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About Me - William Kamp

Ph.D from the University of Canterbury
S years at Endace building network monitoring
11 years on the SKA project.
Auckland University of Technology
National Research Council of Canada
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SKAO

Square Kilometre Array Observatory

One Observatory, Two Radio Telescopes, Three Continents.

SKA1 - 10% of the million square meters. SKAZ2 - The remaining 90%
700 million Euro budget. Budget ?7?77?
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SKA1-Low
the SKA's low-frequency telescope
’ TIIAYAVAYAVAN

Frequency range:
antennas spread between
512 stations

Il SKA1-Mid
ll the SKA's mid-frequency telescope

AN | B BIED

Frequency range: 197 dishes
350 MHZ (including 64 MeerKAT dishes)
’ to S
15.4 GHz @ @

Location: South Africa with a goal of 24 GHz Maximum baseline:

150km
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Single Dish - SKAMPI - Raster Scan- 2024

Above: First light SKAMPI image of the Southern Sky at 2.5 GHz wavelength. The frame (in grey) shows the complete sky in galactic
coordinates with the Galactic centre in the middle. The false colour image shows radio emission from the part of the sky which is
accessible to the telescope in South Africa. Besides radio emission from the Galactic centre (Sgr A), the bright radio galaxy Cen A, both
Magellanic clouds and star forming areas in Orion and Vela show up in the image. Credit: SKAMPI Team



Two Receptors - First Correlation Fringes!

Polarization / Amplitude XX Hydrogen @ © Polarization / Phase XX @ o
Line!
-20 — SKA001_SKA001 — SKA001_SKA001
—— SKA100_SKA001 3 —— SKA100_SKA001
-25 = SKA100_SKA100 w— SKA100_SKA100
2|
-30
3 -35 * 1
© . c
S -0 Radio Freq |z
3 £ o
S Interference )¢
3 2
< T
-50
-55 -2
-60 J
-3
-65
1000 1100 1200 1300 1400 1500 1600 RF 1000 1100 1200 1300 1400 1500 1600

Frequency (MHz)

“Correlator”

Frequency (MHz)

Interference

Polarisation: XX
Baseline: SKA100_SKA001

A“visibility”
describes the
magnitude and
phase (position)
of the
interference

pattern. )/ | 'I i

Phase (radians)

0 0 D D
1200 1300 1400 1500

Frequency (MHz)



Two Receptors - Fringes Stopped (Delay Corrected)

Band 2 SKA001-100 cross-correlation amplitude and phase toward J1939-634 on 5 December 2025
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“This source [J1939-634] has been well studied so we know what the signal should look like,
and that's what we observed with this first fringes result.

It confirms that all our hardware and software systems are working

as we designed them to do, giving us confidence as we begin to commission the telescope,’

“That includes seeing that the dishes can track
Cross [ oordinated way the

the receivers are being cooled to the required
temperature of minus 250°C,
the synchronisation and timing system is
accurately timing signals from the different
dishes to a billionth of a second, and
the correlator is correctly processing and
aligning the data.”

Dr Betsey Adams, SKA-Mid Commissioning Scientist

Photo credit: SKAO/Max Alexander



Driving industrial
innovation globally

Hardware and software for the SKA
telescopes are being manufactured and
developed across SKAO member states
before being shipped to the telescope sites
in Australia and South Africa. This global
model leverages industrial expertise, fuels
innovation'and skills transfer, and spurs
public- p&tz partnerships. Above all, it
reflects the strength of the collaboration
at the heart of the SKAQ, with thousands
of people worldwide helplngto di g
this groundbreaking facility.
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Third receptor very recently bought online.

Three total baselines.
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Four Receptors
- Calibration & Imaging

Sufficient receptors to calibrate the telescope.

Allows for the first images to be generated.

SKA-Low achieved this milestone in mid 2025

o
o
o
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e 7 hour observation
e 385 radio galaxies detected

Flux density (Jy/beam)

SKA-Mid will achieve this in early 2026.

e A narrower field of view.

24™m
RA (J2000)




Talon Demonstration Correlator - for up to 8 receptors

8g) 11), 12) _
\\ © Mid.CBF LRY - 19' 2U rack mountable.

9)

ST G Talon-DX
8b) T Board

Line replaceable Unit (top-left)

e 2x Talon-DX boards, redundant AC
power, fans, ..., all RFI sealed

Talon-DX Board (left)

e |Intel Stratix 10 FPGA

e 4x DDR DIMMs, 256GB, 32GB,
32GB, 16GB (embedded CPU)

e Huge networking, upto 56x 25Gbps
fibre links, + 2*100Gb Ethernet.




Beyond Eight Receptors - Correlator Redesign

JA-860m  Bittiware

“Some” schedule drift.
Original design required a high technology readiness level to pass Critical Design Review.

That technology (Stratix 10 FPGA, DDR4 memory, 100GbE) is “old”.

Same algorithms and techniques, but with refreshed compute.

e Agilex7 FPGA in a PCle Card form factor.
o  Embedded 400GbE MACs, 56Gbps PAM4 transceivers.
o HBM2e (High Bandwidth Memory)
e COTS Server (TeraBox - from Bittware)
o dual ia860m FPGA cards, and y 3
o  400GbE NIC o R
e 32-port 400GbE switches

Better than double the density, and half the powerf
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https: //www skao. mt/en/explore/sc:lence goals

Pushlng the boUhdanes of
science.

The SKA telescopes will transform our underst_an'ding of the Universe, .
tackling some of the most fundamental scientific questions of our time. -

. mgthb oY Challengin
 cosmicdawn Einstein ‘ dark enerqy -
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AXIYE

Ooo @

Memory Mapped Register access
over Ethernet
Reliable like TCP

©)

In-order execution

Asymmetric unlike TCP

o Simple server on FPGA

o Error recovery at the client
High-performance

o Many transactions in flight

o Conditional Execution

W. Kamp,

"AXI over Ethernet; a protocol for the monitoring and control of FPGA clusters,"
2017 International Conference on Field Programmable Technology (ICFPT),

doi: 10.1109/FPT.2017.82801
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AXI@E in the Wild
DoQ o

MM APPLIED RESEARCH

Accelerating Innovation in 6G Research: Real-Time
Capable SDR System Architecture for
Rapid Prototyping

IEEE Access

M. Engelhardt et al.: Accelerating Innovation in 6G Research: Real-Time Capable SDR System Architecture

MAXIMILIAN ENGELHARDT !, SEBASTIAN GIEHL 2, MICHAEL SCHUBERT ", Host A Cgiyerter Devigg FPGA
ALEXANDER IHLOW “1-2, CHRISTIAN SCHNEIDER“''-2, ALEXANDER EBERT “1-2,
MARKUS LANDMANN !, GIOVANNI DEL GALDO""'2, (Member, IEEE), AXIOE Server Data Converters
AND CARSTEN ANDRICH""2 Python ST _
! Fraunhofer Institute for Integrated Circuits 1S, 91058 Erlangen, Germany Application _Elhernet T atl = ADC 1 Rx Signal
2Institute of Information Technology, Technische Universitiit Ilmenau, 98693 Ilmenau, Germany “ 2 4
Corresponding author: Sebastian Giehl (sebastian-wilhelm.giehl @tu-ilmenau.de) P ;_:
g Tx Path 1 a DAC 1 Tx Signal
Storage : i ]
/7’\
Peripheral = -
Control Clocking
[ [ |
I’C SPI REFCLK SYSREF
FIGURE 1. Overview of our system hi isting of the device, which i is operated by a driver software on the host
via one or high-speed links. Its generlc design allows for adap and of and
hlgh-speed data interface. This allows to achieve the indi desired pe; without h S to the

architecture. Encapsulation of base features in an abstraction layer on the hnst allows for interfacing with the system via the high-level
scripting language Python.
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Quantum Computer Manufacturer

~ | e Controlling arbitrary waveform generator FPGAs
N
- Reusable Rocket Company
- e Rocket Science ;-)
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