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* Backgrounds
* Continuous Crustal Deformation Records
* Time series data analysis

* FY2023 Works

* Based on IUGG Presentation:
 EEMD (Ensemble Empirical Mode Decomposition)
 HHT (Hilbert Huang Transform)

* Other Project Collaboration:
 2023-B-03 collaborate works ERI, Tokyo Univ.



YWy szl gie l-detectlon e

* Continuous Crustal Deformation Records
* Earth: tidal, plate motion, eruption,

)
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breathing,  fidgeting, coughing, hiccupping
* Earth don’t care the ants around her feet...
* Observe sensitive,

* Time series data analysis
* Ants couldn’t not miss the motions of giants.... ,?*
* Carefully detect, and think what to do. ;

arthquake
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with Hilhert-Fluang Transform
* Study backgrounds

* Geophysical Observation:

* Methods

« EEMD (Ensemble Empirical Mode Decomposition)
« HHT (Hilbert Huang Transform)

* Application Examples
 HHT with 20 Hz borehole strain records (AIST) (2021)
« HHT with 1min Laser extensometer (ERI) (2021)
 HHT with Super conductive Gravitimeter (Tohoku Univ.) (2022)

what are suitable data for HHT....



Geophysical Observation (continuous crustal deformation)

High precision (~ 1013 strain, ~ nano gal)
Ultra wideband (DC ~ 20 Hz)
* Multi Comp. Borehole strainmeter
(e.g. Okubo et al., 2004, Itaba et al., 2018)
 LASER extensometer (<1 Hz)
(c.f Araya et al., 2010, 2017)
* Super Conductivity Gravimeter (<1 Hz)
(¢.f. Yokoyama ef al., 2017)

< Included/Accompanying problems:
targets’/noises’ (Frequency band, amplitude, and Event time)
overlapped !



Wletnods
 HHT (Hilbert - Huang Transformation)

with nonlinear and non-stationary time series records
* Gravitational wave detection
* (Seismic wave / financial chart)

EMD + Hilbert Transform

* EEMD (Ensemble Empirical Mode Decomposition)

Code by Prof. H.Takahashi (TCU)
* with Gravity (ROIS-DS joint 015RP2022)
- with BJJIIZ8) (ROIS-DS joint 018RP2021)

» with 48 J8IZB)  (ROIS-DS joint 018RP2021)
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* Mode decomposition RN
* Decompose IMF from raw data empirically = mesirmetpmisiupesstrosponts
IMF: Intrinsic Mode Functions oottt o
= mean less time series 8 WWW POV TR
* Apply Hilbert Transform for IMF s oo
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*Fourier Transform Application -
RANA A A ST AVASS
HT: Transitional change detection by s
frequency change, amplitude change =: ~—

Time (<)



* Super-conductivity Gravitimeter (1 sec, 3 days data):

=> Tidal effects
= Earthquakes (HT detectable)

* Laser interferometry extensometer (1 min, 3 months data):
= Annual variations,
= Tidal effects,
= Earthquakes (HT detectable)
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Ensemble Empirical Mode Decomposition Application for Geophysics:
Useful to decompose the crustal deformation records.

Single configuration for various targets
e.g. electrical noise, seismic waves, tide, and season/annual variations

*Transitional impulses, saturated amplitude: partially

Future/remained works:
Records re-construction after statistically IMFs evaluation
or Statistically evaluation before EEMD

Possibility for hetero-data joint analysis
e.g. precipitations, barometric pressure, and more
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