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Modern radio interferometers generate vast volumes of raw data, demanding efficient processing
to enable real-time or quasi-real-time astronomical analysis. A critical challenge is the detection
of transient sources within wide-field interferometric images, which requires rapid imaging and
robust discrimination between true transients and false positives.
In this paper, we describe a proof of concept of a Fast Imaging Pipeline designed to address
this challenge. The pipeline processes snapshot visibilities to construct images in (quasi) real
time, identifies point sources in difference maps, and employs cluster analysis to distinguish
genuine transients from artifacts. FITrig, a GPU-accelerated transient detector integrated into
the pipeline, enables the detection of transients directly from dirty images as they are produced.
Developed as part of the SKA Science Data Processor prototyping efforts, this pipeline optimizes
interferometric data processing in preparation for the upcoming SKA science operations. Our
approach demonstrates a scalable solution for future large-scale radio surveys, balancing speed
and accuracy for transient detection.
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1. Transients in radio astronomy

Transients in astrophysics and radio astronomy are short-lived phenomena that appear and fade
away, with their signatures changing rapidly over time. Transient phenomena can be separated
into two broad classes, periodic and non-periodic transients. Non-periodic transients include Fast
Radio Bursts (FRBs), X-ray binary flares (XRBs), supernovae (SNe) and stellar flares. On the other
hand, pulsars, long-period radio transients (LPTs) including magnetars, binary systems, and highly
magnetic white dwarfs, can be attributed to periodic transients.

1.1 Snapshot surveys

The important observation techniques for transient search are snapshot surveys and follow-up
observations. Among the snapshot surveys one can mention the LOFAR transients survey [1], the
FAST GPPS survey [2], ThunderKAT [3], TRON pipeline [4], the ASKAP VAST survey [5], GMRT
Galactic Plane Pulsar and Transient Survey [6] and realfast VLA survey [7]. Transient snapshot
surveys are also planned in the upcoming SKA project [8].

2. Fast Imaging Pipeline

The Fast Imaging Pipeline uses a variation of the difference imaging technique, widely utilized
to analyze the data from the surveys mentioned in the previous section. The key component of the
pipeline is gridder/invert software, which can be CPU or GPU–based. For this proof of concept,
the SDP Processing Function Library1, or PFL was chosen because it contains the CUDA–based
implementation of the gridder and the cuFFT–based image construction function.

There are different strategies to analyze snapshot data when searching for transients. The
algorithm which is used in the Fast Imaging Pipeline2, or FIP, has three main stages.

In the image construction stage, the (calibrated) visibilities are used to construct snapshot
dirty images. Several gridder/invert software tools were tested, e.g. WSclean [9], DUCC [10], PFL.
Having all images created, the difference maps are produced from the subsequent snapshot dirty
images.

In the source detection stage, the pipeline runs the source detection program on each difference
map to construct a merged point source catalog for all detections on all difference maps. Several
algorithms were tested, for example PyBDSF [11], Aegean [12], SoFiA-2 [13], [14].

In the last stage, the pipeline performs cluster analysis and constructs a final catalog of transient
candidates. Cluster analysis software is used to find neighboring sources in the merged catalog to
discriminate against spurious detections. One of the tools tested is sklearn.cluster.MeanShift
which discovers “blobs” in a smooth density of samples.

The difference maps approach automatically implies limitations on the timescales of the de-
tected transients. Only the fastest timescale (i.e. the raw sampling timescale) is probed, since any
longer–duration (smooth) transients would be distorted or completely washed out by this technique.

1https://developer.skao.int/projects/ska-sdp-func/en/latest/
2https://gitlab.com/ska-telescope/sdp/ska-sdp-exec-func-examples/-/tree/hip-315_fast_

imaging_pipeline/pipelines/fast_imaging_pipeline
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2.1 Image construction

During this stage, the pipeline creates 3D datacube with the size of Nx × Ny × Ntimes using the
CASA Measurement Set as input. Here, Nx and Ny is the size of the map in the x and y directions,
and Ntimes is a number of snapshots in the observation set. Different tools can be used for dirty
image construction, among the tested ones are WSclean, DUCC wgridder (CPU-based), and also
GPU-based PFL was tested and demonstrated the highest performance.

2.2 Source detection

In this stage the pipeline performs source detection on the difference frames for two subsequent
snapshots. Different point source detection tools are tested, e.g. PyBDSF, Aegean and SoFiA-2.
SoFiA-2 shows the best performance, but since it is designed to work with the multi-frequency
datacubes, not with the snapshots, it should be fine-tuned accordingly to work with single-frequency
maps.

The source detection tool generates a separate detection catalog for each snapshot, containing
both transient and spurious detections. The detections of the same transient are clustered around
it’s true position, while spurious detections are scattered all over the map. All intermediate catalogs
are finally merged into a single one that contains all detections for all snapshots.

It is also noticed that maps constructed with natural and uniform weighting [15] result in
different detection positions, where the uniform weighting scheme gives a less scattered source
detection distribution.

Natural and uniform weighting schemes were chosen for the FIP tests as two extreme cases to
demonstrate how pixel noise and the synthesized beam width affect the result of the point source
detection stage. Other schemes, for example, Briggs weighting, which is a compromise between
natural and uniform, can be also used, and it’s robustness parameter has to be adjusted depending
on the input data.

2.3 Cluster analysis and final catalog construction

The pipeline’s final stage analyzes the merged detection catalogue with the point source detec-
tions from all difference maps, and extracts the positions of transient candidates. Every transient
will give a group of detections with close coordinates, while spurious detections will be scat-
tered around the maps. The Mean shift cluster analysis technique [16] is used to locate the
maxima of a density function in the detection distribution (a so-called mode-seeking algorithm,
sklearn.cluster.MeanShift3). In the end, a final catalog of transient candidates is created,
and the candidates can be considered as the targets for the follow-up observations.

3. Application to the real data

In order to test the concept of the Fast Imaging Pipeline, real MeerKAT [18] data were used.
The dataset contains flagged and calibrated visibilities for the snapshot observations of a pulsar
PSR J0901-4046 which has an ultra-long period of about 76 sec [17]. The dataset includes 1024

3https://scikit-learn.org/stable/modules/generated/sklearn.cluster.MeanShift.html
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frequency channels in the range 835.938 – 1712.482 MHz, with a central frequency 𝜈𝑐=1283.8955
MHz, the total observing time is tobs=2998 s, with Ntimes=1499 giving 2 s per snapshot.

For a “full field” fast imaging with MeerKAT we have been using 4680×4680 pixels with 1′′.1
scale, which extends to approximately the 30% power point of the primary beam (1.43 deg FOV).

(a) (b)

Figure 1: Synthesized beams for (a) natural and (b) uniform weighting schemes on the same scale, for the
MeerKAT configuration used to observe PSR J0901-4046. The FWHM for natural weighting is
69.4′′ × 63.4′′, and for uniform weighting is 37.9′′ × 26.8′′.

In Fig 1 the synthesized beams are plotted for the natural and uniform weighting schemes. It
is clear that the FWHM in the case of a uniform weighting scheme is much smaller than for natural
weighting, which gives better positional accuracy for the relatively bright sources in return of higher
pixel noise and higher rate of spurious detections.

In Fig 2 snapshot images are shown for natural and uniform weighting schemes. The time per
snapshot was about 0.9 s when using GPU-based PFL and NVIDIA A100 GPU, compared to 8–12 s
per snapshot when using CPU–based WSClean on available computers. In Fig 3 maps of detections
for both weighting schemes demonstrate the better accuracy of the transient position determination
in the case of uniform weighting.

In the end of the pipeline, the cluster analysis algorithm confidently isolated the group of
transient detections (Ndet = 41 on 1498 difference maps) from the spurious ones, giving the correct
apparent coordinates (𝛼, 𝛿) = (135◦.3716,−40◦.7678).

4. Fast Imaging Trigger

Fast Imaging Trigger (FITrig) [19] is a GPU-accelerated, statistics-based transient detector that
can be embedded into the source-detection stage of the FIP, allowing transients to be detected in real
time from dirty images as they are generated. Developed based on tLISI [20], a transient-oriented
image assessor, FITrig provides two branches of detection (Fig 4): an image-domain branch,
optimized for detecting general transients, and an image-frequency-domain branch, specifically
designed to identify periodic transients. Compared with SOFIA-2, FITrig significantly improves
performance: for large-scale images (e.g., 50,000 × 50,000 pixels) it achieves a 4.3× increase in

4
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(a) (b)

Figure 2: Two-second snapshot dirty images 1024 × 1024 pixels (a central part of full image), containing a
transient constructed with (a) natural and (b) uniform weighting schemes. The scale is the same for both
images, the patch size is 18′.77 × 18′77. Albeit the possible RFI contamination, the point source detection
program can detect the transients on the difference maps with sufficient significance.

(a) (b)

Figure 3: The maps of detections along all 1499 frames performed with PyBDSF, on the subsequent frame
difference maps constructed using the test MeerKAT MS, in (RA, Dec) coordinates. Circle diameters are
related to the detection SNR values. The weighting schemes used are (a) natural and (b) uniform.

processing speed, while its image-domain branch reduces false positive detections (arising from
non-transient sources or noise) by more than a factor of 800 at 6-𝜎 detection threshold, with the
image-frequency-domain branch providing an even greater reduction. Furthermore, FITrig retains
the sensitivity to detect pulsars that are at least 20× fainter than nearby steady sources, even when
operating at the Nyquist sampling limit. In short, with FITrig, the source detection stage can operate
in real time, achieving higher sensitivity, higher efficiency, and lower false positive rate.

5. Conclusion

The Fast Imaging Pipeline performs quick detection of the transients, where dirty image
construction can be significantly accelerated when using GPU-based gridder/invert tools. The
uniform weighting scheme allows for better accuracy in source positions. Our tests confirm that
SoFiA-2 source finder seems to be the fastest among the tools tested, reducing the processing time
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Figure 4: FITrig. Two branches are supported: image-domain and image-frequency-domain branches.

per frame of 4680 × 4680 pixels to 2-3 s including all three stages of the pipeline. The FITrig
component is a promising addition that can significantly enhance event detection rates and enable
real-time performance, pending further testing within the FIP.

Although it is only a proof of concept, the initial benchmarking of the FIP gives promising
results, and the work is ongoing to convert the FIP into a useful radio astronomy tool.
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