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high precision (~ 1013 strain), ultra wideband (20 Hz ~ DC)
* Multi Comp. Borehole *2? (Okubo et al., 2004, Itaba et al., 2010),
» LASER extensometer ~! (Araya et al., 2010, 2017)

* Super Conductivity Gravimeter (ex. Yokoyama et al., 2017)
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* Frequency band/Events time: overlapped

* Far/Near, various amplitudes: mixed
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: : _ Electrical noise (N) >102s
-1

Aftershocks in Mainshock < 10~'s — J. "= (N/F) >102s
StSSE,VLFE, Earthquake > 10%s  Precipitation (N) >10%s
Inner core motions >10%s Tidal motion (F) >10%s
LtSSE, After slip >107g  Barometric change (N/F) >10%s
Aquifers change (N) >10%s

Seasonal change ~ 107 s
Deformations (N) > 107 s

(Glacial) Isostatic Adjustment ~ DC
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Aftershocks in Mainshock, StSSE, LtSSE, and Inner core motions

&

=

" Multi Comp. Strain Analyses k
* (Streaming) Strain Analysis (Okubo 2005)

_* Fourier Strain Analysis (Okubo 2007)
Hilbert-Huang Transform/Empirical Mode Decomposition

* Frequency downshift (Huang et al., 1996)
* Ensemble Empirical Mode Decomposition
(Wu and Huang, 2005) 4
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* Frequency downshift (empirical) operation

 FEUE A (upper and lower variations) b

« HEHERE (median point estimation) A
* [&4 & — RHhHH (intrinsic mode decomposmon) Pl

"I 5

X Hilbert spectral Analysis = HHT

* ground motion (Shen ef al., 2003) WM\/\A/WNW\/\/

* nonstationary financial time series (Huang et al £2003) v

th the upper and lower envelopes in do ed lines and the mean in thick solid line;
( ) ence between the data and m;. This is still not an IMF, for there are negative local
ma and positive minima suggesting riding



* Fourier Analysis; linear, stationary
* Convolution: global, uncertainty

* Wavelet Analysis; linear, non-stationary
* Convolution: regional, uncertainty

* *Continuous* Feature extraction
* Hilbert Analysis; non-linear, non-stationary

* Differentiation: local, certainty

* Feature extraction , but difficult *direct extraction* from dynamic strain...
(15RP2021)
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« EEMD with 36 R HAZE8); extract electrical (saw shape) noise
« EEMD with EJRHIZ288)); seasonal deformation, tidal motions

« EEMD with Saturated records; tidal motions (not exact!)

* Combine EEMD/HHT and SA to decompose favorite signal
* Decompose IMFs by EEMD

* Re-composition coherent signal by SA (*future work*)
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* Transitional Change : O
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 Streaming Strain Analysis (Time domain)

* Fourier Strain Analysis (Frequency Domain)
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* Multi-Components Analyses results average and statistical errors

Coherent variation & Incoherent noise & D% ik
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Source Time Function ((N-m/s)/(41tpa3r)
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Observation = Long term variation (FSA incoherent, EEMD residual!)
+ SSE (SSA coherent!, EEMD/HHT?)

+ tidal variation ("5 A coherent?!, EEMD ")
A + Free Oscillation

. Y | (FSA coherent!, EEMD/HHT?)

¢ gl
. 7| +Source effects (FSA coherent!, EEMD) |
OkuboetalGOE) | | Seismic wave (SSA coherent!, EEMD):
non unbalanced amplitude B
R o] + noise (SSA/FSA incoherent, EEMD!) 1oy

TIMF (ser) - STACKFED
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* Japan Geoscience Union
« wIR A w2, T (2023/05/21~26)

* International Union of Geodesy and Geophysics
* City Cube Berlin, Germany (2023/07/11-20)

And will propose next ROIS-DS joint collaboration support.
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