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Abstract 
 
The SPOTLIGHT project is a commensal survey for Fast 
Radio Bursts (FRBs) and pulsars at the uGMRT using 
real-time HPC and AI for simultaneous time-domain 
detection and arc-second imaging localisation across 300 
to 1460 MHz. FRBs are searched within 2,000 
post-correlation beams steered across the Field of View 
(FoV), with SPOTLIGHT leveraging its PetaFlops of 
computing power to process PetaBytes of data per day in 
real time. The AI-powered trigger for genuine 
astronomical signals enables capturing voltage samples 
spanning the burst duration to study the 
spectro-temporal-polarimetric properties at microsecond 
time resolution as well as high-time resolution visibility 
for event localisation. With an unprecedented sensitivity, 
SPOTLIGHT is expected to find hundreds of localised 
FRBs. This paper presents the FRB candidate optimiser 
for SPOTLIGHT’s FRB detection pipeline, which 
incorporates candidate clustering, classification, and 
triggering for visibility and raw voltage recording. 
 
1. Introduction 
 
Fast Radio Bursts (FRBs) are highly energetic transient 
signals of extragalactic origin lasting only a few 
milliseconds [1]. Their origins are still debated, making 
them at the forefront of astronomical research. Precisely 
localising FRBs in the sky is crucial for understanding 
their origin [2], characterising their local environments [3, 
4], and utilising them as cosmological probes [5, 6].  
Traditional survey telescopes with large field-of-view 
(FoV) are capable of detecting FRBs but lack the 
resolution to know their precise origins. The uGMRT, 
being an interferometer, is an ideal telescope that 
simultaneously offers time-domain detection and imaging 
localisation. 
 

2. The SPOTLIGHT System 
 
SPOTLIGHT [7] is a real-time multi-beam commensal 
project that will run commensally with regular uGMRT 
observations to search for FRBs and pulsars within the 
FoV. It leverages a state-of-the-art, multi-node 
GPU-powered compute cluster (funded by the National 
Supercomputing Mission) for real-time processing, 
forming visibilities, and generating 2000 post-correlation 
beams at a 1.3 ms resolution while ingesting data at a rate 
of 25 GB/s [8]. Correlation and beamforming are 
performed on 16 servers equipped with 32 Nvidia A100 
GPUs, while the beams are transmitted to the transient 
search cluster, which consists of 24 servers with 48 Nvidia 
A100 GPUs. A  multi-beam multi-node FRB detection 
pipeline (described below) is developed to run on the 
transient search cluster. 
 
3. SPOTLIGHT’s FRB detection pipeline 
 
The multi-beam FRB detection pipeline for SPOTLIGHT 
consists of two main stages: Single pulse search and 
candidate optimiser. 
 
3.1. Single pulse search 
 
As an FRB signal travels through ionized plasma along 
the line of sight, different frequencies propagate at 
different speeds, causing dispersion. The dispersion 
measure (DM) quantifies this effect, representing the 
column density of electrons along the line of sight. To 
correct for this, a process called dedispersion is applied to 
the data. However, since the exact dispersion is unknown 
beforehand, dedispersion is performed across multiple 
trial DM values. This process involves collapsing the 
frequency-time intensity data, or dynamic spectrum, into a 
time series while accounting for frequency-dependent 
delays at each DM value. The dedispersion module of the 



SPOTLIGHT performs ~8500 DM trials covering up to 
2000 pc cm-3. The dedispersed time series are searched for 
single pulses with widths of up to 0.5 seconds using a fast 
implementation of boxcar match-filtering. The candidates 
above a signal-to-noise ratio (SNR) threshold are passed 
through a peak filtering module, which conducts multiple 
passes using fixed-size stencils over the DM and 
time-of-arrival (TOA) plane to remove redundant 
detections. The AstroAccelerate software package 
provides GPU-optimised implementations of  
dedispersion, and the single pulse search algorithm [9, 
10], and is integrated into the SPOTLIGHT transient 
search pipeline. 

 

Figure 1. The FRB detection pipeline running on the 
transient search cluster. Each node processes multiple 
beams (up to 85), with all steps up to classification 
executed independently on each node, handling all 
assigned beams. 

 
3.2. Candidate optimizer 
 
The single pulse search pipeline can generate anywhere 
from a few thousand to several million candidates within a 

10-minute observing span. Many of these candidates will 
be spurious resulting from Radio Frequency Interference 
(RFI), even after zero-DM subtraction applied during the 
single pulse search. This will give false triggers to the 
subsequent stages which will overload the system. 
Additionally, SPOTLIGHT's unprecedented sensitivity 
captures multiple bursts from the same events, clustered in 
DM-Time space. 
 
Since the SPOTLIGHT system is designed to accept one 
trigger every 10 minutes for follow-up processing - such 
as imaging localization (using high-time-resolution 
visibilities) and spectro-temporal-polarimetric analysis 
(using Nyquist-sampled baseband data from all antennas) 
- a robust candidate optimization module is essential to 
filter out spurious candidates. 
 
3.2.1. Clustering:. We cluster candidates in the DM-time 
plane for each beam, reducing the number of candidates 
by a few orders of magnitude. The clustering is performed 
using DBSCAN [11], which is a density-based spatial 
clustering technique implemented on multi-node 
multi-GPUs via cuml. The candidates are spread across 
the DM and time-of-arrival (TOA) space and the closely 
packed points are grouped together. DBCAN does not 
require the number of clusters in the data to be known a 
priori and can find clusters of arbitrary shape. We then 
select the highest SNR candidate in the given cluster. This 
reduces the number of candidates from several million to 
a few thousand, or even a few hundred. Note that the 
clustering is performed independently for each beam in a 
node. After clustering, the filtered candidates from each 
beam in a given node are combined to perform 
“anti-coincidence” filtering i.e. removal of candidates that 
are seen in isolated beams, which are most likely due to 
RFI. This further reduces the number of candidates by a 
factor of ~5.  
 
3.2.2. Feature extraction: The dedispersed dynamic 
spectrum and the DM transform (DMT) are characteristic 
features of FRBs that can distinguish them from RFI. The 
DM transform is formed by dedispersing the signal over 
multiple DMs, and stacking the time series to create a 2D 
array. For real FRB-like signals, it shows a distinctive 
bow-tie pattern, as seen in Figure 3. candies, a 
GPU-optimised feature extraction program for FRBs, 
extracts these features for each candidate from its 
beamformed data, based on its TOA and DM. candies 
is a variant of your, optimised for low-frequency 
observations.  The extracted features are stored in an 
HDF5 file for each candidate. The HDF5 format allows 
storing and organising large amounts of data. 
 
3.2.3 Classification:. The extracted features are then fed 
to FETCH (Fast Extragalactic Transient Candidate Hunter) 
[12] - a convolutional neural network (CNN) based binary 
classifier. FETCH classifies each candidate as either an 
FRB or RFI, and labels them accordingly as 0 (for RFI) or 
1 (for FRB). A “coincidence filter” is then applied to all 



the true candidates, in order to filter out the candidates 
which appear in multiple beams. Candidates are grouped 
based on their TOAs, with the highest SNR candidate 
selected for each TOA. The current implementation of the 
classifier and coincidence filter reduces the number of 
candidates to approximately 20 within a 10-minute 
observing run. The final selected candidates are uploaded 
to the SPOTLIGHT web server [13]. For each of these 
candidates, we trigger the recording of 1.3 ms visibilities, 
and Nyquist-sampled raw voltage data. 
 
4. Testing and results 
 
The SPOTLIGHT system is currently undergoing rigorous 
functional testing as various modules are being 
commissioned. For example, we carried out a search of 
giant pulses from the Crab Pulsar (B0531+21) over the 
full SPOTLIGHT frequency spectrum (300 - 1460 MHz). 
The SPOTLIGHT system was used to form 800 beams 
and each beam’s data was recorded for ~500 s. This data 
was processed using the offline variant of the pipeline, 
which ran across 8 nodes, with each node handling 100 
beams. 

 
Figure 2. Results of clustering for Crab Pulsar data in 
Band 4 (550-750 MHz) for one beam out of 800. Different 
colours show the different clusters formed by DBSCAN in 
the DM-time plane. The candidates marked “x” are the 
outliers. 

 

After the single pulse search, the number of 
candidates/beam was 10,000. After clustering this number 
reduced to ~100. Figure 2 shows the clustering output 
from DBSCAN. Only the highest SNR candidate from 
each cluster was forwarded for the next stages i.e. feature 
extraction and classification. After classification, there 
were approximately 5 Label 1 candidates per beam, 
resulting in a total of ~2000 candidates from 500 seconds 
of data in all the beams. These candidates were seen in 
most of the beams simultaneously. Applying the 
coincidence filter gave 5 bursts as the final output.  Figure 
3 shows an example of  Label 0 and a Label 1 candidate. 

As it can be seen Label 1 candidates are true Crab Giant 
Pulses.  
 

(a) Label 1 candidate 

 

(b) Label 0 candidate 

Figure 3. An example of classification outcomes from 
Crab Pulsar observation in Band 4 (550-750 MHz). Label 
1 is the true candidate, Label 0 is a spurious candidate. 

5. Summary 
 
We are commissioning the FRB detection pipeline of the 
SPOTLIGHT system while conducting functional 
validation with 800 simultaneous beams. During the 
initial test runs we were able to detect single pulses from 
multiple pulsars including giant pulses from Crab pulsar. 
The candidate optimizer is able to reduce the number of 
candidates by a factor of ~200. This significantly reduces 
the number of false triggers. We have deployed a fully 
functional end-to-end pipeline in offline mode, which is 
now being migrated to real-time operation. 
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