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Abstract:

Introduction/purpose: The paper presents a model for the selection of a
route for the transport of hazardous materials using fuzzy logic
systems, as a type of artificial intelligence systems. The system
presented in the paper is a system for assistance in the decision-
making process of the traffic service authorities when choosing one of
several possible routes on a particular path when ftransporting
hazardous materials.

Methods: The route evaluation is performed on the basis of five criteria.
Each input variable is represented by three membership functions, and
the output variable is defined by five membership functions. All rules in
a fuzzy logic system are determined by applying the method of weight
premise aggregation (ATPP), which allows the formation of a database
based on experience and intuition. Based on the number of input
variables and the number of their membership functions, the basic
base of 243 rules is defined. Three experts from the Ministry of
Defense were interviewed to determine the weighting coefficients of
the membership functions, and the values of the coefficients were
determined using the Full Consistency Method (FUCOM).
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Results: A user program which enables the practical application of this
model has been created for the developed fuzzy logic system.

Conclusion: The user platform was developed in the Matlab 2008b
software package.

Key words: Fuzzy logic, Fuzzy set, ATPP, FUCOM, hazardous
materials, Matlab.

Introduction

When managing the transport of hazardous materials (hazmat),
special attention is paid to mitigate the negative consequences of
transport, especially those that affect the safety of the population and the
environment. One of the main problems of transport management is the
selection of a route for the transport of hazmat, due to the harmfulness
and possible consequences of accidental situations. With the
development of technology, there is an increasing application of modern
software systems based on artificial intelligence in solving the problem of
transporting hazmat. Artificial intelligence offers possibilities for the
development of automatic control systems, route optimization systems,
as well as decision support systems. Although this technology has been
present for some time, the possibility of its application in the transport of
hazmat has not been fully researched.

The Ministry of Defense and the Serbian Armed Forces have not yet
developed a model based on artificial intelligence that solves the
problems of hazmat routing. The paper presents a model for the
selection of a route for the transport of hazardous materials using fuzzy
logic systems, as a type of artificial intelligence systems. The system
presented in the paper is a system for assistance in the decision-making
process of the traffic service authorities when choosing one of several
possible routes on a particular path when transporting hazmat. The
evaluation of the route is performed on the basis of five criteria, which
are: the length of the route, the exposure of the population, the impact on
the environment, the reaction speed of rescue services, and the
probability of a traffic accident. These criteria were defined after a
literature analysis and the interviews with experts from the Ministry of
Defense. After entering the value of the input criteria in the user form,
calculation and evaluation are performed. A preference to the entered
route is given as an output from the fuzzy system.

The presented model was tested during the selection of a route for
the transport of motor fuel. Three routes were considered for a given
distance. After the calculation and evaluation of individual routes, the
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values of the output variables of the fuzzy system were obtained in the
user form and the preference for a route was obtained in the form of a
numerical value and a linguistic descriptor (Kayapinar Kaya, 2020).
Based on the system output values for each route, the ranking and
selection of the route with the highest preference value was performed. A
user program has been created for the developed fuzzy logic system,
which enables the practical application of this model. The user platform
was developed in the Matlab 2008b software package.

The rest of the paper is structured throughout several other sections.
In the second section, there is a review of the literature related to the
problems of hazmat transport and routing. The third section presents the
development of a new fuzzy logic system for hazmat routing. The fourth
section is a case study presenting the problem in detail and the fuzzy
logic system to solve it. Finally, there are concluding considerations with
further research suggestions moving in several different directions.

Literature review

A large number of authors deal with the problems of transport and
routing of hazmat. Solutions to these problems are widely used in civilian
structures, using modern software and information systems as decision-
making support. Despite a good basis, due to more frequent transport of
hazmat, explosives, propellants, etc., they have not found a wider
application in the military system. The most common methods and
criteria used in solving such problems are described below.

According to StarCevi¢ and Gosi¢ (2014), the first step in managing
the transport of hazmat is to determine the dangerous substance being
transported and the consequences it has on the population and the
environment. Then, it is important to determine the amount of dangerous
goods transported, as well as the flows of dangerous goods between its
source and destination, based on which the load of dangerous goods can
be carried out and restrictions that may affect the choice of transport
route (physical restrictions, ecological zones, restrictions within the
framework of legal regulations, etc.). In the next phase, alternatives and
criteria for route selection are defined, on the basis of which those that
meet all previously set requirements are selected from the set of roads
that serve sources and destinations. After defining the potential route and
sections within it for the transport of oil and oil derivatives, the risk
assessment process is carried out for each of the sections separately.
The parameters for the analysis were divided into two groups. The first
group includes: road category, geometric characteristics of the road,
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access control, existence of level crossings, condition of the road, size of
the traffic flow, participation of trucks in the traffic flow, congestion in the
traffic flow, and traffic accidents. The second group of parameters
consists of: population density, land use, population response to the
incident situation, environmental impact, road drainage system, response
time of rescue services (ambulance, fire and police), speed limit, and
climatic influences (weather conditions). Depending on the probability of
occurrence and the consequences of incident situations, risk assessment
is performed by forming a risk matrix for each section and comparing the
risk with the allowed values. If the risk degree on all sections is satisfying,
the transport can be performed by the chosen route.

In order to establish a more precise method for determining possible
risks on certain sections, various dispersive models are used. The
concentration level can be calculated as a function of distance and the
measured weather (climate change) parameters can be used in the GPM
(Gausian plume model) and the GIS (Geographic Information System). In
their paper, Zhang et al. (2000) applied an approach from the aspect of
expected consequences. Risk is defined as a consequence of possible
side effects (injuries, diseases, death) and effects on the population. As
the risk factor for each section on the network must be calculated for the
transport of hazmat, the use of the GPM (instead of the length of the
section) as a factor is used to determine the point and degree of pollution
spreading. In order to simplify the method, rasterization is performed
using a GIS system where a certain space is transformed into a mosaic
network of rectangles, or pixels. The network is organized in the form of
layers (maps), where each of them represents a certain characteristic so
that each pixel on each layer represents the same location. Each pixel
has its own number of rows and columns, transferred to the Cartesian
coordinate system, x = column x cell size (pixels) and y = row x cell size.
Using the coordinate system, the distance and the direction are
calculated.

According to Milovanovi¢ et al. (2012), the method for determining
the optimal route for the transport of hazmat consists of eleven steps and
can be applied to all groups of hazardous substances except for the
substances from the seventh group (radioactive substances). The first
step involves defining the type of hazardous substance, the
characteristics of the hazard, and the zone of influence of hazardous
substances. Then, the total amount of hazardous material being
transported is defined as well as the amount at the source. The third step
includes determining the source and the destination, followed by the
formation of the initial-final matrix of vehicle movement and then
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determining the load of roads with hazmat. The next step includes the
analysis of the established restrictions, both legal and ecological
(ecological zones, sensitive natural areas), after which alternatives,
acceptable routes, continuity of routes, alternative routes and slowdowns
that may occur on the selected routes are defined. The seventh step of
the method is to define the criteria for choosing the optimal route. The
basic criteria used was the existing source and destination locations, the
roads most commonly used to transport hazmat, the use of roads
reserved for the movement of trucks, the minimization of the transport
route between the source and the destination, and the reduction of
potentially endangered areas. The next step is to define the parameters
for the risk analysis which include the parameters of the impact of the
possibility of the occurrence of an incident situation and the parameters
of the impact of the extent of the consequences of the incident situation.
The last three steps are to define the impact of each parameter on the
basis of expert monitoring, to implement a method for determining the
optimal route as well as to identify, correct, and approve the route.

Frank et al. (2000) presented risk mitigation by selecting specific
routes and elimination by using the SDSS (Spatial Decision Support
System). The cycling system is the coverage of real roads on the
territories of the target countries, as well as a multitude of loading and
unloading points (laid and civilian points). The system is designed for
route selection over long distances. In order to minimize costs and travel
time, long-distance transportation should be done by highways, which
means passing through populated areas and high exposure of the
population to risk. Settlements can be avoided by using slower and
bypass roads. Using the SDSS, several alternative transport routes are
generated based on one optimizing criterion. The most commonly used
approach is a combination of several criteria and their transformation into
one criterion. This criterion is usually a linear function of the risk to the
population, distance, travel time and the probability of an incident
situation. Another approach is the choice of routes with multiple goals,
where by minimizing travel time and exposing the population to risk, a
larger number of routes are obtained, which include a large number of
bypass routes suitable for practical application. Nevertheless, this
approach is considered impractical. Another approach is to minimize one
cost attribute while limiting the sum of other cost attributes. For example,
travel time, as a direct cause of final costs, is minimized while other
attributes - population exposure, distance, possibility, and consequences
of the incident - are constant.
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In their paper, Barilla et al. (2009) discussed the problem of
integration of different sources of risk, different hazards and different
elements exposed to risk and their sensitivity. The method is based on
the application of a multi-criteria and multi-attribute analysis. Factors
related to the economic problems of hazmat transport are considered to
ensure the economic sustainability of transport, while human factors and
natural hazards are taken as risk factors, and the population and facilities
will be considered as elements exposed to risk. The applied model
determines a possible risk on each route and, based on the set criteria, it
selects a route with minimal risk. The criteria considered in this method
are: minimization of travel time, transport route, risk to the population,
risk to the urban environment, and risks related to natural hazards. As a
product of this methodology, various solutions are obtained, representing
a specific tool for decision-making support.

Using MOMR (Multiple Objective Mathematical Programming),
Castillo (2004) estimated different and conflicting goals in order to
calculate the optimal route for the transport of hazmat regarding the
optimizing criterion. The optimizing criterion is flexible and depends on
who participates in the decision making and its requirements. The
objectives used as route optimization criteria are to minimize travel time,
transport route, population risk, urban risk, and natural hazards.

Pamucar et al. (2016) combine adaptive neural networks (ANFIS -
Adaptive Neuro Fuzzy Inference System) and the Dijkstra's algorithm as
a method for calculating the optimal route for the transport of hazmat
through urban areas. In the first phase of the ANFIS-D method, a
transport network is formed in the urban area and the input criteria are
defined on the basis of which the values of branches in the network are
determined. The criteria taken to define the value of branches in the
network are: speed of response of emergency services, risk associated
with environmental impact, risk of traffic accidents, consequences of
traffic accidents, risk associated with infrastructure facilities, and risk of
terrorist attacks. To define the values of the branches in the network, an
adaptive neural network is formed where the input data are the
previously listed criteria. In the second phase, the initial fuzzy logic
system is constructed and the adaptive neural network is trained using
the Atrtificial Bee Colony (ABC), where the value of a specific branch in
the network is obtained as an output. The algorithm is repeated until
each branch in the network is assigned a value. After determining the
value of the branches using the Dijkstra algorithm, the optimal route for
the transport of dangerous goods is determined.
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In his paper, Milovanovi¢ (2012) considers the problems in the
selection of routes for the transport of hazmat from the aspect of the
analysis of individual and social risk, as well as the levels of absolute and
specific risks. A specific risk is derived quantity that estimates the
percentage of damage of a certain element exposed to risk that can be
expected in an incident situation, while an absolute risk is a quantification
of a specific risk expressed as the product of the specific risk value and
the element exposed to risk. The individual risk degree means the rate of
suffering of an individual, as a member of the social community, who is
constantly exposed to hazmat on an annual basis. Social risk is defined
as the cumulative value of the probability of an accident with several
casualties in the zone of hazmat influence. Based on the research and
the methods applied in Italy, the USA and the Netherlands, the author
improves these methods through 11 steps. The first five steps include the
first phase of risk management, hazard identification, and consequence
analysis. They include determining the hazmat type, determining the
hazmat quantity, determining the source and the destination points, and
forming a matrix of original target movements of vehicles, determining
the load on the road network restrictions. The sixth and seventh steps
include defining alternatives for the analysis (which are acceptable routes,
continuity of the route, alternative routes, possible delays during transport)
and defining the criteria for route selection. After these two steps, routes
are obtained that meet all the requirements and needs for the transport of
hazmat. However, the obtained routes must be checked from the aspect
of the allowed degree of risk. Risk assessment is performed by defining
the parameters for risk analysis (the parameters that affect the probability
of an incident situation and the parameters related to the size of the
consequences) and then it is necessary to connect each parameter with
the size of the risk and determine its weighting factor.The size of weight
factors was determined by surveying experts in the field of transport of
hazmat, who stated the degree of the influence of the parameters on the
choice of a route for transport of dangerous goods on a scale from 0 to 4,
where 0 represents a value where a parameter has no influence on route
selection and 4 represents a parameter that has a critical impact. After
the above, a risk assessment is performed for each of the sections of the
selected routes, where by comparing the obtained values with the
allowed level of risk, a decision is made whether the observed section is
suitable for transport of hazmat or not. This comparison of values for
each section on a particular route leaves the possibility of defining
alternative sections that would connect the previous and the next section
between which there was a section that is not acceptable in terms of risk
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level or mitigate the consequences or reduce the posibility of incident in
order to reduce risk. Thus, the section will re-enter the process of
considering eligibility for the transport of hazmat. Based on the previous
review of the literature that considers different methods for selection and
optimization of the route for transport of hazmat, it was determined that
the authors used different criteria. Based on that, the criteria used in this
research were defined. The most commonly used criteria in selecting the
optimal route for the transport of dangerous goods are shown in Table 1.

Table 1 — The most commonly used criteria for selecting a route for the transport of
hazardous materials
Tabnuua 1 — Haubonee yacmo ucrnonb3yemble Kpumepuu 8bibopa Mapwpyma
r1epeso3KuU onacHbIX 2py308
Tabena 1 — Hajuewhe kopuwheHu kpumepujymu 3a odabup onmumarHe pyme 3a
mpaHcrnopm onacHoe mepema

Criteria

References Problem/ Method

Time of travel
Transportation route
Inpact on the
population
Environmental inpact
Speed of response of
rescue services

'The probability of an
accident

(Starcevi¢ & Gosic,

+
+
+

2014)

Risk Analysis

(Pamucar et al,
2016)

Adaptive Neural
Networks and
Dykstra’s Algorithm

(Frank et al, 2000)

Spatial Decision
Support System

(Zografus &
Adroutsopoulos,
2008)

Decision Support
System

(Zografus &
Adroutsopoulos,
2008)

Bicriteria Method

(Pradhanaga et al,
2010)

Ant Colony Method
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+=2 (o] © ()
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Routing and
ie et al, + + ultimoda
Xie et al, 2012 Multimodal
Locating Methods
(2I6%%r;elll etal, + + + + Risk Analysis
Use of GIS Risk
(Zhang et al, 2000) + + Assessment
Systems
(2|\6I|1Ic5\)/anowc etal, + + + Risk Analysis
(Milovanovi¢, 2012) | + + Rick Menagment
(Z\Ji\?l\:gCi(c)':wgoﬁ 0) + + Routing Problem
Planning the rout
(Leonardi, 2008) + + for the transport of
hazardous
materials
(Barilla et al, 2009) | + + + Rick analysis
Optimization of the
rout for the
(Castillo, 2004) + + + transport of
hazardous
materials
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In this research, a fuzzy logic system was used to create a model for
the selection of a route for the transport of hazmat in the Ministry of
Defense and the Serbian Armed Forces (SAF), as one of the models of
artificial intelligence, because it is the basis for decision making in a
dynamic environment. The analysis of the literature showed that there is
no software based on artificial intelligence that is used to select a route
for the transport of dangerous goods in the Ministry of Defense and the
SAF. Based on the analysis of the literature and the interviewing of
experts from the Ministry of Defense, the criteria that represent the input
variables in the software based on artificial intelligence are defined. The
criteria and their descriptions are presented in Table 2.

Table 2 — Defined criteria for the selection of a route for the transport of hazardous
materials in the Ministry of Defence and Serbian Armed Forces
Tabnuua 2 — Ymeep>x0eHHble Kpumepuu ebibopa Mapuwipyma Orisi nepe8o3KU ornacHbIX
epy3o08 8 MuHucmepcmee 060pOHbI U 800PYXeHHbIX cunnax Cepbuu.
Tabena 2 — [JechuHucaHu Kpumepujymu 3a usbop pyme 3a mpaHcrnopm ornacHoe
mepema y MuHucmapcmesy odbpare u Bojcyu Cpbuje

Criterion

Description

1 Route length

The distance (expressed in km) that the vehicle travels
when transporting hazardous materials

Impact/Exposure of the
population

Degree of the impact of the consequences of incident
situations on the population.
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Criterion Description
3 Environmental impact Degree of the impact of the consequences of incident
situations on the environment.
Speed of response of The time during which city services (fire services,

4 rescue services emergency services and police) react in case of
(ambulance, firefighters, incidents. The average response time is taken as the
police) input parameter.

The impact of road sections on which due to the

5 Probability of a traffic characteristics of the section (terrain configuration,

accident traffic density, railway crossings, traffic quality, enemy
action, etc.) exists an increased risk of a traffic
accident.

Fuzzy logic system

Fuzzy logic is used to model complex systems in which it is difficult
to determine the interdependence between individual elements of the
system by applying other methods. The creator of fuzzy logic is
considered to be Lotfi Zadeh (Zadeh, 1975a, 1975b, 1975c), who in 1973
first spoke about the use of mathematical tools to represent spoken
language and human knowledge by introducing the terms fuzzy rule and
linguistic variable into the theory of automatic control. Fuzzy logic itself is
based on the theory of fuzzy sets that were introduced with the basic
goal of representing and modeling uncertainty in linguistics in a
mathematically formalized way. Unlike classical sets where an element
either belongs or does not belong to a defined set, a fuzzy set is a set of
elements with similar characteristics, where the membership of an
element can be any real number in the interval [0.1]. The main difference
between these two types of sets is that classical sets always have a
unique membership function, while for a fuzzy set there are infinitely
many different membership functions by which it can be described.

Fuzzy relations are used to represent the conection between
elements that are valid to some degree. In the case of binary relations,
e.g. "<" (Less), two elements can either satisfy or not satisfy the relation
(Precup et al, 2020). In relations that are not binary (which is often the
case), for example: there is a weak connection, there is a middle
connection, there is a close connection, the strength of the relation is
expressed by expressions that show gradualness. The fuzzy relation
between the elements is satisfied to a certain extent, which is expressed
as a number from the interval [0.1].
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One of the basic rules of fuzzy logic is fuzzy composition, where the
composition of two fuzzy relations gives a new relation. The composition
must satisfy transitivity, associativity, and symmetry. A fuzzy statement
contains linguistic values, and the truth of the statement is a number from
the interval [0.1] (Veskovi¢ et al, 2020).

Fuzzy reasoning does not contradict the rules of logical reasoning,
but it cannot use them in their original form, because the result of logical
reasoning is only a part of possible conclusions when using fuzzy sets
and fuzzy variables. The complex rule of reasoning was proposed by
Zadeh (Zadeh, 1965) and it symbolically reads:

Premise: x is A

Condition: xRy

Conclusion: y is B

X Ry means that x and y are connected by a fuzzy relation R (x, y). If we
denote "x is A" by the fuzzy set A, then the meaning of "y is B" can be
calculated as (Kushwaha et al, 2020):

B =AR (1)

which represents the composition of the fuzzy set and a fuzzy relation.

The rules used in the fuzzy system, obtained on the basis of expert
knowledge, can be expressed using a certain number of linguistic rules in
spoken or artificial language words and serve as a link between the
inputs and outputs of the fuzzy system. All rules consist of two parts: the
IF part which represents the input state and the fuzzy proposition
represents the premise, and the THEN part which represents the output
state and the fuzzy proposition represents the conclusion. The if-then
rules are interrelated with the expression else. In addition to this
conjunction, they also can be connected by the conjunction and. There
are two ways to define the rules that differ in that part. The first way is the
classic rule format proposed by Zadeh, and the second rule format was
proposed by Takagi and Sugeno.

The classic rule format:

Rule: IF<fuzzy statement>THEN<fuzzy statement

where the fuzzy statement may be an atomic statement or a complex
statement, e.g.

Ifxis A, then zis C

IfxisAandyis Bthenzis C

If x is not A then zis Cand vis D
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The Tagaki-Sugeno rule format:

Unlike the classic format, the Takagi-Sugeno format contains a fuzzy
statement only in the IF part of the rule, and the THEN part is defined by
a function whose arguments are input fuzzy variables. A special case is
when a constant is used instead of a function, e.g.

If xis A then z is f(x)
If xis A else yis B then z is fy(X,y)
If x is not A then zis f;(x) and vis 12

More than one rule needs to be defined to describe a particular fuzzy
system. These rules are executed in parallel, connected by an operator
else (union), so the execution of n parallel rules can be expressed using
the fuzzy relation:

R = U7}Z=1Rk (2)

where R, refers to the k-th rule.

When the classical implication fuzzy system is used, only true
variables are considered, while untruths are not considered. In the case
of using the Takagi-Sugeno format, the implication is already defined in
the THEN part (function or constant).

A number of rules for defining a fuzzy system in which words
describe the solution to a problem is called a rule base or expert rules. In
reality, the input variables are usually represented by a number, and the
output value is obtained in the numerical form. Since the given system is
described verbally (qualitatively) through production rules, first, numerical
values are converted (fuzzyfied) by applying a fuzzy logical operation.
After that, they are processed by the mechanism of approximate
reasoning in the fuzzy system through the phases of aggregation,
activation, and accumulation, and the numerical output value is obtained
by the process of defuzzyfication.

Aggregation is a phase in which certain values of the membership
function are added to the measured numerical value, i.e. it is a process
by which it is determined with which degree of confidence (truth level) an
input numerical value belongs to a given fuzzy set. In the case where
there is only one input, aggregation is equivalent to fuzzyfication.

Activation is the conclusion drawn in the THEN part of the rule.
There are two methods of activation, MIN (minimum) and PROD (product)
methods. The MIN method performs truncation, while the PROD method
performs scaling, proportional reduction of the conclusion.

In the process of accumulation, all activated conclusions are
accumulated. Accumulation is usually realized through two methods:
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MAX and SUM. By applying the MAX method, the final shape is obtained
as the union of two fuzzy sets, while by applying the SUM method the final
contours are obtained as the algebraic sum of the contours obtained by
the activation process. If the obtained sum is greater than one, then it is
normalized to the value of one. When the type of approximate reasoning
mechanism is specified, then it is the MIN-MAX or PROD-SUM method.

Defuzzyfication is the operation of converting the resulting fuzzy set
into a real number. Just as fuzzy systems can be divided into two groups,
so can defuzzyfication methods be divided into Mamdani and Sugeno (or
Takagi-Sugeno). Since mathematical defuzzyfication is represented as
mapping a vector (value of a linguistic variable) into a real number, there
is a reduction of information. Information reduction occurs because
different values of a linguistic variable can be mapped to the same
converted real number. Therefore, it is necessary to be very careful when
choosing a method for defuzzyfication, because there is no method that
is optimal for all cases.

The analysis of input-output mappings is performed in order to
notice the influence of the choice of membership functions and their
arrangement on the shape of the output, the set of possible solutions
(Badi et al, 2019). The dependence of one output on another one can be
shown by a graph of the function, and its analysis helps in selecting the
membership function and forming rules. The shape of the curve on the
graph can be controlled to some extent by manipulating the membership
functions.

Modeling a fuzzy logic system for route selection for
transport of dangerous goods

Based on the described concept, the basis is created to model the
system of interdependence of input criteria as a complex fuzzy system
for the selection of a route for the transport of hazardous materials. It
goes through several phases in order to reach the final solution, which in
general modeling represents system design, optimization and application.
In the fuzzy model, the stages gone through to reach a final solution can
be defined as:

— Problem analysis,

— Defining linguistic variables,

— Selection of membership functions,

— Forming a database of rules,

— Selection of inference and defasing methods, and
— Application of a fuzzy model.
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Problem analysis

A detailed analysis of the problem, when modeling a fuzzy logic
system, is performed to determine the number of variables and their
interdependence. In case the problem is complex, the system can be
divided into several smaller subsystems, the goal and purpose of each
subsystem is determined, after which the way of connecting these
subsystems and the priorities between them are determined.

Defining liguistic variables

As previously explained, linguistic variables take values from spoken
language or are artificially synthesized and represented by fuzzy sets. It
is pointed out that the designed fuzzy system contains five linguistic
variables, as follows:

— Route length,

— Exposure of the population,

— Environmental impact,

— Response speed of rescue services, and
— Probability of a traffic accident,

including the output linguistic variable Route preference.

The values of the input variables include the intervals listed in the
table.

Table 3 — Intervals of input and uotput linguistic varialbes
Tabnuua 3 — MlHmepearnb! 880da U 8bi800a NIUH28UCMUYECKUX MEPEeMEHHbIX
Tabena 3 — lHmepsanu ynasHuUx u usnasHe JIUH28UCMUYKe MPOMEHIbUBE

L . Interval
Input linguistic variables
from to
Route length 0 300
Exposure of the population 1 10
Environmental impact 1 10
Response speed of rescue services 1 10
Probability of a traffic accident 1 10
Int I
Output linguistic variable nerva
from to
Route preference 0 100
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Once the linguistic variables have been defined, the number and
type of membership functions need to be determined for all input and
output variables. The higher the number of membership functions, the
higher is the number of rules, which can make it difficult to set up the
system, so it is advisable to start with the smallest number of functions, in
accordance with the nature of the variable. Reducing the number of
functions must not be done to the harm of the quality of the description of
the variable. Based on that, it was decided that in the model each input
variable (route length, population exposure, environmental impact, speed
of response of rescue services and probability of an accident) has three
membership functions, and the output variable (route preference) five
membership functions. The linguistic values of all input variables are
Small, Medium and Large, while the values of the output linguistic
variable are Very Small, Small, Medium, Large, and Very Large.

A larger number of linguistic values were not needed since it is a
decision support system, so it does not require enormous precision. With
three linguistic values, a satisfactory gradual change in output values
was achieved, which limits the number of rules to 243 and enters the
domain that the expert can control.

Selection of a membership functions

An important phase in modeling a fuzzy logic system is the choice of
membership functions and their arrangement on the membership interval.
In the initial phase of system design, triangular functions were chosen as
membership functions. However, their adjustment does not provide
sufficient system sensitivity. Therefore, Gaussian bells functions were
used in the system as they well describe the input and output variables
and allow for satisfactory system sensitivity. Figures 1 and 2 show the
membership functions of the input and output variables.

The values of the membership functions of the input variables are
shown in Table 4, where the first number in the interval represents the
left and right distributions of the Gaussian curve along the abscissa, and
the second number represents the value at which the Gaussian curve
reaches the maximum.

370




Degree of affiliation of the function

Degree of affiliation of the function

T
small

T
medium

medium large

0.5

0.5

0.4

0.2

4 5 L] 7
Exposure of the population

large | small
c
=]
H oz
=
=
o
&
'5 0.5]
c
b=
B oaf
£
[+]
2
o
o 0.2
£
E=
o
a
0|
1 1 1 1 1 -
50 100 150 200 250 300 1 2
Routh lenght
small medium large small

Degree of affiliation of teh function

4 i 7] 7
Environmental impact

medium

large

10 1 2

E!

] 7 8 3 0

4 5
Response speed of rescue services

Figure 1 — Membership functions of the input variables
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Crniuka 2 — ®@yHkyuje npunadHocmu usnasHe npoMeHsbuse
Table 4 — Values of the mambership functions of the input varables
Tabnuua 4 — SHadyeHus1 pyHKYUU MpuHadnexHocmu 8x00HbIX NepeMeHHbIX
Tabena 4 — BpedHocmu ¢hyHKuuja npunadHocmu yriasHUX npoMeHbUSUX

Membership

function/ input Small Medium Large

value

Route length (561.2,70.35) (51,151.2) (51,281.8)
Exposure ofthe | 4 g5 1 g03) (1.53 , 5.09) (1.54, 8.844)
population

Environmental (1.74,2.301) (141, 5.348) (1.51,8.977)
impact

Reaction speed of (153, 1.52) (1.53 , 5.447) (1.52, 7.335)
rescue services

Probability ofa | 4 53 335 (153 ,4.977) (1.53 , 9.135)

traffic accident

Forming a database of rules

Linguistic rules are constructed as a link between inputs and outputs.
In complex systems, one of the major problems is the lack of a standard
and systematic method for transforming expert knowledge or experience
into fuzzy rules (Pamugar & Cirovié, 2013), (Jovanovié et al, 2014).
Another problem is the lack of a universal method for determining the
optimal number of rules, given that many factors influence such a
decision, and this is important for the speed of the system.

The expert domain is primarily entered through production rules.
Initially, it is important that for each combination of input values of
linguistic variables, the expert suggests an appropriate output value
(Cirovi¢ et al, 2014). As the system has five input linguistic variables (n=5)
with three linguistic values each (M=3), they can be combined in the
database with a total of M" = 3° = 243 rules.

All rules for the fuzzy logic system are determined by applying the
aggregation weight premise rules method (ATPP), Bozani¢ and Pamucar
(2014). There are many methods for constructing a rule base of a fuzzy
logic system from a known set of numerical values, but the ATPP method
allows the creation of a rule base based on experience and intuition. The
steps of the ATPP methods are as folows:

Step 1: Determination of the weight coefficients of the membership
functions of the input variables.
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For the weight coefficients of the membership functions, the
condition applies:

m ow = gy, 3)

where:
w” - weight coefficient of the membership function, j = 1, ..., m, (m total
number of membership functions),

gx~ weight coefficient of the input variable i= 1, ..., n.

Most often, wy,” is determined based on the subjective assessment
of the expert modeling a fuzzy logic system. However, in addition to
subjective assessment, the weight coefficient of the membership function
can be determined by group decision-making and the aggregation of
experts. The distribution of the weight coefficients of the membership
functions should reflect reality as much as possible. In this particular
case, W(X,)") was determined by interviewing experts and applying the
FUCOM (Full Consistency Method) method (Pamucar et al, 2018),
(Bozanic et al, 2019), (Fazlollahtabar et al, 2019), (Puska et al, 2019),
(Erceg & Mularifovié, 2019), (Durmié, 2019), (Nenadié, 2019), (Zizovi¢ &
Pamucar, 2019), (Bozanic et al, 2020), (Durmi¢ et al, 2020). Three
experts were interviewed, and the results of the calculation of the weight
coefficients are shown in Table 5. Lingo software was used to solve this
problem and for the calculation.

Expert 1- min ¢

~

wy A Ws
——2| <eg ——1.5| <g|—-— 1.33| <e¢
Wy Ws W3
W3 Wy W,
— —1.25( < ¢, ——3|S£, ——2|S£
wy Ws W3
w
V12— 167] <&
41
5
ZW]' = 1,Wj = O,Vj
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Expert 2- min ¢

w w. w
= _13 Ss,—1—1|Ss,—2—1|Ss
Wy W w3
ws Ws wy
——16|<¢g|——-13|<¢g|——-1|<c¢
Wy w, ws
W
——16|<c¢
Wy
5
ij—l,wj>0,\7’]
\ j=1

Expert 3- min ¢

(|Ws W1 Wy
—=2|<¢g|——-15|<¢|——-167|< ¢
W1 Wy W»
W» Ws |41
——14[<¢e|—-3[<Z¢|——-25|<¢
W3 Wy Wy
Wy
——233[<¢
W3
5
ij =1,w; =20,Vj
\ j=1
Table 5 — Weight coefficients of the input variables
Tabnuua 5 — Becosble k0aghebuyueHmbl 8XOOHbIX MEPEMEHHbIX
Tabena 5 — TexXuHcku KoeguyujeHmu yrasHux rnpoMeHbUsux
Criteria Weight coefficient w w? w?
K1 0.1734 0173 | 0.1 0.05
(route length) ' ' ’ '
K2
(exposure of the 0.2442 0.244 0.17 0.08
population)
Ks
(environmental 0.1261 0.126 0.085 0.03
impact)
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Criteria Weight coefficient w w? w?
K4

(reaction speed of 0.1664 0.08 0.11 0.166
rescue services)

Ks

(probability of a traffic | 0.2898 0.289 0.18 0.05

accident)

Step 2: Generate an initial "incomplete" rule base with the maximum

number of combinations

N input (X)) variables and the output variable (Y) are described with
different numbers of the membership functions. Starting from that, it is
necessary to determine the maximum number of rules, i.e. the maximum
number of combinations (¢) by which the membership functions can be
combined. The initial rule base contains only the premises (the IF part of
the rule) or the combinations of all membership functions of the input
variables of the fuzzy logical system (x). The initial "incomplete" base of
the R rule is displayed in the form of a matrix as:

X, X,
1) (1
R x X

(2) (1)
Ry x X

R xl(m) x;m)

X

n

XD

n

x(Z)

n

xi’”)

Step 3: Generating a "complete" rule base by assigning appropriate
conclusions (y”) to premises (x{’). Generating a complete rule base
begins with the formation of a matrix R 'in which combinations of input
pairs are replaced by weighting coefficients (w?).

(1) (1) (1)

X Xy X3
(2) (2) (2)
X le X3
- (3) (3) (3)
R - le WX2 WX}
W(m) (m) W(m)

X Xy X3

(1)

Aﬂ

w?

xﬂ

W(3)

xﬂ

W(m)

X”

After forming the matrix R ', the elements of the matrix are summed

in rows:
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wy =X, wd yty*t ey, v (6)
where y* represents the upper limit of the confidence interval [y, y'] of
the output variable Y. After this, it is necessary to determine the degree

of belonging of the real number w; to the membership function y" of the
output variable Y.

y(r) = maX(Wy n #y(r)) (7)

Step 4: Optimization of the number of rules, elimination of redundant
rules.

When generating the rule base, each pair of the membership
functions (x”) of the input variables (X)) is associated with the
corresponding membership function (y”) of the output variable (Y). After
defining the rule base, redundant rules that unnecessarily burden the
system are eliminated. Elimination is performed when there are two or
more rules that have similar or the same combination of the membership
functions of the input / output variables. In this case, what is left is a rule
whose sum of weight coefficients of the membership functions, contained
in the rule, is higher.

R = max) W,EQ ,i=1,2,...,n (8)

where w,” represents the weight coefficient of the membership
functions contained in the rule R.

If we mark:

A — route length,

B — exsposure of the population,

C — environmental inpact,

D - response speed of rescue services,
E — probability of a traffic accident, and
F — route preference,

then the role example is:

IF (A is Large) AND (B is Small) AND (C is Medium) AND (D is Medium)
AND (E is Small) THEN (F is Large).
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Selection of inference and defasing methods

The most commonly used methods for direct inference are MIN-MAX
and PROD-SUM (Mamdani method). In the initial phase of system
development, the MIN-MAX method was used. This method is a common
choice when it is not important to manage the entire confidence interval
of the output variable. However, a large number of system simulations
have shown that the MIN-MAX method is unsuitable. One of the basic
requirements was to achieve a satisfactory level of system sensitivity,
which means that with certain small changes in the input, the output from
the fuzzy system must also have small changes, which could not be
achieved by applying the MIN-MAX method. Figures 3 and 4 show the
graphical representations of the solution according to the MIN-MAX
method in the form of the interdependence of the solution and two input
variables.

Route preference
B B B & B B
Routhe preference

w g 9 om u

B
&

Route lenght = B8 8 Exbosure of the
E population

Y ‘0‘ X

T

o0 0 g g T
eusSigun i
“‘“\‘\‘é“" %,

Route preference

"

=N
7

Route preference

100

paile] . ¢ 8
4 Route lenght Probability of traffic 1" 0 Route lenght
rescue services accident

Reaction speed of 2 2 300 e

Figure 3 — Interdependence of the solution and two input variables by the MIN-MAX method
Puc. 3 — Bzaumo3zagucumocms peuwieHus1 U 08yX 8XOOHbIX NepeMeHHbIX C
ucnonb3osaHuem memoda MIN-MAX
Crnuka 3 — Mehy3asucHocm pewetrba u 08e yra3He npoMeHs/buUse MpuMeHoM Memode
MIN-MAX
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The Matlab 2008b software package was used to construct the fuzzy
logic system.

Routh preference
g

Enviranmental inpact ® @ 1 "Exposure of the population

Figure 4 — Interdependence of the solution and two input variables by the MIN-MAX method
Puc. 4 — Bzaumosagucumocmb peweHusi U 08yX 8X0OHbIX MEPEMEHHbIX C
ucrnonb3osaHuem memoda MIN-MAX
Cnuka 4 — MefjysasucHocm peuwera u dge yna3He rpoMeHsrbuge npuMeHom memode
MIN-MAX

It can be seen from the figure that the system obtained using the
MIN-MAX method is very insensitive. The insensitivity of the system is
represented by the plateaus on the figures.

The settings could not achieve the desired shape, and even if the
desired shape was obtained, it would be valid only for certain values of
the input variables.

By changing the parameters, the surface would look even less
acceptable, and thus the system would be even less sensitive. In order to
increase the sensitivity of the system, the PROD-SUM method of direct
inference was used, as the best offered by the Matlab software package.

Figures 5 and 6 graphically show a set of possible solutions of the
input variables using the PROD-SUM method.
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Figure 5 — Interdependence of the solution and two input variables by the PROD-SUM
method
Puc. 5 — BzaumosagucumMocmb peweHust U 08yx 8X00HbIX repeMeHHbIX C
ucrnionb3ogaHuem memoda PROD-SUM
Cnuka 5 — MefjysasucHocm pewera u 08e yna3He rnpoMeH/bU8e NpuUMeHoOM Memode
PROD-SUM

Route preference

3 seay
Environmental inpact ¥ 1 10 Exposure of the population

Figure 6 — Interdependence of the solution and two input variables by the PROD-SUM method
Puc. 6 — B3aumo3sagucuMocmb pewieHuss U 08yX 8XO0HbIX MEPEMEHHbIX C
ucrnonb3oeaHuem memoda PROD-SUM
Cnuka 6 — MefjysasucHocm pewera u 08e yrna3He rnpoMeH/bU8e NMPUMEHOM Memode
PROD-SUM
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The reasoning process in a fuzzy logic system takes place by the
fuzzyfication of the values of the input variables at the very beginning. In
the fuzzyfication process, the membership functions defined for the input
variables are applied to the actual value of the input variable to determine
the degree of affiliation for the premise of each of the rules in the
database. For example, if the Route Length is described by the linguistic
descriptor Low, Exposure of the Population described as Medium,
Environmental Impact as Medium, Response Speed of Rescue Services
as Medium, and Probability of a Traffic Accident described as High. After
obtaining these values, the expert system performs the analysis in
accordance with the previously defined limits, which represent the
membership functions of individual variables. Each variable consists of
several fuzzy sets and the purpose of fazzyfication is to determine which
fuzzy set "belongs" to each input variable and to represent this affiliation
with numerical values in the interval [0,1].

After the fuzzyfication of the input values, the analysis of these
values is performed as well as their comparison with the sets of values of
the premise of the rule from the rule base. In the case of this system, all
rules were activated when entering values. By activating the rules,
intermediate solutions are obtained. The union of fuzzy sets is applied to
the obtained intermediate results, and on that occasion the resulting
fuzzy set is obtained.

The method of the center of gravity (COG) was chosen for the
method of defuzzyfication. In the case of a discrete confidence interval,
defuzzyfication is calculated according to:

— Z:%ll ”(xi)'xi (9)
where
u;i-fuzzy set obtained after the accumulation phase;

n - the number of discretization levels of the specified fuzzy set per

X; - i-th discrete value; and
U(x;)- fuzzyfied value of x;

Application of the fuzzy system

The application of the system is one of the components in the
system life cycle. The model should be applied and, if necessary, certain
corrections, changes and improvements should be made again, which is
relatively easy in a fuzzy system.
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A user program has been created for the developed fuzzy logic
system, which enables the practical application of this model. The user
platform was developed in the Matlab 2008b software package. Entering
"PP" in the command line of the Matlab software package starts the
program for selecting the route for the transport of hazardous materials.
The user form is shown in Figure 7.

Evaluation of the route for transport of hazardous materials

Run program End program

Teodora Milosevic, 1415t class
Department of Logistic, Tratfic and Transpart module
Belgrade, 2020,

) - X

Figure 7 — User form of the developed program for the selection of a route for transport of
hazmat
Puc. 7 — Nonb3o08amernsckas gpopma rpoepammei 0718 8bibopa ornmumarbHo20
Mmapuwipyma rnepeeosKu oracHbIX epy308
Cniuka 7 — KopucHuuka ¢hopma ripoepama 3a u3bop onmumarHe pyme 3a mpaHcriopm
ornacHoe mepema

Pressing the "Pokreni program" (run program) button opens a fuzzy
logic model in which the user enters the desired values of the input
variables. The value of the criterion "Route length" has an interval
[0,300], while the values of other criteria can be selected from the
interval [1,10]. The values can be entered by typing or moving the slider
keys. By pressing the “Pokreni” (Run) button, the calculation is
performed. The output from the fuzzy system is shown in the lower part
as a numerical and linguistic value of the preference according to the
entered route.
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B preferencija - X

Input val

RUN

END

- = - - -

Route length Exposure of the Envir impact speed of Probability of a
population rescue Services traffic accident

Output val Teodora Miosevic, 1415t class

. Department of Logistic, Tratfic and Transport mociule
Preference Humerical value of preference Bislgrade 2020

Figure 8 — Fuzzy logic model for enetering the input values and displaying the output
value
Puc. 8 — Moderb 0risi 8so0a 8xX00HbIX 3HaYeHUl 8 cucmeMy U 0mobpaxeHus 8bIXOOHbIX
3Ha4eHul u3 cucmembl He4emkol JI02UKU.
Crniuka 8 — Moden 3a yHoweHre yna3Hux epedHocmu y cucmem U rpuka3s usnasHux
epedHocmu u3 fuzzy noauykoe cucmema.

The designed model was tested during the selection of a route for
the transport of fuel. Three transport routes were considered and they
represent alternatives.

Tabel 6 shows the values of the input variables in the fuzzy logic
system for each route. The values were determined based on a
subjective assessment of the model designer.

After entering the input parameters into the fuzzy logic system, the
calculation and evaluation of the mentioned alternatives is performed.
The results of the calculation, i.e. the output values of the fuzzy logic
system are shown in Table 7.
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Table 6 — Input values of the selected routes
Tabnuua 6 — BxodHble 3HaqyeHuUs1 8bIbpaHHbIX Mapuwpymos
Tabena 6 — YnasHe apedHocmu pasmampaHux pyma

Reaction Probability of
Route Exposure of Environmental speed of e
length (km) | the population | impact rescue a trgfflc
. accident
services
A1 255 8 7 8 7
A2 181 5.5 5 6 6
A3 181 6.4 6 5 3.6

Table 7 — Numerical and linguistic values of the selected routes after the calculation
Tabnuya 7 — Yucriosble u nuHe8UCMUYECKUE 3Ha4YeHUs paccMampueaeMbiX Maplipymos
rocrie pacyema
Tabena 7 — Hymepuuke u nuHegucmuYke 8pedHoOCmu pasmampaHux pyma HakoH

rpopayyHa

Alternatives Route Preference —
Numerical value Linguistic value

A1l 31.25 Very small

A2 60.75 Medium

A3 65.36 Large

After evaluating the alternatives, it was found that the highest
preference was given to alternative 3. The ranking of the alternatives can
be displayed as A3> A2> A1.

This model expands the theoretical framework of knowledge in the
field of choosing the route for the transport of hazmat. The existing
problem is considered with a new methodology, which creates a basis for
further theoretical and practical upgrades.

Conclusion

The paper presents a new model for the selection of a route for the
transport of hazardous materials using fuzzy logic systems. Fuzzy logic
systems belong to a group of models based on artificial intelligence
which can be applied as a decision support in the decision-making
process of the traffic service authorities in the Ministry of Defense and
the Serbian Armed Forces. In the research listed in the literature, there
are various models for the selection and optimization of the route for the
transport of dangerous goods, which aim to reduce the risk of occurrence
and reduction of the consequences of accident situations.

After analyzing the literature and interviewing experts from the
Ministry of Defense, the authors defined five criteria which represented
the input values of the fuzzy system. The selected criteria are: (1) The
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length of the route, which represents the distance the vehicle travels
carrying hazmat; (2) Exposure of the population, i.e. the degree of impact
of the consequences of the incident situation on the population; (3)
Impact on the environment, which represents the degree of impact of the
consequences of the incident situation on the environment; (4) Speed of
response of rescue services, i.e. average time for which city services (fire
service, ambulance service, and police) react in case of an incident, and
(5) Probability of a traffic accident, i.e. the impact of road sections where
due to the characteristics and conditions on the road there is a probability
of a traffic accident. In addition to the mentioned criteria that represent
the input variables, the output variable of the fuzzy system is defined and
presented as the Route Preference.

Each input variable is represented by three membership functions,
and the output variable is defined by five membership functions. Since
one of the basic requirements when modeling the system was the
existence of a certain degree of sensitivity of the system, Gaussian bell
functions were used as functions for the input and output variables. All
rules in a fuzzy logic system are determined by applying the method of
weight premise aggregation (ATPP), which allows the formation of a
database based on experience and intuition. Based on the number of
input variables and the number of their membership functions, the basic
base of 243 rules is defined. Three experts from the Ministry of Defense
were interviewed to determine the weighting coefficients of the
membership functions, and the values of the coefficients were
determined using the FUCOM method. In order to increase the sensitivity
of the system, the PROD-SUM method of direct inference was used. The
system itself was tested on the choice of route for the transport of motor
fuel. One of the advantages of using this system is that the system is
adaptive, which is reflected in the ability to configure the base of fuzzy
rules. Fuzzy inference rules are essential for managing the transport of
hazmat, due to the descriptive approach and the heuristic solution of the
problem. Due to the application of the fuzzy logic model, the limitations of
conventional evaluation methods are overcome. The solution obtained by
applying the fuzzy logic model is obtained on the basis of simple
aggregation of criteria values. Also, this system is implemented as a user
program within the Matlab software package. As such, it is suitable for
application in a dynamic environment and real-time decision making. The
described system leaves room for further research that should move in
the direction of identifying additional parameters that may affect the
choice of a route for the transport of dangerous goods and the
implementation of additional decision criteria in the presented model.
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MOZLE/b BbIEOPA MAPLUPYTA MEPEBO3KN OMNACHbIX M'PY30B
C NCIMNONb3OBAHMNEM CUCTEMbI HEHETKOU NOTI KA

Teodopa [I. Munowesuy?®, [JpazaH C. Mamy4ap®, KoppecnoHAeHT,

lpaceHdxum L-laTTep/J,)Kldﬁ

@ YumsepcuteT o6opoHs! B 1. Benrpag, BoenHas akagemus,
[enaptameHT norucTtuku, r. benrpag, Pecnybnuka Cepbus

° WHcTuTyT nHxxernepun MCKV, lenaptaMeHT MallMHOCTPOEHS,
r. Xospax, 3anagHasi beHranus, Pecny6nuka NHans

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:

27.47.00 MaTtemaTtuyeckast KWbepHeTUKa;

27.47.19 ViccnepgoBaHue onepauui

73.00.00 TPAHCIIOPT:

73.01.00 O6Lme BONpOCHI TPAHCMNOPTa;

73.01.77 MeToapl uccneagoBaHnst U MO4ENUPOBaHUS.
MaTtemaTuyeckne n knbepHeTnyeckme MeToabl

80.00.00 MPOYNE OTPACITIN SKOHOMUKMU:

81.88.00 MaTepuanbHO-TEXHNYECKOE CHAbXeHNE.
JlorncTtuka
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B[O CTATbW: opurmHanbHas HayyYHas ctatbsl

Pe3some:

BeedeHue/yenb: B 0aHHOU cmambe npedcmasreHa moderb ebibopa
Mapuwpyma nepesosKU OMacHbIX 2py308 C UCMNOb308aHUEM CUCMeM
Heyemkol Jl02UKU, KaK pasHOBUOHOCMU CUCMEM UCKYCCMBEHHO20
uHmennekma. lNpedcmasneHHass 8 cmambse cucmema rpedcmassisiem
coboli  cucmemy  noOOepxKKU  MPaHCrIoOPMHO-102UCMUYEeCKUM
opaaHu3auyusiM 8 npouecce MpuUHSMUs peweHul npu ebibope 00HO20
U3 HECKOMbKUX B03MOXHbIX Mapuwipymoe rpu nepeso3ke OonacHbIX
epy3oe8.

Memodbi: OueHka mapuwpyma 8bIMosIHAEemMCcs M0 MNsimu Kpumepusim.
Kaxdasi exo0Hasi riepemeHHasi npedcmaeneHa mpems OyHKUUsSMU
npuHadnexHocmu, a 8bIXOOHasi nepemMeHHasi onpedensemcs Mnsmsio
yHKyusmu npuHadnexHocmu. Bce npasuna 8 cucmeme HeYemkou
Ji02uKu ornpedensomcs fnymem rnpuMeHeHUss Memoda agpeauposaHusi
8ecogo20 moeapa (ATPP), komopsbil noseosnisiem co3dame b6asy
OaHHbIX Ha oOcHoge onbima u uHmyuyuu. OcHoeblgasicb Ha
Komuyecmee 8X00HbIX [epPeMEeHHbIX U Korudecmee ux QyHKyul
npuHadnexHocmu, onpedesisemcsi ocHogHasi 6a3a, ekodarowas 243
npasuna. [ns onpedeneHus 8ecos8bix KoaghchuyueHmos @yHKUUl
npuHadnexHocmu  ObII0O  OMPOWEHO  mpu  3Kcriepma U3
MuHucmepcmea 060pOHbI, a 3HadyeHusi KoaghguyueHmos 6binu
onpedesieHbl C OMOWbO Memoda [oJIHOU coenacosaHHOCMU
(FUCOM).

Pesynbmamei: [ns paspabomaHHOU cucmembl Hedemkou J1i02uKku
co3daHa rofib308amersibckasi npozpamma, rnoaeosnsowas
npakmuyeckoe rpumMeHeHue amol mooesnu.

Bbigodbi: Nonb3osamernbckas nnamgopma paspabomaHa 8 pamkax
npoepamMmHoz20 nakema Matlab 2008b.

Knoyesbie crioga: Heyemkasi yilo2uka, Hedemkoe MHoxecmeo, ATPP,
FUCOM, onacHsbie epy3bi, Matlab.

MOOEN 3A U3BEOP PYTE 3A TPAHCIMOPT OMNACHOIr TEPETA
NPUMEHOM FUZZY JTOT'M4YKOIr CUCTEMA

Teodopa [I. Munowesuh?, [paza+ C. Mamyyap®, ayTop 3a npenucky,
lNpaceHyum Yatepuu

@ YunsepsuteT ogbpare y Beorpapay, BojHa akagemuja, Kategpa noructuke,
Beorpag, Penybnuka Cpbuja

6 MHCTUTYT 3a uHxerwepctBo MCKV, Opgerbere 3a MalnHCTBO,
XoBpax, 3anagHu bedran, Penybnuka UHgunja

OBJIACT: matematuka, caobpahaj, noructuka
BPCTA YJIAHKA: opurvHanHm HayyYHu pag,
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Caxemak:

Yeod/yurs: lNpedcmaesrbeH je moden 3a u3bop pyme 3a mpaHcriopm
ornacHoez mepema rnpuMeHoMm fuzzy noeudkux cucmema, Kao spcme
cucmema gewmayke uHmenueeHyuje. Cucmem rpedcmassbeH y pady
rnomaxxe opzaaHy caobpahajHe cnyxbe npu usbopy jedHe 00 HEKOMUKO
moeyhux pyma 3a mpaHcrnopm onacHo2 mepema.

Memode: [llpouyeHa pyme epwu ce Ha OCHO8Yy nem Kpumepujyma.
Ceaka ynasHa npomeHsbuga rnpedcmasrbeHa je ca mpu ¢hyHKyuje
npunadHocmu, a usnasHa rpomeHsbuga dechuHucaHa je ca nem mux
¢yHkyuja. Cea npasuna y fuzzy nosudkom cucmemy o0pehyjy ce
npumeHoM mMemode azpezauyuje mexuHa rpemuca npasuna (ATIIM),
Koja omozyhasa ¢chopmupar-e b6ase npasusa 3acHo8aHe Ha UCKycmey
U uHmyuuuju. Ha ocHosy 6poja ynasHux MnpoMeHs/busuUX U b6poja
HUxosux yHKUuja npunadHocmu decbuHucaHa je ocHoeHa 6asa 00
243 npasuna. lHmepsjyucaHa cy mpu ekcriepma u3 MuHucmapcmea
00bpaHe Kako 6u ce ymepdunu mnoHdepucaHu KoeguyujeHmu
¢yHKkyuja npunadHocmu, a Huxoee epedHocmu odpeheHe cy
memodom rnomnyHe KoHaucmeHmHocmu (FUCOM,).

Pesynmamu: 3a passujeHu fuzzy mnoa2u4yku cucmem CMmEOpPeH je
KOPUCHUYKU rpozgpaM Koju omozyhaea npakmuyHy MpuMeHy 0802
moderna.

3akmbyyak: KopucHuydka nnamgbopma paseujeHa je y npoepamMCcKom
nakemy Matlab 2008b.

KbyyHe pedu: fuzzy noeuka, fuzzy ckyn, ATPP, FUCOM, onacHe
mamepuje, Matlab.
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