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Overview

INAF OATo Team introduction

Mosaic ICS (Instrument Control System)
overview

ELT Instrument Framework installation and
update

Integration of simulated and real devices
(Beckoff PLC/ESO IFW)

Simulating NGCII controllers

Remote integration experiment



INAF OATo SW team

« S. Ligori, V. Capobianco mainly involved in Space projects (in
the past, Euclid NISP Instrument control unit; currently ESA
projects NewAthena and Ariel)

» Past experiences with ESO instrumentation (i.e.: MIDI@VLTI)

* M. Carnerero mostly involved with multi-wavelength
astronomical data reduction (Vera Rubin-LSST, Gaia, WEBT...)
and databases, currently under temporary contract for Mosaic

« Expertise in C/C++, Python programming fits well in the context
of ESO SW



Mosaic Instrument software structure
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0OCS (Observation Coordination SW) Role
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OCS Role
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evice control: Motors

T Axis description

LG5S focusing slage on GBOX 4
NG5S Object Steering Mirror on .

NGSS Object Steering Mirror on ..

MNGSS Object Steering Mirrer on ..
MNGSS Object Steering Mirrer on ..
LGS pupil steering mirrar (2 DoF)
LGS2 pupil steering mirror {2 DaF)
LGS3 pupil steering mirror (2 DoF)
LGS4 pupil steering mirfar (2 DeF)
ORSS Toptical path compensatar
ORSS 2 optical path compensator
ORSS 3 optical path compensator
ORSS 4 optical path compensatar
DRSS 5 optical path compensator
DRSS 6 oplical path compensator
ORSS 7 optical path compensator
ORSS B aplical path compensator
DRSS 1 longitudinal pupil stabilizer
ORSS 2 longitudinal pupil stabilizer
ORSS 3 longitudinal pupil stabilizer
ORSS 4 longitudinal pupil stabilizer
ORSS 5 longitudinal pupil stabilizer
ORSS 6 longitudinal pupil stabilizer
ORSS 7 langitudinal pupil stabilizer
ORSS & longiludinal pupil stabilizer
Instrument rotator

WIS blue grating exchange mech...
WIS red grating exchange mecha...
VIS blug detector tip-tilt and focus

WIS red detector tip-tilt and focus

2 Part

M-414.2DG

H-81112 C-887.5330
H-B1112 C-8875330
H-B1112 C-8875330

H-B1112 C-8875330

LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 170-1000-HiD...
LIMES 84M-45-HIDS...
LIMES B4AN-45-HIDS...
LIMES BAN-45-HIDS...
LIMES B4M-45-HIDS..
LIMES BAN-45-HIDS..
LIMES B4AN-45-HIDS..
LIMES B4M-45-HIDS..
LIMES B4M-45-HIDS..
AMBDS1-wGyz

Maodel TBD

Maodel TBD

5 SubSystem

Ground Layer AO Su...
Ground Layer AQ Su...
Ground Layer AD Su...
Ground Layer AO Su...
Ground Layer AO Su...
Ground Layer AQ Su...
Ground Layer AQ Su...
Ground Layer AD Su...
Ground Layer AO Su...
Optical Relays sub-s...
Oplical Relays sub-s...
Optical Relays sub-s...
Optical Relays sub-s...
Oplical Relays sub-s...
Oplical Relays sub-s...
Optical Relays sub-s...
Oplical Relays sub-s...
Oplical Relays sub-s...
Optical Relays sub-s...
Optical Relays sub-s...
Oplical Relays sub-s...
Optical Relays sub-s...
Optical Relays sub-s...
Oplical Relays sub-s...
Oplical Relays sub-s...
ICOS sub-gystem

VIS Spectrograph

VIS Spectrograph

VIS Spectrograph

VIS Spectrograph

Us...

mim
it

mirm

mim
it
mim
mim
it
it
mim
it
it
mirm
mim
it
mirm
mirm
mim
it

mirm

mm
mim
mm
Degree
i
mm

mim

T Expected precision (UU)

01
Q1
01
01
Qa1
Q1
01
a1
Qa1
o]
01
a1
01
o]
a1

a1

T Expected repeatability (UU)

0.0
0.0
0.01
0.01
0.0
0.0
0.01
0.
0.0
0.0
0.01
0.
0.0
0.0
0.0

0.0

F MOSAIC SW devic...

maotglaodlgsioc
maxisglasingsosm
maxisglas2ngsesm
maxisglae3ngsesm
maxisglasdngsasm
maxisglacligspup (T...
maxisglao2igspup (T...
maxisglac3igspup (T...
maxisglacdlgspup (T...
matarssTpath
motaorss2path
maotarss3path
maotarssdpath
maotarssSpath
maotarssépath
matarss7path
motorss8path
maotorssTpup
maotarss2pup
matarss3pup
maotarss4pup
motarssSpup
motarssBpup
maotorss7pup
matarssSpup

rot

matvisbluegrat
motvisredgrat
maxisvisbluadet

maxisvisreddet



Device

T Name (SW)

temp1
temp2
temp3
tempd
temps
temps
temp7
tempd
temp1
temprot
position1

position2

doorswitches (TBC)

barrierewitches (TBC)

prasl
pras2
temp1
temp2
temnpcll
tempcl2
temp1
temnp2
temp3
tempd
temps
tempé
temp7
temp8
tempell
tempel2
rhum

pres

T Help text
ORSS 1 lemperature

ORSES Z lemperalura
ORES 3 temparature
ORES 4 temperature
ORSS 5 lemperalure
ORSS B tempearature
ORSS 7 temperature
ORSS 8 tempearature
ICOS temperature 1

Rolator temparature

Measure distance between ICO3 structure and lelescopa...

Measure distance betwenn ICO3 structure and telescopa...

Interlocks?

Interlocks?

VIS DV temperature 1 used for monitering
VIS DV temperature 2 used for monitoring

VIS DV temperature 1 used for elosed loop

VIS DV temperature 2 used for closed loop spare

VIS spectlrograph bench area 1 temperature
VIS spectrograph bench area 2 temperature
VIS spectlrograph bench area 3 temperature
VIS spectragraph bench area 4 temperature
VIS spectrograph bench area 5 temperature
VIS spectrograph bench area 6 lemperature
VIS spectrograph bench area 7 lemperature

VIS speclrograph bench area 8 lemperature

VIS speclrograph bench lemperature 1 used for regulation

VIS spectlrograph bench lemperature 2 used for regulation

VIS spectrograph internal humidity sensor

VIS spectrograph internal pressure

¢ Part list (sensar)

PT100 T52239
PT100 T52239
PT100 T52239
PTI00 T52239
PTI00 T52239
PT100 T52239
PT100 T52239

PT100 T52239

DPK1010

DPK1010

control: sensors

T Expected accuracy (LU}

T Expected repeatability (UL}
0a=c

0a°C
0a°C
0=
0=
0a°Cc
0a°Cc

0a°Cc

T Nominal conditions



Project management tools

Mosaic has adopted a few tools for the different aspects of the project management:

- ReqSuite for the management of the requirements
- Taiga for issues and actions management and tracking
- Nuage as document repository

1 reqSuite" rm 2 EXPORT & IMPORT~ @ VIEWS~  # ASSISTANCE~  }* BASELINES & BRANCHES
= &h ReqSuite® Reader, Sub-system
E Applicable Documents X Instrument X  Instrument requirements X Y q x 1 x
- t o 8 0% Q
a [[o] Contained requirements PBS H Type Section Last Change Changed by State Responsible
High Level Electronics and Instrument . . .
@ MOS-5-16 Secondary guiding function fi=) Functional Primary 2025-09-05- 11:32  myriam Rodrigues T™M  Tim Marris
Control System 50000 85s
@ Field rotation, velocity and Hiah Level Electroni o Inst .
MOS-5-19 acceleration outside science A Lovel leciranics and nexumean @ Performance Mechanical 2025-09-05-11:32 APl Rest TM Tim Morris
X Control System 50000
tracking
G MOS-5-21 Network infrastructure for GLAO ({12 NG 3 23 T S TR f-)  Functional Control 2025-09-05 - 11:32 myriam Redrigues T™M Tim Morris
Control System 50000
-
MOS-5-36 Peak glycol-mix budget EICS High Level Electronics and Instrument Physical Glycol consumption 2026-01-15-16:34  Marie Larrieu ML Marie Larrieu
E Control System 50000 constraint
Ay N | Ph |
a " 4 wverage Normal power budget High Level Electronics and Instrument ysical Power consumption 2026-04-15 - 09:30 Marie Larrieu ML Marie Larrieu
EICS-HL Control System 50000 constraint Lot
.
. K | i Physical
0S5 Peak Normal power budget High Level Electronics and Instrument ysical Power consumption 20251210 - 17:36  Marie Larieu ML Marie Larrieu
@ EICS-HL Control System 50000 constraint
MOS-S-51 Average Safety power budget High Level Electronics and Instrument Physical Pawer consumption 2025-12-11 - 10:10 Marie Larieu ML Marie Larrieu
EICS Control System 50000 constraint
MOS-S- Average Normal Computer Room  High Level Electronics and Instrument Physical Power consumption 2025-09-05 - 11:32 Marie Larrieu ML Marie Larrieu
power budget EICS Control System 50000 constraint
MOS-S-65 Peak Normal Computer Room High Level Electronics and Instrument Physical Power consumption 2025-09-05 - 11:32 Marie Larrieu ML Marie Larrieu
power budget EICS Control System 50000 constraint e
MOS-5-70 Average glycol-mix budget High Level Electronics and Instrument Physical Glycol consumption 2026-01-15 - 16:46 Marie Larrieu ML Marie Larrieu
Control System 50000 constraint
1 2 3 4 5 6 7 8 9 10 .. » » 20 ¥ items per page 1-200f610items )



Road to PDR

The Mosaic PDR is currently foreseen for early 2028, but a system review for the EICS should
occur in Q2 2027

Work is underway to identify, in particular for what concern OCS:

- all the network interfaces (protocols, data formats)

- the additional FITS keywords (and the source of the related information)
- control loops and related algorithms

- sampling frequency of all parameters

- efc...



PLC Integration

The system includes the following
components:

e EL3200 - Analog input module for
precise measurement of sensor
signals.

e EL4002 - Analog output module for
controlling actuators and other
devices.

e EL6070 — Licensing and configuration
module for software-based
functionalities.

e  EL1859 — Digital input/output module
for handling various industrial control
signals.

We installed TWINCAT, VIRTUALBOX with
ESO FRAMEWORK

We install and configure the OPCUA Server
Application

Direct connection with PLC via Ethernet link



PLC Integration

The system includes the following

J testDevice - TcXaeShell NG -‘?
ComponentSZ File Modifica Visualizza Progetto Compila Visualization Debug TwinCAT TwinSAFE PIC Team Scope Stumenti Finestra 7
o - B-o-2 80 &l - - P Connetti... B
. Build 4024.56 (Loaded) ~ = fu |l |7 @ | testDevice - CX-847865 + 5 testDev
[ ] EL3200 - Analog InpUt mOdUIe for Esplora soluzioni v B X MAIN [Online] Visualization # X Output
precise measurement of sensor s oo il
H : 31 Soluzione ‘testDevice' (1 prog »
signals. pi -y
e  EL4002 - Analog output module for "B
. yd « @ec
controlling actuators and other Y + 8 testoey
\ 4 G testDev Project
devices. = enens
e EL6070 — Licensing and configuration . b ~s
| & Pous
module for software-based ' i F8_I0DEV
. wl 78_IODEV
functionalities. S
« e . ¥ VISUs
e  EL1859 - Digital input/output module ) Vit
. X X . &Y Gestore di vie
for handling various industrial control e B ooy
i 2 ”; 'C:('as llrﬂ(c‘
signals. s
2 SAFETY
e
We installed TWINCAT, VIRTUALBOX with ' ' S oot
g Intera soluzione v ‘0 41 Erroni | 1 0di2Awisi ‘0 20 Messaggl_‘ Clear Compilazione + IntelliSe ~
¥ Descrizione Progetto
ESO F RAM EWO R K ) 4 /2025 11:19:43 774 ms | TcOpcUaServer' (10236): GetHandle for item MAIN.iodev2. statarrAl[1)IrValueUser failed with 0x00000710

u L Cerca

We install and configure the OPCUA Server
Application

Direct connection with PLC via Ethernet link



Framework
ESO

The default structure when creating a new project in the IFW is the
MICADO example. To be able to start a clean implementation with real
devices, we removed the simulators from the structure. In order to do this:

We started from the MICADO example to have the ESO
infrastructure.

We removed all devices that are not present on our PLC, including
the simulators.

To configure the devices with only generic input/output, we preferred
to modify the mapping/iodev.yaml inside the framework, rather than
creating a new device. We needed 8 digital 1/0Os.

We configured the project using the devices by modifying the part of
the fcs/server/cfg.yaml.

We updated the Nomad and Consul services, considering that we
removed the simulator part, and we also changed the startup.py file
that is launched in the sequencer to start the instrument

We defined our devices in the devmgr folder (one file for each
device).

We also configured the OLDB in config/oldb.yaml.



Remote integration experiment

» Deployed code
—  LAN network link

e WAN network link

Toulouse IRAP

Generated

FCS-HL
ESO
Sequencer [

ESO SysSup gy .-

ESO DDT

FortiGate

iws
IPSEC router
Toulouse
PTP master clock
Generated FE FCS- ng
LL (standard = [ L] II'I I
devices, iodevs) !g i
Front End
PLC
feple
Generated HSK FCS- %“
LL (standard vna Il|| I
devices, iodevs) % L
ousekeepl
ng PLC

hskplc

Marseille LAM

j ESO MOSAIC NIR
DCS

d NIR Detector Work Station
ndws

EEE E Marseille
Hi ll I I PTP master clock
NetGate 4200 . '
IPSEC router Nir PLC
nirple

Generated NIR FCS-LL
(standard devices,
iodevs)

Turin INAF

ESO MOSAIC VIS
DCS

Simu d VIS Detector Work Station
velws

[

Turin
PTP master clock

== -

INAF

Generated VIS FCS-LL

Vis Infra- .
IPSEC router Red PLC (standard devices,
visple iodevs)




Remote operations on NGCII Simulated system

LOCAL PC
Local Broker — Publisher

REMOTE PC
Remote Broker — Subscriber — Viewer

ddtBroker — communication manager
ddtPublisherSimulator — data transmitter
ddtSubscriberSimulator — data receiver
ddtViewer — image visualization

> INFO

3 DEBUG
3 DEBUG

DEBUG
DEBUG
DEBUG
DEBUG
DEBUG

Attached (ds1)

o

Local URL: b.rr://10.0.2.15:30608/broker/Broker1

Remote URL: |zpb.rr://192.168.47.203:5002/broke

Broker URIs

Connect

Cancel

DD Standard Viewer

4« 4> » Py

A= B%




TETIS contribution

TETIS is a Coordination Unit within the INAF UTG-1 OptNIR Division. It is meant
as an instrument to improve coordination between INAF on the technologies
used for control SW on Ground-based as well as space telescopes and
instruments.

In the framework of our contribution to Mosaic, TETIS funded one course on
Beckhoff PLC programming and usage, with an additional one planned for the
autumn of 2026.

Our team (in particular V. Capobianco and M. Carnerero) have attended the first
course and it has been particularly precious.

Further information on TETIS is available at

https://tetis.inaf.it

— e ] ——
TETIS
- A -

TEchnologies for Telescopes and
Instrument control Software
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