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  Introduction
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● LVK gravitational-wave detectors are 
dominated by noise, with rare and 
weak GW signals.

● Glitches are short-duration bursts of 
excess power with instrumental or 
environmental origin. 

● Glitches negatively impact GW 
parameter estimation and can also 
generate false alerts.

● O(1) glitches per minute → high 
chance of coincidence with a GW.

GW170817 - Livingston strain

arXiv:1710.05832

https://arxiv.org/abs/1710.05832
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● Glitches can be categorized by 
their morphology into glitch 
families.

● Glitches sharing the same 
morphology should have similar 
origin. Thus, identifying the class 
of a given glitch can be useful to 
find its origin.

● How can this classification be 
done?

14th IGWM Meeting - Madrid, June 23-25 2025

  Introduction



Tiago Fernandes 4

● Omicron detects glitches and provides their basic 
characteristics. However, it is not designed to classify 
glitches.

● GravitySpy and GWitchHunters have used volunteer 
classifications to label glitches triggered by Omicron. 
These labelled glitches are then used to train ML glitch 
classification algorithms.

● However, at the start of O4, we did not have an active 
glitch classification project focused on labelling Virgo 
glitch data.
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  Introduction

arXiv:2007.11374

arXiv:1611.04596

arXiv:2301.05112

https://arxiv.org/abs/2007.11374
https://arxiv.org/abs/1611.04596
https://arxiv.org/abs/2301.05112
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VIGILant (Virgo Glitch Identification and Learning) aims to develop and deploy an 
automatic classification pipeline for Virgo glitches.
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  Project overview

1. Produce a labelled Virgo glitch spectrogram dataset;

2. Create a supervised ML classifier;

3. Create visual output for the classifier;

4. Deploy automatic pipeline in the Virgo cluster;

5. Investigate possible improvements in dataset and model;

6. Identify anomalies in the glitch classification;

7. Incorporate the new classes and the possible morphology changes in the 
supervised classification algorithm.
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● Virgo O3a data

● GPS times obtained from Omicron, labels from the GravitySpy ML model.

● For each glitch, four spectrograms are generated.

0.5 seconds view 1.0 seconds view 2.0 seconds view 4.0 seconds view
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  Dataset generation
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O3a: 80398 glitches

select glitches with
label confidence = 1.0

11323 glitches

remove glitches from 
classes with less than 
100 samples

80% training
20% validation
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  Dataset generation
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● ResNet18 architecture

● Data is input in an “encoded” view

blue channel
green 
channel

140 x 170 px, BW

3 x 140 x 170 px, RGB

0.5 seconds view 2.0 seconds view 4.0 seconds view

red
channel
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  ML model training

arXiv:1512.03385

arXiv:2303.13917
more on data 

input in Guillem’s 
presentation
after lunch

https://arxiv.org/abs/1512.03385
https://arxiv.org/abs/2303.13917
https://agenda.ciemat.es/event/4951/contributions/7008/
https://agenda.ciemat.es/event/4951/contributions/7008/
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Accuracy: 99.7% 
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Accurate ML model trained in less than 2 minutes.

  ML model training
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Accuracy: 60.55% 

● Issues:
○ GravitySPy ML labels are noisy
○ None_of_the_Aboves and unseen 

classes are hard to handle with a 
supervised model

● Possible solutions:
○ improve labels
○ find outliers based on model 

confidence
○ …
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  ML model generalization

classes 
unseen 
by the 
model
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new Omicron 
triggers

Glitch 
spectrograms

Trained ML 
model

glitch families

glitch 
dashboard

Omicron glitch 
parameters

(time, freq., SNR)

📅 cronjob running 
everyday at 2 AM on 
a Virgo machine;
3 seconds / glitch  
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  Putting the pipeline into production
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  Dashboard demo

           interactive dashboard here

https://tttiago.github.io/glitchgram/dashboard_2019_04.html
https://tttiago.github.io/glitchgram/dashboard_2019_04.html
https://tttiago.github.io/glitchgram/dashboard_2019_04.html
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labelled 
glitches

uncertain 
glitches

clustering of points 
distant to known 

family clusters

points in latent 
space

distance to 
existing 
clusters

AutoEncoder 
training

Laguarta et al. (2023)
arXiv:2310.03453

trained 
encoder

(None_of_the_Above, 
or low confidence predictions)

family 
clusters in 

latent space

proposal of 
new glitch 

classes

outputs of 
supervised 

classification 
pipeline
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  Finding new glitch families

https://arxiv.org/abs/2310.03453
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● VIGILant is running in Virgo, providing an additional tool for glitch 
investigations inside the collaboration. 

● It is currently the only provider of Virgo glitch classifications.

● Some improvements to adapt the tool for the O4 glitch population are 
planned.

● In a second phase, a tool to automatically identify new glitch families will be 
created and integrated in the pipeline.

THANK YOU FOR YOUR ATTENTION!!
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  Conclusions
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