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Machine Learning: CV vs. EO
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Preliminaries

• DNN: in 2018 more than 500 papers/month
• Research is often wasted effort
• ML faces a deep reproducibility crisis 
• Training data is as important as the learning algorithm
• ML finds any pattern in data, it may be irrelevant
• We need the actual patterns of the Earth processes
• Big EO Data accentuate the crisis

• Solution: In CANDELA we propose a Data Science workflow to 
insure the quality of the information extraction
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CANDELA main objective

CANDELA project main objective is to allow the creation of value from
Copernicus data through the provisioning of modelling and analytics tools
given that the tasks of data collection, processing, storage and access will be
provided by the Copernicus Data and Information Access Service (DIAS).

The goal of the Data Science is to 
enable the successful integration of 
heterogeneous datasets, to support 
the definition and design of the data 
transformation to information, the use 
of taxonomies and elements of 
ontology and semantics, learning, 
KDD, annotation, data analytics.
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Sensory and Semantic Gaps

Bahmanyar, R.; Murillo Montes de Oca, A.; Datcu, M., "The Semantic Gap: An Exploration of User and Computer 
Perspectives in Earth Observation Images," in Geoscience and Remote Sensing Letters, IEEE , vol.12, no.10, 
pp.2046-2050, Oct. 2015
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Data Base Biases: Test data sets
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Cross databases semantics

a. Semantic content intersection between datasets. 

b. Percentage of exact label matches within the intersected 
semantic content. 

Murillo Montes de Oca, A. ; Bahmanyar, R.; Nistor, N.; Datcu, M., Earth Observation Image Semantic Bias: A Collaborative User 
Annotation Approach, IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 10, no. 6, pp. 2462 -
2477, 2017
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Training EO 3 bands data sets
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Training EO multispectral data sets
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EO SAR training data sets

• MSTAR - an X-band SAR data set used for automatic target recognition 
(ATR) of military objects
• In total 17,096 target patches ranging in size from 54×54 pixels to 192×192 

pixels with resolution of 1 foot..
• September 95 Collection contains 20 target types with additional articulation, 

obscuration, and camouflage views
• November 96 Collection adds another 27 target types with additional articulation 

and obscuration cases. 

• OpenSARShip – an C-band data set (Sentinel-1) used for ship 
interpretation
• In total there are 11,346 ship chips
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EO data annotation
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CANDELA focus

• In CANDELA, a special attention is given to re-use and openness. 
building  modules and frameworks on-top of available components
maximization of benefits from existing assets
making the solutions available to various user communities 

• DLR’s EOLib is an Image Information Mining system for Earth Observation 
processes, extracts, and accesses the content of EO products
generates higher-level abstractions and semantics 
offers information mining services on the original corpus of EO products 
provides KDD based on the EO content, metadata, semantic annotations,

• EOLib is integrated with the TerraSAR-X  Payload Ground Segment (PGS)
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EO Digital Librarian EOLib
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The CANDELA analytics modules 
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Data Mining and Fusion in CANDELA
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Coarse-to-fine strategy and cascaded 
learning

 Use of a pyramid of finer image grid
levels

 Objective: a finer spatial indexing, and 
semantic extraction

 Costs: increase of the number of 
patches to process

 Advantage: at level 100, 70% of the 
patches are removed, preserving a 
recall of 90%

v1 : 1 x 128 v2 : 1 x 128 v3 : 1 x 128

200 x 200

100 x 100
50 x 50
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Fast learning

Acceleration with two orders 
of magnitude 

Learning with:

Few
Controllable

Trusted 

samples

State-of-the-art

Cascaded learning

Blanchart, P.; Ferecatu, M.; Shiyong Cui; Datcu, M., "Pattern Retrieval in Large Image Databases Using Multiscale Coarse-to-Fine 
Cascaded Active Learning," in Selected Topics in Applied Earth Observations and Remote Sensing, IEEE Journal of , vol.7, no.4, 
pp.1127-1141, April 2014
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Implementation: Data Model 
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Implementation:
Data Mining Data Base

• DMDB is a relational database
• Main tables are:

• Metadata
• Image
• Tiles
• Features
• Labels

• DMDB comprises about
• 8 millions of tiles
• 20 thousand metadata 

entries.
• 106 semantic labels
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Implementation:
Data Mining
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 KDD is used to define semantic
annotations of the image
content.

 Goal is to build a model which
performs the mapping between
low-level image descriptors
(primitive features ) and high-level
image concepts (semantics)

 KDD is based on machine
learning methods and relevance
feedback mechanisms.

Data Mining
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Semantic query
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Data Fusion: SAR vs. MS EO

TerraSAR-X vs. WordView The clouds Complementary features
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Data Fusion: Validation Data Sets
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Data Fusion: Selected Results
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