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● Denoising Autoencoders (DAE) are able 
to suppress seismic noise even when 
signal and noise share a common 
frequency band

● New seismic events can be detected in 
denoised data sets

→ How many new events can be 
detected in “small” seismic networks?
Automatic routine vs. manual picking

→ Comparison of noisy and denoised 
earthquake catalogue
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https://github.com/JanisHe/seisDAE



Catalogue building

3 

Data 
processing

Phase 
picking

Event 
association

Localisation Catalogues

Deep-learning 
model for 

simultaneous 
earthquake 

detection and 
phase picking

Gaussian 
Mixture Model 

Association

NonLinLoc

Lomax et al., 2001

NonLinLoc

Lomax et al., 2001

Noisy data

EQTransformer
Mousavi et al., 2020

GaMMA
Zhu et al., 2022

NonLinLoc

Lomax et al., 2001

Catalogue 
from noisy

Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Catalogue building

4 

Data 
processing

Phase 
picking

Event 
association

Localisation Catalogues

Deep-learning 
model for 

simultaneous 
earthquake 

detection and 
phase picking

Gaussian 
Mixture Model 

Association

NonLinLoc

Lomax et al., 2001

compare 
cataloguesDenoising

Autoencoder
Heuel & Friederich, 2022

Noisy data

EQTransformer
Mousavi et al., 2020

GaMMA
Zhu et al., 2022

NonLinLoc

Lomax et al., 2001

Catalogue 
from noisy

Catalogue 
from 

denoised

Denoised 
data

Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Catalogue building

5 

Data 
processing

Phase 
picking

Event 
association

Localisation Catalogues

Deep-learning 
model for 

simultaneous 
earthquake 

detection and 
phase picking

Gaussian 
Mixture Model 

Association

NonLinLoc

Lomax et al., 2001

compare 
cataloguesDenoising

Autoencoder
Heuel & Friederich, 2022

Noisy data

EQTransformer
Mousavi et al., 2020

GaMMA
Zhu et al., 2022

NonLinLoc

Lomax et al., 2001

Catalogue 
from noisy

Catalogue 
from 

denoised

Denoised 
data

Only a handful 
of parameters

Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples 

6 
Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples

7 
Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples

8 
Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples 

9 

Location noisy
Location 
denoised

Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples 

10 
Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples 

11 
Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Examples 

12 
Motivation | Catalogue building | Examples | Intermediate Results | Problems | Summary

Denoising Autoencoder in Seismology | Janis Heuel | janis.heuel@rub.de



Intermediate Results
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● Analysed continuous data of three months (2020) from 41 stations with 
automatic routine (EqT and GaMMA) and manually picked seismic phases 
of six days for verification 
● Automatic (three months):

402 (noisy) and 2110 (denoised) events
● Automatic (six days):

28 (noisy) and 127 (denoised) events
● Manual:

24 (noisy) and 65 (denoised) events (24 noisy events are also in denoised)
BUT 23 denoised events are hard to localise and many events were 
detected several times because of settings for phase association (GaMMA)

● Too many false picks by Earthquake Transformer and thus false 
detections for denoised data
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Low SNR P-phases
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Problems | Too many picks
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Summary

● Using a denoising autoencoder (DAE) can lead to an increase of earthquake 
detections BUT
● We have too many false detections 

→ Using a threshold for the SNR of the P-phase might reduce some false 
detections

● Are there other algorithms that can check whether it is an earthquake or not?
● Earthquake magnitudes cannot be calculated with the DAE

● At the moment, the DAE can only be used to find more picks

Further questions? Janis.Heuel@rub.de  
Code available at https://github.com/JanisHe
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