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Memoto pobomu € docniorcenns numans, N6 AIAHUX i3 cuUCmeMamu
Kepyeans 00PONCHIM PYXOoM, Ma NPeOCMABIeHH CUCEeMU YNPAGIIIHHA,
AKA BUKOPUCMOBYE THMENeKMYAIbHi MPAHCROPMHI CUCTeMU MA HeUpOHHI
Mepeoci. Buxopucmannsa inmenexmyansHux mpancnopmmux cucmem
(TC) - ue 3aci6 noxpaweHns MpaHcnOPMHUX Cucmem, o pooums o020
HezanexcHum 6i0 po3eumxy 6i0noeionoi indpacmpyxmypu. Ampudymu
HeUPOHHUX MepelHC 6MILeHO 3 Memolo eupiuenHs npodjiem onmumisa-
uii, axi nepedbauaiomo Po3poOKY ONMUMANLHUX Cmpamezill ynpaeiin-
na mpagixom. Ilpedcmasnena cucmema ynpaeiinHs 00PONCHbO-Mpan-
cnopmuum pyxom, axa euxopucmosye ITC ma neviponuni mepedsici, mosice
Oymu 3acmocosana 01 NPOZHO3YEAHHS Pi3HOMAHIMHUX cumyauiil Y cepi
YNpaeinHs 00PONCHIM PYXoM.

IIpedcmaeneni pesyavmamu docaioxncenv, memoro axux 6yaa nepegip-
Ka epexmuenocmi HeUpoOHHUX Mepedc 6 achexmi npozHo3yeamns 00cs-
2y nepeeezeHb HA OKPEMUX HAUIOHAILHUX 00P02AX, Peai308aHux Ha
0CHO6I HAYK06020 NOWYKY MA OUCKYPCY JOZICMUMHUX ACneKmieé Yynpae-
JIHHA 00POJNCHIM PYXOM, 3 OCOONMUGUM AKUECHMOM HA THMeIeKmyais-
Hi mpancnopmui cucmemu. Buweszeadani numannsa € naozeunaiino easic-
JUEUMU Uepe3 HeOOXIOHICMb 6UABJICHHS 0HIKY6AH020 HABAHMANCEHHS HA
Mapupymu. Basxcaueumu enemenmamu iHmeHcusHOCmi pyxy € KOAUBAH-
HA mpaixy, nos’azani 3 makumu akmopamu, K 4ac, pyx, apximex-
mypa odopiz i euxopucmanns nomyvicnocmeii. Jocaioncenus nOCAYHCUNO
nepesipui epeKmusHOCMi HOMUPLOX HE3ATEHCHUX HEUPOHHUX MeEPeNC, NPO-
2HO3YI0UUX 00Cs2 MpadiKy, NPOMA20M MUINHCHSA 0151 BUSHAMEHUX MOMEHMIE
uacy. Emnipuuni oani, euxopucmani ¢ npedcmasienux 00CHIOHCEHHAX,
Oyau ompumani 3 0AMUUKIE PYXY, 6CMAHOBACHUX HA GUOPAHUX HAUIO-
Hanvhux 0opozax, 6 neemi npomixcku uacy. Ile dozeoauno eusnauumu
nepcneKmusu po3eUMKY HelpoHHUX Mepelc HA OCHOBI 00CHi0HCY6anoi
Modei, wo npedcmaense co06ol0 HAGIP eeMeHmie Wmy1Hoz20 inmenex-
my wo Kepyromv 00CA2aMU MPAHCNOPMHUX 3ACO0I6 MaA 6710611010Mb
noemoprogani saxonomiprocmi. Ilpedcmasneno pesyrvmamu euxopu-
cmanHs aemopcokoi Mooesi 6NPOBAOIHCEHHS ANZOPUMMY HA OCHOGL Heli-
POHHUX MePedHC Y MPAHCROPMHUX MePeHCAX 0N GUKOHAHHA KiNbKICHO20
ma AKicHo20 ananizy i OiavHOCMI, A MAKONC HAKONUMEHHS BI0N0BIOHUX
danux. Ilpoananizoeano pisni cnocodu ompumanns oanux 0 edexmus-
H020 Modemosanis. Buacnioox susenenns pisnomanimnux nemounocmeii,
cucmemHux Hedockonaiocmeii abo HadMipHux eumpam Oyau 3anponoHo-
6aMi ANbMEPHAMUBHI PIUEHHSL, WO MONCYMb YCYHYMU MAK020 Muny npo-
Onemu. Aemopamu maxodxic Oyau 3anponoroeani nioxoou, wo 00360110Mb
oomescumu nosgy maxux npoonem. Hasedeni pesynvmamu docaioxcenn
00TpYHMOBYIOM® QOUINLHICMb BUKOPUCMAHHA HEUPOHHUX Mepenc 0Nl
pezymosanns mpancnopmuux nomoxie. Ilpedcmaeneni pesynomamu 6yu
ompumani y x00i paxmuunux cnocmepesicetv il NOPIGHIOBAIUC 3 Pe3YJib-
mamamu inwux Oitouux cucmem. Aemopamu npoananizoeamno aoexeam-
Hicmb npedcmaenenoi Mooeni ma MoICAUBOCMI ii 600CKOHANEHNS
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Modern road traffic management systems rely on tech-

Congestions in road traffic pose an increasing problem in
today’s urban agglomerations. The dynamic increase in the
number of vehicles leads to an increased volume of traffic,
resulting in obstructions in individual and public transport
traffic, reduced travel time and regularity of rides as well as
increased costs of vehicle use. It is possible to implement ele-
ments of artificial intelligence into algorithms for road traffic
control and management [1, 2]. Through their adoption, we
can obtain inference algorithms that take into account spe-
cific characteristics of road transportation [3]. The process
of traffic control runs smoothly, and we can achieve better
optimisation results compared to rule-based algorithms [4].

nologies based on telecommunications, IT and transport
management methods, and take into account the following
elements [5]:

— road infrastructure;

— forecast of changes in traffic volume in the covered
area;

— forecast of changes in traffic distribution caused by a
change in traffic organisation as a result of situations dis-
rupting traffic flow;

— capacity of roads and streets on sections between
junctions;

— junction capacity;

— level of traffic safety;




— impact of changes in traffic organisation on time losses
or gains of different user groups, especially public transport
users;

— investment and operating costs resulting from the im-
plementation and functioning of a road traffic management
system,

— communications capacity of an area.

Additional indicators determining the optimisation of
road traffic control and management are parameters deter-
mining traffic flow and capacity. Traffic flow depends on the
following [6]:

— time losses at individual junctions;

— number of vehicle stops;

— length of queues on access lanes to junctions;

— distribution of time losses (e. g. standard deviation);

— distribution of queue lengths.

Road traffic management algorithms more and more
often use artificial intelligence methods such as: fuzzy logic
[7, 8], genetic algorithms [9, 10] or neural networks [11].

The topicality of the indicated subject is dictated by the
necessity to create a knowledge base on the traffic volume
existing within the road network, taking into account the
road surface loads, possibilities of road reconstruction and
road surface improvement in a specified period of time, in
a model perspective. Later on, the following was presented
in the work: analysis of literature and problem statement;
the purpose and objectives of the study; intelligent logistics
systems; essence of road traffic management; Intelligent
Transportation Systems and their role in road traffic man-
agement; Intelligent Transportation System (ITS) in terms
of road traffic management; neural networks in the aspect
of road traffic management and Road traffic management
system presented as a model.

2. Literature review and problem statement

Compilation of literature has shown that there are many
assumptions about the diversity of intelligent transport sys-
tems related to traffic management. The choice of the right
assumption depends on individual needs. This creates an
opportunity to create a specific traffic management system
and at the same time poses a challenge to the development of
neural networks. If a suitable control plan is chosen for the use
of variable cycle lengths, the compatibility and interconnec-
tivity of the traffic management systems of different genera-
tions (I1T and IV) are of paramount importance. Due to the
constantly growing interest in intelligent logistics systems,
the authors predict a constant increase in the distribution and
use of neural networks in forecasting traffic volume.

The neural network’s ability to reproduce non-linear
relationships between variables describing object’s behavior
and the ability to develop effective configurations is condu-
cive to traffic management applications. The review takes
into account articles published in magazines in recent years.

The idea of neural networks was introduced in the 60s,
and started to be used in terms of traffic management in the
90s. The significant interest in neural networks has been
shown in 1995 by Dougherty’s review of network applica-
tions [12]. The author distinguished nine areas of network
applications: assessment of drivers’; behaviour, determina-
tion of traffic parameters and timetables, assessment of road
surfaces, detection and classification of vehicles, analysis of
traffic flow and detection of events, optimisation of travel

routes, forecasting of traffic parameters, traffic control and
transport policy and economy.

Since the mid-1990s, there have been several new po-
sitions in magazines and a similar number in conference
materials. In 2011, the use of traditional statistical methods
and neural networks in research on traffic management
issues was compared [13]. They suggested a division of the
application topics into six groups of issues: traffic analysis,
infrastructure management, maintenance, planning, envi-
ronmental protection, safety and behaviour of traffic partici-
pants. The implementation of intelligent traffic management
and control systems makes it necessary to link the above
issues, hence the progressive combination of research prob-
lems, also in relation to transport, what has been presented
in the publication [14]. Artificial neural network prepared
in the form of a program or hardware system performed cal-
culations using a set of layered, simple elements modelling
the action of neurons [15]. A frequent forecast parameter is
the traffic volume, therefore, some researchers provided the
network with historical values of density, traffic speed and
identified the day of the week for which the forecast was
made [16]. The paper [17] presented a method of classifying
time series of traffic flow rates by day of the week. Other
researchers used the data entered into the neural network,
additionally applying the Levenberg-Marquardt network
learning algorithm. This has significantly improved network
performance and reduced the traffic forecasting error [18].
Complexes of calculation methods based on statistics and ar-
tificial intelligence are gaining popularity and are becoming
important research topics. An important problem for traffic
management is the detection of traffic events that lead to
disturbances even in the whole traffic area. Authors of the
publication [19] developed a network solution based on traf-
fic intensity, which allows for almost real-time generation
of matrix values for current traffic management. In their
research, a solution for a network generating a short-term
forecast of the speed of movement based on current data and
time of a day was proposed. Such network uses historical
data and creates the matrix in the studied area [20].

The authors of the solution presented in the article [21]
used a network to connect the data from road sensors and
mobile measuring stations installed in cars. This type of
network reflects the traffic parameters in the whole surveyed
area. In the works [22, 23], the ability to connect different
types of data over a neural network in terms of traffic man-
agement was proposed.

In the literature presented, the issues related to ITS were
reviewed to allow their critical analysis. This made it possi-
ble to draw conclusions that the problems are not sufficiently
emphasized in them and supported by research. Hence it was
necessary to try to supplement them, to better inform indi-
vidual road users, thus ensuring safer and more coordinated
use of transport systems using neural networks.

It is important because IT technologies, compiling trans-
port engineering, contribute to more effective planning,
design, maintenance and maintenance of transport systems
management.

3. The aim and objectives of the study

The aim of the paper is to identify the issues focused
around traffic management systems using Intelligent Trans-
port Systems and neural networks.



To achieve this qualitative research, the following tasks
have been set:

1. Analyse the road traffic management system, which is
based on Intelligent Transport Systems.

2. Impact of Intelligent Transportation System (ITS) on
road traffic management.

3. Indication of attributes of neural networks in intelli-
gent traffic management systems.

4. Intelligent logistics systems

Intelligent logistics systems mainly aim to increase the
safety and smoothness of traffic and reduce the environ-
mental impact, and they constitute components of the infra-
structure. Their task in road traffic is to warn of dangerous
situations such as: congestions, fog, glaze, strong side wind
and damaged road surface, and to impact the speed of driv-
ing, ensure that appropriate distances are maintained be-
tween vehicles, regulate vehicles’ joining the traffic, control
traffic lights and inform about a change of traffic directions.
The multitude of the possibilities of using technical solutions
that improve the flow of traffic on communication routes,
contribute to increased safety of road traffic, improve envi-
ronmental situation by reduction of exhaust emission and
noise, and bring concrete economic benefits, are a sufficient
justification of investments in telematics.

The development of road infrastructure, which is stimu-
lated by dynamic development of motorisation, and increas-
ing mobility of humans have led to a situation when the daily
use of a network of roads is becoming ever more burdensome.
Road infrastructure has the form of a network, which con-
sists of arcs and apices in the symbolic notation. The linear
or point parts of the network are referred to as infrastructure
elements [24].

The most basic description of an element of infrastruc-
ture involves defining geometrical characteristics of its
individual parts, which is presented in Fig. 1.

Road administrators have for many years been searching
for successful solutions to ensure an efficient, effective and,
above all, safe management of road traffic. Attempts to ex-
pand road infrastructure following the development of mo-
torisation are doomed to failure, and efforts should be rather
concentrated on a more efficient management of road infra-
structure through modernisation of the existing network of
roads and streets, implementation of road hierarchization or
limitation of their accessibility in selected areas. Such ac-
tivities should be additionally supported by implementation
of modern ICT solutions that aid traditional forms of traffic
management and organisation.

Intelligent logistics systems are a combination of in-
formation and communication technologies with road in-
frastructure for achievement of synergy in the area of an
efficient and effective management of road infrastructure
and handling of road users [25].

The use of intelligent logistics systems is one of the ways
to improve transportation systems in order to increase their
efficiency, effectiveness and safety. They provide various
tools, from advanced systems for traffic control using traf-
fic lights, through systems for managing vehicle flows in a
network of streets and roads, to systems executing priorities
for privileged means of transport. Such systems owe their
attractiveness to the fact that they provide huge possibil-
ities of significant strengthening of the positive attributes

of transportation, such as availability, mobility and safety,
while at the same time substantially weakening its negative
features such as costs of building infrastructure, congestion,
road incidents, negative impact on the environment and en-
ergy consumption [26].
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Fig. 1. Components of the description of a road
infrastructure element

Many years of qualitative research have shown that the
use of intelligent logistics systems can be translated into
even 30—-35 % reduction of road infrastructure expenditures
while keeping the same level of functionality.

5. Essence of road traffic management

Road traffic management, carried out by coordination
and central control of traffic lights covering from several to
a dozen or so junctions or by means of a hybrid system that
combines the characteristics of a centralised system and dis-
tributed intelligence and uses intelligent controllers, allows
any traffic lights control software, which is updated online
depending on current traffic situation, to be loaded into
controllers. Road traffic management systems often do not
require replacement of the existing infrastructure, including
traffic lights controllers [27].

Fig. 2 presents a diagram of road traffic management
with the use of ITS.
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Fig. 2. An example of using intelligent transportation
systems to manage road traffic

A road traffic management system uses various informa-
tion sources in the form of cameras or inductive loops, which
enable direct traffic management. Intelligent transportation
systems work with systems for automatic detection of acci-



dents using various detection algorithms and with traffic
meters installed at entrances in order to increase road capac-
ity. They automatically calculate predicated trip times based
on the current traffic situation and the information gener-
ated on variable speed limit signs and via the Internet [28].

Fig. 3 presents an example of cooperation between ITS
and variable speed limit signs during management of road
traffic on expressways.
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Fig. 3. An example of using intelligent transportation
systems for road traffic management through information on
variable speed limit signs

Intelligent transportation systems work with systems
for automatic detection of accidents using various detection
algorithms and with traffic meters installed at entrances in
order to increase road capacity.

6. Intelligent transportation systems and their role in
road traffic management

Intelligent transportation systems (ITS) refer to infor-
mation and communication systems that are designed to
provide services connected with various types of transpor-
tation and traffic management, make it possible to provide
users with information and ensure a safe and coordinated
use of transportation networks. The scope of application of
intelligent transportation systems includes [29]:

— road traffic management systems;

— public transport management systems;

— systems for management of the transportation of cargo
and a fleet of vehicles;

— systems for management of road incidents and rescue
services;

— systems for managing traffic safety and monitoring the
violation of regulations.

Intelligent transportation systems use a number of
information and communication technologies such as: the
Internet, mobile networks (GSM), traffic monitoring de-
vices (sensors, detectors, controllers, video detectors), TV
surveillance equipment (surveillance cameras), weather
monitoring and measurement devices and systems, variable
message signs, satellite navigation systems (GPS), radio
communication systems (DAB, RDS-TMC), geographical
databases (GIS) and road databases and electronic cards
[30]. Mutual relations and links between the different ar-
eas of transportation management and ITS are presented
in Fig. 4.
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Fig. 4. Components of Intelligent Transportation Systems

In cities, a very important role is played by traffic engi-
neering, especially the management of traffic lights. Appro-
priate coordination and management improves the flow of
traffic (Fig. 1), and can also become an element of integrat-
ed systems for transportation management, supporting or
working with telematic systems.

The aim of telematic solutions is to automatically obtain,
process and properly interpret information, and transmit data
in an efficient and cost-effective way, all in real time. The var-
ious types of devices and tasks can consist of different systems
and sub-systems connected in a network covering the area of
a city, region or country. Such solutions are possible thanks
to the use of appropriate devices (inductive loops, video
cameras) that are connected with controllers and computers
to enable a more effective use of road infrastructure. The
sub-systems that use ITS are presented in Fig. 5.

SUB-SYSTEMS THAT USE ITS

urban traffic management

= public transport management

= incidents management

making traffic information available to travellers

- management of systems for road and transport
services use payments

Fig. 5. Sub-systems that use ITS

The term Intelligent Transportation Systems refers to
systems that cover a wide range of various technologies
(telecommunications, I'T, automatic and measurement tech-
nologies) and management techniques used in transporta-
tion to protect the life of traffic participants, increase the
effectiveness of a transportation system and protect the
resources of the natural environment [31]. These systems
are also designed to provide services connected with the
different transport modes and road traffic management,
to effectively inform users and ensure a safer, coordinated
and intelligent use of transport networks [32]. Among the
characteristics of Intelligent Transportation Systems (ITS),



it is worth highlighting: integration of technol-
ogies, tools and software to ensure an efficient
information flow, the system’s ability to take

Table 1

Division of Intelligent Transportation Systems

independent decisions in different situations, ITS category Service Nr Service name
flexibility gnd hi.ght adaptal?ility — ability to 1 Pre-trip information
create configurations depending on the needs — - .
. . . ) ) 2 On-trip information
and effectiveness understood as universality of | Traveler information
benefits 3 On-trip public transport
The characteristics of ITS show that such 4 Route Guidance and Navigation
systems can be a solution to transportation 5 Transportation planning support
problems in cities and thu§ sgccessfully support 6 Traffic control
the concepts of urban logistics. Traffic management ;
7 Incident management
Each subsystem of an ITS system has — - . .
specific requirements regarding communi- 8 Policing, enforcing traffic regulations
cation channels, which have to match the 9 Vision enhancement
needs of a specific sub-system, its topology, hiel 10 Automated vehicle operation
users, taking ’into account the costs of both Vehicle 11 Longitudinal collision avoidance
the construction and use of the system. Of - -
. . ) 12 Safety readiness
importance are also connections that impact — -
financial settlements between road traffic 13 Emergency notification and personal security
participants, administration and road owners. Emergency 14 Emergency vehicle management
The key element of these systems is informa- 15 Hazardous Materials and incident notification
tion distributed by various types of commu- 16 Public travel safety
nication means. Due to the use of telecom- Safety - -
17 Intelligent junctions

munications and IT devices, these systems
are in fact communication and information
systems. Therefore, an important issue is information se-
curity of Intelligent Transportation Systems (ITS) [33].

Intelligent Transportation Systems (ITS) are created
by implementing various interoperating telematic solutions
supported by appropriate, dedicated applications. Elements
comprising Intelligent Transportation Systems (ITS) are
presented in Fig. 6.

Intelligent - Transportation
Transportation Telematics
Systems (ITS) |
Methods for controlling and
Telematics managing transportation
systems and networks

Fig. 6. Elements of Intelligent Transportation System (ITS)
(source: own study)

Intelligent Transportation Systems (ITS) constitute a
wide range of various tools based on information technology,
wireless communication and vehicle electronics. Telematic
technologies are located in elements of transportation in-
frastructure and vehicles. The main aim of such activities is
to manage road traffic in terms of management of vehicles,
cargo and routes for improvement of safety, reduction of
congestions, shortening of travel times and reduction of fuel
consumption. The scope of the use of intelligent transporta-
tion systems is presented in Table 1.

Intelligent solutions in road traffic management deter-
mine the architecture of Intelligent Transportation System
(ITS), i.e. a range of (logical, physical and communica-
tion) links among the elements of systems established by
Intelligent Transportation System (ITS) to create scalable
solutions [34]. Very often, different architectures do not
indicate specific technologies, thus becoming open systems
and increasing competitiveness of implemented solutions.

7. Intelligent Transportation System (ITS) in terms of
road traffic management

The variety of Intelligent Transportation Systems (ITS)
and their uses determines road traffic management in vari-
ous ways. In urban areas, characterised by high density of
road infrastructure, solving the issues of road traffic man-
agement through infrastructure development is the least
effective approach. The effects will be much more visible in
non-urban areas. Intelligent Transportation Systems work
very well, among other things, in: traffic management on
expressways, the functioning of public transport, etc. Intel-
ligent Transportation Systems can also be used to improve
information exchange among drivers, carriers and logistics
centres [35, 36].

The benefits of using Intelligent Transportation Systems
in terms of road traffic management [37]:

— Increasing the capacity of roads by 20-25 %;

— Improving the safety of road traffic (reduction of the
number of accidents by 40—80 %);

— Reduction of travel times and energy consumption (by
45-70 %);

— Improvement of the quality of the natural environment
(reduction of exhaust emission by 30-50 %);

— Improvement of the comfort of travelling and traffic
conditions for drivers, public transport users and pedes-
trians;

— Reduction of the costs of fleet vehicle management;

— Reduction of the costs connected with maintenance
and renovation of road surfaces;

— Increasing economic benefits in a region.

In order to successfully achieve the above-listed objec-
tives, the process of road traffic management should be based
on access to data that arrives automatically and at a proper
time interval. Some data has to be available in real time
(e. g. alerts, emergency connections, images from cameras).
Other data may arrive with little delays.



8. Neural networks in the aspect of road traffic
management

The different attributes of neural networks allow them
to be used in various elements and modules of an intelli-
gent system for road traffic management. Thanks to the
function of classification and recognition, a network learns
the basic characteristics of presented patterns, and on
this basis makes the right classification decision. Through
approximation, a network can act as an approximator of
a multivariable function, and association enables a network
[38] to remember a set of patterns in such a way that after
being presented with a new pattern it will respond by in-
dicating the pattern it remembers that is most similar to
the new one. Data grouping, in turn, allows a network [39]
to automatically discover similarities in processed data,
whereas prediction enables forecasting of future executions
or statistical characteristics of a stochastic process. The ap-
propriate neural network architecture is also characterised
by low sensitivity to errors in a data set; while in a classical
computer programme a data error may lead to completely
wrong results, a neural network can ignore such an error. A
neural network’s ability to work effectively after suffering
a partial damage, e. g. removal of a few neurons or links
among them, also makes it suitable for use in road traffic
management systems.

The characteristic of neural networks that is most often
used in road traffic management systems is its ability to pre-
dict various traffic parameters, such as capacity, traffic vol-
ume and queue length, based on historical data. I generation
road traffic management systems use a set of control plans
with parameters set off-line based on a given time of the day,
taking into account a constant cycle length. II generation
road traffic management systems have an online optimisa-
tion procedure which uses predicted values of traffic volume
5—10 minutes prior to inputting the calculated control plan.

IIT generation road traffic management systems enable
online optimisation based on the prediction of traffic volume
registered 3—6 minutes prior to the selection of a control
plan, taking into account a variable cycle length, whereas
IV generation road traffic management systems adapt man-
agement plans to the current traffic volume rather than to
predicted values, or to values predicted within the interval
of several seconds.

An example can be road traffic management systems
that predict the length of vehicle queues at the next junc-
tion using traffic intensity profiles taking into account time
losses and vehicles stops, updated every few seconds. Queue
lengths are minimised by changing splits, offsets and cycle
lengths.

In three-level, adaptive road traffic management sys-
tems, the key to the optimisation process is accurate esti-
mation and prediction of traffic flows using three types of
detectors. A master unit is responsible for monitoring, diag-
nostics and supervision of the optimisation of the junction
network covered by a system. At alower level is a master
controller. At the lowest level is a local controller.

9. Road traffic management system presented as a model

A model of a modern road traffic management system
with the proposed prediction module that uses a neural net-
work is presented in Fig. 7.

In the prediction module, a neural network was used to
forecast traffic volume, with the following assumptions [41]:

— measurements of traffic volume parameters at regular
intervals constitute a time sequence;

—if the values in such a sequence change cyclically, we
can, based on that, predict the value that has not been yet
measured at a given moment;

— time window is historical data that can be used to pre-
dict another value of the sequence;

— short-term prediction usually refers to one or two val-
ues forward;

—long-term prediction covers longer measurement pe-
riods.
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Fig. 7. Diagram of a road traffic management system

The idea of the proposed data prediction using a time
window and a neural network is presented in Fig. 8.
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Fig. 8. Time window — input of neural network

A neural network will make it possible to obtain a fast
short-term prediction, up to 5 seconds, which has a sig-
nificant impact on road traffic management. It has been
assumed that traffic volume in the location examined on
Monday, Tuesday, Wednesday and Thursday will be similar.
On Saturday, due to people going shopping to supermarkets,
traffic volume will be different than on Sunday. Observa-
tions also show that on Friday, due to people going away
for weekends, traffic volume is distributed differently than
on the other weekdays. Therefore, four neural networks: for
Saturday, Sunday, Monday and Friday, have been proposed.
Daily cycles were divided into 60-second time windows with
a 5-second step, which gives 12 values in total. The training
sequence will consist of 1440(24x60) time windows, each
with 12 values.



10. Discussion of results of research of traffic
management systems using Intelligent Transport Systems
and neural networks

The interpretation and discussion of the obtained re-
sults makes it possible to draw conclusions and propose
solutions in the area of contemporary issues — analysis of
intelligent transportation systems that use neural networks
with respect to the recommended model of road traffic
management. With a view to further research, the most
advanced information technologies were characterised
and classified, which revealed some of their shortcomings
and limitations, especially in terms of basic methodolog-
ical problems of designing such technologies in the area
of planning, control and management. The new prospects
and advantages offered by the research concentrate around
qualitative methods for supporting design decision-making
in the area of management, and possibilities of using neural
networks in flexible intelligent transportation systems. De-
signing flexible intelligent transportation systems attracts
continuous interest and currently constitutes one of basic
directions of research that is of fundamental importance in
the study of engineering and transportation management.
The research, though limited, shows that the possibility
of road traffic management largely depends on the level of
undertaken activity involving the use of neural networks.
As the above-presented research results, so different from
those obtained by other researchers, show, this requires
overcoming quantitative limitations. The need to change
the paradigm of perception refers to the design, function-
ing and management of road traffic using neural networks.
This statement takes on a new importance during the shift
from the extensive to the intensive phase of economic glo-
balisation. The extensive phase is characterised, among
other things, by a simple migration of individual data.
However, it can be assumed that in the long run more
competitive will be those systems in which innovative tech-
niques of road traffic management have been implemented,
thus allowing, among other things, the existing road infra-
structure to be used. Such an approach is a characteristic
of intensive globalisation, which in the future will prevail
over the present one, as the extensive growth possibilities of
the existing systems will be exhausted. Thus, this situation
imposes new requirements on the forms of flexible intel-
ligent transportation systems, which are one of the tools
for increasing the potential of neural networks. Therefore,
efforts should be taken to create new forms of prospective
directions of road traffic management in line with the evo-
lutionary progress in the area of fully automated I'TS. With
the complexity of these systems growing dynamically, con-
ventional technologies can no longer meet the requirements
of modern civilisation. This leads to decreased control that

a human being exerts over the systems they create, which in
the area addressed in this paper is manifested in ITS’s low
tolerance to disruption, considered to be the major disad-
vantage of such systems. An increase in this control, with-
out the need for a human being to be engaged in each case,
as well as an increase in the control over the complexity of
systems, without the loss of their functionality, leads to the
phenomenon of intelligent transportation systems that use
neural networks. A promising path in this regard is to take
advantage of the natural paradox of constructing reliable
systems from unreliable elements. The above-presented
model of road traffic management does not diminish the
importance of partial, universal solutions. An example of
that is simulation using I'TS based on neural networks that
can communicate within heterogeneous networks.

11. Conclusions

In the research, the variety of applications of intelligent
transport systems in the fulfillment of tasks at the level of
traffic management were indicated. Researchers found the
application of this system for autonomous vehicles [42].
Good compliance of the measurements made with reality
was achieved, and the presented errors are so small that such
a solution can be included as an algorithm that can be used
in measurements. The study points to qualitative research
indicators:

1. Efficiency of applied solutions within the framework
of Intelligent Transport Systems (ITS) results in taking sys-
tem actions aiming at the development of Intelligent Trans-
port Systems. The implementation of Intelligent Transport
Systems modules is a solution and a useful instrument for
measuring traffic volume, controlling related processes, dis-
covering optimal potentials and internal and external road
communication.

2. Intelligent transportation systems refer to a wide
range of various technologies that involve communication,
information, automatic and measuring solutions and man-
agement techniques which are used in transportation to pro-
tect the life of traffic participants, increase the effectiveness
and efficiency of the transportation system and protect the
natural environment.

3. The neural network makes it possible to obtain re-
sults for short-term prediction. Therefore, it can be used in
traffic management systems, which require the inclusion of
an unprecedented parameter for the optimization process,
e.g. in the form of intensity or length of the queue. Intel-
ligent transport systems and neural networks are used in
forecasting traffic conditions, and decision-makers can use
the model proposed by the authors to solve traffic manage-
ment issues.
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