
Lister Staveley-Smith – Narrabri Synthesis Workshop 15 May 2003 1

+Merging Single-Dish Data

!Bibliography
!The short-spacing ‘problem’
!Examples

– Images
– Power spectrum

!Fourier (or UV) plane .v. sky (or image) 
plane combination

!Noise & calibration issues
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+The short(zero)-spacing problem

UV plane PSF

ideal
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hole
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meter
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Braun & Walterbos 
(1985)
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+
HI in the E-arm of the LMC (ATCA 4x750 m)

(post-MEM deconvolution)

Negative 
‘bowl’



Power spectrum of HI column 
density in Magellanic Bridge 
(Muller Ph.D. thesis)

Max ATCA 
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Noise spectrum
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+
GSH 277+0+36
(McClure-
Griffiths et al.)

ATCA-only image

Parkes-only image

Combined image
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+Merging interferometer and 
single-dish data

Interferometer data

Single dish data

Overlapping region

u

v

The Fourier 
(UV) plane
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+Data combination techniques

Data 
combination 
in image 
space

Data 
combination 
in Fourier 
space

Primary beam 
corrected

Not primary beam 
corrected

Sky planeFourier plane

Image planeUV plane
PSF-corrected (linear)

Dirty (non-linear)
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+Image plane combination

! Match resolution of data in overlap region
– E.g. deconvolve SD image data with SD beam & 

convolve with interferometer beam
– E.g. multiply interferometer image data with SD gain 

function

! Adjust flux density scales & weights (relative 
calibration)

! Add weighted, scaled images!
! If images are dirty, deconvolve.
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+
Dirty ATCA 

image (mosaic)

Parkes image

Linear 
combination

Dirty ATCA 
beam (cube)

Parkes beam

Linear 
combination

Stanimirovic et al. 
(1999)
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+Image combination equation 
(Stanimirovic et al.; Sault et al)

sdsdsdintinttot IfwIwI +=

sdint

sd
int Ω+Ω

Ω=w

sdint

int
sd Ω+Ω

Ω=w

Weights {

Combined image:



Example of image-plane combination: 

SMC in HI at Vh=130 km/s 
(Stanimirovic et al 1999)

ATCA (post-deconvolution)

Parkes
Weighted combination 
(post-deconvolution)
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+Fourier plane combination

! Appropriately weight data in overlap region
– E.g. taper interferometer Fourier-plane data with 

transform of SD beam
– Multiply SD Fourier-plane data with transform of 

interferometer beam

! Adjust flux density scales (relative calibration)
! Add in Fourier plane!
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+merged

Tapered ATCA

Parkes

Weighting function in 
Fourier plane



FT

FT

+
fcal
x

FT-1=

Example of Fourier 
plane combination: 

McClure-Griffiths et al.
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+Practical Implementation

!AIPS, miriad & aips++ all have possibilities
!Miriad is well-tested for ATCA+Parkes data:

– Immerge allows feathering in Fourier plane 
[Fourier plane]

– Mosmem allows SD data to be introduced as a 
‘default’ image [image plane]

– Mosmem allows image data to be combined at 
deconvolution step (joint deconvolution, non-
linear combination) [image-plane]  **
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+Joint deconvolution

! This may be the best approach for Mopra+ATCA data
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+
Comparing 
different 
methods using 
the SMC in HI 
at 169 km/s

(Stanimirovic 
2002)

immerge (Fourier) linear combination (image)

mosmem default image=Parkes joint deconvolution
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+Comparison of methods

! Not much difference between available techniques for 
Parkes & ATCA combination
– Which is ‘best’ depends on scientific use
– Minimum ATCA baseline with useful S/N is 20 m (post-mosaic), cf. 

30 m physical
– Parkes maximum baseline with useful S/N & reliability is 40 m, cf. 

64 m physical
! Linear Fourier plane approach (immerge) is very fast. No 

reason not to use this.
! Mopra+ATCA is harder and will need non-linear image-

plane technique. Also:
– need to handle change of beam shape, calibration, pointing & 

opacity with time.
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+
Check you understand your calibration

Relative scaling 
of data in 
overlap region 
from immerge
(120-170λ 130-200 
km/s HI in SMC)
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+Summary

! If your objects are extended and you need to 
mosaic, you will need to add single-dish data.

! Parkes+ATCA: excellent combination 1-20 GHz.
! Mopra+ATCA at 80-115 GHz: possible, but 

challenging.
! For the AT Compact Array,

so relatively little single-dish                          
data needed

! Linear Fourier plane combination works well
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