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Challenges in Deploying INSAR T*hr@lo &4 @esa

Btors between the radar
ctures being imaged:
the radar beam?

hin features?

ar ;t%% ga[g]ar platform?

Speckle Noise

How to filter the noise resulting from
coherent interference of scattered
radar signals?

Foreshortening Layover Shadowing
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The Main Objective

Employing Intelligent algorithms in developing a methodology that
can automatically analyze large InSar data sets. This methodology is
formulated to delineate regions where infrastructures are susceptible
to displacements induced by terrestrial movements. Notably, this
approach circumvents the need for more intricate multi-temporal
INSAR analyses, such as phase unwrapping. Instead, it leverages
only the wrapped interferograms and coherence maps as its input
parameters for identifying areas of motion.
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Cloud computing environments make available a large collection of computing
resources and storage that can be effectively exploited through the presented S1 P-

SBAS processing chain to carry out interferometric analyses at very large scales in
spensorship - radyced time frames
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Parallel Washington - USA) @esa

Start Date 14/10/2016

End Date 287122019

Number of Images 75

DEM SRTMI arcsec

Temporal Coherence 0.7

Bounding Box -121.426 , 46.358
-120.042 , 47.167

Orbit Direction Ascending

The selected parameters using
the P-SBAS service at G-TEP
platform to create Washington
deformation velocity map, the
interferograms and the coherece
map.
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The Sequence of Th

The generated interferograms by P-SBAS G-TEP were sorted
chronologically before creating the dataset and inputting the
training samples into the model
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Sorting The Wrapped Interferqg[é‘s’,ﬂ Ehronologically @esa
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The Sequence of The Temporal Baselines of The Interferograms
After The Chronological Sorting

wn T T _.fb.C‘\
- 2 =
E E e __
2120 . g 120 9@@
T ] e

4= G
5 : o
£ 100 . c 100 - o "
= = G
O Q G—_%\j
= - (Ho—=y
- a o %
w— 80 . « 80 _
o o @@ﬁ
¢ o O
O U [
£ 60| : 2 60 - P
2 2 555
E = (=
'g 401 7 f__U 40 | @w E’ﬁ“g
c = o S— =
g § @@v
T 20} . o 20F L=F

Jan 2020 Jul2020 Jan 2021 Jul2021 Jan 2020 Jul 2020 Jan 2021 Jul 2021
Temporal Baselines of The Interferograms Temporal Baselines of The Interferograms

16

= IR T S - I E = B 00 =MD S e DN he B OSE SZ EN S= E owm imm I4] o THE CUROPEAN SPACE AGENCY



orting The W

3 2 1

1
Il
it
[
|
.I.
i
Il
Il

V%

= mm — | i ] > THE EUROPEAN SPACE AGENCY




€ ecsa

« By virtue of high pass filtering, the methodology
effectively mitigates the highlighting of
displacements sharing similar wavelengths

« As a result, The suitability of the methodology is
enhanced for the precise detection and
characterization of localized phenomena

Wrapped Interferogram (Before Applying The High-Pass Filter)

« Considering that the main power of
the low frequency signal comes from
the atmospheric artifacts (6,7

Wrapped Interferogram (After Applying The High-Pass Filter) .
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The Best Three ML Methods fQ_LI*TgInIn -

Results of the trained models”

Lisbon (Fast Positive/Undefined) Washington (Fast Positive/Undefined) Lombardy (Fast Positive/Undefined)
Subspace KNN (Ensemble) 83.7% Cosine KNN 92% Quadratic Discriminant 79.2%
Cubic SVM 83.7% Cubic SVM 92% Cubic SVM 77.7%
Cosine KNN 82.9% Subspace KNN (Ensemble) 91.7% Cosine KNN 74.3%
Lisbon (Fast Negative/Undefined) Washington (Fast Negative/Undefined) Lombardy (Fast Negative/Undefined)
Cosine KNN 82.5% Subspace KNN (Ensemble) 87.2% Cubic SVM 86.8%
Cubic SVM 81.4% Cosine KNN 86.6% Cosine KNN 86.2%
Quadratic Discriminant 80.5% Cubic SVM 86.4% Quadratic Discriminant 85.7%
Lisbon (Positive/Negative) Washington (Positive/Negative) Lombardy (Positive/Negative)
Cosine KNN 79.7% Cosine KNN 76.4% Cosine KNN 95.1%
Quadratic Discriminant 79.3% Quadratic Discriminant 76% Cubic SVM 94.9%
Bagged Tree (Ensemble) 77.6% Cubic SVM 75.6% Logestic Regression 94.4%

*Other experienced methods : Medium Neural Network, Medium Tree, Fine Tree, 2D Convolution Neural Network, and Long short-term memory

22
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Comparison Between Cubic SVM‘nﬁ%ogmg K=NN @ eSa

Cubic SVM Model Cosine K-NN Model

« Complexity: High complexity « Complexity: Low to moderate complexity

« Number of Parameters: Several parameters to « Number of Parameters: Few parameters to tune
tune - Implementation Field: Often wused in text

- Implementation Field: Suited for non-linear classification, document retrieval, and
classification problems recommendation systems.

« Cost of Calculation: High computational cost, « Cost of Calculation: Moderate computational cost
both in terms of memory and CPU during inference, however, memory cost can be high

« Time of Training: High because all training data must be stored

« Time of Training: Minimal to low

23
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Psuedo-Labelling

A new training set is created by combining the testing samples with a prediction
accuracy of 0.9 or higher with the original labeled data

The pseudo-labeled training samples are removed from the original test set of
unlabeled training samples

24
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Psuedo-Labelling Results L N o ; ; @esa

T ey ST LT

S Bt -

Cosine K-NN st PS 2nd PS N
Number of training samples 1108 1712 4668
Number of testing samples | 276 428 10890 = Results of Pseudo-Labelling PS on Lombardy Dataset
Accuracy of validation 75.5% 83.7% 97.5% (Fast Positive/U ndefined)
Accuracy of the test set 74.3% 85.8% 97.4% ]
Cosine K-NN st PS 2nd PS 3rdPS |
Number of training samples 4884 5928 6718 2792
Number of testing samples | 1220 1482 1050 %12 — Results of Pseudo-Labelling PS on Washington Dataset

Accuracy of validation 85.6% 87.5% 89.7% 89.8% (Fast Negative/Undefined)
Accuracy of the test set 86.6% 89.6% 90% 89.9%

Cosine K-NN st PS 2nd PS 3rdPS ™
Number of training samples 14596 17460 18988 20196
Number of testing samples | 3630 4366 4748 3050 — Results of Pseudo-Labelling PS on Lisbon Dataset
Accuracy of validation 79.7% 83.1% 84.8% 85.7% (Positive/Negative)
Accuracy of the test set 719.7% 83% 84. 7% 85.3%
— 25
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Psuedo-Labelling Results
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Fast Positive-Undefined Movement Classification

FastPositive
Fast Negative-Undefined Movement Classification

Fast Negative

wn
(_‘8 Undefined
O
0]
2
= P ) Positive-Negative Movement Classification
G Undefined
O
5 Negative
-
3.0% 2.3%
Fast Positive Undefined g Positive
Predicted Class )
11.1% 9.2% o
=
Lombardy Dataset Fast Negative Undefined
Predicted Class
Washington Dataset
14.4% 14.7%
Negative Positive
. . . Predicted Class
Confusion Matrices for The Trained Models _
Lisbon Dataset
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Figure A displays the training dataset. Figure B displays the ground truth of the test dataset. Figure C displays the predictions of the test dataset. 27
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Masked Roads Network T G Lt @esa

High Negative Roads Movement Indication

(Washington Dataset) Positive/Negative Roads Movement Indication
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Conclusion ‘ | ; @esa

v Artificial intelligence, particularly Machine Learning, is effective for extracting deformation signals
from the developed datasets
v" A number of Machine Learning methods were tested, and Cosine K-NN showed the highest suitability
for detecting the class of moving pixel, especially in adjacent regions
v" To address low validation accuracy, pseudo-labeling was employed, leading to significant
improvements
v" The trained models worked consistently across three different geographical datasets, although
further validation is needed
v" Main roads networks were masked to predict their movement sensitivity
v Testing the Persistent Scatterer Interferometry technique using this workflow for further
evaluation is recommended
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