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Abstract

The article describes the concept of deploying IoT technologies within the environment of agrarian
operations using a system approach with a focus on fuzzy logic. In addition to the introductory acquaintance
with IoT and fuzzy theory, the paper focuses on specific possibilities of applying the fuzzy approach,
especially in the case of animal husbandry. The main benefit for this field is the fulfillment of welfare
principles and the achievement of economic savings based on optimization. The article also showcases
a practical implementation of a demonstrative solution in the JavaScript programming language using data

from IoT sensors.
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Introduction

Technological solutions, such as the modern
IoT (Internet of Things), can solve problems
or bring about the optimization of existing
processes, but only if they can naturally interact
with the environment in which they are deployed.

This approach is best suited for implementations
of continuous, i.e. analog systems, which
can respond to change immediately in almost
an unlimited number of levels. However, to be
able to apply the available numerical methods
tothesesystems, digitizationisnecessary. Thisallows
to express reality using a discrete approach
with a limited number of levels. Therefore it is
necessary to focus on those principles of IoT that
are based on the discrete approach, for example
that the measurement takes place only a few times
over a defined period (sampling) and the values are
quantized to predefined levels (Rymarczyk, 2020).

IoT issues are more increasingly important
and experience dramatic development in many
areas. Such development brings many new
technological innovations as well as generated new
problems. Vast quantities of IoT devices in use
or still in development need to be categorized based
on their usage, type, internet connection, place
of implementation etc. One of the important
places of usage is agrarian sector and countryside

in general. It belongs to one of the more “traditional”
areas of [oT implementation, but there is still a lot
of room for further development (Stoces et al.,
2016).

Fuzzy logic and 10T technology were also presented
as a strategy to develop an intelligent irrigation
approach that fosters water conservation and better
irrigation management in areas with high levels
of water stress. The developed fuzzy controller,
based on Mamdani fuzzification using trapezoidal
and triangular membership functions, efficiently
set the time and duration of irrigation for a given
crop. The use of fuzzy control helped maintaining
the moisture above a pre-set value with smooth
variations preventing frequent system’s run-off
and preserving water and energy. To monitor
system in real time, a wide-range ZigBee based
wireless network was also used. The system is easy
to implement, and economically justifiable (Alomar
and Alazzam, 2019).

The combination of IoT and fuzzy logic is also
being successfully used is various non-agriculture
applications. For instance, the fuzzy logic
model was used to control the intensity of light
emitted by lighting. Using this approach, it is
possible to enlighten the environment according
to the conditions and not waste energy by
producing excessive lighting (Altun and Dorterler
and Dogru, 2018). Another  possible




application of this approach is in fashion retail
as described by (Chan, Lau and Fan, 2018).

Materials and methods

Fuzzy logic is fundamentally built upon the concept
of fuzzy sets (Rezaece and Kadkhodaie-Ilkhchi
and Alizadeh, 2008). Even though the gradual
evolution of the expression of uncertainty
using probability theory was challenged first
in 1937 by Max Black (Ross, 2004), Lofi Zadeh
at the University of California initiated research
into fuzzy logic approach in 1965. Since then,
fuzzy logic has fully come of age. Its foundations
have become firmer, its applications have
grown in number and variety, and its influence
within the basic sciences, especially in mathematical
and physical sciences, has become more visible
and more substantive. Yet, there are two questions,
that are still frequently raised: a) what is fuzzy logic
and b) what can be done with fuzzy logic that cannot
be done equally well with other methodologies,
e.g., predicate logic, probability theory, neural
network theory, Bayesian networks, and classical
control? One suggested answer is that the main
contribution of fuzzy logic is a methodology
for computing with words, as no other methodology
serves this specific purpose. A fuller exposition
of the methodology of computing with words (CW)
will appear in a forthcoming paper. Needless to say,
there is more to fuzzy logic than a methodology
for CW (Zadeh, 1996).

In general, the fuzzy inference system consists
of four modules, the first one is the fuzzification
module that transforms the system inputs which are
crisp numbers, into fuzzy sets. The second module
is called knowledge base, it stores the IF-THEN

rules, the rules normally specified by experts.
The third module is called the inference engine,
it simulates human reasoning process by making
fuzzy inference on the inputs and IF-THEN rules.
The fourth and last one is called defuzzification
module that uses inference engine to transforms
the fuzzy set into a crisp value (Fayaz and Kim,
2017).

The following Figure 1 shows the above process
where the second and third mudules are merged
into a fuzzy inference step.
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Figure 1: Fuzzy logic concept.

Fuzzification

Fuzzification is a step to determine the degree
to which an input data belongs to each
of the appropriate fuzzy sets via the membership
functions (Xu, 2010). In fuzzy logic, a fuzzy
inference system is used as a procedure,
in which the input is converted in to fuzzy sets
with the help of membership functions like
for instance: triangular, trapezoidal, gaussian,
or sigmoidal (Patel and Champaneria, 2017)
(see Figure 2).
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Figure 2: Four types of fuzzy membership functions: Gaussian, sigmoid, triangular
and trapezoidal.




Membership functions

Definition: a membership function for a fuzzy
set A on the universe of discourse X is defined
as uA:X — [0,1], where each element of X is
mapped to a value between 0 and 1. This value,
called membership value or degree of membership,
quantifies the grade of membership of the element
in X to the fuzzy set A. Membership functions
allow us to graphically represent a fuzzy set.
The x axis represents the universe of discourse,
whereas the y axis represents the degrees
of membership in the [0,1] interval (Alonso,
[no date]).

Below is the list of membership functions we will
use in our experiment:

Triangular function: defined by a lower limit a,
an upper limit b, and a value m, where

a<m<b. Itis described in formula (1), and shown
in Figure 3 (Alonso, [no date]).

0, x<a
x—a
p— a<x<m
ua(X) = b—
, m<x<b
(D) b—m
0, x=>b
a m b

Source: Alonso, [no date]

Figure 3: Triangular function.

Trapezoidal function: defined by a lower limit
a, an upper limit d, a lower support limit b,
and an upper support limit ¢, where a <b <c¢ <d.
t is described in formula (2), and shown
in Figure 4 (Alonso, [no date]).
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Figure 4: Trapezoidal function.

Grade function: with parameters a = b = - . It
is described in formula (3), and shown in Figure 5
(Alonso, [no date]).

0, x<a
X —a
mX) ={3—, asx<b 3)
1, x>b

¢ d

Source: Alonso, [no date]

Figure 5: Grade function.

Reverse Grade function: with parameters
¢ =d =+ oo It is described in formula (4),
and shown in Figure 6 (Alonso, [no date]).

0, x<a
X)) = xr—a <x=h 4
=2, asxs )
1, x>b

a b

Source: Alonso, [no date]

Figure 6: Reverse Grade function.




Knowledge Base

A system of fuzzy IF-THEN rules is considered
as a knowledge-based system where inference
is made on the basis of three rules of inference
(Perfilieva, 2007). The ‘noun’ is often unimportant
in the applications. Therefore, it is commonly
replaced by some variable X whose values are
not the objects themselves but only its features,
such as height, volume, tension, size, abstract
degrees of beauty, temperature, etc. This leads us
to the concept of a fuzzy IF-THEN rule which
is a kind of “abstracted” compound adjectival
predication.

Definition: By fuzzy IF-THEN rule we understand
either of the compound adjectival predications R!
and R” taken in the form of formulas (5) and (6),
where X and Y represent features of objects (Novak
and Lehmke, 2006).

RA:=XisAAND Y is B 5)
R :=1IFis ATHEN Y is B ()

As an example, in practical implementation,
such a rule can look like this:

IF it is hot, THEN ventilate a lot.
Fuzzy inference

Fuzzy inference is a method that interprets
the values in the input vector and based on sets
of rules, assigns values to the output vector.
In fuzzy logic, the truth of any statement becomes
a matter of a degree. Fuzzy inference is the process
of formulating the mapping from a given input
to an output using fuzzy logic. The mapping then
provides a basis from which decisions can be made
or patterns discerned (Kala, 2016; Kalogirou,
2014).

Defuzzification

Defuzzification is the process of obtaining a single
number from the output of the aggregated fuzzy
set. It is used to transfer fuzzy inference results
into a crisp output. In other words, defuzzification
is realized by a decision-making algorithm that
selects the best crisp value based on a fuzzy
set. There are several forms of defuzzification
including center of gravity (COG), mean
of maximum (MOM), and center average methods.
The COG method returns the value of the center
of area under the curve and the MOM approach can
be regarded as the point where balance is obtained
on a curve (Masoum and Fuchs, 2015; Patel
and Champaneria, 2017).

Experimental Implementation

The aim of the experiment was to determine
whether it is possible to apply the theory of fuzzy
systems to ensure compliance with the principles
of welfare in the environment of animal husbandry.
The term “animal welfare” is being used
increasingly by  corporations,  consumers,
veterinarians, politicians, and others. However,
the term can mean different things to different
people. Understandably, in the past, veterinarians
and farmershaveseenanimal welfarechieflyinterms
of the body and the physical environment (shelter,
feed, etc.). Meaning that if an animal is healthy
and producing well, it is faring well. Research on
aspects of animal welfare has also mainly focused
on the body, using physiological measures, such
as endorphins, plasma cortisol, and heart rate,
to examine how the animal is coping with its
environment. However, there are limitations
to seeing animal welfare only in terms of the body.
One limitation is that genetics and the environment
can produce desirable physical outcomes, even
though the animal's mental state is compromised.
For example, a canine breed champion may have
perfect conformation and be in perfect health, but it
may be very anxious in its home environment.
Another limitation is that some physical parameters
(heart rate, plasma cortisol) are difficult to interpret,
because they can be increased by both positive
and negative experiences, such as the presence
of a mate and the presence of a predator (Hewson,
2003; Broom, 1991; Blood and Studdert
and Carling, 1988).

The main purpose of the experiment was to create
a system that could better inform farmers
about the needs of his animals. The air temperature
was chosen for the experiment for clarity, as it is
an important element of the stable microclimate.
Together with other physical characteristics (air
flow, relativehumidity)itmostinfluencesthethermal
state of the animal organism and its thermal well-
being. In a certain temperature range, at constant
values of other physical elements, the thermal state
of the organism is considered optimal, as the animal
has only a small expenditure of energy to maintain
physiological functions and has a feeling
of thermal well-being (comfort). This temperature
range is the so-called "thermoneutral zone", which is
much wider in cattle, as well as in other
ruminants (such as sheep), than in monogastric
animals. In addition to species affiliation, it is also
affected by other factors, especially the overall
level of metabolism (Dolezal et al, 2004).
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Figure 7: Fuzzification — membership functions.
Based on a literature search, especially the relevant msg payload - Object msg payload : Object
legislation, the following five fuzzy sets have ~object ~object
been defined, which will be used for fuzzification temperature: 3 CeNpenEtuRers
. inference: " 1" inference: "th tral”
(see Figure 7) (No. 208/2004 Coll., 2004; e L
membershipDegree: .4 membershipDegree: ©.4
98/58 /EC, 2017) wrules: array[5] vrules: array[5]
Fuzzy logic sets are implemented by the JavaScript He C’:je“ Hor ohgect
. . v1: object v1: object
programming langugge. The experiment was based T S R
on the Open Source library "es6-fuzz" (Schiirmann, » shape: object » shape: object
2019), which was embedded into the program o type: “or”
for the experiment. The following example program " b’_ o 3 MR
. A . v2: object v2: object
(See Flgure 8) ShOWS the creation Of memberShlp output: "thermo neutral® output: "thermo neutral”
functions according to their respective graphs. » shape: object » shape: object
The definition of the shape of individual curves is typesiiion” EYpeiiRoE"
. . . . . fuzzy: @.3 fuzzy: 0.4
solved by including partial libraries. ok )
» 3: object » 3: object
» 4: object »4: object

var Logic = require('./lib/logic')
var Trapezoid = require(’'./lib/curve/trapezoid');
Triangle = require('./lib/curve/triangle');
r Grade = require('./lib/curve/grade’);
ReverseGrade= require('./lib/curve/reverse-grade');

logic = new Logic();

res = logic
.init('cold', new ReverseGrade(-20, -25))
.or('cool', new Trapezoid(-20, -15, @, 5))
.or('thermo neutral', new Triangle(®, 10, 20))
.or('warm', new Trapezoid(1l5, 2@, 30, 35))
.or('hot', new Grade(30, 35))

Source: own procerssing

Figure 8: Sample javascript program.

Figure 9 shows the function of the program.
It is a JSON data structure, with attributes
showing program variables. The office entry was
at temperature of 3 © C and 4 ° C, the inference
item shows with what word the program qualified
the given value and “membershipDegree”
constitutes the degree of belonging to the given set.

Source: own procerssing

Figure 9: JSON data structure.

Results and discussion

It has been verified that the fuzzy approach can
be used in a very simple way to pass information
to the stable staff, where it is better understood
by humans in a form of a verbal expression that adds
contextual information in relation to the animal.

Thanks to this approach, greater optimization
ofoperation can be achieved, which reduces the error
rate of the employees and increases the production
of the stable due to compliance with welfare
conditions. Fuzzy approach can therefore directly
lead to an economically positive effect.

For fully automated operations, it will be necessary
to use the knowledge base and subsequent
defuzzification  for  automatic  intervention,
which was not the goal of this experiment. It would
require specialized professionals so that the control
circuit can be set optimally.




Fuzzy controlitselfisavery widespread and standard
tool. For example, the Japanese have been quickest
to apply fuzzy logic in 1989. A fuzzy system
developed by Hitachi was already used to control
subway trains in the city of Sendai, accelerating
and decelerating cars more smoothly than a human
driver could (Pollack, 1989).

Conclusion

Apart from its usage in agriculture, utilization
of fuzzy approach in conjunction with IoT can
be for example aimed at developing an energy-
saving thermometer for measuring the temperature
of the human body. The results show that
HI-Thermo saves energy of monitoring significantly.
Using fever body temperature measurements,
the proposed system consumes 15% lower than
the existing traditional monitoring of body
temperature, which does not implement fuzzy logic
(Mandala et al, 2017).

It would be appropriate to evaluate the benefits
of the wuse of these technologies, similar
to the work assessing the benefits of precision
farming technologies in sugar beet production.
(Jarolimek et al, 2019)

Corresponding authors
Ing. Vojtéch Novak

A secondary output of this research is
the finding, that fuzzy logic can be beneficial
for IoT devices themselves, regardless of industry
use. An important opportunity for the use of fuzzy
approach, as outlined here is the implementation
of algorithms directly into battery powered IloT
devices, which will achieve significant aggregation
of information and thus save energy in wireless
communication. Alternatively, the capabilities
of fuzzy logic can be used for instance in forecasting.
The field of fuzzy logic still experiences very active
theoretical research, so there is high possibility
for new knowledge and approaches to emerge
in the near future (Fayaz and Kim, 2017).
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