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Global Volcano Monitoring: The LICSAR-volcano database
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http://comet.nerc.ac.uk/ COMET-LiCS-portal/

* Sentinel-1 has generated >10-TB data per day

* Test dataset of ~30,000 interferograms at >900 active volcanoes produced by LiCSAR
 Now up to >400,000 (Mar 2019), 80% of volcanoes.

* Anticipate 1 million images per year when fully operational.



http://comet.nerc.ac.uk/COMET-LiCS-portal/
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https://www.esa.int/spaceinimages/Images/2010/06/Volcanic_uplift




Proposed framework

Deformation

Stratified atmosphere

W 7oR TR

Turbulent atmosphere

Positive results g

Synthetic examples

Training

AlexNet

Retraining with a combination
of real and synthetic examples

>
Probability of

each patch

S

Locations and probs
of volcanos

(a) Training process

Probability of
being ground
deformation

(b) Prediction process




Training Dataset: Synthetic components
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Results

Areas inside dark and bright green contours are where P>0.5 and P>0.8, respectively.

" True positive results

30,249 interferograms of the Sentinel-1 dataset
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False Negatives

= Current CNN trained to detect rapid deformation signals that produce multiple fringes in a single interferogram
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=85 cm/yr * Slow, steady deformation is common.

e Can we improve detection thresholds?




Overwrapping technique

* Method: ¢, = i,
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Example: Campi Flegrei, Italy
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Urban Sources — UK Digital Environment
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Problems:

e Sparsity and noise

* Lack of real data (deformation types:
sinkholes, coal mining subsidence, landside,

: gszzm ;lmy;n:;yr fracking site, etc.)
j‘l’-?_'_'o?s-San";Q’ Adapted Methods:
* Syntheticdata (D + 1)
e point source — ground subsidence
e Spatial interpolation
* Matrix completion with soft
thresholding

® -2 - -1 mmjyr
® < -2mmjyr




Sparsity and spatial interpolation

Normanton and Castleford - coal mining area uplift

Velocity [nm/y] of Normanton-Castleford_WGS84_030A_03647_101313 Delaunay triangulation

53.735 — 2 53.735 — Pl g 2
53.73 53.73
15 1.5
53.725 53.725
1 1
53.72 53.72
0.5 0.5
53.715 53.715
53.71 0 53.71 |- 0
53.705 05 53.705 05
53.7 53.7
-1 A
53.695 53.695
-15 -15
53.69 53.69
53.685 2 : ] I | [ > 53.685 - L * : #y | | [ | | 2
-1.44 -1.43 -1.42 -1.41 -1.4 -1.39 -1.38 -1.37 -1.36 -1.34 -1.44 -1.43 -1.42 -1.41 -1.4 -1.39 -1.38 -1.37 -1.36 -1.35 -1.34
Velocity [mm/y] of Normanton-Castleford_WGS84_030A_03647_101313 Delaunay triangulation
53.735 — s S o : : - 3 53.735
- :?‘ - w - . - 3
53.73 53.73
2 2
53.725 53.725
53.72 | 53.72
1 1
53.715 53.715
53.71 0 53.71 0
53.705 53.705 (A
-1 B
53.7 53.7
53.695 , 53695 2
53.69 53.69
2 < (D

" : . 53.685
53688 . . 144 1.43 1.42 1.41 1.4 1.39 -1.38 -1.37 -1.36 -1.35 -1.34




53.735 —
53.78
53.725
53.72
53.715
53.71

53.705

Sparsity and spatial interpolation

* Matrix completion with soft thresholding
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Detection results
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Limitations
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Conclusions

» Global datasets have value for monitoring and understanding magmatic processes.

* LiCSAR routine processing producing large data volumes (>100,000 volcano images).

= Deep learning framework automatically searches through large volumes of wrapped
INSAR images to detect rapid ground deformation that may be related to volcanic
activity.

* Problem of imbalanced training data was solved using synthetic examples, where three
major components, i.e. deformation, stratified and turbulent atmosphere.

= Slow deformation can be detected using cumulative signals and over-wrapped data.

= Adaptable to urban sources of deformation with preprocessing techniques, including
spatial interpolation.
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