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https://confluence.skatelescope.org/display/TDT/MID+System+Overview+and+Architecture
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-8/issue-1/011021/Highlights-of-the-SKA1-Mid-telescope-architecture/10.1117/1.JATIS.8.1.011021.pdf?SSO=1
https://ska-aw.bentley.com/SKAProd/Search/QuickLink.aspx?n=SKA-TEL-SKO-0001075&t=3&d=Main%5ceB_PROD&sc=Global&state=LatestApproved&i=view
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Observatory architecture

4 Y
2 \ SKA Observatory ) 3
[ Global Headquarters, UK )
_____________________________ (GHQ)
___________________ 7 SKA Low - Australia iiieeeeeeo_____{" SKA Mid - South Africa \_____
*~Host Country Operations _ \._Host Country Operations_
i (Remote Station Engineering E f Engineering (Remote Dish) E
E Operations Centre | | i Operations Centre ,=< Remote Dish ) |
| : Il (EOCQ) i | (EOC) |
' A Remote Station 4 Remote \\ ; \ < :
i Processing Science Operations é i Science Operations Remate Dish i
i Facilities Centre i i Centre i
i : o (RPE) ) (SOC) | i (SOCQ) ,.: i
| G{emote Station b | | 3 " |
: W _ ! ! '=(Remote Dish) !
i Science Processing E i Science Processing E
E C N /Central Processing Centre : l Centre Central Processing\ 4 c l
| ore : I ore |
E Y. \_ Facility (CPF) (SPC) ! ; (SPC) Facility (CPF) 4 \_ |
- —————— J
X

#
LEGEND Host Country

Entity

Data

[ SKA Facility ) ESKA Regional Centres
Control |
G\ternational EntitD §

) ’ See SKA Baseline Design Document (DBD)

————————————————————————————————————————————————————————————————
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NN
s

Observation design, | e

o - £ N P P o !
planning & execution (@& g,
| | Proposals | - :
: Observation Observation |
;u: | [ Proposal 1< Design Planning :
’ rO p O S a a n . Management ] 1 1 Science Priorities |
TAC : S % J SBs & SB :
] | uccessful = SBs - Scheduling 5 B T i
| Projects . — Planning inputs ey roject Tracking *—f—"
observation tools a . B2 :
: Project 001 2 = National shares :
- i |
HQ and in-countr ' e - =
: | - Maintenance |
[
' schedules )
E Project v L . \ |
' NNN > N |
- N e eSS e g g s Slesimensnnan G gk gl g e e el hesemen s g s s s E e e o?
Observatory Data Mngmeermg
® | OCal sclence VO Alert / Request | e Archive | _____| agagteme”t
stem
[ LOW / MID | = J

I |

l |

[ | | |
operation at SOC = ; :
S ol : Observation Design :

Community o | Environmental ] Maintenance E

: Monitoring schedules |

)

l

|

|

Smaff
Operator ’_’[__lhiL]_‘_
Loggin

4

e Maintenance ops at
E O C External Functions & Processes E —.[ — :I f R .TT};ns - VO Alerts

o ™\

Observatory Functions & Processes

Static & Dynamic databases

Signal/data flow

i

Local Monitoring and Control

System interfaces { l
e Shared databases Iy ¥y

and tools | i
= —

Pls and Cols

> Human-Human interfaces
Human-Machine interfaces

J,

|

* SKA-TEL-SKO-0000307 Operational Concept Document
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Globally distributed observing tools and process

Phase 1 Phase 2 Phase 3
B | N L . o |
Proposal Proposal {05110 =16 AN Observation N\ Observation N\ Observation . . Science
. — - : : Post-Observation Data Processing :
Preparation // Assessment 1 4 Planning Scheduling Execution Extraction
Used by: Used by: Used by: Used by: Science Used by: & . B (User-led analysis
Investigators Reviewers - Investigators: Observation Telescope Shift Log at SRCs)
Proposal Handling Science Planners Opoerators Tool
Team Operations Staff J
i D & w R A . ) ( Observation \ ( .\ ( ([ Y ( Accounting
ptr)op'os'al > M i t P Observation —>{ il il Schedulin eI il A ad'ustmentsg&
S Sl bl Design Tool Planning Tool d Execution Tool Processing Assessment J L
. Tool ) \_ Tool ) ) L ) U Tool ) y \ ) ) \_reconciliation )
‘ R
Project Tracking Tool
J
Time
>
Key
Stage in the 0S0 Non-0SO Handover to the next Handover to the next Non-OSO Project Status
> >observing [ ] o [ ] i — application indicated application achieved Project Status updates » updates and time
Application process : . :
workflow by state of shared data via request response allocation adjustments

* Link to OSO Confluence page
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Selected Mid features

Imaging Sensitivity ~ ®Modes:
| | . I *lImaging (continuum and spectral)
i | ®Pulsar Search, Pulsar Timing
\(\ e Flow through
e Dynamic Spectrum
| e Transient Search
¥ B s | o VLBI

1000 }

>~ LOFAR-High

Sensitivity (m°/K)
S
O
474,/\
P
>

Y
o

J _ _ : :
|| |l «High time & spatial resolution
0.1 1 L : : '
Frequency (GHz) O FIeXIbIe SChedUIIng

e Commensal Observing

SKA-TEL-SKO-0000007 Level O Requirements . . -
SKA-TEL-SKO-0000008 Sy\étem Requ.”gpec. e 9504 Operatlonal Avallablllty
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Ongoing performance assessment & budgets

Wide-field Imaging Integration Time -

+ Auto-Correlation/Single-dish Direction Dependent Errors

* VLBI Capability FoM System Efficiency (Sensitivity Loss) -

+  Pulsar Timing Noise |

Performance Metrics

+ Transient Survey Sensitivity Spectral Fidelity +

* Pulsar Discovery Rate FOM Spectral Dynamic Range +

* k-space dynamic range (Low only) Photometric Accuracy & Image Fidelity

See SKA Baseline Design Document (DBD)
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Mid Telescope Location

| / }
k

-y The

=
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TSR
%
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i 2

\ -

“yCuba ™, __ Dominican

“03" {c -

Haiti

Jamaica " Thw

Carribean Sea

Venezul R SR ' ‘ N ™\ | - 3 " - . AT

e )

Colombia

Cape To

“Sispc
"~ socC

e - "
£, GEBCO
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Array architecture

e Array layout to optimise
resolution and sensitivity

e 150km longest baseline
e Incorporates MeerKAT Dishes

e 197 Dishes with 4 Rx Bands:
eBand 1: 0.35 - 0.65 GHz
e Band 2: 0.95 - 1.76 GHz
e Band 5a: 4.6 - 8.5 GHz
e Band 5b: 8.3 - 15.4 GHz

SKA-TEL-INSA-0000537 Mid Physical Configuration Coordinates

Full Array Configuration
100

" Optical Fibre:
_ Digitised RF Data

On-site
Central Processing Facility
. Telescope
Telescope Timescale (maser clocks) Manager
| Long-haul Fibres ;
o 5 ~._~ Off-site
VLBI <: Correlator — Beamformer :> T
Terminal (197 Dishes) :

Science Data Processing Facility

g

Global Distribution to Regional Science Centres
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Mid Infrastructure

CTETRT LT . 4

ey
i BN

b £ e 7 B ® Water
X b \ hSE -

Van Wykswlei

~ . e Roads
| ¢/” € - it

‘ ¥ ,
EA\‘ i £ T * Fibre
. e Buildings
e Cooling

* Dish
A Foundations
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Synchronisation &

Dishes & Receivers Data Transport Timing
:_____-].- ———————— T TTT Ty T oIS FeTTTTTTT !‘ """"" 1 r_--____"Synchronisation
| T & Timing
| Feed RF . o Sub-Band Long-haul Distribution
: Antenna —» Hardware —> Electronics —» RF Gain —| Digitisation —>» Filtering > Links ‘
. A | 1
| .
| Precise Dynamic Feeds_, LNA & Amplifier Amplification Sample Digital Fibre-optic Observatory
: S?ructures, Cyrogenics® & Filtering Clock & Filter Digital Data & Clock System
i | Motion Control, Enclosures Time Stamp Opto-electronics
: Optics Generation Optical Amps . |
: Advanced Time
| Keeping &
T — Distribution
|
s oo oo oo oo oo o oo o e o e os o o - .- -l e ——
|
[ VLBI Data > . VLBI Data q VLBI
: Transient Data > Transient Data# Terminal "
| Visibility Data > Visibility Data: Equipment/ |~ —: g
| : Interface <
| Channeliser, || Pulsar — - > Ingest B o Science : 3
I | b Beamformer Search | o % Switch $ © Data | Q
! & Correlator | £0 i it Science ! c
Tel ! = 2 2
|\T| escope g c = £ | Dz!ta | |G
anager , Pulsar | ¢ E c E Archive & ' 7
| | Timing| S N oF Distribution | | |
T I j : [ o
_ |____f_J ________ L | R S R >
Operations, High-speed Specialised Science Data Super- Advanced Data r
Control and Digital Digital Processing computer Storage -
Monitoring Hardware Hardware Front-end Hardware,
Systems Data Routing Software

Telescope Manager Central Signal Processing Science Data Processing



Prototype Dish systems and subsystems

e 15m Offset
Gregorian

e Cooled &
uncooled
Feeds

e Digitisation &
timestamping

e Demanding
pointing &
stability
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Network routes

> Brandvlei Spiral ~~~~_ S -
I = West
l,;‘ . Carnarvon Spiral
4 e ~ /
7 3 > : " Outer Shelter S - 4 East P
vish > 8() N \ ¥
\ e -
 Receptor ' X 5 ;‘\1;
\ —_— f \ / 1 - - /
N ¢ 2\ / ’ \ // J .
> / %0, Outer Shelt ﬂ '
" N : A J/ bl ™ Receptor ererontein
S o~ O SR / > 80 kn /
B rrats » \ / \ /
Oish - - / 2 \ Sy /
g SKA EOC Add-Drop

————— Core Array

KAPB /

Losberg
CPF SKA SA Power Line

POP
\ ™ | A8 Core Mass Fibre
"““,t;}:;; 78km 17km
‘-';“ Dish ,: _ i
\‘_\ Receptor ’:
ZL ,, \ 67 km
Receptor o Key

—_— 100 GE Client-side

Carnarvon

/
,/ Williston Spiral
South

- — Optical Link distance > 80 km
N\
Leased fibre route length, excluding diverse section {\ ) Loxton

in Cape Town - 737 kms T

e o 19.9 Tb/s data rate 113 km
SKA SDP /

+ 35 km *
S 4 1
K ﬁ 99 km @ 74 km O 84 km O 86 km @ 42 km @ 77 kmO Beaufort West
+ 35 km -3? eé.. s_oo $— é{_‘b
. S - O
N1 City & ;{} q?-'-? < e
& S > ¢ >
A N § K
Q ~

See: SKA-TEL-0001839 Science Network Re-Design for SKA1-Mid
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Correlator Beamformer (CBF)

e A
FSP-1
4 ) " Function-configurable | pata
Band-specific Band-invariant products
Very Coarse Channelizer Frequency Slice —_—
(VCC) Processor-1 VlSlblIltles to SDP
—..
(FSP-1)
N 1 y - o PSS Beams
FSP-2
" Function-configurable Data PST Beams
Band-invariant
roducts
4 h Frequency Slice p—... VLBI Beams»
Band-specific Processor-2 VLBI visibilities
Very Coarse Channelizer N (FSP-2) D,
(VCC)
\ ) ®
2
o FSP-N
() o Data
® products
FSP-N g
o
197 Output
| Switch
Frequency Slices
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CBF is asynchronous (in Cape Town)

Common Rate samples delay
, corrected to sub-array phase center
A-1PPS follows the for all other receptors

TR S0 4o 2o, o, . o, o, o, e S, G, 5, 400, L, S 4 W VR GO, S, A, S, S, 4, > data
Samples in, samples out: doesn’t matter if link length changes, as

Unknown but constrained delay up to 1 msec

: . . Common Rate Samples:
long as DDBH link doesn’t drop, its delay stays constant e R N AN S l
’ o
SKA1_Mid Receptor —p —_— array phase center’ ® x1% |
- Wideband B Timestamped
Sam ples Input Buffer Samples I Samples to
| -l : :
— ‘ (WiB) A-1PPS Samples ‘ | SyncBuffer | correlatuop/
== ~ oot = o Re-sampler/ e > Processing : 2 N beamformmg
/ | rate / ' CTS \
/ . orer \
;" Sync + fly- | Write arta ?;gitnzed N A \~> l
I, wheel interp_ts 7 l
, |
/ A A~ l
" | Receptor Interpolation Timestamp I 1PPS |
Receptor samplE | WR-1PPS Synthesizer / Common Rate Timestamp P LN Comparator < | >
clock (CTS) Flywheel CTS/R-1PPS l Asynchronous processing based on Alignment of Common
\ l receptor data samples in | Rate Timestamps
\ ' across all receptors.
\ I
\ -I,op
\ 1) I
\ %%
\ .
.
\\ 'Po ’0* M ld ° C B F I
“ 9%,
\ (24 6/(
. ”’b
o@ \ %,bof 66"&(_
. \ () o B .
v AN Pt e, CTR-1PPS . . Discrete-time
” S | Continuous-time
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Pulsar Search (PSS)

e Uses beamformed data

e Separate, parallel
processing

e RFI filtering

e Pulsar candidates sent
to SDP

Link to Pulsar Search Confluence page

Dispersed Transient

Frequency

De-dispersed Transient

W«NN\_?AWW(

wm

e e — e —————

- > v
Time Sum over frequency channels
Input from Array Channelised Sample De-dispersion Sl
— e FI fil Transf
Beamformer Stream (squared voltages) | Rilfiter search > c:Z?I-'ie(:irc;Zn&
Output Transient o :
, ¢ Optimise & Select Single-Pulse
Candldate: Transient Candidates d Search <
Summary File
Time Domain
Acceleration |«
Search
Output Pulsar o
: Optimise & Select Pulsar
Candldatg < it <
Summary File _
Freq. Domain

Acceleration |[€———

Search
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https://confluence.skatelescope.org/pages/viewpage.action?pageId=159387048

Pulsar Timing (PST)

Simlijr:;tuetsLMC ‘ e | ®
| & A L J Uses

e e beamformed
——p Data/Message Flow
Top-level software d a ta
component g | N

Receive predictor
(pulsar timing mode

only)

h (o) e Separate,

Phase predictor
_______ (pulsar timing mode only)

; S | I ”el
o ﬂ' | pald

Polarisation vectors PSRFITS files ‘

T T , , ST v ¢ processing

. (
processing (mode

(") Receive (O e—
\0_> beamformed |——»| Buffer data 4>O—> dependent). Send output PSRFITS data
° voltages Pulsar Timing products O

Dynamic Spectrum A = )
— =) 7 —C) ——— eRFI filterin
| } \ (o I .

Simulate CBF Simulate
inputs Polarisation vectors SaDT/SDP

[ sim ) interface

r \ \ (o P I n
— - ® FUISAl times
> Calculate input
Partial polarisation vectors signal statistics Signal Statistics

— sent to SDP

Link to PST Confluence page
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Science Data Processor

Processing (Visibilities,
Pulsar Candidates,
Time Processing,
Transients, VLBl beams)

e Process data in real-time
e Under control of TMC

e Produces Observatory Data
Products for users

e Computes calibration

corrections for systems

e Quality assessment of data

e Archive delivered to SRCs

Link to SDP Confluence page
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https://confluence.skatelescope.org/pages/viewpage.action?pageId=159387046

Synchronisation and Timing (SAT)

e Reference frequency to femto-second coherence

e Accurate time (ref. to UTC) with ns 10-year stability

Central Processing Facility Receptor

Timescale: Suite of
3 Maser Clocks

e ——"
1 '.'\’,"f LN SR
LR 3 |.'. - 3 - :\, i
N }5'41 J I P
NIF/FILE

SAT-LMC

/\
)\ Reference frequen
|

i
.
: 1-PPS Timing Reference
‘ lNon-Science Data Network

\
\/Long Haul Fibre

ADC
Clocks

Time-
stamped
‘ticks’
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LEGEND

Observatory Science
Operations (OSO) Product

Telescope
Monitoring
and Control

Tango Device

( OET

Procedure Tango
Device I

Communication w.r.t. General
Monitoring

Communication w.r.t.
Subarray #1

Communication w.r.t.
Subarray #3

Communication w.r.t.
Subarray #2

et el et

f |
| |
I |
e TANGO ' .
i I
) |
: Central Node :
i )
I
| Subarray Subarray Subarray :
: : l )
| I
e Hierarchical :
i I
‘ — ]
| M |
] )
| :
1
| | ) I
. I INFRA-SA SAT NMGR DISH 1 MeerKAT DISH 1 CSP Master CSP Subarray 1 Leaf SDP Master SDP Subarray 1 Leaf :
: Leaf Node Leaf Node Leaf Node Leaf Node Leaf Node Leaf Node Node Leaf Node Node :
: l
) / I
1 )
) I
i I
S R E . G i T (N . N . (AN Do (Il N . S 1 1 S ?
___________ . e
|
P, N e, 1 1 T B ety BN . S ' % YOI, SN | | S
e Flexible = wr wer 11| : . s
! | ! ! ! MeerkAT ! l 3P
: ! : | 1| MeerkAT DISH Dish1 ! : ]
: SAT : - NMGR ] : Manager : : SDP SDP :
) Master : ! Master : 1% : - Master Subarray :
| I I i | | | "
{ | |
: ! : ! E Antenna Feed SPFRx E : i
| | 4
. : - D, D, : : - D, D, : | : Control Unit Controller Controller : = : :
e e J S ] | T IR e : )
pmmmmmm e e e e > ,.f______________________._LL_________________________________________________:‘:
; INFRA-SA A M R e e e e s ! -
] | bl
! INFRA-SA ! : Dish Rl | l l
= ! Master : ! Manager e ) CSP i
]
‘ : : : Ly | Master Subarray !
- 1 " 11! " !
- ( " 1) 1 (
: : : i | '
|| Tropospheric Weather RFI PV Power INSA || ‘| Power DS e SPFRx B ! | : - .
: Monitor Station Monitor Station Services : 1| Manager Manager Controller 2 1 - :
! . : L/ : ;
[ ! L} J ) -

- S W D W W W WD D W WD WD WY WD WD G WD WD D WD WY W D W WD W WY WD W WD WD WD W W W e W e - CEm Em S M I S M GEN SN EED N GEN EED N GEN W BN M NN BN M GEN BED EED GEN GEN NS M GHN ENS EED GEN GEN MNP N GEm M E e

Link to TMC Confluence page
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Achieving Reliability and Maintainability

MTBF/MTTR per jtem

1

RO Dot A0S 1 A0 MR L 2« et ||
& 0 M0 DISH L J
" MEERNAT DeSH LAND 7 TRATION ELEME { »l
LA MO SIGM N RANSPORT (5207 ) L ) |
o ) NON-SOENCH R INSON) M ( e ) [ 25549 ) (S
& ) NETWORK MA) T 1] ——————1
+ B DGTA o 2L | J
T o » 5 g f e f ") 1
. |- LOCK I
+ B FREQUE =1
T L !
¢ ) S |
o @) SAT . » |
MO CRIRA BINAL ROCRIRA O |
. £ Y
" <P P SEA ’"E v / S
. S P NE “ Hl .
=l e Mo R
+ @) POWER 5 ‘\_"--: B
s B T™ SERVER e B
. . v “‘"!l\ ™ —
vl T™ . — .
SOFTWARE , N A
i i - -~ “/ \
« M C TE N ".‘;&" A
o W) 1 STAGE A (L8 e \
1 AME £ — \
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https://confluence.skatelescope.org/display/OP/Engineering+Operations+Home

Thank you!
gerhard.swart@skao.int

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