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TELESCOPE MANAGER SCIEMCE DATA PROCESSOR

INFRASTRUCTURE SOUTH AFRICA

WIDE BAND SINGLE PIXEL FEEDS ASEEMELY, INTEGRATION & VERIFICATION



https://www.skatelescope.org/skadesign/wp/tm/
https://www.skatelescope.org/skadesign/wp/csp/
https://www.skatelescope.org/skadesign/wp/sadt/
https://www.skatelescope.org/skadesign/wp/sdp/
https://www.skatelescope.org/skadesign/wp/dish/
https://www.skatelescope.org/skadesign/wp/mfaa/
https://www.skatelescope.org/skadesign/wp/lfaa/
https://www.skatelescope.org/skadesign/wp/aiv/
https://www.skatelescope.org/skadesign/wp/infra/
https://www.skatelescope.org/skadesign/wp/infra/
https://www.skatelescope.org/skadesign/wp/wbspf/
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+ 8.1 Digital Data Backhaul SKA.TEL.SADT.DDBH
— Workpackage: SKA.TEL.SADT.DDBH
— Workpackage lead institution: University of Manchester, UK
— Organisations involved: ASTRON (Netherlands), IT (Portugal)
— Potential industry involved: Large telecommunications industries

s 8.2 CSP to SDP Data Transmission SKA.TEL.SADT.CSP
— Work package: SKA.TEL.SADT.CSP
— Work package lead institution: CSIRO, Australia
— Organisations involved: SKA South Africa, NRENs
— Potential industry involved: Large telecommunications industries

«» 8.3 SDP Interfaces and Data Transmission -
SKA.TEL.SADT.SDP

— Work package: SKA.TEL.SADT.SDP

— Work package lead institution: CSIRO, Australia

— Organisations involved: SKA South Africa, NRENs

— Potential industry involved: Large telecommunications industries
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% 8.4 Synchronisation and Timing: Clock Design —
SKA.TEL.SADT.SAT.CLDES
— Workpackage : SKA.TEL.SADT.SAT.CLDES
— Workpackage lead institution: National Physical Laboratory
— Organisations involved: University of Manchester

s 8.5 Synchronisation and Timing: Clock System —
SKA.TEL.SADT.SAT.CLSYS
— Workpackage : SKA.TEL.SADT.SAT.CLSYS
— Workpackage lead institution: National Physical Laboratory
— Organisations involved: University of Manchester

s 8.6 Synchronisation and Timing: Distribution of Time, Frequency
and Phase - SKA.TEL.SADT.SAT.STFR
— Workpackage : SKA.TEL.SADT.SAT.STFR
— Workpackage lead institution: UMAN, United Kingdom
— Organisations involved: NPL, Tsinghua University, PeklngJUnlverﬁlt)é_U Rf Jé%l;v
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» 8.7 SAT Local Monitoring and Control SKA.TEL.SADT.SAT.LMC
— Work Element : SKA.TEL.SADT.SAT.LMC

— Work Element lead institution: NCRA, India

— Academic Organisations involved: TRDDC, India; UGR Spain

L)

% 8.8 Telescope Management Networks — SKA.TEL.SADT.TM
— Work Element: SKA.TEL.SADT.TM

— Work Element lead institution: NCRA, India

— Academic Organisations involved: TRDDC, India.

% 8.9 Network Architecture (NWA) — SKA.TEL.SADT.NWA
— Workpackage : SKA.TEL.SADT.NWA
— Workpackage lead institution: ASTRON
— Organisations involved: University of Manchester

*

L)

D)

» 8.10 Network Management — SKA.TEL.SADT.NMGR
— Work Element : SKA.TEL.SADT.NMGR

— Work Element lead institution: NCRA, India

— Academic Organisations involved: TRDDC, India

% 8.11 Signal and Data Transport Local Infrastructure — SKA.TEL.SADT.LINFRA
— Work Element : SKA.TEL.SADT.LINFRA
— Work Element lead institution: SKASA, South Africa

— Organisations involved: CSIRO by _7/ {\y/T_:/“j-:(—C‘:/U
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APERture Tile In Focus (APERTIF)
Arecibo Observatory

Allen Telescope Array (ATA)
electronic European VLBI Network
(eEVN)

Electronic MultiBeam Radio

Astronomy ConcEpt (EMBRACE)

e-MERLIN

Expanded Very Large Array (EVLA)
[.Ow Frequency ARray (LOFAR)
[Long Wavelength Array (LWA)

SKA Molonglo Prototype (SKAMP)

(fh#82012)



SKM@ Correlators for OCTAVE

. .
+* Real time correlator

— FPGA correlator
— FX and XF type
— 2Gbps/baseline/ch B N
R B mm\mu
% Post gt | l\\\\\\\\\\\\l\l\\\\\l‘\ll‘l\lm :
* ro = il [
st processing correlator - ISR =F
tware correlator N
o Englne(G I C03 2 l|l||l|llil ||I|Il|l||l III||II|I|I I||||I||I|| J
. Iteetaton by NAG3 vt ' ‘Z:mmwm:u-
gration by NAOJ with NICT |-} il —
| W e
Work by
Dr Oyama (NAQJ)

Mr Kimura (NiCT/KS)
Soft Correlators Hard Correlators
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SKA-JP | Software Correlator ;
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v} C ‘\'/
Speed IF numbers |Bandwidth (MHz) Sampler, DSP
A M 0 d es 1Gbps |[1,2,4,8,16 |256, 128, 64, 32, 16 |VERA, KVN, ADS, OCTAD
* 2 Gbps |[1,2,4, 8,16 512, 256,128, 64, 32 |ADS1000, 3000+, OCTAD
4 Gbps |[1,2, 4 1024, 512, 256 ADS3000+, OCTAD
8 Gbps |[1,2, 4 2048, 1024, 512 ADS3000+, OCTAD
16 Gbs |2,4,8 2048, 1024, 512 OCTAD
32 Gbps (4, 8, 16 2048,1024,512 OCTAD
64 Gbps |8, 16, 32 2048,1024,512 OCTAD(pairs)
< High Speed P m e
2 S 0l DiFX
E 200 - E
é 150 4
E 100 b . g
S . g wof | A
8 0 1 1 1 B Lo
% I n O p e r atl O n o me e e Kimura +(priv.)

tations data: Ir

— 1Gpbs 5stations (now) =i

Work by
Dr Oyama (NAQOJ)

Mitaka-FX(Hard correlator) Software correlator(OCTACOR2)



Wideband AD Convertor

—OCTAD (OCTAVE AD)
— 8.192Gsps - 3bit - 4ch

1.8 T T T
"jitter_data.dat"u 1:2 H
—_— B BC 1.6 fit=ax+b - R
14| | =
g 12 ]
2 .
© Jitter 0.17 sec
g 1t l .
T ot Lc <1% ]
w
g 0.6 | . 1
9.0e-04 , ! 0.0009 04 m .
8.0e-04 ; { 0.0008
7.0e-04 0.0007 02 r |
o 6.0e-04 0.0008 0 L 1 *
T ) 0.0005 0 5000 10000 15000 20000
£ 40ets 2 P—— 0.0004 Frequency (MHz)
< 3.0e-04 o -
2.0e-04 0.0003
1.0e-04 - : 0.0002 - 5y T .
0.0e+00 o/ A i 0.0001 Sl Sonsgs B 3 et
-400 200 0 200 400 0 . : 3N e
Delay [Sample] 5 | —
9.0e-04 1T T T Delay [Sample]
8.0e-04 - Epoch : 2012/250 13:27:01
7.0e-04 Station-1: MIZNAOC10
o 6.0e-04 |- Station-2: MIZNACZ20
T 50604 Source : CYGA
= 40804 Length : 1.000000 [sec]
g Sampling : 8192000000 [sps]
3.0e-04 Frequency: +20480.000000 [MHz]
2.0e-04 Peak Amp : 0.086095[ % ]
1.08-04 i Peak Phs : 115.261909 [deqg]
0.0e+00 Delay : -0.183731[spl]
25-2-15-1-050 05 1 15 2 25 Rate : +7.795332 [mHz]
SNR : 101.115901

Rate [ Hz ]



s Correlator
— KASI
— FPGA

«» Data Buffer
— NAQOJ
— FPGA, HDD, 10GbE

eveloped and
responsible for NAOJ

eveloped and
responsible for KASI

K’\S' gamgeng

¥eren Astonmy & Spice Soerce site.
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Station 35m 20-100m | The “station” diameter, particularly in core, can be

diameter varied to suit the experiment. This is managed by the
station processing. The variable station diameter
should be able to mitigate central processing
requirements for many of the experiments.

Polarisations 2 —linear 2 —linear | Essential to have a dual polarisation system

Number of 1 2 | The full available bandwidth is divided into 2, which

bands handle mutually exclusive science cases. This is
similar to switching feeds on a dish.

Max 250-300MHz 335MHz & | Because the full frequency range is covered in two

instantaneous 300MHz | bands, the output bandwidth is essentially the same

Bandwidth as the Baseline Design but is reused through using a
switched-in first alias on the digitisation.

Data rate into 10Gb/s >10Th/s total | The performance of the SKA-low depends on the

Correlator/ per 35m Station total data rate to the central processing. This can be

Beamformer 10Thb/s total increased as required.

Data 1 beam/station | Flexibly assigned | A great benefit of an AA'is that data output can be

flexibility to beams within | assigned to arbitrary beamlets in arbitrary directions

a band

up to the total designed data rate. Then each
experiment can be optimised, or concurrent
experiments run.
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SKA1-Mid

s T—E2L—k
— 50~100Gbps x 200

~ 17 Tbps

SKA1-MID Fg7

Band . Band RF BW IF BW # of #of Data Rate
(GHz) (MHz) (GHz) Ifs bits Gh/s
1* 0.35 - 1.05 700 1 2 8 48
2* 0.95-1.76 808 1 2 8 48
1.65-3.05 1403 2.5 2 6 90
a 2.8-5.18 2380 2.5 2 4 60
46-13.8 9200 2.5 4 3 90
BE (T —)

15mSKA%R 1338/
13.5m MeerKATEE 645

FESAER

MEREALRE(TYE)
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<+ DWDM
10GbE x N

[ Teleseope Type (SKAL-Lew, SKAL-Mid, SKAL-Survey)

> Y » R —
0:0 :/yﬁ)b%— F 774, \ [ Applicstion & Servies Modes |Normal-lmaging, Narmal-Nor imaging, Engineering, Critical] ] - "" =

¥
G 652 [ Traffic types |DDBH, MEC, SAT, CSP, SDP)
) >
’:’ %ﬁé ¢E [ oSl -d'fl'll:fl-\r'-dl;::ll:::r::.lj\::::'.|||g_4-1| i ]_".-";:'-_-_-_ - - -

[
—  Optical amplifiers required every 70-80 km | -
(£5-10k each). Clean-up repeaters might be
required (£30k-40k each).

Physical rrssclis ne tancek |
{051 larper 1: Oiptical layer architecture|

Transmession links
{Mod format, et )

]
3
[re——— —_—
| Trasapondr | Carmpl — Caparpen m ————
i Cama/ .
Termination Mode [e.g. Receptor) - Optical Fibre infrastructure - Termination Node [e.g. CSP)
3 o A s
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Electronic nodes
(packet-swiiched)

1,000.000
Eletronic nodes
(circuit-switched)
— PLZT, Yamanaka et al 2011 S 10000
-
c
2 10000 1/500
E‘ (1000kW—2KkW)
HRER ~BEEXRIVFOEH~ s
« Epi Photonics TYXLEE a 1.000
— PLZTHBRBALRAF 3
- 100 THY @A r_ EOX ¥
2 0.100
4 E
: 4
3 0.010 / *— S0A-based packet-switched 40 Mbit FDLs (current)
|2 —-&— S0A-based packet-switched 400 kbit FDLs (current)
e [VEMS-based circuit-switched (curmrent)
0.001 T 7 T
0 1 10 100 1,000
Aggregated Bandwidth [Thit/s] WC: wavelength conversion

3R regeneration (wavelength,
Source: S. Aleksic, [EEE/OSA Journal of Optical Communications and amplitude, time)
Networking, Vol. 1, No. 3, pp. 245-258, 2009.
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Hughes-Jones 2015, TNC

Guinness World Record
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SKA-JP
Square Kilomeétre Array
Japanese GConsortium
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