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INTRODUCTION

Agriculture is today one of the fields of knowledge least ana-

lyzed and discussed by various researchers, academics, and

professionals not only in the field of agriculture but also in

different areas of knowledge, although it is an elementary

construct for the existence of humanity itself (Ding et al.,

2018). Also, currently, the total world population amounts to

a little more than seven billion people, and according to the

estimates that have been made by the main international

organizations, it is expected that by the year 2050, it will gen-

erate a substantial population growth of a little more than

2.5 billion people, which will be located primarily in the

main urban cities, which will mean that a little more than

90% of the total world population will be concentrated prac-

tically in two continents: Asia and Africa (Lloyd, 2017).
However, world food production is totally limited, espe-

cially in Africa, and the serious problem of food shortages

worldwide has not yet been resolved (Sánchez, 2002). In

addition, the Asian continent has serious problems of short-

age of drinking water (Pomeranz, 2009), even though 72%

of the total surface of the earth is covered by water, and it is

estimated that there are a little more than 1.45 billion cubic

kilometers of water. Despite the existence of an extensive ter-

ritorial extension covered by water, a little less than 1% of

the total water on the planet is fresh water that is used not

only for human consumption but also for agricultural

xvii



irrigation, which represents a little more than 13 billion hec-

tares; however, only 22% of that land is potentially arable

(Lal, 1990).
In this context, there are currently diverse countries that

apply traditional agriculture methods that have a high con-

sumption of potable water, are intensive in labor, use fungi-

cides and pesticides that are highly polluting, and are low in

productive efficiency (Ding et al., 2018). Therefore, consider-

ing the significant increase in the world’s population, the

severe shortage of drinking water, the existing limitation of

resources, and the low level of efficiency of agricultural pro-

ductivity, among other factors, it is indispensable and urgent

that researchers, academics, and professionals from all areas

of scientific knowledge guide their studies in the analysis and

discussion, not only of the efficiency of a regulated agricul-

ture but also in the development of agrotechnology that pro-

pitiates an Intelligent Agriculture, because this will allow an

adequate utilization of the available resources.
In this sense, even when the systems of Smart Agriculture

are too complex, multivariate, and unpredictable (Kamilaris,

2018), it is also possible to incorporate classic technological

controls, such as integral processes or differentiated integral

processes (Christofides, 2013; Afram and Janabi-Sharifi,

2014), which are not only easy to implement but also to con-

trol the movement processes they generate, thereby allowing

an adjustment in the control of energy and the time of con-

sumption (Wang, 2001). In addition, the use of intelligent

methods such as the control of fuzzy logic, linear regression,

and artificial neural networks involves not only deterministic

mathematical models but also generalized mathematical mod-

els and mixed models, which allow the development of pre-

dictive models of agricultural production more accurately

(Afram and Janabi-Sharifi, 2014).
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Likewise, the use of these mathematical methods require a
high level of reasoning and understanding and are generally
based on the use of historical data on agricultural or agroin-
dustrial production, or on the generation of expert or
high-level knowledge (Ding et al., 2018). Therefore, the per-
formance of the mathematical models of control and prediction
of agricultural production is superior to that of the classic
models of production control, and they are generally simpler
to implement when using intelligent algorithms through com-
puters. Thus, the mathematical models of production control
and prediction have a high reliability and accuracy of the
levels of agricultural and agroindustrial production, in addi-
tion to significantly reducing the use of drinking water, elec-
tricity, and emission of CO2 (Ding et al., 2018).

Similarly, control and prediction models of agricultural or
agroindustrial production generally refer to the use of
advanced algorithms through computers that are used to
explain and develop predictive models of future growth that
plants will have, or the growth that is estimated to have food
production (Qin and Badgwell, 2003). Therefore, this type of
control and prediction models work with a series of inputs
that are controlled by the computers during a certain period
of time, and they take the data usually from a selected sample
of a dataset that reveals agricultural or agroindustrial pro-
duction; however, only some of these models are implemen-
ted in the production prediction process (Bumroongsri and
Kheawhom, 2014) because they generate the smallest possible
error in the prediction of food production.

In addition, the use of advanced algorithms in the models
of control and prediction of agricultural production is often
done through three steps: prediction models, optimization in
its implementation, and adjustment in the feedback (Zhang,
2017), with these three steps being equally important for the
development of agricultural control and prediction models.
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Production control and prediction models were developed at
the beginning of the 1960s, and these types of models were
used almost exclusively in the process of predicting industrial
production (Garriga and Soroush, 2010); however, its use
has expanded to all areas of scientific knowledge, and its use
has been considered important and paramount in all produc-
tion prediction processes, including, of course, agricultural
and agroindustrial production.

Additionally, most of the production control and predic-
tion models require a series of constraints, predictive infor-
mation, and linear and nonlinear dynamics for their
application (Ding et al., 2018). Linear models of control and
production prediction are usually used to solve quadratic
problems of online programming, and nonlinear production
control and prediction models are generally used to control
systems with nonlinear dynamics, for which undoubtedly
greater mathematical calculations than linear models (Vukov,
2015) are required. In addition, matrices of control dynamics
and controlled algorithm models, which are commonly based
on linear quadratic mathematical models that are relatively
easy to use, have recently been incorporated into the theory
of production control and prediction models.

Within the models of controlled algorithms are the models
of internal control, which are widely used by researchers, aca-
demics, and professionals in the field of computer science and
mathematics, and which can be defined as a simple entry and/
or exit of information through a discrete time series system
(García and Morari, 1982). Therefore, it is possible to affirm
that the internal control models are nothing more than a
combination of a dynamic control matrix and a model of
control algorithms, but theoretically it is better; and the inter-
nal control model is more complete than the two previous
models, and usually the internal control model tends to solve
the problems of control and production prediction more
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robustly and with a much smaller error, which makes the

model more efficient and effective.
Therefore, given that industrial processes are increasingly

complex, involve an increasing number of interfaces, and are

strongly non-linear, it is essential that new production control

and prediction models are adapted and implemented in the

companies of all sizes and sectors, as is the case of internal

control models, which are more robust and have the mini-

mum possible error in their application (Ding et al., 2018).

However, the time to perform the calculations for the internal

control models should be relatively long and totally efficient,

to aspire to obtain robust results and with a minimum error,

for which researchers and academics have considered neces-

sary that this type of models be stabilized (Ding et al., 2018),

that is, that they adapt to the production processes of the

companies where they will be applied (Zhang, 2017).
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