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Abstract

The applications of ubiquitous computing have increased in recent years, especially due to the development
of technologies such as mobile computing and its integration with the real world. One of the challenges
in this area is the use of context sensitivity. In agriculture, this can be considered as the context related
to the environment, such as the chemical and physical aspects that characterize the different soil types. This
scenario periodically changes due to factors such as climate, type of cultivar and soil management technique
used, among other aspects. This article presents a systematic review on the research works that explore
ubiquitous computing in precision agriculture, including which technologies are being currently applied
and which gap scan still be researched. Nine scientific repositories were explored to find articles about
precision agriculture and ubiquitous computing. As a result of this search and filtering process, 32 works
were reviewed, analyzed and categorized between the years of 2009 and 2019. In general, the reviewed
articles concentrate on problems arising from the communication between sensors and the management
of context-sensitive data.
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Introduction and extract data from the environment, which helps

users to perform their tasks (Satyanarayanan, 2001).
Precision agriculture is a suitable strategy

to increase productivity, which al-lows the rational
use of inputs and reduces the environmental
impacts caused by agricultural practices. Currently,
the inputs are used in a variable way to meet
the specific needs of each location, thus optimizing
the production process. However, it is necessary
to characterize the soil spatial variability to check
chemical and physical attributes through several
representative sampling (Costa, de Passos et al.,

Context-aware  applications are  necessary
for this vision to become real-ity (Dey et al.,
2001). Context means any information that
allows the characterization of an entity situation
that is relevant to the interaction between a user
and an application, which includes information
about the situation, identity and lo-cation
of people, groups and physical or computational
objects. Through the knowledge of contextual

2014; Bonfante et al., 2017). data, an applicatiop can adjust its own fgnctioning

or even act proactively, such as by alerting users '
Generally, computing research has aimed to develop to a specific scenario or aiding them to develop
techniques to integrate information technology activities more efficiently. The generated
into people’s daily lives, so that they are proactively information ~ will enable the construction
assisted by technology while they execute their daily of a historical database for posterior decision

activities (Weiser, 1999). Ubiquitous computing making (Hong et al., 2009; Ciaramella et al., 2010).
seeks new forms of communication and interaction
that are distributed in the environment, either
in a perceptible or imperceptible way. Furthermore,
through the use of sensors, computers can detect

This article uses the systematic review methodology
developed by Petersen et al. (2008) to conduct
a review of the use of ubiquitous computing




in agriculture. Guided by the search and two-phase
processing, this article concentrates on discovering
the main authors in this area. This article also
looks for the most relevant works, in addition
to the possible research gaps and their challenges.

Materials and methods

This article uses a systematic review methodology
to” identify, analyze and interpret all the available
evidence related to a specific research question”
(Kitchenham & Charters, 2007), which in this
case are relevant to the application of ubiquitous
computing imprecision agriculture. This type
of methodology not only discusses the conclusion
but also examines all of the activities related
to the discovery. Hence, a systematic study
collects data when the activity occurs
and the media in which it was published,
and then maps this connection (Cooper, 2016).
The methodology consists in the execution
of the following steps: a) establish research
questions; b) design the process of the research
and c) define criteria for filtering results.

Research questions

The research questions led this study to discover
works related to the theme. The goal of these
questions is to understand how ubiquitous
technologies are being used to help in precision
agriculture. It is also desirable to find how specific
technologies are applied between agriculture
and context awareness. Finally, clusters
of commonly used terms within selected articles
were generated to support the identification
of academic research interest trends. Therefore,
five questions were established and presented
in Table 1.

Research process

Petersen et al. (2008) defined three stages
of a research process: specify the search string,
choose the databases to apply them and then get
the results. The first stage starts by identifying
the keywords and their related terms. In this
study, we chose the keywords ‘“Ubiquitous”
and “Agriculture” and also other related terms,
as indicated in Table 2.

Keyword Related terms

Ubiquitous | Context-aware OR Context-sensitive OR
Context awareness OR Pervasive OR
Internet-of-things OR IoT

Agriculture | Agronomy OR Soil

References | Questions

RQ1 Which technologies support precision
agriculture?
RQ2 Where are these technologies being applied

in precision agriculture?

RQ3 How is ubiquitous computing being used
to support precision agriculture?

RQ4 Which are the main clusters of research that
express the terms ubiquitous computing
and precision agriculture?

RQS5 What is the number of publications per database
and per year?

Source: own processing

Table 1: Research questions.

Source: own processing

Table 2: Search terms.

These terms generated the following search string
to be used in the search databases:((ubiquitous OR
context-aware OR context-sensitive OR context
awareness OR pervasive OR internet-of-things OR
iot) AND (agriculture OR agronomy OR soil)).
The term “soil” was inserted in the search string
because the term “agriculture” covers other
sub-areas of application, such as aquaponic,
permaculture, indoors agriculture, organic,
subsistence, among others. This enabled this
study to filter only the works related to intensive
agriculture applied to the soil; that is, that have high
productivity, large extensions of land and the use
of modern techniques and mechanizations.

Once the search string was defined, we constructed
the research parameters to be used on the databases.
In the second step, we selected eight re-search
databases relevant to the area of computing,
including the ACM Digital Library, Semantic
Scholar (Citeseerx), Google Scholar, IEEE Xplore
Digital Library, Scopus, Science Direct, Springer
and Wiley Library. Research in the ACM Digital
Library required the use of advanced search
features, where each of our strings was inserted
in the “Edit Query” tool. Similarly, this practice
was applied in the Semantic Scholar (CiteSeerX),
Google Scholar, IEEE Xplore and Scopus databases.
Only in the Science Direct and Google Scholar base
was the string applied in a simple search box that is
available on the main page of these sites.

Filters application
To filter the most relevant works, we generated

the following Inclusion Criteria (IC) for this
selection:




—IC1: The study must be published in a conference
proceeding or journal.

—IC2: The study must be related to the context
of use of ubiquitous com-putting
in agriculture.

—IC3: The study must be a full paper.

In turn, the Excluding Criteria (EC) were also
defined, as follows:

—EC1: Studies published before 2009.
—EC2: Studies that are not written in English.
—EC3: Studies related to theses or dissertations.

—EC4: Studies that are not related to research
questions.

The inclusion and exclusion criteria helped
the filtering process to obtain the most relevant
studies and to eliminate any noise generated during
the search. The studies obtained in the search
process were filtered, and those that did not fit
in the inclusion criteria were removed. The articles
were stored in the Mendeley Desktop© program
and organized in specific folders to each database.
The next step was to analyze the works by title and
abstract, so that they could be later combined in the
same folder. Six articles were added by heuristic
because they are relevant for this study, even though
they were not found during the search process.

The next filter was based on the first two passes
of the three-pass approach introduced by Srinivasan
Keshav (Keshav, 2007). The first pass is a quick
sweep, consisting of: 1) reading the title, the abstract
and the introduction; 2) reading only the heading
of the section and subsection, but ignoring all
the rest; 3) looking the mathematical contents
(if there is any) to determine the underlaying
theoretical ~ fundamentals; and 4) reading
the conclusions. The second pass consisted
of carefully analyzing the figures, diagrams
and any other illustrations in the article, giving
special attention to the graphics. Finally,
the remaining articles were filtered by the analysis
of the full text and the observation of the exclusion
criteria EC4.

Figure 1 presents the filtering process, with IC
and EC applied at each stage, with the Scopus
and Science Direct databases bringing together
more assertive works related to the search string
with 46.4% of the filtered results. The Semantic
Scholar and Wiley databases presented many
unrelated works.

Figure 2 shows the result of this processing
before the article combination stage. The filtering
process also brought works related to subareas
of computation, such as hardware architecture
and networks applied to precision agriculture.
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Figure 1: Stages of the filtering process.




Threats to validity

As in any work involving a systematic review,
this research presents some risks that can affect
the obtained results. These risks are directly related
to the data filtering process. To reduce the risk
margin, this research searched data in nine different
databases, selected from their relevance in the areas
of ubiquitous computing and agriculture.

The research string was constructed considering
the main terms and some related words to ensure
the greatest possible coverage of keywords
in the search, avoiding an ineffective search.

Wiley

Springer
Scopus

Google Scholar

|EEE Xplore
Science Direct

Semantic Scholar

ACM Digital Library

Source: Own processing

Figure 2: Databases where the researches were found before
the combination stage.

The Petersen technique was used to mitigate
the risk that important works may have been
removed from the research (Petersen et al.,
2008). During this process, articles were analyzed
and selected without a reviewer. To reduce the risks
that the results may have been affected, we used
the review process already handled by other authors
(Diazetal., 2011; Vianna & Barbosa, 2017), we also
used software that supports this selection process,
especially the Mendeley Desktop© program.

Results and discussion

This section details the survey results obtained
by reading and analyzing the 32 mapped studies.
In addition, the research questions were
answered and additional discussions and analysis
on the studies were presented.

RQ1 - Which technologies support precision
agriculture?

The technologies that support precision agriculture
were analyzed and categorized as loT & Sensors
Applications, Architecture Model, Semantic

& Ontology and, finally, Wireless Network
Sensor (WSN). Table 3 maps the works with their
categorization.

Based on this question, most of articles focused
on WSN. There is a big difference between loT
and WSN, which causes these terms to have
been categorized separately. In an IoT system, all
of the sensors directly send their information
to the Internet, such as soil temperature
and moisture. In this case, a direct connection
to the Internet will be open immediately
or periodically to synchronize data. Already
in a WSN, the various sensors connect to some
kind of router or central node. A large collection
of sensors, as in a mesh network, can be used
to individually gather data and send data through
a router to the Internet in an IoT system. In other
words, WSN is a subset of IoT.

Technology Articles Percentual

(Nash, Korduan et al., 2009),
(Coérdoba, Bruno et al., 2013),
(Stojanovic, Falconer et al.,
2017), (Phillips, Newlands

et al., 2014), (Georgakopoulos
and Jayaraman, 2016),
(Tzounis, Katsoulas et al.,
2017), (Shao, Meng

etal., 2017), (Aswathy

and Malarvizhi, 2018),
(Dobrescu, Merezeanu et al.,
2019), (AlZu’bi, Hawashin
etal., 2019)

ToT

0,
and Sensors 31.25%

(Steinberger, Rothmund

et al., 2009), (Cho, Moon et al.,
2011), (Kaloxylos, Groumas
etal., 2014), (Lopes, Souza
etal., 2014), (Gelogo, Un-Bae
etal., 2014), (Babou, Sane
etal., 2019), (Jearanaiwongkul,
Andres et al., 2019), (Cho,
2019)

Architecture

0,
Model 25.00%

Semantic (Sivamani, Bae et al., 2013),

0,
and Ontology | (Schuster, Lee et al., 2011) 6.25%

(Lee, Hwang et al., 2010),
(Diaz, Pérez et al., 2011),
(Sabri, Aljunid et al., 2012),
(Kaloxylos, Eigenmann et al.,
2012), (Rawat, Singh et al.,
2014), (Shi, Li et al., 2014),
(Ndzi, Harun et al., 2014),
(Bhanu, Reddy et al., 2019),
(Simbeye, 2020), (Ali, Ming
et al., 2017), (Sivamani,
Choi et al., 2018), (Keswani,

WSN 37.50%

Mohapatra et al., 2019)

Source: Own processing

Table 3: Technologies that support precision agriculture.




RQ2 — Where are these technologies being
applied in precision agriculture?

Analyzing the results according to Table 4, most
technology applied in precision agriculture was
about improvements of communication between
sensors, in the same direction that RQ1 appointed.
network communication followed by the soil
analysis and context sensitive applications. In this
last case, the control centers collect and process
data in real time to help the farmers to make
the best decisions related to planting, fertilizing
and harvesting.

Technology Articles Percentual

(Nash, Korduan et al.,

2009), (Stojanovic,

Falconer et al., 2017),

(Shao, Meng et al., 2017),
(Aswathy and Malarvizhi,
2018), (Georgakopoulos

& Jayaraman, 2016),
(Steinberger, Rothmund

et al., 2009), (Babou, Sane
Improving etal., 2019), (Schuster, Lee
communication | etal., 2011), (Lee, Hwang

et al., 2010), (Diaz, Pérez
etal., 2011), (Sabri, Aljunid
etal., 2012), (Kaloxylos,
Eigenmann et al., 2012),
(Rawat, Singh et al., 2014),
(Shi, Li et al., 2014), (Ndzi,
Harun et al., 2014), (Bhanu,
Reddy et al., 2019), (Simbeye,
2020), (Ali, Ming et al., 2017)

56.25%

(Cérdoba, Bruno et al., 2013),
(Phillips, Newlands et al.,
2014), (Tzounis, Katsoulas
etal., 2017), (AlZu’bi,
Hawashin et al., 2019),
(Dobrescu, Merezeanu et al.,
2019), (Cho, Moon et al.,
2011), (Kaloxylos, Groumas
et al., 2014), (Lopes, Souza

et al., 2014), (Gelogo, Un-Bae
et al., 2014), (Jearanaiwongkul,
Andres et al., 2019),
(Sivamani, Bae et al., 2013),
(Cho, 2019), (Sivamani,

Choi et al., 2018), (Keswani,
Mohapatra et al., 2019)

Context
awareness

43.75%

Source: Own processing

Table 4: Applying technology in precision agriculture.

RQ3 — How is ubiquitous computing being used
to support precision agriculture?

According with Table 4, there is currently
a big gap (56.25% of the articles) in improving
communication  between  the  distribution
of the sensors and the base. Technology such
as WSN has boosted agricultural research because
there is no longer a need for cables to receive

the information but instead solutions are available
to avoid the loss of data, to enable synchronization
and to improve sensor power efficiency.

A total of 14 articles were identified that used
the contexts as defined by Dey et al. (2001).
The main goal of these researchers was to improve
the use of technology in favor of increased
production in the planted area. The major challenge
of ubiquitous computing is related to the need
of the applications be context-sensitive so that,
when appropriate, they respond through decision
making. All of these studies of context awareness
that were selected in the mapping are presented
in Table 5.

RQ4 — Which are the main clusters of research
that express the terms ubiquitous computing
and precision agriculture?

Figure 3 presents the result of a bibliometric
mapping tool known as VOSViewer, which was
used to identify relevant works by publication year
(Van Eck & Waltman, 2009). It is also possible
to verify the common terms within publications
and interest relating to ubiquitous computing
and precision agriculture. All of the selected
studies focus on four terms, in order of relevance:
sensor network, context, sensor node and soil.
The WSN is one of the most promising technologies
for the agricultural sector. WSN enables
advancements in ubiquitous computing due to their
availability, small size and low price, resulting
in an easy and cost-effective implementation.

RQ5 - What is the number of publications
per database and year?

Figure 4 presents the publications grouped
according to the year of publication. However,
it should be noted that the year of creation of this
article (2019) is still on going and other articles
could compose this statistic. In the last six
years, the number of publications on agriculture
and ubiquitous computing increased when
compared with the rest of the beginning period,
except 2015. This growth shows the interest
of researchers in improving agriculture, as well
as in improving the quality of products through
the better monitoring of production. The number
on the top of peaks indicates the total of publications,
excluding duplicates.

Discussion

Only 10 studies or 31.25% of the articles used
IoT and Sensors to support precision agriculture
(Table 3). Among these, the most popular
technology was WSN with 12 articles.




Reference

Objective

(Cérdoba, Bruno et al., 2013)

This work proposed and illustrated the implementation of a new method for delineation of management
areas using satellite images to understand spatial variation within a field and to optimize the use
of agricultural inputs (seeds, agrochemicals and soil amendments).

(Phillips, Newlands et al., 2014)

This work discussed a series of key recommendations for monitoring the soil moisture dynamics

at a field scale to integrate with remote sensing and decision support models. It also concluded that

for integrated sensing to be utilized for long-term operational monitoring and decision support web
services, soft-ware tools and analysis tools need to be developed. Thus, data from multiple sources could
be analyzed and integrated with various models for crop production, food security and environ-mental
change.

(Tzounis, Katsoulas et al., 2017)

This work presented an overview of recent [oT technologies, their current penetration in the agricultural
sector, their potential value for future farmers and the challenges that IoT faces for its propagation
in order to optimize production by many ways, including distributed and pervasive computing

(Dobrescu, Merezeanu et al., 2019)

This work controlled and monitored an irrigation system connected to an IoT platform to promote

the integration of sensor networks and the Cloud. For these tasks, it was necessary to guarantee semantic
interoperability, develop context recognition middleware, implement a structure for real-time control
development, and maintain a monitoring management.

(AlZu’bi, Hawashin et al., 2019)

In this work, yellowing leaves and sprinkles in the soil have been observed using multimedia sensors
to detect the level of plant thirstiness in smart farming. The experimental results showed that the use
of deep learning proves to be superior in the Internet of Multimedia Things environment to optimize
the irrigation process.

(Cho, Moon et al., 2011)

This research used context-aware technologies and Web ser-vices technologies in agriculture
environments to make the working process of environments more autonomous and intelligent.

The suggested service model offers a smart service model based on a context-aware workflow through
an entity, an RDF-based constraint and rule-based operators

(Kaloxylos, Groumas et al., 2014)

This work developed an open architecture that embodies do-main independent, customizable work
environment through web. It also introduced a number of innovative concepts such as the notion

of a services’ marketplace, network awareness in order for the system to adapt in malfunctioning Internet
links and identification of malfunctioning sensor components

(Lopes, Souza et al., 2014)

This work approached an architecture for situational awareness called EXEHDA-SA (Execution
Environment for Highly Distributed Applications-Situation Awareness), which supports the acquisition,
processing and dissemination of contextual in-formation in a distributed way, independently

of the application, in a perspective based on rules and autonomy.

(Gelogo, Un-Bae et al., 2014)

This study proposed a design of u-farm mobile application framework performing environmental
(temperature, water level, humidity, plant growth and etc.) sensing capability. The main goal is real-time
monitoring, alerts and statistical analysis of crop conditions and environmental factors through

a generation of keywords. The keywords will then be sent to the knowledge expert system for analysis

(Jearanaiwongkul, Andres et al.,
2019)

This work recommends that disease treatments for farmers plants must be considered from a set

of related observations. Thus, it developed a theoretical framework for systems to man-age a farmer’s
observation data. It introduced the representation of observation data, called warn cons, based

on the user’s context information aiming to create a representation of the advice data

(Sivamani, Bae et al., 2013)

This work proposed a context model with OWL based ontology to aid the relationship between

the domain factors; that is, to define a pattern between system and services. The suggested model is
analyzed and derived with the set of concepts such as location, user, system, context, environmental
parameter, user and network. The basic concepts proposed in this work can be reused and extended

for agricultural-based smart environments

(Cho, 2019)

This study proposes a smart farming education service to disseminate solutions to the farmers to help
their decision-making in farm management. This work achieves an ubiquitous environment where
the farmers have interactive access to a variety of multimedia based materials to help develop their
management proficiency

(Sivamani, Choi et al., 2018)

This paper proposed a vertical farm ontology. The suggested context model uses OWL based ontology
to define common understanding and relationship between the system and services. With the proposed
model, the information from the Internet of Things is recomposed as context information and made
understandable for the other systems. The basic concepts proposed here can be reused and extended
for agricultural-based smart environments.

(Keswani, Mohapatra et al., 2019)

This work summarizes the optimum usage of irrigation by the precise management of a water valve
using neural network-based prediction of the soil’s water requirement. The irrigation valve control
commands were successfully generated with fuzzy logic weather model to fulfil uniform farm irrigation
requirement under almost all-weather conditions and in regions with water deficiency.

Source: Own processing

Table 4 shows that improving communication
with WSN was the most relevant theme in the last
10 years. In terms of context awareness, the use
of sensors to detect soil moisture for automated
irrigation was found in five articles (Gelogo et al.,

Table 5: Filtered works relation.

2014; Stojanovic et al., 2017; AlZu’bi et al., 2019;
Dobrescu et al., 2019; Keswani et al., 2019).
However, the use of images in agriculture was
found in only one article (Cordoba et al., 2013). This
technique is increasing recently through the use
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Figure 4: Number of publications between 2009 and 2019.

of drones and also because the diversity
of information that can be obtained with this
equipment, such as detecting plant species, plant
size, fruit color and plant diseases (Parisi et al.,
2019).

By analyzing the entire filtering process presented
in Figure 1 and the Research Question 1 (RQ 1),
which presents in which databases the articles were
published, it is possible to verify that the most
accurate databases that processed the query string
were Google Scholar and Science Direct because
they had a small number of articles in the initial

survey but have a relatively high number when
compared to the total articles used in the mapping.
The least accurate database was Semantic Scholar -
of the 81 papers in the initial search, only one study
was used after the last filtering.

Conclusion

This  systematic  review  has  presented
the state-of-the-art in the application of ubiquitous
computing in precision agriculture. Furthermore,
it also  presented different  applications




of technologies associated with computing
for better results in agricultural production.

Although many of the selected papers aim to solve
WSN problem, one of the gaps that was found
during the evaluation of this research corresponds
to the application of historical data in precision
agriculture. In particular, none of the articles
mentioned the use of a historical database
and how this collected data could effectively
improve production with the support of mobile
technology.

Contextual data could lead to a three-dimensional
spatial variability of soil conditions, such
as fertility, moisture, pH, macro and micronutrients,
and other soil attributes. This type of visualization
was approached by Stojanovic using yield data
(Stojanovic et al., 2017).

The history of contextual data could support
decision-making on the farm. In this sense,
the formalization of a context (Dey et al., 2001)
applied to precision agriculture would allow
the generation of context histories (Rosa et al.,

Corresponding authors
Gilson Augusto Helfer

2015) related to a whole plantation or areas of it.
This data could be analyzed to generate context
pre-dictions (da Rosa et al., 2016) of soil conditions.
Therefore, the right moment for agricultural inputs
distribution, such as pesticides and fertilizers,
could be determined, in addition to uniformity
in productivity.
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