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1.0S installation and configuration

OSinstallation and configuration, following the steps described in the following paragraphs, must
be done with root privileges.

Install selecting the "software development workstation™ setting. This will install most required

packages automatically. Aftdre installation from a distribution media, a full update is suggested.
The list of RPMs after OS installation + upgrade is in:

1 rpmlistcentos6.ixfor CentOS &

1 rpmlist-centos?.txfor CentOS 7.x

1.1. Network configuration

T Putin/etc/hostghe addresses of the devices as specifieahimmbers.
1 The firewall configuration must allow network packets from the BCU's. The easiest way is
to declare the ethernet interface of the BCU subnet as trusted.

1.2. Kernel parameters

In order to @il configure the Adaptive Secondary it's needed to expand (if not) the shared memory
size provided by the Operating System.
To check if there is enough shared memory you can write (from root):

#sysctl -a|grep shm

and look for the lines:

kernel.shmall = 131072
kernel.shmmax = 536870912

If you have values for kernel.shmall and kernel.shmmax have lower values, please
changédetc/rc.d/rc.localfile adding the two lines:

sysctl -w kernel.shmall=131072
sysctl -w kernel.shmmax=536870912

This will set the valueat reboot. You may also give the commands at a command propmpt for
immediate effect.


http://aowiki.arcetri.astro.it/pub/FLAO/CentOS67Installation/rpmlist-centos6.txt
http://aowiki.arcetri.astro.it/pub/FLAO/CentOS67Installation/rpmlist-centos7.txt
http://aowiki.arcetri.astro.it/FLAO/IpNumbers

1.3. Add non-default repositories

Some packages (mainly related to Qt version 3) are not available in the default CentOS6.x
repository, You must add both tepeland theatrpmsrepositories to the yum list as shown below:
EPELCentOS 6

wget http://dl.fedoraproject.org/pub/epel/6/x86 64/epel -release - 6- 8.noarch.rpm

rpm - Uvh epel-release - 6- 8.noarch.rpm

ATRPMS You must add a filefetc/yum.repos.d/atrpms.repath the following content:

[atrpms]

name=Red Hat Enterprise Linux $releasever - $basearch - ATrpms failovermethod=priority
baseurl=http://www.mirrorservice.org/sites/dl.a trpms.net/el$rel easever-
$basearch/atrpms/stable

enabled=1

gpgcheck=0

EPEL CentOS 7:

http://dl.fedoraproject.org/pub/epel/7/e/epel -release - 7-5.noarch.rpm

1.4. Add Zeroc-ice repository

Note: Ice 3.6 which is the latest available at the moment of this writinpseet to provide RPMs
for python support. Thjere is a python package available from PYPI, but only for python 3. We
currently choose to develop against Ice 3.5

The easiest way to retrieve the code is to add the proper file to the yum directory as follows:
CentOS 6.x:

cd /etc/yum.repos.d
sudo wget https://zeroc.com/download/Ice/3.5/el6/zeroc -ice - el6.repo

CentOS 7.x:

cd /etc/yum.repos.d
sudo wget https://zeroc.com/download/Ice/3.5/el7/zeroc -ice -el7.repo

1.5. Install additional packages
The following are requiredackages from the CentOS distribution:


http://dl.fedoraproject.org/pub/epel/6/x86_64/epel-release-6-8.noarch.rpm

yum install gt - devel PyQt gmp- devel pyfits qt3 - config kdelibs3 -devel libXpm - devel cfitsio -
devel Irzsz

Depending on the initial selection of features when installing CentOS, it might be necessary to
install some thedllowing packages:

yum install gcc - c++ subversion boost -devel ncurses - devel python - devel readline -devel
armadillo - devel mysqgl++- devel openmotif - devel xterm

Then we need the ICE packages:

yum install ice ice  -libsice -c++develice -python ice -python-devel

Note: the FLAO supervisor build procedure requires that a "version independent” link is created as
in the following example (Note: make the link to the actually installed Ice version):

In -s/usr/share/lce -3.4.2 /usr/share/lce

1.6. Install IDL

You must followdirections provided by IDL vendor. Current tested version is IDL 7.1, but other
releases may work also.

1.6.1. IDL related notes

Note 1: do not forgeto install/configure the licers
Note2: make sure that the fAport map defaplrdstgbutann i s

sudo yum install portmap

Note 3: Under CentOS 6.x thidirpcserver can only be started with root privileges. As an
alternative Exelis suggests to also specify the port as follows:

idirpc - port=0x20001000

This seems not tawvork in all circumstances. We found more stable a different solution:
1 Change toootthe ownership of thelrpc executable and declare the samedé&uid:

chown root <idl_rpc_executable>
chmod & <idl_rpc_executable>



The location of the executable filepends on the IDL release. The FLAO installation procedure
has a tool to find where IDL is installed, so you can delay this step after the preparation of the
installation environment described below.

1.7. Add shared libraries to the runtime path
Create librarypath files as follows (Note: the IDL path may vary):

echo /usr/local/gwt -5.1.2/li b > /etc/ld.so.conf.d/qwt.conf
echo /usr/local/lexelisv  is/idl71/bin/bin.linux.x86 64 > /etc/ld.so.conf.d/idl.conf

Then refresh the path:

/sbin/ldconfig  -v

1.8. Support for NFS mounts

1 The ADSEC server must be set to export via NFS the direttat/aomeas to the WFS
server

T The WFS servemust NFS mount the directofiypcal/aomeas exported by the ADSEC
server.

Note 1: In order to allow proper access to files fla® user accoursind other accounts used for
development should have the same UID on the two servers.

Note 2: To allow the expected propagation of UID in NFS mounted filesystems the
optionvers=3 must be used in fileetc/fstab of the mounting client.

1.9. User accounts

Theproduction FLAO software will run from the accodlain. This account must not be used for

any software development whatsoever.

Software tests and any other maintenance operation will be performed from any other suitable user
accounts.

1.9.1. flao account configuration

The flao account must have read/write access to the FLAO working directories

/local/aolog

llocal/aomeas (Note: this is a real directory on ADSEC server and is NFS mounted on the WFS
server.

The two directories must be created in advance andhmaustproper owner and permissions
(suggested owner:groupfro:flao, suggested permissianBwxrwxr-x)

1.9.2. Development and maintenance account configuration

Development and maintenance user accounts must have read/write access to the
directory/local/aomeas. (Suggestion: add user accounts used for developmeritdo gneup



1.10. 4D and IDL
To use the 4IPhagCam4020 with the IDL wrapper:

T Add thePYRO_CONFIG_FILE environment variable (i.e equals to
$(ADOPT_ROOT)/conf/left/Pyro_Client.conf)
1 Set the variabley_VER in Makefile.gen

2.Software 1 nstallati on

2.1. Bulding a test version of FLAO Supervisor

The FLAO Supervisor can (and must) be built and tested from any convenient account which will
not be used for the production installation. The account needs (and must have) only normal user
privileges. Here follows the description of main steps.

2.1.1. Checkout FLAO Supervisor source tree and prepare for building

You must checkout from the proper SVN repository to get the FLAO version you want to install
into any convenient directory. The following example gets the source tree from the SVN trunk and
checks it oubnto./sourceg(You have to specify an authorized username and you'll be prompted for
a password):

svn checkout "svn+ssh://username@adopt.arcetri.astro.it/aogroup /svn/AOSupervisor/trunk
source"
cd source

Then you must set up the environment to alémmpilation:

python prepare.py
make

source flao_environment.sh

The prepare procedure creates some working directories on your HOME checks the availability of
IDL and creates the filégao_environment.sh with the environment definition required for the
comgplation of FLAO Supervisor.

You may want to add the source command to your environment setup procedure at login
(usually.bashrc) to have it executed at every login

Note: If the prepare.pyrocedure has executed correctly, you now can find the locati@iof
executable files as follows:

echo $IDLLIBDIR

And you can modifydirpc properties as directed above (see paragraph on IDL)
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2.1.2. Building and installing the source code

NOTE: please be sure you have sourced the environment definition
procedurélao_environment.sh before attempting to build the Supervisor.
The FLAO Supervisor build process is in four steps:

1. Build the contributed software

cd $ADOPT_SOURCE/contrib
nake (see note below)
sudo make install

2. Compile and install the Supervisor

cd SADOPT_SOURCE
make
make install

Note: verify that the install procedure has set proper ownership (root) and perm(sstaity to
the following executablesnirrorctl, masterdiagnostic

2.1.3. Installing configuration ad calibration data

Cdibration and configuration datare maintained in a different SVN repository. To install them
you must first checkout the latest version onto a suitable directory:

svn checkout "svn+ssh://username@adopt.arcetri.astro.it/aogroup/svn/AOSupervisor/confcalib
confcalib

Then to instaltonfiguration and calibration files:

cd .../confcalib
make install_conf
make install_calib

2.2. Tools for automatic installation, deployment and usage

In the following page we resume the usage of procedures to install FLAO software, deploy on the
AdOptservers and start stop the software subsystem.

The management of FLAO software is performed by three procedures (which can be found at the
root of the source code directory tree as checked out from the SVN repository.



1 prepare.py. Environment setup for créag an installation to be used for software
development and tests. The environment is suitable to run a single subsystem
(adsecinfs, right / left).

T deploy.py. To deploy a runtime build of FLAO software onto the four subsystem servers.
The deployed builis named TEST and is suitable for running the AO system at the
telescope. The same procedure will be used at the end of tests to release (freeze) the build
after testing

1 flao.py. Procedure to be used by the TO to manage the FLAO software, i.e.: select an
available build, start/stop processes and the like. This procedure is intended to be usable as a
standalone tool, i.e.: it does not need any other FLAO software component and can be run
on any computer with an SSH access to the FLAO servers

Here follows adetailed description of the procedures and their use.

2.2.1. prepare.py

The purpose of the procedure is to setup a proper environment for FLAO software development
(and/or maintenance) and is usually run once after cyhecking out a fresh version of the FLAO
source code. Here follows the help page which comes oupwtitlon prepare.py.

FLAO Supervisor environment setup procedure. Version 2.4  L.Fini, April 2015.

Usage:
python prepare.py check Check environment
python prepare.py make Create environment

python prepare.py set adsec|w fs leftright Set installation target

This procedure operated on the local environment to be used for build and tests. The
actual installation of "science ready" FLAO system must be done with:

python deploy.py

The procedure provides three subcommands:

1 make. The make subcommand creates (or checks) the environment for development, more in
details:
o Creates local runtime directories: ~/aoroot, ~/aolog, ~/aomeasures.
o Creates a private/public key file pair to be used by ssh and stores them
into ~/.ssh directory of the current user.
o Creates an identity code for the specific build.
o Creates a bash compatible file for setting up environment
variables: flao_environment.sh==

The environment definition file must be explicitly executed to take effect. If



desired it can be executed from the bash startup procedure (usually
=~/.bashrc=). This is enough to be able to make and install the FLAO code,
configuration and calibration files.

Note 1: when installing and running the development build, executable, configuration
and runtime files are all stored in users' specific directories.

Note 2: In order to be able to execute the FLAO software, the specific server identity
(i.e.: adsec / wfs and left / right) must be established with the setsubcommand.

1 check. The check subcommand verifies the environment to check that it is properly set for
compilation and installation of the FLAO software.

1 set. The set subcommand defines the specific identity of the current build so that it can operate
as one of the AdOpt servers (i.e.: either as adsec or as wfs and with the required side
(right or left).

The effect of the procedure is to create the required symbolik link in the ADOPT_ROOT
runtime directory tree and to generate a new version fo the environment setup file
flao_environmat.shsuitable for running the code with the proper identity.

Note: the environment setup procedure must be explicitly executed in order to have effect

2.2.2. deploy.py

The deploy procedure has the purpose to deploy all required runtime files onto the fair AdO

servers. The procedure assumes that the servers have been already configured for the purpose. Eact
server must have an accotiab which will be used for software deployment and to run the FLAO
software.

The procedre is intended to be launched frone tloot of the FLAO software source tree after

properly setting the environment as defined infkxe environment.sh file generated byrepare.py.

Moreover the full software generation sequencge, make install, make

install_conf and make_install_calib must have been completed.

Here follows the relevant items from the help page as displaypdtiyn deploy.py:

FLAO Supervisor deployement procedure. Version 1.6 L. Fini, May 15, 2015 Usage:
python deploy.py [ -Vv] command [args]

-Vv: Ve rbose command nue (for debug)
Commands:
key: Send SSH public key to target S (to be done once)
rel: R elease the TEST installation
test: Deploy a test installation (possibly overwriting a previous one)

The procedure provides four subcommands



1 key. Transmits thessh public key specific for FLAO management to the four AdOpt servers.
Usually this will require to specify the password defined forfld@user on the four
servers. This operation must be done once, before a build is deployed for the first time.

T test. Deploy current build as TEST build. All the required files will be copied onto proper
directories on the four targets and required links will be created. The deployment can be
repeated, in which case the new build is written over the previous one.

Note: After the deployment the current setup of server is not modified, i.e.: the previously
active build (if any) is still active. The selection of active build can be done with
theflao.pyprocedure

1 rel. Releases the TEST build assmence readpuild. The name is generated automatically
and is of the form: 2105X (current year plus a single letter).

T Ink. Redoes the links in the specified build (for test purposes)

Thedeploy.pyalso provides a copyf commands provided biao.py.

2.2.3. flao.py
This procedure is intended to be ubgdrelescope Operators to manage the runtime FLAO
software system. For this purpose it can be used standalone on any computer provided with a
standarcgpython(2.x) installation and allowed to connect gghto the FLAO servers.
Note: because the proceduspawns standard unix commands and requires an X11 server, it is not

supported in MS Windows environments (and has never been tested on Mac OS).
Here follows the help page obtained witython flao.py:

flao.py  Vers. 1.3 Luca Fini, 25 May, 2015

This file contains standalone functions to manage the FLAO
supervisor procedures.

Usage:

python flao.py [ -v] command [options]
-v: Verbose mode (for debug)

Housekeeping commands:

env node Show environment at remote no de
list Show available builds
set build Set active build
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show Show active build
targets Show the names of AdOpt servers and their roles.

AO commands:

start adsec|wfs r|l Start the specifie d subsystem

stop adsec|wfs r|l Stop the specified subsystem

check adsec|wfs r|l Check the specified subsystem

eng adsec|wfs r|l  Starts the engineering GUI on the specified subsystem

2.2.3.1. Housekeeping commands

To be used for various chHeof the build installations.
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env. Show FLAO related environment at given server (for debug purposes)
list. List available builds.

show. Show currently active build

set. Set the specified build as active

targets. List the AdOpt servers and their roles.

2.2.3.2. AO commands

To be used for managing the FLAO Supervisor Software.

=A =4 =4 =

start. Start the specified subsystem (estart adsec right)
stop. Stop the specified subsystem.

check. Check the specified subsystem

eng. Start the engineering GUI of specified subsystem

2.3. Implementation Notes

The procedures described above have the specification of AdOpt servers and their roles built in. If
server names will change in the future, the related tables into tfi@dilpy must be changed

2.3.1. AdOpt servers

accordingly. The relevanable name is: MTGRAHAM_HOSTS.

The procedures rely on proper configuration of a user account on the four Adopt servers. The userid
must beflao, with any suitable password. A specific public key will be stored irstielirectory
of the account when using tkey subcommand odleploy.pyprocedure. After that all remote

2.3.2. Runtime accounts on AdOpt servers

operations will be done using the key, i.e. without the need to specify a password.

Thedeploy.pyprocedure has some mongtions useful for developers and debuggers. Here follows

2.3.3. More details about deploy.py

the additional help output which is shown wiptkithon deploy.py -h



ADDITIONAL INFO FOR DEVELOPERS
The procedure accepts an additional option:

-a: select a list of target servers available at Arcetri to be used for tests instead
of the servers used for science ready operations.

The procedure also accept additional commands:

fake: Make a FAKE build (for debugging)
Ink: Redo build links

Note: The FAKE build just contains a fake implementation of the FLAO process launching python
scripts.

2.3.4. More details about flao.py

The flao.py procedure has some more options useful for developers and debuggers. Here follows the
additional help output which is shown with: python flao.py -h

ADDITIONAL INP FOR DEVELOPERS
The procedure accepts an additional option:
-a: select a list of target servers available at Arcetri to be used for tests instead of

the servers used for science ready operations.

2.4. Configuring AO data backup

There are two levels of datnirroring active at LBTO:

1 Local data mirroring: from server internal disks to local shared SAN disks.
1 Remote data mirroring: from SAN disks to NAS in Arcetri (not yet finished)

Each level provides for mirroring log files and AO data

Log files:

adsecdx /local/aolog /ao-data/adsecdx/aolog

wfsdx /local/aolog /ao-data/wfsdx/aolog

adsecsx /local/aolog /ao-data/adsecsx/aolog

4 4 4 4

wfssx /local/aolog /ao-data/wfssx/aolog

Calibration data:



adsecdx /local/towerdata/adsec_data = /ao-data/adsecdx/adsec_data

adsecsx /locallaomeas/adsec_calib =* /ao-data/adsecdx/adsec_data

Data mirroring is performed by tlachiver.py procedure. This procedure is designed to be
regularly run(for example once a day) from a crontab file. Each of the four AO computers should
have this line in their crontab file:

MM HH * * * <YOUR_PATH_TO_ADOPT_ROOT>/py/archiver.py i r

Where MM and HH is a suitable time for data backup (usually, in the middthe day, in order to

avoid networkraffic during the night), and the path should be set in order to point to the current

AO software i-ngdtaptiadohonel Toethe procedure to
jobs.

Further information on #archiver.py procedure, how to configure backup jobs, etc. is available in
the archiver.py file itself as a Python docstring.

3.Software overview

3.1. Control computers

The FLAO software runs on two workstations, calldddx andadsecdx dedicatedespectively to
control the WFS and the Adaptive Secondary. These workstations aspedidic and are not part
of the TCS server farnbut are accessible via ssh from any TCS machine or operator/observer
workstation The software runs on these workstasi@as useAOeng.

3.2. Complete start/stop/restart

The FLAO software is not a single program, but a collection of processes dedicated to hardware
control, plus several more processes which coordinate their actions to perform most AO operations.
All processes@ normally always running, but it may happen that the software must be shutdown
and/or restarted (for example, in case of computer power failures).

A few commands have been implemented on the two workstations to start and stop the complete list
of processes. These are:

1 w_start (on wfsdx) to start all the wAeelated processes

1 w_stop (on wfsdx) to stop all the wAselated processes

1 w_restart (on wfsdx) to execute a stop followed by a restart

1 w_check(on wfsdx) to check whether the wfs software is ragni
adsc_start(on adsecdx) to start all adsextated processes
adsc_stop(on adsecdx) to stop all adsestated processes
adsc_restart(on adsecdx) to execute a stop followed by a restart
adsc_checkon adsecdx) to check whether the adsec software méngin
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All these commands are telzsed and can be issued by any text terminal on the control
workstation. They will report the execution status and any errors which may arise. Multiple start
commands will cause no harm.

The two software sets (wfs and ads@® in constant communication lare independent and can
be stopped/started separately in any order.

3.3. Overall software scheme

The following diagram gives a general description of how the AO software is structured:

AQOS level AOS
AQO Arbitrator
Arbitrator level |7 —I
AdSec AdS Wrs
Arbitrator Arbit e;: WFS Arbitrator Arbitrator
GUI rbitrator GUI
Hardware AdSec - * WFS
control Engineering IDL controller Device controllers Hardware
level GUI GUI
Hardware Adaptive WFS
Secondary

Note the various horizontal levels: AOS, Arbitrator, Hardware control.

The following paragraphs give ashdescription of the various software components, including
the three levels detailed above.

3.3.1. System processes

The lowestand usually invisiblelevel is composed by the system processes which perform all
housekeeping and messgeassing tasks, and which maintée overall AO status. A detailed
knowledge of these processes is not required except for debug purposes, since at this level all
operatons are automatic.

However a list of the fundamental processes follows:
1 MsgD-RTBD (message daemon and rBale database): one copy for each workstation is

running. Manages message passing between all the other processes, maintains a central
variable r@ository (similar to the telescope Data Dictionary), and manages shared memory



buffer for quick transfer asizeable volumes of diagnostic data. Any kind of problem with
the MsgD is usually fatal to the AO system, requiring a complete restart.
1 MirrorContrdler: the name is slightly misleading since this is the main hardware
communicator process also for the WFS. Manages communication with the Microgate
BCUs onboard the Secondary Mirror and the WFS.
MasterDiagnostic: manages the diagnostic data stream cérminghe AO hardware
Pinger: keeps an eye on the AO network and signals if something goes offline.

= =4

3.3.2. AdSec control processes

The actual AdSec control program is written the IDL language and is managed by the IdICtrl
process. The IdICtrl allows commatide like access to the IDL control process for debug
purposes, but the usual method of controlling the mirror is to usdéughinterfaces like the
AdSec Arbitrator (see chapte8s3.4and chapte®). Various other processes handle housekeeping
details of the mirror hardware, and perform continuous surveillance of the naifety.SThese

safety mechanisms can shut down the mirror at any time, either in seeing limited or AO
observations, if they detect some unsafe condition in the mirror shape or forces.

3.3.2.1. IDL issues

The use of IDL code requires an IDL license to be alveagslable. Usually this is implemented

with an IDL license server, to which the IDL program connects to verify that license validity. If this
license server is not working or otherwise unavailable, the IDL program will not start (or stop in a
short time ifit was running). Failure of the IDL license server will cause the Adaptive Secondary to
shut down for safety, and will cause some malfunctions, but not complete shutdown, on the WFS
software.

3.3.3. WFS control processes

The WFS system does not have a singiénnhardware control process like the AdSec, but is
instead distributed into a number of processes, each of which takes care of controlling a single
hardware devicelhe coordination is then done in the Wfs Arbitrator process (see next chapter).
IDL is usead sparingly, but similar license problems exist as in the AdSec software.

3.3.4. Arbitrators

Coordination at the subsystem level (wfs and adsec) is done by the Arbitrator processes. The
Adaptive Secondary has its own Arbitrator, as the WFS has. The Arbitrdés thie actual

hardware implementation, and instead makes available a fewdvighcommands which

implement the more common AO operations. The Arbitrator GUIs are the main interface to the AO
system during engineering operations.

3.3.5. A0S

The AO system is terfaced to the rest of the telescope through the AOS (AO Subsystem). This is a
normal TCS subsystem running on the TCS server farm. The AOS exports the AO commands (a
dozen or so) needed to perform sedingted and AO observations. The AOS GUI is theamima

interface to the AO system during normal observation.



3.4. Engineering interface levels

In order to setup, calibrate and debug the system, a number of engineering interfaces are provided.
Each interface works at a certain level, and is independent ofttbes oThus, they can override
each other and care must be taken not to give conflicting commands. These conditions are noted

where possible in this manual.

As a general rule, an interface foloav-level process (for examptae WFS hardware GUWill
override commands given from a higHewel interface (for example, one of the Arbitrajors

It is therefore recommended to work with the highest available level. In addition, experience has

shown that the complexity of the system is such that, when usrigw-level GUIs, many details

can beforgotten oroverlookedeven by experienced operatodsage of the higlevel interface
make things easier, because most things are performed by scripts which will ensure that all details

are properly taken into acaot.

4. AOSGUI

The AOS telescope subsystem makes available to the TCS and IIF all the AO commands needed for
observation. These commands are intended to be sent from either the TCS command sequencer or

the instrument observingock, but they can also be manually issued from the AOSGUI by the

telescope operator if needed.

4.1. Starting the GUI

The AGSGUI can be started from any T@®chine. The syntax is:
AOSGUI [side]

where[ si de] is either Al efto or
by default.

The two purposes of this GUI are:

9 display AO status information
1 provide an interface to send commands to the AOS

4.2. Status information display

The main AOS GUI window is a status display with all main AO parameters. The window will

become red if the AOS is not running properly.
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4.2.1. Connection to the AO system
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The ®nnection statusan have severahlues:

1 DISCONNECTED: the AOS is not able to talk with the AO system. This may happen
because the Adaptive Secondary software is not runniagsecdx

1 NO ARBITRATOR : the AOS is able to talk with the AO system, but the AO arbitrator is
dwn or not answering. This usually meangroblem on the network or aasecdx

1 STANDALONE': the AOS is connected to the AO system, but the latter is indicating that it
is not ready to receive commands from the AOS.

1 OPERATING: the AOS is connected to the AO system and can send/receive commands.

4.2.2. Overall AO system status

AO
wes.
Quality
100
50 3
0

0 10 20 30 40 50 &0

The AO panel shows higllevel parameters about the AO system:

1 Mode: can assume several values:
o FIX-AO:seeingl i mi ted (Afixedod) mode
o TTM-AO: tip-tilt only correction
0 ACE-AQ: full AO correction
WEFS: shows which focal statidras been selected
Status: shows the overall AO state machine status
Modes: shows how many modes are being corrected
Offload: shows the magnitude of the current tip, tilt and focus offload
Quality: e
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4.2.3. Wfs status and commands

Field viewer

@ Current

() Acquisition

on “orr
|

CCD

Binning “ 1000 3

Counts

500

Freguency 196 |gk 0
0 10 20 30 40 50 60

The WEFS status window showree main WFS parameters:

1 Field viewer: shows either:
0 The current technical viewer (ccd47) image
0 The technical viewer image used in the last source acquisition
The compass right to the image shows the direction of the sky North

1 CCD: show the current ccdriiing, frequency (frame rate) and illumination level in counts

in the last 60 seconds. Binning may be zero if the ccd is off.

1 Onloff: the two buttons ON and OFF control the power to the WFS unit. The ON button, in
addition to simply turn on the power, walso perform a setup of the unit, thus taking some

minutes to complete.

1 Status label: the status label can show either ON or OFF depending on the WFS power
status. The colored bar at the bottom represents the software status and will be either green
or red, the latter case signaling a problem in the wfs softwidrere is currently no way of
detailing or correcting such a problem from the AOS GUI, and the engineering interface
must be used instead (see chap®e2and10.1for how to check for software health)

4.2.4. Adaptive Secondary status
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The Adaptive Secondary panel shows the following status information:

1 Shape: name of the last loaded shape file (usudijlcad a dAfl at 0)

1 Main Power: status (ON or OFF) of the thqg®ase power to the unit. Also controls power
to the hexapod

1 TSS Status: status of the wind protection system

1 Coils: status of the voice coils of the adaptive secondary.

4.2.5. Adaptive Secondary on/off/set/rest

The adaptive secondary status indicatigght of the button grouman have three values:
1 OFF: power to the unit is off
1 SAFE: unit is powered on and in safe condition (shell rested)
9 SET: unit is powered on and shell is set for obsermatio

Four buttons control the power and shell status of the Adaptive Secondary:
1 On: turns on the power to the unit and goes to SAFE status. Takes about a minute to execute
1 Set: sets the shell and goes to SET status. Takes about two minutes to execute.
1 Restrests the shell from the set position and goes back to SAFE status. Takes a few
seconds to execute
1 Off: turns off the power to the unit and goes to SAFE status. Takes a few seconds to
execute.

4.2.5.1. Safety locks

In order to ensure the safety of the Adaptiee@dary, the shell can be set only if the following
conditions are met:

1 Telescope elevation is 26 degrees or higher

1 Swing arm is deployed

1 Wind speed is under 8 m/s

If any of these conditiasis not satisfied, the Set command will be refused. If the shell was already
set, it will be rested immediately. The safety feature is fast enough even in the worst case of the

telescope slewing down to zero degrees.

If for some reason any of these infotina do not reach the AO system (for example, the elevation

value stops updating), it will be treated as anajttange condition and trigger the safety lock.

The colored bar at the bottom of the status indicator represents the software status aneitivér b

green or red, the latter case signaling a problem in the AdSec software. There is currently no way of
detailing or correcting such a problem from the AOS GUI, and the engineering interface must be
used instead (see chapt8r2and10.1for how to check for software health)

4.2.6. Command execution reporting



Messages

When any ommand is started, the name of the command is reported in the lower part of the GUI,
along with the string ARunningo. When the com
reported. If there is any error, the error string is reported insteaddaed to the message box

below. Additional messages may appear in the message box during command execution, offloads,
etc.

4.3. Command GUI

Clicking on the ACommand GUI O button at -the t
window:
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4.3.1. AO commands

Each AOcommand has its own command button. Many command have parameters which appear
next to the corresponding button.
The parameter input boxes serve both as input and as output: when a command is sent by the IIF,
the corresponding parameters are written ingoitiput boxes. Alternatively, the operator can input
the parameter manually (or modify the ones written before automatically) and send the command
manually.
Each command has a status indicator next to it which can have three values:

1 Running: the command @urrently executed

1 Success: the command has completed successfully



9 Failure: the command could not complete because of an error. Additional error information

is available on the main AOS GUI window.

Error conditions include the refusing of a command beeduvas not allowed in the current AO

status.

The progress bar at the bottom shows the command execution progress with respect to the
command timeoutt is not possible at the moment to interrupt a command during execution.

5. Engi neering

GUI s

Unlike the AOSGUI, all théO engineering GUIs must be stattdom the AO control computers

(see chaptes.1).

5.1. Starting the Engineering GUIs

A quick-start paneéxists on both computers to stdre relevant engineering interfaces. This panel

is called:

1 wfsengon wfsdx
1 adscengon adsecdx

The pandd can be started typing th@@me on any terminal (an X connection must be present).

Each panel shows the interface avai | abl e
button next to their name. Unless otherwise noted, multiple copies of the interfaces can be started

without limitations.

.

WFS software

WFS INTERFACES

WFS Arbitrator GUI
WFS HW GUI

WFS Board GUI
Variable inspector

Start
Start
Start
Start
Start
Start
Start

System processes
AdOpt interactive shell

Optical loop diagnostic

3,

A,

for

ADSEC software

ADSEC INTERFACES

t he

system,

AdSec Arbitrator GUI

Start

AdSec Housekeeper GUI

Start

AdSec Mirror GUI

Start

Variable inspector

Start

System processes

Start

IDL terminal

Start

WFS and Adaptive Secondary quistartpanels.

wh i

Alternatively, all interfaces can be started typing their name on a terminal. The correct program

name is noted in the description of the interface, and is resumed here:

T WisControl

(on wfsdx) starts the Wfs Arbitrator GUI

c h



AdSecContro{on adsecdx) starts the AdSec Arbitrator GUI
AdOptControlon adsecdx) starts the AO Arbitrator GUI

wfshw.py  (on wfsdx) starts the Wfs Hardware GUI

BoardGui  (on wfsdx) starts the board status display

AdSecMirGui(on adsecdx) starts the mirror status display

ccd_viewer.py (on wfsdx) starts the ccd viewer

vartool_AO.py (on either computer) starts the RTD®@nface (viewer/editor)

E R I

These GUIs are described in detail in the following chapters.

6.Wf s board status GUI

The Wfs board GUI shows the status of theaus WFS devices.

6.1. Starting the GUI

The WFS Board Status GUI can be started from the wfseng panel (see []), or from a terminal on
wfsdx with the following command:

BoardGui



6.2. GUI description

T e BoardGui [ 4

ADC
[] Tel. track

Disp: |9
Angle: |2

Rerotator

[ ] Tel. track A
Pos: 0.0 b2
t—- EE Filterwheel 1
600-1000 nm
Bl =
Amp (l/d): 1.0
Cameralens :-:f::' Sync
Pos X: -15
==
Pos ¥Y: -24
e
CCD 39 CCD 47
Binning: 0x0 |~ Binning: 0x0 :

Telescope derotator

X Pos:-0.0001

Y Pos:-0.0004
Azimuth: 0

. Z Pos: 0
Elevatio: 0

The GUI is a reanly display of the position of thearious WFS devices. For each device, only

the most relevant information is shown (e.g. filterwheel position, ccd binning and integration
frequency, etc). The Cube icon at the top moves to show the actual physical position of the cube
beam splitter, and l8aa red outline when it is in the reference source beam path. The rectangular
display at the bottom is a map of the focal plane FoV available to the WFS stages, and the current
position is shown with a green Oa2sodrawwWioen t he
indicate the target position. On the lower left, a resume of telescope position and rotation is shown.

7.Wf s Arbitrator GUI



The WFS arbitrator GUI is used to send commands to the WFS Arbitrator, which provides high
level commands to manadeetWFS like startup/shutdown procedures, wfs configuration, dark
frame acquisition, etc. Commands are implemented in the WFS state machine as described in
CANG687f400.

L Y o Oy X
Wfs Status: PO we rO'r-f
Last command: yoNE UNDEFINED

—OnfOff control
Power on config: [Debug "] Qperate ‘
[(Jipoard setup:} | 2010-12-22 Wonly-ADC-ccd470k ||

[] also perform optical setup (need hexaped in position

—Loop control

Status: | open |
Loop control: Close l [ Pause l [ Resume l [ Open l [[] restore last shape
—Loop params Calibration unit
Binning: s Mode: UN DEF'NED
Loop frequency (Hz): Aol ! i
pply Set new mode: | Telescope Calib. source
Modulation(+/- I/D): = [—] [ ” l
lambda = 750nm mn
~Telescope tracking Camera lens AntiDrift
Rerotator: [ on ]| Disabled“ Off ] [ on ] | Disabled | [ Off ] [ on ] | Disabled | [ off ]
ADC: [ on ] | [}isabled| [ Off ] Position: | Not on target ||| Drift amount: 0.0
—Dark and slopenull —Disturbance—— —~Apply XY offset
# frames: [100 ] [ Acquire HO dark l (®) Disabled X l ] iy [ l
# frames: [1[} ] [ Acquire TV dark l O Sync WFs l Apply XY offset l
# frames: [1[} ] [ Acquire IRTC dark l (. ooty OVE Z; [ l
) All frames
# frames: [1[}0 l [ Acquire slopenull l l Apply Z offset l

[:] [ Show WFS status ] WFS Camera

—WifsArbitrator alerts

WifsArbitrator_8061 |DEB| 0|2010-12-22 13:34:26.752653 MAIN > Connected as pyarg

wfsarb is online |




7.1. Starting the GUI

The WFS Arbitrator GUI can be started from the wfseng pane[Jis@e from a terminal on
wfsdx with the following command:

WifsControl

7.2. GUI description

All GUI actions are implemented as one of the arbitrator commands described in CAN687f400.
This has several consequences:

1 only one command can be executed at @ tifio send another command, one must wait for
the previous command completion. The GUI will prevent the operator from sending
multiple commands, graying out all but®while a command is executing
1 Not all commands are available at all times, dependinpestate machine status. The GUI
will either gray out buttons corresponding to unavailable commands, or display an error box
if the command could not be received.
1 Commands parameters are validated before execution. If af-canige or otherwise
invaidpar ameter is entered, a AValidation f ai

7.2.1. Status indicators

Wfs Status: PO we rO'r'f
Last command: yoNE UNDEFINED

At the top of the GUI, the following status information is shown:

1 Wis Status: tells the operator in which state the WFS is at the moment, and therefore which
commands are available. Also, in the GUI commands which are not available at the moment
are grayed out.

Note if the Wfs Arbitrator program is not running, or natrectly responding, the Status

wi || be Aofflined and no commands wil |l be
1 Last executed commands: shows the name of the last command executed by the WFS
arbitrator

1 Command execution status: shows whether a command is executing at the morhent, or t
result of the last command as described in []. When a command is executing, all GUI
buttons are inactive.

7.2.2. Startup/Shutdown commands



—OnfOff control

Power on config: Debug ‘v]

Operate |
Off |

[ liboard setupzé 2010-12-22 Wonly-ADC-ccd47ok |-

[ | also perform optical setup (need hexapod in position)

Starting up the WFES requires turning on the various wfs devices in the correct order. This is

managed bythe WFSkai t r at or command AOperateo, that tal
turn on (the Aconfigurationod) a dwredepideitrtenal |y
Aboard setup fil eo) . -détérmined ly thé programnetadonot f i | e s
generally modifiable by the operator, while the setup files can be found in the WFS calibration
directory as described in [] and may be modified as needed. For correct operation from the AOS, at
least one setup file with the same name asthe ¢inert r ument (e. g. @Al RTCO)

To startup the WFS:
1 select the configuration in the drolewn box
1 (optionally) select the setup file inthe drdlvo wn box, checking the @A
T press the fAiOperateodo button.

Execution of the Operatcommand will often take several minutes.

To turn off the WFES:
T press the AOffO button

Execution of the AOffO commands takes a few s

The startup sequence turns on and prepares for operation all devices in the configuration list.
Movements ar@omed, CCDs are configured to default values, etc.

7.2.3. AO parameters

—Loop params
Binning: |1 %
Loop frequency (Hz): A

| | pply |

Modulation(+/- 1/D): -
lambda = 750nm |D-DU 9

The fAparameter so sect i on-reievant paramatersicod franematej gur e
binning and tigtilt modulation. These parameters are applied together.

1 entet he desired ccd frame rate in the #fAframe
range from 100 to 1000.

T enter the desired binning in the Abinningo

1 enterthedesiredtipi | t modul ati e impwuhe bdmoddlhati v a

modulation radius in lambda/D. Modulation radius can range from O to 6 lambda/D.
T Press the AApplyd button.



The WfsArbitrator will apply the new parameters and, if the ccd configuration is changed, take a
new dark frameising the filter wheel #1 as described in the later chapter []. Execution of the
command will be either very short (less than 1 second, if the ccd parameters are unchanged), or will
take 2030 seconds.

If the ccd or tiptilt configuration is changed ugirthe lowedevel hardware GUI, the Wfs
Arbitrator may not realize this. To avoid problems, after using the hardware GUI, always reapply a
different value from the last command, to force the Wfs Arbitrator to reconfigure.

Note about the modulation: the thdation parameter is converted to-tip voltage commands

using a lookugtable, found in [], based on the ccd frame rate. Not all modulation values are
available at all ccd frame rates, for example at a frame rate of 1000 hz the maximum modulation
radius is 3 lambda/D. In general, higher frame rates will prevent to use the bigger modulation
settings, but a precise specification cannot be given since it depends on the details of the lookup
table. The GUI will give an error to the user when an incorreciutation is entered.

During the setup, the ccd display may fluctuate wildly while the background is taken, and even stop

for a minute or so if the ccd binning is changed. This is normal and the display is not to be
considered valid until the command hasnpleted.

7.2.4. AO loop open/close/pause

Loop control

Status: | open |

Loop control: | Close ;' Pause | Resume | Open '

| restore last shape

Four buttons manage the AO loop status. Because of the need of coordination between the two
systems, the Close and Open buttons will send commands to both the WFS and Adaptive
Secondary.

1 Close: start sendinglopes to the Adaptive Secondary. The secondary must have been
previously configured with the correct input port, reconstruction matrix, etc. The button first
sends a command to the Adaptive Secondary to configure it with the expected frame rate,
and thercloses the loop on the WFS.

This button will also configure the Adaptive Secondary with the disturbance setting, as
described later in []

1 Pause: suspends the loop stopping the slopes. The secondary mirror remains freezed in
shape it had during the lasolpiteration. A paused loop can be either resumed or stopped.

1 Resume: resumes a previously paused loop. Before resuming, the illumination level on the
ccd39 is checked to verify that it similarttee one present when the loop vpasised, and
the resume gomand may be refused if the illumination level is too low.

1 Open: opens the loop stopping the flow of slopes to the Adaptive Secondary. After that,
sends a command to the Adaptive Secondary to inform it that no more slopes are expected.
| f t he fsrheaspteodor eb olxasits ¢ hec k e d-applytihedastshaped nd ar
loaded before closing the loop. Otherwise, the mirror will remain in the position it had
during the last loop iteration.



7.2.5. Rotator tracking

Telescope tracking Camera lens AntiDrift
Rerotator: Oﬂ Disabled fo Gn Disabled | - off [ on | _Disabled off |
ADC: [ on '_ Disabled| | off || | Position: | Not on target | Drift amount: 0.0

When enabled, the Wfs arbitratorlwnove the pupil rerotator to follow the telescope derotator and
keep stable the pupil image on the ccd39. The tracking is applied once per second and has a total
delay of 12 seconds, which gives an error <0.1 degrees in all observing conditionsaip to 8
degrees of elevation. When first activated, or when the telescope is slewing, the tracking may take
some time to reach the correct position.

The pupil rerotator position is computed with the following formula:
rerotPos = derotPos/2.0 * rerotSign +at@ffset + trackingOffset

The <derotPos> values comes from the AOS and is the DD derotator position. The <rerotSign> and
<rerotOffset> values are read from the Wfs Arbitrator configuration file, using the keywords

ARot ator Si gnBi n1o, dsiimiaoforahe aher®inringse It th iSignikeywadnis
missing, a sign ofl is assumed.

The <trackingOffset> parameter is read each time from the RTDB (see []) and is intended to allow
small corrections by the operator.

This tracking is always activatdy the AOS when starting an observation.

7.2.6. Camera lens tracking

When enabled, the Wfs arbitrator will measure the current pupil position using feedback from the
Apupil checkd process, and move the canema | en
The status indicator has three values:

disabled: tracking loop is off and camera lens is not moving
enabled (not on target): tracking loop is on, but the pupils are off the predefined position,
and the camera lens will be moved to recenter them;

1 enabled (on traget): tracking loop is on and the pupils are on the predefined position within
0.1 pixels; the camera lens will be left where it is.

1
il

Regardl ess of the fAenabledo status, camera | e
This happas because, in open loop, the pupils are too aberrated to have an accurate measure of
their position. A consequence of this is that, when the loop is closed, the indicator will temporarily
go to Anot on target o, bec aevesydourtsécendspandotiwll p o s i
take one or two iterations before the actual pupil position is reflected in the target indicator. For this
reason, the first camera lens loop iteration is skipped by the WfsArbitrator after closing the loop.

This tracking $ always activated by the AOS when closing a loop.

7.2.7. ADC tracking



The ADC tracking will follow the telescope elevation and field orientation moving the ADC wheels
to have the correct atmospheric dispersion correction. Operation is similar to the Ratatogir
except thainstead of using a formula, the ADC position is computed using a lookup table found in
[] based on the telescope elevation.

7.2.8. Anti drift

The antidrift loop tries to correct for temperatgepement drifts of the ccd39 background level

It will do so cheking the current background level outside the pupils (in the ccd corners), and
adjusting the current backgroundrne so that the backgrousdiracted levels are zero. This is
done independently on the four ccd quadrants.

Since the B can lockup if the background frame is overwritten while the loop is closed, an
antidrift correction will temporarily stop the ccd integration, overwrite the background frame, and
restart the ccd integration. Because of the slow serial connection todthtéis will result in pause

of about 0.1 seconds. The antidrift correction will be applied at a maximum rate of 1 Hz, and will
slow down as the ccd temperature stabilizes.

7.2.9. Dark frame and slopenull acquisition

—Dark and slopenull

# frames: [100 | | Acquire HO dark
#frames: [10 | | Acquire Tvdark |
#frames: [10 || Acquire IRTC dark |
# frames: [100 | | Acquire slopenull

These buttons allow the operator to takeéark frame for either ccd, or a slope null frame. To take a

dark frame, enter the number of frames to average in the input box next to the button.

When the button iIis pressed, the filter wheel
ccd39background), or to the Aemptyo position (fc
buttons, no rotation occurs. After that, the ccd bias levels are equalized (see hardware GUI []) the
specified number of frames are integrated, averaged, saved on ttisktveicking number, and sent

to the correct BCU as the new background. The ccd display may fluctuate wildly during integration.
The ccd39 background acquisition is a-gpubcedure of the AO paraster apply command (see []).

7.2.10. Disturbance



—Disturbance ——
@ Disabled

() sync WFS

() only OVS

3 All frames

Disturbanceapplication is used to manage the digital disturbance feature of the adaptive secondary.
The disturbance commands are loaded on the secondary BCUSs, but their application is commanded
by the WFS with a bitmask sent together with the slopes. Thereforegrigekhe disturbance
setting, the system must be in closed loop. There are four possible settings:

1 Disabled: no disturbance is applied

1 Sync WFS: one disturbance frame is applied at each optical loop iterations

1 Only OVS: disturbance frames are only appledoversampled frames (see [])

1 All frames: disturbance frames are applied on both optical loop and oversampled frames.

The | ast setting allows the operator to have
speed, for example the opticabcan be at 200 Hz while the disturbance is applied at 800 Hz.
Since oversampled frames are applied at a maximum rate of 890 Hz, this feature is only useful for
an optical loop speed up to 445 Hz. Over this speed, the disturbance cangymghrenousvith

the AO loop.

The disturbance setting can be changed at any time, but will only be applied when in closed loop. If
changed in open loop, it witleapplied at the first loop iteration.

7.2.11. Offsets

—Apply XY offset

Apply Z offset

The WFS Arbitrator can execute XY and Z offsets movimgstages which support the optical
board. All offsets are specified in millimeters on the focal plane (for the XY offset) or along the
optical axis (Z). Offsets commands are relative to the current position.

Offsets can be executed regardless of tbp kiatus, but care musttaken not to exceed the

adaptive secondary tilt or focus range if the loop is closed. By rule of thumb this means about 0.5
millimeters in either X or Y, and 5 millimeters in Z. If the lawder offload is active, the adaptive
secondary will offload these tilts to the hexapod in a few seconds, and the offset can be repeated
(this coordination is done automatically by the AOArbitrator when long closed loop offsets are
requested by the AOS).



XYZ stages are normally braked. Theke is opened when an offset is requested, and closed again
when it is completed. This can cause very small jitters (in the order or microns) in tiestazje
position. Multiple ofsetcommang are applied using the target position, and not the adage s
position, so that these errors are not accumulated.

7.2.12. WEFS displays

WFS Camera | Acquisition Camera |

From the WFS Arbitrator GUI, thetwocedi e wer s can be started pres:c
AAcquisition camerao buttons (for c¢ccd39 and c¢

for all ccds, with a few additional features for the ccd39

7.2.13. CCD display

T o CCD39 Viewer, s OX

Ingrandimento Amplifier

{ ) i = i

Live

[] show realtime pupils
[] show cloop pupils

[] show slopes

Subtract background

wza 0.17

) 0.04
Split pupils

Diam: 31.76 C:58.56,58.97 Lato:36.29
Diam: 31.92 C:58.31.22.68 Lato:36.05
Diam: 31.78 C:22.51,59.00 Lato:36.06
Diam: 31.86 C:22.42,22.94 Lato:35.89
Lato medio: 36.07

Acquire realtime pupils

Pixel value: 45 - X: 71 -Y: 79 Save frames

Zoom out

Average pupil intensity (counts): 2412 - 3381 - 2833 - 2815

Autocenter Idle

Autofocus Idle




= =

= =

live indicator: theindicato can be either fALiIivedo (green)
means that the display is not receiving frames, and may result from a variety of causes. For
example, a dAlive offo display is normal wh
image: the image ialways shown at a rate of 20 Hz (or slower if the ccd is going slower), to
avoid using excessive amount of CPU. This means that, at high AO loop frame rates, the
image is heavily decimated. Saturated pixels are shown in red, to avoid confusion with
pixelswhich are white due to lookup table effects.

The ccd39 image is rotated 90° from the raw one to correct for ccd orientation.

Pupil positions (ccd39 only): radius, center X and Y position, and interpupil distance are
shown for each pupil. This informatios iefreshed every few seconds.

Pixel value and position: when moving the mouse over the image, the pixel value of the
pixel under the mouse, and its X and Y positions, are shown. The zero position is in the
upperleft corner.

Intensity value (ccd39 onlyshows the total intensity value, averaged over the four pupils,
and rescaled to be in photons/subaperture/frame. This value is a running mean over the last
100 displayed frames (5 seconds), so can be incorrect in case of rapid fluctuations or while
the bakground frame is being acquired. This value is also incorrect the background frame is
missing or outdated.

Slope rms plot: the plot is continously updated wi the current slope rms and shows the last
20-30 seconds of data.

Stages on/off: this is a simpledicator to remind the operator that the stage motors are
enabled, and may compromise the loop injecting electrical noise. This can be an issue when
using the hardware GUI, but is automatically managed when using the AOS or Wfs
arbitrator GUI.

7.2.13.1.Controls

magnification slider: changes the ccd display magnification

amplifier slider: changes the display lookup table. Higher (towards the right) slider settings
cause the lookup table to shift towards low value pixels, while higher value pixels are
saturated to Wite.

Ashow realtime pupilsd checkbox: when chec
show the current pupi/l position and di amet
Ashow cloop pupil so checkbox: weghklightedihecked
red to show the pixels selected for the AO closed loop. The illuminated pupils must coincide

with these areas

Ashow sl opesod checkbox: when checked, the
show the current slopes as calculatedigyBCU. Two maps, for X and Y slopes, are

shown. The pixel value indicator shows the value of the slopes under the mouse cursor
position.

ASave frameso button: opens an interface t
AAut ocenter o/ oAutofocuso buttons: start th
scripts use the current ccd image as feedback and move the XY or Z stage to center the light
on the four pupils, or bring them into focus. Green arrows are drawn ovardmage to

show the stage movement. The scripts will exit when a correct position is reached, signaled
by a small green circle display on the ccd
used to stop the scripts manually.



8WFS Hardware GUI

TheWFS hardware GUI allows lovevel control of the wfs devices.

Warning if the higherlevel Arbitrators and AOS software are running, their command can conflict
with those sent by the operatéiways use the higher possible GUI level, unless a specdgore
exists.

8.1. Starting the GUI

The WFS Hardware GUI can be started from the wfseng interface or started from a terminal on
wfsdx with the following command:

wfshw.py

8.2. GUI description

T A WES hardware GUI O X
Power controlle
ccb39 Mai itch i Turn off
ccpa7 ain power switc -[ urn on H urn o

Filter wheel 1 Box fans power - [ Turn on ] [ Turn off
Filter wheel 2

Status check Flowerpot power -l Turn on H Turn off

Temperatures -
Little|oe fans Turn on Turn off
e J oAl | I

Tip-tilt low level | | LittleJoe CCD 39 - l Turn on ] [ Turn off

Pupil rerotator i
Cube stage Littiejoe cco 47 [} [ Turnon | Tum off

Cube rotator Filter wheels - l Turn on ] [ Turn off
Bayside stages

Source lamp ADC - [ Turn on ] [ Turn off
Sl Ilens Bayside stages - [ Turn on ] [ Turn off
Acq pupils

Board setup Pupil rerotator - [ Turn on ] [ Turn off
Adc wheel 1 .

Adc wheel 2 Cube stage offline

ADC hi-level Lamp offline

System tests

Quick selection || Cube rotator offline

Optical calibrati :
prical calibratil | cuso preg signal -[ Turn on H Turn off

BCU39 reset signal -[ Turn on H Turn off

BCU 47 program -l Turn on H Turn off
BCU 47 reset - l Turn on ] [ Turn off

N0

Unit: WFS Server: localhost Side: LEFT




The Hardware GUI has a list of devices on the left side. Clicking device name will display the
corresponding window on the right sidé.the bottom, three displays help identify which WFS is
being operated on:

1 Unit: identifies the WFS by name (may be W1, W2, etc.)

1 Server: identifies the computer operatingthe WFS.iGer al | 'y fAl ocal host o,
the same computer where the GUI is running, but can be different as the GUI can run
somewhere else if properly configured.

T Side: shows the telescope side (either naRI

8.2.1. Power controller

(pictured aboe)

This panel shows all the on/off switches in the wfs system. The switches can be controlled by
different hardware devices, and so some or all of them may be unreachable if the controlling device

is powered off. The GUI shows this condition grayingtodte on/ of f buttons, an
their status.

A minimum set of devices is kept always on, as long as the input 110VAC line is active. These are:

the MiniMC fiber/copper Ethernet converter
the internal Eport Ethernet switch

the leftbox TS8 Ethenet/serial converte

the PICbased power board

= =4 =4 -4

Correspondingly, a few (on W#1) or most (on W#2) power switches are always available because
they are located on the Pliased power board.

A list of the switches and what they do follows:

1 Main power swith: controlsthe internajpower supply for CCDs and BCUSs.

1 Box fans: controlshe fans on the electronics boxes covers.

1 Flowerpot:controlsthe flowerpot board, which in turn will allow control of the cube and

reference lamp.

Little joe fans: controlshe fans on the little joe ccd controllers.

Ccd39 and 47: controtbe two little joe controllers.

Filter wheels: controlthe two filterwheels. The wheels will move to the home position

upon starting.

1 ADC: controlsthe two adc wheel motors. The wheeld wiove to the home position upon
starting.

1 Bayside stages: on W#1, contrtdte 110 V power supply for the stages motor. The stages
will not move and will need to be homed manually from their panel (see [])

1 Pupil rerotator: controlthe pupil rerotator. ie movement will move to the home position
upon starting.

1 Cube stage and rotataontrolsthe two motor controlling the cube position and rotation.
Both movements will move to the home position when starting.

1 Lamp: controlghe reference lamp on (an adlolital intensity control is available separately)

= =4 =

Four more switches control the Areseto and Ap
hold the BCU in reset status for as |l ong as t
BCUwhensarting (or when the Areseto | ine is turn



banks from which to load their prografrhese four switches are not normally needed for operation,
unless a hardware problem on the BCU arises.

8.2.2. CCD39

T A WES hardware GUI Ox

Power controller
CCD39 — Status Readout speed
cCD4T STATE_OPERATING 2500
Filter wheel 1
Filter wheel 2 ~Frequency Black levels
Status check

- [~ ] [~ ]
Temperatures || | © HZ 180.00 300 [300 [ 350 [350 []
Tip-tilt () Repetitions: 4606 | | || 300 [300 [£] 340 [340 [£
Tip-tilt low level
Pupil rerotator ~Temperature Binning
Cube stage
Cube rotator Case: 26°C Head: -28°C -26°C x| ||
Bayside stages
Source lamp
Camera lens ~Background
Acq pupils [ Equalize quadrants ]
Board setup
Adc wheel 1 Current dark frame:
Adc wheel 2 Dark frame: l [ ] [ Send ]
ADC hi-level
System tests
Quick selection
Optical calibratic

Stop l [ Apply settings ] [ Live view l [ Save ]

Unit: WFS Server: localhost Side: LEFT

" A

The ccd39 panahows the current ccd39 status and parameters, and allows the operator to change
those parameters.

8.2.2.1. Status

Can have the following values:

1 NOCONNECTION: ccd controller is either turned off or not reacheable over the network
1 CONFIGURING: configuration pameters are being loaded through the serial line
1 READY: ccd controllers ready, but not integrating frames.



1 OPERATING: ccd is integrating frames

8.2.2.2. Controls

When first starting, only the binning dr@mwn box is available, because the ccd must be

configured with one of the available binning. Selecting a binning from the-dibdm box causes a
configuration program to start, running in a separate xterm to display debug information. While this
xterm is open, the hardware GUI is freezed. Binning configurikes about 30 seconds.

Once a binning is configured, the other parameters are set to some default value and can be adjusted
by the operator.

Parameters are set from the panel pmlpwts eétotxiers
button is presed

l

= =4

Frequency/repetitons ei t her a frequency (frame rate)
entered. The little joe controller cannot integrate a specified frame rate, but has instead a
delay for integration with a minimum time defined by the frame rediloet plus a delay
computed as the number of Arepetitionso mu
each readout speed). When a frequency value is entered, the control program will
approximate it with the closepossible value as allowed by tberrent delay interval.

Typicd errors range from a fractiaof aHz at low speeds up to 1 or 2 Hz at high speeds

(2000 hz or more). The maximum pids repetition number is 65535.

SAFETY WARNING: the tiptilt mirror is often hardwardéocked to the ccd &me rate (see

tip-tilt section). The ccd39 has the capability of going much faster than 1 Khz, thereby
entering the tigilt resonating frequency range and possibly breaking it. For this reason, the
GUI will refuse frequency settings over 600 Hz, and tHe ¥rbitrator GUI must be used

(the Wfs Arbitrator will perform the necessary safety checks and refuse unsafe settings).
However, the repetition value has no similar checks and using it, especially at binnings from

2 up, is dangerous as it can result egfrencies of 3Khz or morAlways use the frequency

setting and not the repetitions settings, unless you know what you are doing.

Black levels:the four (ccd39) or two (ccd47) quadrants each have their independent bias

l evel , call ed nbatkdevekcortesgpondsitooa.lowek piXelivajue rthe
same illumination | evel. A black | evel i un
AEqual i ze qu a dtartaantwomatib praceadwrento adjust the black levels so

that every ccdjuadrant has an average level of 200 counts (prior to background
subtraction). The procedure takes a few seconds to converge. This button should be used
when ambient light, articificial illumination and internal wfs lamp are off, otherwise an
incorrect level will be reached. In addition, if the artificial illumination is flickering at 120

Hz, the procedure will not converge since the ccd is seeing a variable amount of light, and it
will giveup after a while.

Temperature display: three temperaturesaregive ficaseod I s a sensor
case of the Ilittle joe controller. MAHeado
sensor has a lower limit of 19°C, the other twe4tf °C. Hence, during winter observation

they are often pegged toetfower limit.

Background: shows the current dark frame loaded on the BCU, and allows the operator to
select another file and send it to the BCU.

AStart o/ 0 S starpaad stops tcd imtagration. Integration is started by default after
a binning is gplied.

A Li v e buttone stads the ccd viewer described in []

A S a \b@ton: starts an interface to save frames from the ccd, described in [].



8.2.3. CCD47

This window is identical to the one for the ccd39, except for a few differences:

1 theccd47 has only 2 quadrants, so only 2 black levels are available

1 available binings are 1,2,4 and 16.

1 frame rates are much lower and the repetition setting changes little. Frame rate is essentially
fixed by the chosen binning.

8.2.4. Filter wheel #1

T A WFS hardware GUI o X

Power controller

CCD39 STATE_READY 4 |

CCD47

Filter wheel 2 Cur position: 0.000 filters (Dichroic T @ 600-1000 nm)

Status check Absolute movement (filters): [[] ][ Move ]

;emlperatures Relative movement (filters): [r_i ][ Move ]
ip-tilt

Tip-tilt low level [] Limit switch active
Pupil rerotator

Cube stage

Cube rotator Custom positions l Dichroic T @ 600-1000 nm ]
=l 2 S | Dichroic T @ 700-1000 nm |
Source lamp

Camera lens [ R = 50%, T= 50% ]
Acq pupils

Board setup [ R R ]
Adc wheel 1 l Silver mirror (R=100%) ]
Adc wheel 2

ADC hidlevel | R=0.04% T=996% |

System tests

Quick selection b
Optical calibratic gharmovement H

Start homing

OEEmiaD)

Unit: WFS Server: localhost Side: LEFT




The filterwheel panel shows the current filter wheel status and position. The position is not valid
until the motor has been turned on and homed, and the GUI shows this graying out the position
display.

The movement is in Afil tkebetwaentwo filters)éndl cadbeeitherr e s
absolute or relative:

1 absolute movement is an offset from the home position.
1 Relative movement is an offset from the current position

Position can be decimal, for example a movement to 0.5 will position the dl&eay between
two filters.

The custom position buttons are dynamic and are built from the custom positions defined in the
filter wheel's configuration file. Clicking on those buttons will immediately move the filter wheel to
the custom positiohen he filterwheel is on a position defined as custom position, the name will
be displayed along the numeric position (as in the screenshot above).
T AAbort movemento will stop any current mov

T AStart homi ngo wi |skarch pracedtre. This & automatieally priggeredt i o
when the filterwheel is powered up.

8.2.5. Filter wheel #2

This panel is functionally identical to the Filter wheel #1 panel.

8.2.6. Status check



T | WFS hardware GUI o X

Power controller| | jtem Status
CCD39 =
T bcud7
Filter wheel 1 ts8dx
Filter wheel 2 teBisx
Temperatures bcu39
Tip-tilt

Tip-tilt low level
Pupil rerotator adc2
Cube stage
Cube rotator
Bayside stages || baysidey

adcl

baysidex

QIR

Source lamp ot
Camera lens

Acq pupils ccd39

Board setup

Adc wheel 1 ceda?

Adc wheel 2 cubestage ;
ADC hi-level

System tests filterwheell
Quick selection | | fiterwheel?
—

Optical calibratit

mercury
picctrl
powerboard
rerotator
ttetrl
OEEmian)
Unit: WFS Server: localhost Side: LEFT

L o

This panel shows the status of all wfs devices. Status are ther green. A green status means
that both the software and the hardware for the specified devices is ready. In normal wfs operation,
everything is green

If the power on configuration was incomplete (as in this example, where the configuration was
excluding the ccd47), it is normal that the excluded devices appear in red.

8.2.7. Temperatures



s

WES hardware GLI

o X

Power controller| | Sensor Temperature
cCco3o Board 1 (L1 lens) 16.95 °C
ccpa7 Board 2 (HO felding mirrer) 17.93 °C
: Board 3 (Pyramid) -52.34 °C
i::ii ::::: ; Board 4 (Camera lens) 19.23 °C
Water 18.41 °C
Status check | |} ittjejoe 30 27.41 °C
BCU39 28.19 °C
Tip-tilt Littlejoe 47 30.63 °C
Tip-tilt low level | |BCU47 30.73 °C
Pupil rerotator | |iDrive 30.34 °C
Cube stage ccd39 Temperature 18.77 °C
Cube rotator ccd47 Temperature 18.37 °C
e ccd39 Humidity 64.02 %
ccd47 Humidity 65.16 %
Source lamp | |cc439 Dew point 11.83 °C
Camera lens ccd47 Dew point 11.71 °C
Acqg pupils LittleJoe 39 - internal 26.00 C
Board setup LittleJoe 47 - internal N/A L= ]
Adc wheel 1 N/A (=% |
Adc wheel 2 /A [ # |
ADC hi-level N/A (& ]
System tests N/A E]
uick selection | |7
gptical calibrati( | Alarm threshold (electronics):  50.0 0 %
Alarm threshold (waterfccd39): 30.0 0 ;]
Control loop: on ][ Off l
Alarm status: Good
OEEmian)

Unit: WFS Server: localhost Side: LEFT

L o

Shows all the temperature readings collected from various parts of the wfs. Update ratéowaries

once every few seconds to once every 30 seconds depending on the sensor. If a sensor does not
answer for more than a minute, AN/ A0 (not ava
the coresponding devices addf or otherwise unreachbh

The lower section controls tlover temperature protecti@ystem: the Pléased control boandill
automatically shut the WRHT if any of the sensors goes over the specified thresholds. Two

different tiresholds are available: one for the sensorherelectronics, and one for the water

intake andCCD temperature.

8.2.8. Tip-tilt



s - WES hardware GUI

Power controller

CCcob3s Status: STATE_OPERATING ~/
CCD47 -

Filter wheel 1
Filter wheel 2

Status check Parameter Current Requested
Temperatures

Tip-tilt low level
Pupil rerotator Axys rotation (degree)  -6.00
Cube stage
Cube rotator
Bayside stages

Source lamp
Camera lens Frequency (Hertz):

Amplitude (volts, p2v): 2.00 2.00

[% Sync with CCD
Acq pupils
Board setup X Offset (volts): 0.00
Adc wheel 1
Adc wheel 2
ADC hi-level

System tests
Quick selection Set
Optical calibratit

0

¥ Offset (volts): 0.00

0

NN

(L st ] ()

Unit: WFS Server: localhost Side: LEFT

L o

The tiptilt panel shows both the current values and the input boxes for the requested values. All
requested values are applied whdefaulttokero) Mh8et 0 b
tip-tilt is a threeaxis device, but the control is done over two virtual axes that are remapped on the
three real axis.

1 axis rotation: controls the orientation of the XY reference system

1 amplitude: controls the overall modulatiomglitude, specified in volts (@0V)

1T Freqguency: controls the modul ation frequen
value will be ignored (a zero is sent to the BCU), and the frequency will be synced to ccd
frame rate using the tiplt fiber.
Note it is not possible to sync with the ccd frame rate when the ccd is turned off or
otherwise unavailable. This condition is detected and the checkbox will be unavailable in
this case.

1 XandY offsets: change the modulation center, frérto +5V, withzero being the nominal
range center. Either the input boxes or the sliders can be used. Slider changes are applied
i mmedi ately without pressing the ASeto but
Note When applying X and Y offsets, the 4t controller may reduce the modulation
amplitude so that the maximum voltage applied does not exceed 10 V, as sum of offset plus



semiamplitude. This is shown in the GUI as a reduction of the current amplitude with
respect to the requested value.

8.2.9. Tip-tilt low level

e Y WES hardware GUI O X
Power controller .
ccD39 Status: Running
CCD47 Cur
WAVE 1 N |
Filter wheel 1 value ew value
Filter wheel 2 Amolitude (volts, p2v): 2.00
Status check mplitude (volts, p2v): 2. [2.[][]
[EmEEaRe Frequency (Hertz): 0.00 |0.00
Tip-tilt
RG] | Offset (volts): 5.00 |5.00
Pupil rerotator
Cube stage Phase (degrees): 12520 [125.20
Cube rotator
Bayside stages | | WAVE 2 Cur New value
value
Source lamp
Camera lens Amplitude (volts, p2v): 2.00 [2_[][]
Acq pupils
Board setup Frequency (Hertz): 0.00 [
Adc wheel 1
Adc wheel 2 Offset {volts): 5.00 |5.00
ADC hievel
e (s Phase (degrees}): 0.00 [D.DD
Quick selection cur
Optical calibrati| | YWAVE 3 el New value
Amplitude (volts, p2v): 2.00 [2.[][]
Frequency (Hertz): 0.00 [
Offset (volts): 5.00 |5.00]
Phase (degrees): 256.00 [255.0[]
[ Set
Unit: WFS Server: localhost Side: LEFT

L o

This panel allowindividual mntrol of the three thtilt axes. For each axiamplitude, offset and
phase can be setdependentlywhile the frequency is locked to be the same. The nominaitoffs
centerhereis 5 volts, and ranges from 0 to 10V.

8.2.10. Pupil rerotator



L

T |

WFS hardware GUI

Power controller
CCD39

CCD47

Filter wheel 1
Filter wheel 2
Status check
Temperatures
Tip-tilt

Tip-tilt low level
Cube stage
Cube rotator
Bayside stages
Source lamp
Camera lens
Acq pupils
Board setup
Adc wheel 1
Adc wheel 2
ADC hi-level
System tests
Quick selection
Optical calibratit

STATE_READY

Cur position:

Absolute movement (degrees): [E]

Relative movement (degrees): [E]

[] Limit switch active

0.000 degrees

][ Move ]

][ Move ]

[ Abort movement

l [ Start heming ]

(L st ] ()

Unit: WFS Server: localhost Side: LEFT

o

This panel commands the pupil rerotaadis functionallysimilarto the one of the filter wheel #1
except that the movement unit isdagrees. Also, the pupil rerotator has a limit switch that will
prevent movement lower than zero degrees, or any bdukward movement crossing a 360°
threshold. So, once the position has advanced over 360°, it will not go lower than that until the
movement is power cycled.

When using the AOS alvfsArbitrator, this conditions automatically avoided. Furthermore, the
rotator tracking is on at virtually all times, and it vafntinuouslysend commands, rendering this
panel basically useless until the tracking is stopped.

8.2.11.

Cube stage
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WES hardware GLI

Power controller
CCD39

CCD47

Filter wheel 1
Filter wheel 2
Status check
Temperatures
Tip-tilt

Tip-tilt low level
Pupil rerotator
Cube rotator
Bayside stages
Source lamp
Camera lens
Acq pupils
Board setup
Adc wheel 1
Adc wheel 2
ADC hi-level
System tests
Quick selection
Optical calibratit

STATE_READY [ < |
Cur position: -1.000 mm

Absolute movement (mm): [t] ] [ Move ]
Relative movement (mm): [t] ] [ Move ]

[] Limit switch active

Custom positions [ neminal l

away l

Abort movement l l Start homing

(L st ] ()

Unit: WFS Server: localhost Side: LEFT

This panel commands the cube stage, which is a linear movement with two limiiteswitnits is
in millimeters. Apart from this, it is functionally identical to the filter wheel #1 panel.

8.2.12. Cube rotator




s - WES hardware GUI

Power controller
CCD39 STATE_READY [ < |
CCcDar

Filter wheel 1

Filter wheel 2 Cur position: -0.001 degrees
Status check Absolute movement (degrees): [0 ] [ Move ]
;E,'Jriﬁ:ratures Relative movement (degrees): [0 ] [ Mowve ]

Tip-tilt low level [] Limit switch active
Pupil rerotator
Cube stage
Custom positions
Bayside stages
Source lamp
Camera lens
Acq pupils
Board setup
Adc wheel 1
Adc wheel 2
ADC hi-level
System tests
Quick selection
Optical calibratit

Pennina

Phase screen

nominal

away

Abort movement l l Start homing

(L st ] ()

Unit: WFS Server: localhost Side: LEFT

L o

This panel commands the cube rotator, which is a rotasement without limitations on
movement. Units in degrees and precisiohmovement is on the order of 0.01 degrees. The panel
is functionally identical to the filter wheel #1 panel.

8.2.13. Bayside stages



8.2.13.1.Displays

The bayside stage panel shows the status of each of the three XYZ stages. For each stage a status is
reported:

1 NOCONNECTION: stage is off or otherwise unreachable

1 CONNECTED: stage is reachable, connection in progress

1 OFF: stage is ready, motor disabled, brake set

1 OPERATING: stage is moving and/or actively mantaining a position

Position display: the current posiigs shown, as an offset from the homing position. If the homing
procedure has not been performed, the position where the stage was when it was turned on is
assumed as zero. The stage positions use the following reference system:

[diagram]

Note that theX stage has a home position towards the left movement limit, and thus valid positions
range from 0 down tel20 mm. Y and Z stages instead move from the home position up to about
+88 and +70 mm respectively.

Current display: the current adsorbed by théanis shown in AmperéAn adsorption of 1 or 2
amperes is normal. If the display is stuck at 4 amperes, it means that some mechanical obstruction is
present and the current limiter is in action.


































































