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Abstract Automated seismic arrival picking on large and real-time seismological waveform datasets
is fundamental for monitoring and research. Recent, high-performance arrival pickers apply deep-neural-
networks to nearly raw seismogram inputs. However, there is a long history of rule-based, automated arrival
detection and picking methods that efficiently exploit variations in amplitude, frequency and polarization
of seismograms. Here we use this seismological domain-knowledge to transform raw seismograms as input
to a deep-learning picker. We preprocess 3-component seismograms into 3-component characteristic func-
tions of a multi-band picker, plus modulus and inclination. We use these five time-series as input instead of
raw seismograms to extend the deep-neural-network picker PhaseNet. We compare the original, data-driven
PhaseNet and our domain-knowledge PhaseNet (DKPN) after identical training on datasets of different sizes
and application to in- and cross-domain test datasets. We find DKPN and PhaseNet show near identical pick-
ing performance for in-domain picking, while DKPN outperforms PhaseNet for some cases of cross-domain
picking, particularly with smaller training datasets; additionally, DKPN trains faster than PhaseNet. These re-
sults show that while the neural-network architecture underlying PhaseNet is remarkably robust with respect
to transformations of the input data (e.g. DKPN preprocessing), use of domain-knowledge input can improve
picker performance.

Riassunto individuare l'arrivo delle fasi sismiche & fondamentale per il monitoraggio e la ricerca dei ter-
remoti. Attualmente, la maggior parte dei programmi di riconoscimento (pickers) utilizza le deep neural net-
work (DNN) su sismogrammi grezzi. Esistono pero decadi di ricerche sul rilevamento automatico degli arrivi
sismici basate su variazioni in ampiezza, frequenza e polarizzazione dei sismogrammi (domain-knowledge).
Sfruttiamo queste conoscenze per pre-processare i sismogrammi grezzi in cinque serie temporali, ottenendo
le tre funzioni caratteristiche di un picker multibanda, il modulo e l'inclinazione. Utilizzando questo nuovo in-
put, realizziamo un’estensione di PhaseNet (PN) basata sulla domain-knowledge (DKPN) e confrontiamo i due
modelli (PN e DKPN), addestrandoli su stessi dataset di diverse dimensioni. Eseguiamo due test: in-domain
(su dati estratti dallo stesso dataset di addestramento) e cross-domain (su dataset diversi). DKPN e PhaseNet
mostrano prestazioni quasi identiche per il riconoscimento delle fasi in-domain, mentre DKPN supera Pha-
seNet per alcuni casi cross-domain, in particolare per dataset di addestramento piu piccoli. L’allenamento di
DKPN & piu veloce di quello di PhaseNet. Questi risultati mostrano che, sebbene l'architettura di rete neurale
alla base di PhaseNet sia notevolmente robusta, 'uso di input basati sulla domain-knowledge puo migliorare
le prestazioni del picker.

Non-technical summary Automatic procedures for detecting seismic energy onsets on seismo-
grams are critical for earthquake and environmental monitoring, earthquake and tsunami early-warning, and
for fundamental research in seismology and earthquake hazard. Recent, high-performance onset detectors
mainly use sophisticated, machine-learning algorithms which are “trained” on large sets of, unprocessed, seis-
mograms. However, thereis a long history of rule-based, automated onset detection algorithmsin earthquake
seismology that efficiently exploit various characteristics of seismogram waveforms. Here we use classical,
seismological energy onset detection algorithms to transform seismogram waveforms before input to an es-
tablished machine-learning onset-detector. We compare this extended detector with the original detector
using identical training seismograms and application to diverse test seismograms. We find that the extended
detector shows improved performance when applied to seismograms with different characteristics from those
used for training, and can allow use of smaller datasets during training. The results show that the established
machine-learning detector performs well independent of transformations of the input data, but that such
transformations can improve performance and efficiency in some cases.
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