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INTRODUCTION
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InSAR (Interferometric Synthetic Aperture Radar) is an efficient tool to monitor surface

motions of millimeters depending on the phase difference concept

The phase differences are the changes in range along the Line of Sight of a satellite (LoS)



SENTINEL1

Sentinel-1 is a multi-pass system with both a high

spatial and temporal resolution

Thus Sentinel-1 can detect and monitor the

displacements of the earth’s surface related to

landslides which can be relatively small in space

and variable in time
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MAIN OBJECTIVE
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Using Intelligent algorithms in developing a

methodology that can automatically analyze large

InSar data packets and identify areas where

infrastructure are at risk of displacement due to

ground movement
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Such a benefit we can get by transcending the following obstacles

The high amount InSAR data and expert knowledge to get the results

Using complex software environments as future time series analysis

will become longer

Considering the geological conditions of the studied area

Defining the appropriate DInSAR approach and a stable reference

point for the selected workflow

Estimating the atmospheric contribution

WHY IS IT IMPORTANT?



P-SBAS TECHNIQUE
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The theoretical and empirical aspects should be considered for each case study 

to decide which DInSAR approach to use and avoid certain limitations

P-SBAS processing chain runs many steps in parallel by exploiting

different bursts as inputs

Theoretically, the SBAS approach provides a higher density 

of measurement points than the PS approach



P-SBAS TECHNIQUE
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P-SBAS workflow: Black and blue blocks represent sequential and parallel (from a process-level perspective) processing steps, respectively Dashed line blocks 

represent multithreading programmed processing steps



DATASETS
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THE METHODOLOGY
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1. The entire interferograms and time series processing 

chains have been processed automatically using PSBAS 

technique provided by the GEP platform
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1.The Methodology (Geohazards TEP)

By:  NoR

G-TEP is a cloud computing

environment that provides an

extensive collection of computing

resources and storage that can be

effectively exploited through the

P-SBAS processing chain to carry

out interferometric analyses at a

vast scale in reduced time frames
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Selecting suitable SAR images is a

key step since the criteria adopted

for the selection of these images

have a strong impact on the quality

of the results

or IFG

1.The Methodology (Geohazards TEP)



1.Results of Time-Series Analysis
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1.Results of Time-Series Analysis
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THE METHODOLOGY
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2. The Labelling Procedure was the most important and 

critical idea



Name Surname Title 15

Stability Class Depending on The Displacement Time-Series (from 0 to - 0.3 cm/year)

2.The Methodology (Labelling)
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Movement Class Depending on The Displacement Time-Series (less than - 0.3 cm/year)

2.The Methodology (Labelling)



2.Results of Time-Series Analysis
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2.Results of Labelling Methodology
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A Labels

B Coherence

C Latitude

D Longitude

E Velocity
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Simplified Explanation:

Stability

Movement

Interferograms

Pixel

Explanation
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.……………....

Provided that the selected pixels meet the coherence threshold 0.6

Explanation



2.Results of Labelling Methodology
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The Labelled Dataset
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The main step influencing the precision of the displacement time series

is

phase unwrapping and phase contribution estimation

Unwrapped Interferogram Wrapped Interferogram

2.Results of Labelling Methodology



2.Results of Labelling Methodology
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MILAN DATASETS

First Dataset

156442 training example extracted from the Unwrapped Interferograms 

Second Dataset 

226967 training example extracted from the Wrapped Interferograms 

UBAYE DATASETS

First Dataset

24243 training example extracted from the Unwrapped Interferograms

Second Dataset

46440 training example extracted from the Wrapped Interferograms
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First Phase (One Interferogram)

A. Cut the interferogram into pixels and keep only the pixels that meet a 
predefined coherence threshold of 0.6

B. Check every pixel in the interferogram if it has more than one 
measurement point (MP) and select only the MP of the highest coherence

C. Assign a label for each pixel depending on the related velocity value of the 
MP:

Velocity < -0.3 cm/year Stability

Velocity >= -0.3 cm/year Movement

D. Produce an excel table contains the latitude, longitude, velocity and label of 
each selected MP of each pixel

2.The Methodology (Labelling)
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Second Phase (The whole series of the sequenced interferograms)

A. Cut every pixel contains a MP from the whole sequenced series of the 

produced interferograms (depending on the latitude and longitude of the MP)

B. Normalize the pixel values (–π to +π ) to get a new range from 0 to 1

C. Remove zeros and duplicated tapes

D. Label the produced tape of pixels 

E. Balance the labels between the two classes (Stability and Movement)

F. Produce the final dataset csv that contains latitudes, longitudes, velocities , 

labels and normalized pixel values for each MP

2.The Methodology (Labelling)



THE METHODOLOGY
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3. Implementing ANN models to train the datasets
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Artificial Neural Network Model (ANN)

HYPERPARAMETERS

Learning rate 0.001 L2 Regularization 0.003 -0.005

Number of Dense Layers 3 Epochs 125 - 200

Batch size 1024 Loss Function Binary Cross Entropy

Metrics Accuracy Optimizer Adam

3.The Methodology (Training)
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Visualizing And Validating The Results
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Cross validation (5 folds) for 30000 Training Examples

Velocity cm/year

MILAN

3.Results of Milan Dataset
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PredictionGround Truth

Results of the Unwrapped Interferograms

3.Results of Milan Dataset
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PredictionGround Truth

Results of the Unwrapped Interferograms

3.Results of Milan Dataset



3.Results of Milan Dataset
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Cross validation (5 folds) for 30000 Training Examples

Velocity cm/year

MILAN
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3.Results of Milan Dataset
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Results of the Wrapped Interferograms

PredictionGround Truth



3.Results of Milan Dataset
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Results of the Wrapped Interferograms

PredictionGround Truth



3.Results of Milan Dataset
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Training set
Test set 



3.Results of Milan Dataset
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Velocity cm/year

MILAN

Cross validation (5 folds) for 40000 Training Examples (Different Area)
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3.Results of Milan Dataset
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Results of the Wrapped Interferograms
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Cross validation (5 folds) for 22000 Training Examples (Different Area)
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3.Results of Ubaye Dataset

Velocity cm/year

UBAYE
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PredictionGround Truth

3.Results of Ubaye Dataset

Results of the Wrapped Interferograms



FUTURE WORK PLAN
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Using Intelligent algorithms in developing a

methodology that can automatically analyze large

InSar data packets and identify areas where

infrastructure are at risk of displacement due to

ground movement



FUTURE WORK PLAN
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Implementing LSTM Algorithm to develop a predictive model

for the timeseries of displacements (the number of predicted time

steps should be defined)

Developing the ArcGIS Toolbox



Thanks for the attention


