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Remote Sensing = collecting and analysing data about an object with an 
instrument that is not in direct contact with the object.

4 elements:

1- A platform to hold the instrument (planes or satellites)

2- A target object to be observed (the Earth: its land surface, the oceans, the 
atmosphere, its dynamics)

3- An instrument or sensor (cameras, scanners, radars, etc)

4- The information obtained, and how it is used and stored (e.g, cloud cover 
over Europe, evolution of ozone hole, etc)

In Remote Sensing, sensors are able to acquire information that the human 
eye cannot see, using different parts of the electromagnetic spectrum besides 
the visible part (e.g. the infrared part)

Objects normally reflect part of the light that reaches them (hence their 
colour) and can also emit radiation due to their temperature. This cannot 
always be seen by the human eye (e.g. infrared)

Light is emitted and reflected in the form of radiation = a wave propagating in 
space with magnetic and electric components = electromagnetic radiation. 
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Electromagnetic waves have different wavelengths, and their energy at different 
wavelengths can be measured, to quantify how much radiation is emitted or 
reflected by a certain object.

The collection of all possible wavelengths is called the electromagnetic spectrum, 
shown in the graph. Note that humans have designed objects to emit at certain 
wavelengths (e.g. microwaves)

-------------------------------

More information at in Eduspace / Remote Sensing Principles / What is remote 
sensing?: http://www.esa.int/SPECIALS/Eduspace_EN/SEMF9R3Z2OF_0.html
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Thermodynamics indicates that a body at a temperature different from 0 
Kelvin, i.e. an object on Earth, emits radiation proportionally to its 
temperature.

Surface temperature is a key factor for emission.  The surface temperature and 
the degree of emission at a certain wavelength are directly correlated. 

Therefore the surface temperature can be calculated on the basis of remote 
sensing of the thermal infrared emission. 

Surfaces with different temperatures have maximum emission at different 
wavelengths.

------------

More information in Eduspace
http://www.esa.int/SPECIALS/Eduspace_EN/SEM7IQ3Z2OF_0.html
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The radiation reflected as function of the wavelength is called the spectral 
signature of the surface.

For example, vegetation can be distinguished from the bare ground because it 
has a high reflection in the Near Infrared (around 0.8 micrometers) and a low 
one in the Visible Red (around 7 micrometers)

Water only reflects in the visible light range (0 to 7 micrometers) , and it has 
almost no reflection in the Near Infrared part. Therefore it is easy to 
distinguish water bodies, they will appear as clearly delimited dark areas with 
low pixel values, when looking at images recorded in the Near Infrared range.

------------

More information in Eduspace
http://www.esa.int/SPECIALS/Eduspace_EN/SEM7IQ3Z2OF_0.html

Image modified from https://www.researchgate.net/figure/Spectral-
reflectance-curves-of-different-land-cover-types-Modified-
from_fig4_245538996
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More information about atmospheric windows in Eduspace
http://www.esa.int/SPECIALS/Eduspace_EN/SEMUYP3Z2OF_0.html

Original image from

Kääb, A.; Winsvold, S.H.; Altena, B.; Nuth, C.; Nagler, T.; Wuite, J. Glacier 
Remote Sensing Using Sentinel-2. Part I: Radiometric and Geometric 
Performance, and Application to Ice Velocity. Remote Sens. 2016, 8, 598, 
available at https://www.mdpi.com/2072-4292/8/7/598/pdf/1
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This graph highlights some of the parts of the Electromagnetic Spectrum used 
in Remote Sensing for the Earth.

Visible and NIR  e.g. agriculture

Thermal Infrared  e.g. vegetation stress, evapotranspiraton

Synthetic Aperture Radar  e.g. ground subsidence
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Colour radar images can be produced by combining three single images from 
different dates (e.g. 35 days apart) to produce a multi-temporal composite. 
Each individual date/image is displayed in one of the three colours used to 
form any colour picture, that is Red, Green and Blue (RGB). The different 
amounts of colour from each date combine to produce other colours that can 
be interpreted by experienced image processors. (More information about 
RGB displays in the EO Browser exercise on Etna lava flow from Sentinel-2)

For example, in the case of water bodies, for the radar sensor, the rougher the 
surface, the greater the reflection of the microwave energy that will reach the 
sensor and be recorded, therefore the pixel will have higher values and show 
brighter (whiter).

----------

More info on how to interpret radar images in Eduspace
http://www.esa.int/SPECIALS/Eduspace_EN/SEMHUESTGOF_0.html
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The Earth science missions “Earth Explorers” allow us to understand the Earth 
System and its diverse aspects in more and more detail.
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More info about the Copernicus Sentinels: 
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Overview
4
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In the exercises we will work with data from Sentinel-2 and Sentinel-5P
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Sentinel Hub is a Copernicus Award (http://www.copernicus-
masters.com/index.php?anzeige=press-2016-03.html) winning service for 
archiving, processing and distribution of Sentinel data.

Users can look closely into the global archive of all the Sentinels and explore 
this rich archive to monitor changes in the land. They can:

- Observe imagery all over the globe

- Create statistical analysis and compare different sensors

- Export results as a raster for further processing
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Under the Explore EO data section, we find:

- Playground,

- EO Browser

- Industries and showcases

- Education

We will use EO Browser, but first let’s have a quick overview of what those 
sections contain.

First the Sentinel Playground section.
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The Sentinel Playground is a web application that is publicly available and 
allows users to query for Sentinel data all over the world. 

It is a graphical interface to a complete and daily updated Sentinel-2 archive, a 
massive resource for anyone interested in Earth's changing surface, natural or 
manmade.  

It is perfect for someone who wants to find the latest available images of 
forest fire, or create a nice looking poster, observe drought or simply 
understand how EO products are built. 

Access it at: http://apps.sentinel-hub.com/sentinel-playground/
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Next let’s have a closer look at the EO Browser.
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EO Browser allows instant access to browse through petabytes of newest and 
archive data and chronological comparison of full resolution images.

Their cloud infrastructure can produce results in a few seconds, and the user 
does not need to download, archive and process the data.
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Expert users, who would like to get earth observation data in their own GIS 
environment, can make use of Sentinel Hub Open Geospatial Consortium 
(OGC) services.

The front-end application is open source so anyone can take it and build 
added value services on top of Sentinel Hub OGC services.

For more general information about OGC start here: https://www.sentinel-
hub.com/develop/documentation/api/ogc_api
Step-by-step guidelines for integration of Sentinel Hub OGC with ArcMap and 
QGIS: https://sentinel-hub.com/develop/documentation/integration-guide
Tutorial for the Sentinel-Hub QGIS plug-in: https://medium.com/sentinel-
hub/control-sentinel-hub-from-within-qgis-2a83eb7f13db
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Next let’s have a quick look at the “Industries and showcases” section.
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Finally let’s have a look at the Education section
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With new technologies like machine learning and educational software the 
traditional educational methods as well as the role of educators are evolving. 
And so is the role of EO Browser. This free web application for browsing, 
comparing and analysing various satellite data sources is a very useful tool for 
experts in remote sensing field. But it is becoming more and more popular in 
teaching and engaging students with practical learning in Earth Observation.
The EO Browser is being introduced to many teachers, during workshops and 
presentations at universities. Such activities inspired the creation of a landing 
page with educational materials. 

Case studies are done with Jupyter Notebook, and are a mixture of code, text, 
figures, links, equations, etc. 

Case studies inspire the definition of the so-called “Themes”, where the user 
can find different features related to the case study (e.g. pins).
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We need to define three things: 

1- WHERE: This is the geographical area where we want to search for images 

2- WHEN:  This is the time frame, the date of the images we want to find

3 – WHAT SENSOR: Given that we want to see the lava flow, it has to be an 
Optical sensor with bands in the Short Wave Infrared part of the spectrum. 
Sentinel-2 is used in this case
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But what does L1C and L2A mean? 

A satellite acquires an image over a certain area, and then sends it to a ground 
station in Earth. This image is called Level 0, because no corrections have been 
applied to it yet so the image still presents distortions that affect its geometry 
and the values recorded. Everytime a correction is applied, we say the level of 
the image increases. 

Level 1C images have had all the corrections done, except for the atmospheric 
correction: the distortion of the atmosphere is still present. The values 
represent what the satellite measures at the top of the atmosphere (not at 
the bottom of the atmosphere!). 

After the algorithm that makes this last correction is applied, the outcome is 
called a Level-2A product (L2A). L2A products therefore represent the 
measurement at the BOTTOM of the atmosphere, i.e. at the level of the 
ground.

Ideally we would only use L2A products, but when Sentinel-2 started acquiring 
images, the algorithm was not applied to L1C images in an automatic way. 
Only later on it started being applied automatically, and then L2A products 
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became available as routine.  This is the reason why we prefer to select L1C AND 
L2A, to be sure that whenever we search for an image, we will be able to find one. 
Otherwise, if we only selected L2A and we were looking, for example, for dates in 
the end of 2015, we may not find L2A results…because there would only be L1C.

More info at https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-
msi/processing-levels and https://earth.esa.int/web/sentinel/user-guides/sentinel-
2-msi/product-types/level-2a
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True Colour is a way of combining the bands of the satellite that creates an 
image which resembles what our eyes naturally see. This is useful because it is 
easier to interpret!

However, remember that satellite images are different from pictures because 
they record the radiation that our eyes cannot see! Therefore other 
visualizations (other combinations of bands) can give us additional 
information, even if they look “strange”. 

For example, the False Colour visualization is a way of displaying bands that 
creates an image where any areas with vegetation appear very clearly and in 
colour red. This is handy when you need to know where there is vegetation, 
because it is clearly visible.

The False Colour (urban) and the SWIR visualizations allow you to see the lava 
flow.
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“Based on Bands 4,3,2” means the band 4 was assigned to colour RED, band 3 
was assigned to colour GREEN, and band 2 was assigned to colour BLUE.

The pixels that show green had higher values in Band 3 than in the other  two 
bands.

But remember that a wide range of colours is created by combining these 3 in 
different proportions, as you can see in the True Colour image.

Let’s look at an easier example, with False Colour.
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Image modified from https://www.researchgate.net/figure/Spectral-
reflectance-curves-of-different-land-cover-types-Modified-
from_fig4_245538996
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More information about atmospheric windows in Eduspace
http://www.esa.int/SPECIALS/Eduspace_EN/SEMUYP3Z2OF_0.html

Original image from

Kääb, A.; Winsvold, S.H.; Altena, B.; Nuth, C.; Nagler, T.; Wuite, J. Glacier 
Remote Sensing Using Sentinel-2. Part I: Radiometric and Geometric 
Performance, and Application to Ice Velocity. Remote Sens. 2016, 8, 598, 
available at https://www.mdpi.com/2072-4292/8/7/598/pdf/1
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More information about atmospheric windows in Eduspace
http://www.esa.int/SPECIALS/Eduspace_EN/SEMUYP3Z2OF_0.html

Original image from

Kääb, A.; Winsvold, S.H.; Altena, B.; Nuth, C.; Nagler, T.; Wuite, J. Glacier 
Remote Sensing Using Sentinel-2. Part I: Radiometric and Geometric 
Performance, and Application to Ice Velocity. Remote Sens. 2016, 8, 598, 
available at https://www.mdpi.com/2072-4292/8/7/598/pdf/1
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Additional info about TROPOMI at 
https://m.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-
5P/Tropomi
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