In short: Nen-stationarity Evolution of volcanic tremor signals revealed by blind source separation and manifold learning
N
René Steinmann:z, Léonard Seydoux3 Michel Campillo:, Nikolal Shapirot, Cyril Journeau*+, Nataliya Galina* ...
1|STerre, équipe Ondes et Structures, Université Grenoble-Alpes, France erc e MW
: F page ‘Helmholtz Centre Potsdam, German Research Centre for Geosciences GFZ, Germany T -
The Seismograms close to the volcqno o 3Université Paris Cite, Institut de Physique du Globe de Paris, France - [STerre - erenebe ti
evolve COn_tan_OUSW, Char)gl_ng ‘Department of Earth Sciences, University of Oregon, 1255 E 13th Ave, Eugene, OR 97403, USA
permanent their signal characteristics
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' 9 coefficients for the east component of for the 4 component model atlases obtained with manifold learning (UMAP).
SV13 |
T : t th tical
. SV13, close to the volcano Motivation: Our idea: we treat the ] source§: eas _nor vertica
* Seismic monitoring of a volcano continuous seismogram 10° 1 EL .
15 relies on discrete event catalog as a constant flux of ¥ source S T oSk S €A What is UMAP?
) and hand-designed features Information and retrieve - .- - ~ Uniform  Manifold
2 10 -Long-duration and emergent data-driven  features, 3 ceg- = = Approximation  and
s signals might contain information which might capture 2 sourceZ- :ﬂ = 5 Zroﬁgﬂﬁgléugﬁﬂr\'g
o . . i . e N - o
s which I1s not captured by new Information from § 4 L. = technigue, aiming at
T o0 conventional methods emergent signals = £ [Hz] f [Hz] f [Hz] f [Hz] N fitting a manifold to a
™ N high-dimensional
> < . - . d SV7,30 km e ORI18, 63 km f ESO, 122 km dataset
The data: 6. Some mixing weights for the 50
—10 "
Continuous component model .
. seismograms  from =
20 ju ;é station SV13 and east ___north vertical 3
jun ) _ 7. o
N o > other temproary € 50;;“*.2_ ? :
= stations (August 2015 S 4l S e N v
Apr = S .oaddE L aE g _ | S,
L 10 i > to JUIy 2016) at the 5ol t‘ e T | sog;celé_ 0 = 5 >0
% Mar Kamchatka Volcano o O Movobee e o er Aer ey un cource [ T .T > UMAP variable 1 UMAP variable 1 UMAP variable 1
> Feb . . =
% Group in Russia. 4. Independent Component 20 ¢ -100% How is it different to ICA?
2 2016 ‘ O i A i v o - : : source Z1 ICA reduces the dimension of a high-dimensional dataset by finding a set of independent sources
g 0 Dec e B T e AnaIySIS (ICA) ObtalnS continuous 21 I\'- _ I‘200 through maximizing their independence. ICA performs well in preserving pair-wise distances while
-120 -100 —80 —60 -40 —20 0 20 40 EL losi inf ' b | | iahborhood f b ' ' he | |
- Nov Easting (km) features for SV13 courceZ- osing Information about local neighborhood. UMAP performs better in preserving the loca
ot 27 IE : neighborhood while distorting the global properties such as cluster sizes or distances between
10 scattering coefficient matrix 10° 101 10 101 100 10! 100 0 1ot clusters.
- >ep X — AS f1 [Hz] f1 [Hz] f1 [Hz] f; [Hz]
12 e v 2. From seismograms to a data matrix with a ! B | | | . :
scatterina network E The mixing weights stored in matrix A help to understand the /. Exploring the seismogram atlas of SV13
P 9 = — A = mixing matrix relation between the sources and the scattering coefficients.
How to rea_\d the atlases™ S ‘ \ S = source matrix (features) The weights of source 18-22 of the 50 component model show
Each data point represents 20 | , - more variation between neighboring coefficients than the 4
. fime - . . . . . .
minutes of three-component Lst layer wavelet banks - ' , , component model, Indicating pattern changes during the The seismogram atlas depicts complex
seismograms. - %‘ S tremor onset in December. structures, especially during times of
ClOSE data. pOlntS — Similar % - 1st-order scalogram ;i)c:f%tgigrr:?s §§ 100 ™ gegalhqt%end .gfen'gl'(‘]);ssewg Sneaﬁsa Cé)on[:]t'::ra].:jnc::':s
selsmograms. __ume < pool \; 58 5. How would a 50 Component model g erhaps relevant ingf]orma;tion abougt
Distant data points = dissimilar convolution L, & —> PP O oV BEC e o e May look like f th tati 2 S i d ¢
seismoarams E sources of 4 component ICA 00 IKE 10I' O er stations: < UNCETYING Processes,
g 2nd layer wavelet banks g i = 4] ‘ 0.03 s
,g —’\/\//,W\{V\__ 8 time — In(S1(f1)) '§ =
s % scatt!aring @ 5 I ‘ ‘ a SV13,5km b IR18, 16 km C IR12,20 km
' ' ' 3 2nd-order scalogram coefficients %’ | R i il | I ™ | W .,'ﬁl Preliminary conclusion:

- . time Z 3 o 0.02 401 Y ...-'F . | E Jl."'ﬂl 1 | Il..Il'tI . .
Maln message. . _ convolution g pool Sép Oct Nov Dec | Feb Mar Apr May Jun JU| 301 II Ll If-l."II e | | II :III III | I il wf'l —-10 -5 0 5 10 15 20 25 ° ICA and UMAP reveal IntereStlng
seismograms contain interesting modulus g g 2016 A s ke el ol UMAP variable 1 characteristics in the seismic time
: : £ sources of 12 component ICA 50. / | T M | i -12- 2015-12-11  2016-1-3 2016-1-23  2016-2-15 _
iInformation about volcano | ] 12-5| | | LI A U e ki AR - . [ series close to the volcano: a
beyond what is captured in ) e e 3 10.0 yix II 0.01 101 At | Mt E"n.‘.m‘.‘l'.'. e complex evolution in time with
catalogs and hand-designed scattering coefficient matrix 5 7.5 et o oLt et e 0151915 201616 ro16.0.16 | [60 continuous and sudden signal
featu res! | g c o ” |I| | l | ||| I | | | E d ISV7, 30 km Ill:lul" e" OR18, 63llkrln II - f ‘ ESO, 122 km ChangeS-

2 ? 259 mag! 000 E ao] AT R { SN D L 1 w0 g |*It seems to be mainly related to
é — Sep Oct Nov Dec Feb Mar Apr | I\/llay jJun  Jul g 9] i L f | E o § tremors.
Outlook: - 2016 8 ol IR B —— > o = |*Itis difficult to relate these
How to link these data-driven ﬁ 50 sources of 50 component ICA o] iR S g s | characteristics to physical processes
observation to physical e ' b T o | R i T i S £ 20127 201210 20227 | = | (number of sources, moving source,
processesf? - . - . 401 F.." '_-'I-” | | OAl'Jg Oct Dé2C0|1|:6éb Abr JUn AUg Aug Oct De2C01F6eb Apr Jun Aug AUg Oct Dé2CO|1|:6éb Abr JUn AUg i i , i A e :l, ]|T : 0 Ty Change Of Source mechanlsm)
A scattering network Iis a convolutional neural € 30 ' Ll P fu ik *" R » Mapping the atlases between
network with fixed wavelets Instead of learnable s | A ~0.02 . . : o e s, 720 | different stations might help to
W v th ter t i« with id £ 20, T The stations closer to the volcano depict a diagonal line in the | e | derstand wh d when th
neurons. vve apply the scatiering n_e WOr WIL _a slding "o g g | time feature space, indicating an interesting signal evolution il Liouined] BRI .'qﬂa,-;ua-;:-.,-.rqm* M*.'.rm i understant Where and when these
window obtaining a set of scattering coefficients for b e e due to the active volcano. With greater distance, the diagonal 107 001000 5001000 5001000 5001000  soot000 40 | changes occur.
- rl-,"' Ml I - T . time [s] time [s] time [s] time [s] time [s]
each window. Sen Ot Nov Dec  Feb Mar Anr May Jun jul -0.03 line degrades until it completely disappears.
2016




	Slide 1

