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Space4SDGs: How space can be used in support of the 2030 
Agenda for Sustainable Development (unoosa.org)

https://www.unoosa.org/oosa/en/ourwork/space4sdgs/index.html
https://www.unoosa.org/oosa/en/ourwork/space4sdgs/index.html


Major milestones
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Optical and radar remote sensing



What is remote sensing?
• Remote sensing is the science of 

obtaining information on Earth's 
surface without coming into direct 
contact with it. In doing so, we 
detect and record a reflected or 
radiated electromagnetic waves, 
process them, analyse them and use 
this information in different 
applications.

Energy or Illumination Source (A)
Radiation and the Atmosphere (B)
Interaction with the Target (C)
Recording by the Sensor (D)
Transmission, Reception, and Processing (E)
Interpretation and Analysis (F)
Application (G)



Spectrum EMR

• Visible (VIS) 400 nm – 800 nm –
perceived by the human eye

• Near infrared (IR) 1,55–1,75 μm
and 2,05–2,4 μm

• Thermal 8,0–9,2 μm and 10,2–
12,4 μm

• Microwave (SAR) 7,5–11,5 mm 
and 20 mm–

The Wavelength Range Of Optical Radiation (light-
measurement.com)

https://light-measurement.com/wavelength-range/#:%7E:text=The%20wavelength%20range%20of%20optical%20radiation%20According%20to,which%20can%20be%20perceived%20by%20the%20human%20eye.
https://light-measurement.com/wavelength-range/#:%7E:text=The%20wavelength%20range%20of%20optical%20radiation%20According%20to,which%20can%20be%20perceived%20by%20the%20human%20eye.


Interaction with the surface

• The interaction of electro-
magnetic radiation with the 
surface is driven by three 
physical processes: reflection, 
absorption, and transmission of 
radiation.

• Reflection involves the returning 
or throwback of the radiation 
incident on an object on the 
surface.

Electro-Magnetic Radiation (EMR) Interaction with Earth Surface 
Features (gisoutlook.com)

https://www.gisoutlook.com/2020/02/emr-interaction-with-earths-features.html
https://www.gisoutlook.com/2020/02/emr-interaction-with-earths-features.html


Interaction with the surface

• Spectral reflectance refers to the amount of 
reflectance in a specified wavelength range.

• It depends on:
• the type of material
• the nature of the surface, particularly whether it is a 

rough surface or a smooth surface, diffuse and 
specular

• the wavelength of the incident radiation
• other factors, such as the slope of the surface, its 

condition …



Interaction with vegetation and water



Landsat 8 and Sentinel-2 bands



Optical satellites

• Optical satellites are passive
• They use devices that are simpler –

lens and detectors
• They observe the surface of the 

Earth across a varied spectrum of 
wavelengths

• The number of spectral 
channels/bands and bandwidth is 
different

• Optical imagery is more accessible 
and easier to interpret



Optical scanners

• Across track
• Landsat – up to 7

• Along track
• All HR and VHR
• Sentinel-2
• Landsat 8

(18) (PDF) An introduction to satellite sensors, observations and 
techniques (researchgate.net)

https://www.researchgate.net/publication/306124133_An_introduction_to_satellite_sensors_observations_and_techniques/figures?lo=1&utm_source=bing&utm_medium=organic
https://www.researchgate.net/publication/306124133_An_introduction_to_satellite_sensors_observations_and_techniques/figures?lo=1&utm_source=bing&utm_medium=organic


Sentinel-2 imaging

MSI Instrument – Sentinel-2 MSI Technical Guide – Sentinel 
Online - Sentinel Online (copernicus.eu)

https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument
https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument


Sentinel-2 imaging



What is being measured?

• The quantity of radiation passing 
through or emitted from a 
surface and falls within a given 
solid angle in a specified 
direction.

PowerPoint Presentation (ucdavis.edu)
(18) (PDF) Estimation of PM10 Distribution Using Landsat5 and Landsat8 Remote Sensing (researchgate.net)

http://cstars.metro.ucdavis.edu/files/3613/4419/0702/Lecture_3-Leaves__Plants.pdf
https://www.researchgate.net/publication/328642714_Estimation_of_PM10_Distribution_Using_Landsat5_and_Landsat8_Remote_Sensing/figures?lo=1


Resolution

• Spatial resolution
• Spectral resolution
• Radiometric resolution
• Temporal resolution

Sentinel-2
10, 20, 60 m
13 bands
12-bit
5 days



Vegetation Spectra

• Particular wavelengths are 
sensitive to particular chemicals 
and compounds.

• Result in absorption features.
• Make measurements related to 

those compounds.

• Indices take advantage of these 
wavelength features.



Vegetation Indices

• VI - Vegetation Index
• NDVI - Normalized Difference 

Vegetation Index
• EVI - Enhanced Vegetation Index
• SAVI - Soil Adjusted NDVI
• AVI - Advanced Vegetation Index
• NDMI - Normalized Difference 

Moisture Index ...
IDB - Index DataBase

https://www.indexdatabase.de/


Normalised Difference Vegetation Index 
(NDVI)

• Vegetation has high NIR and low Red 
reflectance.

• Other land cover have NIR and Red 
which are much close together

• -1.0 to +1.0
• vegetation from 0.3 to 0.8, depending 

on health/intensity
• water (sea, lakes, rivers) low positive 

or even negative
• bare soil low positive values from 0,1 

to 0,2
NDVI FAQs: Frequently Asked Questions About The Index 
(eos.com)

https://eos.com/blog/ndvi-faq-all-you-need-to-know-about-ndvi/
https://eos.com/blog/ndvi-faq-all-you-need-to-know-about-ndvi/


Radar

• Radar (radio detection and ranging)
• It measures the strength of the 

microwave signal, which is emitted 
by the antenna and reflecting off the 
remote surfaces or objects on them.

• The radar system determines the 
position of the observed surface 
based on the time of the microwave 
travel to the Earth and back (or the 
slant range distance).



Radar system resolution

What is Synthetic Aperture Radar? | Earthdata (nasa.gov)

• Depends on the direction
• In the direction of looking -the 

length of the pulse
• In the direction of flight -

antenna length
• In space the antenna can not be 

very long → SAR

https://www.earthdata.nasa.gov/learn/backgrounders/what-is-sar


Interaction with the surface

• Incidence angle
• Terrain roughness
• Conductivity and dielectricity of the surface

mirrored diffuse reflection rectangular



Satellites

What is Synthetic Aperture Radar? | Earthdata (nasa.gov)

https://www.earthdata.nasa.gov/learn/backgrounders/what-is-sar


Layover, shadows, speckle

Synthetic-aperture radar - Wiki | Golden

https://golden.com/wiki/Synthetic-aperture_radar-AMBEDP


Polarisation

Radar Polarimetry (nrcan.gc.ca)

HH

VV

HV

colour composite

https://www.nrcan.gc.ca/maps-tools-and-publications/satellite-imagery-and-air-photos/tutorial-fundamentals-remote-sensing/microwave-remote-sensing/radar-polarimetry/9275


Sentinel-1 polarimetry

VV intensity image, VH intensity image, and RGB color composite

User Guides - Sentinel-1 SAR - Polarimetry - Sentinel Online - Sentinel Online (copernicus.eu)

https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-1-sar/product-overview/polarimetry


Radar interferometry

• Two images from slightly displaced 
orbits

• Relief model
• Displacements
• Land cover classification
• Techniques

• InSAR
• DInSAR
• PS InSAR
• SBAS InSAR
• SqueeSAR

Product Guide - HyP3 (alaska.edu)

https://hyp3-docs.asf.alaska.edu/guides/insar_product_guide/


Radar interferometry

• Phase differences due to
• Parallax
• Elevation differences
• Relief Surface movements 

Atmospheric phenomena

• Elevations in m
• Displacements in mm

Elastic Earth science for global monitoring | Elastic Blog

https://www.elastic.co/blog/elastic-earth-science-for-global-monitoring


Copernicus and Sentinel







Copernicus and Sentinel satellites

S1A/B: Radar observations

S2A/B: High-resolution optical observation  

S3A/B: resolution imaging and  altimetry

S4A/B: Observation of the atmosphere from the geostationary orbit

S5P: Observation of the atmosphere from low orbit - predecessor

S5A/B/C: Observation of the atmosphere from low orbit



Sentinel-1

• Sentinel-1A – 2014
• Sentinel-1B – 2016 – not working since 23.12.2021
• Observation of land, forests, water, soil and agriculture
• Rapid mapping in case of natural disasters
• Shipping traffic
• Observing ice at sea
• C-SAR (C-band Synthetic Aperture Radar)
• Resolution: 250 km – 5 x 20 m
• InSAR



Sentinel-1



Sentinel-2

• Sentinel-2A – 2015
• Sentinel-2B – 2017 
• Observation of land, vegetation, soil, water surfaces, coastal bands
• Land cover detection and changes
• Rapid mapping in case of natural disasters
• Climate change observation
• Orbit repeatability 10 days, 5 days with two satellites
• MSI (Multispectral Imager)
• Resolution: 290 km – 10 m, 20 m in 60 m



Sentinel-2
S2A S2B

Band Number Central wavelength 
(nm) Bandwidth (nm) Central wavelength 

(nm) Bandwidth (nm) Spatial resolution
(m)

1 442.7 20 442.3 20 60
2 492.7 65 492.3 65 10
3 559.8 35 558.9 35 10
4 664.6 30 664.9 31 10
5 704.1 14 703.8 15 20
6 740.5 14 739.1 13 20
7 782.8 19 779.7 19 20
8 832.8 105 832.9 104 10

8a 864.7 21 864.0 21 20
9 945.1 19 943.2 20 60

10 1373.5 29 1376.9 29 60
11 1613.7 90 1610.4 94 20
12 2202.4 174 2185.7 184 20
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Sentinel-2



Sentinel-2 archive

Paper: Six years of Sentinel-2 archive of Slovenia | Geodetski vestnik (geodetski-vestn

https://www.geodetski-vestnik.com/en/clanek/10.15292/geodetski-vestnik.2022.02.220-257


Long and dense time series



Satellite Image Time Series – SITS

• Medium and high-resolution data is freely available
• Landsat archive – 2008
• Copernicus – complete, free and open

• Long SITS
• 1972 –

• Dense SITS
• weekly, daily

• Harmonized SITS
• Landsat – Sentinel-2
• Optical – radar
• Sentinel-2 – Planet



Landsat SITS

• Landsat, 1972 –
• Thematic Mapper (TM), 1982 –
• Operational Land Imager (OLI), 

2013 –
• Every 16 day
• Optical → clouds

Landsat Image Gallery - Making Sense of Amazon Deforestation Patterns (nasa.gov)

https://landsat.visibleearth.nasa.gov/view.php?id=145888


Time Series generation



Time series

• Set of satellite images taken over 
the same area of interest at 
different times

• Same or multiple sensors
• Time Series:

• understanding how Earth is 
changing

• determining the causes of these 
changes

• predicting future changes
• discriminating features

Land Cover Classification with eo-learn: Part 2 | by Matic Lubej | Sentinel Hub Blog | Medium

https://medium.com/sentinel-hub/land-cover-classification-with-eo-learn-part-2-bd9aa86f8500


Time series - Sentinel-2

8, 4, 3 NDVI



Time series - Sentinel-1

VH VV



Analysis Ready Data (ARD)

• CEOS – Committee on Earth 
Observation Satellites:

• Analysis Ready Data are satellite 
data that have been processed to 
a minimum set of requirements 
and organized into a form that 
allows immediate analysis with a 
minimum of additional user effort 
and interoperability both through 
time and with other datasets.

• Data which is ready to use.
CEOS Analysis Ready Data
Analysis Ready Data Defined. Cloud Native Geoprocessing Part 2 | by Chris Holmes | Planet Stories | Medium
Harness the power of Sentinel Hub, xcube, EOxHub, GeoDB and more in Euro Data Cube | by Dorothy Rono | Euro Data Cube | Medium

https://ceos.org/ard/
https://medium.com/planet-stories/analysis-ready-data-defined-5694f6f48815#:%7E:text=What%20is%20Analysis%20Ready%20Data%3F%20Analysis%20Ready%20Data,of%20labor%20involved%20in%20preparing%20imagery%20for%20analysis.
https://medium.com/euro-data-cube/harness-the-power-of-sentinel-hub-xcube-eoxhub-geodb-and-more-in-euro-data-cube-31c827a3083b


Analysis Ready Data (ARD)

• ARD processing may 
differ between 
applications

• Image clipping
• Masking –

Usable/Unusable Data 
Masks

• Atmospheric Correction
• Pixel Alignment
• Sensor Alignment

Analysis Ready Data Defined. Cloud Native Geoprocessing Part 2 | by Chris Holmes | Planet Stories | Medium

https://medium.com/planet-stories/analysis-ready-data-defined-5694f6f48815#:%7E:text=What%20is%20Analysis%20Ready%20Data%3F%20Analysis%20Ready%20Data,of%20labor%20involved%20in%20preparing%20imagery%20for%20analysis.


Harmonization of the time series

Algorithms « Harmonized Landsat Sentinel-2 (nasa.gov)

https://hls.gsfc.nasa.gov/algorithms/


Sentinel-2 – Landsat 7,8 – harmonization

Remote Sensing | Free Full-Text | Harmonization of Landsat and Sentinel 2 for Crop Monitoring in Drought Prone Areas: 
Case Studies of Ninh Thuan (Vietnam) and Bekaa (Lebanon) (mdpi.com)

https://www.mdpi.com/2072-4292/12/2/281
https://www.mdpi.com/2072-4292/12/2/281


Vegetation on optical and radar 
images



Vegetation Spectra – optical

• Certain wavelengths are 
sensitive to certain chemicals 
and compounds.

• They result in absorption 
characteristics.

• Make measurements in relation 
to these compounds.

• Indices make use of these 
wavelength features.



Radar backscattering

• Wavelength/frequency
• Polarization (horizontal, vertical)
• Incidence angle
• Resolution

• Structure of the observed 
phenomenon

• Roughness (roughness) of the terrain
• The conductivity and dielectricity of 

the surface
• Orientation

Radar

Surface

What is Synthetic Aperture Radar? | Earthdata (nasa.gov)
SAR Satellites for Agriculture - Groundstation

https://www.earthdata.nasa.gov/learn/backgrounders/what-is-sar
https://www.groundstation.space/sar-satellites-for-agriculture/


Coherence for vegetation mapping

• The coherence of an InSAR data 
pair represents the magnitude of 
the complex correlation 
between two SAR images on a 
pixel-by-pixel basis.

• Is a quantitative measure of the 
amount of noise in the 
interferogram.

6 12 18 days



Is NDVI enough?



Vegetation Indices

• VI - Vegetation Index
• NDVI - Normalized Difference 

Vegetation Index
• EVI - Enhanced Vegetation Index
• SAVI - Soil Adjusted NDVI
• AVI - Advanced Vegetation Index
• NDMI - Normalized Difference 

Moisture Index ...
IDB - Index DataBase

https://www.indexdatabase.de/


IDB - Agriculture



Sentinel-2 – Bands and indices



Correlation with NDVI



Time series analysis



Temporal development of vegetation

• a - beginning of season
• b - end of season
• c - length of season
• d - base value
• e - middle of season
• f - maximum value
• g - amplitude

Welcome to the TIMESAT pages! (lu.se)

https://web.nateko.lu.se/timesat/timesat.asp


Sweetgum Leaves  
(Liquidambar 
styraciflua L.)

13PowerPoint Presentation (ucdavis.edu)

http://cstars.metro.ucdavis.edu/files/3613/4419/0702/Lecture_3-Leaves__Plants.pdf


European beech - Fagus sylvatica



Time series of images

Apr                                       May                                      Jun                                       Jul

Aug                                     Sep                                       Oct                                        Nov



Classification based on time series
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Time series analysis

Euclidean distance

Dynamic time warping

easy
of the same length
inflexible

flexible
more computationally complex
time-consuming

Dynamic time warping - Wikipedia

https://en.wikipedia.org/wiki/Dynamic_time_warping


Time interpolation/agregation

• No
• 5 D
• 10 D
• 1 M



Time synchronization

• Time series have different 
timestamps

• Time of image acquisition
• Clouds
• Different satellites
• Different sensors

• Synchronize to the same 
timestamps

• Week
• 10 days
• Month



Time synchronization



How long must the time series be

• Yearly vegetation cycle
• Multiyear

• Disturbances

• Beginning of the year



How long must the time series be

• Yearly vegetation cycle
• Multiyear

• Disturbances

• Beginning of the year



Multiyear time series



0

0.2

0.4

0.6

0.8

1

Beech – Multiyear development

2017 2018 2019 2020



Different tree types
pine
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robinia
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Disturbances



Long term satellite image time series

• Identify changes over time with 
long term satellite data sets

• Normalised Difference 
Vegetation Index (NDVI) as an 
input variable

• Time series  processing methods 
and algorithms

• Temporal changes in trend and 
seasonal components, 
breakpoint detection

https://bfast.r-forge.r-project.org/

BFAST



Sentinel Hub



Copernicus Data Space Ecosystem



WMS

Commercial EO data – WorldWind, GeoEye, ...

Aerial imagery (drone, airplane) 

Other raster and vector data

Open EO data - Sentinel-1, Sentinel-2, Landsat, ...

WMTS

WCS

Scripting (Python, R, ENVI…)

Web / Mobile apps

Desktop (QGIS, ArcGIS…)

Cloud GIS

Sinergise



Sinergise



Sinergise



Create Sentinel Hub account



Create Sentinel Hub account



EO Browser



EO Browser



EO Browser



EO Browser



EO Browser



EO Browser



EO Browser



EO Browser



EO Browser



EO Browser



WMS

Commercial EO data – WorldWind, GeoEye, ...

Aerial imagery (drone, airplane) 

Other raster and vector data

Open EO data - Sentinel-1, Sentinel-2, Landsat, ...

WMTS

WCS

Scripting (Python, R, ENVI…)

Web / Mobile apps

Desktop (QGIS, ArcGIS…)

Cloud GIS

Sinergise



Sentinel-hub – Statistical API – data –
GEOJSON 



Sentinel-hub – Statistical API



Radar and optical integration



SAR/Optical integration



Radar backscatter

Remote Sensing | Free Full-Text | Analyzing Temporal and Spatial 
Characteristics of Crop Parameters Using Sentinel-1 Backscatter Data 

https://www.mdpi.com/2072-4292/11/13/1569/htm
https://www.mdpi.com/2072-4292/11/13/1569/htm


NDVI and NDRE

Remote Sensing | Free Full-Text | Land Cover and Crop Classification Based on Red Edge Indices Features of GF-
6 WFV Time Series Data (mdpi.com)

https://www.mdpi.com/2072-4292/13/22/4522
https://www.mdpi.com/2072-4292/13/22/4522


Mapping grassland – intensive/extensive



Optical (NDVI) and radar (coherence)

Sen4Cap (esa-sen4cap.org)

http://esa-sen4cap.org/






Machine learning

• Scene classification
• Object detection
• Segmentation
• Pixel classification

Artificial intelligence

Machine learning

Deep 
learning

Automated Extraction of Energy Systems Information from Remotely Sensed Data: A Review and Analysis

https://www.researchgate.net/publication/358919685_Automated_Extraction_of_Energy_Systems_Information_from_Remotely_Sensed_Data_A_Review_and_Analysis


Machine learning – SITS

• Machine learning
• Decision tree
• Random Forest 
• LightGBM

• Deep learning
• RNN
• CNN
• Transformers

A Decision-Tree Classifier for Extracting Transparent Plastic-Mulched Landcover from Landsat-5 TM Images
Temporal Convolutional Neural Network for the Classification of Satellite Image Time Series

https://www.researchgate.net/publication/273345817_A_Decision-Tree_Classifier_for_Extracting_Transparent_Plastic-Mulched_Landcover_from_Landsat-5_TM_Images
https://www.researchgate.net/publication/331525817_Temporal_Convolutional_Neural_Network_for_the_Classification_of_Satellite_Image_Time_Series


Conclusions

• We have dense (weekly, multispectral) time series from multiple satellite 
systems

• Freely and openly available
• ARD is needed, but generating the ARD products is challenging
• It is likely that in the future ARD data will be prepared by the data providers
• Vegetation observation benefits with time series of optical and SAR data
• Time series analysis is complex and requires knowledge from several 

disciplines
• Artificial intelligence is providing answers to some of the problems

• Applications are limited only by imagination



Contacts

• Prof. Krištof Oštir
kristof.ostir@fgg.uni-lj.si

• Ana Potočnik Buhvald
ana.potocnikbuhvald@fgg.uni-lj.si

mailto:kristof.ostir@fgg.uni-lj.si
mailto:ana.potocnikbuhvald@fgg.uni-lj.si
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