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Abstract. A large number of remote sensing data sets have been collected in recent years by
Earth observation instruments such as the moderate resolution imaging spectroradiometer
(MODIS) aboard the Terra/Aqua satellite and the spinning enhanced visible and infrared imager
(SEVIRI) aboard the geostationary platform Meteosat Second Generation. The advanced remote
sensing products resulting from the analysis of these data are useful in a wide variety of appli-
cations but require significant resources in terms of storage, retrieval, and analysis. Despite the
wide availability of these MODIS/SEVIRI products, the data coming from these instruments are
spread among different locations and retrieved from different sources, and there is no common
data repository from which the data or the associated products can be retrieved. We take a first
step toward the development of a geo-portal for storing and efficiently retrieving MODIS/
SEVIRI remote sensing products. The products are obtained using an automatic system that
processes the data as soon as they are provided by the collecting antennas, and then the final
products are uploaded with a one day delay in the geo-portal. Our focus in this work is on
describing the design and efficient implementation of the geo-portal, which allows for a user-
friendly and effective access to a full repository of MODIS/SEVIRI advanced products (com-
prising tens of terabytes of data) using geolocation retrieval capabilities. The geo-portal has been
implemented as a web application composed of different layers. Its modular design provides
quality of service and scalability (capacity for growth without any quality losing), allowing for
the addition of components without the need to modify the entire system. On the client layer, an
intuitive web browser interface provides users with remote access to the system. On the server
layer, the system provides advanced data management and storage capabilities. On the storage
layer, the system provides a secure massive storage service. An experimental evaluation of the
geo-portal in terms of efficiency and product retrieval accuracy is also presented and discussed.
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1 Introduction

In the last years, a significant amount of data from satellite Earth observation instruments has
been made available to the public. Among these, the moderate resolution imaging spectroradi-
ometer (MODIS) and the spinning enhanced visible and infra-red imager (SEVIRI) sensors
improve on their predecessors. MODIS is a key instrument aboard the Terra/Aqua satellite.1–4

Terra’s orbit around the Earth is timed so that it passes from north to south across the equator
around 10:30, while Aqua passes south to north over the equator around 13.30. Global coverage
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of the Earth is provided by Terra/Aqua every 1 to 2 days. On the other hand, the SEVIRI instru-
ment on board the geostationary platform Meteosat Second Generation (MSG)5 provides (every
15 min) a low resolution scan of Europe, Africa, the Middle East, and the eastern tip of South
America. The images have a sub-nadir resolution of 3 km that deteriorates toward the poles,
reducing to an average of 5 × 3 km2 over Europe.

In recent years, many research studies have focused on the calibration and exploitation of
data coming from the aforementioned instruments.5–8 For instance, in Ref. 9, an operational
algorithm for retrieving the land surface temperature (LST) from SEVIRI data is provided. In
Ref. 10, a technique for estimating the sea surface temperature (SST) from SEVIRI data is given.
A similar strategy is developed in Refs. 11 and 12 for MODIS data, while Ref. 13 assessed the
presence of trends in the MODIS time series. In Ref. 14, a procedure for water vapor retrieval
from SEVIRI observations is presented. Numerous classic studies,15,16 have also focused on the
retrieval of advanced vegetation parameters from remote sensing data such as normalized differ-
ence vegetation index (NDVI) or fraction of vegetation cover (FVC), with the ultimate goal of
providing advanced products covering relatively large areas.17 Several other recent applications
have exploited MODIS data in a diversity of areas, such as estimation of vegetation phenology,18

mapping of snow cover,19 characterization of soil moisture,20 mapping of impervious cover,21

agriculture monitoring,22 analysis of LST and environmental factors,23 deriving water fraction
and flood maps,24 or fire characterization,25 among many others.26–28 SEVIRI data have also
been recently exploited for phenology estimation,29 detection of tropical cyclones,30 monitoring
aerosols,31 or estimating land surface radiation and energy budgets from ground measurements.32

These studies are possible thanks to the availability of a wide range of advanced remote sensing
products from the data collected by those instruments.

There are several institutions currently distributing multispectral sensors products. On one
hand, the NASA Earth observing system data and information system (EOSDIS) provides end-
to-end capabilities for managing NASA’s Earth science data from various sources (satellites,
aircraft, field measurements, and various other programs) in which the data are distributed
through the LAADS Web33 system. This system provides quick and easy access to MODIS
Level 1, atmosphere and land data products and visible infrared imaging radiometer suit sensor
Level 1, and land data products. On the other hand, the land processes distributed active archive
center from USGS distributes mainly land products through several web systems, of which two
of them are focused on MODIS products. First, the USGS EE34 tool offers data from the Landsat
missions and a variety of other data providers. This tool now provides access to MODIS land
data products (from the NASATerra and Aqua missions) and to ASTER level-1B data products
over the U.S. territories (from the NASA ASTER mission). The second web system of USGS is
MRTWeb 2.0,35 which is a more complete data system that combines the interface of USGS
global visualization viewer36 and the product database of MRT.37 In our work, we propose
an alternative repository that combines products from two very different resolution sensors:
MODIS and SEVIRI, which provide images and products with different formats.

The calibration of Earth observation satellites in the Spain (CEOS-SPAIN) project has
recently developed a fullly operational chain for advanced retrieval and processing of MODIS
and SEVIRI data acquired in real time at the global change unit (UCG), image processing labo-
ratory (IPL),38 University of Valencia (see Fig. 1). These final products are validated (quality
control) using the on-ground data acquired in a variety of test sites. The UCG/IPL participated
actively in the definition of products to be delivered to users fromMODIS and SEVIRI data. The
resulting remote sensing products are of great interest for the wide remote sensing community.
These MODIS products cover Southwestern Europe and most of Northwestern Africa, while
SEVIRI products cover half the surface of the Earth. However, the wide availability of these
products is difficult due to the massive volume of information that they comprise. In the case
of MODIS, the amount of data acquired and processed by UCG/IPL from July 2010 to October
2014 exceeds 9000 images and 200,000 resulting products (more than 11 terabytes of products).
In the case of SEVIRI, the amount of data acquired and processed by UCG/IPL from July 2007
to October 2014 comprises more than 300,000 images and 600,000 resulting products (more
than 17 terabytes of products). This massive amount of information can be extremely useful
in climate change studies and in many other studies, especially if the products could be easily
retrieved for a given area of interest. In fact, this capability has the potential to impact the
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activities of many remote sensing users such as farmers, engineers and water managers, as well
as the scientific community.

In this paper, we describe a new geo-portal that has been specifically designed to provide
efficient access to a large collection of the products of MODIS/SEVIRI image acquisitions,
which are generated in near real time at the facilities of UCG/IPL. This work is the first to
be published on the reception system at IPL. The geo-portal has been designed in the framework
of the CEOS-SPAIN project, which ultimately pursues the development of an integrated system
for optical data validation and information extraction, and is expected to serve as a reference to
the remote sensing community through the heterogeneous data distribution and dissemination
mechanisms planned for the project. The geo-portal has been designed using an advanced com-
puting infrastructure to speed up the supported data distribution and processing tasks. The geo-
portal works as a digital repository which has been designed in order to store and efficiently
retrieve advanced MODIS/SEVIRI products. Of particular importance are the geolocation-
based retrieval functionalities included in the geo-portal, which facilitates searching for remotely
sensed scenes (in geolocated form) over a map using Google Maps services.39 Although the geo-
portal is focused on Southwestern Europe, it is designed to store images from any location.
Another feature of our geo-portal is that it provides advanced products which may be useful
to end-users without the capability to perform advanced processing of the collected remote sens-
ing data. In fact, the idea of using the final products instead of the raw data is quite appealing
from the viewpoint of the end-user, who can simply retrieve the processed products after apply-
ing different types of indices and perform a more intuitive exploitation of the data.

The proposed geo-portal has been implemented as a web application40 and is composed of
different layers. Its modular design provides quality of service and scalability, and allows adding
and/or modifying components without the need to modify the entire system. These properties
result from the fact that the geo-portal has been developed as a digital repository using advanced
software and hardware design techniques with the most advanced tools for such purposes cur-
rently available. On the client layer, an intuitive web browser interface provides users with
remote access to the system. On the server layer, the system provides advanced data management
capabilities. On the storage layer, the system provides a safe massive storage service handling

Fig. 1 MODIS (Terra/Aqua) and SEVIRI (Meteosat Second Generation) real-time reception
system at the Global Change Unit (UCG) within the Image Processing Laboratory (IPL) of the
University of Valencia.
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several terabytes of data. Combined, these parts provide a completely open standardized reposi-
tory of (easily searchable) MODIS/SEVIRI products that is expected to be useful in a variety of
remote sensing data exploitation tasks, as originally intended by the CEOS-SPAIN initiative.

The remainder of this work is organized as follows. Section 2 describes the processing chain
used to generate the advanced MODIS/SEVIRI products that are distributed through the geo-
portal. This chain is applied as soon as the data are collected, and the system automatically stores
the resulting products in the geo-portal. Section 3 describes the implementation of the geo-portal
which is composed of three main layers: (1) client layer, which defines the interaction between
the user and the system through a web interface; (2) server layer, which efficiently manages the
requests coming from end-users; and (3) storage layer, in charge of safe storage and retrieval of
remote sensing products. Section 4 presents an experimental validation of the system, with par-
ticular attention to its geolocation retrieval accuracy and to the performance of the system in
responding to the queries carried out by end-users. Section 5 concludes the paper with some
remarks and hints at plausible future research lines.

2 Processing Chain

We have implemented a processing chain for MODIS (Terra/Aqua) and SEVIRI (MSG) data
acquired in real time with the antennas located at the UCG/IPL of the University of Valencia.
SEVIRI data encompass the hemisphere centered on the (0,0) latitude/longitude coordinates,
while acquired MODIS data consist of Aqua and Terra overpasses within the reach of the
antenna located at the IPL, which mostly covers Western Europe and Maghreb. These data allow
for the generation of classic and advanced remote sensing products for inter-comparison with
other sensor products. The proposed chain has been designed for processing image acquisitions
every day, and is applied in near real time (i.e., soon after the data are collected). The chain is
implemented in the interactive data language (IDL).41 This section succintly describes the proc-
ess carried out over MODIS (Sec. 2.2), and then SEVIRI (Sec. 2.3) data. Both cases need a
previous preprocessing step which is described in Sec. 2.1.

2.1 Preprocessing

For both MODIS and SEVIRI sensors, images are acquired as digital counts, which are con-
verted to radiances using the gain and offset values provided in the metadata associated with the
images. Then the day-time visible and near infra-red (NIR) channels of the data are atmospheri-
cally corrected using a simplified method for the atmospheric correction (SMAC) of satellite
measurements in the solar spectrum.42 The choice of standard input values for atmospheric cor-
rection with SMAC software results in a compromise between atmospheric correction accuracy
and instantaneous processing of the received data. By using standard values, the atmospheric
corrected values for atmosphere type (continental), atmospheric pressure (1013 hPa), aerosol
optical thickness (0.05), and ozone concentration (0.33 atm.cm), may be slightly over- or
under-estimated, although the resulting error is generally lower than the error resulting from the
use of the top of the atmosphere values. This method runs on a pixel-by-pixel basis, and needs
additional information such as (standard values in parentheses): atmosphere type (continental),
atmospheric pressure (1013 hPa), aerosol optical thickness (0.05), and ozone concentration
(0.33 atm.cm). Additionally, a water vapor product (see below) is needed as an input for the
SMAC software. Finally, for thermal infra-red channels, brightness temperatures are estimated
by inverting Planck’s law:

Ti ¼
c2
λeff

ln
h

c1
λ5
eff
·BðTiÞ þ 1

i ; (1)

where Ti is the brightness temperature in each thermal band, c1 ¼ 1.1491047 · 108 W∕
ðm2 srμm−4Þ, c2 ¼ 1.4387752 · 104 K · μm, BðTiÞ is the at sensor radiance, expressed in
W∕ðm2 srμmÞ, and λeff is the effective wavelength for each band i.
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2.2 MODIS Products

The complete set of products available in our system is described hereafter. Ancillary data
include latitude, longitude, elevation (height), sensor azimuth angle, sensor zenith angle, solar
azimuth angle, and solar zenith angle. Several masks can also be downloaded: land/sea mask,
day/night mask (day), cloud mask (clouds), fire mask (fire), and snowmask (snow). These masks
have been calculated with MOD35 and MOD14 software.43 Advanced products, including veg-
etation condition index44 and bidirectional reflectance distribution function (BRDF)45 corrected
NDVI and reflectances for bands 1 to 7, will be included in the near future. Additionally, other
products are available in our system:

• NDVI15 is traditionally calculated as NDVI ¼ ðNIR − REDÞ∕ðNIRþ REDÞ, where NIR
stands for reflectivity in NIR, and RED stands for reflectivity in red channels, which for
MODIS correspond, respectively, to MODIS bands 2 and 1

NDVI ¼ ρ2 − ρ1
ρ2 þ ρ1

; (2)

where ρ1 and ρ2 are the at-surface reflectivities obtained from sensor bands located in RED
and NIR spectral regions.

• FVC is estimated from the NDVI following Ref. 16 for day-time acquisitions, as a nor-
malization of the NDVI between standard bare soil and dense vegetation values. In the case
of MODIS, these values are 0.15 and 0.90, respectively17

FVC ¼ NDVI − 0.15

0.90 − 0.15
: (3)

• Emissivities are estimated for day-time acquisitions from FVC and MODIS band 1 infor-
mation, following the methodology presented in Ref. 12. These emissivities correspond to
MODIS thermal bands 31 and 32, and are estimated differently depending on the vegeta-
tion proportion within a given pixel. In the case of night-time acquisitions, such a method
cannot be implemented due to the lack of solar radiation; therefore, the emissivity esti-
mates during the previous day are re-projected to a latitude/longitude grid, averaged,
and re-projected back to the night-time acquisition configuration for further calculations.
Due to computational constraints, the re-projection algorithm is limited to the Iberian
Peninsula and North West Africa. Therefore, night products are also limited to this area.
As Table 1 shows, the emissivities are expressed as average emissivities ε (for bands 31 and
32) and spectral difference of emissivities Δε.

• Water vapor is then estimated using the method developed in Ref. 12. This method is based
on the attenuation of surface reflected solar radiation and clouds in NIR due to water vapor.
To this end, water vapor absorbing bands centered at 0.905, 0.936 and 0.94 μm (bands 17,
18 and 19) are used in addition to a water vapor transparent band centered at 0.865 μm
(band 2) as follows:

W ¼ 0.192 · W17 þ 0.453 · W18 þ 0.355 · W19; (4)

where

Table 1 Moderate resolution imaging spectroradiometer (MODIS) emissivity values.

ε Δε

Vegetation: NDVI > 0.5 0.99 0

Mixed: 0.2 ≤ NDVI ≤ 0.5 0.971þ 0.018FVC 0.006ð1 − FVCÞ

Bare soil: NDVI < 0.2 0.9832 − 0.058ρ1 0.0018 − 0.060ρ1
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W17 ¼ 28.449 · G2
17 − 54.434 · G17 þ 26.314;

W18 ¼ 27.884 · G2
18 − 23.017 · G18 þ 5.012;

W19 ¼ 19.914 · G2
19 − 26.887 · G19 þ 9.446;

with

G17 ¼ L17∕L2;
G18 ¼ L18∕L2;
G19 ¼ L19∕L2;

where W is the atmospheric water vapor (g · cm−1), and L2, L17, L18 and L19 are the
radiance values (RAD-TOA) of MODIS in 2, 17, 18, and 19 bands, respectively. In the
case of night-time acquisitions, such a method cannot be implemented due to the lack of
solar radiation; therefore, the water vapor estimates during the previous day are re-pro-
jected to a latitude/longitude grid, averaged, and re-projected back to the night-time acquis-
ition configuration for further calculations. Even though different water vapor values are
estimated for any given day, only one water vapor value (daylight average of valid values)
is considered per day. Assuming a constant water vapor during 24 h may lead to over- and
under-estimations of this parameter, resulting in small differences in final LST. A sensibil-
ity analysis shows that an error of 1g · cm2 in water vapor leads to a 0.23 K error in LST.

• LST is estimated for day- and night-time acquisitions using the method developed in
Ref. 12:

LST ¼ T31 þ a1 þ a2ðT31 − T32Þ þ a3ðT31 − T32Þ þ ða4 þ a5 · WÞð1 − εÞ
þ ða6 þ a7 · WÞδε; (5)

where T31 and T32 are the brightness temperatures for MODIS bands 31 and 32, respec-
tively, ε and δε are respectively the average emissivity and the spectral emissivity differ-
ence for these bands, and W is the total amount of water vapor estimated above, and
a1 ¼ 1.02, a2 ¼ 1.79, a3 ¼ 1.20, a4 ¼ 34.83, a5 ¼ −0.68, a6 ¼ −73.27 and a7 ¼ −5.19.

• SST46 is estimated for day- and night-time acquisitions using

SST ¼ T31 þ ða1 þ a2 · WÞðT31 − T32Þ þ a3 · Wþ a4; (6)

where T31 and T32 are the brightness temperatures for MODIS bands 31 and 32, respec-
tively, W is the total amount of water vapor estimated above, and a1 ¼ 1.90, a2 ¼ 0.44,
a3 ¼ 0.05 and a4 ¼ 0.34.

2.3 SEVIRI Products

The SEVIRI products available in our processing chain can be summarized as follows:

• NDVI is retrieved as in the case of MODIS data, by using red (visible band at 0.6 μm) and
NIR (visible band 0.8 μm) information.

• Emissivities are estimated for day-time acquisitions from NDVI and red information at
0.6 μm (Vis06), following the threshold method. These emissivities correspond to
SEVIRI infrared T108 and T120 spectral bands centred at 10.8, and 12.0 μm, and are esti-
mated differently depending on the vegetation proportion (PV) within a given pixel. These
emissivities are expressed as ε108 and ε120. However, as Table 2 shows, the coefficients for
emissivity estimation for different NDVI ranges of value where

FVCseviri ¼
ðNDVI − 0.2Þ2

0.009
:

• Water vapor is then estimated using the method developed by Ref. 12. This method is
based on the difference in temperature between two different acquisitions (TA and TB)
for both infra-red channels (T108 and T120) centered at 10.8 and 12.0 μm, and depends
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on the observation zenith angle (θ). This temperature difference should be greater than
10 K for the method to be accurate

W ¼ a · arg2 þ b · β þ c; (7)

where a ¼ −15.1 · sec θ þ 5.1, b ¼ 16.4 · sec θ − 2.8, c ¼ 0.336 · sec θ − 0.117, and

β ¼ 1

sec θ
ln

�
TA
108 − TB

108

TA
120 − TB

120

�
:

However, this method provides only a few values per day, which can lead to errors in the
case of rapidly evolving weather conditions. To address this issue, methods for instanta-
neous estimation of water vapor are currently being investigated.47

• LST is estimated for day- and night-time acquisitions using the method developed in
Ref. 14 as follows:

LST¼ T108 þ
�
1.34−

0.11

cos2 θ

�
· ðT108 −T120Þ þ

�
0.29þ 0.08

cos2 θ

�
· ðT108 −T120Þ2

þ
�
60.67−

10.01

cos2 θ

�
· ð1− εÞ þ

�
−6.71þ 2.47

cos2 θ

�
·W · ð1− εÞ

þ
�
−125.91þ 15.09

cos2 θ

�
· Δεþ

�
19.44−

4.27

cos2 θ

�
·W · Δεþ

�
−0.44þ 0.57

cos2 θ

�
; (8)

where T108 and T120 are brightness temperatures for the infra-red bands centered at 10.8
and 12.0 μm (Ir108 and Ir120) respectively, ε and Δε are, respectively, the average emis-
sivity and the spectral emissivity difference for these bands, W is the total amount of water
vapor estimated above, and θ is the observation zenith angle.

• SST is estimated for day- and night-time acquisitions using the method developed in
Ref. 10:

SST ¼ T108 þ ð0.99 · cos θ þ 0.21Þ · ðT108 − T120Þ

þ
�
0.364

cos θ
þ 0.15

�
· ðT108 − T120Þ þ

0.327

cos θ
þ 0.11; (9)

where T108 and T120 are the brightness temperatures for MSG bands Ir108 and Ir120,
respectively.

3 Geo-Portal

This section is devoted to the description of our proposed geo-portal system. In Sec. 3.1, we
describe the system architecture of the geo-portal and the different layers that compose it.
In Sec. 3.2, we describe the structure of the database that stores the associated metadata of
the MODIS/SEVIRI scenes and their products. Section 3.3 describes how the queries to the
database are performed in the system. Finally, Sec. 3.4 describes the procedure used by
the geo-portal to retrieve and provide advanced remote sensing scenes and their products to
end-users.

Table 2 Spinning enhanced visible and infrared imager (SEVIRI) emissivity values.

ε108 ε120

Vegetation: NDVI > 0.5 0.99 0.99

Mixed: 0.2 ≤ NDVI ≤ 0.5 0.968þ 0.021FVCseviri 0.976þ 0.015FVCseviri

Bare soil: NDVI < 0.2 0.977 − 0.048Vis06 0.981 − 0.026Vis06
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3.1 System Architecture

As shown in Fig. 2, the architecture of the proposed system is composed of different layers which
can be defined by their roles. The system follows a modular design in which the communication
between layers is performed using standard data exchange formats and transfer protocols, so that
any layer can be easily modified and/or enhanced as long as its connectivity with the remaining
layers of the system is maintained. More specifically, our design has been carried out using free
software tools such as Symfony2,48 a full-stack web framework, while the adopted format for
data exchange is JavaScript Object Notation (JSON),49 an open standard format that uses human
readable text to transmit data objects. In the following, we describe the different layers that
compose the geo-portal.

3.1.1 Client layer

This layer defines the interactions between the users (through an internet web browser) and our
geo-portal, and is responsible for providing users with remote and interactive access to the sys-
tem. The web interface has been designed using HTML5,50 which is the most widely used web
programming language, and CSS3,51 which is a standard style language for improving the
HTML5 web appearance. In addition, we also used jQuery,52 which is a JavaScript library for
controlling the web behavior. The interaction between the user and the web interface is captured
by the event handlers of the jQuery libraries. The web interface transmits the requests to the
server layer via HTTP,53 an application protocol for distributed, collaborative, hypermedia infor-
mation systems, and the foundation of data communication for the World Wide Web. Most of
the views are actually generated in the server using Symfony2, a robust web development
framework.

3.1.2 Server layer

The system is implemented as a web application in the sense that it provides remote access to a
set of clients (i.e., the end-users of our system) through Internet connections, so that web pages
are delivered to the clients while user requests are received and immediately processed. An ad-
vantage of this approach is that no additional software has to be installed on the client node, since

Fig. 2 Architecture of the proposed geo-portal.
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only a web browser is required for interacting with the geo-portal. The services provided by the
system are managed and executed on the server layer, which is composed of several elements
with different roles. As Fig. 2 shows, the web server handles web interface requests (via HTTP)
and manages the system resources such as metadata and file data storage. The metadata are
associated with the image scene and their products which are used for efficient data retrieval as
will be explained in the subsequent sections. The server layer can be considered as the main
engine of the system since it is in charge of managing and connecting the different components
that integrate it. The server layer is also in charge of storing image and product metadata, fol-
lowing a database scheme that is described in subsection 3.2. For the management of the data-
base we have selected Mysql,54 an open-source database manager which provides all the
necessary requirements for our system, such as stored functions and procedures, fast queries,
and low computational cost. This database manager is widely used for building high perfor-
mance webs. The Mysql database manager allows for the direct efficient execution of stored
procedures, which is needed in our context in order to deal with the high computational cost of
executing a matching algorithm for data retrieval involving several terabytes of data. On the other
hand, we also used an FTP55 file storage server in this layer for providing remote user access to
nonremotely accessible storage layer files. This module is ultimately in charge of providing a
temporal file storage of the files related to the user download requests. The files are automatically
deleted once a given limit time (parametrized value) is expired. This strategy allows for efficient
downloads of the products retrieved by the geo-portal after the end-user queries are completed.

3.1.3 Storage layer

The proposed geo-portal has been specifically designed bearing in mind the need to manage and
share a large amount of remote sensing data products obtained after applying the MODIS/
SEVIRI processing chain described in Sec. 2. The hardware resources utilized in the storage
layer comprise a set of DELL NAS56 processing nodes. First, a DELL PowerVault
NX320057 system is dedicated to storing the MODIS related products. It consists of a chassis
with up to 12 hard SAS58 drives, and an Intel Xeon E5-260959 CPU with 32 GB of RAM
memory. Security and high availability is provided by a PERC H71060 integrated RAID con-
troller which combines multiple hard disks into a logical unit for storage purposes. The overall
storage capacity comprises 30 terabytes using RAID 5 and a hot spare unit. On the other hand, a
second DELL node is dedicated to storing SEVIRI products. It consists of another DELL
PowerVault NX3200 connected to a DELL PowerVault MD120061 which provides 24
terabytes of additional storage capacity, for a total of 54 terabytes capacity for the SEVIRI prod-
ucts. Both the PowerVault MD1200 and the PowerVault NX3200 are connected through
PERC H80062 adapters. As mentioned before, the main purpose of this layer is to provide
advanced storage capabilities, so all interactions are performed through other layers of the sys-
tem that directly access this layer. The storage layer and the server layer are located inside a
private network which is remotely nonaccessible. Both layers are connected by using the
common Internet file system,63 a protocol that defines a standard for remote file access allowing
up to millions of connections at the same time.

3.2 Database Structure

Figure 3 illustrates the database scheme used to store remote sensing products in the proposed
geo-portal. The database has been designed in order to store information not only from the prod-
ucts, but also from the original remote sensing data (although in our current version only the
products are available through the geo-portal). The information stored in the database for each
image entry comprises the number of samples, lines, bands, data type, byte order, wavelength
information, interleave, thumbnails, geolocation, and sensor used (limited to MODIS/SEVIRI in
the present version but fully extensible to other sensor data in future developments). Most impor-
tantly, our system also contains information about the presence of cloud areas (called cloudiness
hereinafter) in the scene. Clouds were identified through IMAPP64 Level2 Cloud Mask
(MOD35) software. In order to minimize the database size, the geolocation data are confined
to the four extreme image coordinates of each data set. In practice, each image is decomposed

Sevilla et al.: New geo-portal for MODIS/SEVIRI image products with geolocation-based retrieval functionality

Journal of Applied Remote Sensing 096079-9 Vol. 9, 2015

Downloaded From: http://spiedigitallibrary.org/ on 08/27/2015 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



into 30 parts (called quarters) and we store geolocation and cloudiness information for each
quarter. In addition, relevant information about the data products are also stored in the geo-portal,
including type of product, resolution, sensor of acquisition, and so on. All this information can
be used for retrieval purposes using different queries. At this point, we reiterate that the database
structure has been designed to store not only the final products but also the raw data. Although in
the current version of the geo-portal, we only make available the final products to external users,
the system is also prepared to provide other different data levels (including the raw data). In the
following, we describe the database tables design.

3.3 Queries

Although the aim of this work is to offer remote sensing products, the retrieval system is
designed to retrieve remote sensing scenes which have associated products. Thus, the queries
are performed using the image associated metadata, which is the fastest procedure since all the
products of an image have the same query parameters.

In this subsection, we outline the queries that can be performed to retrieve remote sensing
products in the proposed geo-portal system. The geo-portal includes an advanced retrieval sys-
tem which provides high query performance. The query filters include acquisition date, used
sensor, geolocation, or cloudiness. It should be noted that the last two filters are only available
for MODIS images due to the geostationary character of the MSG platform, where geolocation
information for the SEVIRI data need not be included within each image. As for cloud infor-
mation for SEVIRI data, it is still not available, although we plan to include this information in
the geo-portal in the near future. In the following, we first describe the searching methodology
which relies on a newly developed geolocation matching algorithm. Then we describe the pro-
cedure used to perform the search from an end-user’s point of view (with particular emphasis on
the developed web browser interface and the searching options available in the system). Finally,
we describe the procedure used by the system to allow for remote downloads of data from
end-users.

3.3.1 Searching methodology

In order to deal with the time needed to perform image retrieval on a huge database such as the
one available in our geo-portal, the searching functionality has been designed in a way that the
queries are completely executed on the database manager engine. This is a very important aspect,
since the possibility to perform the queries directly in Mysql allows for greatly increased
performance as the queries are executed as simple SQL calls embedded in the database manager.

Fig. 3 Structure of the database used to store data and products in the proposed geo-portal.
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In previous versions of the geo-portal, we intended to use an external programming language
such as C++ in order to perform the queries, which resulted in a much slower response time. As a
result, the embedding of the queries into Mysql is considered to be one of the most attractive
features of the proposed geo-portal system as this design choice guarantees a high quality of
service. The interest region-based searches are implemented by means of a newly developed
geolocation matching algorithm, which works as a stored procedure in the database to resolve
geolocation-based queries. This algorithm is particularly useful for retrievals based on the
MODIS sensor, since this instrument provides images with irregular geolocation that makes
it difficult to link the data with a set of given geocoordinates. This introduced significant diffi-
culties since our idea was to visualize and retrieve the obtained products in an interactive fashion
based on available map services such as Google Maps. In order to address this issue, we have
developed a fast matching algorithm which compares two geographic regions using their four
extreme coordinates. This methodology is summarized in Algorithm 1.

As shown by Algorithm 1, the main idea of the proposed geolocation procedure is to estab-
lish the overlapping between a user-defined region and the corresponding image region. In other
words, the user interactively defines an area of interest over a map service (in our case, by draw-
ing a polygon in Google Maps) and the system should retrieve all the stored products of the
images that have some area overlapping with the region defined by the user in an interactive
fashion. The matching procedure is described in detail in Algorithm 2. As shown by this algo-
rithm, all comparisons are based on the four extreme coordinates for the user-defined region and
for the associated quarters. In order to manage the computational cost of the geolocation pro-
cedure, this technique has been designed in the form of an efficient stored procedure implemen-
tation, which exploits the high performance of the Mysql storage procedure engine and provides
low latency in the associated complex queries. At this point, it is important to reiterate that the
geographic matching of the regions/quarters is performed using geometric concepts which are
based on interpreting the coordinates as points and the regions as planes formed by those points,
as described in detail in Algorithm 2. In order to cover all the matching possibilities, we first
evaluate whether there is any intersection of lines from both planes and, if this is not the case,
we evaluate whether any point from either plane is inside the other plane by using the point-in-
polygon approach developed in Ref. 65. As described in Algorithms 1 and 2, the geolocation
matching technique executes different queries based on different filter inputs, which can be sim-
ply summarized as follows:

• No filters: all the scenes from the same sensor are retrieved.
• Interest region filter: only those scenes in which its geographic region matches with the

interest region are retrieved.
• Cloudiness threshold filter: only those scenes in which all quarters contain cloudiness

below the threshold are retrieved.
• Cloudiness threshold and interest region filters: only those scenes in which all quarters

within the region of interest contain cloudiness below the threshold are retrieved.

3.3.2 Searching procedure from end-user point of view

In this subsection, we outline how the searching procedure is conducted from an end-user’s point
of view. Figure 4 shows the browser interface of the geo-portal, which allows the user to select
several filters using a friendly interface. As shown by Fig. 4, the leftmost panel of the browser
allows specifying the type of sensor for the retrieval of associated image products, as well as the
maximum percentage of clouds allowed in the data to be retrieved. The leftmost panel also
allows for the retrieval of image products by date (or range of dates) and by geographic coor-
dinates. On the other hand, as Fig. 4 shows, the main panel of the browser includes a map
obtained from Google Maps service. The map panel is fully interactive and allows the user
to draw a polygon directly on the map in order to perform the retrieval only in the geographical
area delimited by the polygon. In order to achieve this functionality, the geolocation matching
technique described in Algorithm 1 and its associated matching procedures, described in
Algorithm 2, are used. In the following, we summarize the different steps that a simple
query involves:
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• First, the user can define simple criteria for the query, such as sensor or dates of acquisition,
in the leftmost panel of the browser as indicated in Fig. 4.

• In a second step, the user can refine the query by drawing a polygon in the map panel.
The geolocation matching technique will be used to retrieve only the images located in a
geographic area that has some overlap with the polygon. The system provides other addi-
tional options for selecting the region of interest coordinates, such as simple input form or a
set of pre-established zones, as indicated in the leftmost panel (see Fig. 4).

• As an optional step, the system allows for defining a maximum cloudiness filter, which is
used to restrict images with low visibility due to cloud contamination. After the user clicks
the search button, all the images matching the aforementioned searching criteria are
retrieved and the user can now download the desired image products. As Fig. 5 shows,
the system retrieves, in a table, a list of the image acquisitions together with their associated

Algorithm 1 Geolocation matching algorithm.

procedure GELOCATIONMATCHING(IMAGES,selectedPoints,maxCloudiness)

vectorResults = new Vector

for all IMAGES do

imagePoints = image.Points

resultIn = false

if (No selectedPoints) OR PLANEINTERSECTION(imagePoints, selectedPoints) OR ANYPOINTINPOLYGON

(imagePoints, selectedPoints) then

resultIn = true

if (maxCloudiness) then

quarters = image.quarters

for all quarters do

quarterPoints = quarter.Points

if (PLANEINTERSECTION(quarterPoints, selectedPoints) OR ANYPOINTINPOLYGON(quarterPoints,
selectedPoints)) then

if quarter.cloudPercent > maxCloudiness then

resultIn = false

Break For loop

end if

end if

end for

end if

end if

if resultIn then

vectorResults.push(image)

end if

end for

return vectorResults;

end procedure
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Algorithm 2 Matching procedure used by the geolocation matching algorithm.

procedurePOINTINSIDE(polygonPoints,testx,testy)

NUMPOINTS = 4

out = 0

if testx < MIN(polygonP.x) OR testx > MAX(polygonP.x) OR testy < MIN(polygonP.y) OR testy > MAX
(polygon.y) then

j = NUMPOINTS-1

for i ¼ 0 to NUMPOINTS do

z = polygonP[j].x - polygonP[i].x)* (testy - polygonP[i].y) / (polygonP[j].y - polygonP[i].y) +
polygonP[i].x

if (polygonP[i].y > testy =! polygonP.y[j] > testy) AND (testx < z) then

c =! c

end if

j ¼ i

end for

end if

return out

end Procedure

Procedure ANYPOINTINPOLYGON(imagePoints,selectedPoints)

NUMPOINTS = 4

for i ¼ 0 to NUMPOINTS-1 do

point = imagePoints[i]

if POINTINSIDE(selectedPoints,point.x,point.y) then

return true

end if

end for

for i ¼ 0 to NUMPOINTS-1 do point = selectPoints[i]

if POINTINSIDE(imagePoints,point.x,point.y) then

return true

end if

end for

return false

end procedure

Procedure PLANEINTERSECTION(imagePoints,selectedPoints)

NUMPOINTS ¼ 4

j ¼ NUMPOINTS − 1

for i ¼ 0 to NUMPOINTS-1 do

if (Line(imagePoints[j],imagePoints[i]) ∩ Line(selectedPoints[0],selectedPoints[1])) OR
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products; this table is fully interactive and allows the user to browse among the image
metadata and products. In the following subsection, we explain how the downloads (which
can involve multiple users concurrently accessing the database) have been implemented in
our geo-portal.

3.4 Downloading

The developed geo-portal has been designed to facilitate the access to the products which are
required by users. Once the scenes of interest have been retrieved using the searching procedure
described in the previous subsection, the user can select and download the products associated
with the image matching the search criteria. In this regard, the geo-portal offers the capability to
browse among the products of the images resulting from the filtering procedure and to individu-
ally select them for download. In addition, as Fig. 5 shows, the main panel of the browser
includes a list of the available products which offer the capability to download the selected prod-
ucts of all the images selected in the table. A file storage server (based on the FTP protocol) is
used for downloading purposes, so the server creates a folder with all the requested products that

(Line(imagePoints[j],imagePoints[i]) ∩ Line(selectedPoints[1],selectedPoints[2])) OR

(Line(imagePoints[j],imagePoints[i]) ∩ Line(selectedPoints[2],selectedPoints[3])) OR

(Line(imagePoints[j],imagePoints[i]) ∩ Line(selectedPoints[3],selectedPoints[0])) then

return true

else

j ¼ i

end if

end for

return false

end procedure

Fig. 4 Browser interface of the developed geo-portal.
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are available for the user to download. The selected products will be deleted from the server after
a number of days (variable value). In this way, once the user executes the download option by
clicking the corresponding button in the browser (see Fig. 5), the system creates the temporary
folder, copies the selected products to the folder, and shows a pop-up message to the user
together with the FTP download link. As mentioned before, the system has been implemented
so as to support a large number of simultaneous connections and concurrent data downloads and
is able to execute the queries with a high performance and with significant quality of service.
In the following section, we provide an experimental evaluation of the system in terms of geo-
location accuracy and computational efficiency in resolving the incoming queries.

4 Experimental Results

In this section, we evaluate the proposed geo-portal from two different perspectives: the effi-
ciency in the retrieval of data products and the accuracy of the proposed geolocation matching
algorithm. The section is organized as follows. In Sec. 4.1, we describe the MODIS/SEVIRI data
sets and products used for our experimental validation. In Sec. 4.2, we illustrate the accuracy of
the proposed geolocation matching algorithm used to retrieve products from our geo-portal.
Finally, Sec. 4.3 performs an evaluation of the computational performance and response
times measured in the retrieval process.

4.1 Data and Products

The experiments have been carried out using the full database of MODIS/SEVIRI images which
have been processed (using the methodology described in Sec. 2) at UCG/IPL from July 2010 to
January 2014 (in the case of MODIS) and from July 2007 to January 2012 (in the case of
SEVIRI). This comprises a total of 7626 scenes and 165,406 products of MODIS (occupying
a total space of more than 7 terabytes of products) and a total of 163,813 scenes and 313,345
products of SEVIRI (occupying a total space of more than 10 terabytes of products). For the
MODIS data, it should be noted that the MODIS instrument provides images from (plus/minus) a
55 deg scanning pattern at the EOS orbit of 705 km, achieving a 2330-km swath. Thus, the
features of these images are different in every acquisition. This includes width, height, or geo-
location. In this way, two images from the same area can have different dimensions (width of

Fig. 5 Search results retrieved by the browser interface.
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1354� 10 pixels and height of 5000� 200 pixels). This aspect complicated the geolocation
process for these images, as indicated before. In order to illustrate this issue further, the following
subsection provides an evaluation of the geolocation retrieval accuracy in the case of
MODIS data.

4.2 Geolocation Retrieval Accuracy

The accuracy of the proposed geolocation-based retrieval system has been evaluated using a case
study based on a query centered in the Canary Islands (35 deg north latitude, –9 deg south latitude,
20 deg east longitude, and –20 deg west longitude), as indicated in the user-drawn polygon
depicted in Fig. 4. For illustrative purposes, the query was performed for a specific day
(July 12, 2010), in which five different MODIS images were returned. For simplicity, we did
not apply the cloudiness threshold in this experiment to remain focused on the evaluation of
the geolocation results. For illustrative purposes, Fig. 6 graphically illustrates the geolocation accu-
racy achieved by our system in this particular experiment. More specifically, in Fig. 6, the red
polygons represent a region of interest defined by the user (see Fig. 4), and the blue polygons
represent the available MODIS images collected at different times on July 12, 2010. The inter-
section areas are displayed in cyan color. As shown by Fig. 6, three different images exhibited
some degree of overlapping with the user-defined area. Note that the images acquired by MODIS
at 01 h 24 min and 12 h 29 min did not overlap at all with the user-defined area; hence, these
images were not retrieved by the geo-portal. In turn, the image acquired byMODIS at 03 h 02 min,
10 h 48 min, and 21 h 52 min exhibited some (partial) overlapping with the user-defined search
area and were retrieved. We conducted several additional experiments using a larger number of
involved images and user-defined searching areas with the same accuracy results, which confirmed
the high precision of the geolocation matching algorithms developed for the geo-portal.

4.3 Efficiency in Retrieval

In this subsection, we evaluate the retrieval performance of the proposed geo-portal. For this
purpose, we considered three different types of queries and measured the time in seconds from
the query execution to the query completion, i.e., the effective time that the geo-portal took in
order to provide the data solicited by the user for download purposes. Specifically, the types of
queries considered in our tests were the following ones:

Fig. 6 A case study illustrating the geolocation matching accuracy of the developed geo-portal.
The red polygons represent a region of interest defined by the user (centered over the Canary
Islands, as depicted in Fig. 4) and the blue polygons represent the available moderate resolution
imaging spectroradiometer (MODIS) images at different hours on July 12, 2010. The intersection
areas are displayed in cyan color. In our experiment, only the cases in which there was overlap
between the user-defined area and the available images resulted in data retrievals, which con-
firmed the good performance of the geolocation matching algorithm.
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• In the first type of query, we used a no filter scenario so that all the images from the same
sensor could be retrieved. We performed this query for all the MODIS data and also for all
the SEVIRI data, so that we could evaluate the performance of the system in retrieving all
the data stored in the system by sensor type.

• In the second type of query, we analyzed the performance of the interest region filter. In this
case, we used the same case study illustrated in the previous subsection, in which a query
centered in the Canary Islands (35 deg north latitude, –9 deg south latitude, 20 deg east
longitude, and –20 deg west longitude) was used after a user-defined region was estab-
lished in the map panel of the geo-portal browser as depicted in Fig. 4.

• The third type of query analyzed the cloudiness threshold filter in combination with the
interest region filter. This means that, for the considered user-defined region of interest
centered in the Canary Islands and depicted in Fig. 4, we retained only those images
that contain less than 80% cloudiness and discarded the rest. In all cases, we avoided estab-
lishing a filter for the retrieval of images based on the date in order to have a complete
exploration of the whole database in multitemporal fashion.

As shown by Table 3, the retrieval times were quite fast for the three types of considered
queries. The fastest cases correspond to the retrieval of all MODIS images and all SEVIRI
images, which took less than 1 s to be completed. This is because the only filter applied in
the query was the one given by the sensor type, which allowed for a very fast retrieval of the
images corresponding to each type of sensor. In any event, given the very high number of images
retrieved (7626 for MODIS and 163,813 for SEVIRI), we consider that the retrieval times were
extremely fast. This indicates that the architecture of the proposed system can handle large vol-
umes of data while providing very fast response times for the queries, implemented directly in
the Mysql database manager. When the region of interest was defined, the query based on the
considered region centered around the Canary Islands returned 5153 MODIS scenes, which is
also a considerable amount of information. In this case, the geo-portal could provide the result of
the query in approximately 9 s. Finally, the most complex query executed was completed in
approximately 37 s. Such a response time is due to the fact that the cloudiness threshold
was applied in a combined fashion with the region of interest filter, which means 30 combined
comparisons for each image, since the cloudiness in the image is split into 30 quarters. Thus, this
query is more complex in terms of execution than the previously considered ones. Still, the
retrieval time in this case is considered to be quite appropriate bearing in mind that the
query took as input the whole MODIS image database which comprises approximately 8 ter-
abytes of data. At this point, we reiterate that the queries retrieve the images and also their prod-
ucts, but no product-related filters are available in the searching process since all the products of
an image have the same query parameters.

5 Conclusions and Future Work

In this paper, an on-line geo-portal has been developed to manage a standardized data repository
for multispectral images and their advanced products, which supports dissimilar sensors in order

Table 3 Time (in seconds) that the geo-portal took to complete several types of queries applying
different filters when exploring the whole database of MODIS/SEVIRI images. The images are
filtered by date from July 2010 to January 2014 (in the case of MODIS) and from July 2007 to
January 2012 (in the case of SEVIRI). In the queries based on a region of interest, we used
an area centered over the Canary Islands depicted in Fig. 4. The cloudiness threshold considered
in experiments was 80%, so that we filtered out the images containing more clouds than estab-
lished in this threshold.

Only date filter
(SEVIRI images)

Only date filter
(MODIS images)

Region of interest
(MODIS images)

Cloudiness and region of
interest (MODIS images)

Images retrieved 163,813 7626 5153 2592

Time (seconds) 0.008 0.008 9.101 37.078
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to provide a wide perspective of the studied areas. A main characteristic of our geo-portal is that
it provides access to processed final products. This eliminates the need to perform the processing
of the data offline by integrating the data processing into the geo-portal. The data processing is
accomplished in real time, i.e., as soon as the MODIS/SEVIRI data are collected by the receiving
antenna our system obtains the resulting products and stores them in our database, which also
handles the raw data. This makes the final product immediately available to the wide remote
sensing community and allows for a detailed exploration of the high-level products obtained
after the data processing.

The geo-portal has been designed in a modular way and implemented using advanced soft-
ware and hardware infrastructures, allowing for the fast execution of queries embedded into our
database engine as stored procedures. Most importantly, the geo-portal includes the possibility to
perform geolocation-based product retrieval by defining regions of interest (and applying several
types of filters) in a user-friendly browser that allows for a complete interaction with a map server
such as Google Maps. Here, the map server is used to perform interactive-based queries on user-
defined regions of interest. These regions are very easy to define and the user has the possibility
of selecting an area and visualizing the overlapping products available in the system in a very
intuitive manner, which enhances the usability of the system.

In terms of storage and retrieval capacity, the geo-portal currently provides impressive fea-
tures: more than 9000 MODIS acquisitions and 200,000 resulting products (products occupy a
total space of more than 11 terabytes of data) and more than 300,000 SEVIRI acquisitions and
600,000 resulting products (products occupy a total space of more than 17 terabytes of data).
These products can be retrieved in a very fast manner and downloaded for further analyses.
It should be noted that the amount of data available for download keeps growing as new acquis-
itions are processed and added to the database. This results in a massive amount of information
that is now fully available to the remote sensing community through the developed geo-portal.
As future work, we plan to include images and products collected from other sensors in addition
to additional MODIS/SEVIRI products. We are also planning on integrating additional content-
based image retrieval functionalities into the geo-portal, in the vein of the developments recently
presented in Ref. 66.
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