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• ASKAP
• New	instrument
• New	technology
• Extended	commissioning	period	expected
• Debug	telescope	and	software
• Figure	out	how	telescope	generally	works

• EMU	will	produce	a	deep	(~10	uJy rms)	
continuum	map	of	southern	sky

• We	need	to	validate	the	continuum	data	
for	science,	ensuring	instrument	and	
software	are	producing	adequate	data

Motivation
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• Precursors
• New	instrument
• New	technology
• Extended	commissioning	period	expected
• Debug	telescope	and	software
• Figure	out	how	telescope	generally	works

• ??	will	produce	a	deep	(??	rms)	
continuum	map	of	sky

• We	need	to	validate	the	continuum	data	
for	science,	ensuring	instrument	and	
software	are	producing	adequate	data

Motivation
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• End-to-end	analysis	of	ASKAP	continuum	image	/	catalogue
• Keep	other	radio	data	in	mind

• Present	a	validation	report
• Options	were
• PDF
• HTML	(K)
• Interactive	plots	in	jupyter notebook
• plotly or	matplotlib /	aplpy or	bokeh

• Could	host	on	EMU	wiki	or	CASS	webserver,	etc

The	Goal
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• We	chose	to	produce	a	HTML	report,	with	option	for	plot	on	screen
• Write	html	of	matplotlib figures	using	mpld3
• Produce	several	tables	summarising data	and	validation	metrics
• Clickable	thumbnails	with	interactive	plots

The	Goal
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• Read	in	the	ASKAP	image	in	fits	format
• SBID,	project	ID,	date,	duration,	frequency	and	synthesised beam	from	header
• Also	derive	an	appropriate	search	radius	
• FWHM/5,	assuming	S/N	>=	5	(Condon	97)

• Field	centre from	the	central	pixel
• ASKAPsoft and	pipeline	versions	from	header

ASKAP	image
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• Pass	in	Selavy noise	map	and	catalogue
• As	output	from	ASKAPsoft pipeline,	OR
• Run	BANE	and	Aegean	to	produce	noise	map	and	catalogue
• Optionally	produce	a	model	and	residual	map

• Based	on	catalogue,	report	number	of	sources,	multi-component	
islands,	sum	of	image	and	catalogue	flux,	median	spectral	index,	
and	source	counts

Source	Finding
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• Read	Selavy or	Aegean	catalogue	into	pandas
• Same	process	as	reading	in	any	other	catalogue	(e.g.	NVSS)
• Currently	reads	fits,	xml,	csv	or	other	delimited	file
• Set	source	finder	to	Aegean	or	Selavy to	use	default	column	names	&	units
• OR	pass	in	catalogue,	column	names	and	units	via	a	configuration	file
• Also	pass	in	unique	short-hand	name,	which	also	acts	as	dictionary	key

• Create	numpy /	pandas	lists	of	data	in	standardised units
• Peak	and	integrated	flux,	uncertainties	(10%	or	otherwise)	and	rms in	Jy
• RA	and	Dec	in	degrees

• Create	other	standardised values
• Search	radius	in	arcsec
• Frequency	in	MHz

Catalogues
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• Reject	sources	with	S/N	<	5

• Shift	counts	to	1.4	GHz	using	
spectral	index	of	-0.8

• Use	bins	with	equal	number	of	
sources	(default	50	bins)

• Reject	highest	bin	dominated	by	a	
few	bright	sources

• Derive	bin	centre (S)	as	mean	value	
of	all	fluxes	in	bin

• Derive	solid	angle	from	noise	map		
(S/5)	or	use	fixed	value	from	user

• Plot	differential	Euclidean	counts

• Compare	to	fit	to	Norris+11

Validation	step	1	– Source	Counts
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• Filter	sources	before	cross-matching
• Reject	ASKAP	sources	based	on	parameters	in	configuration	file
• OR
• Reject	ASKAP	sources	using	default	criteria
• <	1	mJy
• int /	peak	flux	>	1.4
• Multi-component	sources
• Sources	flagged	as	bad
• Fitted	major	axis	>	1.5	times	PSF	major	axis
• Std of	residual	flux	in	island	boundaries	>	3	times	island	rms

Catalogues
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• Example	output	of	filtering	process

Catalogues
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• Individually	process	each	catalogue	configuration	file	passed	in	as	
a	comma-separated	list
• Cut	out	catalogue	sources	in	a	box	based	on	bounding	box	of	fits	image
• Perform	a	nearest	neighbour	cross-match
• Default	is	to	use	largest	of	the	two	search	radii
• Default	is	to	keep	all	sources	from	ASKAP
• Keep	a	running	list	of	names	of	all	cross-matched	catalogues
• Use	this	as	dictionary	key,	appending	lists	of	number	of	sources,	

frequency,	radius,	ra,	dec,	flux	and	uncertainty	and	rms to	dictionary
• Derive	several	properties	between	ASKAP	and	this	catalogue
• Spectral	indices	(if	>	10%	different	in	frequency)
• Flux	ratios	(if	<	1%	different	in	frequency)
• Positional	offsets

Catalogues
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• Optionally	use	all	
cross-matched	
catalogues	except	
ASKAP	to	derive	
radio	SEDs

• Optionally	write	
figures	of	these	
SEDs

Catalogues
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• Otherwise	just	use	assume	spectral	index	of	-0.8	and	extrapolate	
from	each	cross-matched	catalogue

• Derive	the	flux	at	the	ASKAP	frequency
• Derive	a	fitted	/	measured	flux	density	ratios	from	these
• Validation	step	2
• Test	validation	of	the	data	using	each	cross-matched	catalogue

Catalogues
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Validation
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Validation
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Validation
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Validation
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Validation
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• Produce	row	in	report	table	for	each	cross-matched	catalogue
• Write	median	positional	offset,	flux	ratio	and	spectral	index

Validation

Jordan	Collier	|	SPARCS	VII	|	19th	July	2017



• Write	the	values	of	our	seven	validation	tests	and	whether	they	
were	a	pass	/	fail	based	on	several	tolerance	values	agreed	on
• Really	depends	on	what	science	you’re	doing
• A	few	failed	tests	will	not	result	in	image	being	rejected	from	archive

• Values	used	from	catalogue	with	largest	number	of	cross-matches

Validation	step	3	– validation	metrics
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• Seven	tests	(good;	uncertain;	bad):
• Distance	of	median	flux	density	ratio	from	1.0	(<	0.05;	<	0.1;	>	0.1)
• Deviation	of	median	flux	density	ratios	(<	0.1;	<	0.2;	>	0.2)
• Median	positional	offset	(<	1	arcsec;	<	5	arcsec;	>	5	arcsec)
• Deviation	of	median	position	offsets	(<	5	arcsec;	<	10	arcsec;	>	10	arcsec)
• Fraction	of	resolved	sources	(considered	resolved	when	difference	between	

int and	peak	flux	>	3	uncertainties	– 0.05	<	frac <	0.2;	N/A;	<	0.05	or	>	0.2)
• Distance	of	median	spectral	index	away	from	–0.8 (<	0.2;	N/A;	>	0.2)
• Reduced	chi	squared	of	source	counts	(<	3;	<	50;	>	50)

Validation	step	3	– validation	metrics
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• Pass	result	into	the	
CSIRO	ASKAP	
Science	Data	
Archive	(CASDA)

• Use	validation	
metrics	to	
determine	quality	
of	data

• Query	data	based	
on	metrics	or	flags

• Clickable	link	to	
CSIRO	page	with	
validation	report

Validation	step	4	– upload	to	CASDA
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• Pass	result	into	the	
CSIRO	ASKAP	
Science	Data	
Archive	(CASDA)

• Use	validation	
metrics	to	
determine	quality	
of	data

• Query	data	based	
on	metrics	or	flags

• Clickable	link	to	
CSIRO	page	with	
validation	report

Validation	step	4	– upload	to	CASDA
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• Pass	result	into	the	
CSIRO	ASKAP	
Science	Data	
Archive	(CASDA)

• Use	validation	
metrics	to	
determine	quality	
of	data

• Query	data	based	
on	metrics	or	flags

• Clickable	link	to	
CSIRO	page	with	
validation	report

Validation	step	4	– upload	to	CASDA
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Validation	step	4	– upload	to	CASDA
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Gama	G23	field
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NGC	7232	field
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• Consistent	offset		of	~5	arcsec in	RA,	and	occasionally	in	Dec
• Different	nights	affected	by	different	offsets
• Causes	smearing	of	synthesised beam	when	mosaicked	together

• Solution	implemented	to	correct	bulk	offset	in	measurement	set

Astrometry	problems
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Flux	problems
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• Peak	fluxes	largely	ok

The	good	news!
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• Great	image	quality!

The	good	news!
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The	Script
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• CSIRO	confluence	page
• https://confluence.csiro.au/display/askapsst/Continuum+validation+pipeline

The	Script	– documentation

Jordan	Collier	|	SPARCS	VII	|	19th	July	2017



• Pass	required	values	into	catalogue	configuration	files

The	Script	– configuration	files
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• Can	use	finder=Aegean	or	finder=Selavy
• Can	pass	criteria	for	filtering	ASKAP	sources	into	configuration	file

The	Script	– configuration	files
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• Get	access	to	ACES	svn
• Email	Tony	Maher
• https://svn.atnf.csiro.au/askap/ACES
• Also	includes	large	fits	files	(e.g.	NVSS	catalogue)

• See	relevant	documentation	about	svn here
• https://confluence.csiro.au/pages/viewpage.action?spaceKey=ACES&title=

Getting+started+with+ACES+tools+on+Galaxy

The	Script	– installing
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• Checkout	script	and	associated	files	using	ACES	svn
• Install	required	modules	from	python

svn co https://svn.atnf.csiro.au/askap/ACES/UserScripts/col52r/
pip	install	-r	requirements.txt
./ASKAP_continuum_validation.py -h

The	Script	– running	it	on	your	machine
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• Add	following	to	your	~/.bashrc file:
export	ACES=$HOME/ACES
export	PATH=$ACES/tools:$PATHexport
PYTHONPATH=$ACES/pythonlib:$PYTHONPATH

• Checkout	whole	ACES	svn:
cd	$HOME
svn co	https://svn.atnf.csiro.au/askap/ACES
• Load	module	with	required	python	modules	and	run	script:
module	use	/group/askap/continuum_validation
module	load	continuum_validation_env
aprun -n	1	-N	1	
$ACES/UserScripts/col52r/ASKAP_continuum_validation.py -h

The	Script	– running	it	on	Galaxy
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The	Script	– running	it	on	Galaxy
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The	Script	– running	it	on	Galaxy
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• Test	more	widely	with	other	radio	images
• Put	it	on	GitHub,	publish	it	and	tell	people	about	it

Future	Work
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Thank	you
CASS	/	WSU
Jordan	Collier

CSIRO	ASTRONOMY	&	SPACE	SCIENCE


