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1. INTRODUCTION
The aim of the Primitive Feature Extraction (PFA) project1 is to demonstrate that feature extraction and analysis
of EO data makes it possible to exploit the large volumes of various types of satellite data more efficiently, and
through this to foster the scientific analysis of mission wide data sets. The project addresses emerging methods
and tools for data product features and information extraction, in view of possible implementations for enriching
data description and easing the use of archived data[1]. For this purpose, a number of EO data exploitation
scenarios are being implemented to test the possibility of systematically extracting EO product features and
demonstrate the usefulness of the performed feature extraction in the data selection process, both for the scientist
and for the users of EO products. The project has selected to implement feature extractors for forest mapping,
urban mapping, algal blooms and flood mapping. The entire EO archives from optical and SAR sensors will be
processed using the ESA toolboxes BEAM and NEST[2] on the Calvalus Hadoop cluster[3]. Products are
searched using content based image retrieval (CBIR) on single images and time series images[4].
2. APPROACH
Primitive, application-relevant features is extracted from large quantities of EO data and collected in a database.
This database of primitive features is then exploited by performing analyses on the extracted features, and thus it
serves as an auxiliary dataset complementary to the EO data archives it was generated from. This Auxiliary
Enriched Database is complementary to the EO data archives and their catalogues and will be used to provide
services that can exploit the existing EO data archives in a thematic manner using semantic queries.
Extracted features will be employed in three main scenarios: i) content based image retrieval; ii) content based
time-series retrieval; and iii) unsupervised classification with kernel methods.
The first and second scenarios are devoted to fast and effective content based image retrieval on single images and
image time-series, respectively. Query data can be an EO image, parameter values (such as a threshold values),
temporal-trend of a time series or a step-change in bi-temporal images. Once the query is fixed, efficient
approaches are required to retrieve from large EO data archives images (or time series) that match the query.
Active-learning-based methods [5] are considered in the context of relevance feedback [5, 6] for both scenarios in
order to efficiently exploit interaction with the user. The classification stage of the content based retrieval is based
on a Support Vector Machine (SVM) classifier, which is nonparametric (and thus suitable for any kind of data)
and widely recognized as effective [7].
The third scenario aims to search for the similar images to the query image without using any prior information on
the archive. Here, the kernel k-means [8] method is used for unsupervised classification.
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3. APPLICATIONS
The feature extraction component of the project focuses on encoding relevant primitive features into an auxiliary
database from the following applications:
From optical data

Burned area mapping

Algal bloom detection

Intertidal flat selection
From SAR data

Deforestation mapping

Urban change mapping

Flood mapping
4. SOFTWARE
The BEAM and NEST Toolboxes will be used for both client user interfaces as well as processors on the server
system. The feature extraction software is developed using the ESA BEAM toolbox for optical data and ESA
NEST for SAR data. The frontends for the content based image retrieval will be implemented as extensions to
BEAM VISAT and NEST DAT. All software will be open-source and users of BEAM and NEST will be invited
to install and use the new extension modules.
Bulk processing is done on the Calvalus EO Data Processing System that has been developed by Brockmann
Consult within an LET-SME study under contract to ESA. The goal of Calvalus is the development of an efficient
bulk-processing and analysis system for large amounts of EO satellite data. Calvalus is powered by Apache
Hadoop, a framework that allows for the distributed processing of large data sets across clusters of computers
using the simple map-reduce programming model and a robust distributed file system. The system will process
the EO archive, apply pre-processing and feature extractors using BEAM and NEST, and generate the Auxiliary
Enriched Database.
5. RESULTS
A prototype feature extraction system is in place and the CBIR based on Support Vectors Machines is currently
being benchmarked for algal bloom detection based on MERIS data and urban area detection on ASAR data. An
examples of the retrieved image patches is shown in figures 1 and 2.

Figure 1 MERIS Algal Bloom Search Results

Figure 2 ASAR Urban Area Detection Search Results for High Urban

Initial results show searching by features using CBIR can produce relevant images. Furthermore, the use of active
learning can reduce the number of training iterations on the SVM.
Further validation and applications will be available by mid-2014.
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