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Introduction

e Glitches are transient noise signals in GW detectors.

e The Gravity Spy dataset provides glitch classifications with CNNs
that use Q-transform spectrograms.  arxiv:1611.04596

Motivation

e Study how Q-transform parameters and visualization choices
influence glitch classification with CNNSs.

Current Virgo glitch
classification pipeline

seen on Tiago’s
presentation.
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http://arxiv.org/abs/1611.04596

Introduction

How exactly are glitch spectrograms generated?
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Signal Whitening
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Q-transform
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Q — quality factor

Maximum energy Q-tile
(in a relevant range)

Glitch I1D: zcDD2htpV6







1. Signal whitening method:

- Welch (mean) or median.




Examples: Whitening method
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What choices influence glitch visualization in significant ways?

1. Signal whitening method:
- Welch (mean) or median.
2. Normalized energy scale:

- Restricted to range (0, 25.5).
- Logarithmic scale.
- Normalized images using a quantile scale.
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Examples: Normalized energy scale
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A certain visualization might be better for human recognition but
not necessarily for a DL model!
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What choices influence glitch visualization in significant ways?

1. Whitening method:

- Welch (mean) or median.

2. Normalized energy scale:

- Restricted to range (0, 25.5).
- Normalize images using a quantile scale.
- Logarithmic scale.

3. Quality factor: Q; time window: T

- Use asingle fixed Qand T.
- Use multiple fixed Qs and Ts.
- Use a single random Q and fixed T.
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Examples: Q-values and time windows

Air compressor

Blip
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QO = 5.65, T= 0.5s
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Examples: Q-values and time windows

Q = 5.65, T= 2s QO = 5.65, T= 0.5s

Glitch ID: 146NwueQsL

Glitch ID: 146NwueQsL

2048 125
1280
640 20
3
= g g
et g = 15
> s 3 160
c v C
. ] N O
z Tz
Ir COMpPressor E g 0
o E 9
& 5 &
=
5
0

0.50 0.12 0.25

Time offset (s

} Time offset sg
0 (GPS): 1268778405.644531 0 (GPS): 1268778405.644531

Glitch ID: UgLIAMQOXq

Glitch ID: UgLIAMQOXq

20

-
G

Blip

H
s
Normalized energy
Frequency (Hz)

Frequency (Hz)

5
0
0.00
Time offset (s) Jime offset (s)
0 (GPS): 1268624493.347656 t0 (GPS): 1268624493.347656

14th IGWM 2025

Normalized energy

Normalized energy



Examples: Q-values and time windows

Q = 5.65, T= 2s QO = 5.65, T= 0.5s Q = 22.02, T= 0.5s
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Dataset

Gravity Spy Database

ﬂ Filtered
Run O3b

Confidence >=0.95

Max: 2000

Min: 200

Remove:
- None of the above
- Whistle

Splitin
70/10/20%

Train: 9529, Val: 1219, Test: 2438
11 classes

o IS s o IPESSFR L

Fig. Example of each class in the
dataset.
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Methodology

Setup a Q-transform in an inference time pipeline to test various settings.

- Benchmarking model (welch whitening, (0,25,5) restricted range)

Preprocessing

Interpolate for T=0.5s

Concatenate at

4
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Time-series »{ Whitened Time-series » Q-Transform

- (Q, T) views model

Preprocessing >
L

r N

Time-series »{ Whitened Time-series

Interpolate for T=1s

channel dimension

ResNet18 Classifications

4

Interpolate for T=4s

(Q1,T1)
Q-Transform + Interpolation
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(Q2.T2)
Q-Transform + Interpolation

Concatenate at

channel dimension
ResNet18

(QN,TN)
Q-Transform + Interpolation

Ap[ Classifications J
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ResNet18
(- FC layer)

Extract features

> t-SNE —>

Maaten, L.V.. & Hinton. G.E. (2008)

t-SNE Component 2
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Embedding of features

t-SNE Visualization of Glitch Features
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https://www.jmlr.org/papers/volume9/vandermaaten08a/vandermaaten08a.pdf

esults: whitening

Very similar!
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component 2

t-SNE coloured by ground truth

t-SNE coloured by ground truth

t-SNE coloured by ground truth
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arXiv:241%.16796
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http://arxiv.org/abs/2412.16796

Results: normalized energy scale

Glitch ID: DAWoeNahqg3 Label: Extremely_Loud

Glitch ID: ROb008Cw55 Label: Koi_Fish
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F1 Score by Q-value Across Different Time Windows
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t-SNE coloured by ground truth
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Distribution of classifications by Gravity Spy’s Q value
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Results: multiple views (Q, T)

N views
1

2

F1-score

95.9%

96.81%
96.11%
96.05%

96.37%
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Greedy search
Randomly generate 100 candidate views with:

- T=[0.5,1,2,4]

- 50 Qs chosen logarithmically between [4, 256]
Select best model and search for next view.

(21.84,0.5)  (7.89, 0.5)

5

T,

(5.62,2.0) (65.84,1.0) (8.59,4.0)

Test data
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Summary and conclusions

° Whitening method doesn’t seem relevant for confidently classified glitches.

e f Normalized energy scale is crucial for imposing SNR differences and uncover
certain class similarities.

e (@ Q value positively biases classes and classifications that use a similar GS Q
value.

e  Amedium Q value range works best to cluster classes and a longer time
window necessitates slightly higher Q values.

° Different Q values also allow a good classification as an alternative to only
different time windows.
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THANK YOU FOR LISTENING!

...and to these awesome collaborators:
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Extra slides: Q transform

X0 = [ sl - 7.6.Q

T,¢  central frequency and time
At, Af characteristic bandwidth and duration

V271
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arXiv:2007.11374, https://doi.ora/10.1016/j.softx.2020.100620
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https://arxiv.org/abs/2007.11374
https://doi.org/10.1016/j.softx.2020.100620
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Low Frequency Burst 1400 200 400
Low Frequency Lines 1400 200 400
Scattered Light 1400 200 400
Violin Mode 931 133 266
No Glitch 787 113 225
Blip 741 106 212
Tomte 600 86 171
Extremely Loud 566 81 162
Air Compressor 267 38 77

Power Line 265 38 76

Koi Fish 172 24 49




Extra slid

14th IGWM 2025

component 2

es: unsupervised clustering of “Whistle”
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