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Semantic EO data cubes
"A semantic EO data cube or a semantics-enabled EO data cube is a data cube, 
where for each observation at least one nominal (i.e., categorical) 
interpretation is available and can be queried in the same instance."

From: Augustin, H., Sudmanns, M., Tiede, D., Lang, S., Baraldi, A., 2019. Semantic Earth 
Observation Data Cubes. Data 4. https://doi.org/10.3390/data4030102

Fully automated semantic
enrichment, multi-sensor 

(e.g. Sentinel-2/3, Landsat, 
AVHRR etc.)

https://doi.org/10.3390/data4030102


Dirk Tiede | University of Salzburg | dirk.tiede@sbg.ac.at 3

Key concept of Sen2Cube.at for spatiotemporal 
analytics of multi-source EO big data

Web-based inference engine: Semantic content-based queries through time and 
space in user defined AOIs using a specific semantic query language interpreting 

human-like queries / thematic descriptions 

Automatic semantic 
enrichment: 
Optical satellite 
image and 
associated fully 
automatic data-
derived information 
layers
+ additional (open) 
data like e.g. DEMs

Data cube 
technologies:
Data cube 
system storing 
images and 
image derived 
products query-
optimised not 
acquisition-
optimised
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from Tiede, D., Baraldi, A., Sudmanns, M., Belgiu, M., Lang, S., 2017. Architecture and Prototypical 
Implementation of a Semantic Querying System for Big Earth Observation Image Bases. Eur. J. Remote 
Sens. 50, 452–463. doi:10.1080/22797254.2017.1357432
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Sentinel-2 Semantic Data Cube for Austria

http://www.sen2cube.at/
https://manual.sen2cube.at/
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Accessing multiple semantic EO data cubes in one 
graphical user interface (GUI)

• in-house developed Web-
based graphical user 
interface (GUI) provides 
technical access to multiple 
semantic EO data cubes

• regardless of what 
infrastructure they are 
implemented on

• regardless of sensors used
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Accessing multiple semantic EO data cubes in one 
graphical user interface (GUI)

www.sen2cube.at
Sentinel-2 & DEM

hosted@EODC

www.semantixcube.net
AHVRR long time series

Sentinel-3
ECVs

hosted@ EODC

DOI: 10.1553/giscience20
18_01_s214

Syrian data cube
Sentinel-2 

hosted@University of 
Salzburg

http://www.sen2cube.at/
http://www.semantixcube.net/
https://dx.doi.org/10.1553/giscience2018_01_s214


Dirk Tiede | University of Salzburg | dirk.tiede@sbg.ac.at 12

Accessing multiple semantic EO data cubes in one 
graphical user interface (GUI)

ÁGUI is designed to create semantic models using a graphical language 

Áan inference engine is able to evaluate these models against existing 
semantic EO data cubes based on a user’s defined area and timespan 
of interest

ÁExamples can be:
ÁSemantic content based image retrieval

ÁComplex analysis of land cover/ land cover change through time

ÁOn-the-fly cloud free mosaics through time in any user defined time span

ÁEtc…

ÁQuerying on a semantic level allows the transferability of semantic 
models across EO data cubes
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Demo Semantic model to analyse vegetation 
versus bare-soil occurrence over time 
based on semantic categories (no 
thresholds used, no programming 
skills necessary)

ČResults are in addition cloud/snow 
filtered also based on the available 
semantic categories
ČModels can be seen as explainable 

AI, combining physical model based 
semantic enrichment + human 
expert knowledge in the model 
generation
ČReproducible / transferable 

between AOIs and data sets / 
different sensors
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Cloud masked vegetation vs bare soil comparison across cubes and sensors
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Áinferences on ECVs (essential 
climate variables as semantic 
elements) using the same Web-
frontend

ÁEventually users will run inferences 
via a citizen science mobile app…

Outlook - Applications

Project partners:
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ÁAutomatic detection of mowing and harvesting events within 
semantic EO data cubes using semantic concepts instead of 
vegetation indices only

Outlook - Applications

In cooperation with
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Outlook - Applications 

SIMS (soil sealing identification and monitoring system, ASAP 17): 
Áimprove analysis of human-induced soil sealing processes and support 

monitoring, decision-making and reporting activities in Austria.

Áremove barriers between EO midstream technology and downstream 
applications by allowing non-experts to conduct custom big EO data analysis 
on-demand in an interactive, reproducible, repeatable and easily accessible 
approach

Query with datasets 
between 2015 and 
2016 (left) and 
between 2016 and 
2020 (right). 
Distinctly visible in 
the comparison of 
the two results is 
the newly 
constructed road 
(Munderfing, Upper 
Austria). 
Čquantification of 
changes and 
detection of events 
within a single 
query in semantic 
EO data cubes
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Thank you for your attention!

Assoc Prof Dr Dirk Tiede | Head EO Analytics
University of Salzburg | Department of Geoinformatics - Z_GIS
E-mail: dirk.tiede@sbg.ac.at

SemantiX is funded by the Swiss Space Office (SSO) and 
FFG under the Austrian Space Applications Programme 
(ASAP 16).

Sen2Cube.at is a project funded under the Austrian 
Space Applications Programme (ASAP 14)
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