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Level Crossing Activation Time
Prediction in Dependence on the Train
Real Speed
V. HAVRYLIUK
DNIPROPETROVSK NATIONAL UNIVERSITY OF RAILWAY TRANSPORT, Lazariana str., 2, 49010, Dnipro, Ukraine
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ABSTRACT
The analysis of accidents at level crossings showed that a significant number of them have been occurred at the
automatic crossings with signalling lights and automatic half barrier crossings. One of the main causes of accidents
is that road users do not obey the warning signals at crossings due to excessive waiting time because real speeds
of different trains can vary greatly, while approach distance to crossings is determined for the fastest trains with
maximum permissible speed. The purpose of this work is the mathematical justification of the method for the level
crossing activation time prediction in dependence on the real speed of an approaching train, based on measurements
of input track circuits’ impedance at approach section. The investigations have been carried out by mathematical
modeling of track circuits’ operation modes during train movement. The relative error of the method has been
determined.

KEYWORDS: telematics, transport, level crossings, waiting time

1. Introduction
Level crossings (LCs) are the places where railway and motorway
meet in the same level and so they are one of the most dangerous
areas for the rail and vehicle traffic. Number of traffic accidents at
level crossings has decreased in recent years, but is still large (fig. 1).
The analysis of accidents at level crossings showed that significant
number of them has been occurred at the automatic crossings
with signalling lights and automatic half barrier crossings (fig. 2).
A similar situation is typical for many countries. For example, in
Europe more than 300 deaths per year occur due to accidents at
level crossings [1], and most of them happen at open LCs. One of
the main reasons of accidents is the violation of the traffic rules by
the road users and drive through closed LCs. It is often provoked
by excessive waiting time for cars at a closed level crossings caused
by the slow moving train. Activation of an automatic LC’s system
occurs when a train enters a part of a track at LC approach section,
the length of which is determined by the safety requirements for
the fastest trains moving at the maximum allowable speed. The real
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speed of different trains can vary greatly. To improve safety on the
LCs various methods for monitoring of the movement of cars in the
LC area as well as the speed and location of the train on the track at
LC approach section were proposed [2-5].

Fig. 1. The number of traffic accidents at Ukrainian level crossings
(1) and the number of victims in them (2) [1]

3

LEVEL CROSSING ACTIVATION TIME PREDICTION IN DEPENDENCE ON THE TRAIN REAL SPEED

(2)

where M 0 (i, j ) is element of general matrix M 0 .

Fig. 2. Percentage of traffic accidents depending of LCs types: 1- the
automatic crossings with signalling lights; 2- automatic half
barrier crossings; 3 - barrier LCs operated by staff ; 4 - LCs
operated by staff ; 5- accidents outside the LC zone [1]

Track circuits (TCs) are often used to detect the presence
of the train in the LC approach section, therefore methods for
monitoring the location of the train in the approach to LC area
based on analysis of the TC parameters in the frequency [6] and
time [7,8] domain are of practical interest. However, the problem
is that the parameters of the track circuit are significantly affected
by the ballast resistance, which varies in an uncontrolled manner.
The purpose of this work is to improve the method of predicting a
reasonable time for activating an LC’s signaling system depending
on the real speed of the train by correct determination the location
and speed of the train in the LC approach section. To achieve the
goal the problem of improving the accuracy of determining the
localization of a train by measuring the parameters of a TC have
been carried out. The investigations have been performed by
modeling of the track circuit input impedance in depending of
train location with variation of the ballast resistance.

Fig. 3. Equivalent circuit of TC with absence of vehicle on it (normal
operation mode) (a) and with train on it (shunt operation
mode) (b) [own study]

3. Results
Modulus of input impedance Abs Z inp for code and audiofrequencies track circuits with length from 0 to 300 m depending
on train coordinate x are shown in Fig. 4.

2. Mathematical model
The equivalent circuit of an TC with absence of vehicle on it
(in normal operation mode) is represented as series-connected
two-poles and four-poles elements (Fig. 3 (a)) where the following
notations are adopted: TTU and RTU are tuning units, respectively,
at the transmitter and receiver ends of TC, RL is the rail line, Z a
and Z b correspond to the impedance of adjacent track circuits
for jointless TCs, Z R is impedance of a receiver. The equivalent
circuit of a TC with train on it includes additionally Z S - train
shunt impedance located at coordinate x that counted from TC’s
input terminals (fig. 3 (b)). The signal current I1 with voltage U 1
and frequency 25 or 50 Hz for code TCs and 420, 480, 580, 720,
780 Hz for audio-frequency TCs is fed to the input of track circuit
from the transmitter.
The matrixes in A-form for all elements of equivalent circuits
(Fig. 3) were obtained as in [7]. The general matrices for track
circuits that consists of series-connected elements were calculated
as the product of matrixes for all elements of TCs
(1)

The input impedance Z inp of the track loop terminated by
train’s shunt was determined as

4

Fig. 4. Dependencies of modulus of TC’s input impedance on train
coordinate for different signal frequencies [own study]

Monotonous dependencies of TCs’ modulus of input
impedance Abs Z inp from train coordinate x allow us to use
them for determining train coordinate by measured values of
input impedance of track circuit. The resolving ability of this
method, that characterized by the rate of TC’s input impedance
changing with coordinate x is increased with frequency (Fig. 4).
The relative change of TC’s input impedance Z inp with
variation of ballast resistance rb were calculated to evaluate ballast
resistance affect on accuracy of the method as follows
(3)

where rb1 =0,8 Ohm/km is the minimum value of the ballast
resistance, allowed by the safe operation conditions of the
track circuits, rb 2 =50 Ohm/km is the maximum value, ballast
resistance above which the increase in its value practically does
not affect the parameters of the TC. Module of relative change of
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TC’s input impedance depending on signal current frequency and
train coordinate is shown in fig. 5.

a train on a track circuit. In both these cases the intelligent data
processing system forms a warning signal transmitted to the
control centre.

4. Conclusion

Fig. 5. Dependence of the module of relative change of TC’s input
impedance on the frequency and coordinate [own study]

According to this dependence, the relative error of the method
has values acceptable for practical use (<1 %) only for signal
frequencies of 25 and 50 Hz and for short track circuits (<300
m). As the frequency of the signal current or track circuit length
increases, the relative error significantly increases also.
Therefore, the practical application of the method of determining
the coordinate of a train on the basis of the measured TC’s input
impedance is possible only after obtaining additional information on
the current ballast resistance value and intelligent processing of the
measurement results [9]. For this purpose the general dependencies
between input voltage and current at TC’s feeding terminals and
parameters of track circuits for various operation modes of TC were
considered as follows
(4)
(5)
(6)

In these expressions LTC is the length of TC, f s is a signal
current frequency, xB is coordinate of broken rail; index N
corresponds to normal operation mode of TC, index S –shunt
operation mode and index B – a mode with a broken rail.
The intelligent data processing system at the first stage
determines TC operation mode (normal or shunt) by the measured
values of the input electric vector V1 . If the track circuit operates
in normal mode the system determine ballast resistance rb by
using dependence between rb and input vector V1S in accordance
to known dependence (5). Based on the assumption that the
coordinate of the train when it moves within track circuit changes
much faster than the value of the ballast resistance rb we can assume
that rb practically does not change during this time. Therefore we
can assume that ballast resistance value in shunt operation mode
is equal to the value rb measured just before the train has entered
the track circuit. As a result we can use obtained value rb to
improve accuracy of determination of the train coordinate based on
measured TC input voltage and current in shunt operation mode.
For track circuit mode when the rail is broken (TC failure
mode), the voltage and current at the input terminals of the track
circuit change their values abruptly and then the electrical values
of the input signal change slightly due to fluctuations in the ballast
resistance. This mode can be mistaken for an emergency stop of
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To improve the method of predicting a reasonable time for
activating an level crossing signaling system depending on the
real speed of the train the problem of increasing accuracy of
determining the localization of a train by measuring the parameters
of a track circuit have been carried out. The investigations have
been performed by modeling of the track circuit input impedance
in depending of train location with variation of the ballast
resistance. For practical application of the method the intelligent
data processing system have been proposed.
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ABSTRACT
The search for system solutions for improving the level of safety in rail transport requires focusing on the problem
that is weakly exposed but difficult to manage, namely the elimination of human errors in the process of railway
traffic and the use of railway traffic control systems. Despite the fact that the existing solutions have a relatively
extensive theoretical layer, there is still much to do in terms of practical implications. In particular, the use of human
factors, including knowledge and technology, facilitates the achievement of a number of positive effects: reducing the
possibility of errors, increasing the margin of safety, reducing expenditures on redesigning solutions, increasing the
efficiency and effectiveness of training, reducing the potential of costly staff turnover and increasing the productivity
of the entire organization.. This subject has not been solved in a systemic way in Polish conditions. The purpose of
the article is to present the holistic and eclectic description of the place and role of the human factor management
process in terms of making errors by railway employees, which is designed to eliminate hazards in railway traffic and
reduce risk. This has a significant impact on maintaining the expected level of railway traffic safety.

KEYWORDS: human errors, railway traffic control systems, safety management in rail transport

1. Introduction
Human errors appear very often in safety reports as key
causes of railway accidents. Due to the relatively new look at the
risk management process related to the occurrence of the human
factor, the Polish experience indicates significant needs for the
implementation of innovative solutions aimed at eliminating
hazards related to the human factor. These occurrences result
not only from the failure of technical systems, but also due to the
poor psychophysical condition of an engine driver. There are two
crucial substantive areas that are important in terms of human
errors. The first one is the staff qualification process, which is
clearly described in the Act of 28 March 2003 on Rail Transport,
as well as in secondary legislation. The training centers of future
engine drivers play a key role in this respect. Training programs
that result from the law should definitely be extended by training

6

centers with the innovative methods of human factor management
already at the stage of engine driver initial training. The second area
is the performance of a job of an engine driver, who belongs to a
given organization. A fundamental role is played by the awareness
of management staff regarding railway occurrences that take into
account a human factor, as well as preventive and risk control
measures in the form of technical systems and organizational
solutions. In order to eliminate human errors, it is important to
provide interfaces between technical and organizational solutions
in the context of the potential for human error. The smaller the
human interference in the system is, the less chance of making a
mistake is. It is also important to assess the functionality of railway
traffic control systems in terms of human error. Solutions that
are possible to be implemented by railway carriers to eliminate
human errors are also important in this respect. They may include
training aspects and railway traffic management aspects, including
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methods that increase the concentration of the operator’s work
and reduce the monotony of work. Railway traffic control systems,
especially those whose functionalities largely depend on the operator’s
work, are an important aspect of the need to implement solutions
resulting from the elimination of human errors. This subject should
be a priority in the activities of railway traffic safety stakeholders.

2. Human error risk
management in rail transport
Human error is an inseparable element of human work. It cannot
be completely eliminated because its occurrence is a condition of
many factors difficult to supervise. However, the risk of its occurrence
can be mitigated by using systemic solutions. Table 1 shows selected
hazards related to the human factor.
Table 1. List of selected hazards related to the human factor [own study]
No

Hazard

1

the incorrect assessment of train operation by the engine driver
errors in using a brake - errors in the assessment of the situation
excessive speed due to erroneous speedometer readings

2
3
4

the incorrect use of a coupling/uncoupling button by the
engine driver

5

the incorrect assessment of the situation causing excessive
acceleration

6
7
8
9
10
11
12
13
14
15

the incorrect localization of the semaphore by the driver
the incorrect reading of information on the semaphore
engine driver’s disease - failure to report ill health
the incorrect use of the brake due to alcohol/drugs
excessive speed due to alcohol/drugs
the deterioration of the psychophysical condition, a state of
intoxication
ignoring instructions by the engine driver
bad information flow between employees
the deterioration of the psychophysical condition due to fatigue
loss of concentration by the engine driver

The workload of an employee consists of physical, mental
and emotional strain, which is caused by work and the
environment. It is particularly important in rail transport to
maintain proper relationships between the requirements set by
the task and the work environment and the operator’s abilities.
Monotony has a significant influence on the intensity of the
psychological strain. Tasks that are devoid of cognitive and
emotional factors can increase boredom, i.e. a state of reduced
activation of higher nerve centers. Decreased excitement is
related to a decline in mental performance and emotional
stress is determined by responsibility and hazards.
Most causes of primary rail occurrences result from human
error. Based on the data presented by railway commissions on the
causes of primary railway occurrences of B04 and C44 categories,
the following should be mentioned:
• The incorrect interpretation of signals, indicators, SRJP
timetables or commands,
• The insufficient observation of the driving range,
• Incorrect communication regarding maneuvers,
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• Too late braking
• No primary cause,
• Starting the vehicle without permission,
• Vehicle failure (e.g. the incorrect operation of the braking
system),
• No knowledge of the route,
• The incorrect adjustment of speed to weather conditions,
• The engine driver’s collapse,
• An erroneous message given by the train dispatcher,
• An engine driver under the influence of alcohol.
A multidimensional analysis of primary causes indicates that
most occurrences result from human errors. Thus, a key question
is how to effectively manage rail transport safety by analyzing
behavior in the dynamic system of railway system operators,
who include engine drivers on the side of the railway carrier and
train dispatchers on the side of the infrastructure manager. The
complexity of the issue is important as a human factor functions
in the context of a dynamic, changing environment. Therefore, the
interaction between these components determines railway traffic
safety or its lack. In relation to the need to specify diagnostic and
maintenance activities outlined above, it is worth referring, for
example, to another issue – the verification of the cooperation
between rolling stock and traffic control equipment. This is a
technical issue that should theoretically be reliably and correctly
solved in the rolling stock maintenance system, but it is not.

3. B-class traffic control systems
and a human factor
6DIHW\ LQ UDLOZD\ WUDI¿F GHSHQGV IXQGDPHQWDOO\ RQ WKH
SURSHUO\IXQFWLRQLQJEDVHOLQHV\VWHPVDQGWKHDSSURSULDWHHQJLQH
GULYHUV¶ UHDFWLRQV WR LQIRUPDWLRQ UHFHLYHG LQ WKH UDLOZD\ WUDI¿F
FRQWURO SURFHVV 6DIHW\ LV DOVR DIIHFWHG E\ PDQ\ RWKHU IDFWRUV
VXFKDVWKHWHFKQLFDOFRQGLWLRQRIUROOLQJVWRFNDUDLOZD\WUDFN
DQHOHFWULFWUDFWLRQUDLOZD\WUDI¿FFRQWUROV\VWHPVXVHGDQGWKHLU
IXQFWLRQDOLW\7KHLVVXHRIUDLOWUDQVSRUWVDIHW\ULVNPDQDJHPHQW
DQG WHFKQLFDO GHYHORSPHQW KDV EHHQ EURDGO\ GLVFXVVHG LQ WKH
ZRUNV>@,QDFFRUGDQFHZLWKWKHSURYLVLRQVRI(XURSHDQ8QLRQ
OHJLVODWLRQPHPEHUVWDWHVHQVXUHWKDW%FODVVV\VWHPVDQGWKHLU
LQWHUIDFHVFRQWLQXHWRIXQFWLRQDFFRUGLQJWRFXUUHQWVSHFL¿FDWLRQV
XQOHVV PRGL¿FDWLRQV DUH QHFHVVDU\ WR UHPRYH GH¿FLHQFLHV
UHODWHG WR V\VWHP VDIHW\ %FODVV V\VWHPV VLJQL¿FDQWO\ LPSHGH
WKHLQWHURSHUDELOLW\RIUDLOZD\HQJLQHVDQGWUDFWLRQYHKLFOHVEXW
DUH QHFHVVDU\ WR HQVXUH VDIH RSHUDWLRQ LQ FDVHV ZKHUH $FODVV
V\VWHPVKDYHQRWEHHQLQWURGXFHG7KHUHIRUHDGGLWLRQDOREVWDFOHV
WRLQWHURSHUDELOLW\VKRXOGEHDYRLGHGIRUH[DPSOHE\PRGLI\LQJ
%FODVVV\VWHPVRULQWURGXFLQJQHZV\VWHPV,QYHVWPHQWVLQWUDFN
VLGHDQGRQERDUGV\VWHPVVKRXOGEHSURWHFWHGE\JXDUDQWHHLQJ
EDFNZDUG FRPSDWLELOLW\ 1 DQG WKH VWDELOLW\ RI WKH (5706
VSHFL¿FDWLRQV>@,Q3RODQGUROOLQJ YHKLFOH GHYLFHVFRQWUROOLQJ
GULYHU¶V YLJLODQFH DUH XVHG 7KHVH DUH$73 GHYLFHV  DXWRPDWLF
WUDLQ SURWHFWLRQ GHYLFHV dead-man’s vigilance devices DQG WKH
5$',26723V\VWHPWRLPSURYHWKHWUDI¿FVDIHW\RIUDLOWUDFWLRQ
%DFNZDUGFRPSDWLELOLW\DIHDWXUHRIDVWDQGDUGGHYLFHRUVRIWZDUHWKDQNVWRZKLFK
GHVSLWH WKH FKDQJH RI IXQFWLRQDOLW\ D QHZ YHUVLRQ HQDEOHV FRRSHUDWLRQ ZLWK WKH HQWLUH
HQYLURQPHQWRIWKHROGYHUVLRQDQGDOOLWVFRPSRQHQWV,WLVWKHH[WHQVLRQRIIXQFWLRQDOLW\
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YHKLFOHV ,Q DGGLWLRQ WKH 7UDLQ %UDNLQJ &RQWURO V\VWHP ZDV
GHYHORSHGLQWKHVDVWUDFNVLGHGHYLFHV7KHYDVWPDMRULW\
RIUDLOZD\OLQHVLQ3RODQG DERXWWKRXVDQGNP DUHFXUUHQWO\
HTXLSSHG ZLWK WKH$73 V\VWHP LW LV DOVR REOLJDWRU\ LQ WUDFWLRQ
YHKLFOHV$73GHYLFHVDLPDWLPSURYLQJWUDLQWUDI¿FVDIHW\7KH\
FDXVHDXWRPDWLFEUDNLQJRIWUDLQVIRUH[DPSOHLIDQHQJLQHGULYHU
IDOOVDVOHHSDQGWKHWUDLQDSSURDFKHVWKHVHPDSKRUH7KHHVVHQFH
RIWKH$73V\VWHPOLHVLQWKHIDFWWKDWDORQJWKHEUDNLQJSDWKRIWKH
WUDLQSOXVP XVXDOO\EXWQRWDOZD\V WKH$73HOHFWURPDJQHW
UHVRQDWRU LVLQVWDOOHGZKLOHWKHORFRPRWLYHLVHTXLSSHGZLWKD
ZKROH VHW RI GHYLFHV FRRSHUDWLQJ ZLWK WKLV UHVRQDWRU LQFOXGLQJ
D VHQVRU SODFHG RQ WKH ULJKW VLGH RI WKH ORFRPRWLYH :KHQ WKH
ORFRPRWLYHVHQVRULVRYHUWKHUHVRQDWRUDQDFRXVWLFVLJQDOVRXQGV
DQGDFRQWUROODPSOLJKWVXSLQWKHORFRPRWLYH$QHQJLQHGULYHU
KDV¿YHVHFRQGVWRSUHVVWKHVWDQGE\EXWWRQ:KHQKHSUHVVHVLW
WKHGHYLFHVUHWXUQWRWKHVWDUWLQJFRQGLWLRQ+RZHYHULIDQHQJLQH
GULYHUIDLOVWRUHVSRQGWKHWUDLQEUDNLQJGHYLFHLVDFWLYDWHG$WWKLV
WLPHLWLVXVHOHVVWRSUHVVWKHEXWWRQWKHWUDLQZLOOVWDUWEUDNLQJ
DQ\ZD\:KHQWKHWUDLQVSHHGGURSVEHORZNPKSUHVVLQJWKH
VWDQGE\EXWWRQZLOOXQORFNWKHEUDNHDQGWKHWUDLQPD\JRIXUWKHU
WKHIXQFWLRQDOLW\GHSHQGVRQWKHW\SHRIUROOLQJVWRFNLQVRPH
FDVHVWKHVSHHGPXVWIDOOWRNPK ,IWKHEXWWRQLVQRWSUHVVHG
WKHWUDLQZLOOVWRSFRPSOHWHO\7KHIXQFWLRQDOLWLHVRIVHOHFWHGUDLO
WUDI¿FFRQWUROV\VWHPVDUHSUHVHQWHGLQ7DEOH
Table 2. Functionalities of control systems [own study]
No.

1.

2.

8

Type of system

Functionalities of the control system

Vehicle Braking
Control

• informing the traction teams about the
readings of trackside signaling devices by
transferring the readings to the traction
vehicle cabin;
• controlling the execution of signaled
commands regarding the permissible speed
at a given distance and stopping before the
„stop” signal;
• engine driver’s vigilance control 200m
before line and entry signaling devices
and at the station exit and group signaling
devices;
• temporary and permanent limitation of train
speed on the route;
• reaching the full level of technical and
mobility safety, as well as the resistance of
systems to damage;
• the application of the original information
transfer technique enabling safe and easy
technical implementation of the system in
the Polish State Railways, facilitated by the
use of other known systems subassemblies
manufactured by ZWUS.

ATP automatic train
protection
devices

• train automatic braking in the case if, for
example, an engine driver falls asleep
and the train approaches the semaphore.
The ATP system devices have an impact
on railway traffic safety by controlling
driver’s vigilance at critical points (when
approaching and leaving the station, most
often before the signaling devices that are
a warning shield of the next semaphore,
among others the semaphores of the
automatic block signaling system, distant
signals and crossing distant signals, semiautomatic entry and exit semaphores for
routes with the automatic block signaling
system).

3.

ETCS – level 1

• the control of the engine driver’s work (the
supervision of the proper driving of the
train) to the extent enabling trains to travel
at speeds above 160 km/h;
• the boundaries of the permits to drive a
train;
• controls the driving of the traction unit by
the engine driver within the driving limits;
• monitors the maximum speed of the train,
the direction, and the permanent and
temporary speed limits of the train;
• adjusts the railway traffic management
system to solutions used in European
Union countries within the framework of
the interoperability of the trans-European
railway system.

The activity of the system operator plays an important role in
the railway traffic control systems listed in Table 2. These systems
control the driver’s vigilance and support or replace the driver in
the decision-making process related to receiving information, their
processing and proper train driving and braking. Regardless of
whether a vehicle management process is manual, power assisted
or fully automatic, the system may include additional protection
functions in the event of a critical situation. B-class control systems
control engine driver’s vigilance (understood as consciousness) at
specific time intervals. Lack of the required engine driver’s response
makes the train stop by automatic sudden braking. In this process,
there are no control elements, e.g. speed reduction, etc. Although
an engine driver used an ATP button, he may not have sufficient
psychophysical health to correctly assess the situation on the route,
or may not react to signals on the signaling device. In addition, the
use of two devices responsive to the reset button in a vehicle may,
in certain cases, lead to the incorrect interpretation of the meaning
of a light or acoustic signal (similar, or even - identical in some
implementations, for both devices).
One of the essential elements of increasing the railway transport
capacity and improving train traffic safety is the construction or
modernization of current railway traffic control devices. The basic
means leading to the implementation of interoperability is the
European Rail Traffic Management System (ERTMS), which includes:
1. the European Train Control System ERTMS / ETCS,,
2. The Global System for Mobile Communication-Railways ERTMS
/ GSM-R.
The implementation of ERTMS in Poland is one of the priority
projects of the “Strategy for Responsible Development until 2020
(with a prospect until 2030)”, adopted by the resolution of the
Council of Ministers. ERTMS is perceived as an element of the
implementation of information and telecommunications systems
(transport telematics), which should be implemented in all types
of transport [7].
Compared to the solutions used so far in Polish rail transport,
a key feature is cabin signaling, which allows for visualizing the
situation on the railway line on the panel in a railway vehicle,
unlike so far only on semaphores along the railway line. This
solution allows for the appropriate reaction and adjustment of the
ride to the conditions. The implementation of the cabin signaling
also eliminates possible human errors resulting, for example, from
the lack of visibility of semaphores or from the engine driver’s
unfamiliarity with the route. If the train is driven contrary to the
ETCS command, the system first indicates this incompatibility and
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starts braking if necessary. According to legal requirements, ETCS
is necessary for driving the train at a speed above 160 km/h, or
one-person traction service above 130 km/h. GSM-R is a railway
variation of GSM digital mobile communication intended for the
transmission of data used as a data carrier for ETCS and dispatch
systems and for ensuring voice communication with an engine
driver. ERTMS implementation is determined by both economic
and safety reasons.

• Organizational culture
• Selection of personnel
• Staff efficiency
• Designing technologies and processes.
The human factor is a very important aspect of a safety issue in
rail transport, which should now be intensively developed at the
level of infrastructure managers, railway carriers, and supported
by the National Safety Authority.

4. Safety Management Systems
in rail transport and a human
factor

5. Human errors and their
categorization

A modern look at the problems of railways requires a
multidimensional approach that takes into account technological as
well as organizational and management aspects. Until now, many
solutions used in rail transport have not been strongly focused on
exposing management issues. Currently, such management methods
gain special importance that take into account technological aspects
examined in systemic terms. According to Art.3 of Regulation
402/2013:
• risk analysis should be understood as the systematic use of
all available information to identify hazards and assess risk,
• safety - no unacceptable risk of damage, Article 3 of Directive
49/2004 and Art. 4 par. 41 of the Act of 28 March 2003 on Rail
Transport says about:
• CSM (Common Safety Methods) - methods that should
be developed to describe how to assess: the level of safety,
compliance with safety requirements, and compliance with
other safety requirements.
The intensive and comprehensive development of safety
management issues in rail transport in the European Union was
initiated by the provisions of Directive 2004/49/EC of the European
Parliament and the Council of 29 April 2004 on the safety of the
Community railways, which states that to ensure a high level of
railway safety and equal, also competition conditions for all railway
carriers, all of them should be subject to the same, precisely defined
requirements. A safety certificate/safety authorization should be
a confirmation that a railway undertaking and an infrastructure
manager have approved a safety management system and that they
have the ability to meet the requirements of the relevant standards
and safety regulations. As regards services in international transport,
it should be sufficient to approve a safety management system in
one member state so that it is valid throughout the Community.
Aspects related to a human factor and the occurrence of human
errors are important in safety management systems in rail transport.
They should be the subject of internal regulations dedicated to
this topic. Based on the author’s extensive experience in the field
of safety management systems in rail transport, it should be stated
that the elimination of human errors at the level of applied system
solutions has an initial character and requires extensive analysis as
well as practical implementations. These solutions should include
the following aspects [8]:
• Training
• Working conditions
Volume 11 • Issue 2 • May 2018

The effective implementation of SMS procedures depends
on the clear mutual understanding of errors and violation and
distinguishing one from another. The difference between errors and
violation lies in intent. An error is unintentional, while violation is
a deliberate act or omission involving the violation of established
procedures, protocols, standards or practices. Errors or violation
may result in non-compliance with regulations or operational
procedures. No solutions other than disciplinary measures taken in
response to non-compliance can lead to a decrease in the number
of errors reported. Therefore, when determining the appropriate
disciplinary measure, it should be considered if non-compliance is
the result of violation or unintentional errors, but the usual criterion
is whether non-compliance is the result of willful misconduct or
gross negligence. As indicated above, an error is defined as “an act
or omission of an operational employee, leading to abandoning the
intention or expectations of one’s own or organization”. In the context
of the SMS, it is necessary to understand and assume that people will
make mistakes regardless of the level of technology used, the level
of training and laws, processes and procedures. An important goal
is therefore to establish and maintain defensive elements in order to
reduce the likelihood of errors and, what is equally important, reduce
their consequences when they happen. To effectively implement these
assumptions, mistakes must be identified, reported and analyzed so
that the right precautionary measures can be taken. Errors can be
divided into the following two categories:
1. Slips and failures. These are failures in the implementation of
the intended activity. Slips are actions that do not go according
to plan, and failures result from a memory defect.
2. Mistakes are defects in the action plan. Even if the
implementation of the plan was correct, it would not be possible
to achieve the intended result anyway.
To control and eliminate errors, safety strategies must be
implemented. Error control strategies strengthen the basic defense
elements of the system. They include:
• Reduction strategies, which assume direct intervention to reduce
or eliminate factors that contribute to the error. The examples
of reduction strategies include the improvement of ergonomic
factors and the reduction of environmental disturbances;
• Capturing strategies assume that an error will be made. Their
goal is to capture an error before its negative consequences
are felt. Capture strategies differ from reduction ones in the
fact that they use checklists and other procedural actions
rather than eliminate errors directly;
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• Tolerance strategies refer to the ability of the system to accept
that an error will be made but without serious consequences.
The examples of actions that increase the system tolerance
for errors include the introduction of redundant systems or
multiple-controlled processes.
Because organizational, regulatory, and environmental factors
influence staff performance, safety management must include
conceptual actions, processes and procedures for communications,
staff scheduling, resource allocation, and budget constraints, which
can contribute to the occurrence of an error.

6. Conclusion
A human factor in railway traffic control systems is crucial. As
regards the functionality of the systems in question, the human
factor should take into account technical aspects, their relation
to the technology of railway traffic management and the aspects
of the perception of railway system operators. They should also be
included extensively in the procedures and instructions of the railway
safety management system. Personal and psychological factors,
decision-making processes, team factors, work conditioning factors,
environmental aspects, technical configuration and organizational
processes, fatigue, workload and others are of key importance.
The railway traffic control system will provide the best operational
parameters if it is coherently linked to human factor management
processes within the framework of the safety management system.
As regards the issue of the widespread use of B-class control systems
in the Polish conditions, they control the engine driver’s vigilance
(understood as consciousness) at specific time intervals. Lack of the
required engine driver’s response makes a train stop by automatic
sudden braking. It should be noted that although an engine driver
used the ATP reset button, he may not have sufficient psychophysical
health to correctly assess the situation on the route, or he may not
react to signals on the signaling device. Thus, adverse rail occurrences
happen caused by human errors, despite the efficiency of this system.
This issue should be the subject of extensive analysis and research
aimed at eliminating hazards resulting from human errors.
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ABSTRACT
The Transport Certification Centre at the Faculty of Transportation of the Warsaw University of Technology launched a
research and development project under the name “Dron-monitor”, which aimed to perform stocktaking and examine
the technical condition of the railway infrastructure using unmanned aerial vehicles UAV. The assumption of the
project was to create digital documentation of the railway infrastructure, which will enable an objective and impartial
assessment of the infrastructure elements. The article presents the results of the conducted project and displays the
considerations regarding the suitability of the applied method for the needs of conducting stocktaking and testing the
technical condition of the railway infrastructure with the use of UAV.
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1. Introduction
On December 30, 2016, the Act from November 16, 2016 amending
the Rail Transport Act and some other acts entered into force.
According to this amendment, railway sidings will become the
part of the railway infrastructure, which will make infrastructure
managers and sidings users obliged to provide data on their
infrastructure to the national infrastructure register supervised
by the Office of. Rail Transport. Those elements of infrastructure
include:
• railway tracks, including turnouts and crossings of tracks,
rails, nursery rails, steering wheels, fenders, guides, crossovers,
crossings and other elements of turnouts, railway sleepers and
attachments, small elements of the railway surface, ballast,
• subgrade, in embankments and trenches, drainage channels
and ditches, curtain walls, vegetation planted to protect slopes,
• engineering structures: bridges, viaducts, culverts and other
bridge constructions, tunnels, passages above and below the
tracks, retaining walls and embankment reinforcements;
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• railway traffic control devices,
• rail and road crossings and rail level transitions, including
devices and systems to ensure road and pedestrian safety,
• lighting systems for rail and safety purposes,
• devices for the need of traction power supply: substations, power
cables, traction network together with supporting structures.
In relation to the above, railway sidings managers should
express a demand for an inventory service of the infrastructure
being managed. Inventory should be understood as checking:
• compliance of the inventory status (specified in the siding
documentation such as siding regulations, schematic plan, etc.)
with the real state,
• checking the technical condition of the elements listed in the
Act in terms of safety.
Transport Certification Centre observing this phenomenon,
launched an internal project “Dron-monitor” aimed at assessing the
possibility of using unmanned aerial vehicles (UAV) to automate the
inspection of railway infrastructure facilities and support inventory
actions.
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Currently, the unmanned aircraft, often called “drones” should
be seen as devices used, among other uses, to automate tasks related
to the monitoring of large infrastructural objects. Such facilities
include railway lines and sidings. Their linear character and
area coverage creates a lot of problems when implementing their
supervision by railway security personnel. That is why searching for
automation methods for this process is desired.
The assumption of the “Dron-monitor” project was to support
the collection of information for the implementation of the inventory
process specified above. As part of the project, an attempt was
made to inspect the railway siding KWK-Mysłowice. As part of the
work carried out, various possibilities of recording video material
illustrating the condition of the railway infrastructure and the
possibility of creating an orthophotomap for railway infrastructure
areas were analyzed and tested.

2. Aviation law
In Poland, the use of unmanned aerial vehicles is regulated by
the Aviation Law Act of 3rd July 2002 [6], as well as the regulation
of the Minister of Transport, Construction and Maritime
Economy of 26th March 2013 [5] and the regulation of the Minister
of Infrastructure and Construction of 8th August 2016 [4].
Commercial flights using unmanned aerial vehicles may only be
performed by authorized operators possessing UAVO (Unmanned
Aerial Vehicle Operator) license which in Polish law means a
certificate of qualifications for operators of unmanned aircraft that
are currently issued by the Civil Aviation Authority. Flights performed
in the operator’s eyeshot require a qualification certificate for VLOS
(Visual Line Of Sight) flights, while for flights out of sight it is
necessary to have a Beyond Visual Line Of Sight (BVLOS) certificate.
According to Polish law, many rules and requirements are
imposed on the UAV operator, which must be met before the flight
is begun He is obliged to check if the area of the flight is not one
of the forbidden zones or zones that require permission from the
appropriate airspace management unit in the area. Relevant systems
installed on the UAV should send warnings about approaching
protected areas, however their wrong indications do not absolve
the operator from the obligation to comply with the imposed
restrictions. Violation of prohibited areas of the airspace is
punishable. The operator is responsible for the use of the equipment
and regular software updates, as well as his mental and physical
condition should allow operations to be carried out safely. In
addition, the operator is required to have adequate knowledge of
the rules for the use of airspace and awareness of responsibility in
respect of compliance with restrictions in airspace. The operator is
also required to have civil liability insurance for commercial flights.

3. Analysis of organizational
activities
Preparation of field tests for the flight over the railway
infrastructure with the use of UAV should start with checking
the availability of the airspace above the given area and analysis
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of the flight route. In an uncontrolled space, where it is possible
to perform flights without permission and notifications from
appropriate departments, there are parts of controlled spaces, i.e.:
TMA (Terminal Control Area), CTR (Control Zone), MTMA
(Terminal Control Area) and MCTR (Military Control Zone) and
others, in which UAV flights are banned or can be carried out with
the consent of the manager and under the conditions set out by
him. In such case, the operator is obliged to report such intention
to perform a flight to the air navigation service provider (in Poland
- PANSA Polish Air Navigation Services) and if necessary, request
the consent from the facility manager.
During the preparation of the flight plan, the most sensitive
elements of the infrastructure should be identified and analyzed
for possible flight routes. While developing the final version of the
scenario, all restrictions related to the constraints of the flight and
the procedures used in the facility should be considered. In case
of flights within the railway line, special attention should be paid
to the elements of the electric traction infrastructure and rolling
stock. On railway sidings, the number of such threats will be even
greater.
Afterwards it is substantial to choose the right day for testing.
Weather conditions have a significant impact on the success of the
inspection, because they affect the safety and quality of the conducted
tests. Too much insolation can cause the sun rays reflection on
the infrastructure, which can lead to deterioration of the quality
of the taken images. Too large gusts of wind and intense rainfall
may prevent the UAV from staying airborne and flying in a straight
line, or even lead to destruction of the equipment. Despite the safety
and stabilizing systems installed, a minimum, safe distance from the
tested object should be maintained. The minimum distance from
the elements of the power infrastructure, which takes into account
electromagnetic interference, control errors or a sudden gust of
wind is 5 m.

4. Conditions for recording video
material
4.1. Ways of recording
The project uses two forms of the photos and video recording:
• remotely controlled flights, in which the drone is manually
controlled by operators, and the image is recorded in the form
of video,
• semi-autonomous flights, the purpose of which is to create
an orthophotomap, which maps the area of the siding in the
form of a cartographic map.

4.1.1. Remotely controlled flight
A remotely controlled flight is a flight mode in which the
operators manually control the drone. It is a method that requires
the creation of a precise scenario, containing all the elements of
the infrastructure in detail, along with the order in which they are
recorded. Performing this type of flight is complicated from the
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point of view of maneuvering a drone. The operator must safely
avoid various types of obstacles appearing on the flight route
(such as buildings, cables, high voltage lines, traction poles, trees,
rolling stock, etc.). In addition, the drone cannot move away from
the operator for more than 250-300 meters because it is lost from
the field of view.

Fig. 1. Methods of material recording using UAV [own study]

From the point of view of the drone positioning needs for
the process of recording video material, parameters listed below
proved significant:
• flight altitude,
• tilt angle,
• speed.
In the case of a remote flight, the tested altitudes are 15 m
and 1.5 m. These heights were determined by elements of the
traction network, forcing a flight under or over traction. Table 1
presents the advantages and disadvantages of the flight with such
parameters:

Under traction

Over traction

Advantages

More detailed picture of the
track infrastructure (track,
rails, turnouts, drives)

The ability to speed up the
flight (higher speed) In the
frame there are elements of
the infrastructure that rise
vertically (traction, signaling,
poles)

Disadvantages

Table 1. Advantages and disadvantages of carrying out the flight
under and over the overhead contact line [own study]

Some parts of the track may
be pledged by rolling stock
or wagons (and others)
which may hinder or prevent
passage over this section.
Requires a great skill of the
operator. For railway traffic
control devices (especially
signaling devices) it is
necessary to perform detailed
flight routes.

The flight must be performed
a few meters above the
traction due to potential
interference emitted by the
contact wire. The traction
network and its supporting
structures may obscure some
elements in the track

The angles that were taken into account in the analysis are: 90 °
(perpendicular to the surface) and 27 °, 45 °, 60 °. It can be generally
stated that individual angular variants allow for observation of
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various infrastructure elements and should be selected individually.
All items with height require filming at an acute angle.

4.1.2. Orthophotomap
Orthophotomap [7] – a map, the content of which is presented
with an aerophotographic image (usually aerial or satellite images
of the Earth’s surface) processed with differential method and
presented in relation to the coordinate system of the assumed
cartographic mapping. In other words, a set of processed aerial
photographs, adjusted to a uniform scale and fitted to geodetic
control (photogrammetric) points.
An orthophotomap as opposed to aerial photography is
characterized by:
• orthogonal projection (not middle),
• a uniform scale for the entire surface area (however, the scale
does not have objects protruding above the ground surface,
eg houses, trees).
An orthophotomap is created by:
• internal orientation of the photos, as well as mutual and
absolute orientation (aerial triangulation),
• obtaining a numerical terrain model,
• orthorectification or geometric correction of photographs
(repositioning of image pixels resulting from denivelation and
the properties of the middle projection),
• mosaicking, ie combining ortho-images according to some
sectional cut,
• rasterization with vector content (details, frames and postborder descriptions).
Before starting the creation of the orthophotomap, it is necessary
to determine the numerical model of coverage of the examined area
and the height at which the flight can take place in a safe manner.
The flight takes place in a semi-autonomous manner - the
operator programs the route before the start, entering data into
the UAS on-board computer. After the start, the drone is guided by
an automatic pilot and positioned using GPS, but at any moment
control over the UAS can be taken over by the operator.
Telemetry data (coordinates, altitude, etc.) are assigned to the
acquired photos and movies.
An analysis of practical experience indicates that the benefits
of using an orthophotomap are as follows:
• there is no need to develop a scenario before the flight, it is
enough to specify the area of interest,
• relatively fast flight time,
• there is no need for direct access for the filming crew,
• in comparison to the video material from the remote flight,
the orthophotomap does not require any additional processing,
it is a convenient document for use.
However, this type of material also has its disadvantages:
• limited image accuracy from safe heights (eg 43 m),
• inaccuracies related to the combination of photos,
• overriding selected elements by higher objects,
• map preparation time - a few days using expensive software
and a computer with high computing power.
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4.2. The substantive basis of the conducted
research

Table 2. Sample records of the check table for the railway signaling
device [2]
The scope of visual inspection of signaling devices

The subject of the research was to determine the possibility of
performing the assessment of the technical condition of the railway
infrastructure elements on the basis of multimedia materials:
photos and films.
The analysis was based on the requirements described in the
instructions issued by PKP Polskie Linie Kolejowe S.A. As part
of the project, the elements of the infrastructure were analyzed,
which can be diagnosed visually. The following fragments of the
instructions constituted the basis for planning the tests:
• Manual on visual inspection, technical tests and maintenance
of turnouts Id-4 chapter - rules for conducting technical tests
of turnouts [3]:
• for turnouts, including its basic elements, ie: switchgear,
connecting rails, crosstalk, closures and adjustment devices,
travel guides, etc.
• Instruction on supervision of railway lines Id-7 (D-10) chapter III - detailed duties of the circling ranger [1]:
• railway surface, including rails, splints, anchors, attachments,
dehydration, ballast condition, etc.,
• for railroad crossings, including bedding, road surface,
visibility triangle, drainage, etc.,
• for power, traction and automation devices, including
teletechnical and power line poles, trackside indicators,
sensors, containers, cable boxes, cabinets, insulated
connectors, backplane contact line return connectors, SHP
(train point interlock devices), cable ducts, etc.,
• maintenance, inspection and repair instructions for current
traffic control devices Ie-12 (E-24) - scope of general
external inspections, signaling devices, driving routes,
switch-over and derailing machines, both mechanical and
electrical, sidetracks, crossing devices, etc.,
• Maintenance, inspection and repair instructions for current
traffic control devices Ie-12 (E-24) [2] - scope of general
external inspections, signaling devices, driving routes, switchover and derailing machines, both mechanical and electrical,
sidetracks, crossing devices, etc.
Based on these documents, the so-called check tables, based
on which the assessment of individual infrastructure elements was
analyzed. The tables have been constructed in such a way that each
row contains:
• element (subassembly) of a given type of railway infrastructure
object,
• faults to be noted when checking them.
Then the criteria and the scale of grades were defined.

No

Specification

During visual inspection of signaling
devices, check:

1.

2.

3.

1

Sewing /
grounding

check if the mast’s tailing or earthing is
corroded or broken.

2

Protective shields

check for signaling devices on tracks with
electric traction or protective shields and
their metallic connection with the mast is
not corroded or damaged.

3

Head

check that the head is attached to the mast
in a way that prevents it from moving.

4

Ladder

check if the ladder and protective basket are
attached to the mast in a way that prevents
them from moving.

5. The operational scenario of
the study
Before the beginning of a flight, its route should be planned
in detail. This has a significant impact on the organization, time
consumption and thus the cost of the entire project.
Precision flying requires the route to be carefully planned,
especially when it comes to flight modes where the flight is
performed at a lower altitude, i.e. at a height of 1.5 m or in a combined
flight. Such a low altitude makes part of the infrastructure elements
rising above this height becomes invisible and must be recorded in
separate flight sequences. For the purpose of recording elements
such as switches, signaling devices, etc., it is necessary to develop
separate mini-scenarios in which objects are flown around from
different sides in order to enable observation of flaws and defects
on their entire surface. For example, a planned mini-scenario for a
signaling device is shown in Fig. 2.

Fig. 2. The planned mini-scenario for a signaling device [own study]

In case of taking photos to create an orthophotomap, the
preparation of the operational scenario is much simpler which is
a great advantage of this flight mode. It only requires designating
the area that we are interested in and making sure that there are
no obstacles at the height at which the photos are to be taken.
The operator enters the boundaries of the designated area into
the drone software (setting as well the basic parameters, ie flight
altitude, frequency of taking pictures or the density of the flight
grid) and starts the autonomous flight. The rest of the process,
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including the stopover, happens by itself (the operator only needs
to replace the batteries).
The documentation necessary for planning the route is a
schematic plan of Railway Traffic Control (RTC) devices as well
as a plan of the siding or of the section of a railway line. The first
allows you to sketch the exact course of the route and allows
you to easily find important elements from the point of view
of conducting the flight, ie signalers, excursions, turnouts and
tracks, and whether these tracks are electrified or not (which has a
significant impact on the flight). The schematic plan additionally
turns out to be very important at the stage of subsequent analysis
of the video material, as it allows to identify the said elements and
assign them the appropriate name and number (record keeping).
The situational plan allows for the precise location of elements,
both those that are in the schematic plan and in particular those
that do not exist, i.e. distances between individual elements,
mileage of tracks and other elements, support structures of the
traction network and other more detailed elements. Situational
plans may be supplemented with satellite maps available on the
Internet. A measure, which allows to determine the distance
between any two elements in the map area or the size of a given
surface turns out to be a very useful tool, both when creating a
scenario for the implementation of an orthophotomap and for its
subsequent settlement.
When planning a flight route, there are many factors to
consider. One of the most important are different types of obstacles
that may occur along the route. Among them, the following have
been identified:
• Hanging wires, such as telephone lines, cables, catches, etc.
which may be dangerous due to their poor visibility from a
distance.
• Power lines, in particular high voltage lines - dangerous due to
interference emitted by alternating voltage - can significantly
affect the controllability of the drone.
• Traction network: although the interference from the DC
power source is not as strong or dangerous as in the case of
alternating current, drone operators often prefer not to risk
flying in its vicinity. Moreover, the occurrence of the track line
over the given track affects the height of the drone’s flight, as it
must be made above or below the traction.
• Gantries, towers, other industrial infrastructure.
• Pipelines, since they can significantly reduce visibility, which
makes further displacement and division of the scenario area
into even finer parts necessary.
• Trees and their branches, it is an obstacle dangerous because
of suscepitibility to even gentle gusts of wind, making their
position not very “predictable”. Especially dangerous in places
where the electrified monorail line is covered with trees from
both sides, and the operator is forced to maneuver the drone
between the branches and the running wire.
• Passing rolling stock or rolling stock standing on tracks: an
obstacle dangerous when performing flight modes at low
altitude (under the traction level). The solution reducing the
risk of damage to the drone (as well as increasing the safety of
the filming crew) is proper communication with the signaller
in the interlocking control.
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The final effect of the scenario should be the photographs
shooting schedule which should be strictly followed during their
implementation.
It should take into account the following times:
• time of preparation for the flight:
• time of area recognition,
• time of laying out the equipmen,
• time of flight:
• the start time,
• the recording time,
• time of return and landing,
• time to move between points,
• battery charging time,
• time for breaks and rests.

6. Inspection of the railway
signaling device
The vast scope of research carried out as part of the Dronmonitor project, causes that only sample parts of the inspection
will be presented in this article. As an example of the possibilities
offered by the technology, a traffic light signal will be presented.
A light signal is understood to be a track-side device for the
transmission of optical signals relating to railway traffic. For
them, we can make/check compliance with requirements on three
different issues:
• general technical condition of the signal device (subject only
to visual inspection),
• the correctness of the aspects,
• the visibility of the aspects from the required distance.
The following part of the article will discuss selected aspects of
all the three bullets.

Fig. 3. The shunt signal [own study]

For the purpose of technical condition checks, the photographs
were taken and analysed for a flight mode taken at an altitude of 15
m and a camera tilt angle of 27°.
The first element that is recommended to check in the
maintenance manual [2] for the signaling devices is the return
wire or ground wire (shown in Fig. 3). The recorded image from
the deck of the dron hardly makes it possible to check the corroded
state of the wire from this height due to the low resolution of the
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image for this element. However, by excluding small cracks it is
possible to determine quite effectively whether the continuity
of the cracks is preserved. The problem with viewing it, is that
it is often hidden underground. As a rule, the image allows
to determine only the end connections of the cable to the light
signal base and the rail. A similar obstacle to establishing its
condition is vegetation. The state of vegetation growth in the area
of infrastructure is an element that can be effectively assessed by
means of drones inspection.

directed directly towards them. This may be an integral part of
the miniscenarios described in the previous sections. Of course,
the best position is when the dron is as close as possible to the
signal head. The picture below shows this position. It shows that
checking the correctness of aspect of signal is correct even at
presence of high intensity of sunshine.

Fig. 4. Return wire of the shunt signal [own study]

The head is the most important part of railway light signal it contains signal units equipped with optical systems responsible
for transmitting the signal to the incoming driver. The captured
image allows you to effectively check if the head is properly
attached to the mast, but in reality, it does not allow you to check
if it is securely fixed so that it cannot be moved (as instructed by
the instructions),

Fig. 5. The head of the shunt signal [own study]

The door ensures that there is no foreign interference in the
signal chambers and protects them from external light. Recording
allows you to check whether the door is not completely open, but
does not give you certainty about the light falling in.
Recordings give a very good possibility to determine the paint
coatings of the device. They allow to diagnose any possible loss of
paint coatings without any problems, however, it also depends on
the direction of dron’s flight. It is also possible to check whether
the mast is vertically positioned.
With regard to checking the correctness of aspects, dron
allows for trouble-free checking of practically all requirements
specified in the manuals [2]. However, the essential prerequisite
is that the dron should be placed directly opposite the signal units
at the level of chambers and the camera lens on board must be
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Fig. 6. A shot to test the correctness of the signaling aspects
[own study]

The aspects of the signal can be changed in two different ways:
automatically (by activating or releasing the track section behind
it) or by the signalman with the buttons of the control panel from
the signalling box.
In the first case, the correctness of the displayed aspect can
be checked by simulating the passage of rolling stock across
a controlled section, but this is not always possible. It is often
necessary to use real rolling stock such as draisines.
For aspects that are not set automatically, it is necessary to
synchronize them with the operations of the signalman. Good
communication with the signal box is required here. The presence
of computer interlocking devices equipped with data recorders
will be very helpful for image analysis. Recorders allow to obtain
detailed data related to aspects change sequence. These data can
be compared at the analysis stage to the aspects of the individual
light signals.
Testing the correctness of aspects of the signal with the use of
drones allows for checking the following parameters:
• frequency of blinking light,
• no dimming of continuous light when two lamps are
displayed, including one flashing,
• the presence of flashes,
• presence of doubtful signals,
• proceed on Sight Authority (PoSA) extinction time,
• consistency of displayed signals for specific route paths and
traffic situation.
The last aspect examined for the light signals is the visibility
of their aspects. The PKP PLK requirements [2] require to check
the visibility of the aspect of the signal from a position next
to the right railway line, looking in the direction of travel, at a
distance equal to the minimum visibility of signals of the signal.
The visibility of aspects depends mainly on the highest permitted
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speed of trains approaching the signal and should be depending
on the type:
• for home signals from 100 to 400 m (depending on the line
category),
• for exit signals for which routes are carried out without stopping
- not less than 200 m,
• for signals situated on the lines of local significance - about 50 m,
• for distant signals and level crossing signals not less than 200 m,
• for shunt signals not less than 50 m,
• for signal strips and indicators not less than 200m.
Although these distances may appear to be small and the image
of the recordings (4K resolution) were made of very high quality,
the research has clearly shown that it is not possible to check the
visibility of the signals from the required distances. It turned out
that even at such high resolutions, the light source being an aspect
becomes a stain on the image very difficult for evaluating. The
picture below shows two home signals recorded from a distance of
250 m.

Preparation has started with a check of the airspace availability
of the siding area and flight route analysis. During the preparation
of the flight scenarios, the most sensitive rail infrastructure
components were identified and then analysed for possible flight
routes. For this purpose, track diagrams, situation plans and satellite
maps were used. The final effect of developing the scenarios was the
schedule of taking pictures.
The project involved remote control flights, in which the
dron was controlled manually by the operators, and the recorded
image was recorded in the form of video recordings as well as
semi-autonomous flights, the purpose of which was to create
an orthophotomap, imitating the siding area in the form of a
cartographic map.
During the analysis of the collected data, the requirements
described in the manuals issued by PKP Polskie Linie Kolejowe S.
A. [1, 2, 3] were applied. As part of the project, the infrastructure
elements that can be visually diagnosed were examined.
On the basis of the check tables, the possibility to assess the
technical condition of particular infrastructure elements was
analyzed. A railway light signal was presented as an example of the
tests carried out.
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Fig. 7. A frame from the recording of entry signals from a distance of
250 m [own study]

7. Conclusion
Unmanned aerial vehicles allow automation of tasks related to
monitoring of large infrastructure facilities. The “Dron-monitor”
project was launched to assess the possibility of using UAVs for
automation of railway infrastructure inspection and stocktaking based
on collected multimedia materials. Various possibilities of recording
video footage depicting the state of railway infrastructure were tested,
as well as the possibility of creating orthophotomaps for railway areas.
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ABSTRACT
An application of modern microprocessor technique and more effective microprocessor systems has a large influence
on development of devices railway transport and railway automation systems. Functioning new generation railway
traffic control and management systems is largely based on Programmable Logic Controllers (PLC), which allow
the designers to exploit self-control mechanisms, events registration, technical diagnostics, remote control and fault
detection). Railway traffic control and management systems belong to safe technical railway transport solutions, it
means that they have to meet the fourth safe integrity level CENELEC (SIL-4), what implies, that the configuration
principles and software installed have to satisfy CENELEC EN 50 128 and EN 50 129 standards.

KEYWORDS: transport, safety, systems control of railway traffic, Programmable Logic Controllers

1. Introduction
From the beginning of the railway existence, devices were used
to provide safe move on railway tracks. The development of these
devices took place every single day. The requirements, needs and
users’ expectations grew, however, the basic objectives of using
these devices remained unchanged, i.e. safety and efficiency of
railway traffic. It is possible to implement presented goals by means
of the railway traffic control devices. These devices have gone
through gradual evolution from mechanical, electrical devices to
microprocessor ones.
The technology, which is basis of the railway traffic control
system execution, should allow introducing new elements in place
of the old ones during the operation of the system. It should be done
in such way to not disturb the system’s basic functions. Functional
system blocks should be equipped with appropriate diagnostic
outputs and status indicators. The external connectors should be
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easily accessible for servicing and testing devices. The durability of
railway devices should not be less than 20 years [10].

2. The implementation of
Programmable Logic
Controllers to railway
transport
The Programmable Logic Controllers PLC applied in railway
transport systems are microprocessor devices designed to control
the railway executive devices operation. PLCs must be adjusted to
the particular railway system and to its configuration by introducing
a proper operation algorithm to the memory. PLCs are industrial
computers that implement the devices control algorithm under the
real-time operating system control, e.g. in the railway traffic control
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system. The controller is equipped with an appropriate quantity of
input elements collecting information about the system status (e.g.
railway sensors) and its service requesting. It also includes selected
output elements connected with executive devices (e.g. railway
barrier at level crossings), signaling devices (e.g. semaphores of
automatic block signaling) or data transmission [7, 8, 15, 16].

Fig. 1. An example of MINICONTROL PLC controllers used in SPA-5
signaling by Bombardier Transportation production [11],
where: 1 – central unit (for configurations with EOC train
sensors); 2 – transmission module RS-485; 3 – transmission
module CAN; 4 - central unit (for configurations with ELS
wheel sensors)

2.1. The structure of typical PLC controller
The internal structure of typical PLC controller is shown in
Fig. 2. The central processor is composed of a microprocessor and
several specialized processors which are connected to each other by
a logical network. These processors perform specified by the control
system instructions in a very short time. The system determines a
program which coordinates the work of the PLC controllers. It is
located in the EPROM or PROM controller memory and ensures
appropriate service of the controller’s internal operating functions.
In addition, it is responsible for execution of the algorithms stored
in the program’s memory.
PLC controller operation is based on continuous observation
of analogue and digital inputs. It includes also making decisions
based on the operation algorithm and proper control of its outputs
[5, 6, 8, 15, 17].

Fig. 2. The basic components occurring in the standard PLC solution [6]

3. The safety of railway control
and traffic management
devices
Nowadays, the speed of data processing as well as convenient
and clear presentation of controlled transport processes on
monitors are carried out by modern computers for applications
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in railway control and traffic management systems. The first
solution was a replacement a relay control panel by a computer
panel with the presentation of movement situation shown on
the monitor. The introduction of more advanced techniques in
terms of railway traffic control processes management required
complete replacement of the relay automation – by microprocessor
technology [2, 3, 4, 14, 16].
The basic feature of safe solutions in railway transport control
systems is the „fail-safe” principle, which generates the fact that a single
failure or a single disruption of the system operation cannot lead to a
dangerous situation. This is possible assuming that the probability of
multiple damage is negligible. In addition, it is assumed detection of
individual errors in a relatively short time and appropriate (safe) system
behavior in the event of damage detection [2, 4, 18].
The development trends of microelectronics and programming
have forced the necessity of unifying technical standards which refer
to devices intended for the safe railway systems implementation.
The equipment and software, which are used to creation of systems
responsible for safety, are a subject of high quality and reliability
requirements. As a result of long-lasting work of European
Committee for Electrotechnical Standardization CENELEC, the
algorithms were developed and implemented in terms of creation,
checking and commissioning of safe railway applications (Tablele
1). They have been included in the relevant CENELEC standards of
EN 50 128 and EN 50 129 [12, 13, 14, 18].
Tablele 1 lists ones of the most important railway traffic
control systems with various functional assignments and tasks in
the railway traffic control process with assigned security levels to
them. It is recommended by CENELEC European Committee for
Standardization of Electrical Engineering.
Tablele 1. The safety levels of selected railway transport systems
according to CENELEC recommendations [6, 13]
No.

The name of the railway system

Safety level

1
2
3
4
5
6
7
8
9

Control devices at the railway traffic station
Line system block
Train control devices
Track occupancy control systems
Automatic crossing signaling
Remote controls traffic train
Train continuity control device
Automatic train composition marshalling devices
Traffic guidance device

4
4
4
4
4
4
3
2
2

3.1. The methods of ensuring a high-level
safety of railway traffic control systems
made in the microprocessor technology
The issues of safety and reliability in the field of microprocessor
railway traffic control systems should be considered in two aspects:
the technical devices that create system infrastructure and system
software.
The system must be composed of at least two computers that
are linked together in an appropriate structure to meet a high safety
requirements. This structure is create to enable data processing in
a safe way, mutual control etc. There are also alternative systems
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based on one computer unit. The second computer is used as a hot
reserve to achieve the required safety conditions.
The appropriate program operations are performed to achieve
the safety of single-channel systems. They consist in data coding
and processing of two programs on one unit testing each other.
The multi-channel systems, usually two or three-channel
systems, are characterized by ensuring security by hardware and
software redundancy. In these solutions the results are compared
from the source of two computers. The condition for safe operation
of the “2 out of 2” system is full compliance with all of the results
obtained from the active channels outputs. The occurrence of any
error will result in a safe reaction of the entire system. In the “2 out
of 3” system, a negative result from two computers will cause as an
activation of the third computer. For further processing, the same
result from two computers is taken into account [1, 4, 6, 7].

Fig. 3. The “2 out of 3” rule used in the SIMIS-W control system at
railway traffic station [10]

Fig. 3 shows an example of the safety rule “2 out of 3” application
in the SIMIS-W microprocessor control systems at the railway
traffic station. The SIMIS-W control system includes two identically
constructed control channels, where the same data is compared to
each other at the inputs. Both control channels continually perform
the same tasks. The commands issued to peripheral devices through
both channels must be identical. Otherwise, the comparators switch
the channel output gateways to a safe state. The configuration of
SIMIS-W „2 out of 3” is based on presented principle but the third
channel remains in standby mode. It results in higher availability of
the system [10].
The basic methods of achieving the required safety level of railway
traffic control systems made in the microprocessor technology are [6,
8, 10, 11]:
• hardware redundancy – there can be distinguished two
independently operating channels for power systems, PLC
controllers (Fig. 4), I/O systems and others in the control
system. Regardless of the quantity and type of railway devices,
they are allocated to both channels so that in the case of failing
one of the channels, the other one could provide sufficient
system protection;
• differentiation of programs steering in both channel – programs
for PLC controllers in individual channels are developed by
independent programmers’ teams. The most common programs
are written in assembly language used at the processor level or
ladder diagram;
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• synchronization of the control channels operation – PLC
controllers of both channels are connected mostly by a serial
interface where information can be exchanged between them.
The purpose is to determine the compliance action of the
railway traffic control system decision layer even if one of the
channels is turned off;
• real-time testing of the operation correctness of modules
and railway traffic control devices – the control programs
additionally contain the procedures testing the operation
correctness of the supply systems, I/O devices, individual
modules as well as procedures and mechanisms of the control
systems self-testing;
• real-time testing of the control program by means of procedures
checking the correctness of each program cycle realization and
the correctness of the current railway traffic control system
parameters.

Fig. 4. An example of structure redundancy of control devices in the
SOL-21 train’s wheel sensor system (Laboratory of Railway
Traffic Control Systems at the University of Technology and
Humanities in Radom) [own study]

4. The analysis of selected
Programmable Logic
Controllers and
microprocessor technology
applications in railway traffic
control systems implemented
in Polish railways
4.1. The industrial controllers 2005 series
Bernecker & Rainer in axle train’s counter
system SOL-21 type
The SOL-21 train axle counter system, produced by
Bombardier Transportation, consists of wheel sensors located in
the field and the EAS-4 internal equipment cabinet located in the
signal box. The EYM-41 is an independent manipulator device
placed in the room of the station master. The whole is connected
by power and transmission cables [11].

© Copyright by PSTT , All rights reserved. 2018

M. KORNASZEWSKI

The control in the mentioned levels is two-channel. The system
of sending information between individual levels and channels at
given level is carried out using two data bus systems.

Fig. 5. The location of the SOL-21 system’s basic elements in
the Laboratory of Railway Traffic Control Systems at
the University of Technology and Humanities in Radom
[own study]

The internal devices (EAS-4 cabinet) of the SOL-21 system
include the following elements [11]:

• basic counting unit EDH-3102 („on-line”),
• reserving counting unit EDH-3102 („stand-by”),
• event recorder EZE-12,
• uninterruptible power supply UPS,
• electronic interface to the Ebilock 950 system,
• relaying interface ECH-6302 (optional),
• FSK concentrator ECH-6304 (optional),
• additional elements such as: power supplies, power supply
and transmission surge protection circuits, modems, etc.
The counting unit is built from the modular components of
industrial Programmable Logic Controllers 2005 series manufactured
by Bernecker & Rainer. For safety reasons, the counting unit is
equipped with two independent data processing channels (processor memory - operating system - software). Both channels are connected
to each other by a system bus, which ensures fast and reliable exchange
of information.
The operation of the SOL-21 system consists in controlling the
railway tracks sections condition limited by the wheel sensors of
the train. The wheel sensor is a device detecting the movement of
the train’s wheel above the sensor’s head. The ELS-95 type wheel
sensors are used in the SOL-21 system. Information from these
sensors is collected, analyzed and processed by the counting unit.
Information about the number of trains axes that have entered
and departed from individual parts of railway tracks allow the
counting unit to determine the status of these sections. Next, the
information is transferred to the dependency system through the
relay interface or electronic interface [10, 11].

4.2. The modular processors SCHEIDT &
BACHMANN GmbH in the system of
level crossing BUES 2000 type automatic
signaling
The system of level crossing automatic signaling BUES 2000 (Fig. 6),
produced by Scheidt & Bachmann, is one of the most technologically
advanced safe solutions of railway traffic microprocessor control
systems. BUES 2000 defines new standards for railway level crossing
devices. This system is intended for level crossings, in which the
management of the safety devices work and control of the signaling
work correctness takes place on three levels [6, 9]:
• diagnostic,
• management (control),
• executivem.
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Fig. 6. The standard configuration of devices in automatic signaling
of level crossing BUES 2000 type [9]

The level control of crossing signaling BUES 2000 supervises all
processes related to level crossing safety function. It consists of three
duplicate SCHEIDT & BACHMANN GmbH modular processors:
central, light/barrier and track, central program memory and
service keyboard. Each duplicated modular processor (Fig. 7)
processes real-time independent portions of the appropriate
program for a given module. Additionally, the use of safe programs
for modular processors ensures required level of safety guaranteed
by the system. All modular processors are universal, i.e. they can
perform one of the three functions mentioned above, depending on
needs. The type of fulfilled function depends on the location in level
crossing automatic system and is determined by software [8, 9].

Fig. 7. The doubled modular processors and control level service
keyboard in BUES 2000 signaling (a); View of modular
processor single card (b) [own study]

In the manner specified in Chapter 3.1 in accordance with the
“2 out of 2” principle, the control tasks of BUES 2000 signaling
are carried out in the case of hardware duplication of modular
processors.
The basic element of the modular processor is a microprocessor
controller (INTEL CPU 80188EB microcontroller) that works with
six controllers CAN (Control Area Network) type during the data
transfer.
The central module performs general control functions of the
devices and supervises all centralized tasks of the railway level
crossing safety process. The light/barrier module performs the
process of controling warning light and barrier drives work. It also
controls the correctness of their operation. The track module is
responsible for the use of information received from track sensors
and for checking the correctness of their work.
The diagnostic level of BUES 2000 signaling type includes
a diagnostic module and a diagnostic center. The diagnostic
module ensures the maintenance service with quick access to the
information on irregularities in the signaling work. The executing
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level takes over the proper control of the processes occurring in
the railway level crossing devices.
The remote control device is a diagnostic center located in
the control room. It is possible to join several dozen railway level
crossings located within a dozen kilometers from the railway station
on which it is located. The diagnostic center responds to reports
sent by railway level crossing signaling. Used software allows to
read error messages of equipment on a railway level crossing via
a telephone modem. All fault states are registered and trigger an
alarm condition in the moment of detection [6, 8, 9].

The set of information compared independently in PLC
controllers of both system channels is the basis for providing
information on the track sections status to the station master. In the
case of signals about the railway tracks occupation incompatibility,
the system is switched into a safe state.

4.3. The PLC controllers of the PAC series from
GE Fanuc in the track occupancy control
system SKZR-2 type
The SKZR-2 system (Fig. 8), manufactured by Z.A. KOMBUD
from Radom, is technologically advanced system designed to
determine the condition of sections in the controlled area of the
railway station track system or a railway open line.

Fig. 10. The cabinet of SKZR-2 system with GE Fanuc PLC
controllers and a diagnostic panel [19]

For needs of visualization, service and diagnostics, the SKZR2 system has a set of commands and reports sent to the operator
panel and computer system of the operating position via computer
transmission. The SKZR-2 system is equipped with a computer
interface for displaying the status of railway tracks controlled
sections. The station master receives detailed information about
the railway tracks sections. This makes it easier to evaluate the
situation in the case of complex actions. Full information about
the status of railway traffic control devices is recorded and it
reduces the system’s diagnostic time in case of a failure [11, 19].

5. Conclusion
Fig. 8. The standard configuration of the track occupancy control
system SKZR-2 type [19]

The SKZR-2 system consists of an internal part and an external
part. The internal devices are located in the building of the railway
control room, while the external devices are located next to the
railway tracks. The system’s input circuits cooperate with railway
sensors that generate signals for each passing train axis. The axes
are counted and in the case of number other than zero, the system
decides on confirmation of the railway tracks section occupancy
by the train [11, 19].

Fig. 9. The view of the GE Fanuc controller placed on a laboratory
bench for testing the SKZR system (a); The external view of
the central unit module CPU (b) [own study]
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The article presents new generation of railway traffic control
and management systems made in microprocessor technology and
operating on the basis of modern Programmable Logic Controllers.
Such systems are currently necessary to ensure adequate control
functions in railway transport with the necessary level of safety.
Modern railway traffic control systems operate on the distributed
computer system with the feature of control decentralization,
communicating by the computer networks. In these systems the
cooperation between a dispatcher system and a centralized system
of dependence with smaller railway traffic control systems is
necessary.
The safety of railway traffic control systems made in microprocessor
technology results mainly from the use of programmable controllers.
It is based on dual channeling, differentiation of control programs in
both channels, the possibility of immediate device faults detection,
as well as the ability to monitor system operations and record all
events. The railway traffic control systems made in this technique are
also characterized by: a modular design of software enabling quick
adaptation of the system to needs, built-in diagnostic functions, small
size, easy installation, continuous at least 24-hour event registration, etc.
The computerization of the railway transport systems should
increase their safety by limiting the risk of errors generated by the
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human factor and automation many of the functions performed
so far by humans.
Regardless of the railway traffic control system type (destination,
manufacturer, manufacturing technology etc.) and its operation
time, the level of safety must be high (in accordance with Table 1).
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ABSTRACT
The process of monitoring vehicle traffic and detecting traffic incidents and traffic obstructions requires access to
information from sensors located at various points of monitoring and data acquisition systems constituting elements
of contemporary Intelligent Transportation Systems (ITS). Unmanned aerial vehicles (UAVs) are increasingly
becoming an element of ITS used in reconnaissance, preventive or rescue operations. Ensuring the efficiency of
transportation in conditions of increased traffic requires providing users with multimedia information about:
meteorological conditions prevailing on roads, traffic, current events and difficulties, and information on the
availability of parking spaces. In each of the mentioned cases, the reliability and quality of information provided
with the use of UAVs is an extremely important issue. Therefore, the provision of video surveillance services with a
predictable level of quality and reliability is an important challenge for UAVs practical implementations. Thus, the
fundamental research problem considered in the publication is the analysis of the impact of environmental and
technical parameters on the quality and reliability of the UAVs video monitoring service provided in a real operating
environment.
KEYWORDS: surveillance services, quality of identification, transportation systems

1. Introduction
Video Surveillance Systems (VSS) are currently the necessary
components of transportation systems used in monitoring of vehicle
traffic and detecting traffic incidents and disruptions [1]. They allow
observation of people or objects in real time and registration of
events for later analysis. A characteristic feature of these systems is
continuous operation, where a relatively short break in the system
operation can lead to a significant degradation of its effectiveness
[2]. The UAVs are increasingly elements of complex systems of
monitoring and data acquisition. They are currently one of the fastest
growing means of imaging recognition. The growing popularity of
UAV results from their technological and financial attractiveness,
low costs (production and operation), high level of technological
advancement and versatility of applications.
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UAV technology associated so far with military activities is more
and more commonly used in public and national utility facilities as
well as in commercial establishments, factories and businesses or
warehouses [3]. UAVs are also used in the activities of search and
rescue and related natural disasters. An important area of use of
UAVs is also agriculture and environment protection. Finally, the
important example showing a great use and capabilities of UAVs is
the transportation system [4, 5].
Requirements for video surveillance systems are defined in
functional and quality constraints [6]. Quality assurance at the
network level (QoS - Quality of Service) is extremely important
because it allows prediction of the size of the available bandwidth
and the level of losses at the application layer. However, in the case of
monitoring systems used for public security purposes, the quality of
video reception called as QoE (Quality of Experience) is much more
important. However, QoE quality does not cover only a subjective
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perception of video content, but also the effective implementation
of pre-set functions. It therefore requires precise definition of
quality indicators covering all possible interferences and at the
same time considering the human factor. Maximizing the quality
of video reception focuses on the optimization both the network
and performance parameters. In the second group of parameters,
Peak Signal-to-Noise Ratio (PSNR), Structural SIMilarity (SSIM)
or qualitative indicators describing the quality of perceived Mean
Opinion Score (MOS) are significant. The issues of video quality
measurements are reflected in the recommendations and standards
[7, 8], they are also the subject of many scientific publications [9,
10]. Ensuring QoS quality with respect to the network layer and
QoE with respect to the application layer is a major challenge for
video surveillance systems. This is particularly important for UAV
control systems and data collection from sensors mounted on UAV.

2. Risk Assessment of UAVs
Implementation in Video
Identification
Monitoring system’s ability to correctly detect and identify
threats is one of the essential factors determining the efficiency,
effectiveness and reliability of its operation. Hence, in the process
of information visualization additional risks and caused by them
consequences that have a direct impact on this process should be
taken into consideration. This so-called risk analysis is part of the
applications validation pro-cess which is presented later in this
paper.
Nowadays video surveillance networks are characterized by
such features as frequent changes in topology, the mobility of users
and providers, the use of wireless links and limited processing
power and capacity of network nodes. Additionally, the working
environment of the sensor should be taken into consideration,
which in the case under consideration is a video camera that is in
the UAV equipment. Proper operation of the sensor is influenced by
factors such as lighting, distance between object and the sensor or
the presence of background objects that make identification process
difficult. Not without significance are also the already mentioned
technical parameters, the sensitivity of the sensor, focal length,
resolution and compression used. Hence, the following threats
related to reliable data identification should be considered: lack of
proper object lighting (insufficient sensitivity of the transducer)
or no infrared operation mode, too long distance between the
object and the camera (no proper selection of the focal length), no
possibility of object specification (insufficient sensor resolution) or
no extraction possibility (low resolution, sensitivity). These threats
can lead to the following problems related to visualization process
(Fig. 1):
• false rejection - an object that has its model in the database
is unrecognized and rejected because it does not have its
counterpart,
• misclassification - an object that has its model in the database
is not properly assigned to another model in the database,
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• false acceptance - an object that does not have its model in
the database is assigned to a model that already exists in the
database.

Fig. 1. Analysis of threats and problems of the quality of video
reception in the aspect of the influence of external factors
[own study]

These issues were considered during the research, although
it seems impossible to avoid some of the threats, especially when
considering the impact of external factors. Therefore, in the process
of quality evaluation of the video transmission service using UAV,
the “no-reference” method was used, which allows quality testing
in relation to a degraded image. In the research implementation
process, the VQM (Video Quality Monitor) application was used
[11]. VQM enables assessing video quality based on the chosen
method and present the results in the form of perceived QoE video
quality.

3. Testing and analysing the
results
For the experiment, the existing infrastructure of the laboratory
monitoring network has been used (Fig. 2) [1, 2]. Reasoning about
the correctness of network components specification about data
transmission reflecting information from the monitoring system
is based on a statistical estimation of reliability of the software and
hardware platform forming the service chain.

Fig. 2. Diagram of the testbed environment [own study]

Products of renowned suppliers of hardware and software for
both the systems and applications are the components of the test
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platform. Therefore, it appears reasonable to conclude that the
specified measuring system is a correct and highly reliable testbed.
In the monitoring domain (marked as l2.insigma.pl) including
three stationary monitoring points, a mobile element was
implemented with the use of Phantom 3 Professional UAV [12].
The UAV model used in the research is equipped with a compact
4K camera with a resolution of 12 megapixels. The technical
specification indicates the possibility of recording video sequences
in MP4 and MOV (MPEG4AVC / H.264) at a maximum bit rate
of up to 60 Mbit / s. The camera is equipped with a professional
lens that provides a field of view with an angle of 94 °. To control
an unmanned aerial vehicle (drone), the DJI GO app is used,
launched on a mobile operator’s position equipped with a remotecontrol drone set. The application allows controlling UAV based
on five intelligent flight modes. It is equipped with an extensive
user interface providing information not only about the chosen
flight mode, but also about the essential functional and technical
parameters of UAV (Fig. 3). The implementation scenario of the
UAV presented in Figure 2 corresponds to the actual conditions
for the use of drones, which are usually delivered to the monitored
area to register the video sequence and transfer it to the position
of the operator of the transportation systems VSS.
The assessment of the received video quality was carried out
by the operator of the monitoring system (domain l1.insigma.pl)
using the VQM application running on a personal computer. The
application performs the MOS quality assessment based on the
method without reference (Fig. 4). In addition to the MOS quality,
the application also provides values for quality indicators such as
blur, blockiness, contrast and bitrate.
The mentioned indicators together with the general assessment
expressed in the MOS scale allow to map the correlation of the
observer’s feelings realizing the perception of the presented video
sequence, i.e. QoE.

Fig. 4. The interface of the Video Quality Monitor [own study]

The results of tests regarding quality assessment as a function
of the video recording format used are shown in Fig. 5. The analysis
of the video quality curve indicates that the change of format
between the MOV format and the MP4 format does not affect the
perceived video quality. However, with a deeper evaluation of the
minimum and maximum MOS values, you can point to a slight
advantage of the MOV format (Table 1).

Fig. 5. Comparison of the individual quality of frames as a function
of the registration format [own study]
Table 1. Comparison of the perceived quality values [own study]

Fig. 3. The user interface of the DJI GO application [own study]

To determine the quality of video surveillance service
implementation using UAV a set of test scenarios were developed.
On this basis, tests have been carried out to determine the specified
quality indicators as a function:
• video recording format used;
• work in various weather conditions;
• use of various image exposure modes (filters);
• of the flight mode used.
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Perceived video quality

Video recording
format

Min

Max

Mean

MOV

94,001

100,000

97,063

MP4

92,113

100,000

96,580

Analysis of another group of quality indicators confirms slightly
worse quality of video recorded in MP4 format. The measurement
results regarding quality indicators concerning block effects and
blur are shown in Table 2, while the results for contrast and bit
rates in Table 3. Based on the results presented in the table, it must
be concluded that for none of the presented indicators (except for
the contrast indicator, where the overrun is small) there were no
exceeded threshold values, which are respectively:
• for blurring – 3;
• for block effects – 2;
• for contrast – 0 ÷ 0,15.
It is also worth noting that in both cases a bandwidth of 60 Mb/s
was obtained, i.e. the maximum with which the UAV camera image
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registers and transmits video stream. This confirms the lack of
impact of the implementation environment on the implementation
of the monitoring service using UAV.
Table 2. Values of QoE quality indicators – blockiness and blur [own
study]
Video
recording
format

Blockiness

Blur

Min

Max

Mean

Min

Max

Mean

MOV

0,054

0,495

0,152

0,00

0,192

0,010

MP4

0,064

0,541

0,165

0,00

0,230

0,034

Fig. 7. Comparison of individual quality of frames as a function of
weather conditions (sunny day/cloudy day) [own study]
Table 4. Comparison of the perceived quality values [own study]
Perceived video quality

Weather conditions

Table 3. Values of QoE quality indicators – contrast and bit rate [own
study]
Video recording format

Contrast

Bit rate

Min

Max

Mean

[Mb/s]

MOV

0,153

0,228

0,189

60,18

MP4

0,139

0,239

0,184

60,57

Subsequent results show the results of tests for determining the
impact of weather conditions on the perceived quality of monitoring
service realized with UAVs. The tests were carried out for two
cases. The first measurements took place under excellent weather
conditions, in the second with a significant cloud cover. It should
be noted that UAVs can be operated in various environmental
conditions and under various atmospheric conditions, and any
disturbances in the transmission continuity or distortion of image
clarity can directly affect the offered level of security. The measures
MOS values are shown in Fig. 6.

Fig. 6. Comparison of individual quality of frames as a function of
weather conditions [own study]

The impact of weather condition on the perceived quality
is presented in Fig. 7. The analysis of the obtained results clearly
indicates deterioration of quality when the weather conditions
deteriorate. The MOS value drops to the level of 70-80, at specific
times even up to 65. However, observing the MOS values in Table
4, it should be noted that the mean MOS value for worse weather
conditions is maintained at a level above 75, which is a satisfactory
result.
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Min

Max

Mean

Cloudy day

64,708

83,720

76,575

Sunny day

90,749

100,000

95,025

Table 5. Values of QoE quality indicators – blockiness and blur [own
study]
Blockiness

Blur

Weather
conditions

Min

Max

Min

Max

Min

Max

Cloudy day

0,054

0,495

0,152

0,00

0,192

0,010

Sunny day

0,064

0,541

0,165

0,00

0,230

0,034

Table 6. Values of QoE quality indicators – contrast and bit rate [own
study]
Weather conditions

Contrast

Bit rate

Min

Max

Mean

[Mb/s]

Cloudy day

0,073

0,222

0,150

5,37

Sunny day

0,148

0,248

0,193

60,74

When comparing the quality indicators listed in Table 5 and
Table 6, a special difference in the average value of the blurry can
be noticed, which is much higher for the tests carried out on cloudy
day. This means more distortion showed by a clear visualization of
the edges of macroblocks (pixels), which results directly from the
inferior quality of video frames. This is because the brightness of
the frames is very low. The contrast value indicates the difficulty of
distinguishing detail in a video image in which there is a significant
number of macro blocks of the same brightness.
Another area of testing was to analyse the quality of QoE in
relation to the applied various image exposure modes (filters). The
used UAV which is Phantom 3 Professional enables using a three
different types of exposure: Black/White, Beach and Classic. They
differ in the type of lens aperture used as shown in Fig. 8. The results
of the measurements carried out are shown in the next figure (Fig.
9). As predicted, the type of image filtering used does not have a
significant impact on the achieved QoE quality. The confirmation
of the above conclusion are the results of the quality measurement
presented in the MOS scale, which are presented in Table 7. The
obtained value of MOS is in the range of 94-96 which means the
excellent image quality.
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Fig. 8. Comparison of individual quality of frames as a function of
different types of exposure (Black/White, Beach and Classic)
[own study]

Fig. 9. Comparison of individual quality of frames in the presence of
different filters [own study]
Fig. 10. Comparison MOS values in the function of intelligent flight
mode [own study]

Table 7. Values of perceived video quality [own study]
Perceived video quality
Min

Max

Mean

Black/White

89,963

100,000

95,378

Beach

88,604

100,000

94,959

Classic

91,043

100,000

95,487

The UAV used in the research provides 5 intelligent flight
modes. They are respectively: Waypoint, Point of Interest, Home
Lock, Course Lock and Follow Me. The flight modes enable the
operator to properly plan monitoring tasks and then implement
them appropriately in accordance with the adopted schedule.
Due to the fact that each flight mode has different dynamics of its
implementation, they were also tested in the evaluation of perceived
quality. The recorded values of quality indicators are presented in the
Table 8 while changes in the MOS values are shown in the Fig. 10.
Table 8. The values of quality indicators in the function of intelligent
flight mode [own study]
Blockiness

Blur

Contrast

Bitrate

Mean

Mean

Mean

[Mb/s]
60,01

Waypoint

0,202

0,087

0,209

Point of Interest

0,148

0,055

0,195

59,87

Home Lock

0,232

0,108

0,206

60,14

Course Lock

0,138

0,039

0,153

60,19

Follow Me

0,372

0,076

0,208

59,95
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As it can be seen, the obtained results confirm that the change
in the flight mode does not affect the QoE quality. The deterioration
of the QoE quality in the Follow Me mode result from the fact that
the flight was more dynamic that causing the rapidly changes in
the image. As a result, the image has more blockiness distortions
than other that resulting in lower QoE. This, of course, results in
lowering the MOS indicator value for this flight mode (Fig. 10).

4. Conclusion
The article presents the results of work related to the
implementation of the video monitoring service using UAV. The
research problem presented in the paper concerned the evaluation
of the quality of video transmissions from UA, which were made
using the method without references based on the VQM application.
The results of the experiments confirm that the proposed research
concept can be used to assess the quality of video obtained from
UAV in the real operating environment. This is extremely important,
especially in the case of growing popularity of UAV implementation
in dedicated monitoring systems used in public and national utility
facilities, agriculture and environment protection a transportation
system.
The obtained results are determinant for further studies in
using UAVs in transportation systems.
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ABSTRACT
The paper subject is the concept of a system for monitoring the operation of a pipeline transport network using telematics
for the needs of the oil industry on a selected example. Transport telematics allows to deliberately influence the process
of moving cargo/ data using the elaborated deliberate decisions, as a result of the prior analysis of information and
knowledge obtained using a dispersed system of sensors associated with means of pipeline transport, infrastructure,
environment and man. The concept of the process of monitoring the technical condition of pipelines for the purpose of
ensuring the required efficiency of the transport system and decisions regarding the process of their operation using a
dedicated distributed monitoring system of selected operational parameters will be presented. In particular, the paper
will focus on the location and categorization of pipe damages.

KEYWORDS: control systems, pipeline transport systems, oil industry

1. Introduction
The consumption of energy has increased in the world through
the years after the industrial revolution, when they found in the
oil industry a source of energy and raw material necessary for the
industrial and technological development that had been taking
place. The objective of this work is to investigate the application of
the control systems applied to transport systems by pipes, presenting
as a case study the development of this phenomenon in Cuba.
The oil industry includes global processes of exploration,
extraction, production, transportation (often through oil tankers and
oil pipelines) and marketing of petroleum products, and in almost
all of these activities, pipeline transportation systems are reflected.
In the extraction stage, once the deposit is discovered, innumerable
types of pipes are used as means of transporting the crude oil or gas
from deep within the deposits, either on land or offshore to the initial
processing centers. Once extracted the crude oil is transported by

30

automotive (in the least of cases) or by pipeline to the collector centers
where a primary treatment is carried out; and from there by pipeline
to the processing centers. Once processed, it is moved to the national
storage and distribution centers, which will be in charge of marketing
them throughout the territory. The main routes used to transport
from the processing centers to the storage points are maritime and
terrestrial. In the case of the seaway, the means used are oil tankers
to the main docks; and in the case of the land route, transportation
by motor vehicle or pipeline is used as necessary. The automotive
transport is used when the transport capacities are not significant or
when the geographical and technological conditions do not allow to
have a fixed physical infrastructure (pipes), otherwise the pipelines or
gas pipelines are always implemented as required.
With the evolution of transport systems, there was also the
need to be able to control and act on these mechanisms. As in any
productive process, input parameters, control and output variables
that regulate the development of processes are established. The
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flow of information regarding the determined control variables
must be carried out in a safe and stable manner in order to operate
and act correctly in the event of any failure or significant warning
about the systems and the interrelationships between them. It
was necessary then for the pipelines to have a control system that
would allow knowing where, when and how much is transported
and delivered at each point, being able to have the information
and the status of the operations in control centers located distant
from said facilities. Likewise, within the processing, storage or
distribution centers it was necessary to be able to control different
variables such as quality, volume to be transferred and operational
specifications, so in all oil infrastructures it is necessary to know,
control and directly influence the processes that they are made.
The existence of problems unrelated to the operation of systems
such as operational and maintenance problems directly affect the
integrity of the system for the detection of alerts and faults. The
causes of these affectations have repercussions on the integrity of
the transportation system, on the veracity of the information that
it provides and on economic damages to the environment due to
breakdowns in the lines and crude spillage into the environment.
Within the oil installations, whether they are storage, distribution
or commercialization, it is necessary to have piping systems not
only for transporting product, crude oil or its derivatives, but also
for auxiliary systems, these being understood as: aqueducts that
serve the needs of water consumption for administrative activities,
the fire protection system of the facilities, and to a lesser extent, the
information transport systems.
In the case of hydraulic supply systems to administrative activities,
the diameter of the pipes used and the volume of them within all the
necessary infrastructure in the oil industry is almost negligible. In the
same way it happens for the system of transport of information, in
this case the pipes are only used as a protective element of the wiring
system that is used and are not always necessary, therefore, in this work
these systems will not address, only refer to the systems of product
transfer (gas, crude or its derivatives) and the fire protection system.
The faults that occur in transport systems occur mainly as small gaps
or fissures, When the pipe begins to fail, they do it slowly, starting with
leaks in poor construction joints, corrosion points and small cracks
in the structural material, and gradually progress to a catastrophic
termination. There are also other reasons for disaster disasters, such
as accidents, terrorism, sabotage and theft.
In Cuba, a repair, replacement and modernization plan for
pipeline transport systems was developed three years ago, where
the modernization of leak detection systems and fire systems in the
main pipelines in the country is being implemented. As the cost of
pipelines as elements represents more than 60% within the costs of
construction of pipelines, this investment is made gradually, and it
is expected that it can be developed throughout this infrastructure.

2. Case study
In the beginnings of the oil industry in 1860, John D. Rochefeller
transported his cargo from wells to refineries and from refineries
to cities by means of trains. A conflict between Standard Oil and
the railway companies boosted Rockefeller’s inventiveness to the

Volume 11 • Issue 2 • May 2018

fullest by producing the first pipelines. Steel pipelines transported
Standard Oil’s black gold from the wells to the refineries, saving
you thousands of dollars in transportation. In 1866, the so-called
“West Virginia Rule” was universally adopted, which established
the barrel to load oil as an airtight container capable of holding 40
gallons and a “two gallon plus” gallon in favor of the buyer. This
rule is maintained to the present, however, the wooden barrel is
no longer used for this purpose, it is only used as a symbol and
volume reference of the oil industry. At present, the next step to
the exploitation of an oil field is the transport of crude oil to a
storage site. This is done by small pipelines, the crude is stored in
tanks and then take them to a place of refinement.
In the oil industry, the stage of exploitation of a field or field is
recognized from the moment the oil or gas is extracted from the
reservoirs until they are processed and marketed, so that almost all
the processes that take place in the oil industry are reflected. the
industry, only the oil exploration stage is excluded, since it is in this
where all the corresponding studies are carried out to determine
the existence or not of a deposit, its type and productivity among
other aspects that could determine the form of exploitation and
equipment. In the remaining processes, depending on the country
and the location of the deposit, the use of transport systems by
pipeline is largely developed or not, but it is in the transport, storage
and commercialization stage that undoubtedly is used more this
type of resources for the transfer of gas, water, oil or its derivatives.
Given that fossil fuels are fundamental in the world economy,
since approximately 60% of the energy consumed on the planet is
obtained from them, the distribution process has the development
of an extensive logistics network to transport fuels from the refinery
to the consumption centers. This distribution process uses facilities
and vehicles for transportation and storage. In the case of widely
used fuels such as naphtha, gas oil and aviation fuel, this complex
system includes the pipelines, dispatch terminals, special transport
trucks and service stations. The technologies of these facilities are
diverse and permanently updated, seeking the arrival of fuels to
their users in the places, times and quantities required, with minimal
environmental risk. Certain important customers can be served by
the refineries directly. This is how a power plant will receive its fuel
oil directly through a pipeline or tanker trucks.

2.1. Transportation systems used in the oil
industry
Oil pipelines, pipelines, gas pipelines.The oil pipelines are
used to transport oil over long distances. Pipelines are the fastest
way to transport large quantities of crude oil and derivatives on
land or in water. Compared to railways, they have a lower cost per
unit and also higher capacity. The art of assembling oil pipelines
has reached the point of encompassing entire countries. A pipeline
is basically the same as an oil pipeline, but by definition it is a line
of pipe that is used to transport different types of hydrocarbons
such as oil, gasoline, naphtha, gas, biobutanol, etc. Pipelines that
are used to transport natural gas are called gas pipelines. The
longest pipeline in the world is the Druzhba in Russia. This metal
colossus interconnects the entire country, flowing into the Pacific
Ocean, Indian Ocean, Mediterranean Sea and reaching Germany
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and Poland, with an approximate length of 4.000 km and a
transport capacity of 1.4 million barrels of oil per day is a marvel
of engineering.
Tankers. The oil industry has fleets of tankers (oil tankers),
these ships dedicated to the transport of oil and its derivatives.
These huge boats go where oil pipelines cannot, traveling seas
and oceans, transporting oil to remote places or countries that are
difficult to access. The largest tanker in the world is the AbQaiq that
can transport 2 million barrels of oil. A substantial volume of oil
that reaches the markets is transported by tankers. Compared to
passenger ships, oil tankers may seem small, because when they are
loaded, only a small part of them appears above the waterline: but
larger tankers can move more than half a million tons. In general,
tankers far exceed the carrying capacity of all ships in navigation.
Oil tankers carry the propulsion machinery located at the stern,
to prevent the propeller shaft from passing through the oil tanks and
as a protection measure against the risk of fire. In modern tankers,
the command bridge and crew quarters are also positioned aft. This
sector is separated from the tanks by watertight compartments,
hollow spaces that, as partitions extended from one band to another,
offer additional protection. Another similar compartment separates
the bow section of the tank assembly. Types of tankers:
1. ULCC (Ultra Large Crude Carrier), capacity app. 500.000 tons.
2. VLCC (Very Large Crude Carrier), capacity of more than 300.000
tons.
3. Suezmax (fair size for ships through the Suez Canal), capacity
between 125.000 and 200.000 tons.
4. Aframax (Average Freight Rate Assessment), capacity between
80.000 and 125.000 tons.
5. Panamax (just size to navigate the Panama Canal), capacity
between 50.000 and 79.000 tons.
The Venezuelan merchant fleet has a space division dedicated
to the oil industry (PDV Marina) which consists of 42 Panamaxtype vessels. These floating islands ensure that oil reaches its final
destination without fail.
Tank trucks. The distribution of petroleum products, especially
automotive fuels, gas and aviation kerosene, demand for distribution
to the final consumer. This is done through complex systems
of pipelines, storage terminal plants that receive it and special
transport trucks that finally deliver it to service stations. Tankers
usually have a large fuel loading capacity (tens of thousands of liters)
and are equipped with special systems for the recovery of gases and
electronic devices that allow permanent measurement of the fuel
load received, in transit and dispatched.
Fire Protection System. Due to the nature of the oil industry
and the characteristics of the products that are developed there,
most of these lead to a high degree of fire or explosion occurrence
in the facilities. Although advances in science and technology
contribute to creating safer and more reliable systems, the risks in
the occurrence of fire still persist. In general, when fires occur in
sectors of the industry of this type, the effects are considerable, from
the economic, environmental and even the life of the people. This
problem is exacerbated in the case of underdeveloped countries
that often do not have the necessary resources to invest in high
technology systems, which are usually very expensive, and their
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function is only to protect, that is, they are not part of the process
of production.
One of the main tasks performed in the oil industry is the
commercialization of hydrocarbons, in this task there are different
stages within which is the storage of large quantities of fuel resources.
This storage is carried out in facilities created for this purpose and
steel cylindrical tanks are generally used. These tanks have to be
protected against the possibility of a fire, so SCI is carried out in
these facilities that take into account all the possible risks. These
SCI (broadly speaking) generally consist of a water reserve, stored
in steel tanks supported on land or in tanks, a pump station that
has main pumping equipment, reserve equipment and equipment
for pressurizing the line, pipe networks, usually made of steel with
different diameters and lengths that allow the circulation of water
and at a certain point of the network (near the risk object) a branch
is designed that goes into a device (foam kit) that supplies a foam
liquid which is transported by a pipe to the risk object where the
foam used to extinguish the fire is finally generated. The other part
of the network that conducts water also reaches risk objects and in
the case of tanks that store fuels circular meshes of steel pipes are
formed in which sprinklers are placed for cooling the walls of the
tank. Water hydrants and foam are also located near risk objects,
in some cases to fulfill the function of supporting the main system
and in others, they are the main combat system. These systems of
transport of pipes are designed under pressure, that is to say they
must maintain a pressure always in the lines so that in case that the
sensors that in her are detected they detect some type of fires, the
system is ready to assume the loss by consumption of water and
in its effect, activate all the necessary equipment (sprinklers, foam
chambers, foam liquid supply systems, among others).
It is recommended that the solidification of these pipes be carried
out with fresh water or its potable water effect, to avoid increasing
the corrosion in the lines. Depending on the geographical location
of the facilities, the storage capacities of the reservoirs of water and
the magnitude of the fire, it is recommended from the design stage
to have facilities in the facilities to make marine water intakes, so
that if the reserves of fresh or drinking water are exhausted, salt
water may be used to continue with the actions of suffocation of the
fire. Given the case of using salt water in any action, it is necessary
to clean all the pipes with fresh water or potable water, in such a way
that the greatest amount of saline traces inside the pipes is eliminated,
a highly corrosive element and the main reason for broken lines.
Pipeline water transport systems produce leaks that can be
classified into 3 categories according to their magnitude:
1. Category 1: this category includes very small leaks, those that
occur in the joints or unions of main pipes or services and
that are practically exudations or drips. These leaks are not
detectable by normal techniques, some of these leaks may be
visible as a valve drip, but it may not be timely repaired.
2. Category 2: small leaks are included that together contribute in
a high percentage to the total waste in a leakage sector, but that
are not apparent except when a detailed inspection is carried
out and sometimes the use of more sophisticated techniques,
such as as measurement, sectoreo and sounding with acoustic
equipment.
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3. Category 3: this category includes large leaks that are evidenced
by several mechanisms, such as breaks at intersections or
intersections buried with vials, water flowing visually, noise
and low pressures leading to lack of water.
In general, leaks should be repaired independently of the leak
detection programs. Category 2 contains some leaks that can
be located through leak detection programs and subsequently
repaired, however, for many countries, especially for Latin
American countries, it would not seem economical to locate and
repair some category 2 and category 1 leaks, They would only be
located discovering the main and service pipelines. It is up to the
operators and systems inspectors to make a decision to repair these
small breakdowns, but it is always important to realize that what can
constitute a small leak over time can represent major repairs, where
the costs of substitution would be considerably high. It is of vital
importance to maintain a correct operational maintenance, and not
to consider this system as a way to protect or minimize damage, but
as part of the process resulting from an industry as complex as oil.
The leaks in the Fire System pipes are located mainly in the joints,
joints or body of the lines (Fig.1). Causes that produce leaks in the
lines: High pressure; External corrosion; Internal corrosion; Soil
movement; Poor quality of materials and accessories; Poor quality
of workmanship.

Fig.1. Main faults in the pipes [own study]

High pressure: an increase in pressure will cause an increase in
waste and if a fixed orifice in a tube is considered, the discharge by
it would increase proportionally to the square root of the pressure.
Even when the above is not necessarily true for all leaks, since in
some they vary in size with pressure. The pressure in a distribution
system has effects that must be considered as the fact that an
existing leak increases its magnitude with the pressure.
External corrosion: the problems associated with ferrous
pipes, such as those used in the oil industry, are well known for the
weakening caused by corrosion, making them more susceptible to
faults. Well known is the phenomenon of graphite caused by the
dissolution of iron, leaving as a result of the process a graphitized
weak structure. This type of corrosion abounds a lot in the
facilities that are located in the vicinity of the sea, since it is in
these areas where the salt aggression is higher. Internal Corrosion:
the carrying of corrosive or aggressive waters can sometimes cause
an attack on metallic pipes causing weakening and leakage.
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Effects of traffic: pipes that have to be buried to overcome a
technological or geographical gap may be susceptible to fractures,
especially in those that have rigid joints, especially if the depth and
compaction of the ground on them are not adequate.
Soil moves: this is a well-known cause of leaks, especially in clay
soils that expand and contract according to moisture content. The
tremors affect the pipes producing leaks to a greater or lesser degree
depending on the intensity. In the design stage of the foundations
of the pipes should be conceived the possibility of this type of
environmental effect to minimize the effects of this concept.
Poor quality of materials and accessories: the poor quality
of materials and accessories results in a short life, defective and
frequent repairs that in turn cause water loss.
Poor quality of workmanship: it implies defective work and of
greater duration in the execution. A good practice to avoid these
problems is to have a qualified workforce which must have all the
necessary equipment and tools.
Water hammer: the results of this effect are the failures due to
high pressures that produce fractures in the pipes and displacement
of the anchor blocks. Personnel should be well trained to open
and close the valves in sufficient time to prevent the formation of
overpressure waves.

2.2. Networks against fire and fixed
installations
The possible spread of fires, against which it would not be possible
to fight only with portable extinguishers, or the possible initiation
of fires in hours or places where there is no constant presence of
personnel, are some of the reasons that determine the need for
installations with greater capacity of extinction and, in some cases,
independent in their performance of the human factor.
Detection and Alarm Systems. The detection and alarm systems
aim to quickly discover the fire and transmit the news to initiate
the extinction and evacuation. The detection of a fire can be done
through the following systems:
1. Human detection. The detection is entrusted to people. It
is essential to have a correct training in the field of fires. The
emergency plan must establish, in detail, the actions to be taken
in case of fire: Location of the fire and its evaluation; Notice to
the internal and/ or external service of extinction and alarm for
evacuation of people, all according to pre-established plan; Fire
extinction. The development of these functions requires the
existence of an Emergency Plan and a correct training, which
should include: Comprehensive knowledge-training of their
tasks within the emergency plan; Critical risk areas; Placement
of alarm buttons and form of quick notice to the company
coordinator and firefighters.
2. Automatic fire detection installations. The fixed installations of
detection of fires allow the detection and localization automatic
or semiautomatic, activating, optionally, the fixed systems
of extinction of fires. They can permanently monitor areas
inaccessible to human detection. The functions of the automatic
fire detection system are: Detect the presence of a fire alarm
quickly, giving a pre-established alarm (optical-acoustic signaling
in a panel or signaling center); this detection must be reliable and
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before sounding the main alarm, the reality of the detected fire
must be checked; Locate the fire in space; Execute the alarm plan,
with or without human intervention.

Mixed systems
Perform auxiliary functions: Automatically transmit the alarm
remotely, trigger a fixed extinguishing system, stop machines (air
conditioning), close doors, etc. The main components of a fixed
detection facility are: Automatic detectors; Automatic push buttons;
Signaling and remote-control center; Auxiliary devices: General
alarm, telephone for direct communication with firefighters,
activation of extinguishing systems, etc.
Types of automatic detectors. The automatic detectors are elements
that detect the fire through some phenomena that accompany the
fire: Gases and fumes; temperature; UV, visible or infrared radiation;
etc. According to the principle on which they are based, the detectors
are called:
1. Gas or ionic detector. They use the principle of ionization and
velocity of the ions obtained by radioactive substance, harmless
to man (usually Americium).
2. Visible smoke detector (smoke optics). Through the capture
of visible smoke that passes through a photoelectric cell, the
corresponding reaction of the device originates.
3. Temperature detector. React to a fixed temperature for which
they have been calibrated. (An automatic sprinkler or sprinkler
is one of them).
4. Flame detector. React to the radiations, ultraviolet or infrared,
characteristic of the spectrum.

2.3. Control systems in technological
processes [1]
Because of the complexity of each stage in the oil industry,
the application of control systems is almost imminent. Within the
control systems, electronic, electromechanical and mechanical
devices are used that detect the process variables established in each
case, convert them into signals that can be received and interpreted
by controllers and these in turn transmit signals to the actuators that
Dependence on the received signal will trigger on the corresponding
devices modifying the variables as necessary. A control system is
a set of devices responsible for managing, ordering, directing or
regulating the behavior of another system, in order to reduce the
probabilities of failure and obtain the theoretically true results. In
general, industrial control systems are used in industrial production
processes to control equipment or machines.
The updating and automation of industrial processes has
resulted in the development of specialized control systems used in
the control of industrial plant processes, for example, its application
within the oil industry. The levels of a control system can be
categorized into 4 stages: Level of management developed mainly
at the level of meetings, office environments or technical meetings
etc.; Supervision level carried out in the control centers established
for each of the processes or projects; Level of control through
computerized equipment, PLC controllers or other means used
for it; and Instrumentation level that includes all the instruments,
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actuator meters and networks that allow to establish corrections,
modifications and transmission of alarm or warning signals as the
case may be or need.
Statistics indicate that of all the failures that occur in the operations
of the industry the most important is corrosion with 33% of cases,
being the same one of the main problems that affects the useful life
of equipment and facilities in the industry oil industry causing the
deterioration of metallic materials in each stage associated with the
oil industry such as exploration, drilling, production and refining.
The petroleum industry uses metallic materials to extract, transport,
process and store the different products from wells to boarding
terminals, through processing and storage stages.
Many have been the variants that over the years have been
developed for the detection of leaks, some without much success
because they have not been able to feedback from the experiences
of operators leading to systems where alarms can be too noisy
without Any reason, or its operating system may be complex for
its users or too costly to maintain. That is why the correct selection
of the systems and the relationships between them will be of vital
importance in the project and operation stage. Typical devices
used include acoustic sensors and gas detectors, negative pressure
detectors and infrared thermography and software-based methods
(several computer software packages are used to detect leaks in
a pipe). The complexity and reliability of these packages vary
significantly. Examples of these methods are the detection of change
of flow / pressure and the balance of mass/ volume, the dynamic
system based on models and the analysis of pressure points).
Other methods of leak detection have been implemented, such
as the use of trained personnel who traverse the lines in search of
small leaks or unusual situations that may lead to one; These people
can be accompanied by animals, usually dogs, which can detect the
aroma of substances released into the atmosphere resulting from
escapes. The disadvantages of using this method is that people
must travel long distances on foot, only trained personnel can
do it because it will depend on their experience and the time and
frequency with which the inspections are carried out, detecting
problems in a timely manner or not.
The hardware-based methods can be divided into four types
according to the principles in which the devices are designed:
visual, acoustic, gas sampling and pressure wave. Some leaks can
be detected by identifying changes in temperature in the immediate
environment. Infrared thermography was used to detect hot water
leaks as room temperature rises after a leak develops. This method
can be used from moving vehicles, helicopters or portable systems
and can cover several miles or hundreds of miles of pipes per day.
The recent development of advanced wide-area temperature
sensors makes the temperature profile technique more practical.
Temperature sensors such as the multi-sensor electrical cable and
time-domain optical reflectometry using fiber optic cables are used
to detect temperature changes in the vicinity of a leak. Ground
penetrating radar (GPR) uses a radar transmitter and receiver to
accurately detect leaks from buried pipe without digging. Dripping
substances can be ‘seen’ at the source by the radar through changes
in the electrical parameters of the surrounding soil. As for the
acoustic devices are those that detect the noise caused by the rupture
of the pipe and the widening of the hole, due to its limited range of
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detection is necessary to use innumerable of these devices along the
pipeline. The sampling devices detect in the pipeline environment
the vapor levels of the hydrocarbon in highly volatile products
through gas sampling. The problem with these devices is that the
response time can vary from hours to days. For the negative pressure
... when a leak occurs, a rarefaction wave occurs in the contents of
the pipe. The wave propagates upstream and downstream of the
leakage site. The wave travels with velocity equal to the speed of
sound in the contents of the pipeline. Pressure transducers can be
used to measure the pressure gradient with respect to time.
Another method is based on software and, like the previous
one, you can identify 4 types: Change of flow or pressure, Balance
of mass or volume, System based on dynamic model and Pressure
point analysis. In each case they use the flow, pressure, temperature
and other data provided by the SCADA (Supervisor of Control
and Acquisition of Data):
1. Change of flow or pressure. This technique is based on the
assumption that a high rate of change in flow or pressure at
the inlet or outlet indicates the occurrence of a leak. If the flow
or rate of change of pressure is higher than a predefined figure
within a specific time period, then a leakage alarm is generated.
2. Mass or volume balance. If the difference between an ascending
and descending flow flow measurement changes by more than
an established tolerance, a leakage alarm will be generated. This
method allows the detection of a leak that does not necessarily
generate a high rate of change in pressure or flow. The methods
can only be based on the difference in flow that would be
generated by a simple mass or volume balance scheme or in
the difference in flow compensated by pressure/ temperature
changes and inventory fluctuations in a pipeline.
3. System based on dynamic models. In its various forms, this
technique attempts to mathematically model the flow of
fluid within a pipeline. The leaks are detected based on the
discrepancies between the calculated and measured values.The
method requires measurements of flow, pressure, temperature at
the inlet and outlet of a pipeline, ideally also pressure / temperature
measurements at various points along the pipeline.
4. Pressure point analysis (PPA). This method is based on the
assumption that, if a leak occurs in a pipe, the pressure in the
line decreases. Using a simple statistical analysis of the pressure
measurements, a decrease in the mean value of a pressure
measurement is detected. If the decrease is greater than a predefined
level, a leakage alarm is generated. The selected leak detection
method for a pipeline depends on a variety of factors, including
pipe characteristics, product characteristics, instrumentation and
communications capabilities, and economics.

3. Cuba case study
In Cuba, the oil industry is represented by the national company
CUPET, which directs and controls everything related to the
extraction, refining, production, transportation and marketing of
oil-related products. The Cuba-Petroleum Union (CUPET) is the one
of mechanical productions, regulator manufacturing and housing
construction. Cuban state organization in charge of efficiently
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satisfying the supply of fuels and lubricants to the national market,
maximizing the value of national fuels with competitive products
in the Caribbean area. Constituted by 41 companies, of which 36
are integrated by national capital and 5 are mixed companies. The
Cuba-Petroleum Union is authorized to carry out all operations both
upstream and downstream, by its own means or in association with
foreign companies. Within the structure of the union, the Company
of Transportation of Hydrocarbons and Derivatives by Pipelines
(EMCOR) is the Company in charge of the national economy in terms
of the construction, repair and maintenance of fuel tanks, pipelines of
all kinds, anticorrosive protection and installations in general, ground
movement, industrial assembly, electricity and automation, as well as
production of accessories, parts and pieces of tanks and pipes.
Cuban oil is difficult and expensive to exploit and process because
of its extra-heavy characteristics, since it oscillates between 8 and 12
degrees API, against 34 degrees of the light Arabian type of Gulf
producers, so for its transfer the subject of the temperature is extremely
important. for this the transport of steam through pipes becomes the
most suitable solution. Industrial heating systems consist of a circuit
that combines the necessary technologies to efficiently provide heat
to a specific industrial production process, guaranteeing the quality
of the final product, maximizing productivity and minimizing energy
costs.
Only in a tank storage facility (ECC Camagüey) is the thermal
fluid used (using oil and not steam) to increase the temperature
and thus decrease the viscosity of the oil and be able to transfer,
store and market it more easily. The use of steam tracer is the most
economical solution when it comes to feeding large tracings of
pipes and with temperature gradients. These tracers are usually
of much smaller diameters than the technological lines that
accompany, but of equal importance. The considerable loss of
temperature can cause the product to accumulate inside the pipe,
and even get to solidify, leading to the need to replace the entire
section where this effect occurs.
In Cuba distribution networks through pipes are developed
throughout the country and as a result of the long and elongated
shape of the island and the location of the main deposits in the
northeast area of the western region, the pipelines are seriously
affected by corrosion. If we add to that the characteristics of the
national crude that make it qualify as heavy and extra heavy crude
with a high sulfur content, it is an indispensable requirement, to
present certain technology that allows its processing, transportation
and storage, which means that the facilities are more expensive and
complex, being the maintenance actions one of the main aspects to
which the authorities and specialized entities should pay special care.
For the terrestrial transfer of the same it is necessary in many cases
the use of pumping stations. In the same and all along the pipelines
is necessary to have a control system that lets you know where, when
and how much is transported and delivered at each point may have
the information and the status of operations in control centers located
distant from said facilities. The flow of information regarding the
established control variables must be carried out in a safe and stable
manner in order to operate and act correctly in the event of any failure
or significant warning about the systems and the interrelationships
between them (technical protection system, detection system
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of leakage, system of detection and extinction of fires, cathodic
protection and system of geographic information among others).
The taking of centralized decisions influenced by the economic
blockade that the country presents, are one of the main causes that
undermine a good maintenance cycle. Unfortunately in many of
the entities repairs or established maintenance cycles cannot be
respected because they do not have the means or resources to do
so, leading to more frequent breakdowns and repairs from simple
maintenance actions to repairs. of great importance even of capital
character.
Another of the phenomena that have repercussions on control
system problems are operational problems. A bad practice of
operations can lead to the product circulating outside the operational
parameters (overpressures, temperatures outside specifications,
among other cases) that simple or combine with maintenance
problems would lead to the creation of small openings in the lines.
Another of the operational problems would be those commonly
known as cracking blows and cavitation of the lines, causing the
bifurcation or reversal points to generate turbulence, weakening the
steel section and thus the failure of the pipe.

4. Conclusion
The establishment of a good maintenance plan and its correct
application determines to a large extent the decrease of pipe
failures due to corrosion.
Having an automatic fire detection system helps prevent and
minimize material damage and loss of human life, should a fire
occur. The use of more modern control systems in the oil industry
will depend on the environments in which the system is developed.
The selection of the systems to be implemented will depend on the
Client’s requirements and the specific performance requirements of
each company, but there is no ideal system for all the applications of
pipeline transportation systems. The application of a fire protection
system or should be only a preventive measure, but a philosophy
of operation. The interrelationships of control systems can directly
influence the efficiency of transport systems; With the efficient
detection of leak detection systems you can locate and detect the
places of possible fractures in the pipes and current power in time.
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In Cuba, the application to all the existing infrastructure of the
most modern control systems and their updating depends on the
economic means available for their acquisition, but that does not
determine that actions such as maintenance or training activities
of the operators are neglected.
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ABSTRACT
The development of transport systems is largely supported by telematic systems, therefore it is necessary to ensure
their high availability and reliability of IT systems. The authors of the article, recognizing this important problem,
have developed software for remote management and monitoring of the computer systems used in transport
telematic systems. The software uses WMI (Windows Management Instrumentation) technology, which is the
Microsoft implementation of Web-Based Enterprise Management (WBEM). The WMI service uses a Common
Information Model (CIM) to represent managed network components (i.e. computers, printers, disks, memory,
CPUs, processes). All these objects represent a set of information that could be described in a data model and can
be stored in the WMI database - CIM repository. In the paper, the authors present the methodology of using this
technology and its practical implementation in software. The conducted researches confirmed the great usefulness
of this standard in the diagnostics of computer systems used in transport telematic systems.
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1. Introduction
Nowadays the development of transport systems is largely
supported by telematic systems. It is regarding both the logistics, i.e.
planning, implementing and controlling the efficient flow of goods
and people, as well as the freight forwarding, that is, the activity
consisting of organizing transport. As the IT systems are the important
part of the telematic systems and thus play a major role in transport
systems it is necessary to ensure their high dependability [5, 6, 10].
By the system dependability, we mean the ability to provide system
operation that can defensibly be trusted, in the tasks that this system
executes. The dependability of the telematic system is characterized
by following attributes:
• reliability – the ability to continuity of the operating within a
certain time interval and in certain conditions of use,
• availability – the readiness to correct operation within a
certain time interval and in certain conditions of use,
• maintainability – the system ability to self-maintenance or selfrecovery under given conditions of the operation, in which it
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can perform the required functions assuming that the service
is carried out under specified conditions, with pre-established
procedures and measures,
• integrity – this attribute is related to confidentiality and in
the broad sense it is a protection against improper changes
leading to the incompatibility of the system with the original
specification, e.g. as a result of unauthorized access to software
or\and data,
• safety – this term means the absence of an unacceptable risk.
The occurrence of the telematic systems failures requires their
renewal process, where the renewal process is the method of
restoring of the system to the state of use. Restoration of this state
is related to the system condition checking and it is a one of the
tasks of technical diagnostics. In the case of computer systems,
diagnostics can be carried out using various technologies [1, 4, 16].
The most commonly used standards for management and
monitoring of devices in the networks are SNMP (Simple Network
Management Protocol), mainly used in data networks and
TMN (Telecommunications Management Network), which has
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traditionally been used in backbone telecommunications networks.
The development of data networks and their convergence with voice
networks mean that in some networks these two systems collide
with each other, usually introducing SNMP management to the
backbone networks. In that time, the DMI (Desktop Management
Interface) standard was also often used to manage computers
and devices on the network. In order to improve and standardize
management methods, the Distributed Management Task Force
organization (DTMF) proposed to define a new standard that would
enable integrated management of the complex IT environments. As
a result of DTMF’s work, the Web Based Enterprise Management
(WBEM) standard was developed. It includes both architecture
and technologies for device, network and service management in
desktop systems as well as in enterprise networks and infrastructure
[18]. One of the components of the WBEM model is the formalized
Common Interface Model (CIM), which is used to describe the
aspects of the systems management. CIM also includes a number
of standard models (schemes) for systems, applications, networks,
devices and other common components, expressed in the Managed
Object Format (MOF) language. This standardization allows
software developers of various hardware platforms and systems to
refer to management data in clearly defined and unified manner.
The current version of the standard (CIM Schema version 2.50) is
available at [18].
One of the best-documented and widely used implementations
of the CIM model and the WBEM standard, which is used on the
Windows platform, is Windows Management Instrumentation
(WMI) [3, 12, 13, 15]. The authors decided to test this technology
usefulness in monitoring of the telematic systems and they built their
own software allowing to supervise the operation of the computer
systems, which are used, among others, in telematic environments.

2. Telematic systems
management
Telematics plays an important role in the control and
management systems in transport by improving the movement
of goods and people. Taking into account the tasks carried out,
among other things, the following areas of application of telematic
systems can be distinguished:
• automatic free collections and access control,
• freight and fleet management,
• traffic and travel information,
• traffic management,
• route guidance and navigation.
All these systems are based on information and
telecommunication technologies (ICT). The distributed structure
of telematic systems enforces the need for remote management and
monitoring their computer system. Currently, WBEM is the standard
management of computer systems in heterogeneous networks, and
the implementation of WBEM for the Windows environment is
WMI. Therefore, the WMI technology was used by the authors
of the article, to develop the concept of remote management and
monitoring the telematic systems. The WMI service allows to control
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many important computers parameters, i.e. installed software,
running processes, CPU load, or disk usage.

Fig. 1. Telematic systems management and monitoring system
architecture [own study]

The management and monitoring of computer systems in
the case of telematic systems can be implemented remotely from
local centers (Fig. 1). However, it is necessary to develop specialist
software and activate the WMI service in managed computers.

3. Web-Based Enterprise
Management architecture and
system model
The purpose of the Web-Based Enterprise Management
(WBEM) was to develop a general industry standard for computer
systems management in heterogeneous networks. The assumptions
provided for the possibility of unified management of various
types of equipment and independence from any operating system
and network architecture (Fig. 2).

Fig. 2. The WBEM Components [own study based on 2]

The unified, common access to the managed units is carried
out by using either HTTP or HTTPS protocol. To represent the
managed objects and their characteristics, a Common Information
Model (CIM and xmlCIM) is used.
In practice, the system operator uses the selected CLI
(Command-Line Interface), GUI (Graphical User Interface) or BUI
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(Browser User Interface) for management, which connects to the
WBEM client API (Application Programming Interface), which in
turn finds the selected WBEM server for the managed device and
prepares a universal message (XML) containing the request. The
server decodes the request, performs the appropriate authorization
procedures, checks the defined management model and performs
one of the request types related to the managed object. Usually, the
operations carried out by the request can be included in the following
management categories [2]: faults management, configuration
management, accounting management, performance management
or security management (Fig. 3).
The WBEM specification includes, among others, the following
elements [18]:
1. Protocols:
• CIM-XML (v.2.4),
• WS-Management (v.1.0),
• CIM-RS protocol (v.2.0).
2. Mappings:
• WBEM URI (Universal Resource Identifier) Mapping
Specification (v.1.01),
• Representation of CIM in XML (CIM-XML, v.2.50.0),
• WS-CIM Mapping Specification (v.1.1.0),
• UML Profile for CIM (v.1.0).
3. Discovery:
• WBEM discovery using the Service Location Protocol (v.1.0.1),
• WBEM SLP Template (v.2.0.1).
4. Query languages:
• CIM Query Language (CQL, v.1.0),
• Filter Query Language (FQL, v.1.0.1).
5. Management profiles specifications.

• coherent model of the operating system state, configuration
and behaviour,
• COM API that provides a single access point to all
management information,
• interoperability with other Windows management services,
• flexible architecture that allows to expand the information
model to include new devices, applications and services,
• WQL language and script tools that allow to supervise local
and remote systems.

4.1. WMI architecture
The WMI three-tier architecture (Fig. 4) defines the following
categories of elements: Management Applications, WMI
Infrastructure, Providers.

Fig. 4. WMI architecture [own study based on 14, 19]

Fig. 3. Management categories [own study]

The WBEM specification should therefore be understood as
a set of standards defining an environment-independent abstract
layers of access to management information.

4. Windows Management
Interface
The WMI, Microsoft’s WBEM-compliant implementation, is a
complete management infrastructure for the Windows operating
systems. It integrates WBEM’s concept of a common information
model for management information into the Windows
management framework [14]. WMI provides an interface for
management data, which contains [17]:
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Management Applications (called consumers) provide the
operator tools for querying, enumerating data, running providers
methods as well as events monitoring. There are two types of
consumers: permanent consumers and temporary consumers. The
permanent consumers are registered in the CIM repository and
receive event notifications regardless of whether they are running.
The temporary consumers receive notifications only when they are
running.
The WMI infrastructure is composed of two main components:
the WMI service (winmgmt), also known as Common Information
Model Object Manager (CIMOM) and the WMI repository. The
WMI service operates as an intermediary between the providers,
management applications and the WMI repository, providing static
data about objects and implementing customer requests in the form
of dynamic queries of providers.
WMI providers are COM objects that monitor for WMI the
logical or physical components of a managed system. The WMI
providers are installed with the operating system installation (builtin WMI providers) or with any installed application that provides
its own WMI providers (application-specific WMI providers).
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4.2. Common Information Model
As it was mentioned above, one of the key elements of a
universal management system is to have common representation
of objects from the real world. This means the need for a unified
data model, in which each of the objects is described by a set of its
properties. Management data are acquired, stored and analysed
using a common format.
The CIM standard consists of two parts: the CIM specification
and the CIM schema. The CIM specification defines a data model
and describes the methods of its encoding by using Managed Object
Format (MOF) files or an Extensible Markup Language (xmlCIM).
At the same time, the specification defines naming conventions and
mapping methods, i.e. the elements necessary for cooperation with
other management systems, such as: SNMP [9], DMI or CMIP. The
CIM schema using classes, subclasses, instances, properties and
relations represents in UML notation the data model (set of data
diagrams and the relations between individual components), which
is the necessary for managing systems.
It is obvious, that in a real system there are new objects for
which the model has not been defined yet. We may also need to
manage the features and methods of objects that are not included
in the standard definitions or add new links between them. For
these cases, the possibility of extending the schema definition using
text files in human and machine-readable MOF format has been
defined.
For the purposes of information exchange between CIM systems
HTTP or HTTPS protocol, which is available in each computer, is
used, and data are transferred in an universal XML format. For such
needs, the standard defines cimXML - methods of transforming CIM
objects into XML and their encapsulation in the HTTP protocol.

4.3. WMI Query Language
In addition to possibility of simple information browsing,
WMI also provides advanced methods for retrieving information
from the CIM repository. For this purpose, a specific query
language, called WMI Query Language (WQL), was developed.
WQL is a subset of the ANSI SQL (American National Standards
Institute Structured Query Language). However, the WQL
language, in order to fit the needs of WMI, has some semantic
changes compared to SQL. The main difference is that you cannot
modify the CIM repository information - only repository reading
is allowed. WQL is mainly used to perform the following [7]:
• data queries,
• schema queries,
• event queries.
Data queries are used to retrieve class instances and data
associations. They are the most commonly used type of query in
WMI scripts and applications. For example, a query:
6(/(&7 )520:LQB17/RJ(YHQW:+(5(/RJ¿OH
µ$SSOLFDWLRQ¶
requests the event log file named ‘Application’ from all instances
of Win32_NTLogEvent. In this query following WQL statements
are used:
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• SELECT - is statement to perform a data query,
• FROM – in this example retrieves all instances of the Win32_
NTLogEvent class,
• WHERE – narrows the scope of a data, by enforcing fulfilment
of the condition Logfile = ‘Application’.
The result of this query obtained in the WMI Explorer
application is shown in Fig 5.

Fig. 5. WQL sample of data query [own study]

Multiple groups of properties, operators, and constants can be
combined in a WHERE clause using logical operators (AND, OR,
or NOT), as is shown in the following query:
SELECT * FROM Win32_NTLogEvent
:+(5(/RJ¿OH µ$SSOLFDWLRQ¶$1'127
7\SH ¶,QIRUPDFMH¶
The result of this query is shown in Fig. 6.
Next type of queries are schema queries used to retrieve class
definitions and schema associations. Schema data queries use the
SELECT statement with a syntax similar to that for data queries.
The difference is the use of a special class called meta_class, which
identifies the query as a schema query. Another difference is that
only schema queries support “*” [2]. To narrow the scope of the
definitions returned, a provider can add a WHERE clause that
specifies a particular class, as is shown in a following query:
6(/(&7 )520PHWDBFODVV:+(5(BB'\QDVW\ 
µ:LQB&XUUHQW7LPH¶

Fig. 6. WQL sample of data query with extended logical condition
[own study]
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Last type of queries are event queries which are used to filter
events that WMI can return to an application. To discuss these
queries the example of a reporting an instance modification event
called __InstanceModificationEvent was used. This event is reported
when an instance of a class changes in the examined namespace.
For example, for instance Win32_Service, the event reported
can be due to the modification of the default startup mode of a
Windows service. The query we used to filter the event was:
6(/(&7 )520BB,QVWDQFH0RGL¿FDWLRQ(YHQW
:,7+,1
:+(5(7DUJHW,QVWDQFH,6$µ:LQB6HUYLFH¶
In this case, instead of performing the query on an instance
(such as a data query) or on a class (such as a schema query), the
query is made on the instance modification event represented by
the __InstanceModificationEvent system class.

Fig. 8. WMI Explorer main window [own study]

5. WMI Explorer
Our software the WMI Explorer has been developed to
facilitate remote diagnostics of computer systems included in
telematic systems. It allows:
• browse WMI classes, view instances and their properties,
• execute WQL query and view the result.
WMI Explorer is used to monitor the parameters of computers
with an active WMI service. The application allows to build such a
list of computers as a result of network scanning. Scanning can be
performed in broadcast mode or in a specific range of IP addresses
(Fig. 7).

Fig. 9. Edition the class list in WMI Explorer [own study]

The basic functionality of the WMI Explorer application is
to select the diagnosed computer, then to indicate the given class
and view instances and their properties. The result of checking the
“Win32_Process” class, which displays a list of running processes
was shown in Fig. 10.

Fig. 7. WMI Explorer – network scanning parameters [own study]

After scanning all found as a result of network scanning
computers are added to the list displayed in the WMI Explorer
main window (Fig. 8).
Another important convenience is possibility of local\remote
user authentication (user login and password) on diagnosed
computer as well as possibility of changing the name space
associated with the repository containing the object definitions.
The application includes, by default, the namespace “root\cimv2”,
in which 958 classes are defined (Fig. 8). The user has the ability to
edit the list of displayed classes, and thus can block the display of
those classes that are not important to him (Fig. 9).
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Fig. 10. Browse WMI classes, view instances and their properties
[own study]

WMI Explorer also includes the ability to create queries
using WMI Query language. In order to do this, the user should
select the “Queries” tab, and then enter the query (Fig. 11). WMI
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Explorer remembers the last entered commands, and thus they
can be also re-selected them from the pop-up list in combo box.

and the components cooperating with them. The conducted studies
and tests carried out by the authors allow to confirm the high
usefulness of WMI technology in the monitoring of computers used
in telematic systems.
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Fig. 11. Execute sample WQL query and view the result [own study]

An interesting feature is the ability to export the results
obtained by browsing classes or through WQL queries. WMI
Explorer provides reports in PDF, XLS or XML format (Fig. 12).

Fig. 12. WMI Explorer - sample report in PDF format [own study]

6. Conclusion
The development of IT makes them applicable in various
areas of economic and social life. It also contributes to the rapid
technological development of telematic systems. Progress which
is undoubtedly noted must go hand in hand with maintaining
high quality standards by these systems. This can be achieved
by integrating work related to system testing and diagnostics as
well as system reliability and safety, and thus by striving to obtain
system dependability.
The various technologies used in the diagnosis of computer
systems were discussed in this paper. Most of the considerations
apply to the WMI standard, which is a set of Windows protocols and
extensions for management and access to computer resources. The
authors of the paper have checked the usefulness of this technology
in the monitoring of telematic systems. The WMI Explorer software,
built for this purpose, enables remote supervising and monitoring
of computer systems. A large number of objects defined in the WMI
repository allows for comprehensive monitoring of computers
working under the supervision of the Windows operating system
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ABSTRACT
Building new roundabouts in the city centers become more and more common. Our paper is focused on evaluation of
current state of traffic organization at the chosen roundabout based on the transport survey. The chosen roundabout
is located on streets Tajovského, Švernova and Nad plážou in the city of Banská Bystrica, near the department store
Lidl. The roundabout is a connection point between Podlavice neighborhood, Skubín neighborhood, Fončorda
neighborhood on south and the city center. For a correct analysis of the traffic situation, a comprehensive assessment
of the roundabout and its link to the surrounding traffic junctions is necessary. Once this analysis has been made, it
is possible to create a transport model and then make various simulations. We are able to assess in appropriate way a
current traffic situation at the roundabout and test a new proposal of roundabout solution, using simulation software.

KEYWORDS: Traffic Survey, Traffic modelling, Travel Time, Delay Time, Roundabout

1. Introduction
The city of Banská Bystrica was developing as a satellite city
and with raising distance from city center, settlements as Radvaň,
Fončorda, Podlavice and Sásová were built, based on this city
development. The road of the first class I/66 passes through the city,
where exist sufficient connections to mentioned neighborhood,
using local distributor roads. Also bypass R1 passes through the
city and transit transport is excluded from city center. The chosen
roundabout is located out of city centre.
The main artery of the roundabout is a road II/578 which
represents an exit of the city and leads to the urban part Podlavice
and continues to the nearest villages. The roundabout also allows
to the Lidl department store connects to the main communication.
This roundabout was chosen because of low permeablity
during peak hours and its importance for the city.
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Fig. 1 Marking each entrance at the roundabout [own study]

The entrance A is located in direction from city centre at
Tajovského Street and leads right to the city centre. At this
entrance, there is also an intersection which connects a bypass
R1 with this communication. Students who move between
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faculties of University of Matej Bel mostly use a pedestrian
crossing also situated at this roundabout.
The entrance B is located also at Tajovského Street and leads
to the Roosvelt’s hospital. At this entrance, there is bus station
with separate lanes for each direction and the intersection where
one direction leads to Business Academy and Grammar school
of Jozef Gregor Tajovský. This intersection is mostly overloaded
during traffic peak hours, because of arriving and leaving school
by students. There is an intersection over the bus stop, which
divides the entrance to two communications.
The entrance C is located at Štvernova Street and leads to the
urban part of Fončorda. This entrance consists of two driving
lanes, where one of them is not sufficiently use even during
traffic peak hours.

Based on the transport survey of intensity we have
performed another origin – destination transport survey. This
survey was made on Tuesday 25th of October 2016 during
traffic peak which was set from the previous survey of intensity.
We used a camera recording with continuouse shooting. The
recording took an hour. A temperature of air reached 11°C and
the sky was cloudy. Wind reached speed about 8 km/h. First,
we have made a visual analysis of roundabout and chosen the
best place for camera recording. The chosen place for recording
is shown in the Fig. 3.

The entrance D is located at Nad Plážou Street and allows access
to the residential complex called Belveder, as well as Lidl department
store. It is also the only entrance to Belveder where only one exit
communication makes connection to the chosen roundabout.

2. Transport survey
We have performed a profile transport survey on Tuesday 18th
of October 2016. A morning temperature of air reached 7°C and in

Fig. 3 Location of video - camera over the roundabout [own study]

the afternoon, it was 12 °C. The wind reached speed about 13 km/h.

During the both surveys, large congestions occured on each
entrance of roundabout. Each of entrances is high loaded which cause
that the length of vehicle congestions getting the nearest intersections.
As an example we mention congestion at the entrace A.

Transport survey should be taken minimum of 8 hours. Our
survey, we were performing 10 hours. We divided the transport
survey into two parts regard to traffic variations. The first part we were
performing in time from 6 a.m. to 11 a.m. and the second one from
1 p.m. to 6 p.m.

Fig. 4 Traffic congestion at the entrance A [own study]
Fig. 2 The traffic accident at the roundabout [own study]

2.1. Evaluation of transport survey of intensity
During a transport survey performing an accident happend
at the roundabout. The driver at exit C suddenly slowed
down rapidly because of a pedestrian who step in pedestrian
crossing unawares. A driver in the vehicle behind did not take
the lead of vehicle sufficiently. The consequence of this driver
behaviour was a traffic accident, where the police was called
to this accident and transport at the roundabout was stopped.
You can see the accident in the Fig. 2. Unfortunately, it is not
possible to see mentioned vehicles involved to an accident
because of bus presence at the roundabout. We have recorded
five categories of vehicles according to Technical Conditions
102 – Calculation of road communication capacity [1].
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The evaluation of the first transport survey of intensity we
made separately for every entrance, than sum achieved values
and made a final table of roundabout loading. The whole intensity
during the transport survey achieved value of 20 458 vehicles.

The highest intensity of traffic during the day, the peak
hour, is from 3.p.m to 4 p.m. and during this hour 2471
vehicles passed throughout the roundabout. The traffic peak
quarter-hour was from 3 p.m. to 3:15 p.m. During this time,
638 vehicles passed through the roundabout. The entrance A
is the most loaded. The whole intensity of this entrance during
survey is 7 274 vehicles. Proportion of each types of vehicles
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occurred in traffic flow during the peak hour is shown in the
Fig. 5.

Fig. 5 Proportion of each types of vehicles occurred in traffic flow
during the peak hour [own study]

2.2. Evaluation of origin – destination
transport survey
This evaluation was made using camera record of origin –
destination transport survey. We were interested in vehicle’s entrance
as well as the exit to and from the roundabout. The evaluation was
very difficult because of the number of vehicles. The results are
important for transport modelling and making simulations. Table
1 represents the routing of vehicles.

Fig. 6. The simulation of a current state at the chosen roundabout
[own study]

In the Fig. 6 you can see congestions at three entrances A, B, C
of the roundabout.
In the second proposal, we added two connecting branches
between entrances A and B and between B and C. We have decided
to add these mentioned connections where the spatial conditions
allow. The process of simulation with new connecting branches is
shown in the Fig. 7 [4].

Table 1. The roundabout loading during the traffic peak hour in real
vehicles [own study]
Entrance

Exit A

Exit B

Exit C

Exit D

Sum

A

-

398

313

216

927

B

430

-

347

117

894

C

234

256

-

67

557

D

67

34

110

-

211

Sum

731

688

770

400

2 589

When compared traffic peak hours in transport survey of
intensity and origin – destination transport survey, we found out
that the difference of the number of vehicles is 93 vehicles and it
represents 3,72 %. In the origin – destination transport survey
we recorded higher intensity of vehicle as in the other survey. We
decided to use higher value of intensity recorded by camera, for
traffic modelling.

4. Traffic modelling at the
roundabout
The chosen roundabout is located in urban area. We designed
two transport models using software TSS – Aimsun. This software
allows making microscopic and macroscopic simulations.
The important step was to input the basic map background in
appropriate scale and the transport network was created. The first
model represents the current state of traffic situation. The second
one represents a design of new solution of the roundabout. Every
simulation takes two hours. The simulation of a current state is
shown in the Fig. 6 [10].
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Fig. 7. The proposal of two connecting branches between entrances
A – B and B – C [own study]

Traffic situation at the roundabout gets better due to adding
two connecting branches. There are shorter congestions at every
entrance in case of reduced intensity within roundabout [9].
For every scenario, we made 20 simulations and the average
values were calculated. We used only three categories of vehicles
for our simulations, individual motor vehicles, trucks and heavy
trucks. The proportion of cyclists and motorcyclists was so low
we did not consider it in simulations. Important outputs of
simulations were delay time, travel time, stop time and speed [3].

Fig. 8. Delay time progressing during simulation for each simulated
scenarios [own study]
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In the Fig. 8, you can see the significant decrease of delay
time compared to the current state. This improvement is caused
by reducing vehicles’ delays at the entrances A and B using new
connecting branches.

We recorded an increase of parameters’ values when intensity
and speed were measured. This increase is caused by faster
crossing the roundabout by vehicles. Vehicles’ speed when crossing
roundabout raises by 10 km/h. It is a result of better fluency and
permeability of each entrance of roundabout [2].

3. Conclusion
Fig. 9. Travel time progressing during simulation for each simulated
scenarios [own study]

The next important indicator was travel time. We also recorded
a significant decrease compared to the current state.

Currently, the chosen roundabout is overloaded. The proposal
of new organisation at the roundabout, using added connection
branches, should ensure lower time losses for an every road user.
We have observed decline of delay time by 237,52 % and travel
time by 89,07 %. On the other hand we have observed also an
increase of speed values by 37,65 %. These facts confirm that the
roundabout is more permeable and transport is more fluent [8].

Bibliography

Fig. 10. Stop time progressing during simulation for each simulated
scenarios [own study]

With the decline of parameters mentioned above as delay time
and travel time also stop time was reduced. During last stages of
simulation of new proposal, travel time has increased however;
in general, travel time achieved lower value in average compared
to the current state. In Table 2, there is a value comparison of the
current state and a modification [6].
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Travel Time
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118,9
210,66

Proposal

Units

Decrease [%]
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17,35
30,86
111,42

sec/km
veh/km
sec/km
sec/km

237,52%
88,30%
285,29%
89,07%

As you can see in the Table 2, the highest decrease we
recorded in stop time. Its decrease was 285,29%, and we consider
it as significant time saving. The new roundabout proposal with
connecting branches has its substantiation. These lower time
losses cause less fuel consumption and finally lower pollutant
production such as carbon dioxide, carbon monoxide, oxides of
nitrogen and others. [5,7] The Table 3 represents an increase of
each indicators during simulations and their comparison.
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Current
status

Proposal
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2253
27,01
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veh/h
km/h

11,03%
37,65%
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ABSTRACT
Traditionally, besides personal vehicles, individual passenger transportation is carried out by taxi services. These
services have both positive sides, such as, for example, door-to-door delivery and comfort, as well as negative sides,
such as the high cost of the trip. On the one hand, the services, such as Uber and Gett, attract customers with the
help of low prices, but, on the other hand, they have a number of disadvantages, the main of which is the problem
concerning transportation security. In addition, it must be mentioned that the usage of individual transport is often
associated with incomplete load of vehicles, which causes an additional negative impact on the environment as
well as on the road network. This article presents a decision support system for taxi dispatch services based on the
model of optimal route choice. Optimization is carried out with the help of multifactor analysis of transportation
requirements and selection of the optimal route in accordance with given priorities. Such a system will reduce the
cost of transportation through the selection of fellow travelers as well as a negative impact on the environment by
using a mobile application.

KEYWORDS: taxi service, mobile application, optimal route choice

1. Introduction
Nowadays, the intellectualization is one of the main trends
in the development of economy and society. The rational and
smart management and development of all spheres of activities are
connected with this concept. The modern human civilization entered
the third millennium and, in the same time, faced an amount of
global challenges, which solving is formulated in the goals of this third
millennium. One of the reasons caused the most of the problems is
urbanization.
Today, almost half of the world’s population – around 3.6 billion
– live in cities. And if 10 years ago the share of urban population
was about 35%, then with such growth rate it will be 66% by 2050.
Although the all cities occupy only 3% of the Earth’s surface, they
represent 60-80% of energy consumption and produce around 75%
of carbon dioxide emissions. The twentieth century was a period of
unprecedented growth of cities and settlement systems and revealed
the need of people to develop as to implement new approaches,
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which shape the image for the city of the future. That is why in
recent years in the field of architectural and urban science more
and more attention has been paid to the concepts of “Smart Cities”
and “Future Cities”. In the same time, information technology is
replaced by smart technology.
Smart City is an urban environment, which combines a variety
of technologies to reduce the negative impact on the environment
in general and, thereby, to provide a more comfortable living
conditions. The main goal of the Smart City idea is to create a
sustainable model of urban development and to preserve the
quality of life for urban citizens. Considering the Smart Cities from
the viewpoint of economic sectors, it is possible to single out such
branches as smart energy, smart transport, smart construction,
smart production, and so on. On the other hand, the Smart Cities are
considered in the context of elements of various urban subsystems:
smart infrastructure, smart buildings, smart cars, etc. And, finally,
smart technologies are technologies, which improve people’s lives:
smart education, smart medicine, intelligent service. Any method to
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classify smart technologies gives the same output that it is impossible
to organize the activities of any branch without transport. One of
the main challenges to be solved for the successful operation of the
urban ecosystem is the problem of citizens’ mobility. At the same
time, the transport system should cause minimal negative impact
on the environment.

2. Mobility and Urban Transport
Systems of the Future
For a long time the European Union (EU) makes a lot of efforts
to develop such strategies for the development of urbanized areas,
which allow them to become the Smart City in the future. This
means that the transformation of the city into Smart City should
be understood as a sequence of processes. The proposed changes
should not only concern the visual appearance of cities, but they
require also that enterprises, infrastructure managers, residents and
scientists think and work together in the same direction. Sustainable
urban development, improvement of the people’s life quality and
safety as well as introduction of energy efficient technologies are
implemented in the following key areas: Smart Economy, Smart
Mobility, Smart Governance, Smart Environment, Smart Living and
Smart People.
The transport system is an integrative factor in the development
of urban agglomerations. The level of its development and
sustainability influences a lot on the life quality of the population, the
performance of economic branches of cities and other settlements
(if they are parts of agglomeration), the possibility to use the townplanning and socio-economic potential of the territory.
To realize the concept of E-mobility, an integrated approach is
required that can be implemented through a combination of the
following directions:
• systematic transit to sustainable modes of transport (public
and non-motorized modes of transport, electric transport)
including renewable energy sources and alternative fuels for
vehicles;
• minimization of the amount of people’s trips (Internet of
Things, Internet of Services - Internet of Everything, remote
work);
• modification of the mobility model to reduce the amount of
trips done by private transport, which requires to create an
effective infrastructure.
The most effective way to reduce the total number of trips is
the development of new communication technologies. In such
situation, the purpose of the trip can be achieved without realization
of this trip, for example: shopping on the Internet, remote work or
participation in a conference in teleconference mode.
Almost all existing actual problems in cities are connected in
somehow or other with the road and transport complex. Therefore,
the key element to create a city, which is comfortable for life, is to
ensure sustainable mobility of the population. The transport system
is one of the main intellectual systems in the Smart City. To ensure
its stability and security, the work is carried out in three directions:
smart infrastructure, smart vehicles, smart users. To solve the
mobility problem, it requires to change a paradigm in the field of
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urban planning; especially, it concerns the promotion of compact
cities as a way to increase accessibility and to reduce the need for
transport in general.
Thus, city residents should be able to meet their needs using
the minimum possible number of trips. In addition, the current
global bias towards private vehicles should change in favor of
more sustainable mobility concepts.
The report of the Deloitte agency indicates that there are two
opposite points of view on the future of mobility [2]. Their principal
differences are foremost related to the question, whether the current
model of traditional private car ownership controlled by human will
remain relatively unchanged or people will sooner or later transit
to autonomous vehicles predominantly of joint use. There are also
fundamentally different viewpoints regarding the way how the
situation will be exactly developed.
Supporters of the natural evolution idea believe that the
development of the business ecosystem in the automotive industry
will be consistent and straightforward, and its current assets and
fundamental structure will essentially remain unchanged. Adherents
of the opposite viewpoint – jerky development – predict the onset of
a turning point, which promises very interesting economic prospects
and benefits for society [2].
Taking into account the competition of market forces, which
form the new structure of the automobile industry, four different
scenarios of its development have been singled out, which will
appear as an impact of two key factors:
• way of driving (driving with human participation or
autonomous driving);
• forms of vehicle ownership (private or joint).
According to the analysis results, innovations will be distributed
unevenly in the countries, whose population has different demands
for different modes of transport. It means that all four possible forms
of transport ecosystems of the future will likely exist at one time.

3. Literature Review
The increase of the motorization level is often associated with
the convenience to deliver goods and passengers “from-doorto-door”. Owners of private cars appreciate such advantages as
the comfort of trip, the possibility of increasing mobility at any
time, the lack of need for transfer to other modes of transport.
However, the growing number of cars on the city streets has led
to the appearance of strategies, which main goal is to increase the
popularity of public transport. Considering the large and crowded
cities, public transport is sometimes only one way to reduce traffic
jams, especially, during the peak hours. That is why there are
an amount of research work devoted to the demand for public
transport. J. Ke et al. [6] present in their paper the short-term
passenger demand forecasting for the on-demand ride service
platform. The main aim was to improve the rate of car utilization
and level of passengers’ satisfaction. The proposed solution
concerns the implementation of accurate real-time passenger
demand forecasting to prepare suggestions for the platform how
to change the balance of the spatial distribution for cruising cars
and, in such way, to meet demand of passengers in each region.
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There are papers of Nassereddine and Eskandari [9] and K. Kim
[8] presenting the case studies of Tehran and Seoul, respectively.
Both research works show that, if it is necessary to put public
transport systems in big cities today in the decreasing order of
importance, the sequence are following: subway, taxi, bus rapid
transit, and bus. The taxi is on the second place, because it is close
to travel by private car, especially, in terms of comfort. Also taxi
can be used as an addition to other modes of public transport.
A lot of scientists investigated the usage of environmental
friendly cars by taxi companies. The future of taxi transportation is
connected with electric vehicles, autonomous vehicles, and systems
of car-sharing. In addition, various electronic services are considered,
which help to optimize the route, to choose the parking place as well
as to calculate the travel time. There are also new services, which use
a new business model: they aggregate information from different
taxi companies and present it on the one platform in the Internet or
in the form of mobile application. It is difficult for dispatch services
to compete with such aggregators. According to various sources,
up to 60% of passengers order a taxi through a mobile application.
Taxi companies lost a part of the profits because of the forced
cooperation with aggregators. In addition, many of them felt a loss
of loyalty from the side of customers.
The appearance of new business models on the market of
transport services is accompanied by problems of legal regulation.
Flores et al. [3] in their paper show that appearance of new services
can be considered from the viewpoint of San Francisco’s experience.
The ride-sourcing obtained there the status of mean, which supports
local technology industry and its potential to create working
places and to accelerate the growth of economy. Also it improves
opportunities for people, because it is not required a large public
investment.
The paper of Cetin and Deakin [1] considers the economic
regulation for traditional markets of taxi services as well as an
influence of fast developing services of ridesharing. This research
work presents the advantages and disadvantages of existing taxicab
regulation and explains the reason why ridesharing services have
got a strong position in many markets. S.W. Kim et al. [7] suggest
to use autonomous cars as taxis to minimize the presence of
private cars on campuses of universities. This article considers the
shared mobility systems as an alternative to private automobiles
based on the example of the Seoul National University.
Hong et al. [5] suggest that the approach of clustering vehicle
trajectories is an effective tool to identify potential routes for users
of carpooling services. The proposed method is to create a potential
solution for carpooling services by using the dataset of available and
reliable trajectories. Authors assume that this study can be extended
to the system of real-time ride-sharing based on the ride-matching
method with dynamic routing and actual settings of customized
preference.
According to Tong et al. [11], with the help of easy-to-access
websites and smartphone applications, organizer of ridesharing
service could quickly collect and use the detailed information
of transport demand from potential users. By combining similar
travel requests, for example, based on origin-destination data
and departure/arrival times, special bus services can get more
important role in the context of economically sensible solutions.
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Taking into account their increasing penetration rates in the
market, this type of public transport service could offer better
mobility and accessibility for residents, particularly, in case of a
largely overloaded roads during the rush hours. Tong et al. [11]
have developed an optimization model based on multi-commodity
network flow. The aim of this model is to formulate a problem of
customized bus service network design in such way to optimize the
usage of the vehicle capacity as well as to satisfy individual demand
requests, which are determined through space-time windows.
Research of the Weng et al. [13] is devoted to how users appreciate
the utility of mobile applications for ordering a taxi. Authors state
that, when passengers find out the usefulness of the Mobile Taxi
Booking (MTB) Apps, they would like to continue the usage of
this application to order taxis. The MTB App has an opportunity
to transform the ways, how passengers find and take taxis, into a
more convenient one. Also article describes an approach how such
service providers should develop their applications.

4. Taxi Service as a Way to Ensure
the Sustainable Mobility
In order to combine the possibilities to use a private transport
with the concept of the public transport development, several ways
to develop taxi services have been proposed. To reduce the share of
private car usage and in the same time to increase the effectiveness
and environmental friendliness of passenger transportation,
municipalities of some cities today are implementing such traffic
polices, as a ban to drive private cars with less than three passengers
on the main streets in the overloaded city centers. In the case of taxi
transportation, the task to raise the occupancy of taxicabs could be
solved by the implementation of the system to transport passengers
by route taxi upon request. This system is considered as an addition
one to support existing urban passenger transport. Such form of the
transportation organization has developed mostly in the cities of the
USA, Canada, Great Britain, France, Germany, Sweden. At the same
time, these systems allow to avoid the main disadvantage of taxis –
the high price, as they combine maximally the comfort of travel by
car with the reduction of travel expenses. In this regard, the route
taxi upon requests can be called the “social taxi”.
The most widely used type of these systems is a dial-a-ride
service, which provide the service of passengers in accordance
with the orders submitted by phone. Also, there are such systems
with the reception of orders from special calling devices. They are
divided into two types: with fixed routes and with flexible routes.
For the fixed routes, which are organized in accordance with the
preliminary orders of passengers, the points of passenger getting
on/off are determined in advance. Vehicles operated on the fixed
routes make stops according to the request of passengers. Such
systems are used to transport passengers, who cannot use the public
transport for various reasons. For such kind of transportation,
radio-equipped minibuses are mainly used, which have special
design and colors to make them well-notable in the mass of traffic
flow. Such minibuses work on requests and carry passengers
“from-door-to-door”, which means to take the passenger from
any place specified by him/her and deliver it to any other place
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within the served territory. Transportation of passengers is done
according to orders received from inhabitants of the serviced
territory to the dispatch center. The organization of passenger
transport for the specified system includes the reception of orders
from customers and their processing as well as the creation of
optimum routes by using special software to guarantee minimum
expenses of time. Single orders are accepted by phone, and season
tickets are sold for regular trips. Regular customers are those,
who make daily trips for a week at the same time with established
places for getting no/off. In the trip orders the following elements
are indicated: the starting and ending points, the required pickup time and the number of seats. The filling of orders is provided
normally at the appointed time or with a deviation, which is not
more than 5 minutes. The procedure to pay for trip in fixed-route
taxis, which work on request, is similar to the scheme used to pay
a traditional taxi. Payment for transport services from regular
passengers is charged in advance and often at a discount [12].
The realization of interaction with clients according to the
traditional scheme (Fig. 1) is not always convenient, because it is
difficult to predict the occupancy level of a taxi company. Also it is
necessary to find taxi by phone, there is an uncertainty whether a
taxi will arrive and in what time, client does not oriented in the city,
etc. Automatic taxi services has become more and more developed.
In such services the dispatcher is completely excluded from the
process of car ordering. For example, an order can be made due to
one of the following 2 ways: to send a SMS to a short phone number
using a mobile application or fill in an order form on the taxi
website. The SMS should include at least location and pick-up time.
As a rule, an order together with an automatically calculated fixed
price is transferred to all free drivers, and the first responded one
receives this order for realization. However, automatic taxi services
have their shortcomings: a long waiting time for the result from the
operational call-center, overload of these call-centers, necessity to
search for cars by mobile applications in numerous taxi companies.

Fig. 1. The scheme of the traditional business model for taxi service
[own study]

The above-mentioned problems, the need to improve the
environmental situation in the residential area of the cities as well
as the necessity to reduce passenger flows in places with intensive
road traffic requires to change the concept of the further urban
transport development. This issue requires an integrated approach,
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which includes the simultaneous solution of several tasks. Such
tasks can be following:
• to create of a taxi service to ensure joint trips;
• to improve the tariff policy;
• to monitor the route network operation and its optimization;
• to reduce the harmful impact of transport on the environment.

5. Development of the
Intelligent System for the
Joint Trips’ Regulation
5.1. Operational principles the proposed
system
The proposed system will allow you to establish a direct
connection between clients and drivers without participation of the
dispatch service. Fig. 2 shows the interaction within such scheme.
Customers send an order for a trip to indicate the possible options.
The order contains information about the customer (name, contact
phone), date and pick-up time, points of departure and arrival,
the number of required seats, class of vehicle (standard, comfort,
business), additional options (for example, availability of a child seat,
air conditioning, baggage) and the desired number of passengers to
take part in this joint trip. Then a group of passengers is formed
according to criteria such as date, pick-up time and point of arrival
(gravitation object of vehicle). According to the information about
passengers, which is placed on the interactive city map, the service
determines the optimal route to the final destination and calculates
the trip cost for each customer on the route taking into account
the above parameters. Then this route is displayed on the city map
together with criteria description. The gravitation objects in this
case are shopping malls, educational institutions, kindergartens,
city hospitals and polyclinics, enterprises of the city, etc.

Fig. 2. Scheme of interaction between clients and drivers [own
study]

5.2. Architecture of the Proposed System
The optimal variant of the system architecture in the context
of scalability is the client-server with the dedicated server for
centralized database and the server for mathematical calculations.
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A visual representation of this architecture is shown in the Fig.
3. The client application software of the information-analytical
system includes the following functional modules:
1. Formation of conditionally constant information about the
traffic situation and routes in the city at different times.
2. Registration and accounting of planned and actual data for all
objects in the information system.
3. Calculation of optimal route maps for each transport unit of
the social taxi.
The first module is designed to display the following information:
• Information about the city districts. This information is needed
to detail points of passenger getting in/off on the taxi route
maps. Besides that, it is necessary to cluster the city in order to
reduce the dimension of mathematical model.
• Information about the city micro-districts. This information
is indicated on the taxi route maps and determines the
location of the getting-in/off objects.
• Information about gravitation objects. This information is
needed to establish the points of passenger getting off. Also
it is grouped by the types of these objects depending on their
social significance level.
• Information about the routes. This set of data allows to
establish the routes of taxis between the getting in/off points.
Routes are determined depending on the day of the week,
time of day and objects themselves. In addition, alternative
routes for a taxi at each step are presented.

Fig. 3. Client-server application to form joint trips [own study]

In the second module, the directories are filled with data, which
is necessary for the information system operation. These data are
initial data for the developed mathematical model. Registration
of planned data is carried out in the corresponding screen forms:
• Categories of passengers. The directory of passengers’
categories consists of only one field, in which categories of the
passengers with limited mobility are entered, if it is necessary.
• Orders. To fill in information in orders for the usage of social
taxi services, it is necessary to specify the actual origin address
of passengers together with indication of the city micro-district,
the planned pick-up time, the date of order. Also, it should be
noted, whether the getting-in operation is a priority for the
passenger (concerning the people with restricted motility).
Besides that, to form an order, it is necessary to identify the
number of passengers for each category, which require to get
in a taxi within the framework of this order. Also, it should be
indicated the places of passenger getting off: the city micro-
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district, the planned getting off time and the number of
passengers of each category for each getting off.
• Vehicles. To create this directory, the information should
include the make of the car, its state registration number, the
total available number of seats as well as the number of seats,
which passengers of each category can occupy. In addition, it
is necessary to fill in the information about the initial location
of the car at the beginning of its working period.
• General parameters. General parameters of the model are
formed for a certain date and take values, which determine
the operation of the information system.
The accounting of actual data is carried out by entering in the
database the calculated values, which are determined during the
process of the optimization task solution in the module number
3. The accounting of actual data is done in the context of the
following data:
• Distribution of orders between cars. This dataset is formed
for a certain date and allows to determine the taxi, which
performs an order.
• Time moments, when orders are fulfilled. It characterizes
the time during the working period, in which the car must
perform an operation within the scope of filling of an order.
Both these information arrays are displayed in the final document
of the information system – route maps of taxi cars. To build rational
routes as well as to improve the quality of planning, it is necessary to
study the demand for taxi services and factors, which affect it, such
as, for example, distribution of traffic, parameters of the transport
system, etc. To forecast and to plan the demand, different models are
applied [10, 4, 14, 15]. The operation process of the third module is
based on the following mathematical model, which objective function
minimizes the number of empty seats in all taxis during the working
period:
(1)
Where:
KC – number of passengers’ categories, k–its counter: k = 1...KC;
JC – number of objects participating in the creation of taxi
routes, j – its counter: j = 1...JC;
TFC – number of time moments;
SC – maximum amount of objects, which can be visited by
vehicle during the working periods;
IC – number of taxicabs on routes, i – its counter: i = 1...IC;
IVi – total number of seats in taxicab i;
ZC – amount of orders during working period, z – its counter:
z = 1...ZC;
ZPz,j={0;1} – matrix, which determines the getting-in operation
for passenger of order z on the object j.
ZVz,j={0;1} – matrix, which determines the getting-off operation
for passenger of order z on the object j.
ZVz,j,k – number of passengers of the category k on the object
j for order z, which includes there an operation of getting in or
getting off.
GPg – vector, which determines the getting-in operation for
operation g. This array is filled by values from ZPz,j={0;1}.
GVg – vector, which determines the getting-off operation for
operation g. This array is filled by values from ZVz,j={0;1}.
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GKkg – vector of passengers of the category k on the object j for
order z, which includes there an operation of getting in or getting
off. This vector is filled by values from ZVz,j,k.
GC – supportive array, which aim is to reduce the dimension
of required parameter. This array is obtained by processing the
initial data and is a specially ordered vector. Dimension of vector
GC is calculated by the formula:
(2)
The formula (2) consists of two elements. The first component
defines all possible combinations of getting-in/off objects, orders
and time moments. The second component describes the “empty
journeys” of a taxi: it is a state where a taxi does not move anywhere
at a certain step and continues to be on the previous objects.
The solution to this optimization task is to achieve certain
optimization criteria, which indicate the efficiency of work planning
for a social taxi. The mathematical model of the system operation
can be realized with the help of the following performance criteria
or their combinations:
1. Minimization of waiting time for taxi passengers during
getting-in operation.
2. Minimization of waiting time for taxi passengers during
getting-off operations in case of its preschedule arrival to the
“gravitation object”.
3. Minimization of waiting time for taxi driver in case of his
preschedule arrival to the getting-in object.
4. Minimization of passengers’ delay time during the getting-off
operation.
5. Minimization of the time, which a passenger spends in case
of the necessity to realize a preschedule getting-in operation.
6. Minimization of the total unproductive waiting time, which
passengers and taxi drivers spend in case of the deviation from
the schedule of cars arrival on the objects.
7. Minimization of the total number of journeys done by
taxis filled in by less than 3 passengers.
All the above-mentioned performance targets of the efficiency
achieve their optimality criterion depending on one array, which
represents the optimal distribution of orders between transport
units of a social taxi during the working period.
is an array, which determines a journey of
taxicab i in the step s for the time moment t between objects jn
and jk to realize order z. Thus, this array is a parameter to calculate
the above-mentioned performance indicator. This array could be
re-written using supportive array GC. Then it takes the following
shape:
– array, which determines a journey of taxicab
i in the step s for operation g.
As an alternative objective function, the composite function can
be taken. It will consists of a function, which minimizes the amount
of unproductive taxi idle times, waiting time for passengers in case of
preschedule arrival of taxi in getting-in/off point as well as in case of
delays of passengers. The constraint system contains restrictions on
the required parameter, time limits, route restrictions, restrictions
on the number of passengers, and restrictions on the completeness
of order fulfillment. The number of passengers, who get in within
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the scope of one order, should be equal to the number of passengers,
who get off from the taxi.
The third module is designed to form the initial datasets, which
are transferred to the mathematical model described in the previous
chapter of this article. Also in this module, functions are called,
which perform the solution of the integer linear programming
problem.
As a tool to develop the software information system were
selected:
• MS SQL Server as a database server.
• CodeGear RAD Studio as a development environment.
• MATLAB application package as a development environment
of mathematical support. This package includes such tools as
Matlab Compiler, Optimization Toolbox as well as Database
Toolbox. To realize the mathematical model, the function
bintprog was used, which is a function to solve integer linear
programming problems.
The presented scheme for the architecture of client-server
application should include such hardware elements as database
server, mathematical calculation server, operational stations to
work with a client application, a web server, peripheral hardware to
print route maps

5.3. Operating procedure of proposed system
The algorithm of the information system based on the abovementioned technical support elements is following:
1. The user of the system sends an order for social taxi services
through a website, mobile application or phone call to a taxi
service. In the last case, the dispatcher registers this order in
the client application.
2. The order data is put in the database on the server and is
displayed in the client application of the dispatcher.
3. Data are collected during a certain period of time. Then the
dispatcher starts to calculate the optimal routes by using the
client application. In the course of this step, parameters of orders,
data about current location of taxis, data about possible routes
are sent to the server of mathematical calculations. Thereafter, a
calculation of taxi routes takes place immediately. Parameters of
the calculated routes are written to the corresponding tables on
the database server and are displayed in the client application
for dispatcher.
4. Then dispatcher can print out route maps for taxi drivers.
5. The calculated route maps are also displayed in the client
applications, which are installed directly in the taxi cars. When
taxi driver finishes the next stage of work, he marks this fact in
his client application, which is recorded in the database. Changes
in the status of orders are made available to the dispatcher and
are displayed in his client application.

6. Conclusion
The difficult situation in cities, especially in metropolitan
city, which is caused by the fast development of transport and,
consequently, by the negative environmental impact of the transport
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and road complex, requires to improve the quality of planning and
management. This is possible with the new IT services, which allow
to find a balance between demand and supply for transport services.
The proposed version, how to manage joint trips by using taxies,
allows to increase the quality of customer service and to reduce the
negative load on investment funds. Currently, the developed system
is tested in the city Naberezhnye Chelny.
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ABSTRACT
The article presents a method of a crossroad traffic load estimation based on the registered noise level. Data on the current
noise level and the equivalent traffic intensity for the selected crossroad was recorded as part of the test installation of the
road traffic impact assessment system for the acoustic climate. The measurement was carried out continuously over a fewmonth period. Based on the collected data, the analysis of variability of registered noise levels was carried out in relation
to changes of equivalent traffic load and selected environmental parameters: temperature and relative air humidity.
The use of artificial neural network has been proposed for estimating traffic load. On the basis of the equivalent noise
level for the fifteen-minute interval and the values of environmental parameters averaged over the same period of time,
the equivalent traffic load within the crossroad shall be determined.

KEYWORDS: traffic, crossroad, noise, estimation

1. Introduction
Noise, alongside exhaust emission, is considered to be one of
the most important environmental pollutants in urban areas. The
main sources of noise emission in a vehicle are the exhaust and
drive systems, and tire-pavement friction, however, the noise level
generated by road transport is affected by many other factors, such
as: number and class of vehicles, infrastructure, traffic conditions,
local buildings, meteorological conditions.
Excessive traffic congestion is becoming an increasingly important
issue in urban areas, often determining the quality of the acoustic
climate. According to EUROSTAT (Statistical office of the EU),
between 1996 and 2015, Poland recorded the highest average annual
growth rate of vehicles per capita within the EU countries (EU28),
at the level of 5.21% [Stock of vehicles at regional level. Eurostat].
According to estimates of the European Automobile Manufacturers’
Association ACEA, in 2015 Poland was ranked 4th in the EU in terms
of motorization rate (628 vehicles/1000 inhabitants), thus exceeding
the EU average (573 vehicles/1000 inhabitants) [2].
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However, the necessity of transport tasks in the presence of
a growing passengers flow and freight is in conflict with public
health. Excessive noise severely damages human health and disrupts
everyday life. The effects of exposure to noise include sleep disorders,
cardiovascular and psychophysiological diseases, reduced work
efficiency, fatigue, irritation and changes in social behavior.
According to European Union it is estimated that [3]:
• around 40% of the EU’s population is exposed to traffic noise
levels of more than 55 dB (A);
• 20 % is exposed to levels exceeding 65 dB (A) during the day;
• more than 30% is exposed to levels exceeding 55 dB (A) at night.
Since it is not possible to completely eliminate road traffic and its
effects from city centers, it seems crucial to implement monitoring of
the road transport environmental impact. This need was recognized
by the bodies of the European Union by issuing Directive 2002/49/
EC of the European Parliament and the Council of 25 June 2002
relating to the assessment and management of environmental noise.
One of its main assumptions is to determine the level of exposure
to environmental noise by assessment methods common to the
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Member States through preparation of noise maps updated every
five years [4].
The existing relationship between recorded sound levels and
traffic parameters is most often used to calculate the noise pollution
level [5]. In the paper authors propose the reverse approach - a
method of estimating the traffic load of the crossroad based on
registered noise level.

2. A research object
Currently, in order to reduce the level of air pollution and
noise level and to pursue the provisions of the Directive, advanced
environmental monitoring systems are implemented to support the
activation of short-term actions and management strategies. The data
enabling the implementation of the model to estimate the crossroad
traffic load was recorded using the prototype installation of air
quality and the acoustic climate monitoring system. The system
is an extended version of an OnDynamic [6]. The base station of the
system, in accordance with the functionality assumed at the designing
stage, records and provides access to traffic data and the values of
individual indicators characterizing the environmental impact of
transport in near real time. Currently, prototype base stations of the
system have been installed at several locations of the road network of
the city of Bielsko-Biala (Fig. 1). Data on the current noise level and
equivalent traffic volume of vehicles analyzed in the further part of the
study were recorded in the period from late July to early November at
the station located at the crossroad of Pilsudskiego and Komorowicka
Streets (Fig. 2). This location is characterized by the most unfavorable
local building configuration in comparison with other locations [7].

The equivalent noise equivalent data were averaged over the
period T=15 minutes, according to the formula:

(1)
where:
T – reference time interval [s],
tk – the period of recording results [s],
LAeq tk – an equivalent sound level A at the period of recording
results tk, in decibels [dB],
n – number of periods of recording results tk.
The noise levels at base stations are measured using SparkFun’s
low-cost sound detection systems which, however, ensure sufficient
measurement accuracy [8].
Using the data collected by the base station, an analysis of
variability of recorded noise levels with regard to changes in the
equivalent traffic load was carried out (Fig. 3).

Fig. 3. Equivalent traffic and noise level for the sample data
recording week [own study]

The data set on the noise intensity recorded during the
analyzed time period for the selected crossroads is characterised
by the fact that identical values of equivalent noise intensity were
recorded for different traffic load conditions of the crossroads.
Thus, it means that the isolated noise level measurement does not
allow to identify the degree of crossroad traffic load (Fig. 4).

Fig. 1. Location of the base test stations for air quality and acoustic
climate measurement system in Bielsko-Biala [own study]

Fig. 4. The ratio of the noise intensity to the different traffic load
conditions for the selected measurement day [own study]
Fig. 2. The crossroad of Pilsudskiego and Komorowicka Streets with
unfavorable local building configuration [own study]
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3. Application of an artificial
neural network to predict the
crossroad traffic load level
The elimination of ambiguity requires the introduction of
additional parameters, representing the local state of the ambient
(atmosphere), that have an impact on the measured noise levels [9,
10]. Therefore simultaneously with the measurement of traffic load
and noise level intensity, a continuous measurement of temperature
and relative air humidity was carried out. Unfortunately simple
correlation between the noise level and environmental parameters
does not exist (Fig. 5, Fig. 6). However data on environmental
conditions will also be included in further analyses.

Fig. 5. Correlation between the noise level and the air temperature
[own study]

Bielsko-Biala showed that this method of detection enables to detect
about 20-30% of vehicles [11]. In addition, attention should be
paid to potential disturbances in the level of estimation associated
with the detection of pedestrians and other objects that do not
represent vehicles. This is partly compensated by the data filtration
mechanisms and algorithms used within the OnDynamic system.
Additionally, as part of the conducted work, in order to eliminate
artefacts associated with the detection of BT devices, the average
detection levels for particular hours and the type day of the week
(Fig. 8). This approach allowed to determine limit values for the
percentage ranges of variation.

Fig. 7. The relation between measurement data and recorded
environmental parameter values [own study]

Fig. 6. Correlation between the noise level and the relative air
humidity [own study]

A set of measurement data in relation to the recorded values of
environmental parameters: temperature and relative air humidity
and the equivalent noise level is shown in Fig. 7. A model that
takes into account all three mentioned parameters is proposed in
the further part of the chapter.
Due to the way of collecting data on crossroads traffic load using
OnDynamic Bluetooth detectors, in the next step it is suggested that
the problem of estimating the traffic load of crossroads should be
reduced to indicate the discrete range of variation of traffic load,
instead of estimating the percentage of this load. This is because
the Bluetooth detection system allows only to detect objects with
active communication devices. Tests carried out in the city of
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Fig. 8. Average detection levels for each hour of data logging by day
type [own study]

As a result, the analyzed set of data will consist of five discrete
traffic load classes; each of the ranges will cover a 20% of the
maximum traffic load. Fig. 9 shows a histogram presenting the
size of the data set in relation to the adopted traffic load classes.
In order to estimate the traffic load level (TLL) an artificial
neural network model with three inputs signal and one output
signal was proposed. It was considered that it will be feed-forward
multi-layer neural network i.e. with one or more hidden layers
(Fig. 10.).
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Table 1. Characteristic of the input signals [own study]

Fig. 9. The number of the data set in relation to the adopted traffic
load classes [own study]

Parameter

Min

Max

Average

Median

Range
covered by a
single class

Equivalent
noise level
[dB]

64.6

68.8

66.5

66.6

not
applicable

Air

2.7

44.8

18.4

16.7

5

Relative
humidity
[%]

8

92

65

69

5

In the proposed model the network have neural connections
of the each-to-each type. The input layer signals are subsequently
processed by each of the neurons of the first hidden layer according
to the adopted activation function [12], and the resultant signal
will be transferred to each of the neurons of the next network layer.
Expected information about the traffic load factor is calculated on
the last layer with single neuron. Taking into account a last hidden
layer with k elements, the value of the estimated traffic load level
is calculated as:
(3)

Fig. 10. Basic schematic of the architecture of the feed-forward
multi-layer neural network [own study]

In the proposed model, the network output signal is calculated as
the nonlinear transformation of input signals, upon the assumption
that the activation function for each of the network neurons is a
bipolar function of the following form:
(2)
where:
w – vector of weight used for neuron input signals,
z – vector of neuron input signal,
λ – coefficient defining the range of linearity.
The value of the activation function for each of the neurons
constituting the first hidden layer of the network depends directly
on the input signals to the network, taking into account the
varying weights. In the model considered in the study, the input
signals are:
• the values of the recorded equivalent noise level for a
15-minute time period,
• information on average air temperature,
• information about the average relative air humidity.
In case of the last two quantities, it was decided to use discrete
representations in the form of twenty classes, comprising determined
both parameters variability ranges. The range of variability of the
individual parameters constituting the input signals is shown in
Table 1. It is worth to noting that both the temperature and humidity
of the air are recorded for samples of air injected into the measuring
system inside the base station.
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The functionality of the proposed model depends on the correct
identification of its parameters, i.e. unknown weight vectors. The
process of weight vector identification is called the neural network
learning. Network learning, which consists in modifying the weights
of individual connections between the neurons forming the
network, is executed until the properly formulated stop criterion
making the quality measure of the traffic load factor estimation will
be achieved.
For the network learning the momentum method was used
with incremental updating of weights, i.e. in step n+1 of network
learning the weights were modified according to the formula [12]:
(4)
where:
η – learning coefficient,
Ω – goal function in the form of mean square error of network’s
response relative to the values expected for a given input signals,
δ – moment coefficient.
Simultaneously in each step learning coefficient has been
modified according to formula [12]:
(5)

In this paper, it is assumed that once the network architecture is
established, it will be trained until the network reaches an estimation
efficiency at the level of ⅔ cases for data from the training set.
The assumption of such a condition was given by the significant
noise contained in the set of measurement data. It mainly covers the
highest and lowest traffic load classes, which accounts for almost
50% of all cases. Noise means that in the case of many traffic load
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measurement results, there is no significant correlation with the
recorded noise level. This is a consequence of the limitations of
traffic load registration using the OnDynamic system in conditions
of low traffic and high congestion. For establishing a training set a
subset of data randomly separated from the measurement dataset
was used. The training set is covering a total of 30% of all.
A diagram of the procedure for determining network architecture,
teaching and verification criterion is shown in Fig. 11.

for three times larger data sets than the training set. On such basis,
it was concluded that the proposed model, using information on
the equivalent noise level and discrete ranges of temperature and
relative humidity, allows estimating the traffic load level of the
analyzed crossroads with an efficiency of 60%. The set of the data
which was properly estimated using the model is presented in Fig. 13.

Fig. 13. The set of the data estimated using the model [own study]

Fig. 11. Diagram of the procedure used to determine the
architecture and training the network [own study]

It can be noticed that in the learning process a random choice
of weights was used after every iteration of network training and
random determination of training patterns. If for a given network
architecture after applying many iterations the assumed value of
the stop condition was not reached, the architecture was modified
(once the specified number of repetitions -jmax is reached).
Finally, applying the procedure described above, the network
architecture of 3-6-3-1 was established. It means that there are 6
neurons on the first hidden layer, and 3 neurons on the second
hidden layer. The network learning process proceeded relatively
quickly, the expected accuracy for the training set was obtained
after just over three hundred learning cycles. Changes in the
η-value during network training with a target architecture of 3-63-1 is shown in Fig. 12.

However, the estimation efficiency for each traffic load class
varies from slightly over 55% to 63%. At the same time, this is an
appropriate estimation efficiency for the highest and lowest traffic
load class respectively. The estimation efficiency for each of the
considered discrete traffic load classes is shown in Fig. 14.

Fig. 14. A summary of the estimation effectiveness in relation to
individual traffic load classes [own study]

The estimation effectiveness analysis for the remaining traffic load
classes indicates a maximum of 5% efficiency discrepancy for classes
1-3. Results indicate in principle a significant level of homogeneity of
estimation efficiency in the context of the considered discrete traffic
load classes.

4. Conclusion

Fig. 12. Change in the learning coefficient η in individual training
cycles [own study]

The neural network with the weights established during the
learning process was then used to estimate the level of traffic load
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The stations of the traffic impact assessment system on ambient
air quality and the acoustic climate from which the data were
obtained are located in the areas of crossroads. Recorded noise
level depends on a number of variables, such as traffic volume,
class of vehicles, directional structure, traffic management and also
intersection geometry. The literature also shows a connection with
traffic conditions and the level of service [13,14]. Therefore, the
use of the proposed estimation method for a crossroads other than
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those considered in the study requires a re-learning process of the
network. On the other hand, increasing the accuracy of traffic load
estimation would require the following actions at the data collection
and network learning stage:
• increase the precision and accuracy of total traffic flow
measurement at the crossroads,
• recording information on the occurrence or absence of
precipitation,
• wind speed recording.
According to the authors, a less noisy input set and extension of
the model through the introduction of two additional input signals
will allow to increase the efficiency of traffic load estimation.
In conclusion, it was found that the use of an environmental
monitoring station enables estimation of the traffic load of crossroads,
which may be an interesting added functionality in the case of
monitoring of crossroads without traffic detection system.
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