Telescope and Instrument
Software and Control Activities
at INAF Capodimonte TESTA lab

P. Schipani,

L. Marty, G. Capasso, M. Colapietro, S. D’Orsi, F.

Perrotta, S. Savarese
+
many others in the previous decades
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Where it all began
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TNG - The good old days ("90s)

» Tracking Control Az, Alt, Rot (x2)

» M3 Control

» Software, Servo Control,
Electronics, Integration,
Commissioning

J PDOS Real-time O. S.
J VME bus

Servo Control Software still working
every night

m|
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The (old) ESO standards

Real-time VxWorks
VME bus
C,C++,TclTk L IR AN
CMM version control

Software
Electronics

Integration
Commissioning Involvement in ESO projects since 1996
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14 spectrographs

) Ra,
ATy

(152 motors + lamps, ,
etc. ,

JReal-time control
sw of hw functions

JOS
(JControl Electronics B
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.® . Adecade with the VST

1 8 Local Control Units VxWorks
real-time O.S.

(1 Scientific Linux WS
(1 60 software modules
(110 control cabinets
(J CAN Bus network

» Point&Track (Az,Alt,Rot,AG) SW
> AO (WFS, M1, M2) SW

» ADC SW

» Probe SW

> Etc.

+ everything else

Very big project, very small staff (2-3 for SW)
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@ SOXS (Son Of X-Shooter)

]
Calibration Box

Integrating Sphere Lamps:
- MeArKrie lamp
- Quartz-tungsten-halogen (QTH| lamp

Common Path

e
[ B nstrument Shutter
|

F/11

Calibration Box Selector

- Deuterium (D2) lamp
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Acquisition Camera !

T

Science  Cal. Unit

Acquisition Camera Selector
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To Beckhoff PLCs

Beckhoff PLC CPU

EtherCAT
Couplers

DC motors

+ Acquisition Camera:

s

output | Motion
Incremental Control

Encoder
Interface /

// Moving Functions
Common Path:
- Instrument shutter
- Calibration Box Seledior
- Acquisition Camera Selector
- 2% Rotary maotion for ADC

- Focusing

- Filter exchanger
Calibration Box:

- Pinhole Exchanger

UV-VIS arm:

|
|
Box I o / - Slit Exchanger
|
o i Filter Wheel Re-focuser } LIRS SERREE cal?zration check W
b R i ek A sl i i |
Exposure  UV-VIS Spectrograph — Linear Piezo NIR Spectrograph Slit Exchanger
Piezo mirror (1) Shutter 350-880 nm Eerta R5435 Stage
C‘Q' I M c® Interface S Contr%lrer
a Fles % > H 3 RS485
ADC ) — - Pl Piezo Tip-Tilt Stages
IS Sh Serial RS232 Piezo
UV-VIS Sli Nt
Piezo mirror (2) o Exchangelt' Inierche i Tip-Tilt (UV-VIS and NIR arms)
22 RS232 Controllers
Dichroic 2 g s z
—— | Calibration Calibration Box Lamps
NIR Arm Focusing «—— = Lamps PSU
F/6.5

Cold stop

NIR Array

+—+ NIR Slit Exchanger

NIR Spectrograph
‘800-2000 nm

Seral
Interface
R&232

PT100 Temperature Sensor

Cooling contral subsystems
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1st DIN rail

ES7342 (2¢ch)

2nd DIN rail

oc [encou| [T om Jrssv| Encoiffinput |

ES9011

!

EX1100 |

ES7342 (2¢ch)
ES57342 (2ch)
Essio1(1ch)_|
| ESS101(1ch)
| essioren)
rorre

d CPU - CX2030 series (CX2030-0120)
e O Power Supply module - CX2100-0004
O Software - TwinCAT 3.1

3rd DIN rail
[ om Jessv] encoifinput

nd
i

- [EXIgF

Cetrolame | IS Piezo Tip-Tilt
swarn|  (PI5330250)
ool | NI Piezo Tip-Tilt
s sene | (PIS-330.251)

Moter

Encader
= Shutter
Pus | (Uniblitz CS65)

A4th DIN rail
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Active Optics

_JCAN Bus Network
JPIC Microcontrollers
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ExoMARS DREAMS
CANOpen protocol
CANoe

CAPL programming
language
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® : Data Handling & Archiving

ExoMARS DREAMS
APDS4
(dJava + Eclipse

2

Eesa =

DREAMIS

TEAM RAW DATA
GENERATION

PARTIALLY PROC. DATA
GENERATION

CALIB. DATA
GENERATION

DERIVED DATA
GENERATION

PDS BUNDLE
GENERATION

PDS BUNDLE
DELIVERY AREA

 ESAC

SAT
PSA

PDS BUNDLE
INGESTION

PDS BUNDLE
VALIDATION
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Example:

Active Optics Software
SW Prototyping
JdControl simulations
Jintegrated modeling
d

(Ansys-Zemax-Matlab)

Data analysis (e.g.
tracking, active optics)

Many thanks to INAF-ICT for procuring

Matlab & Simulink “

MATLAB

P. Schipani et al.
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Telescope & Instrument Control Monltorlng (VST+QCAM)
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OB Scheduler

. & SOXS SCHEDULER x|+
Led by M. Landoni =

i App M Gmail @ YouTube @ Maps

(INAF Brera)

© Switch to Night List of OBs
© New OB

© New Urgent OB

& Refresh

L Control of the
telescope operations

& Show Logs AID 0B Type

1 Undefined
4 Classification
.
Remote Schedu INg e
6 Classification
7 Follow up
a3 Follow up
L]
. 10 Follow up
n Undefined
> NTT-
N S OX S 12 Classification
(
13 Classification

> VST (TBD)
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Target Name

PKS 1553 +113tris.

AT2018fs

AT2018ftn

AT2018ftv

AT2018ftx

SN2018fty

AT2018fuc

SN2018fuk

SN2018fuu

AT2018fuw

|-

® | Observatory Ctrl Software

Ra. Dec. Magnitude Exp. Time
T T - TR T ERAE
08h40m00s +10d00mO00s 115 =
17h51m49.68s +15d18m28.44s 184 2070
01h25m17.88s +09d39m00.072s 173 752
19h08m06s -15d22m09.12s 188 2994
01h44m34.56s -00d28m05.52s 184 2070
02h26m47.304s -09d04m02.316s 181 1570
04h49m54.48s -41d56m18.24s 174 824
05h45m08.16s -79d23m47.4s 17 570
23h24m56.64s +09d25m52.68s 17.8 1192
19h28m47.04s +34d50m17.52s 18.97 3501

""" Copyright © SOXS Consorsium 2020

@ SOXS (Son Of X-Shooter)

Actions
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L 9@ Tracking Control

Control Engineering

1 Inside Telescope Control Software
(1 Uses Telescope Control Electronics
] System Identification

(1 Control Scheme
H
H

Design and implementation of

controllers

Tightest requirements for optical

telescopes

J Done for major INAF optical
telescopes (TNG, VST)

1 Sets the telescope performance
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®; Tracking Control

O Trip back to the TNG

7] 0 TNG Servo Control Redesign

O Azimuth Axis Completed

“After all this time”’

Trigger for new activities in one historical application field
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System Identification

Open loop torque=>speed
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Pointing & Tracking

Servo Controllers
Té ﬁ = j Desi gn |

Gair l__> Filter i Filter }_> Filter/;‘ jlmplementatlon

no.1l no.2 no.3

il
Speed ‘ Encoder
Cmd 4 Torque Position
C\/ Cosr?tigﬁer System
] LQG Controller Telescope Axis
Position
Comman d
Velocit Command +C\ = Pl g Speed -
eloctty d/dt Preprocessor ‘A Controller ¥ '_% Controller N System
° [ d/dt
Prototyping new control strategies | ..
Estimator K¢

1 Command shaper [’
1 LQG Control
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Conclusions

e]

JOverview of some classes of applications
JControl Software

(But also control and software

(dControl Electronics

dControl Engineering

dMultiwavelength ‘sw’ technologies (e.g. telescope
control of pointing & tracking works for any
optical-radio-etc. telescope or antenna)

(dPossible synergies sw, sw+hw, sw+control

S
TETIS
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