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a  b  s  t  r  a  c  t

Using  suitable  information  storage,  management  and processing  resources  is essential  when  Precision
Agriculture-based  applications  are  developed.  Nowadays,  traditional  client-server  paradigm  is  useful  but
it might  not  be  enough  for  this  purpose.  The  amount  of  data  that  could  be stored  and  processed,  and  the
need  of generating  complex  knowledge  and  rules  that  allow  stakeholders  to take  appropriate  decisions
related  to  crop  optimization  are leading  researchers  to pay  attention  to new  solutions  based  on  designing
software  architectures  in the Cloud.  This  paper  demonstrates  that using  cloud  services  in the  agronomic
context  could  be  considered  as  highly  beneficial.  In  particular,  the used  cloud  provider  is  FIWARE,  since
it  provides  open  source  and  free  development  modules,  and  even,  several  enablers  for  agriculture.  An
application  has  been  developed  by using  the  FIWARE  components,  and  it  has  been  validated  in real  crops
located  in  a semiarid  area  of  the  South  of  Spain  with  the  aim  of  reducing  the amount  of  water  necessary  for
irrigation  tasks.  The  advantages  of  using  FIWARE,  opposite  to  the  use  of traditional  systems,  are  properly
analysed  and  highlighted.  In  addition,  a discussion  that  emphasizes  the  advantages  of using FIWARE
instead  of other  well-known  cloud  providers  is also  presented.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Water and food are the main resources that meet the needs of
human beings. Agriculture provides most of the food, but it also
consumes most of the Earth’s available fresh water. Furthermore,
agriculture is not only a food source, but the main income stream
for more than 70% of population in certain regions of Earth, such
as many areas in Africa with low-income economies (Chibuzor and
Lionel, 2006). On the other hand, the food and agriculture sector
represents 5.9% of world Gross Domestic Product (GDP), at least
35% of worldwide employment, and in the European context it is
one of the largest manufacturing sectors (Brewster et al., 2012).

In arid and semiarid regions, as Southern Spain, the water supply
is an important factor that considerably affects agriculture. In fact,
water optimization is a key requirement for sustainable and eco-
nomically profitable crops in such areas (IDAE, 2005). Development
of innovative irrigation systems that efficiently use water is a major
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priority. In these regions, farmers must irrigate their crops effec-
tively; therefore, they must find new solutions and methods that
improve the irrigation programming systems, taking into account
not only the state of the soil and the plants, but also climate infor-
mation. All these data should be properly interpreted to decide the
most suitable actions to carry out.

Precision Agriculture (PA) is a set of techniques that provide
a suitable solution to these problems because it aims to optimize
field-level management with regard to crop science by matching
farming practices more closely to crop needs. Economic advantages
are also obtained by boosting competitiveness through more effi-
cient practices (e.g. better management of water usage and costs).
On the other hand, Information and Communication Technologies
(ICTs), such as Global Positioning Systems (GPS), and Geographic
Information Systems (GIS), Remote Sensing and Wireless Sensor
Networks (WSNs), among others, are used to acquire informa-
tion about the crop needs. PA techniques use this information to
achieve the proposed objectives, in particular, intensive monitoring
of crops, data analysis, decision making and application of control
actions (López et al., 2015; Zhang et al., 2002).

According to scientific literature, many ICT-based agricultural
applications have been carried out during the last two decades (De
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la Rosa et al., 2016; García Morillo et al., 2015; López et al., 2015;
Navarro-Hellín et al., 2015; Oates et al., 2015; Puerto et al., 2013).
Most of these applications need to use a great amount of informa-
tion that should be properly acquired or generated, processed and
stored. Almost all of these solutions are based on proprietary sys-
tems or simply developed at research level, and both approaches
are usually incompatible. Consequently, there is not currently (and
it is probably hard to obtain), a common worldwide database with
a normalized schema for freely sharing agricultural information
between stakeholders in the context of PA.

Having this database available would be very interesting for
administrations and governments, since water resources distribu-
tion could be more efficiently planned. Moreover, appropriately
processing the information by using novel statistical and Soft
Computing-based approaches should be very useful for generat-
ing knowledge that enables taking decisions and predicting future
undesirable happenings (or their consequences), such as droughts,
plagues or climate events, among others.

Given that building this kind of agricultural information stor-
age should be enormously beneficial, new Cloud Computing-based
techniques should be considered for meeting this goal. However,
many of the existing PA-based systems are currently implemented
by using traditional web hosting servers (Vyas et al., 2016). On the
other hand, those that include Cloud Computing techniques often
use general purpose cloud providers that do not offer agriculture-
oriented specific services. Furthermore, most PA-based systems are
usually designed ad-hoc with the purpose of solving a specific prob-
lem in a specific kind of crop; therefore, most solutions are not
easily applicable in another context (Sales et al., 2013).

Future Internet-based solutions could successfully address the
problem. In particular, the Future Internet (FI) could be considered
as a set of related emerging technologies and standards (Granell
et al., 2016). Specifically, the pervasive connectivity promised
by the Cloud Computing paradigm, the Internet of Things (IoT)
phenomenon and Big Data innovations might lead to disruptive
changes in the design and development of data-intensive applica-
tions as the required in PA. In particular, the EU’s Future Internet
Public-Private Partnership (FI-PPP) is a program that aims to make
service infrastructures and business processes more intelligent,
more efficient and more sustainable through tighter integration
with FI technologies (Brewster et al., 2012). The use of these
technologies could allow researchers and developers to design
and implement normalized storage systems for saving worldwide
agronomical information that stakeholders could easily share and
process with the aim of generating knowledge, useful for decision
making in an agronomical context.

In literature, works that analyse the possible benefits of applying
Cloud Computing to Smart Farming can be found (Zhu et al., 2013;
Choudhary et al., 2016); however, most of them do not address how
to design software architectures in this context.

The main objective of this work is focused on designing a cloud-
based software architecture that enables the deployment of PA
systems, based on the use of WSNs, capable of acquiring informa-
tion of the crop, sending it to the cloud and transparently storing,
managing and sharing such information. Such architecture consists
of a set of software components that allow worldwide agronomi-
cal information to be warehoused in a common data warehouse
that stores normalized information from the agronomical point of
view. The Cloud Computing paradigm has been selected for design-
ing and developing the mentioned architecture, since it exhibits
interesting features, such as cost reduction, agility, scalability and
elasticity, among others, when such paradigm is compared to other
traditional web hosting services. In particular, the system has been
deployed and proved in the FIWARE Cloud, since FIWARE is a part of
the mentioned FI-PPP program and it provides certain advantages
over other known cloud providers, mainly related to cost and the

existence of specific products and services that could be used in the
agricultural context. The tests have demonstrated that using such
architecture, agronomical data registration is easy and transparent
regardless of the used hardware architecture.

The paper is organized as follows. Section 2 describes the
methodology, tools and software modules that have been used
in this work, together with the hardware architecture that has
allowed the Cloud-based software architecture to be properly vali-
dated. Section 3 shows the main obtained results. Such results have
been appropriately discussed with the purpose of demonstrating
that the proposed architecture (and, in general, the FI paradigm),
provides interesting benefits and advantages in the agronomical
context. Finally, main conclusions and future work are shown in
Section 4.

2. Materials and methods

In the PA context it is necessary to design systems capable of
monitoring different variables that affect the crop growing process
(soil, environment, water and plant), and to use appropriate tech-
niques to analyse such information allowing stakeholders to take
decisions related to production optimization. For this purpose, an
autonomous, compact and wireless device, compatible with most
agronomic sensors found in the market and which could be placed
anywhere in the crop, has been developed. Specifically, the device
is capable of sensing different parameters such as water content,
temperature or electrical conductivity and matric potential in the
soil, among others, at present. This allows the farmer to get infor-
mation about the water needs of the crop in real time, and to take
decisions about how to manage irrigation in an optimal manner.

Such device is the essential component of a Wireless Sensor
Network, that can be deployed with the aim of monitoring crops.
The retrieved information should be properly stored and pro-
cessed; consequently, an appropriate software architecture should
be defined and implemented for this purpose. This software archi-
tecture should have a set of specific features and should meet
some requirements. Particularly, it should allow the implemen-
tation of a distributed, reliable and secure collection of modules
and components, which should be easily shared and reused. The
mentioned architecture is also required to be scalable and elas-
tic (from the hardware and software resources point of view).
Finally, and not less important, such architecture should provide
a set of rich, universal and easy to use Web  Services, which enable
the storage and management of information generated by most of
devices and hardware architectures used in the context of agri-
culture. According to this purpose, a common worldwide database
with a normalized schema for freely sharing agricultural informa-
tion between stakeholders involved, in the context of PA, should be
achieved. As it will be explained and justified below, the FIWARE
platform has been selected for meeting the aforementioned fea-
tures and requirements.

The following subsections describe the farms where the sensor
nodes have been deployed (with the purpose of validating the cor-
rect operation of the proposed software architecture). After this,
the hardware architecture components and FIWARE modules that
have been used will be described. Finally, the tests carried out for
validating the cloud-based architecture will be also detailed.

2.1. Experimental plots/description of the farms

Widhoc Smart Solutions S.L. is a Spin-Off of the Technical Uni-
versity of Cartagena, in Murcia (Spain) which provides products and
services, mainly, for optimizing the irrigation water in the agricul-
tural sector. This company, which has a lot of costumers of woody
and horticultural crops, distributed in the southern of Spain (see
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