2000 Teclination
0% 10% 1g° o°

UCIIBIIS=( Q0T

J2000 Right Ascension

J2C00 Right Ascension




ASTRON Contents

» System overview
» Stations

» Central Systems
» Control System
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AST(‘O N Station Types

» International stations. 96 High Band Antennas

» Remote stations: 48 HBAS

» Core stations: 2x24 HBAS
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ASTRON

International Stations (> 8)

HBA field e e

space in between antennas: 0.6 m. -
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ASTRON

Remote Stations (> 18)

calibratie antenne 3

cabinet

calibratie antenne

HBA veld

L

o
g

LOFAR remote station:

== | BA veld heeft diameter van 87 meter en bevat 96 antennes
== HBA veld heeft diameter van 50.2 meter en bevat 48 antennes

=1=13

© ASTRON




AST(‘ON Core Stations ( > 18)

. : L -
calibratie antenne u';r"l' rL calibratie antenne
cabinet o

HBA veld

LBA veld

LOFAR CORE station:
=> | BA veld heeft diameter van 87 meter en bevat 96 antennes

Arie Hullgen, 2 P2 1
=> 2 HBA velden (elk met een diameter van 35 meter) bevatten elk 24 antennes S FUAgen, Cmel 000 :0

© ASTRON



ASTRON Main LOFAR Modes
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AST(‘ON Aperture synthesis mode

Station

Beam I

Station

Beam

. X
&
(]

Station
Beam
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AST(‘O N Tied-array mode

Station

Beam ’
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Station

Event

Antenna s——p

Detector =—p

Antenna =

Detector =—p

Antenna =———p

Detector =—p

Detector

Station

Event

Antenna s——p

Detector =—p

ANteENNa se——p-

Detector s———p

Antenna F}

Detector =——p

Detector

Detector 1

—  Event




AST(‘O N Top Level Architecture

Specification

SHM < SAS

Metadata
c A A
i) @©
S © T
3 3 o
= 2 2
=} = %
fe]
O
©
o
(]
MAC 2
8
[]
=
=) © o o
- c [=)] -~ c S = j=2
o = c o] c [<] = c
5 S = o S = S S
c = =] @ = c = =
[e] c - [ o c
&} S S 2 o} O S 9
= = =

Sky signals Beam data Beam data User dat>
Stations WAN CEP
GPS signal

_’ L butiered daia | buriered data

© ASTRON



ASTRON

Station Architecture

Sky Signal

Sky Signal

Sky Signal

LBL

i
Antenna Signal
|

LBH

Antenna Signal

HBA

Antenna Signal

< Control

GPS MAE N
‘O)
£ |s
sl I8 |2
Il 1€ 13
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- Local
Svync Time
y o Control
Sync % A o
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Receiver Processing
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AST(‘ON Station Signal Processing

Optional A

10- ... MHz

Antenna Receiver | Filterbank

Antenna Receiver | Filterbank

(55 : ® ® ° Beam
30-80 MHz o (") @ Former
® ® ®
i

Antenna Receiver | Filterbank

120-240 MHz

Control & Synchronization
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AST(‘ON Low Band Antenna (30-80 MHz)
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AST(‘ON High Band Antenna

/_’ S ! |
| to receiver

' on/off delaystep

1..16

T

on/off delaystep




ASTRON Receiver

== i
From lowband I G
antenna 1
ol 10 MHz Sy X e
From lowband m— © o o e G
antenna 2 | % | 10-90 MHz 90 MHz
wvnz low band antenna chain
= | 1 e
=1 % — —1 . p! ing
12bit 200MSals
110-190MHZz
From highband e / H l\ >
antenna L X = .\ I/ ~
[ ] — — .
110-290 MHz 170-230MHz 270 MHz
R
~
210-250MHz

high band antenna chain

LOFAR RCU REV.2.0 juni. 2005




ASTRON Modes

mode IV
1 210-250

Filters

160 MHz clock
Nyquist Zones

v
2 2 Z
: 0- : 80 - ll: 160 - 240 / 200 MHz clock
Ayuist Zones

l: 0-100 [I: 100 - 200 [1l: 200- 300

0 100 200 300 frequency [MHZz]
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ASTRON

Processing functions

Station Cross

LCU

control

Correlation

RCU

receiver

Station Beam
Forming

Input
Filtering

CEP

correlator

DS

clock

Transient
Data

Forwarding

TBB
buffer
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ASTRON Digital filter bank

» Sample rate max. 200 MHz
» Number of taps. 4096
» Number of subbands: 512

IH(f)[ (dB)
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AST(‘ON Transient Buffering

G. trigger External trigger

(from RCU) Detection : Store/Read-out
antenna control Trlgger control
dat A
™ |chBLE LenaTh SEPARATE
SUBBANDS

DIFFERENCES

Subband
data

Receiver band
data

(to CEP)
Transient
uffer data

select
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AST(‘ON Cosmic Ray Detection

to suppress strong RFI signals
at fixed locations

Detection only possible on the stored signals
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AST(‘ON Remote Station Numbers

» |nput datarate: ~ 230 Gbps (6 DVD4g/s)
» Output datarate: ~ 2 Gbps

» Processing capacity: ~ 1.5 Tmul/s

» Storage capacity: 96 Gbyte

© ASTRON



AST(‘O N Central Systems
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AST(‘ON Central Processing (standard imaging mode)

station1 | Delay Filter Fringe
Tracking| Bank | Stopping
sation2 | Delay Filter Fringe
Tracking| Bank | Stopping
sationN|  Delay Filter Fringe
Tracking| Bank | Stopping

Correlator

Post
Processing
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AST(‘O N CEntral Processing Facility

On-Line pipeline processing

Stations o

) ! i
I I
Statons | o
o 2
— ] Off-line processing/
E-LOFAR ga user software

15DVDs/s

|
|
|
|
|
I
|
|
|
I
|
|
|
|
|
|
L]

40 TFlops 1-2 PByte 10 THops
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AST(‘O N BG/P responsibilities

= Recelve data streams from each station
= Buffer the data stream
= Synchronise input streams

= Apply delay compensation (over complete sample
periods)

= Route data to correct compute node
= High volume processing
= Data reduction

K LY
b3 *
b1
LY
%
Al
b
b1
hY
!
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AST(‘ON Storage section responsibilities

= Short term storage (~5 days)
= Store results of on-line processing

= Creates observation files from the BG/P
output

= Provide data for off-line processing

= Store intermediate results for off-line
processing

© ASTRON



AST(‘ON Off-line section responsibilities

= Create end products

= Dependent on the observation mode
= Data reduction

= Prepare data for export out of LOFAR
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ASTRON

MAC in a birds eye view

archive

others:
- access ctrl
- reports

plplp] [ofe]e

Controller

7
plplp] fele]e

Controller

\
plplp] fele]

Controller

e e fr N

Application

Application

LOFAR hardware

p = property
¢ = command
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AST QON SHM screens
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AST(‘O N The Prototype Realization
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AST(‘O N Status internationalisation

» Effelsberg station installed

» Garching, Tautenburg build started

» Negotiations. Potsdam, Sweden, UK, France
» Plans.; Poland and Italy




AST(‘O N Conclusions

» Prototype stations are operational in thefield
» Processing pipeline works from antenna to dataproduct
» LOFAR isalarge distributed phased array system

» The hardware i1s available to build the first stations
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The End




