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Remote (without physical contact) 
Sensing (measurement of information) 

⮚Measure radiation of different wavelengths reflected or emitted from distant objects

Elements of Remote Sensing, https://www.brainkart.com/article/Elements-of-Remote-Sensing_41124/

https://www.brainkart.com/article/Elements-of-Remote-Sensing_41124/


Earth Observation Mission: Copernicus Sentinel-2

⮚Twin polar-orbiting satellites with temporal resolution of 5 days

⮚Open data policy

https://sentinels.copernicus.eu/

https://sentinels.copernicus.eu/


Workflow in Earth Observation

5https://www.fz-juelich.de/en/ias/jsc/systems



Workflow management with Apache Airflow
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⮚ Features of Apache Airflow

⮚ Open-source platform

⮚ Python based

⮚ Scheduling capabilities

⮚ Monitoring

⮚ Scalability



Workflow management with Apache Airflow
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⮚Check the dependency of subtasks



Workflow management with Airflow
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⮚Monitor the process



Scalable Workflow with Airflow 

9
L. Tian, R. Sedona, A. Mozaffari, E. Kreshpa, C. Paris, M. Riedel, M. G. Schultz, G. Cavallaro,"End-to-End Process Orchestration of Earth Observation Data Workflows with Apache Airflow on 

High Performance Computing, " in Proceedings of the IEEE International Geoscience and Remote Sensing Symposium (IGARSS), 2023 (press)



Production of Land Cover Maps
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Production time

1.5 h vs. 14 h (without HPC)

⮚ Validation with street-level crowdsourcing geo-tagged 
images

https://land.copernicus.eu/imagery-in-situ/lucas/lucas-2018

https://land.copernicus.eu/imagery-in-situ/lucas/lucas-2018


Code Repository

11https://www.coe-raise.eu/uaif-coderepositories



Working on: Linking Remote Sensing with Seismic imaging
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Working on: Linking Remote Sensing with Seismic imaging
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⮚ Extract LC information along the seismic record line

⮚ Data of 2018 as a start

⮚ Accurate validation 



Multi-temporal Land Cover Maps

⮚Transformer with local 
attention mask can detect 
changes throughout time

⮚ Inference: mask with sliding 
window
⮚ stride of 1 acquisition



Multi-temporal Land Cover Maps

⮚Rule based 
approach to 
disentangle:

⮚ Stable 
component

⮚ Seasonal 
component 

⮚ Abrupt 
changes

⮚Estimated date of 
change can be 
extracted

(a) Predicted land cover map
(b) RF: detected change
(c) Transformer: detected 

change
(d) PM: detected change

RF: Random forest
PM: Proposed method (ours)

Detected abrupt change



Multi-temporal Land Cover Maps

⮚ Use a solid baseline land cover map
⮚ Add change
⮚ Increased consistency
⮚ Better detection of abrupt changes (validation 

with reference ground truth)

Multi-year agreement
RF: Random forest
PM: Proposed method (ours)
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Coordinate conversion:

seismic  coordinate system 

to global coordinate system

Line length: 29 km

R/S interval: 5/20 m

First receiver 

number = 1800

Last receiver 

number=7617, total 5817 

receivers per shot record

Total shots= 1355

Linking Remote Sensing with Seismic Imaging
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Example seismic shot

Time

Receivers 
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Example seismic shot

Speed of sound of S-waves

Speed of sound of P-waves

Zoom on 

example 

seismic shot
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Attribute 1:

Map of the S-wave speed 

of sound measured as a 

function of shot identifier 

and lateral location along 

the line (rcv nr)

rcv nr

shot nr
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rcv nr

shot nr

Vs (m/s)

Attribute 2:

Average S-wave speed of 

sound profile



22

rcv nr

shot nr
Attribute 3:

Average noise content in 

each receiver channel

shot nr
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rcv nr

shot nr
Attribute 4:

Receiver elevation along 

the seismic line
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rcv nr

shot nr

Identified 

regions 

using all 

attributes



Seismic Imaging: Revealing Earth's Subsurface
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Land seismic survey design 

https://www.sercel.com/Pages/default.aspx

⮚ Sub-field of Geophysics, broadly 
speaking Geosciences

⮚ Seismic waves that pass through 
Earth’s subsurface layers and recorded 
back on the surface by receivers called 
geophones.

⮚ Recorded signals turn into subsurface 

images aiming to discover hidden 

treasures of the Earth.



Seismic Imaging: Significant Applications

⮚ Subsurface characterization and monitoring

⮚ Natural hazards studies

(Earthquakes, Tsunami, volcano)

⮚ Geo-technical industry (civil engineering) 

⮚ Green hydrogen storage (salt caverns)

⮚ Geothermal Energy
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Seismic waves modeling
Joint Migration Inversion(JMI)
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Huge seismic data volumes

⮚ Seismic datasets are huge in size, involving 1000’s of source 

locations, each source ‘shooting’ into a receiver spread of also 

10,000’s of sensors. 

⮚ With a basic sampling of 12.5m to 50m in both spatial directions, and 
covering areas spanning 25 x 25 km, the data volumes contain 10’s 
or 100’s of Tbytes, or even reaching the Pbyte.

⮚ Explored ML methods aiming to at least partly replace 

computationally expensive part for wave modeling process. 
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Machine Learning: Seismic Wavefield Reconstruction
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Workflow Results



Results: Pix2pix (cGAN) for SEAM industry standard model 
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Workflow: AI integration into regular JMI
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‘AI’ is faster than original JMI software
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Time 

sec
Iterations JMI_AI 

Mod step

JMI_orig 

Mod step

JMI_AI 

Inversion

JMI_orig 

Inversion

1 7.54 5.38 1.99 1.65

2 3.43 5.38 1.97 1.63

3 3.54 5.13 1.96 1.63

4 3.48 5.35 2.0 1.64

5 3.46 4.68 2.02 1.62

6 3.5 5.36 2.0 1.64

7 3.49 5.14 2.01 1.62

8 3.47 5.26 2.03 1.64

9 3.52 5.17 2 1.64

10 3.48 4.71 1.98 1.63

TOTAL 38.91 51.56 19.96 16.34



Next Steps: Task 4.2

❏ Envisioned integration of remote sensing (RS) and seismic imaging 
tools.Objective: The information from the land-cover map directly defines the 
seismic processing parameters.

❏ Integrate ML trained models into regular JMI software particularly for 
seismic inversion calculations.

❏ Facilitate to update the design and workflow for seismic data acquisition and 
processing.
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Neural Network Architecture  
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Generator Building:
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Discriminator Building
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