| Sy W | o e+ b

1

ELT Control System and Taurus Scheme
Plugins

Arturo Hoffstadt Urrutia <ahoffsta@eso.org>

Marzena Kaczmarczyk <marzena.kaczmarczyk@itti.com.pl>

/IN

f—

ELT Control System and Taurus Scheme Plugins, Taurus Workshop 2026, 12-05-2026

Data Classification: ESO PUBLIC


mailto:ahoffsta@eso.org

Background

+E+S +

+O




Extremely Large Telescope

The Extremely Large Telescope (ELT) is a 39
meters optical telescope under construction in
the Chilean Atacama desert.

The control software is under advanced
development and the system is slowly taking
shape for first light in 2030.

ESO is directly responsible for coordination
functions and control strategies requiring
astronomical domain knowledge.

Industrial contractors are instead developing the
low-level control of individual subsystems.

Current progress: Dome cladding in progress, doors to be
installed. Main Structure well under progress, manual
azimuth tested. Spider for M2 seen on top.
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Extremely Large Telescope

M1 mirror: primary reflector, 798 hexagonal segments,
each with 3 actuators, 6 edge sensors, 9 warping
harness. 1 Hz order of corrections. Deformations.

M4 mirror: 2.4 m, 5000 actuators, 1 kHz. Adaptive Optics
atmospheric corrections.

M5 mirror: Elliptical mirror, 2.7 by 2.2 m 10 Hz: Wind
vibrations on telescope.

The telescope performs a cascade control loop where
each mirror is able to perform a bandwidth of corrections.

Two instruments platforms, each with capacity for 3
instruments.

CG render. Main structure (blue structure), instruments
platforms on the sides. Central tower holds M3, M4 and
M5. M2 is not visible.
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Control System Middleware

Each subsystem has functions that control and
configure a low-level control system; and
estimators, which translate raw values into the
state data in the astronomy domain.

The functions and estimators communicate via
three middlewares: zpb, dds, and a database.

* ZeroMQ + ProtocolBuffers for Commands.
* DDS for fast data publishing.

* OLDB for visibility, events and state
publishing.
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Taurus Scheme Model
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TaurusModel

+parentObj

+getParentObj() : TaurusModel
+getChildObj(child_name str) : TaurusModel

TaurusAttribute

+getTaurusElementType() : TaurusElementType.Attribute

ey

TaurusDevice

—

+getTaurusElementType() : TaurusElementType.Device

| +getTaurusElementType() : TaurusElementType ‘

alal-le
LTI R LILY P=]

+getChildObj(child_name) : TaurusAttribute, TaurusDevice

TaurusAuthority

+parentObj = None

+getTaurusElementType() : TaurusElementType . Authority
+getChildObj(child_name str) : TaurusDevice
| +getDevice(devname) . TaurusDevice




OLDB Scheme Plugin
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OLDB Scheme Plugin

* OLDB is a Redis-based solution for system data. Its
purpose is observability. GUIs data access and monitoring
use the OLDB. It offloads clients from estimators into a
scalable solution.

* First scheme plug-in to be developed, most mature.
Contacted community and received guidance on how to
proceed.

* Initial support for read/poll operation as prototype (2020).
Finished prototype with subscription implemented.

cii.oldb///cut/demoservice/instancel

//CUT/DEMOSERVICE/INSTANCE1

8 score |

Attributes Commands

boolean-scalar-fixed 0 v
[ boolean—scalar—twosecs] 0 Vil

double-matrix-cos & show HEdit
double-matrix-sin & show HEdit
double-matrix-sin-cos & show HEdit
double-matrix-sin-wave & show HEdit

double-scalar-add [0 558 0000

( double-scalar-cos| [ 0igge7

[ double—scalarfsin] - 04313

[ double—scalar—sin-bad] - 04313

[ double-scalar-sin—suspect] - 0239

[ double—scalar—tan] . p3943
double-vector-cos 1, Show & Edit
double-vector-current-altaz 1, Show &5 Edit
double-vector-current-radec Lo, Show & Edit
double-vector-rand 12, Show &= edit
double-vector-sin Lo, Show &= edit
double-vector-tan 1, Show & Edit
double-vector-target-altaz 1, Show & Edit
double-vector-taraet-radec I Show #HEedit

On:Operational:Idle;

258.0000
0.9997
0.0264
0.0264
0.0239
0.1673
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OLDB Scheme Plugin

* Supports:
* Attributes (bool, int[8,16,32,64], uint[8,16,32,64], float, double, strings, vectors, matrices)

* Read, write, poll, subscription, reconnection.

olan

taurus_core_taurusvalidator

. o } OldbAuthorityNameValidator
[ —

* Pending integration: | |

I | authority : regexp
pattern - | path : regexp
query : regexp
fragment : regexp

‘ +getNames(fullname: str, factory: TaurusFactory) tuple(str, str, str) |

«Abstract»

* Device, missing attribute —

_TaurusBaseValidator

- +scheme = None S

Enaled ¥ = e OldbDeviceNameValidator
rusTrend +default_scheme = None B |
ousle-scalor-sin-bed) | NGEES| —
S e - = & B B & doble-solerin-bad] — essoge +namePattern re.pattern 7 T scheme : regex|
; Mruoss eap so| Patt patt h gexp
> T o | «Abstract> .
double-vector-current radec Shaw et +nonStrctNamepPattern re.pattern authority : regexp
[ ] ) ' A i e— S 5 ey path : regexp
i [ Wer e ‘ +auth =(2) i 7 '.
§ [Tl I I — +path =(21) ) 7 7 | A
& anunlematrcsivwave | @ show e L S fragment : regexp
gm Shaset gatb = +fragment =(2!) +getNames(fullname, factory) ‘
f \
o / \ > +isValid(name: str, strict: str) : boolean S S
o ace - | | +getUriGroups(name: str, strict) dict(str, str)
e - . - . 1 +getNames(fullname: str, factory: TaurusFactory) tuple(str, str, str) | OldbAttributeNameValidator
5

(S -

snce 2028121 T11:14:31.357396

B 5e '

f scheme : regexp

I o «Abstract» | .
| authority : regexp
TaurusAttributeNameValidator |
/S - path : regexp
& pattern query : regexp
L T R 2 fragment : regexp

+getNames(fullname, factory, fragment)
! - i _
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MAL Request Reply Plugin
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MAL Request Reply Plugin

* Middleware Abstraction Layer (MAL) provides a Request Reply (RR) RPC solution: an interface
definition language and a ZeroMQ+ProtocolBuffers middleware implementation.

* Previous to creating the plugin, a small library to eliminate boilerplate code on handling MAL RR

within a GUI.

* 2023 started development of MAL Request Reply Plugin. Architecture of ELT CS needed

modification. Introspection was added.

* TaurusForm
StdCmds zpb.rr://127.0.0.1:12801/5tdCmds?if=::stdif::StdCmds - -
=] Init =] Enable =] Disable =] Stop

=] GetState || =] GetStatus | | =] GetVersion =] Exit

€A Reset

[ =] GetLogLevel || cii.mal.zpb.api [NOTSET]

[ =] SetlLoglevel | |Trace
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MAL Request Reply Plugin

* Several classes of Taurus that uses
Commands are Tango dependent.

* Adapt or replace. Chose to adapt (duck-typing)
to learn. Currently we are creating alternatives
for the affected widgets/panels.

— New TaurusDevicePanel (another plugin)

— New TaurusAsyncCommandButton
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2 zpb.rr://127.0.0.1:12801 v X

B

JES+ MAL Request Reply Server
(9) zpb.rr://127.0.0.1:12801 o

Connection

State

Requests Getters

Disable
Enable
Exit
GetBoolean
GetDouble
GetFloat
GetInt16

GetInt32

Description

MAL Request Reply Server

URE: zpb.rr://127.0.0.1:12801

Services: ::demoserviceif::Commands :introspectionif::Introspection ::stdif::StdCmds
GetVersion: 3.1.10-rc1
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MAL Request Reply Plugin

Supports:

Device

Request execution (command_inout)
Request query (command_query)
List of Request (command_list)

state, status.

Pending: Attributes (for Getters without
arguments)
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* RTC Control and Monitoring Tool VoA X
File Edit View Tools Help
Deployment Overview
Deployment Set: + depl1 - Deploy | Undeploy |

RTC Supervisor Global Status

data_task_1 NotReady | Idle

mudpi_pub_1

rtc_sup

tel_rec_1

tel_sub_1

Commands 3

ustdif:StdCmds

‘ I it || <]Enable H <] Disable || <]Stop || | <] GetlLogLevel Happ [INFO] - ‘

‘ <] GetState || <] GetStatus H <] Getversion || =] Exit || | <] SetLogLevel HTrace - ‘

zrtctkif::UpdateCmds
|SON Payload | <] Update All | | <] Update ‘

Example: { "data_points" : ["wfs/background”, "wfs/flat_field"], "apply_at_sample_id" : 424242, “apply_at_timestamp"
"2024-01-01709:42:30.987" }

urtctkif::RecoverCmds

=] Recover

artctkif::FuncCmds -
<MOOSTOILSTAIT LOGINTG GOJECT 3T UX/4931USDEEDU>, <MOUSTAITSTAIT.LOGINTD ODJECT 3T UX /493 1U40TY /U=, <O STaIT STaIr.LogLInTa
object at 0x7493104beef0>, <ModStdif.Stdif.LogInfo object at 0x7493104bf7b0>, <ModStdif.5tdif.LogInfo object at 0x7493104bf330>,
<ModsStdif.5tdif. LogInfo object at 0x7493104bfaf0=]
19:52:33.849998 - Invoking Init command with parameters [] on MAL Server zpb.rr://127.0.0.1:20614/
19:52:33.926029 - Init response from zpb.rri//127.0.0.1:20614/ is: OK
19:52:34.990059 - Invoking Enable command with parameters [] on MAL Server zpb.rr://127.0.0.1:20614/
19:52:34.995882 - Enable response from zpb.rri//127.0.0.1:20614/ is: OK

Logs from /var/log/elt, no filter | Commands |

CPU:0.0% @ 10 1
e —
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MAL Publisher Subscription Plugin
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MAL Publisher Subscription Plugin

The capability of MAL for structure definitions in its interface definition language is reused in its
PubSub solution. Structures are the definitions of topics published.

MAL initially supported RTI DDS. but it switched to fastdds approx. 3 years ago.
Implements only the Subscription of the Pub/Sub pattern.

Since DDS is intended for fast data transmission, throttling incomming data is a confiurable, via a
default or particular to the Attribute.

The plugin is still under development, but it has been release for testing and feedback.

Supports: Attributes: bool, string, timestamp, int[8,16,32,64], uint[8,16,32,64], float, double. Arrays of
the previous datatypes.
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Lessons Learned
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Lessons Learned

* A model that supports Attributes can be
implemented in an incremental manner:

- URI Validators is the first and most
important step.

— Continue with read method. There is a |
simple example in the h5file scheme.

0.0000 | rad

v Apply

— Datatype support can be added in
stages (basic data types, vectors,
matrices).

* Model Chooser makes any Scheme Plugin
visible and more accessible. Give priority
to its development as well.
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Lessons Learned

* Fragment overuse add too much
complexity to URI parsing.

* Separate model fragment/query from
model view.

TDB

* Plugins make use of python wheel entry core et |_isshon | Ben

points. Make sure you are using pip install
or ensure your build system does.

* Remember: scheme plugins maps
datatypes from control system to
python/taurus on read(), and python/taurus
to control system on write().
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See also

* Hoffstadt, A. et al., “Taurus Integration to ELT Control Software”, these proc. SPIE 13101-142
(2024)

* Chiozzi, G. et al., “The ELT high level coordination and control”, Proc. SPIE 12189-48 (2022)

* Tamai, R. et al., "ESO’s ELT halfway through construction ", these proc. SPIE 13094-43 (2024)
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Thank you!

Arturo Hoffstadt Urrutia
<ahoffsta@eso.org>

Marzena Kaczmarczyk
<marzena.kaczmarczyk@itti.com.pl>
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