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LOFAR Imaging
Cookbook

Essential Reference!

Also check the wiki:
http://www.lofar.org/operations
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The LOFAR Imaging Cookbook:
Manual data reduction with the imaging pipeline

Written by Timothy Garn (and updated by Roberto Francesco Pizzo™)
with contributions from the LOFAR commissioning teams

Version 2.2.1: April 12,2010

Abstract

This cookbook describes the process of manually reducing a measurement set with the LOFAR
imaging pipeline. It is intended to speed up the learning process for future commissioning, by
collating various tips, tricks and solutions in a single place. The LOFAR wiki' contains much
more information on each stage of data reduction, but is out of date in many places. The LOFAR
forum? should also be helpful for commissioning. The contents of this cookbook are at best an
approximation to the correct way of reducing data, and at worst completely wrong — use with
caution.
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Figure 1: You too can make images like this with LOFAR




On-Line pipeline processing

Blue Gene/P . .
Off-line processing/

E-LOFAR user software

Stations

Storage system

15 DVDs/s

section

40 TFlops 1-2 PByte 10 TFlops

Data processing systems
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Subcluster1

A— Storage nodes:

=5 il =5 i 8 CPU cores
111 1 11—l 111 1 16 GB memory
I

I 1l 111Ul 24 TB disk

Ise001 lse002 Ise003

Outside world — Compute nodes:
8 CPU cores
Firewall Front-end 16 GB memory
lfe001 2 TB disk

|.lofar.
portal.lofar.eu lce001 1ce002 |se003 lce009

9 subclusters

Cluster layout

http://www.lofar.org/operations/doku.php?id=public:lofar _cluster
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[swinbank@1fe@@1l ~]$ showsub
This script shows the subcluster definitions

sub

Tuesday, 20 April 2010

lce-nodes

1ce@@1-1ce@d9
1lce@10-1ce@18
1ce@19-1ce@27
lce@28-1ced36
lce@37-1ced45
lce@46-1ced54
1ce@55-1cel63
lce@64-1ced72

lse-nodes

1se@@1-1se003
1se@04-1se006
1se@@7-1se@?9
1se@10-1se@12
1se@13-1se@15
1se@16-1se@18
1se@19-1se0?21
1se@22-1se0@24

cexec-1lce

cexec-lse

observers
ter Veen

Swinbank
de Bruyn

Hessels

product.
TBB
imaging
pol/EOR
pulsar
busyweek5 Heald
develop. Romein
busyweek5 Heald




Disk layout

® Home directories shared across cluster

® Only to subclusters where owner has access

® Storage nodes have 4 data partitions:
/datal to /data4 on IseXXX
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Clusterdesc files

[swinbank@1fe@@1 ~]$ more /opt/lofar/etc/cdesc/

sub3.clusterdesc
ClusterName = sub3

® Machine readable SR
# Storage nodes

deSC”Ptlon Of Node® .NodeName = 1se@07

Node®@.NodeFileSys = [ 1se@@7:/datal. .4 ]
SUbCIUSter Ia)’OUt Node@.NodeMountPoints = [ /datal. .4 ]

Nodel.NodeName = 1se@08
Nodel.NodeFileSys = [ 1se@@8:/datal.. 4 ]

. Nodel.NodeMountPoints = [ /datal. .4 ]
" Reql""red by Val:!qus R ‘_‘ANodeZ NodeName = 1se009 g kil
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- y,ﬁ | w -~ -, Ve ) = A ( ‘, - \. [3 -
.-.?.» 22leYo) "“."-?t"' 1 allilaY-aN e Y | chtanry Catad L INE)( P ~ . INOJ “'"‘» ,,:'--w ; K
1 ne . ) I | | | | . . A - o = DY

7 AL Sl .
1)
9
1
|
. .

Tuesday, 20 April 2010



Login environment

® You will need to set your environment
up for whatever tools you want to run!

® You can do this manually ($PATH, $LD_LIBRARY_PATH,
$PYTHONPATH, etc)
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A little more setup...

® | ots of tools depend on casacore data; tell
them where to find it:

[swinbank@lfe@@l1 ~]$ cat > ~/.casarc

measures .DE200.directory: /opt/casacore/data/ephemerides
measures.DE40@5.directory: /opt/casacore/data/ephemerides

measures.line.directory: /opt/casacore/data/ephemerides

measures . sources. dlrectory /opt/casacore/data/ephemer1des
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Parset files

® Configuration for many of the key tools.

® Simple list of key/value pairs; hierarchical
structure via “.”, comments via “#".

for e amles_!k .
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SSH keys

® Save time typing all those passwords

® Make it possible to distribute tasks

[swinbank@lfe@@1 ~]$ ssh-keygen
Generating public/private rsa key pair.
Enter file in which to save the key (/home/sw1nbank/ ssh/1d rsa)

-

,_(* "
e )

s ,-:'{:?' te " Pass ,. ﬁ ra 1se N (em pty for ‘no passphras e B RS L T S et

A T ot & T o J e REL et - LS 0 T 1)
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Input data

® (Correlated data written to /data
directories on storage nodes

® Multiple storage nodes per dataset

e U

® One MeasurementSet for each subband
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VDS files

® Describe:
® Contents of MS
® |ayout of data on cluster
® Required by various imaging pipeline tools
b Qne XD flleto ohe Heasiaentaet s

f . W
o "y » g 4
s . X raary ‘:‘ IR S etia R oo o R AR Lo S b 8 S S T e S Eaas TR Nt At L o8 Zr L i
: . . " . 3 ' " ' p - ol ¥ S 4 i 5 ) ey
of ’ Y J

Tuesday, 20 April 2010



Inspecting data

~rol/sw/bin/msinfo provides information
on a given MeasurementSet

~p1zz0/EXAMPLES/Scripts contains
useful scripts
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The Standard
Imaging Pipeline

We will consider each of the key
components in more detail

The "Major Cycle"
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DPPP

® Default Pre-Processing Pipeline

e Fja,, &avera |n of the data

b wr‘f.
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BBS

® BlackBoard Selfcal

® Set up a personal BBS database: see wiki/
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Parallel BBS

® BBS can (...is designed to) run on many
subbands at once, parallelized across
multiple compute nodes

® “calibrate” script makes thi

s “easy’’!
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Bonus: extra flagging

® You can now image your
calibrated data...

® ..and get something that
looks like this. Great!
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A quick fix

import sys, numpy
from pyrap.tables import table

def flag(input, max_value):
t = table(input, readonly=False):
for 1, data in enumerate(t.getcol('CORRECTED_DATA')):
1f max([abs(val) for val in data[@]]) > max_value:

t.putcell('FLAG', 1, numpy.array([[True, True, True,True]]))
t.putcell('FLAG_ROW', 1, True)

t.close()
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Imaging

® T[hree imagers:
o CASApy (NRAO)

® |wimager (casarest)
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The Imaging Pipeline

® |ntegrated, automatic, managed by LOFAR
control system, consistent logging, ...
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Conclusions

® The only way to learn is to give it a try

rned there ar
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