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THE deluge of data from space sensors counting hundreds
of Terabytes per day needs to be converted intomeaning-

ful information, largely impacting science, technology, and
overall the socio-economic-environmental triangle. Multi-
spectral and microwave Earth Observation (EO) sensors are
unceasingly streaming millions of samples per second,
which must be interpreted to mine physical parameters to
understand Earth spatio-temporal patterns and phenomena.
Space telescopes covering fromGamma to radio waves spec-
tra collect billions of measurements. Position, navigation,
telemetry, and space data relays are other examples; the list
is however much longer. The recent multiplication of open
access initiatives to Big Data from Space is giving momen-
tum to the field by widening substantially the spectrum of
scientific communities and users, as well as awareness
among the public, while offering new benefits at all levels
from individual citizens to thewhole society.

Big Data from Space is a very broad and highly interdisci-
plinary area. It encompasses the entire chain from sensors to
scientists or application results. High complexity sensor data
require in depth knowledge of the physical detection princi-
ples. New sensing paradigms such as computational imaging
and sensor networks involve on-board intelligence as well as
methods of compressive sensing and data compression. Ultra
fast satellite optical communication relays enable Big Data to
be received on Earth. Data access, catalogs, data delivery, and
data quality, become very specific challenges. Storage, data
indexing, data analytics and mining, knowledge discovery,
visualization, the overall content extraction are very deep
and particularly specialized topics of data science. Bench-
mark, test and validation procedure, and metrics of informa-
tion quality have to be specialized as well. And last but not
least, the data analytics learned lessons are used for the
design of next generation of space sensors and systems.

We are very indebted to the academia, research, and
industry communities having contributed with their results.
We would like to acknowledge the scientific committee of

the Big Data from Space BiDS’17 conference co-organised by
the European Space Agency (ESA), the Joint Research Cen-
ter of the European Commission (JRC), and the European
Union Satellite Centre (SatCen) for their sustained efforts to
achieve this special issue.

Following a detailed and rigorous review process, 14
articles have been selected out of 48 submissions for this
special issue.

The first article, Optical Compressive Imaging Technologies
for Space Big Data, considers the Big Data problematic at its
source. It presents solutions for very particular space data
acquisition constraints such as limited power, memory,
computation, or data transmission resources and propose
novel sensors concepts based on Compressive Sensing
methods for space science, planetary exploration, or Earth
Observation.

The subsequent two articles are concerned with teleme-
try data. On one hand, Multiple Testing for Outlier Detection
in Space Telemetries is about on-board satellite measure-
ments, like sensor temperature, voltage, or relative position
of equipment during the space mission life. Telemetries
accumulate terabytes of data, which have to be analysed to
detect anomalies. The introduced techniques are detecting
automatically anomalous events and are self-adaptive to the
data and to the nature of anomalies. On the other hand,
Innovative Approach for Permanent Multipurpose Module Data
Processing and Analytics elaborate on the data analysis to
provide upload cargo to increase the storage volume at the
International Space Station (ISS) helping the utilization,
maintenance and the crew logistic. Advanced machine
learning methods are used to predict missing sensor meas-
urements, as cabin fan assembly, pressure, heaters, or light
assembly.

Two further articles fall in the domain of astronomical
observations. The first is titled Convolutional Neural Networks
for Spectroscopic Redshift Estimation on Euclid Data. The
Euclid satellite will carry photometric and near-infrared
sensors measuring the global parameters of the Universe to
an exceptional precision. The objective is to achieve a better
understanding of the nature of Dark Energy. The article
presents a deep learning paradigm for the estimation of the
redishift a fundamental parameter for the measurement of
galaxy distances. The second, ASTROIDE: A Unified Astro-
nomical Big Data Processing Engine over Spark, presents a dis-
tributed data server specialized for astronomical data,
where astronomers can explore and manage large, highly
complex data sets. The system is applied to the GAIA data
which is producing a 3-D map of our Galaxy.
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The next three articles are approaching the thematic of
optical satellite based Earth observation. Beyond the Patchwise
Classification: Spectral-Spatial Fully Convolutional Networks for
Hyperspectral Image Classification, elaborates a spectral-spatial
fully convolutional network for hyperspectral observations.
The classification is performed by an end-to-end, pixel-to-
pixel paradigm, without the need of image partition in
patches. Exploiting Deep Features for Remote Sensing Image
Retrieval: A Systematic Investigation, proposes answers for the
three main elements of the very high-resolution satellite
image retrieval: the feature extraction, the similarity metrics
and the relevance feedback. The article is a guide for the
research and practice in the areas of content-based satellite
image retrieval. Mining Deep Semantic Representations for
Scene Classification of High-Resolution Remote Sensing Imagery
presents a method based on the probabilistic latent semantic
analysis (pLSA) applied to image features extracted by a
deep convolutional neural network (CNN). The method
minimizes the redundancy of the extracted features and is
supported by multi-scale spatial information analysis to
increase accuracy.

Satellite image time series is addressed by the next article
titled A Time Series Mining Approach for Agriculture Area
Detection. The time series enable long temporal observations
at large spatial scale. The present article proposes a frame-
work based on an Active Learning approach for time series
classification using less than 1 percent of the data as training
data set. The method is highly impactful since the complex-
ity of the satellite image time series is huge.

Three articles are then focusing on the methods for Big
Synthetic Aperture Radar (SAR) Data. SAR is one of the
most preeminent Earth observation technologies, it is day–
night and cloud cover independent, providing extremely
valuable information on the land cover, terrain height or
millimeter precision deformations. However, SAR data
analysis remains one of the major Big Data challenge due to
its volume and high complexity. The first article on this
topic, Mosaicking Copernicus Sentinel-1 Data at Global Scale,
presents approaches for distribution discretization together
with a false color composition and image rendering and
mosaicking for Sentinel-1 dual polarization SAR products.
The methods ensure fast automated processing, incremental
adjustment and information extraction at global scale. The
second, National Scale Surface Deformation Time Series Genera-
tion through Advanced DInSAR Processing of Sentinel-1 Data
within a Cloud Computing Environment, presents an auto-
matic Differential Interferometric SAR pipeline imple-
mented within the Amazon Web Services (AWS) Cloud
Computing. The method provides measurements of surface
deformation time series and the velocity maps with milli-
meter to centimeter precision at very large geographical
scales. The third, Cloud Approach to Automated Crop Classifi-
cation Using Sentinel-1 Imagery, introduces a machine-learn-
ing paradigm for crop classification implemented in a cloud
based workflow to face the Big Data challenges.

The special issue is concluded with two articles presenting
interdisciplinary results in actual applications, which require
physical parameters estimation of the observed scenes. The
first, Exploring Spring Onset at Continental Scales: Mapping Phe-
noregions and Correlating Temperature and Satellite-based Pheno-
metrics, analyses long mutitemporal observations at high-

spatial resolution such as temperature-based phenological
indices and land surface phenological metrics derived from
satellite images to assess the “green-wave” of spring vegeta-
tion. The second,DeepNeural Network-based Impacts Analysis of
Multimodal Factors on Heat Demand Prediction, is presenting a
neural network approach for heat demand estimation based
on the direct solar irradiance andwind speed.

We hope this special issue will bring the challenges of Big
Data from space to the attention of the scientific community,
thus new solutions and applications will be stimulated.

We also would like to take this opportunity to thank all
the authors for making this special issue possible.
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