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Abstract - A computationally efficient multi-feature image 
reconstruction algorithm, well adapted for next-generation 
telescopes, is proposed. This method is more flexible to handle 
vast amount of visibility data expected in the future. In 
reconstructing the M87 image with the visibility data simulated 
on the Low-Frequency Array (LOFAR), this algorithm turns 
out to be a few hundreds to one thousand times faster and is 
more resilient to noises than the conventional algorithms.  

Index Terms — Radio interferometry, image reconstruction, 
visibility, LOFAR. 

I. INTRODUCTION 

Radio interferometry techniques have been used to 
reconstruct images of astrophysical objects using incomplete 
and noisy visibility data. By augmenting more stations into 
an existing telescope, higher angular resolution and 
sensitivity can be achieved [1]. In general, the image 
reconstruction process with radio interferometry can be 
formulated as a linear inverse problem, in which the 
available measurement data are used to reconstruct the 
source image, subject to certain constraints [2]. 

Next-generation radio telescopes, such as Square 
Kilometre Array Pathfinder (ASKAP) [3], Murchinson 
Widefield Array (MWA) [4], Meerkat [5], Square Kilometre 
Array (SKA) [6], and Low-Frequency Array (LOFAR) [7], 
are expected to achieve a wider dynamic range and higher 
angular resolution than current instruments. These telescopes 
will record vast amount of data. 

In this work, a multi-feature algorithm is proposed to 
process four different features of the visibility data separately, 
with the data simulated on the LOFAR configuration. This 
method is driven by the measurement data, without the need 
of a prior function for regularization. It takes much shorter 
computational time and is more resilient to noises than the 
conventional methods. 

 

II. MULTI-FEATURE VISIBILITY DISTRIBUTION 

Fig.1(a) shows the image intensity of M87 with 256x256 
pixels, which is located at the declination of 12o23'28''. The 
image is taken at 140 MHz, with resolutions of △θu=3.4'' 
and △θv= 3.1''.  

 
 

 

 
 
Fig. 1. (a) LOFAR image of M87 near the center of Virgo cluster. (b) 

Number density of visibility data in the visibility plane. 
 
Fig.1(b) displays the number density of simulated 

visibility data when observing the M87. The sampling 
interval is 60 seconds, and the total observation time is 6 
hours. The visibility data collected from the CS-CS (core 
station) links concentrate around the origin, which bear low-
resolution information of the image. The visibility data 
collected from the CS-RS (remote station) links usually take 
the shape of ribbons; and those from the RS-RS links take 
the string shape, both bear high-resolution information. 

 

III. MULTI-FEATURE ALGORITHM 

The multi-feature algorithm processes the four different 
types of feature separately. It can be scaled up to include 
additional stations, such as the international stations in the 
LOFAR. The multi-feature algorithm can also be adapted for 
parallel computation, which is more flexible to deal with the 
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vast amount of data the next-generation telescopes will 
collect. 

In each visibility region, a grid with an optimized cell size 
is chosen to derive a set of modeled visibility data, using the 
Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm [8], 
which is a variant of the quasi-Newton's method. 

The quality of reconstruction can be evaluated in terms of 
a signal-to-noise ratio (SNR), where the noise term is defined 
as the difference between the reconstructed image and the 
reference image. A higher SNR value implies better quality 
of the reconstructed image. 

Similar to SNR, an ISNR is defined, with the image data 
replaced by the visibility data. Fig.2 shows the average SNR 
of the reconstructed image, as a function of ISNR, over 100 
realizations of Monte-Carlo simulation.  

If 6 hours of measurement is considered, at the sampling 
interval of 60 seconds, there will be 504,720 visibility data 
points. The SNR values of the images reconstructed with the 
multi-feature algorithm and the conventional MS-CLEAN 
algorithm are 23.414 dB and 19.417 dB, respectively. 

If the data sampling interval is reduced to 2 seconds, there 
will be 15,141,600 visibility data points. In this case, The 
SNR of the reconstructed image using the multi-feature 
algorithm is 23.8 dB, which is slightly higher than that using 
504,720 visibility data points. 

 

 
 

Fig. 3. Average SNR as a function of ISNR, over 100 realizations, ——: 
multi-feature algorithm on 15,141,600 visibility data, ------: multi-feature 
algorithm on 504,720 visibility data, --o--:: MS-CLEAN algorithm [9] on 

504,720 visibility data. 
 

IV. CONCLUSION 

A multi-feature algorithm is proposed to reconstruct the 
visibility distribution instead of the image itself. The 
visibility data are categorized into four different feature 
regions, depending on the configuration of stations and the 
object to be observed. Up to 15,000,000 visibility data points 
have been processed in the simulations, based on the LOFAR 
configuration. Compared with the conventional algorithms 
like PURIFY and MS-CLEAN algorithms, the computational 
time can be reduced by a few hundreds to one thousand 

times, and expected to be even more if the amount of data is 
increased. 
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