SKA Status Update:

Progress on construction and software delivery
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By Samuel, Marco, Thomas & on behalf of many others at SKAO
21st May, 2025 @ 39th Tango Community Meeting
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NASA, ESA, S. Baum and C. O'Dea (RIT), and the . - . '

Hubble Heritage Team (STScl/AURA) ' ”



R. Perley and W. Cotton (NRAO/AUI/NSF)



NASA, ESA, S. Baum and C. O'Dea (RIT), R. Perley and W. Cotton . 2 A
(NRAO/AUI/NSF), and the Hubble Heritage Team (STScl/AURA) : -


http://www.nasa.gov/
http://www.spacetelescope.org/
http://heritage.stsci.edu/
http://www.stsci.edu/
http://www.aura-astronomy.org/

TH CURRENT RADIO TELESCORES

WITH CURRENT RADID TELESCOOPES

Slide / 5



MerKAT

+00.6° §

the

+00.4°}

+00.2°|

ion in

+00.0° §

-00.2°1

Galactic Latitude

-00.4°§

The previous best image of this
star-forming region was obtained with .8
the Australia Telescope Compact Array R TR R
(ATCA). The MeerKAT image is sharper _
and more sensitive; and shows fainter .

features with additional detail.
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One Observatory Two Telescopes Three Continents

| { Australia
;} Canada
SKAO Global HQ, _% China
Jodrell Bank, UK Wiy
& Germany
] o India
SKAO’'s Mission Italy
“To build and operating cutting The Netherlands
edge telescopes to transform B
. y Portugal
our understanding of the b A
universe and deliver benefits to e s South Africa
society through global s ¥ | | . < opain
collaboration and innovation” | | Switzerland
el 5 United Kingdom
. v

Bl SKAO Partnership - includes SKAO Member States* and SKAO Observers (as of Nov 2024) African Partner Countries
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Science Goals
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cosmic Challenging
magnetism Einstein
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Exploring
galaxy evolution

©

Cosmology and
dark energy

Seeking the Studying our
origins of life nearest star

@ O,

“ Probing the!
cosmic dawn

O,

Image credits: SKAO website
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https://www.skao.int/en/explore/science-goals/164/probing-cosmic-dawn
https://www.skao.int/en/explore/science-goals/129/challenging-einstein
https://www.skao.int/en/explore/science-goals/130/cosmology-and-dark-energy
https://www.skao.int/en/explore/science-goals/131/exploring-galaxy-evolution
https://www.skao.int/en/explore/science-goals/284/our-home-galaxy
https://www.skao.int/en/explore/science-goals/145/seeking-origins-life
https://www.skao.int/en/explore/science-goals/270/studying-our-nearest-star
https://www.skao.int/en/explore/science-goals/139/understanding-cosmic-magnetism
https://www.skao.int/en/explore/science-goals/146/bursting-sky

SKA-Mid Telescope

e 197/ fully steerable dishes
e Maximum baseline 150 km

e Frequency range 350 MHz - 15.4 GHzZ
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SKA-Low Telescope

Traditional Owners and Native Title Holders

of:InyarrimanhaIlgariBundara, the CSIRO

Bird's eye view of S8 with e - O LR i R s Wierchison-Radio-astronomy Observatory,

two completed stations. e ity 1 =R Sy e =where the SKA-Eéw-telescope is being built.
June2024 i LaE oo RS :

SKAO < S v S 2 i We acknowledge the Wajarri Yamaiji as the

We acknowledge the Wajarri Yamaji as the
Traditional Owners and Native Title Holders
of Inyarrimanha Ilgari Bundara, the CSIRO
SKA-Low telescope Murchison Radio-astronomy Observatory,
Credit: SKAO/Max Alexander where the SKA-Low telescope is being built.

e 512 stations —
e Maximum baseline 70 km
e Frequency range 50 MHz - 350 MHz
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Delivery Overview

(earliest)

Milestone Event

Construction Approval

AAO0.5 A1V start

4 dishes
4 stations

SKA-Mid

2025 Nov

SKA-Low

AA0.5 end 4 dishes 2026 May 2025 Jul
4 stations

AA1l end 8 dishes 2027 Jan 2026 Jan
16 stations

AA2 end 64 dishes 2027 Dec 2026 Nov
64 stations

AA* end 144 dishes 2028 Sep 2028 May
307 stations

Operations Readiness Review 2029 Jan 2028 Jul

programme

End of Staged Delivery

Formal end of construction
(including contingency): 2029

Mar

AA4

197 dishes
512 stations

78D

TBD

e Completed 43 months of activity
from a projected 93-month
construction phase

e 97 contracts have been awarded
for approximately €776M, which
is 78% of the Capital Cost of
Construction

e As of February 2025, progress
measures indicate 43% of project
work complete, compared with
46% planned and 46% spent
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SKA-Low’s early success (March 2025)
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S8 Cluster / AAOS5 RA (J2000)

Image captured with AAQ.5

press release
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https://www.skao.int/en/news/621/ska-low-first-glimpse-universe

SKA-Mid Current Status

e 3 dishes structures built (3 big lifts)

e 4 more awaiting assembly against planned 12

e Risks identified and mitigated

e AAO.5 nearing completion

e Fringes targeted for end of 2025
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Science and
Technology

Computing & Software Supplier Ecosystem

| dotmodus
covnetics T )rSrs ASTRON
Providing quality IC design solutions Netherlands Institute for Radio Astronomy

ORY
v 5o

Facilities Council

— nag -
Hewlett Packard 3
Enterprise =
o
&
=PFL :

/IKKODIS

‘e o software
[@PORTO s
T/ FACULDADE DE CIENCIAS -
( UNIVERSIDADE DO PORTO o -<oiil] '
S "M KZE
2me® GUANGZHOU UNIVERSITY

THE UNIVERSITY OF \
Fourier

WV IVO BN WESTERN
=’ AUSTRALIA
- Space

« Resources from 30+ suppliers
from 9 countries.

« For Software we source
“professional services” of ~160

“key persons”.

National Research | South African Radio
undation | Astronomy Observatory
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Delivering Computing and Software

ESSENTIAL
Business & @ iRT Flow Continuous Delivery Pipeline
v VP
Owners
Customer Centricity Solution
o = . _AGILE RELEASETRAIN .~ N
& 2] | x (' ) ==
Agile /78> £ L] A - -
Product Product Syst.em B T W s Continuous Continuous Continuous Solution m
Delivery \&» Mgmt 'AfChlteCt o o9 Lean UX NFRs Exploration Integration Deployment Context Vision
2 W W ART -
| |
IG_E Design Thinking Backlog ¥ Release on Demand
Team Flow W System Demos 7y Cloud Roadmap
Agile Teams = é:B
' g - .g .g’ . .
£ Feature 1 c
Team and [ %0 Sl H T "B
TeChnical Product “' A = = = S m Enabler ; T \/ System
ili Owner CE -

Agility & SAFe Scrum NFRs DevODs REEA

fé] Built-In - Iterations P

3 Quality eam
Scrum Master / Team Coach = Backlogs =1 Pl
Pl Objectives

=l i T e g B o W WL R

Architectural Runway
Leffingwell, et al. © Scaled Agile, Inc.

SAFe Team Kanban

Business & Technology

Y g Continuous

-Aaqi EDI®» | can-Agile =, Core SAFe ™™™ Implementation
Lean-Agile A &P | ean-Agi —_ p . ‘ -
= Mindset I s I Values Principles = Roadmap !'Q"a (L:i?t'::gg

Leadership

Coordinated effort of 30 globally distributed teams in 6 Agile Release Trains (ARTs)
Content, technical and process alignment between the ARTs is managed by the Solution Team & ART

Program Teams.
e All ARTs follow the same 3-month planning, prioritisation and delivery cadence .

e Work is shared with stakeholders through frequent system demaos.

Slide / 18

ART: Agile Release Train (group of teams)
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| ﬂ g ‘ g ! | ﬁ Signal / Observed data Telescope (sub-)system H
I : ey o o I . ——) Control & Monitoring data
\ AlVEngineers, Commissioning Scientist, Operators, ... : : :
:« system » : SKA Observatory Software : :
| : |
: BRSSO Observatory Science Operations (0SO) : o
| Proposal mgt. & Observation design Observation Observation Bt I
] X submission . & planning . scheduling . Execution (OET) Data Archive i
I Platform Services
I
| I
| Configuration Management [
! =——a=n
| Engineering Management Engineering | o
' System (EMS) Telescope Monitoring and Control (TMC) B Arih b |
' = B SKA Regional ‘ ’
: o e : Centre
nchronisation & Timin
| % = , Network
- - )
| |
| ! R
| B | | , m
System ITF | MID Telescope Central Signal Processor Science Data Processor |
Ui | Digitised (CSP) Visibilities, (SDP) !
Eqmpment ' S Pulsar !
| Dish itori packetised _ I
O monoring data candidates, ...
il ! & control CSP monitoring & control SDP monitoring & control ! H
Correlator [f . . SDP science workflow & Py ta products
| LOW Telescope Station Beamformer ameiatian ool data services !
Beams I
Low array Real-time Batch ' m
Monitor, Control, VLBI Pulsar Timing Processing Processing |
& Calibration I
System (MCCS) . >
I
Receptors Digital Hardware HPC Computing Systems ! m
Analogue Hardware Computing Equipment Data Processing Software I
Digital hardware Data Processing Software I !
T s |




Control System Guidelines + Base Classes

ska-tango-base
(repository overview)

Component Manager

Base Component

Base Device Obs Device
Manager
Concurrency N Al Handl Y cubarrav Device Executor
mechanism SRR y Component M'gr = :
Device
JAN
Component Manager: Implements the methods
for the commands on the tango device and
mmw s Control Model zd Controller Device lllawr 4 Capability Device handles state changes using callbacks. The
executor type has support for asynchronous = . =
toak axaciition. BaseDevice BaseComponentManager
. : command_objects (dictfCommandClasses component state (dict
@)ncurrency mechanism: The default concurrency mechanism \ ‘Tango devices with CS command_trajcker ((Con!lmandTraCker) ) P = (dict)

implemented is the python ThreadPoolExecutor. This can be swapped guidelines specified interface i " o o
for any other mechanism of preference e.g. asyncio. The executing ga Logger Device and behaviour across communication_state (CommunicationStatus enum)
commands are managed and reported by a command tracker. common components. . .

admin_mode (AdminMode enum) All the enums are from the
Command Classes: Abstract classes for implementing device control_mode (ControlMode enum) control model
commands for blocking and non-blocking tasks. health_state (HealthState enum) + component_state_callback()

. o Telescope State simulation_mode (SimulationMode enum) o
Control Model: State models and their enumerations imported from o De\rl,ice test_mode (TestMode enum) + communication_state_callback()
the SKA Control Model repository. J
+ command handlers ...
+ init_device()
T
+ register_command_object()

+ init_command_objects()
+ create_component_manager()

+ state callbacks ...

z

Slide / 20




Tango Community @ SKA

e Tango Community of Practice

e CI/CD & Testing Community of
Practice

Py .
Tango:

e

Q Search ctrl '+ K

Installation

Tutorial v

How-to guides N
Testing PyTango Devices 7

Approaches to testing Tango

devices

Device Test Context Classes
API

Mocking clients for Testing

Code coverage for Tango

devices
Multiprocessing/Multithreading

Starting/creating/deleting

devices

Writing TANGO servers with

original API
OpenTelemetry
PyTango Database Device Server

How to Contribute

API| reference 2
News and releases v
TEP W
Index

Mocking clients for Testing

Test Doubles: The idea behind mocking Tango
entities

Suppose we want to test a Tango Device, Device A. In particular, we want to assert that when a certain action is
invoked on Device A, it should produce an expected result. This will prove to us that Device A 's

implementation sufficiently manifests the behaviour we would like it to have.

Now suppose Device A depends on Device B to complete its action. In other words, the result will depend, in
part, on the state of Device B. This means that to test this scenario, both devices need to be in a base state that

we control.

This might be difficult to achieve when using real devices since it might require a lot of orchestration and

manipulation of details irrelevant to the test scenario, i.e. to get Device B into the required state.

A Test Double is a component that can act as a real device but is easier to manipulate and configure into the
states that we want during testing. This means that we can replace Device B with its Test Double as long as it

conforms to the interface that Device A expects.

What's more, we can manipulate the Test Double to respond in the way we expect Device B to respond under
the various conditions we want to test. A Mock is simply a type of Test Double that might have some

conditional logic or behaviour to help in testing.

Deavice Under Test Dependent-On Device : k
Test Runner Test Double
Action Query k ;
|
Test Runner f
Test Runner
\
Test Runner
[

Test Doubles: The idea behir

mocking Tango entities
Tango's DeviceProxys
Mocking the DeviceProxy
Solution

Moving on

Using pytest and fixtures

Acknowledgement

0 DishMode

0 ConfiguredBand

AchievedPointing (TAl, Az, El)

1718955217.958109,0,85

Dish Synoptic View

Taranta dashboard SKAOOS

TMC Low Dashboard

elescope State m
elescope HealthState

MCCS

MCCS controller MCCS Subarray
|Slate l m ISta!e I m

|Healthza:e I OK| |HealthState I OK |

elescope Availability

ICentral Node
ISubarray Node
MCCS Leaf Node
ISDP Leaf Node
ICSP Leaf Node

PACCS Controller

PACCS Subarray

P

CSP Subarray SDP Controller SDP Subarray
SP Subarra
[ |

|HealthState | OKI

FSP Controller

CSP Controller
}State | m ﬁtate l m }State | |Szaze

HeanhState I oK | P-IeahhS!ate OK | 'HealthState I

|Admin Mode ONLINE | }Adman Mode ONLINE| }SDP Controller

}SDP Subarray

Subarray1 View

Subarray Availability SlSubarray State m ubarray Health State

Pause Data update | Show Event View Pause Data update | Show Event View Pause Data update | Show Event View

Very useful content from testing community featured in
pytango docs here

low-tmc/subarray/0] /obsstate

ommand Result
SCANNING=

1746174787.1263618_84881752492835_EndScan | [0, "Comman LR

|
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https://tango-controls.readthedocs.io/projects/pytango/en/latest/how-to/testing.html

Tango Community @ SKA: ska-tango-images

Defines a set of Docker images and a
Charts files that are useful for e hdbpp x 4

TANGO control system development e rest-server
e tango-admin

5 CAR_OCI_REGISTRY_HOST
SKABUILDPYTHON_VERSION

BUILD IMAGE="artefact.skao.int/ska-build-python:${SKABUILDPYTHON VERSION}" . ta n g O - b a S e

ARG BASE_IMAGE="${CAR_OCI_REGISTRY_HOST}/ska-tango-images-tango-python:local”
ROM $BUILD IMAGE AS build
3 PYTANGO_VERSION

DSCONFIG_VERSION . ta n g O - b O O g i e

/ VIRTUAL_ENV=/app

e e tango-cpp

apt-get install -y --no-install-recommends

D = — —~—
o . T T TR T T T T | "
PATH="$VIRTUAL_ENV/bin:$PATH" ) : g & _ ® ta N g O- th on
| T ' ===
pip install --no-cache-dir pytango==${PYTANGO_ VERSION} dsconfig==$%${DSCONFIG_VERSION} ) ' : I ! l ! | ! ! l ! ! ! q J i
N oo wsnstart 5 pip LA RR | pre— e tango-dsconfig
FROM $BASE_IMAGE AS final . I | I | | | | | R l | I

ol l ] t _ I
ENV VIRTUAL_ENV=/app L_I . | s | : | ' ® angO lee

— 5]
ENV PATH="$VIRTUAL_ENV/bin:$PATH"

COPY --from=build $VIRTUAL_ENV $VIRTUAL_ENV . ta n g O - p O g O

LABEL int.skao.image.team="Team Wombat"

int.skao.image.

int.skao.image. elescope/ska-tango-images” . tango_reSt

int.skao.image.
int.skao.application="Max]

from the Tango controls collaboration™

license="BSD-3-Clause" ) | . ta ngO_teSt

WORKDIR / \\

see docs
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https://gitlab.com/ska-telescope/ska-tango-images
https://developer.skao.int/projects/ska-tango-images/en/latest/?badge=latest

Tango Community @ SKA: ska-tango-...

ska-tanao-test-bench: Test bench ska-tango-event-monitor: Provides

for testing Tango release facilities to monitor the Tango event

candidates against SKA software system performance for your Tango
devices

ew subscriptions:

|
-
|

mida-4als

simulator-spfrx/ska@el/b3capabilitystate.idl5 change: © (1 callback(s) registered)

—
oy
-~
«

mid-dish/simulator-spfrx/skaeel/attenuationpolh.idl5 change: @ (1 callback(s) registered)
mid-dish/ds-manager/ska@el/bandlpointingmodelparams.idl5 change: 1 (1 callback(s) registered)

ew publishers:

mid-dish/dish-manager/ska@el/longrunningcommandresult.change: 9
A ¢
7 k
N

mid-dish/dish-manager/ska@@l/longrunningcommandsinqueue.change: 9
mid-dish/dish-manager/skae@l/dishmode.change: 3

tango-rc Publishing performance:

Event Gaps (pus): 50530.85+30847.31 (min=5, 10%=7, 90%=100408 max=997019)

ent _push time ): 19.03+3.30 (min=1, 10%=1, 90%=53 max=80)
Received events or callbacks changed:

mid-dish/simulator-spfrx/skaeel/b3capabilitystate.idl5 change
mid-dish/simulator-spfc/ska@el/b5acapabilitystate.idl5 change
mid-dish/simulator-spfrx/skaeel/blcapabilitystate.idl5 change

(RS ﬁm\\
)

: +1 (+0@ callbacks)
: +2 (+0 callbacks)
: +1 (40 callbacks)

Subscription performance:

Event Gaps (us): 22872.29%+17275.67
Sleeping time (us): 308647.49%282357.37
Processing time (us): 194.31+70.49
First callback latency (ps): 887.19%+135.66

Callback Count (ps): 0.89+0.05

(min=3, 10%=4, 90%=39767 max=582494)
(min=1, 10%=1, 90%=147990 max=10031724)
(min=1, 10%=2, 90%=359 max=2396)
(min=196, 10%=244, 90%=1678 max=3904)
(min=0, 10%=0, 90%=1 max=1)

Event monitoring in action, see Thomas Ives' talk
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https://gitlab.com/ska-telescope/ska-tango-test-bench
https://gitlab.com/ska-telescope/ska-tango-event-monitor
https://indico.tango-controls.org/event/422/contributions/897/

Tango Community @ SKA: ...

e ska-tango-testing: provides test harness elements for testing Tango
devices

e On demand Tango workshops for teams led by Thomas Juerges

e Contributing runners for tango CI jobs (along with DESY, MAX IV &
ALBA)

e Active collaboration on Taranta

e Driving development of device servers in a Kubernetes context

(workshop by Matteo Di Carlo)



https://gitlab.com/ska-telescope/ska-tango-testing
https://indico.tango-controls.org/event/422/page/61-wednesday-21st-may-morning-parallel-workshops

(N

m\
SKAO TANG:

We've made a key technical choice and forged a valuable
partnership that perfectly aligns with SKAQO's belief in open
source.

This product's excellence is built on the strength of our
community — GRAZIE to everyone who has contributed!




@
Questions?

We recognise and acknowledge the
Indigenous peoples and cultures that have
traditionally lived on the lands on which
our facilities are located.

KA i
- WWW.Skao.int


http://www.skao.int

