) Decrease the launched laser power (laser diode current) until no signal is detectable on the wave front sensors.

4) Incrementally increase the launched laser power (increments TBD) and record the total LGS fluxes on the wave front sensors. After each increment, the internal (pressurized air) shutter is closed to measure the launched laser power. The measurement is continued until the nominal maximum output power of each laser is reached. 

5) With all lasers set to the nominal operating power, incrementally increase the Zenith distance of the telescopes (increments TBD). Record the total LGS fluxes on the wave front sensors. The measurement is continued until the maximum operational Zenith distance is reached (45°).

In order to build a dataset of LGS magnitudes, this characterisation task should be repeated several times during the commissioning runs.
Estimated day time: 2 hours before observation (standard setup time)
Estimated night time: 3 hours (Task 1) each side, 4 hours (Task 2) each side
6.3.3.3 Laser guide star positioning
In this task, the LGS positioning control (offloading of WFS PZTs) and the feedback to the laser system is verified. This task consists of the following steps:
1) Point the telescope (target TBD)

2) Project laser beacon on sky (one side)

3) Acquire an “interaction matrix” of WFS PZT offloads against LGS flexure loop offloads.
4) Repeat steps 2 – 3 for other side

5) With the interaction matrix implemented into the control loop software, close the loop (on one side) and check performance. 

6) Repeat for other side.
Estimated day time: 2 hours before observation (standard setup time)
Estimated night time: 12 hours (1.5 nights) with day time in between, both sides
6.3.3.4 Summary: Laser Beacon Adjustment and Characterisation
Responsible: Sebastian Rabien
Additional support: ARGOS team members from: MPE Garching, MPIA Heidelberg and Arcetri
Required LBTO support: telescope operator, laser safety personnel, aircraft spotters
Total estimated time: 1 day + 6.5 nights both sides
6.3.4 Wave Front Sensor Open loop Performance

The following pre-requisites apply before the start of this commissioning task:

· The DM needs to be set to and maintained flat throughout the measurements

· The positioning control loops described before are working on sky.
· A calibration for the ARGOS LGS WFS and FLAO exists
This task then consists of the following steps:

1) Point the telescope (target TBD)

2) Project laser beacon on sky (one side) and verify signal on wave front sensor

3) Measure and record slopes on both sides

4) If possible, record slopes on the FLAO in parallel

5) Record NGS images on Luci and/or the acquisition camera to estimate the seeing
6) Repeat steps 1 – 5 for different elevations
The measurements acquired during this commissioning step are compared to NGS data and form the basis for the LGS open loop performance estimation.

Estimated day time: 2 hours before observation (standard setup time)
Estimated night time: 2 nights both sides

6.3.4.1 Summary: Wave Front Sensor Open loop Performance

Responsible: Simone Esposito
Additional support: ARGOS team members from: MPE Garching, MPIA Heidelberg and Arcetri

Required LBTO support: telescope operator
Total estimated time:  2 nights both sides
7 ARGOS System On-Sky Commissioning
7.1 Purpose of this Test

The purpose of this series of tests is the full verification and characterisation of the ARGOS system under realistic conditions. This includes:

· AO closed loop demonstration and performance characterisation

· Verification of observing modes for realistic imaging/MOS spectroscopy cases

· Full performance characterisation of the ARGOS system 
· Characterisation and quantification of observational and technical limitations
7.2 ARGOS Status at the beginning of this step

The entire ARGOS system including all sub-systems, computers and software has to be installed in the final configuration and working according to specifications. All previous steps of the commissioning process where carried out successfully.
7.3 Commissioning Tasks

7.3.1 Guide star acquisition and loop closure demonstrations

Full sequence of NGS and LGS acquisition and of loop closure demonstrations
Arcetri: please provide additional details!
Before beginning this test, commissioning tasks 8.3.5 (Laser guide star positioning) and 8.3.7 (wave front sensor open loop performance) should be carried out again in order to once more record interaction matrices (which are compared with interaction matrices recorded earlier) and to ensure proper functionality of the system.
The commissioning task then consists of the following steps:
1) Point the telescope (target TBD)

2) Project laser beacon on sky (one side)

3) Close the WFS patrol camera loop (on the respective side) and verify that the laser spots move to the centre of the patrol camera field of view (check for all patrol cameras).

4) Check and record the flux on the WFS detector.

5) Close jitter loop, record flux on detector

6) Close high order loop, record flux on detector.

Estimated day time: TBD
Estimated night time: TBD

7.3.2 High order loop performance characterization

Arcetri: please provide details!
High order loop performance with bright TT reference

High order loop performance with dim TT reference

High order loop performance vs. field position

High order loop performance vs. zenith angle

High order loop performance vs. sky transparency

High order loop performance vs. DIMM seeing

High order loop performance vs. MASS 

Estimated day time: TBD
Estimated night time: TBD

7.3.3 Verification of observing modes

(Verification of LGS, NGS and science object acquisition)
Performing tracking and dithering for realistic imaging cases (realistic cases TBD)

Performing tracking and dithering as well as nodding on slit for realistic MOS spectroscopy cases  (realistic cases TBD)

Estimated day time: TBD
Estimated night time: TBD

7.3.4 Performance characterisation
Measurement and quantification of:

· enhanced point source sensitivity

· spatial resolution vs. atmospheric conditions

· uniformity of PSF

· TT star magnitude limit

· reduction of crowding noise

· increase in slit coupling efficiency

7.3.5 Characterisation of observational limitations

Minimum useful launched laser power

Limits of useful atmospheric conditions (cloud coverage, seeing …)
7.3.6 Characterisation of technical limitations

Mean time between failures and likely type of failures

Time between maintenance 

 ARGOS operational requirements (infrastructure, required staff …)
7.4 Summary: ARGOS System On-Sky Commissioning

Responsible: 

Additional support: 
Required LBTO support: telescope operator

Total estimated time: TBD
8 ARGOS Commissioning Management

8.1 Commissioning Planning

8.1.1 Commissioning tasks

Table 1 summarized all task of the entire ARGOS commissioning effort as described in the previous sections. The table includes the section number to identify the individual tasks, the estimated times this task will need to be performed on site and the total day and night time for each task required for each occurrence (combined day/night time for both sides). An estimate of the required occurrence of any task is given according to the following metric

once: one time only

few times: 2 – 4 times during the commissioning period

repeatedly: more than 4 times during the commissioning period

8.1.2 Definition of commissioning runs

Table 1 defined in section 8.1.1 forms the basis for the definition of individual commissioning runs required to finish the commissioning efforts and is used to estimate the duration of each run as well as the total duration of the entire commission period. The runs required for successful commission of the ARGOS system of one side are defined in Error! Reference source not found.. The commissioning period is divided into ten individual runs in 2013 and 2014. Error! Reference source not found. also gives a detailed list of the tasks planned for each run, a summary of the total number of days and nights and the planned goal for each run. A proposed time frame (calendar months) for the individual runs is also provided. Tasks in parenthesis might not be feasible during the proposed run due to various constraints (e.g. formally no night time during Summer shut down). 
8.1.3 Commissioning planning

to be added, main points already in Table 2

	Task
	Task description
	Occurrence
	daytime
	nighttime

	5.1.3.1
	Alignment of laser beacons w.r.t. LBT telescopes
	once
	2 days
	4 nights

	5.1.3.2
	Characterisation of laser light interactions
	few times
	
	2 hours

	5.2.3.1 T1
	Functional test: Dichroic mechanisms
	once
	2 hours
	

	5.2.3.1 T2
	Functional test: Dichroic interlock
	once
	3 hours
	

	5.2.3.2
	Optical alignment
	once
	2 days
	

	5.2.3.3 T1
	Field distortion and pointing check
	once
	
	1/2 night

	5.2.3.3 T2
	Spectral performance
	once
	
	1/2 night

	5.3.3.1
	Test of swing arm functionality
	once
	1 day
	

	5.3.3.2
	Calibration source power check
	once
	1 day
	

	5.3.3.3
	Alignment of calibration unit
	once
	6 days
	

	5.3.3.4
	Test of the fine adjustment procedure
	once
	4 days
	

	5.4.3.1
	WFS sub-systems functionality test
	once
	4 days
	

	5.4.3.2 T1
	Checking spot geometry on WFS camera
	repeatedly
	1 day
	1/2 night

	5.4.3.2 T2
	Adjustment of pupil centre
	once
	1 day
	1/2 night

	5.4.3.2 T3
	Verification of WFS slope signal v. AdSec tip/tilt
	few times
	1 day
	

	5.4.3.2 T4
	Measurement of slope offset
	few times
	1 day
	

	5.4.3.3 T1
	PnCCD performance
	repeatedly
	2 days
	

	5.4.3.3 T2
	BCU communication and control software test
	few times
	4 days
	

	5.4.3.4
	WFS alignment verification
	once
	1 day
	

	5.4.3.5 T1
	Observations of laser spots on patrol camera
	once
	
	1 night

	5.4.3.5 T2
	Patrol camera loop verification
	repeatedly
	
	2 hours

	5.4.3.6 T1
	Internal jitter loop verification
	once
	1/2 day
	

	5.4.3.6 T2
	Internal pupil tracking loop verification
	once
	1/2 day
	

	5.4.3.7
	IM generation and closed loop test
	repeatedly
	4 days
	

	5.4.3.8
	Closed loop performance verification
	repeatedly
	2 hours
	

	5.5.3
	Tip-Tilt system tasks
	TBD
	
	

	6.3.1
	ARGOS system control software and communication verification
	few times
	1 days
	

	6.3.2.1
	Verification of focus loop
	TBD
	
	

	6.3.2.2
	Verification of vibration compensation loop
	few times
	3 days
	

	6.3.3.1 T1
	Laser beacon daytime focus pre-adjustment
	once
	1 day
	

	6.3.3.1 T2
	LGS focus adjustment
	once
	
	3 nights

	6.3.3.1 T3
	Laser guide star polarisation adjustment
	once
	
	1 night

	6.3.3.2 T1
	 LGS spot size and flux vs. seeing and weather conditions
	repeatedly
	
	3 hours

	6.3.3.2 T2
	LGS magnitude vs. launched power and zenith distance
	repeatedly
	
	4 hours

	6.3.3.3
	Laser guide star positioning
	once
	
	12 hours

	6.3.4
	Wave front sensor open loop performance
	few times
	
	2 nights

	7.3.1
	Guide star acquisition and loop closure demonstrations
	repeatedly
	
	TBD

	7.3.2
	High order loop performance characterization
	repeatedly
	
	TBD

	7.3.3
	Verification of observing modes
	repeatedly
	
	TBD

	7.3.4
	Performance characterisation
	n.a.
	off-line
	

	7.3.5
	Characterisation of observational limitations
	n.a.
	off-line
	

	7.3.6
	Characterisation of technical limitations
	n.a.
	off-line
	


Table 1: Summary of all ARGOS commissioning tasks
	year
	2013
	2014

	
	run 1
	run 2
	run 3
	run 4
	run 5
	run 6
	run 7
	run 8
	run 9
	run 10

	
	Oct/Nov 13
	Dec 13
	Feb 14
	March 14
	April 14
	May 14
	Summer 14
	Sept 14
	Oct 14
	Dec 14

	task list (see table 1)
	5.1.3.1
	5.3.3.1
	5.2.3.1 T1-T2
	5.1.3.2
	5.3.3.2
	5.4.3.2 T3-T4
	5.5.3
	5.4.3.2 T1
	5.4.3.2 T1
	5.4.3.2 T1

	
	5.1.3.2
	5.3.3.2
	5.2.3.2
	5.2.3.3 T1-T2
	5.3.3.3
	5.4.3.3 T2
	(5.1.3.2)
	5.4.3.2 T3-T4
	5.4.3.2 T3-T4
	5.4.3.2 T3-T4

	
	
	5.3.3.3
	
	5.4.3.1
	5.3.3.4
	5.4.3.4
	
	5.4.3.3 T1-T2
	5.4.3.3 T1
	5.4.3.3 T1

	
	
	
	
	5.4.3.2 T1-T2
	
	5.4.3.5 T2
	
	5.4.3.5 T2
	5.4.3.5 T2
	5.4.3.5 T2

	
	
	
	
	5.4.3.3 T1
	
	5.4.3.7
	
	5.4.3.7
	5.4.3.7
	6.3.1

	
	
	
	
	5.4.3.5 T1
	
	6.3.1
	
	5.4.3.8
	5.4.3.8
	6.3.3.2 T1-T2

	
	
	
	
	5.4.3.6 T1-T2
	
	6.3.3.1 T1-T3
	
	6.3.1
	6.3.1
	7.3.1

	
	
	
	
	(6.3.3.1 T2)
	
	6.3.3.2 T1-T2
	
	6.3.2.2
	6.3.2.2
	7.3.2

	
	
	
	
	
	
	6.3.3.3
	
	6.3.3.2 T1-T2
	6.3.3.2 T1-T2
	7.3.3

	
	
	
	
	
	
	6.3.4
	
	6.3.4
	7.3.1
	

	
	
	
	
	
	
	
	
	7.3.1
	7.3.2
	

	
	
	
	
	
	
	
	
	
	7.3.3
	

	
	
	
	
	
	
	
	
	
	
	

	days
	2
	6
	1.5
	4
	6 (TBC)
	5
	TBD
	7
	6
	3

	nights
	4
	0
	0
	1.5
	0
	5
	2 h
	5 (TBC)
	6.5 (TBC)
	6.5 (TBC)

	
	Laser & Laser launch system test
	Cal Source
installation
	Dichroic installation
+ alignment
	WFS
installation
+ alignment
	Cal Source
alignment
	LGS
Detection
	TT -system
installation
	WFS
loop closure
	On-sky
commiss. I
	On-sky
commiss. II


Table 2: Definition of ARGOS commissioning runs 2013 and 2014
8.2 Required Telescope Time and LBTO Resources
to be added, main allocation in table 2
8.3 List of acronyms
	AGW
	Acquisition Guiding and Wavefront sensing

	AIT
	Assembly, Integration and Testing

	AIV
	 Assembly, Integration and Verification

	AOS
	Adaptive Optics System

	APD
	Avalanche Photo Diode

	ASM
	Adaptive Secondary Mirror

	BCU
	Basic Computational Unit

	CCD
	Charged Coupled Device

	CSW
	Common SoftWare

	CUS
	Calibration Unit Software

	CW
	Contiunious Wave

	DIMM
	Differantial Image Motion 

	DIQ
	Delivered Image Quality

	DM
	Deformable Mirror

	DMD
	Deformable Mirror Diagnostics

	DSP
	Digital Signal Processor

	EMCCD
	Electron Multiplied CCD

	FAA
	Federal Aviation Administration

	FLAO
	First Light Adaptive Optics

	FOROT
	Forecast Optical Turbulence 

	FOV
	Field of View

	FPGA
	Field Programalbe Gate Array

	FTE
	Full Time Equivalent

	FWHM
	Full Width Half Maximum

	GLAO
	Ground Layer Adaptive Optics

	GLAS
	Ground layer Laser Adaptive optics System

	GS 
	Guide Star

	ICD
	Interface Control Document

	IIF
	Instrument InterFace

	ILT
	Instrument Level Test

	IPC
	Inter Process Communication

	IR
	InfraRed

	LBC
	LBT Camera

	LBT
	Large Binocular Telescope

	LBTB
	LBT Beteiligungsgesellschaft

	LBTC
	 Large Binocular Telescope Corporation 

	LBTI
	LBT Interferometer

	LBTO
	LBT Observatory

	LCSW
	LGS Common SoftWare+B112

	LCU
	Local Computational Unit

	LGS
	Laser Guide Star

	LGSF
	LGS Facility

	LGSW
	LGS Wavefront Sensor

	LL
	Laser Launch

	LLS
	Laser Launch System

	LLT
	Laser Launch Telescope

	LUCIFER
	LBT Near Infrared Spectroscopic Utility with Camera and Integral Field Unit for Extragalactic Research

	MAIT
	Manufacturing, Assembly, Integration and Testing

	MCAO
	Multi Conjugated Adaptive Optics 

	MMT
	Multi Mirror Telescope

	MODS
	Multi-Object Double Spectrograph

	MOU
	Memorandum of Understanding

	MPE
	Max-Planck Institute for Extraterrestrial Physics

	MPG
	Max-Planck Gesellschaft

	MPI
	Max-Planck Institute 

	MPIA
	Max-Planck Institute for Astronomy

	NGS
	Natural Guide Star

	NICMOS
	Near Infrared Camera and Multi-Object Spectrometer

	NIR
	Near InfraRed

	NOAO
	National Optical Astronomy Observatory

	PA
	Product Assurance

	PHL
	Preliminary Hazard List

	PID
	Proportional, Integral and Differential

	PO
	Project Office

	PSF
	Point Spread Function

	PW
	Pulsed Wave

	QA
	Quality Assurance

	RCO
	Radiation Control Office

	RLGS
	Rayleigh Laser Guide Star 

	RMS
	Root Mean Square

	RON
	Read Out Noise

	RPC
	Remote Procedure Call

	RTC
	Real Time Control

	SCAO
	Single Conjugated Adaptive Optics

	SCIDAR
	SCIntillation Detection And Ranging

	SDT
	Science Demonstration Time

	SH
	Shack Hartmann

	SNR
	Signal to Noise Ratio

	SR
	Strehl Ratio

	SVD
	Single Value Decomposition

	TBC
	To Be Confirmed

	TBD
	To Be Defined

	TCS
	Telescope Control Software

	TRE
	Test Review Europe

	TT
	Tip Tilt

	TTW
	Tip Tilt Wavefront sensor

	UA
	University of Arizona

	UMAC
	Universal Motion and Automation Controller

	WDHS
	Wavefront Data Handling

	WFS
	WaveFront Sensor
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