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➢ We are currently in an 'exploratory' phase of the possibilities and the challenges offered by 

satellite data analysis. 

➢ Understanding data, following the '3V rule': What Volume of data do we have? How Varied are 

the types of information? Velocity of acquisition?

➢ What difficulties can be encountered when analysing satellite data? What are the most important 

limiting factors? How can we go beyond current knowledge?

➢ Can the use of machine learning techniques be decisive for image analysis? Which 

architectures are preferable? How can we build high-quality datasets to train, validate and test 

models?

A. Tricomi, G. Piparo WP6 meeting, online, 09-10-2023 1

status of activities



➢ We ran the first tests to start finding answers to the questions on the previous slide.

➢ First of all, we started by understanding how to access satellite data in a simple, organic and 

scalable way. 

➢ We may have found a possibility using the python library SentinelHub (site: Sentinel Hub 
(sentinel-hub.com), git repo: GitHub - sentinel-hub/sentinelhub-py: Download and 
process satellite imagery in Python using Sentinel Hub services.).

➢ SentinelHub makes it possible to download data from the Copernicus Sentinel satellites. We 

are currently using the 'basic' version and only accessing public data. 
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Preliminary tests

https://www.sentinel-hub.com/
https://www.sentinel-hub.com/
https://github.com/sentinel-hub/sentinelhub-py


➢ For testing we are currently only using data 

from Sentinel-2A (tests on other satellites 

will follow).
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➢ For testing we are currently only using data 

from Sentinel-2A (tests on other satellites 

will follow).

➢ Sentinel-2 is specifically designed for 

vegetation monitoring and managing 

natural disasters.

➢ It takes data at different wavelengths, 

which can be composed into indices with 

strong discriminating power (e.g. NDVI, 

NDMI, etc.).

➢ Being able to use several bands in many 

combinations, the Sentinel-2 data lends itself 

well to multivariate analyses.
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Sentinel-2



➢ Region near Simeto river (Catania), using 

RGB bands (B02, B03, B04). Very good 

resolution (10 m). But this is a good image…
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Some Sentinel-2 images
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➢ Region near Simeto river (Catania), using 

RGB bands (B02, B03, B04). Very good 

resolution (10 m). But this is a good image…

➢ This one is a little less better...

➢ This one is a lot less better...

➢ This is unusable!

➢ Taking cloudiness into account is VERY 

IMPORTANT, especially in ML algorithms. 

It could be a bias in the training/testing phase. 

Or it could be the turning factor. Depends on 

the applications… 
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Some Sentinel-2 images



➢ After understanding how to download, save and visualize data in Sentinel-2, we tried to develop 

some ML algorithms. But immediately the first problem arises...

➢ Let's say we want to analyse the Simeto region shown earlier and understand the health of the 

vegetation. To use a supervised algorithm, we need a (well) labelled dataset. Without knowledge or 

access to specific information, this is really difficult!

➢ Unsupervised algorithms could be used (a PCA+Clusterer approach is currently under study, but 

preliminary results are not given in this presentation), but even then, the interpretation of the 

results would have to be performed by an expert!

In order to at least begin to carry out some tests, we have realized a rather trivial, but in its own 

way interesting algorithm. A convolutional network capable of identifying the season in the 

analyzed region (trivial labelling problem and easy-to-test results).
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Let’s try 
A ML application!



1. Select the data format: We used images of the region in the four seasons from 2018 to 2022, with a 

frequency of about 5 days (i.e. the Sentinel-2A acquisition rate). We used two indices and one band, 

namely NDVI=(B08-B04)/(B08+B04), Moisture Index=(B8A - B11)/(B8A+B11) and SWIR=B12.

A. Tricomi, G. Piparo WP6 meeting, online, 09-10-2023 6

Season recognition 
development pipeline 



1. Select the data format: We used images of the region in the four seasons from 2018 to 2022, with a 

frequency of about 5 days (i.e. the Sentinel-2A acquisition rate). We used two indices and one band, 

namely NDVI=(B08-B04)/(B08+B04), Moisture Index=(B8A - B11)/(B8A+B11) and SWIR=B12.

A. Tricomi, G. Piparo WP6 meeting, online, 09-10-2023 6

Season recognition 
development pipeline 

Summer Winter

Combination of 3 

indices/band



1. Select the data format: We used images of the region in the four seasons from 2018 to 2022, with a 

frequency of about 5 days (i.e. the Sentinel-2A acquisition rate). We used two indices and one band, 

namely NDVI=(B08-B04)/(B08+B04), Moisture Index=(B8A - B11)/(B8A+B11) and SWIR=B12.

2. Build a ML model for season recognition: We have chosen a trivial Convolution Neural Network 

(CNN) for the first tests. The fine-tuning of the hyperparameters is in progress, but the network doesn't 

seem to work badly or over/under-fit too much.
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2. Build a ML model for season recognition: We have chosen a trivial Convolution Neural Network 

(CNN) for the first tests. The fine-tuning of the hyperparameters is in progress, but the network seems It 

doesn't seem to work badly or over/under-fit too much.

3. Results: The model is able to recognize the season with a nice efficiency, even if low statistics for 

training/test are provided (due to the low acquisition rate of Sentinel-2A), some “bad” figures are 

present (cloud even if filtered), we didn’t train it too much (only 20 epochs) and we didn’t fine-tune 

well the hyperparameters. In addition, the ML model is very trivial and “homemade”. We could 

consider the possibility of using high-level models with transfer learning for real use-case
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What we learned

➢ At the end of this simple application, we learned several important things:

1. Copernicus satellite datasets are very promising! It could offer a large Variety and 

Volume of information, that can be handled using ML techniques. 

2. Velocity i.e. acquisition rate is good, but some short-time information could be lost… Must 

be considered in the analysis.

3. Also, clouds could be problematic to be treated. Luckily, many techniques and 

specifically designed information of other satellites are available (see SAR observation).

4. CNN are valid models to treat with this kind of data. The use of transfer learning could 

be very promising.

5. A great initial difficulty is to catalogue datasets. Not even the most advanced model ever 

created could perform well with bad data.

6. Unsupervised models also deserve consideration for these applications, but their 

interpretation may be difficult. (See next time.)
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Milestones


