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ABSTRACT
In this paper we describe a method for detecting situations where a vehicle moves along a highway in the wrong
direction. The first step of the algorithm is to build a pattern using Gaussian mixture model based on the optical flow
calculated with the Lucas-Kanade method. The second stage concerns the detection of objects as a potential road
hazard. The optical flow calculated on-line during the second stage is compared with the traffic pattern used in the
first stage. Then the difference in movement direction is detected using predefined thresholds.

KEYWORDS: optical flow, wrong direction driving incidents detection, Lucas-Kanade method

1. Introduction
Detection of dangerous situations on roads is an extremely
difficult task. Variety of risky events does not allow to develop a
universal detection method. Situation complexity requires the
use of many detection techniques at once. Moreover, the unique
character of the place being observed does also influence the choice
of the technique. Nevertheless, the development of technology help
us dominate and affect the surrounding reality. With the aim of
increasing the safety on roads, it is important to use modern tools
and technology to classify the behavior and interaction between
drivers. Very important aspect in maintaining security traffic is to
prevent dangerous situations. For this purpose, a variety of methods
is used, such as: big warning signs, microwave detection, termovision
detection, etc. Until recently, the detection of dangerous incidents
has also been conducted by human operators, who interpreted the
situation by looking at camera images in traffic control centers.
However the increasing number of cameras imposed the use of
automated systems to notify about danger.
One of the currents trends in intelligent transportation systems
(ITS) is the development of monitoring systems, in order to reduce
the number of accidents and traffic jams, both in cities and on
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highways. Video systems provide huge amount of data about the
situation on the roads. Our work aims at automating the process
of detecting strange, unusual behavior on highways. By unusual
behavior we mean sudden lane change or driving the wrong way.
The latter activity is the cause of the most dangerous situations
encountered on the roads. Therefore instant detection is crucial for
preventing the death of many people. Data collected by The National
Transportation Safety Board (NTBS) [1] indicate that the majority
of drivers traveling in the wrong direction was under the influence
of alcohol. The incidents happened mostly at night, between 12p.m.
and 5a.m. Another large group of people going the wrong way were
people above 70 years of age. Unfortunately, preventive measures
for these two groups of drivers are often insufficient.
The solution presented in this paper is divided into two phases.
During the first stage, we try to obtain the direction model for the
specific camera view, using the Gaussian Mixture Model (GMM).
The next stage is the detection – the optical flow is calculated
for the situation on-line, and compared with the standard flow
computed previously. Difference between directions is analyzed
and if it reaches a certain threshold, the alarm is triggered.
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2. Detection algorithm
The application was implemented in MATLAB 2014a
environment. The program consists of several algorithms, described
later. The training phase diagram is presented in picture 1.
At the beginning the video stream is read, using a special
function from MATLAB libraries. In the next step the video
frames are prepared. Functions create a table of pictures. After that
picture processing may be performed, like size change in order to
reduce the processing time. The preprocessed pictures are sent to
the optical flow algorithm.
Optical flow describes movement between two frames of
a video sequence. Each pixel in the image is assigned a velocity
vector, that represents the direction and speed in which pixel is
moving. Assigning speed to each pixel requires a lot of calculation
and is time consuming. Such a structure is often called a dense
optical flow. In this case the calculation is a demanding task.
Imagine a movement of an object consisting of many white pixels.
After moving to the next part of frame, the pixels will remain
white. A change will occur only on the object edges. Therefore the
method requires interpolation between points that are in the same
area of brightness or color.
Problems with calculation of velocity vector for each pixel,
motivated scientists to design an alternative sparse optical flow.
Algorithms of this type are based on tracking groups of pixels. The
best areas for monitoring are specific places, such as corners or
edges of a moving object. In this work, the Lucas-Kanade method
was used to calculate the optical flow. The algorithm is presented
further on.

the considered pixel block. The window is a field in which the
algorithm seeks for pixels of the same parameters. The disadvantage
of this approach is that if too frequent small windows are used,
they cannot detect large displacements between images. Basic
assumptions necessary for proper mathematical description of the
algorithm are presented in [3-7]
tConstant pixel brightness. Pixel that belongs to a moving
object does not change its brightness despite locations change.
tSmall movements between consecutive video frames. Objects
in the image move slowly over time. In practice, this means
that movement should be confined to the window size.
tSpatial cohesion. The adjacent areas in the picture belong to
the same surface and they move similarly.
These assumptions may be expressed in mathematical form.
The first one is related to the constant pixel brightness over time,
and it is shown in formulas (1) and (2).
(1)
(2)

The second assumption means that the motion between two
successive frames is small. To understand the consequences, let us
consider a one-directional movement. Beginning with equation
(3), which illustrates brightness stability for pixel over time, the
chain rule must be used to solve the derivative:
(3)

where Ix is the derivative over displacement of a pixel, It is the
derivative over time which elapsed between two pictures, and v is
the velocity we search. Finally a simple equation is obtained for
the velocity in one-dimension:
(4)

2.2. Gaussian mixture model
Let us recall the Gaussian distribution and how we define a
mixture of Gaussian functions [8]. The Gaussian probability
distribution function of a random variable X may be expressed as
(5)

Fig. 1. Obtaining a pattern [own study]

2.1. Lucas-Kanade method
The Lucas-Kanade algorithm was presented in 1981 as an
attempt to calculate the dense optical flow [2]. Nowadays the
method is used to calculate the optical flow for groups of pixels.
It is based on the information from small windows adjacent to

4

where two parameters μ, and σ2 are, the average of the
measurement and variance (σ is standard deviation), respectively.
The Gaussian mixture model function is a parametric function
of the probability distribution, represented as a weighted sum of
normal distributions
(6)
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where in our case x is one-dimensional data vector, wi , i =
1,...,M are weights of component mixtures, N(x|μi ,σi ) are Gaussian
probability distributions.
To facilitate the process of obtaining a pattern, it is assumed
that the direction distribution obtained from optical flow is
Gaussian, and the Gaussian mixture function consists of two
components. These assumptions are correct, as images form fixed
cameras on highways show usually two lanes. In the case of one
lane, the parameters of mixture Gaussian function take the same
values, what has no effect on direction verification. The purpose
of the Gaussian mixture function used in the presented work is
to obtain parameters describing the mixture. Using them, we
can verify whether the direction is reliable and we can update
the model [8]. Update direction is performed according to the
following procedure:
1. Algorithm checks if the value of velocity obtained from optical
flow is significantly greater than the threshold 0,5. Values
below the threshold may be considered as noise or errors.
2. Direction is calculated for each velocity vector, and if the value
is between ±2.57 standard deviation parameters and mean are
updated, according to the following formulas:
(7)
(8)

where the parameter θ is unknown. The likelihood function L:
Θ → R is given by
(13)

and is a function of parameter θ with fixed values x1, ..., xn. θ is
the maximum likelihood estimator of parameter θ, if
EM method is an iterative method. The following two
procedures are performed in each iteration: E expectation step and
M maximization step. For this reason it is called EM algorithm.
Consider a statistical model, with measured values X = (x1, . .
. , xn) of Gaussian distribution and latent data Z = (z1, . . . , zn),
which determine from which component a given value is derived.
Next we stick to assumption that composition of Gaussian mixture
function consists of two components:
(14)

where
(15)

Our aim is to estimate the unknown parameters representing
components in Gaussian function - the mean and the standard
deviation

where value α is calculated according to (9)
(16)
(9)

The maximum likelihood function for incomplete data:
τ is learning coefficient, its value was determined empirically. Best
results were obtained for τ = 0.005.
3. The next step is to update the direction for the block in pattern.
It involves arithmetic mean calculations

(17)

and for the complete data:
(10)
(18)

If any direction did not occur in a pattern, we assume the value
given by the optical flow

where
is characteristic function, and function f is a
probability density function.

(11)

1. The expectation step (E step). In this step a function Q is
created:

2.3. The expectation-maximization method
The EM algorithm is most commonly used as a method of
solving problems with missing data. In this work it was used for
obtaining information about direction distribution parameters,
what is exactly a problem of missing data. Obtaining parameters
for Gaussian mixture function helped with collecting the data.
According to the definition given in [9], EM is a way of calculating
the maximum likelihood estimators.
To recall the maximum likelihood estimator, let us consider a
function:
(12)
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(19)

where Ttj,i is equal to:
(20)
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2. The maximization step (M step). Parameters τ, (m1,s1) and
(m2,s2) may be maximized independently. At the beginning we
are looking for maximum τ whereas τ 1 + τ 2 = 1

(21)

finally:
(22)

for other parameters (m1,s1)

(23)

different directions that may occur in block. The number of
frames used to calculate the pattern depends on the number
of cars in observed route section. It is important to include the
whole road, in order to improve the efficiency of detection. The
fragment of video footage must be carefully chosen. After the
above steps, we may proceed to next stage, in which the on-line
picture that came from camera is analyzed. For each new frame
the optical flow is calculated. Each block has its own direction.
An object is considered as moving in opposite direction when the
difference between the direction of the block, and the direction
of the corresponding block in the pattern is larger than a certain
threshold, which in this work was set to < 120, 240 >. As a result,
if the difference in block is greater than 120 then the alarm is
activated. It is possible that camera movements or noise may
trigger an alarm, The following block diagram shows procedure
which should be performed in order to detect dangerous driving.

3. Synthetic data tests
In order to perform tests on synthetic data, an animation
with moving cars has been created. The Gaussian mixture model
allowed to verify the correctness of moving cars direction. The
Gaussian mixture function chart, with marked directions assigned
to particular areas is shown in figure 3.

In subsequent iterations, we get a more accurate estimate
parameters by repeating E and M steps, bringing us closer to the
real distribution. Iteration steps for two-dimensional data are
shown in figure 2, where areas marked darker color mean higher
Gaussian mixture function.

Fig. 3. Gaussian mixture function with calssified directions [own
study]

Fig. 2. Block diagram for the detection of dangerous behavior on
the road [own study]

As a result of the learning process, we get a pattern. The main
advantage of the above described algorithm is that it considers

6

We begin with checking the number of frames needed to
obtain satisfactory data in the pattern. We cannot see a significant
difference between number of directions, with the growing
number of frames. We may notice a slight change between
upper images – the pattern consisting of 32 frames is better. As
mentioned before, we should choose a model with the number
of frames equal to the number of small elements. Let us consider
another use of the increased number of blocks and thus more
accurate information about motion, remembering however that
this requires larger computing power. It is possible that when the
blocks are too large, some small objects are not included in the
optical flow calculation. We may reduce the size of frames from
720x576 to 320x240.

© Copyright by PSTT , All rights reserved. 2016

M. BAZAN, P. CISKOWSKI, K. HALAWA, T. JANICZEK, A. RUSIECKI, M. ŚMIGOWSKI

Alarm is triggered when three successive optical flows reveal
improper direction. The car going in the wrong way was correctly
classified as a potential danger object. We have also performed
tests with cars moving horizontally on the screen, in this case the
algorithm didn’t react. The detection time of the algorithm may
be easily changed by adjusting the detection threshold. In order
to increase the confidence of malicious behavior detection, we
should implement validation procedure.

4. Real data tests
The algorithm has been tested on the video frames of the
traffic on highways filmed by static camera. The images covered
various day times, such as: the night, rainy day, clear day, in order
to determine whether the algorithm works properly regardless of
the weather conditions. It was very difficult to obtain video from
static camera, showing cars diving in wrong direction. No such
videos have been found. Therefore we added a specially prepared
picture with a car and created a short animation of a moving car.
As in previous section, the tests were focused on finding how
many frames are sufficient for a good pattern. Figure 6 shows the
calculated pattern on a highway. a) for 576 blocks, while b) 2304
blocks. In both cases, patterns were taken from the same video
sequence.

Fig. 4. Calculated patterns for a) 192, b) 768, c) 4800 blocks [own
study]

There are 192 blocks in picture a) and the information is poor
and worthless. For the pattern b) with 768 blocks, the number of
directions is still insufficient, but the right lane is mapped. Image c)
with 4800 block represents the richest information, and the right
lane is mapped completely. Problems arise with the left lane, where
the algorithm is not able to classify the vehicles moving from top
to bottom due to the size of moving objects. In this case, we may
reduce the size of search window, what will improve the ability
to correctly classify shipments to the sequence of frames. Figure
5 shows a pattern with a square window consisting of 25 pixels.
We can see noise on the left side, what shows that the reduction of
window size does not improve the quality.
Fig. 6. Pattern on highway calculated in daylight a) 576 b) 2304
blocks [own study]

Fig. 5. Pattern with five pixel block [own study]
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We can see that the patterns in picture b) provide more
information. The places where directions are incorrect, inconsistent
with our expectations, are marked with red circles. The cause of these
errors is the wrong selection of a movie clip. In this case, the algorithm
should use a different part of the video. There is also a possibility
for manual intervention, to change the information about block
directions.
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Figure 7 shows a situation on a highway. The cars on the
right lane are moving slowly, so their movement is not detected.
Reduction of window size to 5px did not bring any result as the
implemented algorithm captures moving objects that exceed a
certain speed limit. It is possible to modify the amount of skipped
frames, equivalent to the artificial change in objects velocity. To
a large extent, this is a reason for the loss of information about
objects traveling at higher speed and the noise.

Fig. 8. Aperture problem [2]

6. Conclusion

Fig. 7. Patteen calculated with high traffic density [own study]

5. Encountered problems
The aperture problem was the most significant during the
implementation of the Lucas-Kanade algorithm. It emerges when
our search window is too small. In that case only the edge of a
moving object, not its corner , appear in the relevant window. Let
us note that the edges are not enough to clearly and accurately
determine object’s movement. Consider the following example
in figure 16. In the second row, gray square moves diagonally to
the bottom right corner. This sequence shows real movement of a
considered object. At the top sequence we see a movement from
window perspective. It shows that gray square moves horizontally
to the right, which in fact is not true.
Two solutions may be suggested for the presented problem.
First is to find the characteristic points of the two-dimensional
object, such as corners. We may also use the assumption posed
in section 2.1. If adjacent areas of image are moving the same
way, then we can determine motion of the central block using the
information from the adjacent blocks. The set of equations (7)
are created and then the velocity vector is calculated by the least
squares method.
Another problem, already mentioned, was to obtain the real
video clip with a dangerous situation (a car driving the wrong
way). Several such recordings have been found, but they were
captured by cameras installed in a car, or a patrol helicopter. To
work the problem around, we applied an artificial animation to
our video sequences.

8

This paper presents a technique of detecting vehicles moving
in the wrong way using the calculation method called LucasKanade optical flow. Dozens of experiments were conducted
on six recordings, reflecting the different weather conditions.
The suggested algorithm worked well and detected dangerous
situations. Unfortunately, in some cases the alarm is activated
despite the absence of danger on the road. A very important aspect
of the algorithm is that it works regardless of weather conditions.
Implementation of validation method is needed in order to improve
the algorithm, that will check whether a moving object is a car.
Validation may consist of two stages. The first stage is temporary
validation if wrong way alarm occurs in three consecutive frames,
and if that happens the trajectory of a car will be created. Second
order Kalman filter can be used to track and predict the position
of the vehicle on subsequent frames. Frames with moving object
detected are stored in memory for the second phase of validation.
The main objective of this part of validation is to find a small set of
Haar features. Object detection is performed by moving the search
window along the whole image obtained from previous validation.
It will check whether a region can be classified as a car.
As mentioned at the beginning, the algorithm suggested in
this work may be used by institutions responsible for maintaining
order on roads. It does not require much effort, money and is
simple to use. When an alarm appears on the screen, appropriate
person should check whether or not it is a mistake, and then take
remedial actions.
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ABSTRACT
This article shows the development of a mechatronic system, which was designed to provide land transport of
containers a security structure through a technological, able to control access to the goods transported lock, which
in turn owns tracking a module containing the position information of the merchandise, all information collected
will be transmitted via a GSM module to the end user (central security office). This seeks to provide a technological
solution to social problems in Colombia of carjacking.

KEYWORDS: mobile, device, tracking, security, access control

1. Introduction
Since ancient man in his effort to expand commercial coffers
times has designed various transportation to get their products
can be brought to faraway places, but with the passage of time this
activity has suffered the social problem of theft, so they warrant
that the goods are always monitored and safe so they can reach
their destination without any mishap.
Although goods transport systems have improved in recent
decades, they are not yet sufficiently integrated to meet today’s
requirements in terms of quality and safety, due to the lack of wellstructured and organized intermodal transport chains. Information
technology (IT), incorporating communications technology, could
become a primary tool in ensuring the safe and efficient operation
of freight transport systems [1].
At present the land or automobile transportation of goods is one
of the most used, so for this type of transport are designed various
security methods such as selection of drivers, owners, carriers,
stevedores, security companies and guards, roadside checkpoints,
vehicle location system, suppliers of security seals, parking and
insurance company. All these methods have been designed in order
to organize a logistics planning security that help fight this social
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problem, as well as innovative and modern ideas such as creating
device that protects goods from potential threats when they are
transported from one place another, thus reducing the chances of
future theft of the goods.
Almost 90% of the world trade is accomplished with the help of
containers using different means of transportation including ships
and trains. The container trade faces a lot of challenges comprising
of container tracking, real time monitoring and intrusion detection,
real time theft reporting mechanism, and status reporting of
shipment items [2].
The growth in trade, changes in business practices, and safety
concerns, have also underscored the need for governmentindustry partnerships to standardize information exchange and to
implement best practices across the global supply chain network.
Recently, safety issues have become a major concern. Major goals are
therefore to provide support for risk and vulnerability assessments
for all interested parties, and to determine ways of monitoring the
movement of goods and containers [3,4].
Improving transport efficiency is possible through the
development, deployment and use of intelligent transport
systems based on advanced information and communications
technologies [5].

© Copyright by PSTT , All rights reserved. 2016
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Traceability facilitates the following of goods and provides all
operators of the supply chain with accurate information concerning
the products involved. Tracking is defined as the gathering and
management of information related to the current location of
products or delivery items, whereas tracing refers to the retention
of the manufacturing and distribution history of products and
components. Monitoring refers to the ongoing assessment of
the progress of transport by means of continuous or repeated
measurement and evaluation [6].
Unless specific provisions for further traceability exist, the
requirement for traceability is limited to ensuring that businesses
are able to identify the immediate supplier of a product along with
the immediate subsequent recipient (with the exemption of retailers
to final consumers) [7,8]. Information technology provides tools for
helping transport companies track and trace from the origin to the
end of the supply chain; this is particularly important in the area of
food transport.
Today in Colombia, the called carjacking not currently displayed
data as chaotic in the early nineties, but remains a serious social
problem. Because of carjacking, causes disruption of the supply
chain of goods in the country and a large percentage of claims of
Freight derived from criminal activities such as theft. For some
companies, whose work is to ensure the minimization of risk in
the supply chain, with activities aimed at detecting and preventing
situations that need improvement and optimization of security
processes, points to a solution to this problem to be able to
provide security and tranquility to its clients, for which it is this
article show the development a mechatronic device to counter this
scourge that happens every day on the main roads of the country.

2. Developing of the system
The proposed solution lies in a security system comprising a
lock, adapted to the geometry of the container doors, which can
be tracked via global positioning systems (GPS) and remotely
manipulated using Global System for Mobile communication
technology (GSM) network control opening and closing thereof
when required, and the operator via the mobile device can
send text message codes to unlock or lock the security system
(electronic lock).

The device has the following characteristics:
tOpening and closing controlled by wireless network.
tManual opening if an unforeseen occurs in the manipulation
of the device.
tSystem adaptable to close the gates of the containers.
tLow operator intervention to manipulate.
tResistant to any kind of weather, light conditions and coupled
with SLM Radio Secure® equipment.
tTracking of the container.
The device developed has important two points, the first
point is to have a safe, tough, durable equipment, it can be easy to
handle for operators and the second fundamental point is that it
becomes an automated device in which operator intervention to
mount and remove the containers can be most efficiently, as well
as controlling the opening and closing can be controlled remotely
from the main office.
The electronic device is made up of three stages of electronics
that works in conjunction with the Atmel Arduino Mega 2650
processor for processing information. These stages are:
tPower: The power module of the device is constituted by
LD1085 voltage regulator which supplies a voltage to the
device of 3.7 Volt. This regulator provides the necessary
power to the VIN pin of the Arduino board. The power
supply must supply power to the device must be able to
maintain a constant voltage to the Arduino Mega and cellular
module m95 module for this power source must deliver
a volteje 8V with peak current of 1.5 A temporary due the
data transmission to the cell module M95. Turn the feed
module must circuiros sensor, control panel, LCD and finally
powering the servomotor SG-5010, so chose a rechargeable
battery with lithium ion polymer technology, 2200mAh,
Output Voltage 7 , 4V able to meet these energetic needs.
tInformation processing: The Mega Arduino module
processes the information contained in the SMS text from
cell module M95 with the ultimate aim of power control the
servomotor SG-5010, plus the Arduino servo module must
process the information from the infrared optical sensors
S525 and QRD1114 the latter responsible for the maximum
or minimum opening of the mobile arm of the LS-T13 device,
all these changes will ultimately be forwarded to the operator
in charge of the device via text message.
tReceiving and sending information: For the step of receiving
and sending SMS Arduino Shield the card was purchased
with an M95 cell module with embedded antenna (for GSM
/ GPRS frequency signal 900-1800Mhz) Quectel® company.

2.1. Mechanical system

Fig. 1. System of the mobile device for access control and tracking
of a container [own study]
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The device 14 comprises mechanical parts. The overall
dimensions of the device are:
tHeight: 190 mm
tLength: 487 mm (This measure includes its maximum
aperture that can reach the device horizontally).
tDepth: 85 mm.
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Electronic monitoring of the location of vehicles during
transport can be achieved by two methods: automatic vehicle
identification and the (GPS). The former involves the detection of
the conveyance at various critical waypoints along its normal route.
This is rather inexpensive and involves a relatively small number
of active systems reporting to a central data processing site. The
time elapsed between waypoints can be monitored for compliance
with regard to expected travel times, though problems can arise if a
vehicle has to change its normal route [10].

2.3. Wireless communication

Fig. 2. Assembled device with all its parts [own study]

Below the pieces that make up the mechanical system are
named:
tBase 1: The element that contains all mechanical and electronic
device parts.
tBase 2: This piece allows axial movement of the shaft 2 by the
same shaft does not rotate in the same direction of torque
shaft 1 is also the resting bench of axial bearings that owns
the device.
tBase: 3 Piece left claw fixed base 1.
tBase 4: Part setting device motor with the base 1, giving
support to the engine so that it can rotate the axis 1.
tBase 5: This piece is the bench where it will be placed bearing
which allows axial displacement axis 2, the bearing will work
to avoid high concentrations of friction at the time of the axis
2 and thus this avoids the wear axis 2.
tBase 6: Strengthening the axis 2, this helps to minimize the
loads from the tip of his right arm at the time of displacement.
tAxis 1: Is an endless screw where the tip of its base is
connected to the engine of the device while the threaded
end of the screw by action of torque produced by the engine
pushed axially to the shaft 2.
tAxis 2: Axis 2 is screwed onto the shaft 1, this is the one to
make moving the movable arm to secure no or device on the
gate of the container.
tClaws Left and right: are the ends of the device, its function is
to secure the device in the container gates.
tCover 1: Is the top cover that adjusts the mechanical part,
preventing the parts of the device is removed.
tCover 2: Is the front cover of the electronic device emergency
cabin.
tCover 3: The back cover which covers the electronics of the
device.

2.2. Tracking and monitoring
The use of standards in the digital communications between
container electronic monitoring systems and the different
intermodal platforms would allow the use of fewer wires and
connections, improving system features and fault tolerance.
Information provided by a variety of sensors could be used to
improve overall monitoring [9].
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Wireless network technology is an essential tool for today’s
professionals every day more mobile productivity. With a wireless
network, enterprise employees can stay connected to productivity
applications and information resources virtually anytime, anywhere.
There are several ways of achieving wireless communications
for intermodal transport (see Fig. 3) – wireless wide area network
(WWAN), wireless local area networks (WLAN), and wireless
sensor network (WSN) systems. Table 1 summarizes the most
important standards for wireless networks.

Fig. 3. WWANs, WLANs and WSNs in intermodal transport [11]

Wide area networks enable long-range communication between
containers and central servers, and are facilitated by satellite and
cellular systems. Satellite systems are quite expensive compared to
cellular systems, but they provide virtually ubiquitous coverage, so
they can relay status messages and GPS data from nearly anywhere
in the world [12].
Table 1. The most important wireless networks solutions [11]
Name

Implementations

WWAN
(Wireless Wide Area
Network)

GSM (Global System for Mobile-Communication)
CDMA (Code Division Multiple Access)
GPRS (General Packet Radio Service)
UMTS (3G) (Universal Mobile
Telecommunications System)

WLAN
(Wireless Local Area
Network)

IEEE 802.11.x
HyperLAN
Home RF

WSN
(Wireless Sensor
Networks)

Bluetooth
Zigbee
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Global System for Mobile-Communication (GSM) and
General Packet Radio Service (GPRS) modems are widely used
in commercial vehicle tracking and fleet management. Recently
3G technologies have emerged. 3G is a wireless industry term for
a collection of international standards and technologies aimed at
improving the performance of mobile wireless networks. 3G wireless
services offer data packaging enhancements such increased speeds
and the capacity for combined voice and data services with high
quality service facilities. The two main 3G technologies are UMTS
(Universal Mobile Telecommunications System) and CDMA2000
(Code Division Multiple Access 2000) [13].
A WSN is a system comprised of radio frequency (RF)
transceivers, sensors, microcontrollers and power sources [14].
Recent advances in wireless sensor networking technology have led
to the development of low cost, low power, multifunctional sensor
nodes [11]. Sensor nodes enable environment sensing together
with data processing. They are able to network with other sensors
systems and exchange data with external users. Sensor networks
are used for a variety of applications, including wireless data
acquisition, machine/ building monitoring and maintenance, in
smart buildings and on highways, environmental monitoring, site
security, automated on-site tracking of expensive materials, safety
management, and in many other areas [15].

2.3.1 Module configuration M95 with Arduino
The M95 GSM module is a quad band edge products listed as
one of the smallest in the world. LCC welcomes technology package
offers the highest reliability and robustness. Your 19.9x23.6x2.65mm
size and easier welding process can be incorporated into almost
any application to users. Featuring an industry-standard interface,
M95 delivers performance GSM / GPRS for SMS, data and voice
with very low power consumption and extended temperature. It has
built-in protocols to ensure easily meet all the requirements of M2M
applications, including VTS, Industrial PDA, Personal Track-ing,
wireless POS, smart metering and many other M2M applications.
Info SMS text message is processed by the module M95 which receives,
reads and translates the information that is given in ASCII language
to a language compatible with the microprocessor Atmel. The
communication between the GSM module M95 and Arduino Mega
is performed through the serial ports Rx (pin 0) and Tx (pin 1).
To be able to make proper communication between the LS-T13
device manager and the operator of the device is M95 configuration
module if necessary for this is to use a serial communication between
the computer and the module M95 Quectel this communication is
done via the Serial Monitor Arduino, whose fundamental goal of
making this communication is to verify the proper operation of
the M95 module. For this configuration AT commands are used
acording to the manufacturer specifications. AT commands are
coded instructions that form a language of communication between
a terminal modem and man. AT commands are well appointed for
the synthesis of Attention. Although the main purpose of the AT
command is communication with modems in the field of mobile
telephony it has also affiliated GSM standard this language to
communicate with their terminals. In this way, GSM mobile phones
have a set of specific AT commands that interfaces to configure and
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provide instructions to the terminals, allowing actions such as data
calls or voice, reading and writing in the address book and send
SMS, plus many other options configuration terminal.

2.4. Control Panel
The control panel is an emergency resource that is designed
in order to prevent damage to the device when it is this failure
in preventing the cellular signal reception of message sent to and
from the operator in charge.
The control panel consists of three switches and a knob that
allows the operator to change options on the menu that is designed,
the operation of the elements of the control panel can be summarized
as follows, two switches allow the opening and closing the movable
arm while the third switch changes the status bar automatic control
(remote opening), and manual (Using the control Panel), the knob
as previously mentioned is responsible for changing the menu when
you are in the “Manual” option.

3. Operation of the system
It has to send a text message to the device for the action that is
required to perform code, in this case you have the possibility to
send a message to open, close, namely the GSM signal and observe
the battery level of the device . When sending SMS text message that
is received by the GSM module, once received is stored in buffer
and then are stored in a String chain, once this is done we proceed
to compare the message with the algorithm and depending on the
content Message proceed to execute the corresponding action, such
as whether the message is written the message “Open” this makes a
comparison with a string that has the same message, if the message
is the same as it is stored in the memory of the Arduino module this
shall send a pulse activating the servomotor.
In order to have a final limit movement of each servo action
this sensor will aimed to stop the movement of the servomotor, said
sensor further stop or actuate the actuator to send an electronic pulse
module port module indicated Arduino Mega that action has already
executed and then send a response to the operator via a text message.
Every action that the user wants to perform on the device will
automatically generate a reply message as the device for lack of
coverage cannot do always have the option of using the control
panel. As for driving the servomotor you can also check the status
of the device either to know the signal level at the time or to know
the level of battery charge.

4. Conclusion
In recent years, much international research has focused on
the development of an intelligent transport system. Most of these
systems have involved human or freight transport. For the latter,
a number of supply chain monitor and tracking tools have been
developed, although none has been implemented in Colombia
before in a low cost.
The combination of available information technologies such
as GPS and wireless data communications can provide complete
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monitoring information about good transported in containers. The
number of recent IT applications published shows that research
into intelligent transport systems is an emerging field fuelled by
advances in technologies and worldwide concerns about security
and safety. The technologies now available make the development
of a standard monitoring system for containers feasible.
A remotely controllable device for containers was developed,
as a shipping container body having associated therewith at least
one door and at least one door latch having a latch, the locking
element would be arranged for locking engagement with a door
mounted, with one wireless communicator mounted in a secure
location within the shipping container and being operative to
wirelessly transmit information to a remote monitor regarding
the status of an electronic seal mounted onto the locking element
for confirming locking of the at least one door, and at least one
wireless antenna mounted within a protected enclosure on the
outside of the shipping container for transmitting the information
from the at least one wireless communicator.
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ABSTRACT
Using inductive powered batteries in public transportation vehicles delivers a lot of benefits. The most important
advantage is contribution to environmental protection by reducing exhaust emission. The special construction of
inductive buses, results more quite engine running, so among benefits there are also noise limitations (about 7dB
comparing with diesel engines). Although the cost of inductive buses is almost twice bigger, the whole investment
returns fourfold faster by low exploitation cost of such vehicles. Unfortunately implementing this technology
requires road infrastructure adjustments, such as mounting inductive charging station into the road surface. It
is worth mentioning that nowadays, when pro-ecological projects play a key role in transportation development
strategies, the inductive vehicles can be an answer to all of necessary demands.

KEYWORDS: buses, electricbuses, induction charging, urban policy, electromagnetic induction, vehicles

1. Introduction
Modern cities increasingly attach the necessary importance to
ecological aspect of development, so called urban ecology. Present
trends identifies new idea of sustainability planning, named the urban
culture. Development strategies defines city as “smart” and “green” .
The spatial planning includes urban agriculture and environmental
technologies investments, such as renewable energy. One of the most
important elements of those strategic goals is redefining the idea
of urban transport. Also emphasis is placed on excluding private
vehicular transport form the strict city centre and providing a reliable,
comfortable, safe and environmentally friendly public transport. The
growth of mass transit share in generality of urban travels is primary
point to be made. Greater automobile traffic from the growing number
of cities residents and constantly increasing motorization might lead
to further deterioration in traffic conditions. That mater can influence
also the public mass transit causing longer travel times and encourage
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the passengers to no longer choosing municipal transportation.
Modern approach to eco-city politics establishes not only public
transport promotion, but also reducing energy consumption and air
pollution limitations [1,2].
According to “Urban Ecology” study, urban planning framework
must be applied create “ecologically ideal city”. Special attention
was paid to reduction of energy input in transport area. The
framework was defined as follows [3]:
tdecreasing the energy usage and demand for production,
heating and transportation,
tpercentage reduction for traffic energy,
tunnecessary energy use avoidance (including local public and
bicycle transport promotion,
tavoiding empty means of transport running,
treduction of motor vehicle traffic congestion,
tair pollution reduction.
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It is possible to observe that operations in field of transportation,
are crucial for decreasing energy input in urban areas. All those
elements should be taken into consideration while planning
the urban transport development strategy. In addition to this,
another meaningful aspect is that development priorities should
comply with the national industrial strategy and local specifics.
The actions should include promoting the role of science and
new technology in public transportation development. At the
same time, it is important to remember that in terms of pollution
emissions per one passenger, the automobile is the least efficient
mean of transportation. So the primary technology branch in this
area must be the research, concerning new vehicles construction
solutions used in mass transit. Main purpose of the development
should be increasing urban transport efficiency regarding the
economy, time, society lifestyle and the environment. Substantial
issue is adequate management and financing the public transport.
The owners must perform an effective supervision of enterprises
as well as implement standards for public transportation services.
The formulation of each city key technology choices needs to fit
not only the national and city development policies, but also city
individual traffic pattern, structure of the road system, urban
layout, economics, available science and technology ideas and
ecological aspects. Those strategy components are essential to
achieve urban mass transit healthy development and should be
identified as the priorities [4].
The European Union backed a policy of obtaining energy using
technologies that ensure low CO2 emissions. The ecological strategy
for Europe was defined, one of the action taken was creating the
“Energy Roadmap 2050” European Commission Energy Strategy
for 2050. The study long-term goal for 2050 is the reduction of at
least 60 % of carbon emissions. Medium-term targets that should
be achieved by 2020, points out the transport sector as one of the
key factors to achieve lasting reduction of energy consumption
and CO2-emissions. The perfect solution to this issue seems to be
electric busses implementation. The technological progress enabled
to use the inductance phenomenon in vehicular movement. Inductive
charging is not latest way of obtaining energy, but it is definitely a
new way of energy wireless transmission from source to vehicle. It is
very comfortable approach to power supply mode [5,6].
Mass transit seems to be a suitable place to start implementing
electric induction for propulsion, since the location of the
mentioned vehicles is more predictable than those of individual
means of transport. A key benefit to inductive charging system is
the wireless technology. It is not responsive to water or the weather.
Solution allows to perform continuous electric bus operation due
to high-power charging equipment embedded within existing bus
road infrastructure. Another advantage are smaller electric vehicle
batteries that make more room for passengers and battery life
extension caused by with intermediary inductive charging. Also the
financial and time costs get lower as induction charging allows to
charge the battery by simply driving on the streets with embedded
chargers [7,8].
In Germany, since the “National Strategy Conference on Electric
Mobility” in 2008, many policies and electromobility promotion
programs have been introduced. Because of this actions the German
government supports different projects and programs concerning
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electromobility. These innovative projects enable to conduct an
effective cooperation between industry, science, and the government.
Many of those projects programs target especially electric buses. The
electric bus research and implementations in Germany mainly apply
to issues such as [9]:
tworkability studies for electromobility everyday use in public
transport,
tdifferent charging strategies optimization,
troute optimization,
tinductive solutions and fast charging.

2. Buses with combustion
engines and electricbuses
the main drive sources used in public transport are diesel oil,
more and more often natural gas (CNG or LNG) and to a small
extent, alternative fuels. Currently in buses, due to an apparent
efficiency, the main power unit are engines with compressionignition. This process is progresses by burning a mixture of
previously prepared fuel and air in a closed combustion chamber.
As a result of combustion, high temperature increases the pressure
which is converted into mechanical work in the form of torque
on the crankshaft of the engine, which, in turn, is transferred
to the wheels of the car [10]. Figure 1 shows a diagram of the
compression ignition engine.

Fig. 1. Construction of a diesel engine [10]

Another, more ecological and more common solutions used
in public transport vehicles are the engines that run on natural gas
CNG (compressed) or LNG (liquid). In this case, the compressed
gas is stored in a cylinder under pressure of 20 MPa. Such cylinders
are most commonly mounted, just like in the conventional case of
LPG, in the rear end of a vehicle. The gas, after opening the shutoff valve in conduit, flows under high pressure into the shut-off
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valve which is electrically controlled. In the absence of engine
operation, the valve is closed, and after it is opened, gas flows
through a conduit to an evaporator pressure regulator (heated
fluid being supplied to the engine cooling system), where the gas
pressure is lowered to a value close to atmospheric pressure, or
about 0.2 MPa. Gas, after the pressure has been reduced, is sucked
through the mixer into the intake system [11].
An intermediate solution with higher environmental
performance than traditional motors are hybrid engines, which in
the case of public transport are found in combination: diesel engine
combined with electric or engine powered by natural gas CNG in
conjunction with the electric drive. As a definite plus these solutions
should indicate lower emissions and reduce fuel consumption, but
this solution has considerable disadvantage in the form of higher
costs of purchase of the vehicle, which, according to the company
Solaris Bus & Coach SA are higher by 20 to 80% of the conventionally
powered vehicle [12]. Diesel-electric drive makes it possible to drive
in urban centers without harmful emissions and move outside cities
with a conventional drive. When vehicle is braking, this drive makes
it possible to recover a part of the kinetic energy (starting power, bus
using diesel drive and braking power) [13].
Nowadays, in the transport sector, emphasis is put on
environmentally friendly solutions that reduce emissions and costs
of rolling stock. The latest development in this area are completely
electric drive motors vehicles (electrobuses), which are considered
the future of public transport in the city. The buses are equipped
with lithium-ion batteries with high power, in which the stored
energy is transferred to the electric motor driving the wheels of the
car directly or through a gear assembly. Car batteries are charged by
an external power source:
tcharging from the socket,
tcharging through pantograph,
tinduction charging.
An important advantage of buses powered by electric motors
is the lack of emissions, no noise emissions and lower operating
costs (electrical energy, is cheaper than diesel or natural gas). As
disadvantages should be noted: higher purchase price of vehicles,
the need for installation of additional infrastructure (charging
stations) and a limited range of vehicle operation on a single
battery charge - there is a possibility of installing batteries for
extended range, but these batteries are limited in the cabin of the
vehicle (battery size). Figure 2 shows the distribution of elements
on the bus with electric drive.
According to data from Miejskie Zakłady Autobusowe in
Warsaw, after two months of operation of electric Solaris Urbino
12 electric (data collected in 2015 during the operation of the
said bus line No. 222), it has been calculated that the costs of
its operation are four times lower than the costs of traditional
combustion vehicles [15]. The chart below shows the % of energy
supplied in the fuel or electricity - the balance to 100 kilometers
driven each of the three types of vehicles, research conducted by
Solaris Bus & Coach SA, in cooperation with Poznan University
of Technology:
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Fig. 2. Distribution of elements in the bus with electric drive [14]

Fig. 3. The energy supplied in the fuel / electricity - balance sheet
for the distance 100 km [16]

The difference in fuel costs between buses with electric drive
and combustion is significant and over the years, according to
studies, is between 688 thousand to 1200 thousand PLN. The
difference is mainly due to different consumption of electricity
needed to proceed through 100 km [17].

3. The phenomenon of magnetic
induction and use of it for
vehicle charging
Electromagnetic induction depends on the formation of
electrical current in the circuit due to changes in the magnetic field
of the male through the circuit. As the first induction, in 1831, he
described the English physics Michael Faraday. This phenomenon is
used to change the magnetic flux, which can result from movement
of a guide or source of the field. In the case of a bus or another
vehicle, the two coils are used, one mounted in the vehicle and a
second landing site, the coils are coupled magnetically together and
form a transformer. Typical wireless charging system of the vehicle
shown in Figure 3.
Charging the vehicle starts when parking on a specially prepared
site parking (stop or depot), which is mounted transformer primary
winding. The coil is supplied with alternating current at high
frequencies generated by the inverter energoelektrycznej powered
from the network EE. AC power is transmitted to the winding, and
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then processed in a converter vehicle DC, which is powered by the
battery of the vehicle. The amount of energy transferred from said
primary winding depends on the size of the coil, and the frequency
and amplitude of the voltage supply. The size of the coil, in this case,
are limited in the size of the chassis of the vehicle, therefore, it gives
the greatest potential for increasing the operating frequency of the
coil. The greatest potential to increase system operation, provides
the use of plates of silicon carbide SiC, which allow operation at
frequencies up to a few hundred kHz [18].

An important part of the electrical power drive systems is the
safety and the impact on living organisms. The main element of
which may have an impact on living organisms is the effect of
high-frequency electromagnetic field. Institute ICIRP defined
standard values in this range. For frequencies that fall within the
scope of the charging system, the permissible value is 6.25 microT.
The metal chassis of the vehicle and the shape of the core coils
provide no radiation inside the vehicle closest to the magnetic
field occurs at the moment of exit from the vehicle, but the most
common coil is within the threshold of the vehicle, which provides
at this point the condition of safety. Additional protection can be
an addiction and start charging from the presence of the driver in
the vehicle or its vicinity [18].

4. Public transportation in
Brunswick and Berlin as
an example of harnessing
electromagentic induction
phenomenon
Fig. 4. Typical wireless charging system - deivce scheme [18]

Fig. 5. Diagram of the charging the vehice in the use of
electromagnetic induction [18]
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Along with technology development, there is a question rising:
„what about environment protection?”. The board of Braunschweiger
Verkehrs AG started cooperation with University of Technology in
Brunswick, Bombardier and Solaris Busch and Coach S.A. companies
to build efficient and ecological vehicles. That is how “Electromobility
through induction charging” idea was created. Work on the project
started on 31st of May 2012. The project interfered in bus stops
architecture and expected purchase of new vehicles. Charging stations
found in depot and on bus stops has been created in Brunswick. Buses
operating there were produced in Bolechów near Poznań (Poland) by
Solaris Bus and Coach S.A. company and equipped with PRIMOVE
system by Bombardier company. It is estimated that electric buses are
twice as expensive than buses with Diesel engines, however power
consumption is about 35% lower.
“Emil” project is in implementation phase and its completion
is planned for middle of 2016. Charging stations are located in
depot and on bus station near train station. Induction vehicles
consist of: one Solaris Urbino 12 electric (12 meters long) with
60 kWh battery and four articulated buses Solaris Urbino 18 (18
meters long) with 90 kWh battery. Two more buses have been
order and are expected to appear on Brunswick roads soon. LiIon batteries used in buses can be charged with either direct (450
V) or alternating current (750 V) on charging stations with 200
kW power [19]. Induction buses run as part of 419 line located
in central points of the city. Six thousand passengers commute
this line daily. This line is 12 km long, has 25 bus stops and runs
in 10 minutes interval from Monday to Friday and in 15 minutes
interval on Saturdays and in 30 minutes interval on Sundays. Total
run time takes 39 minutes. At the beginning of the shift, driver
retrieves a bus from service employee and drives to bus stop near
train station. There he recharges the batteries and begins his route.
Energy accumulated in the batteries last for duration of the whole
route. After completing the loop the driver has 20 minutes long
break. During this time he has to recharge the batteries, which
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takes 11 minutes. If any delays, caused by traffic congestion or
other random events, should occur and the bus driver will not be
able to recharge the batteries in time, the bus stops and it has to be
towed to the nearest charging station. Today, charging stations are
operating in bus depot and main train station. In the near future
two new stations are expected to be available on Hamburger Street
and Amelien Square, where buses can be charged for 30s [20].

depot. The trials will be continue by September of 2016. Thanks
to induction buses, carbon dioxide emission will lessen about 260
tons yearly. Berliner buses are equipped with GPS systems. Mobile
map was make available, thanks to this every user can perceive
actual bus position [24,25].

Fig. 7. Route of bus line 204 in Berlin [26]
Fig. 6. Route of bus line 419 in Brunswick [20]

Project implementation met with obstacles, such as: problems
with control settings, with cooling system and air-conditional.
Currently the vehicles are operating impeccable, however engine
upgrade has to be consider due to the low power.
Transport policy in Brunswick conducted in such way to
attract drivers to alternative solutions. This brings lots of benefits to
natural environment. Electric vehicles characterized by low energy
consumption, lack of fumes emission and noise level lower by 7dB
than vehicles with Diesel engine [21]. Unfortunately they are much
more expensive, but according to unofficial data, cost of purchase is
returned four times faster than internal combustion vehicles.
Alongside „Emil” project arise another project „Emilia”, what
means “Electromobility through induction charging in a car”. The
main goal of “Emilia” project is an electric taxies implementation.
First induction cars should appear on the German market until
2017. e-Golfs research has been last by a middle of 2016. Firstly
cars will be power with 3,7 kW current, than with between 10 and
20 kW current [22]. Induction charging system has encourage
users because of its simplicity. Induction charging cars have not
plants and are equipped with automatic positioning systems and
are much more productive and health safety in contrast to electric
cars with plug-in power [23].
Another project with usage of electromagnetic induction
phenomenon is “E-Bus Berlin”. Since 15th of September 2015
on line 204, which is 6 kilometres long and has 18 bus stops, are
trialling four buses Solaris Urbino 12 electric with PRIMOVE
system by Bombardier company. This project and Brunswick’s are
similar. Berliner buses are charging only on two bus stops and in
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Electromobility expand in really dynamic way. Modern,
economic and environmental friendly solutions are used in
more and more cities. Induction charging system PRIMOVE has
been used not only in Brunswick and Berlin, also in Mannheim
and Belgian Brügge. PRIMOVE batteries powers city railways
in Nanjing in China. Induction system has been used also in
London and Turin [25].
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ABSTRACT
Due to the increasing costs of urban traffic congestion, new trends of consumer behaviour in passenger transportation
may be observed. Among those trends three seem to be particularly significant, i.e. collaborative journeys (as a form of
collaborative consumption), carsharing and helping other road users via mobile apps (as a form of consumer citizenship
behaviour). The theoretic deliberations about the trends have been supplemented by results of direct quantity research
presenting respondents’ opinions about contemporary consumer behaviours.
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1. Introduction
Efficient transport system, as well as convenient communication
becomes important challenges for contemporary cities. They
determine the quality of living perceived by inhabitants and become
an important element of cost accounting including time and money
spent on transport.
The economic value of travel time is the opportunity cost of the
time spent on journey, so the reduction of travel time becomes the
main goal of transport network users. Travel time losses in passenger
transport are frequently observed in crowded cities, which are facing
different types of traffic congestion. According to Deloitte’s research
conducted in 7 Polish metropolitan cities, people travelling by cars
(as individual transport) lost in 2014 in traffic jams 11,5 millions
PLN daily, about 2500 millions PLN per month, which gives about 3
billion PLN per year. A 10% increase may be observed in comparison
to 2010.
New trends in customers’ behaviour which bring a significant
change in the contemporary transport services consumption model
may be the solutions to urban transportation problems. The subject
matter of the paper is the identification and description of these
trends on the basis of literature studies as well as the diagnosis
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of their present and future implementation based on empirical
research in the form of direct quantity research. A survey conducted
among inhabitants of the Silesian region is the method used in the
research. Results allowed for drawing conclusions concerning
the sample consumers’ behaviour as well as forming general
conclusions on the new trends in customers’ behaviour concerning
urban transportation. Identification of further possible aspects of
the research has also been made.

2. Economic effects of the loss
of time in urban passenger
transport
Urban areas with a high population density are burdened with
traffic congestions. Commuting to work or school in the morning
and back home in the afternoon (obligatory transport needs) causes
traffic peaks. Traffic congestion, defined as a situation in which the
demand for the use of infrastructure prevents free movement at the
maximum permitted speed of traffic, is a visible sign of overloaded
networks of urban transportation [13].
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From the economic perspective, time spent in traffic congestion
is not productive, so it is an opportunity cost, alternative to gainful
work, and may be estimated and calculated. Deloitte and Targeo in
a report on traffic congestion in seven metropolitan cities in Poland
[5] presented in March 2015 used two criteria of estimation, i.e.
time lost in congestion (non-monetary criterion - minutes spent
during a workday) and cost of the congestions for drivers (monetary
criterion - percentage of a salary lost due to congestion per year).
Due to the fact that it is impossible to summarize or to compare
these two types of costs, the travel time (a non-monetary cost) had
to be estimated as a monetary value.
In order to estimate the economic value of travel time it is
necessary to make some simplifications. In practice, very often
two sets of valuation are used – working and non-working time.
This division helps to calculate more precisely the value of travel
time as a whole, because travel time spent in the course of work
and outside the work should be estimated differently. The value of
working time can be named as the opportunity cost of that time to
employer that is generally equivalent to the wages of the employee.
However, the type of transport used by the employee should be
taken into consideration. Time spent travelling by train can be
used to perform some work, while time spent in car cannot, so the
value of time spent on journey may not exactly correspond with
the salary of the traveller. The estimation of non-working time is
even more imprecise and difficult, because it is based on revealed
preferences or stated preference analysis which means that real or
hypothetical travellers’ choices between slower, cheaper and faster,
as well as more expensive transport is examined [13].
According to conducted research, people travelling by cars (as
individual transport) lost in 2014 in traffic jams PLN 11,5 million
daily, about PLN 253 million per month, which gives about PLN 3
billion per year. The detailed data is presented in Table 1.
Table 1. Costs of traffic congestion in 2014 and 2010 (in million PLN)[5]
2014
Metropolitan
City

2010

Per day

Per
month

Per
year

Per day

Per
month

Per
year

Warsaw

14,0

308

3 701

15,7

346

4 155

Wroclaw

13,4

295

3 539

10,4

229

2 750

Cracow

12,0

263

3 161

9,6

211

2 528

Poznan

11,5

253

3 030

13,0

286

3 426

Gdansk

9,2

202

2 428

12,4

273

3 278

Lodz

9,1

201

2 408

7,8

172

2 063

Katowice

11,3

248

2 937

8,7

191

2 290

median

11,5

253

3 030

10,4

229

2 750

A comparison made between 2014 and 2010 shows an average
10% increase of estimated costs, although 3cities present a visible
decrease, i.e. Warsaw, Poznan and Gdansk. Nevertheless, the general
conclusion drawn from the report is that drivers either spend more
time in traffic jams or incur higher fuel and opportunity costs for
the period of four years.
Polish metropolitan cities presented in the report are not extreme
case. The world’s most congested cities in peak hours are presented
in Table 2.
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Table 2. Ten most congested cities in the world in 2014 [11]
No

City/ Country

Description

1.

Moscow/ Russia

Peak hour index is 126. This means that
the average 30 minute trip in free flow
conditions takes 68 minutes during peak
hours.

2.

Istanbul/ Turkey

Peak hour traffic index is 108. The average
free flow 30 minute trip takes 62 minutes
during peak hours.

3.

Rio de Janeiro/
Brazil

Peak hour traffic index is 99.5. The average
free flow 30 minute trip takes 60 minutes
due to congestion during peak hours.

4.

Tianjin/ China

Peak hour traffic index is 91. The peak hour
congestion extends a free flow 30 minute
trip to 57 minutes.

5.

Mexico City/
Mexico

Peak hour traffic index is 88.5. The average
free flow 30 minute trip takes 57 minutes
due to congestion.

6.

Hangzhou/ China

Peak period traffic index is 87. The average
30 minute trip in free flow takes 56
minutes during peak hours.

7.

Sao Paolo/ Brazil

Peak hour index is 80.5. The average 30
minute trip in free flow takes 54 minutes
during peak periods.

8.

Chongqing/ China

Peak hour index is 78.5. As a result, a trip
that would take 30 minutes in free flow
conditions takes 54 minutes during peak
hours.

9.

Beijing/ China

Peak hour index is 76.5. A trip that should
take 30 minutes in free flow is likely to take
53 minutes during peak hour.

10.

Brussels/ Belgium

Peak hour index is 75. A trip that would
take 30 minutes at free flow takes 52
minutes in peak hour congestion.

In order to decrease costs of congestion, various solutions may be
undertaken. One is to develop public transport through infrastructure
investments or implementation of multimodal solutions supported
by smart mobility and ICT. Although it is an important option, it will
not be the subject matter of the paper.
New trends of customer behaviour in passenger transport
which will be presented in the following part of the paper are other
solutions that may already be observed.

3. New trends of customer
behaviour in passenger
transport
Collaborative consumption is an emerging social and economic
phenomenon that is fuelled by development in information and
communications technology (ICT), growing consumer awareness,
proliferation of collaborative web communities as well as social
commerce/sharing [2], [9], and [12]. It may be defined as the peerto-peer-based activity of obtaining, giving, or sharing the access to
goods and services, coordinated through community-based online
services [7]. In collaborative lifestyles, people with similar needs
or interests band together to share and exchange less-tangible
assets such as time, space, skills, and money. These exchanges
happen mostly on a local or neighbourhood level, as people share
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working spaces, gardens, or parking spots. Collaborative lifestyle
sharing happens on a global scale, too [2]. Consumers turn to
their social networks in which the participants can be consumers,
providers, or both. Such consumer behaviours may be driven by
enjoyment, economic incentive or reputation, and yet additionally
paired with collaboration. Participating in sharing can be emotional
and rational, utility maximizing behaviour wherein the consumer
replaces exclusive ownership of goods with lower-cost options from
within a collaborative consumption. The service may be a source
of enjoyment and may also enable gaining reputation among
likeminded people.
BlaBlaCar as the world’s largest long-distance ridesharing
community, valued at 1.6 billion USD can be indicated as an example of
collaborative consumption referring to passenger transportation. The
main idea of the initiative is to connect drivers and passengers willing to
travel together between cities, and share the cost of the journey. Members
must register and create a personal online profile, which includes
ratings and reviews by other members, social network verification, and
rate of response. Profiles of members show how much experience they
have of the service, which means that those more experienced, known
as «ambassadors», attract more ride shares. It is also important that
each user›s profile includes comments and recommendations for both
drivers and passengers.
BlaBlaCar was launched in 2008 in France and within 10 years
it has spread into 20 countries, i.e. Brazil, Croatia, Czech Republic,
Germany, Hungary, India, Italy, Mexico, the Netherlands, Poland,
Portugal, Romania, Russia, Serbia, Slovakia, Spain, Turkey, UK and
Ukraine. The service accessible via the web, mobile devices and also
via apps for iOS and Android has exceeded 20 million members in
January 2016 [14].
BlaBlaCar is the best known, but not the only service offering
collaborative journeys. In Poland drivers and passengers may use
other services, like Uber, Otodojazd or Yanosik Autostop [16], but
the idea is very similar – drivers and passengers offer and search for
journeys. After finding a match they contact each other to arrange
all details like costs, meeting points, space for luggage etc. Then they
meet and start their shared car journey as planned.
Another form of collaborative consumption referring to passenger
transportation is carsharing (US) or car clubs (UK), a model of car
rental where people rent cars for short periods of time, often for an
hour. It is attractive to customers who make only occasional use of a
vehicle, as well as others who would like occasional access to a vehicle
of a different type than they use day-to-day.
Carsharing services are available in over a thousand cities in many
countries and offered not only by traditional car rental companies,
but car manufacturers (e.g. Daimler›s Car2Go, BMW›s DriveNow,
Volkswagen›s Quicar), as well as private car owners.
A typical carsharing organization places a network of shareduse vehicles at strategic parking locations throughout a dense
city. Members usually reserve shared-use vehicles in advance. At
the time of the rental, the users gain access to the vehicles, carry
out their trip, and return the vehicles back to the same place they
originally accessed them from (this is also known as a “two-way”
rental because the user is required to rent and return a vehicle to
the same lot during one continuous rental period) [8].
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There is also a “one-way” rental model, called multi-nodal
shared-use vehicle system in which the vehicles are driven among
multiple stations or nodes to travel from one activity centre to
another. Such systems may be located at resorts, recreational areas,
national parks, and corporate and university campuses. A specific
presented shared-use vehicle system model is known as “station
cars”. A fleet of vehicles are deployed at passenger terminals
and stations in metropolitan areas that are used by commuters
primarily on the home – and –work end of a trip. A majority of
these systems have been initiated by rail transit operators seeking
to relieve parking shortages, increase transit ridership and create a
multimodal transport system.
Participants pay a usage fee (typically based on time and mileage)
each time a vehicle is used. The carsharing organization as a whole
maintains the vehicle fleet (including light trucks) throughout
a network of locations, so users in neighbourhoods and business
areas have relatively convenient access to vehicles. Usually there is
also a small monthly subscription fee, a one-time deposit, or both.
Internationally, carsharing organizations are the most prevalent type
of shared-use vehicle system. The vehicles are most often placed in
residential neighbourhoods; less frequently, they are located in
downtown business areas and rural locations [1], [10].
Although the carshare service model has been well established
over the past 15 years, significant growth has been observed in the
market recently. According to Navigant Research, global carsharing
services revenue is expected to grow from $1.1 billion in 2015 to
$6.5 billion in 2024 [15].
Studies on consumer behaviour allow to observe the so-called
“citizenship behaviours”, which may be defined as “voluntary
and discretionary behaviour by individual customer that is not
directly or explicitly expected or rewarded, but that aggregates
into higher service quality, promotes the effective functioning of
service quality and promotes the effective functioning of service,
products and organizations (e.g., helping another customers or
providing suggestions to the service organization)” [6].
Customer citizenship behaviour (CCB) is based on the theory
of social exchange where customer reciprocates positive behaviour
from a sense of personal obligation or gratitude. Among various
dimensions of CCB identified and defined by researchers [3], [4],
[17], one seems to play an important role in the context of customer
behaviour in passenger transport, i.e. helping other customers
while using a mobile app for road navigation (GPS app). Due
to data optimization in real time, users are informed, and inform
other road users about possible traffic difficulties and burdens,
congestions, traffic jams and road works, as well as speed controls,
speed detectors and police patrols. All the information about current
situation observed on the roads is provided by the application
users who build a social network of traffic participants. Especially
information about congestion may allow other car users to avoid
traffic jams and save time and money, which sums up to economic
effects of time loss in urban passenger transport. There are several
apps available in Poland dedicated to road users. Yanosik, Coyote,
RadarStop or AntyRadar are the most popular.
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4. Practical verification of the
new trends in customer
behaviour in urban passenger
transport – direct research
results
The theoretic deliberation is supplemented by results of research
that has been conducted in December 2015 and January 2016 on the
basis of direct quantity research. The method used in the study was
a survey among 241 inhabitants of the Silesian region as subjects of
the research. Table 3 illustrates the sample characteristics.
The research has been conducted on a small and unrepresentative
sample and thus does not allow for drawing any general conclusions.
However, the research in question made it possible to become
familiar with the customers’ opinions and attitudes towards the new
trends in consumption in passenger transport.
Table 3. Sample characteristics [own study]
Categories

Total sample
(%)

Categories

Total sample
(%)

Gender:
female
male

48
52

Professional
activity:
working
not working

63
37

Age:
18 – 24 years
25 – 34 years
35 – 44 years
45 – 54 years
55 – 64 years
65 and more

26
36
19
11
7
1

Education:
elementary
vocational
secondary
higher

3
17
35
45

Majority of survey participants (62%) declare that they own a
car. The respondents were asked to indicate the purposes of using
their car. The answers of the respondents indicate that they use
their cars daily to get to work and back home (89%), they use them
daily for other purposes not connected with the professional work,
like shopping, personal services etc. (63%), and for long distance
journey (53%). The answers of the respondents are presented in
Figure 1.

to work and back home (71%). Only a third of respondents
(29%) would not decide to accept or invite a fellow passenger.
Respondents’ opinions are presented in Figure 2.

Fig. 2. Graphic presentation of respondents’ opinion on their
willingness to accept fellow passengers [own study]

64% of respondents declare they would participate in collaborative
journeys as passengers. The individuals who were open to this form
of passenger transport, either as drivers or as passengers, were mainly
young employed people (aged 18 – 34) with higher education. Only a
quarter of respondents declared they had experience in that area, while
using mostly two on-line services, i.e.: BlaBlaCar or Yanosik Autostop.
Respondents were asked what the reasons for collaborative
journeys were or would be. Both drivers and passengers indicated
the journey costs reduction as the most important factor. Other
people’s behaviour is ranked second and third – pleasure of
travelling in a nice company. Respondents’ opinions are illustrated
in Figure 3. The question had a form of a conjunctive cafeteria, so
answers do not sum up to 100 per cent.
Drivers, who were willing to participate in collaborative journeys,
also declared they would like to be helpful to other people, while
passengers indicated convenience of travel.
Those respondents, who declared they had not participated and
would not participate in future in collaborative journeys indicated
various reasons, which generally focused on two problems, i.e.
security and negative experience of a friend or family members.
Answers like: “lack of security”, “I won’t feel comfortable and safe”,
“I had a negative experience in that field”, and “My friend used this
form of journeys and did not recommend it” were the most common.

Fig. 1. Graphic presentation of respondents’ opinion on the
purposes of car usage [own study]

When asked whether they would be willing to accept fellow
passengers (apart from family members and friends) who have the
same destination, the respondents declared they would take them
occasionally, for long-distance journeys or for everyday journeys
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Fig. 3. Graphic presentation of respondents’ opinions on factors
influencing their willingness to participate in collaborative
journeys [own study]
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The respondents were asked whether they knew the carsharing
concept. From the answers of the subjects it can be indicated that
this concept is rather popular among the respondents. 84% of
respondents declared knowledge of carsharing, but only a third
used this form of transport (Figure 4).

Asked about the reasons for using mobile apps to help other
road users, respondents declare they “get and thus share current and
trustworthy information about traffic”, “information may be relied
on”, and also for the “convenience” and “safety”.

5. Conclusion

Fig. 4. Graphic presentation of respondents’ knowledge and
implementation of carsharing [own study]

Respondents who had declared participating in carsharing were
asked about their reasons. They mainly indicated situations of the
so-called multimodal transportation, i.e. using trains or planes for
long distance journeys and then additionally cars in the carsharing
model. They find this multimodal transportation popular especially
in foreign countries.
Requested to evaluate carsharing as an alternative means of
transportation, the respondents grade it as “good” or “very good”
(54% and 26% respectively). 20% described it as “neither good nor
bad”. The weighted average of responses allowed for qualifying
this evaluation as “good”.
The participants in the survey were asked whether they used
mobile apps enabling using and sharing on-line information about
traffic. The vast majority of them (95%) declared they did, mostly
apps like Yanosik (62%), Coyote (22%) and Rysiek (13%). 5% of the
respondents used traditional navigation devices.
Those who declared on-line participation in social network of road
users, stated that they usually used the app to pave a route (97%), to get
or share information about traffic congestions and other burdens (84%
and 72% respectively). The respondents’ opinions are presented in
Figure 5. The question had a form of a conjunctive cafeteria, so answers
do not sum up to 100 per cent.

Consumers have to face increasing traffic congestion, especially
in big cities. It involves increasing costs of journeys. People travelling
by cars lost about 11 million per day, which gives 3 billion per year in
2014. Car users lose money and time, which may also be presented
in monetary units as an opportunity cost. For these reasons new
trends in consumer behaviours may be observed within the scope of
passenger transportation. As it was stated in the paper, three trends
seem to be particularly significant.
One of them is collaborative journey as a part of collaborative
consumption. People tend to share free space in their cars, invite
fellow passengers or offer their companionship (and money in a
form of co-covering the travel cost). Due to this trend, travellers have
lower costs and fewer cars on roads. This means lower congestion as
well as lower environmental damage.

Another identified and described trend is carsharing as a form
of car rental where people rent cars for short periods of time, often
for hours. It is attractive to customers who make only occasional use
of a vehicle, as well as others who would like occasional access to a
vehicle of a different type than they use day-to-day.

The third trend that was a subject matter of the paper is helping
other consumers as a form of consumer citizenship behaviour.
Road users use and share traffic information on-line, making
social networks of prosumers, which means being information or
service consumer and supplier at the same time.
It needs to be stated that all described trends are supported or
even delivered to the market due to information and communication
technologies and could not appear without them.
According to information obtained in the course of direct
examination conducted among the citizens of the Silesian region,
one of the identified trends seems to be very popular and often
implemented by the respondents, i.e. helping other road users via
mobile apps like Yanosik or others. Vast majority of respondents
declared they had used it. Also many respondents implement
collaborative journeys either as a driver offering a lift or as a fellow
participant (a passenger). Carsharing is occasionally implemented, but
still well known – only 18% of declared using it, but mostly abroad.
The analysis of the collected empirical material allows for pointing at
the existence of new trends of consumption in passenger transportation.
Of course, the study was regional in nature, and the results may not be
generalized. It would be cognitively interesting to make a comparison
of existence of the identified trends in other Polish regions, or even
abroad. This indicates, therefore, the trend of future research on new
trends of consumer behaviour in passenger transportation.

Fig. 5. Graphic presentation of respondents’ opinions about helping
other road users via mobile apps [own study]
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ABSTRACT
Organization technology of moving of wagons in the process of operational service of rail transport plays an essential
role. It is important that the wagons are moved in a compact system or in a distributed system. The article presents
an algorithm for planning the movement of wagons in the compact system. Compact transportation is a form cargo
transportation conducted using compact wagon trains from the station of origin to the destination station. It is pointed
out as well that from the technological side diffuse movement is a more complex process due to the involvement of
significant resources. When building a model of the movement of wagons in the compact system, one should pay
particular attention to both the time and cost of travel. The purpose of organizing compact transportation is among
others ensuring rhythmic delivery of goods, elimination of yard work on the path of train pass, using the maximum
train load, acceleration of wagon rotation..

KEYWORDS: railway transport planning , compact system, wagons rotation, railway operational service

1. Introduction
In practice, the process of planning the movement of loaded
and empty wagons is very complicated. When planning, one should
focus on the efficient execution of the goals set. The plans should
specify steps to achieve the intended purpose. Planning is the
basis for all management functions. Without planning there is no
good management. It is worth noting that the process of planning
of transport processes is one of the most important tasks of the
transport company. Proper planning ensures the ability to achieve
the expected results by the carrier.
Planning the movement of trains on the railway network must be
properly prepared due to the specific factors of traffic management.
This is mainly due to the need to maintain safety. Users of the railway
network are both passenger and freight operators. The entity, whose
duty it is to take care of traffic flow is the infrastructure manager.
Meeting the needs of railway and linking all the elements
together should be aimed at achieving the best possible result with
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the proper use of infrastructure and resources involved in the process
of transport. Such a way of interaction of system components while
the task is performed is called the organization of transport [1].

2. Train movement organization
in literature
The basic processes that make up the process of organizing
transport are planning the timetable and all activities associated
with completing and passing trains. These processes cover activities
starting from a demand for wagons, their consignment, dispatching
and moving to the destination station. The main objective of the
infrastructure manager is to prepare a reasonable timetable.
Reasonable timetable on one hand is supposed to meet the needs
of railway, and on the other hand, the chart of train movement
required for achieving the transport for reported demand Jacyna
and Gołębiowski [2,3].
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Issues concerning the construction of train traffic graphs are
described by many authors, Gołębiowski and Żebrak [4], Jacyna and
Gołębiowski [2], Jacyna [1] Caprara et al. [5]. A major problem is
the occurrence of traffic congestion on the rail network Leszczyński
[6]. The importance of this issue stems from the specificity of
rail transport. Problems when passing through a section of the
railway network will affect the entire organization ofm movement
Wolfenburg [7], Karoń, Skrzypek [8]. Other modes of transport are
more resistant to this type of interference Nowosielski [9], Gajda
[10] Woch [11].
Work on the construction of cyclic timetable of trains lead,
among others, Luthi [12], Serafini and Ukovich [13]. In contrast, the
timetables of trains in a non-cyclical formula - Carey and Lockwood
[14], Corman et al. [15], Oliveira and Smith [16].
Planning for freight trains - Mu, Dessouky [17], they cover
the subject of planning the freight trains moving through complex
networks. Article develops an approach based on optimization of the
planning of freight trains. There are two mathematical formulations
of the problem of moving cars (scheduling) proposed in the article.
Presented algorithms are better than the existing simple greedy
heuristics and heuristic search in the immediate area.

In this regard it is important to plan additional trains on the
network - Cacchiani, Caprara, Toth [18]. The problem is the
planning of IUHLJKW WUDI¿F on the railway network, when both
passenger trains and freight trains are involved. While passenger
trains KDYHD¿[HG schedule, which cannot be changed, operators
of freight trains place additional orders to insert new freight
trains into the plan. For each freight train, the connected train
operator VSHFL¿HV WKH SUHIHUUHG ideal schedule, which can be
PRGL¿HG by an infrastructure manager. Overall, the goal is to
introduce as much new freight trains as possible, by assigning
schedules that are as close as possible to the demand requested.
Simulation models are of great importance in problems
of decision support when planning WKH WUDI¿F on the railway
network. )RUH[DPSOH Marinov, Viegas [19] used a simulation
package SIMUL 8 to model a railway network. The railway
network is divided into railroads, loading points, railway stations,
railway terminals and railway junctions. Components of the rail
network were treated as interconnected queuing systems that
interact with each other. The use of simulation models to drive
the movement of trains was a topic of interest for Wolfenburg
[7, 20].

3. Organizational determinants
for moving wagons on the
railway network
Rail transport plays an important role in the transport of goods,
especially bulk commodities. In the era of market economy, both
rail operators as well as those responsible for the quality of transport
infrastructure must meet the demand of the market and customer
expectations. Transferring cargo by rail is carried out using a
variety of transport technologies. Most often it is a technology
called. compact traffic or dispersed traffic. In the compact transport
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trains are run directly from the station of origin to the destination
station. Dispersed movement is characterized by a more complex
technology of transportation. Transportation is carried out on a
specific railway network, consisting of the stations and railway lines.
Plan of moving loaded and empty wagons is prepared on the basis
of needs for transport, submitted by the buyers of transport services.
In the current market conditions, it is customers who are
active participants in the transport process, submitting needs for
quality and quantity of wagons, the date of origin, place of origin
and destination. Unfortunately, it is not always the situation that
customer requirements are adequate for the operational capacity
of the carrier. Responding to the needs of customers, the carrier
must balance resources to be able to meet their expectations. The
carrier must prepare a process operating with full knowledge of
the consequences that come with changing customer expectations.
Therefore, there is a need to coordinate the reported demand for
transport with the available resources in wagon stock.
In the Act on railway transport the activities that constitute the
management of railway infrastructure were defined, namely [21]:
tconstruction and maintenance of railway infrastructure;
toperation of the train on the railway lines
tmaintaining railway infrastructure in a condition for safe
operation of the railway;
tsharing train paths for trains on the railway lines and the
related services;
tmanagement of real estate belonging to the railway
infrastructure.

Under Regulation [22], a rail carrier should be able to obtain
from the regulations published by the infrastructure manager
an information about both the organizational and movement
conditions.
In terms of organizational conditions this information applies
e.g. to: manager contact data, the mode of communication between
the carrier and the infrastructure manager, as well as the manager’s
internal rules, which will apply to the carrier in the preparation and
functioning of a timetable. In addition, that information should
take into account the means for notification of changing technical
and operational parameters of railway lines, on which train paths
have been allocated. This applies above all to limitations associated
with construction, introduced speed limits, improper operation
of railway traffic control devices, communication methods and
equipment monitoring and diagnosing the rolling stock. In addition,
the information may contain the terms and conditions for making
changes in the timetable and rules of conduct in case of difficulties
in establishing international train routes.
However, in the case of movement conditions the information
relates to: detailed specification of the services provided by
sharing the rail infrastructure, the requirements and conditions
for rolling stock, personnel and organization of routes. This
information allows the carrier to adapt the parameters of the
rolling stock (wagons and locomotives) to the requirements of the
infrastructure manager. Requirements for personnel are aimed to
prevent accidents and contribute to the improvement of traffic
safety. In addition, information on the movement conditions apply
to proceedings in case of overflowing a section of infrastructure and
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restrictions on the use of the railway infrastructure. Information
about specific technical and organizational requirements related to
railway infrastructure provided by the manager is also important
in this case.

capacity of siding, etc.) the transportation starts directly from the
load point of sender and arrive directly at the point of receiving by
the recipient. In this case, the situation can be described as transport
from one sender to one recipient.

The above-mentioned information allows the carrier to take
into account the requirements of the infrastructure manager.
The carrier builds a freight plan on the basis of the demand for
transport placed by customers including the above-mentioned

4.2. Selected variants of transporting loaded
and empty wagons in compact transport
system

requirements.

4. The algorithm for moving cars
in compact traffic
4.1. Assumptions for constructing the
algorithm of moving loaded and empty
wagons
To map the relevant parameters from the point of view of
the construction of the algorithm and its use in the next stage,
which is a functioning computer application, the information on
the implementation of the whole process of moving wagons on
the railway network is important. Each process has a beginning
and an end, that is, there is an impulse to the process for starting
and ending the process. The initial event is converted to an output
event with the use of resources, according to the principles, rules
and procedures.
It is assumed that in the beginning of the process there is
cumulative demand for transportation, provided by the customer.
Undoubtedly, one should take into account various types of
interference of the process and the data for previously mentioned
organizational and movement conditions. Fig. 1 shows schematically
the elements of the model.
Because in the course of the transport process all kinds of
interference may occur (e.g. stoppages of trains on the railway
routes), the model assumes the ability to record these events, defined
as interference. They affect the results of the calculation.

Transport technology plays a crucial role in the process of
operational service. It is important that the wagons are moved in a
compact or dispersed system.
The article considers a situation when loaded wagons are
moved in a compact system technology. Empty cars can remain at
the station or there may be a need to bring them in the compact
system. These are the most desirable variants in terms of cost.

Fig. 2. Variability used for organizing transport [own study]

ZNP - the demand for loaded wagons submitted by customers
Variant I

Empty wagons are located at the station at the time when
demand is submitted There is justification for freight being
conducted in the compact system. A large number of loaded
wagons in one transport route.

Fig. 1. Schematic diagram of the optimization of movement of
loaded and empty wagons on the network [own study]

Compact transport means that the cargo is carried by a uniform
wagon set from the station of origin to the destination station. With
appropriate equipment of cargo loading stations for cargo sender
and receiver (the appropriate length of siding track, adequate
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Fig. 3. Compact movement - demand covered with wagons which
are empty at the station of origin [own study]

In this variant, the cost of movement of empty wagons for
loading is zero. There are only the costs of moving wagons loaded
in a compact train. This technology is characteristic for seaports.
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Variant II
No empty wagons at the station at the time when demand is
submitted There is justification for freight being conducted in the
compact system and it is possible to request the empty wagons for
these services in a compact system.

origin, destination station, the number of wagons, a series of wagons,
the customer, the type of goods. In the course of fulfilling the plan,
customers also make adjustments to previous requirements.
Train maintenance during compact transport does not take
place in marshalling and maneuvering stations. Compact transport
is carried out with little maneuvering effort.
At the station of origin the train is prepared to leave. There are also
cases of compact transport directly from the sender to the recipient’s
point of load. In this case, the maneuvering job is eliminated. Only
work associated with the movement of the train is performed.
Compact shipments with fixed load and length of trains shall not
be dispersed on the road from the station of origin to the unloading
station. Upon arrival to the destination station and being examined
technically and commercially processed, the train is placed in whole
or in part to the recipient’s delivery-receiving tracks.

Fig. 4. Compact movement – demand covered by empty trains
outside of the station of origin [own study]

That variant is the most beneficial when it comes to the total
cost of providing the service, in case there is a need to provide
empty wagons for the demand. The total cost consists of the costs
of moving empty wagons in a compact system to be loaded plus
the cost of moving loaded wagons in a compact system. This
technology is characteristic for big customers reporting high
demand for transport, stations in the areas where many compact
trains arrive - in the area of large businesses receiving goods, e.g.
power plants.

4.3. Algorithm for moving cars in a compact
system
The aim of organizing the compact service is not only to
ensure the rhythmic delivery of goods and the elimination of yard
work on the road where the train passes, but also maximum load
of trains and accelerating the rotation of wagons.
A characteristic feature of these operations is the fact that
the entire service is carried out by one train, generally using one
means of traction, without the need for costly jogging operations at
intermediate stations. This transport system will also improve the
quality, speed up delivery time, increasing the safety of shipping – it
is therefore the most effective form of realization of freight, and thus
the most desirable from the point of view of both the carrier and the
customer. Maximizing the transport because of its characteristics is
the most desirable objective in terms of operational activities.
The condition for its implementation is, however, knowledge
of customer needs and full adjustment of available resources,
mainly wagons and locomotives. So it is necessary to plan them
correctly - to determine the grid of trains, meaning the number
of train routes, their relations and the timing in such a way as
to adjust the transport plan to the greatest possible extent to the
expectations of customers. However, the planning of this type of
transport is difficult for the carrier due to significant fluctuations
over time in the freight volume, and the irregularity in different
days of the week.
The customer placing demand for transport should give the
order details in advance: the date and time of loading, station of
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Fig. 5. Algorithm for organization of transport – compact transport
[own study]

Service points maintenance is carried in accordance with the
siding agreements, that determine the frequency of use as well as
hours of operation. In terms of technology, maintenance of service
points involves placing and taking away wagons to and from the
point of delivery-receiving, which may be located in the station
or customer’s siding. In figure no. 5 an algorithm for organizing
the compact transport has been presented. Red color highlights
features of the transport process included in the algorithm of
transport in domestic and compact technology. The following
assumptions were made:
tstations of origin and destination on the territory of Poland,
ttransportation implemented without jog on the route, given
the train at the station of origin is routed to the destination
station by the shortest route. The shortest way is the critical
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path in terms of cost minimization. The route consists of
individual sections of the infrastructure.
tin the case of trains with wagons owned by the carrier, the
empty wagons are provided by the carrier.
tin the case of trains with private wagons, the owner provides
the wagons.
tin the case of large and regular transport demand in one
relationship wagons run in shuttle traffic (without separation)
in one route (loaded in one direction and empty in the other,
prepared for loading).

5. Conclusion
Transferring cargo by rail is carried out using a variety of
transport technologies (compact and dispersed traffic). In the case
of the demand for transport in compact technology (the need to
use a large number of wagons), the movement of empty wagons
in order to meet the needs of transport usually takes place in the
same technology. Compact transport - both for the movement of
goods and empty wagons - means that it is carried out without
performing the jog on route. In the compact transport trains are
run directly from the station of origin to the destination station. The
compact technology is the most popular freight technology - over
80% of all transportation. This is mainly due to cost calculation and
diminishing railway network. Compact technology in terms of costs
definitely wins against dispersed transport.
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ABSTRACT
“Project management” is understood as implementing correlated activities to achieve defined goal. In 2014, KZK
GOP undertook steps aimed at starting the project preparation for „Intelligent Traffic Management System in the
area covered by KZK GOP”. The paper will discuss the steps taken by KZK GOP in order to prepare the project on
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1. Management of projects –
general remarks
The notion of project is derived from the Latin proiectus, which
entails ”leaning forward”, interpreted also as an idea, intention, or
plan, referring its essence to achieving the desired future state. By a
“project” we refer to an undertaking, which has the aim of achieving
a specific, previously defined product. Projects concern various
fields of activity and may be of different types – for ex ample they
may refer to organizational issues, management process, capital,
manufacturing, or infrastructure [4]. Literature is full of definitions
of the notion of ”project”, it seems – however – that its sense may
boil down to saying that it is a sequence of unique, complex, and
interrelated activities, the execution of which aims at achieving a
specific, transparent, unique, and measurable aim [1].
The notion of project, understood as a process, is linked with the
function of management. Project management is defined as a set of

32

logically arranged activities connected with planning, organization,
motivating, and control. It is an activity conducted across many
platforms, requiring a broad view, as it concerns such areas as aim,
time, budget, quality, risk, human resources, knowledge [2].
Projects are characterized by a specific organizational structure,
which enables separating them from the basic activity of the
organization. Experience show that such ”pushing outside” of project
execution often makes the achievement of desired effects impossible.
Project management requires a soup-to-nuts attitude to the subject
and its environment. Such tasks are most efficiently executed by
teams, which contain employees who are knowledgeable about
the organization and the reality of its functioning, strengthened
by adding external entities that possess particular knowledge of a
specific range of topics [3]. Project management is the art of skillful
use of available resources, in order to achieve the results required,
in compliance with the agreed standard, in determined time frame,
and in specific environment. That process must take into account
the issues concerning organization, legal matters, communication,

© Copyright by PSTT , All rights reserved. 2016

A. MERCIK

technical aspects, at the same time it should proceed smoothly in
different fields of management [2].
Project management in its classical form contains 4 phases:
1. initiation of the project (concept),
2. planning (organization) of the project,
3. implementation (execution) of the undertaking,
4. closing of project (maintenance of products and assessment
of results achieved).
The scope of each chase depends upon the kind and size of
project. It may happen that the initiation and planning phases will
be carried out jointly.

2. Project preparation phase in
theory
In classical project management theories, the characteristic
thing is that pre-implementation activities comprise two stages:
1. project initiation – focusing on the impulse that begins the
work on project preparation;
2. project planning – aiming at development the framework for
undertaking execution, which are results of multi-aspect analyses of implementation conditions [4].
Project preparation consists of defining the need and availability
of resources that allow its execution, as well as making the decision
concerning commencement of work upon its implementation.
That is the stage for analysing such issues as defining quantifiable
project implementation goals, resulting from the performed
analysis of problems, indication of budget, time frame, as well
as eligible human resources, definition of project stakeholders,
way of management, solution of optimal project implementation,
definition and analysis of project implementation risks, assessment
of project implementation consequences, for both the subject and
its environment [5].
In accordance with PRINCE2 methodology [3], being among
the leading ones, as regards governance of projects, launching of
project preparation work depends on the occurrence of a substantial
business need, while taking the decision on permitting to start
project execution requires obtaining basic information. Project
preparation is the first process, while launching Project execution
may be referred to only after getting permission for project
initiation. The project preparation process assumes the existence
of information that explains the reasons why the project is to be
executed, and describing the expected result of the project. At that
stage, the main issues that ensure further procedures are decided
– the project team starts to be formed, its work gets organized,
project targets, project implementation formula, also further stages
of execution are planned. An important issue is the preparation of
project targets, which will be transformed into formal requirements
concerning the project. Those, in turn, will be reflected in the
decision to initiate the project, its business justification, and project
plans, among others [3].
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3. Preparation of the project
entitled ”Intelligent Traffic
Management System in the
KZK GOP area of activity”
Municipal Transport Union of the Upper Silesian Industrial
District (Komunikacyjny Związek Komunalny Górnośląskiego
Okręgu Przemysłowego – KZK GOP) is an entity responsible
for organization and management of public transport in 29
municipalities, located in the central part of the Province of
Silesia. In accordance with the articles of association, one of the
tasks of the union is to initiate and coordinate undertakings
related to traffic management and parking in cities. [10]
In connection with launching a new programming period for EU
funds, and necessity of developing an Integrated Territorial Investment
Strategy, KZK GOP – in agreement with 81 municipalities of the
Central Sub-region of the Province of Silesia – in 2013 commenced
to prepare documents necessary for being able to use new EU
development policy tools. In the course of work performed, among
the identified important tasks, whose execution is indispensable
for efficient use of the existing transport infrastructure and proper
organization of public passenger transport, is the implementation
of integrated traffic management system in the KZK GOP area of
activity. On the basis of the diagnosis made in Integrated Territorial
Investment Strategy, KZK GOP came up with the proposal of
executing a project entitled “Intelligent Traffic Management System
in the KZK GOP area of activity (ITS KZK GOP)”. Due to the value,
scope, and integrating role of the undertaking, it has been decided
that the project will be proposed as a project complementary to the
Operational Programme Infrastructure and Environment for the
years 2014-2020. By virtue of the enactment of the Management
Board of Union of Communities and Counties (Związek Gmin
i Powiatów) of the Central Sub-region of the Province of Silesia,
No. 3/2015, of 17.02.2015 the project entitled “Intelligent Traffic
Management System in the KZK GOP area of activity” has been
qualified as a stand-by task. [9]
On May 6, 2014, the Management Board of KZK GOP
adopted resolution No. 45/2014 on conducting work related to
the implementation of Intelligent Traffic Management System in
the KZK GOP area of activity. That resolution became the formal
impulse to start work to prepare the project. It has been decided that
preparatory work would be divided into the following tasks:
tdevelopment of a concept and architecture of intelligent
traffic management system in the KZK GOP area of activity
(including the public procurement procedure for task
execution);
tsocial consultations of the system concept and architecture;
tdevelopment of methodology and detailed concept for
conducting traffic measurements, and the way of developing
the traffic model in the KZK GOP area of activity (including
the public procurement procedure for task execution);
tconducting traffic measurements, and developing the traffic
model for the project (including the public procurement
procedure for task execution);
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tpreparation of the Functional Plan, which will be used for
preparation of the Feasibility Study of the Project, as well
as functional-utility program which specifies the subject of
order for undertaking execution;
tpreparation of the application for co-financing of the project
from EU funds, in line with the conditions for call for proposals
(application for co-financing, feasibility study, functionalutility program) – including the public procurement procedure
for execution;
tmaking the application for co-financing, its verification, and
conclusion of contract for financing of the project;
texecution of the public procurement procedure to select the
contractor for the system.
Taking into account the expected scope and range of the
project, its implementation will commerce not earlier than in
2018. Thus, the project preparation stage shall take about 4 years.
It is estimated that the costs of documentation indispensable for
its implementation may amount to as much as 4 000 000 Polish
zloty, while the most expensive item will be traffic measurements
and preparation of traffic model (in the most extended variant e –
3 500 000 Polish zloty). [8]
Around the end of 2014 the public contract awarding procedure
for ”Development of concept and architecture of the Intelligent
Traffic Management System in the KZK GOP area of activity”. On
04.02.2015 the contract with Śląska Sieć Metropolitalna Sp. z o. o.,
in Gliwice was signed. The contractor submitted the final version of
the document on September 4, 2015. In December 2015 the work
concerning concept and architecture of the system was completed.
The prepared documentation was referred for social consultations,
and the Management Board of the Union accepted the results of
consultations, together with recommendations concerning taking
into account the remarks made [6].
On August 25, 2015 the contract with Silesian Technical
University – Faculty of Transport was concluded, the contractor
developed methodology and detailed concept for conducting traffic
measurements, and the way of developing the traffic model in the
KZK GOP area of activity. In last January and early February of
2016, the decision was made concerning commissioning the results
of work on methodology [7].
At present, discussions are under way with the Union of
Communities and Counties (Związek Gmin i Powiatów) of the
Central Sub-region of the Province of Silesia; the subject matter
of those discussions is granting licence for the use of methodology
commissioned by KZK GOP, in order to prepare a transport study
for the sub-region, which will include traffic measurements, and
development of the traffic model. The activities conducted have the
aim of optimizing the preparation costs of project documentation.
They will also simplify the use of collected data, not only for the
needs of KZK GOP project preparation, but also for other tasks
prepared for execution by the municipalities of the sub-region.

4. Conclusion

process, which precedes the decision concerning project execution,
modification of its scope, or giving up its implementation. This is
the stage during which issues are decided, as regards the choice
of the most advantageous implementation variant, organization of
implementation management, assessment of the influence upon
the financial condition of the organization, as well as its influence
upon the environment. The project plan must contain an analysis
of potential risks, so that it is possible to react effectively to
obstacles that may occur during execution. Expenditures and the
time devoted to project preparation should be adequate not only
to the size and complexity of the task, but also to the perspective
of the goal to be attained.
KZK GOP, making efforts to prepare the project entitled
”Intelligent Traffic Management System in the KZK GOP area
of activity” indicated that its implementation will influence the
development and better use of low emission urban transport in
providing services for inhabitants of municipalities that make up
the Transport Union, as a result of enhanced transport effectiveness
and efficiency. The project execution will be of key importance for
economic development of the central sub-region of the Province
of Silesia, mobility of inhabitants, as well as competitiveness of
entities that function in its area. Implementation of a cohesive
traffic management system in the KZK GOP area of activity is
indispensable, regardless the possibilities of obtaining co-financing
from external sources, while the project will – to a large extent –
depend upon the quality of documents developed during the
preparatory stage.
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ABSTRACT
A particular example that illustrates the application of telematics is modern transport. The transport telematics
covers the systems, which allow, due to the transmission of data and their analysis, to influence the behaviour of the
traffic participants or the operation of the technical elements in the vehicles, relatively during the travel.
The development of the field of intelligent transport (ITS) aims at increase in safety and comfort of travel. The
protection against the results of accidents can be aided by the development of technology in a discipline of automotive
telematics. The purpose of this work is to introduce the technological novelties regarding the transport safety that
are present on the market or about to be introduced.
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1. Introduction
Presently, in times of huge technological and scientific development
there is a lot disciplines in the world that this development can be
seen very clearly. One of them is definitely the field of information
technology and telecommunication - called telematics.
A particular example that illustrates the application of telematics
is modern transport. The transport telematics covers the systems,
which allow, due to the transmission of data and their analysis, to
influence the behaviour of the traffic participants or the operation
of the technical elements in the vehicles, relatively during the travel.
The development of the field of intelligent transport (ITS) aims
at increase in safety and comfort of travel. The road safety deals with
decreasing the consequences of road collisions by the development
and introduction of miscellaneous, multidisciplinary management
systems. Very often cause of accidents is reckless driving,
lack of imagination and common sense of the traffic participants,
recklessness of pedestrians but also the intoxication of drivers.
The protection against the results of accidents can be aided by the
development of technology in a discipline of automotive telematics.
The European Union introduces the guidelines regarding the
rad safety, which aim at limiting the number of accidents on the
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roads. The particular actions that are supposed to help to archive
the aim introduced by the EU are, among others, the development
of systems protecting the health and life in the vehicles and
ensuring its availability on the market, as well as the construction
and maintenance of the road infrastructure safety devices.
The purpose of this work is to introduce the technological
novelties regarding the transport safety that are present on the market
or about to be introduced.

2. Intelligent Transport Systems
(vehicle)
Nowadays, the modern technologies are the subject of interest
of science and automotive industry. The scientists develop and the
car manufacturers introduce more and more modern systems that
allow to increase the comfort and safety of travel. The Advanced
Driver Assistance Systems are designed for the safety of travel and
to increase the safety on the road.
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2.1. Anti-lock Braking System
The ABS system was first introduced in cars in the 1970s. It
prevents the wheels from blocking as a result of automatic change
in the braking pressure in a situation when the driver presses the
breaking pedal strongly. On the slippery pavement, where the
friction between the road surface and the tyre is low the wheels
can block easily, which causes to lose control over the vehicle. The
system allows the driver to remain control over the vehicle and in
most cases manage to stop the car in short distance, by not letting
the wheels to block.
Standard ABS system consists of the circuit that controls the
rotational speed of each wheel and the circuits that deliberately
decrease the pressure in each breaking section, and in more
expanded systems, in each wheel. The ABS system detects the
sudden decrease in rotational speed of each wheel and lowers the
pressure force of the particular break to the point, when it detects
the acceleration again
It is worth mentioning that the ABS system has a significant
meaning in the sets composed of many vehicles, e.g. a car with a
trailer, or a truck-tractor with a trailer. In case of those vehicles,
when the second part loses the grip it usually begins to move
crosswise to the travel direction and eventually it may cause the
whole vehicle to overturn.

and if the road is vacant and the driver wishes it, the speed will
be adjusted to the previously selected value. The next step is to
integrate the ACC sensor and the short range sensor, which will
allow to automate the process of approaching. Thanks to the
systematic development of radar technology and the electronic
circuits the ACC system will be less expensive and in the future it
will be available in middle class vehicles.

Fig. 2. The ACC system graphical presentation [4]

2.3. Forward Collision Warning
The warning system may prevent from hitting the back of the
preceding vehicle or minimise the results of that kind of collision.
The radar constantly „scans” the area in front of the vehicle. If the
car approaches too close to another vehicle, the driver is informed
of that fact by audio and visual signals. If the risk of collision
increases despite the warnings, the breaks are being initially
prepared to effective breaking action by the driver. If the collision
is highly probable and the driver still does not react, the car
automatically engages the breaks in order to decrease the damage
effects. There are differences in the level of breaking assistance
depending of different types of vehicles.

Fig. 1. Principle of operation of the ABS system [3]

2.2. Adaptive Cruise Control
Many drivers intuitively use the adaptive speed regulation on
the empty roads, however, in the past years the traffic congestion
have increased and a new solutions have been searched for. Adaptive
Cruise Control (ACC) helps to maintain not only the same speed,
but also the distance between the vehicles. Constant accelerating and
breaking in the condition of the lack of road traffic smoothness or
while driving in a dense traffic on the road is a tiresome experience,
for which the preceding vehicle distance control system is perfect
solution. The system monitors the movements of the preceding
vehicle by utilising the sensors at the front of the car. Even if the
car in front suddenly slows down and then accelerates the ACC
system maintains the constant distance between the vehicles. It is
beneficiary to the driver, as t lowers their stress level and increases
the sense of safety.
The development of the system assumes to prepare it for the
traffic jam conditions. The vehicle could be stopped completely
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Fig. 3. An example of FCW system operation [5]

The fundamental part of the system, which retains the safe
distance from the proceeding vehicle is the radar.
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decision about the turn must be made quickly. The information on
such curves is uploaded from digital road maps. Combining those
information with the external factors, such as weather conditions
and maximal recommended speed on the curve allows to warn
the driver when the approaching the curve with higher speed by
preparing the safety systems in the vehicle and successful breaking.
The results of the CSW system can be improved by linking it with
the rain sensors or the Lane Departure Warning System (LDW),
as well as with the system that adjusts the lights at night to the
outside conditions.
Fig. 4. The warning system radar [6]

2.4. Lane Departure Warning System
Lane Departure Warning System is a mechanism that helps the
driver maintain the position on the lane. The warning happens via
audio signal or vibration on the steering wheel when the vehicle
leaves its lane. It was designed to reduce the cause of accidents
such as driver’s sleepiness or distraction. Additionally, linked with
this system is Lane Keeping System, which slightly operates and
by intervening into the steering system corrects the vehicle course.
The car with the LDW is equipped with a camera placed in the
frame of the rear view mirror. The image from it is sent to the
computer, which analyses it constantly and checks if the vehicle
is still driving between the lines that define the road lane. If the
driver does not use the indicators and the car begins to cross the
lane, the system will react.
The system does not work on the city roads, crowded streets
(under the allowed speed) in order not to distract the driver with
unnecessary warning signals. It recognises most of the lines - both
white lines and yellow, continuous and dashed lines. If there are
no markings on the road or the system is not able to recognise
them correctly (e.g. during the road renovation) it will not operate
appropriately. Massive falls of rain, snow or traveling on mud or
unpaved roads may also cause the system to malfunction. It was
designed mainly for motorways and long straight roads.

Fig. 6. An example of Curve Speed Warning system operation [8]

2.6. Blind Spot Detection System
The Blind Spot Detection System is a system that through the
number of sensors monitors the area behind and around the
car. It warns the driver who intends to overtake and the car that
is traveling behind them is in the so-called „blind spot”. The blind
spot detecting systems or lane change assistance constantly monitor
the blind spots on both sides of the car, and they are used before
the overtaking or lane change maneuverers, when the driver sees
in their mirror that the lane is vacant and suddenly there is a car
moving from behind present in the field of sight. Such situations
occur often in the city traffic, leading to accidents if the car was
missed due to the blind spot. When the indicator is turned on to
show the intent of changing the lane and in that particular time such
maneuverer is dangerous, those systems warn the driver about the
danger by signalling visually and by slight steering wheel vibrations.

Fig. 5. An example of Lane Departure Warning System application [7]

2.5. Curve Speed Warning
The technology was developed to help the driver in potentially
dangerous situation, when the road curves too rapidly and the
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Fig. 7. Visualisation of the BSD system operation [9]
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Fig. 8. An icon warning about the danger [9]

2.7. Night View Assistant
The Night View system increases the visibility during the night
travelling and contributes to major improvement of travelling in the
dark. The risk of sustaining serious damages due to car accidents
after dark and at night is significantly higher than during the day.
The system image operates with the shades of grey and is
extremely real. It spots the “cold” objects such as stones, the cargo
elements left on the road and the “warm” objects such as people and
animals, which allows for appropriately quick reaction of the driver.
Fig. 10. The ILS equipped lamps operation [9]

2.9. Speed Limit Monitoring
The speed limit system utilises a camera placed in the Lane
Departure Warning System and and by detecting the speed limit
signs it displays them on the dashboard screen.

Fig. 9. The system display [10]

2.8. Intelligent Light System
The optimal visibility is and always will be the most important
issue. The innovation in this field turned out to be the adaptive
Intelligent Light System. It is a system that automatically adjusts to
the current road conditions by controlling the headlights, ensuring
the optimal illumination of the road. The system is equipped with
a bend lighting and active lighting functions, as well as modern,
upgraded fog lamps. The system allows to obtain separate streams
of light, adjusting to the road and weather conditions.
Apart from those application the ILS has one more function. It
changes the driving beam to dipped beam for the driver. It detects
the vehicle approaching from the front or travelling in front and
adjusts the lights to not blind other drivers.

38

Fig. 11. Speed Limit Monitoring system operation [11]

2.10. Potential Collision Detection System
The collision detection system helps the driver during the
approach to a junction. There is an option of warning the driver
about the pedestrians around the corner (not visible) of the junction
by the voice massages or displays on the screen. It is possible because
the on-board computer can detect the data transmitted via GPS
(Global Positioning System) in the pedestrian smartphone and send
them to the navigation system in the car. The system helps the driver
to take precaution and to drive safely. Apart from warning the driver
the system can also initially prepare the vehicle to “possible” event.

© Copyright by PSTT , All rights reserved. 2016

J. MIKULSKI, A. KALAŠOVÁ

2.12. eCall system

Fig. 12. The presentation of Potential Collision Detection system
operation [12]

The eCall system can automatically alert the appropriate
services in case of an accident. Such alert may be done manually
or automatically through the sensors, which are being turned on
after the accident occurred. The system also directly connects
with the 112, sending the most important massages, such as time
and place of the accident and the description of the vehicle that
participated in it.
The eCall system consists of elements that are visible for the
driver and the ones that are installed outside. The visible element is
the panel with the alert buttons. One of the elements included in the
device is the GPS navigation and the loudspeaker set. However, the
most important element, which saves human lives, is the accident
sensor that the car will „help” in the situation when the driver and
the passengers are not able to call for help on their own.

2.11. Electronic Stability Program
ESP is an electronic program that stabilises the ride. The
stabilisation system is a system that detects the diversions from
the trajectory and changing travel direction. It allows to prevent
from an accident that may happen due to inadequate judgement of
the road situation, carrying out a sudden maneuverer or slippery
surface. In such cases the vehicle often loses the grip and begins
to skid. The driver is not able to react quickly enough or turns the
wheel too rapidly and the vehicle spins around.
The main task of the system is to prevent the vehicle form
skidding while passing a curve. The system operates in a manner
that on each wheel there is a sensor, which tests the revolution
speed of the particular wheel and compares it with the revolution
speeds of other wheels. Thanks to that solution the system
accurately detects all diversions from the selected trajectory
and, if needed, it breaks the individual wheels to stabilise it. The
ESP system is a combination of many solutions taken from other
systems, including: electronic control of brake force distribution
between axles, the torque control system, ABS, traction control
system - ASR as well as, in some cases, also the ABS system that
supports full use of the brakes in particularly dangerous situations.
ESP uses sensors intended for the mentioned systems.

Fig. 13. The ESP system demonstration [13]
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Fig. 14. The eCall button [14]

The eCall system is one of the elements included in the
Intelligent Car project. The system has not yet been incorporated,
as it is connected with massive costs. Those costs apply to the car
manufacturers but mainly to the equipment of the rescue centres,
which need to be equipped with the system that would allow to
service the calls made by the eCall system.

Fig. 15. The eCall system operation cycle [15]
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2.12. Gear Shift Indicator
This system helps the driver to maintain the composed driving
style, at the same time allowing to save the fuel and economical
driving. The operation of this system is based on the visual indication
of the moment in which the gear shift is necessary. All the information
needed for the system to function are supplied by the engine control
unit. By the GSI system the driver using manual transmission is
informed when to change the gear to higher or lower.

2.13. Driver’s Fatigue Monitoring System (DFMS)
The older DFMS system is the driver’s attention assistant. This
system evaluates the driving style during the travel. The innovative
thing is that it does not analyse the driver’s behaviour only in the
dangerous moments, but also during normal travel.

Fig. 16. An announcement suggesting a break to rest [9]

The indicator for the generation of the announcement is the
time and duration of the travel. The system attempts to analyse
a group of factors, from turning the steering wheel that has a
special turning angle sensor installed, using pedals to longitudinal
and lateral acceleration. If the driver’s reactions derivate from
the standards programmed in the system, the information about
suggested break to rest is sent to the gages. The key factor when
it comes to fatigue is the manner of maintaining the driving
trajectory while the driver with signs of fatigue is turning the
steering wheel. In connection with the analysis of roadway quality,
side wind or the indicator usage the actual physical state of the
driver is created.
The newest DFMS systems operate in real time, testing the
physical and mental state of the driver based on driver’s face image
processing. The system sensors can detect the fatigue or distraction
based on the blinking frequency, looking directions, yawning and
head movements. The driver’s face monitoring systems can be
divided into two categories:
tThe first category includes the systems which monitor only
the eyes area. Most of the DFMS systems studies is conducted
on the eyes area monitoring systems only, due to a believe
that the main signs of fatigue and distraction are presented
in the eyes area. The “processing” of the eye area instead of
the whole face is less complicated. There are also systems that
detect the distraction and fatigue on the whole face of driver.

Fig. 17. Arrangement of sensors on the vehicle with a sample video
image [17]

tThe second category of Driving Monitoring systems are
currently tested systems, where the source of information
on the driver’s condition are the physiological signals - EEG
(electroencephalogram) or EKG (electrocardiogram). The
systems based on the bioelectrical signals are one of the most
reliable and accurate systems for detection of fatigue or falling
asleep behind the wheel. Those systems are able to supervise
the driver constantly in real time, however, in case of the
systems based on the vehicle location and the face detection the
sensor detects the abnormal signs after they actually occurred,
thus, the detection and the reaction of the system are only a few
seconds before they might happen.

3. Conclusion
The article discusses the topics connected with the safety on the
roads and the technologies allowing for its improvement. It included
the technological novelties that are suggested and incorporated in
the modern vehicles for the purpose of improvement in convenience
of travel, its safety and the facilities connected with participation in
the traffic.
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ABSTRACT
In the modern economy we may observe a very rapid development of telematics systems. The authors of this paper
present a mathematical model facilitating determination of telematics system’s reliability in internal transport on a
production line of a selected enterprise. Due to the fact that the transportation telematics system operates in the areas
of determinist and indeterminist (uncertain, of incomplete fuzzy observation) environments, a model combining
the Bayes classifier with fuzzy sets has been proposed. Moreover, in this paper the authors indicate a possibility of
adjusting the model to other telematics systems used in a variety of sectors of the economy. As the telematics systems
operate in determinist and indeterminist areas, and the system’s reliability depends on all of its symptoms, therefore
a combination of these two theories was essential to be able to describe a risk of their operation.

KEYWORDS: intelligent transport system, development of telematics systems

1. Introduction
Telematics systems in internal transport on the production
line represent a huge challenge to their designers. First of all, such
a system has to meet high requirements in respect of reliability.
Each system error may lead to costly shutdowns of the whole
production line. In production halls there occur various complex
logistics processes. An efficiently operating telematics system affects
timeliness of completion of individual operations and the company’s
profit. Efficiency and fluidity of transport of raw materials,
intermediates and finished products in a production line is essential.
In the event of mass production, quality and reliability of the above
mentioned system are crucial. A telematics system in a production
line is based on a number of installations, defined equipment and
transportation systems. The whole structure is controlled by the
use of IT technologies. A telematics system represents equipment
i.e. crosses, lifts, belt conveyors, roll or chain conveyors, turntables,
transport trucks. Each of these elements represents an important
link, an object in the system’s integrity. Damage to one of the
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elements may stop the whole production line. It may also happen
that damaging one element only decreases the system’s efficiency.
In particular, in automatic transport lines reliability is of crucial
importance as in such systems the human factor is minimized. The
operation of transport systems in production lines may rely on
OPC DA and OPC UA standards which will facilitate full access to
necessary information on the status of the equipment in real time.
Elements of the telematics system in production lines include PLC
Controllers, RTU modules, SCADA Systems, recorders, counters
etc. Erroneous generation of information by one of the links affects
quality of the remaining components of the system,. Therefore the
authors present a model of evaluation of reliability in a local but
also global aspect of the system. The model proposed here combines
the Bayes model with a fuzzy function of resistance. Fuzzy sets are
applied here for describing unprecise and incomplete data.
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Considering decompositions (distribution) of suitability of
all objects of the telematics system it is possible to perform their
aggregation to the combined decomposition (distribution) of the
suitability of the whole telematics system thus obtaining a new
base decomposition (distribution) m according to the rule [4,5]

2. Mathematical description of
a task of evaluation of the
telematics system’s reliability
In the first case it is to be assumed that there exist elements of
the telematics system, such as sensors, detectors, drivers, controllers,
which having got damaged would not be subject to repair, so
readiness of a telematics object, probability of readiness (if the object
is not repaired) is defined as [3]:

Kg(t)=R(t)

(1)

If 't u means operation time of given equipment (object) u
of the telematics system, we subject to a subjective evaluation a
percentage damage to the object. So let’s assume the following form
of non-damageability of the telematics object:

(5)

The reliability system at the assumption of a fuzzy evaluation
of resistance will be a rule system.
An example rule has the following form:
n
IF an object has operated in a given time interval 't
And the values of operation parameters TP, ω and resistance
parameters L,S occurred during this time THEN the object is not
damaged.
(6)

(2)

with an average value of the function of probability allocation
and
where:
t – operating time of a structural part of a telematics object
L – degree of damage of a single object [0-100]
- fuzzy vector of resistance to operational
conditions in the production line (the theory of fuzzy sets)
~
S u - fuzzy value of a degree of faulty operation of the software
– decision making ability of the system [0-1]
Sp- number (size) of wrong impulses during operating time t
TP – temperature T of mechanical equipment P operating in
the telematics system
ω - average velocity of all mobile components of the telematics
system
k – subsequent 24-hours operation cycle of the telematics
system or a stage after resetting of the production line
PP – operation parameters
PW – resistance parameters
Å- orthogonal sum.
- means Bayes’ probability function
defining the condition that the telematics system is suitable for
further use.
Through Bayes’ probability function [1,2,7]

where:
i – a number of trials
j – a number of objects
Thus, obtained rules of the function of mass from n-experts
we combine with use of the Dempster’s rule of combination (6).
Then it is easy to determine the value of the conviction function
(4), which in the context of the task presented in this manner will
have the following form:

(7)

where:
- is a mass function
composed of independent decompositions (distribution) of reliability
for any object of the telematics system in the production line.
Let’s notice the fact that all values of the parameters in given
time intervals are measured, calculated and remembered.
An example of a probabilistic classifier found in the Fig. 1-4:

(3)

where:
p ( Au ) is the suitability function [0-1] of each object u- of this
telematics system.
p ( Au ) means the function which meets the conditions:

(4)

p( I )=0
7PMVNFr*TTVFr'FCSVBSZ

Fig. 1. Example 1 classification for simulation data [own study]
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(8)

with an average value of the function of probability allocation
and
and
and
Then, independently from each other, the allocation functions
for the measured parameters have been assigned: object 1

Fig. 2. Example 2 classification for simulation data [own study]

object 2 of the telematics system

Fig. 3. Example 3 classification for simulation data [own study]

Fig. 4. Example 4 classification for simulation data [own study]

Having applied the Dempster’s rule of combination we
combine the above two decompositions (distribution) of reliability
for the two objects
p3 p1  p 2 and we obtain the combined decomposition of
the form:

The events
and A{t} prove the suitability of
the telematics element for further use. So both of the elements
prove for class A – the element is suitable for use. The events
A prove unsuitability of the element for further use. Thus,
we have divided the space of the events into two classes A
and A . In view of the above let’s make an assumption
, as a result of
which we will obtain the new base decomposition (distribution):

3. Practical example
Let’s assume that we have five features describing the object
and let us make them:
~
t, Z , S , L and TP.
The values of these variables in a given moment of time
~
amount to: t=4h, S =0.1%, TP=50 o C , Z 1200obr / min . The
rules will have the following form:
IF an object has operated in a given time interval for 4 hours
and during this time the values of the operation parameters
and the resistance parameters
~
L 0.1%
, S 0.1% occurred
THEN the object is not damaged
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Finally we obtain the function of conviction in the form:
P( A )=0,999
P( A )=0,001
From the above it results that we have 99.9% certainty that the
telematics system is suitable for further use.
The procedure described above enables us to change
conviction into reliability of the telematics system in subsequent
stages of operation of the equipment. At a certain point it may
turn out that a given expert will not be able, based on the received
parameters, to determine whether an element of the telematics
system is suitable for further use or not suitable. Below we present
a way of drawing conclusions in such a situation.
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Let’s assume, for simplification purposes, that we have only
three features describing the object, and let’s make them:
~
t, Z , S and TP.
The values of these parameters will be: t=400h, S=1%, TP=60 o C ,
Z 1500obr / min (let’s make it a velocity of a rotating element in
the production line) accordingly. The rules will be determined in
the example below:
IF the object has operated in a given time interval of 40 hours
and during this time interval there occurred the values of the
operation parameters
and the
resistance parameters L 0.3%
, S 0.4%
THEN the object is not damaged

Values of the conviction function determined in the subsequent
strokes enable us to determine the reliability characteristics. In
Fig. 2, the characteristics performed based on the simulation of
parameters selected at random [6] of the telematics system relying
on exponential distribution have been presented. 96% efficiency
of representation of the values obtained with the use of the above
model with the generated data has been obtained.

(9)

with an average value of the function of probability
allocation
and
and
and
Then, independently from each other, the allocation functions
for the measured parameters have been assigned: object 1
Fig. 5. Simulation results of the concluding algorithm based on the
Bayes function of conviction [own study]

As one can see in Fig. 1, the area of generated data cover
precisely the values of the function of conviction obtained by way
of analysis.
If we are interested in the hypotheses belonging to a certain
not empty subset
' of the whole space 4 , then representation * may be
presented as follows [7]:

For object 2 of the telematics system

(10)

Having applied Dempster’s rule of combination opinions
presented above:
p3 p1  p 2 and we obtain the combined decomposition of
the form:

On this assumption, the measure P has the form:
(11)

Applying the formulas 9 and 10 we may, based on the possessed
experts’ rules determine e.g. the characteristics y=P(S), y=P(L),
~
y=P(TP), y=P( S |t), y=P(L|t).
Due

to

the

above,

we

make

a composition
, as a result of

which we obtain a new base decomposition:

Finally, we obtain the conviction function in the form:
P( A )=0,95
P( A )=0,05

It results from the above that we have 95% certainty that the
telematics system is suitable for further use.

7PMVNFr*TTVFr'FCSVBSZ

In this work is presented a model of evaluation of reliability
of the telema tics system. This model enables us to comprise
reliability of individual objects of the telematics system in one
consistent base decomposition of reliability of the whole system. If
we determine that the telematics system is not suitable for further
use we assume the value of conviction Bel as a limit value for the
given operating time. As a result of the problem presented in this
manner we may obtain a base decomposition of e.g. the function
of conviction from the operating time. An unquestionable
advantage of the model is that the rule of combining reliability
of individual elements of the system facilitates the creation of one
base decomposition which will be sensitive to the weakest links
of the system. IN other words, we will obtain a more accurate
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decomposition of the function of conviction which will reflect in
a more precise manner a base decomposition of conviction and a
limit value of suitability of an object in given operating conditions
e.g. in the area of time.
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ABSTRACT
The continuous development of urban areas significantly affects the life, functioning, moving residents of the urban
agglomeration.For that reason, the only way to increase the parking capacity in cities is to construct more multistory parking lots. Direct correlation of social, environmental and economic factors sets the way of parking lot
planning and design basing on sustainable development principle. The article describes the variables that influence
the parking lot management model and presents computer methods that can be used to identify the factors affecting
it. The measurements of traffic intensity at the entrance and exit of a shopping centre in Wroclaw are also included.
The developmental nature of this project requires that certain problems to be analysed more closely. The article
includes the impact of the use of telematic tools to manage parking lots.

KEYWORDS: telematic, parking traffic management, telematics systems, genetic algorithms, parking
system, reverse logistics, motorization index, traffic intensity

1. Introduction

2. Transportation in a city

Reverse logistics, by definition [6], is an integrated system
meant to manage the flow of pollution and information about it, as
well as to minimize its negative impact on the environment. For that
reason, reverse logistics must take into consideration areas such as:
a. technological processes
b. information and organization
c. economic aspects

Outlining a transportation diagram requires an assumption,
that a journey consists of a walking stage (first and last) and public
or private transit (Figure1).
Relation between mass transportation and private
transportation, as measured by the International Road Transport
Union (based on the research conducted in 100 world cities in the
year 2000) is outlined in Table 1.
The increasing interest in private transportation, as shown
in table 1, usual for wealthy societies is an effect of a “”car
phenomenon” [10]. It is mainly characterized by the increase in
the number of (registered) passenger cars.

As such, one could say that during the exploitation phase,
the reverse logistics of a parking lot i characterized by the use of
engineering, organizational and informative means to maintain
balance between environmental and economic aspects. During
the planning stage, it is critical to define and correlate social factors
with reverse logistics aspects so as to allow efficient management
during the exploitation phase.
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The result is a decrease in the mass transportation share, relative
to private transportation. The number of municipal transport
passengers between 1986 and 2004 is outlined in Table 2 and Figure 3.
Table 2. Participation of the municipal transport service passengers
in Poland in 1986-2004 [6]
Year

Participation In the 1986

1986

100

1992

66.3

1994

65.9

2004

46.2

3. Urban parking
Fig. 1. A city journey diagram [11]
Table 1. The contribution of the public transportation and private
transportation in the city travel operation in the world
metropolises [11]
Specification

Mass
transportation,
%

Private
transportation,
%

Average
distance, km

Northern America Oceania

5

93

11.8

Middle East

14

82

7.3

Western Europe

25

68

7.9

Asia

39

42

7.0

Asian metropolises

42

48

11.0

Africa

42

56

7.5

South America

50

48

10.3

Eastern Europe

60

37

6.6

Data provided by GUS (Central Statistical Office) shows that the
number of passenger cars registered in 2012 in Poland (as of 31st
of December) was 18,744,000, which is 3,4% more than the year
before [12]. As such, the national motorization index reached 484
passenger cars per 1000 inhabitants. The changes in the motorization
index in Poland between 2003 and 2012 are outlined in Figure 2.

Fig. 2. Passenger cars per 1000 inhabitants [13]
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Research shows that passenger cars are stationary for 95%
of their use time [4]. As the popularity of private transportation
increases (as outlined in the previous chapter), coupled with a
limited throughput of urban road system, it is estimated that
the ratio may reach even 98%. A typical passenger car journey
starts in a garage, goes on to a stop at a parking lot near the target
location and then goes back the garage. This process engages not
only the inhabitants of a particular city, but also the inhabitants
of satellite towns, coming to the city to school, work, shopping
centers, administrative institutions, hospitals, etc. Whatever the
point of visit, car passengers want to be able to temporarily leave
their car in a dedicated parking spot. Depending on the area of
the city, parking space index is estimated. They usually amount
to around several dozen per 1000 m2. As such, in a city centre, an
area required for parking needs is larger than the area available
[2]. In the case of modern shopping centers however, which are
located outside cities themselves, the area is usually available. As
the needs grow, parking lots are planned and built in city centers
as well, usually near a developed mass transit node. Because of
the limited area available in cities, the only option is to construct
multi-story parking lots.

4. Research object characteristics
The analyzed parking area is located in the city centre, outside
a shopping centre with 120 retail units and restaurants. The
parking area offers (on three levels) 630 car spaces at 90°. The car
park entrance is off a quiet enough street.
Opening hours:
tMonday - Friday: 6.00 – 23.00.
tSaturday: 7.30 – 21.30.
tSunday: 7.30 – 20.30.
The study focused on the users’ choice of car spaces in the car
park in question every day of the week (Monday - Sunday) over
randomly chosen 7 weeks in one year. The selected weeks did not
fall on any holiday times (Christmas, Easter, summer break, etc.).
The result of the study, which is the number of cars entering the
car park on single days of the week is presented in Figure 4.
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Fig. 3. The number of cars entering the car park on the consecutive
days of a randomly chosen week [own study]

The intensity of parking traffic was based on the number of
entries and exits. It is described by a percentage share of entries
and exits during days in question (Figure 4).

Fig. 4. Average hourly intensity of entries and exits relative to the
average daily number of entries and exits [own study]

5. Parking traffic management
As mentioned in the earlier parts of the article, the parking
traffic management is based on the analysis of social, economic and
environmental factors and efficient organization of tools allowing
control over it. A critical social factor is ensuring comfort and
safety. Parking space planning is determined by Polish laws, such
as Dz. U Nr 75, poz. 690 [9] that defines the minimal dimensions
of parking spaces depending on their type (parallel, perpendicular
and angle) and the width and type of the approach. Depending
on the target group, the type of parking is defined, so that it
would allow the comfort of conducting the parking maneuver,
while taking the turn radius and the width of the approach into
consideration. The comfort and safety factor is also dependent on
a number and quality of decisions made, both by the drivers and
pedestrians present at the parking lot.
Proper parking traffic management is also based on an
environmental factor, which is:
tlimiting the intensity of traffic in the parking area
tmaintaining the flow and linearity of movement
tensuring, that the parking maneuver can be done easily
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The parking traffic management system is based on providing
its users with needed information and directing them, taking the
aforementioned factors into consideration. The system should
also be able to adapt to current conditions, react to those changes
quickly and have a high refresh rate. Expansion of multi-parameter
systems of parking traffic management is inherently linked to
economic factors, which is why an optimal system should be
skillfully balanced and adjusted to project needs.
In parking traffic management, the social aspect of informing
and directing the user should be accented. Research has concluded
that searching for more than one property (such as both shape
and color) causes a relative drop in search efficiency, in terms of
response time, accuracy and signal detection [7]. As such, an effective
information system should be constructed around the perceptual
predispositions of the target user group, taking into account their
neurological and psychological traits, impulse control, reflexesanything that could influence the decision-making process [1, 3, 5].
Based on research described in the literature and the one
conducted by the authors of the article, an efficient parking traffic
management system should minimize the number of decisions
made by drivers. Their parameterization should also be limited
to two alternatives. Directional signaling should also be flexible,
as mentioned before. Also, due to unequal distribution of traffic,
which is particularly visible at 7pm in the direction of the exit. The
system should be able to modify its parameters to maintain the
flow and adjust it to the aforementioned properties.
Telematic systems and methods of automatic identification may
be applied for effective parking management. In the first phase of
the research, three factors were focused on:
tautomatic payment implementation for the time on a parking
lot,
toperating parking systems,
tmanaging parking places.
Combining these three factors will make it possible to control
and supervise traffic on parking lots where users utilize given
localizations on a regular basis.
Introduction of tools for automatic identification, as well as
using a plate recognition system for that purpose, will enable a faster
flow or cars entering and leaving the parking lot.
However, the proposed system must initially meet certain
requirements. From the point of view of an administrator, the
system must be equipped with a module and devices to identify cars
on the basis of registration plates. Another aspect is the necessity to
document the identified cars on the drive-in and at entrance gates.
As a consequence of the aforementioned factors, the administrator
should be in control of the automatic implementation of payment
for the factual parking time. In order to implement such parking
management, a data base, which shall be an integral part of the
whole system, must be created.
In order to aid parking management, a number of methods can
be applied to identify vehicles before they approach the entry gate.
One of them, a method of radio identification, which, through
recognition and radio transmission of the encoded information
of moving vehicles equipped with “Tags”, identifies and associates
them with a database of the vehicles already recorded in it [8]. The
RFID system is composed of a permanent scanner (a transceiver
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with an antenna and a decoder), a controlling device and a portable
transponder – “tag” (transponder), e.g. installed on a vehicle.

vicinity of parking zones (S) and random variables L. These factors
constitute the Zt vector, where l variable is time. In case of ai cars
located on i route (it can also be a traffic intensity coefficient for a
given parking sector, assuming it is scaled), the chromosome rating
algorithm is as follows:

(1)

and
(2)

where:
V - vehicle speed coefficient
Pk- cardinality of set Gk (quantity of elements in a given group that
follows the same direction)
tk - time needed to ascertain the ride direction for a given k group
of cars
n - quantity of groups
d - quantity of all parking variants
ai - occurrence coefficient for a given vehicle group
Fig. 5. The diagram of organization of parking management with
the use of telematic systems [8]

Application of such a system would enable introduction to
the management system of access on the basis of a monthly fee,
which would reduce the time of the parking operation and would
eliminate any potential errors related to parking management.
In order to additionally aid parking management, the parking
places for vehicles are monitored for occupancy. For this purpose,
ultrasonic sensors with additional address coders could be installed.
The sensors would be controlled by an IT system, and the status of
a non-occupied parking lot and the sensor number will be mapped
on a variable message board. With such management, after a vehicle
with a monthly fee has been recognized, it will be possible to allocate
such vehicle directly to a specific parking lot.

6. Optimizing the light signaling
system management
The conducted research focused on optimizing a parking
management system using an original method derived from the
genetic algorithms methodology. Two methods of optimal parking
management system are presented. One method is based on
traditional genetic algorithms, while the second one uses a blend
of genetic algorithms and fuzzy sets. The chief job of any parking
system is to help to find free parking spots while optimally utilizing
the available resources. An intelligent parking management system
is an infrastructure that can lead a vehicle in a direction that
takes the least time to find an empty spot. Factors that need to be
taken into consideration while determining the correct route are:
temporary CO concentration in the air, traffic intensity (P) in the
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(3)

Assuming a model analyzing traffic on several stories of a
parking lot, allowing for interaction between W number of stories,
then an optimal route is described by a chromosome rating genetic
algorithm. Multi-parking analysis is described by the following
equation:

(4)

As a result of all analyses, a parking variant that maximizes the
chromosome rating values is chosen, according to the equation:

(5)

In case of the equation (5) the chromosome rating is done by
a modified likelihood function and a center of gravity function,
derived from the fuzzy logic theory. Using this method, the best
solution for the parking route can be obtained. It should be noted,
that in the case of linking dependent parking lots, a sequential
system is created. It can be successfully described by a model that
links fuzzy logic with the Dempster-Shafer evidence theory [12].
Here is a different parking algorithm method using fuzzy
logic. Fuzzy sets [12] can be applied to obtain a fuzzy chromosome
rating.
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(6)

Eventually, the cycle that maximizes the chromosome rating
value using combination rule from Dempster-Shafer Theory [12]
is chosen. The result is:
(7)

Implementation of chromosome rating genetic algorithmgiven
by equation (6) depends on the parking type. There are no definite
premises that would allow a logical choice. Implementing two
methods or a simulation testing of solutions is preferable when
trying to choose a superior one.

7. Conclusion
Urban areas transform natural environments and create artificial
ones. The increasing motorization index creates new challenger
for the urban infrastructure in terms of parking planning and
organization. Computer methods enhancing the management are
based on genetic algorithms and fuzzy sets. They have a practical
application in intelligent control over complex parking systems. The
advantage of fuzzy sets in such systems is that they can work with
imprecise and uncertain data.
Parking traffic management is based on analysis of social,
environmental and economic parameters. A set of tools that allows
control and directing is a significant help in management process.
IT systems allow accurate description of traffic and an effective
management system should adjust itself to changing conditions.
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ABSTRACT
The article presents continuation of research carried out in [9]. However, its object are the changes in the tangential
reaction forces occurring between the road surface and the wheels during the straightforward braking. Assumptions
used in the analysis are the same as in [9], since they concern the same case study.

KEYWORDS: tangent reaction forces, road, wheel, braking of the motor vehicle

1. Introduction
One of the key elements of the analysis of vehicle dynamics
seems to be the problem of cooperation between the wheels and
the road surface. The most interesting, however seem to be such
special cases, as eg. driving on icy [10], wet or dirty roads, motion of
the vehicle with the disturbed mass – inertia parameters [5], impact
of road conditions on the course of vehicles during collision ([3],
[4]) as well as the issue of motor vehicle stability discussed, among
others, in [2,5] and [10].
It also seems that the problems discussed in the presented
analysis can be entered in the issues concerning transport telematics,
mostly related to road safety (transport), as well as its monitoring.
In the selected papers a number of issues related to the
problem of cooperation between the road and the wheels were
discussed. Among others, in [1] and [7] the phenomenon of radial
elasticity of the tire in different road conditions was considered.
For example in [6], [8] and [9] impact of the selected factors on the
normal reaction forces acting on the vehicle wheels were analysed,
wherein [9] shows results of the studies related to uneven load
distribution in a motor vehicle along with random road surface
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roughness. Generally in these works phenomena occurring in the
wheel-road contact plane were analysed.
In this paper attention was paid to the changes of the reaction
forces tangential to the road surface. The analysis was also prepared
in terms of impact of both uneven vehicle load and random road
roughness on the motion of a motor vehicle.

2. General assumptions
For studying the course of the normal reaction forces in [9]
the results of previously conducted simulation were used. Because
the tangential reactions were also examined for the same case,
therefore the existing results were used again.
In [9] the assumptions were given, when adopted to examination
of the normal reaction forces. In case of examining the reactions
tangential to the road surface it must be added, that both longitudinal
and lateral forces were engaged in the geometric center of the area
of tire adhesion to the road surface (resultant forces). This approach
was considered, among others in [6] and [8].
Of course, it should be noted that the geometric center of the
wheel-road surface cooperation can displace during the motor
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vehicle braking process, for example in relation to the vertical axis
passing through the center of mass of the wheel. This phenomenon
can be explained by dislocation of the resultant normal reaction
e.g. in relation to the vertical axis of symmetry of a specific wheel.
However, it may be different for each wheel. It was therefore
assumed, that changes the location of the center of cooperation
area between each wheel and the road surface are negligible.
Other assumptions were adopted as in [9], ie. non-linear
characteristics of the elastic – damping suspension elements, treating
the vehicle body as quasi-rigid, the motion of the vehicle on a
dry road surface with the adhesion coefficient μ=0.8, randomly
occurring road irregularities, straightforward braking from the
speed of 100km/h, fifth gear.
Simulation of the braking maneuver, carried out in [9], was
prepared for the following configurations:
tvehicle unladen moving on a dry, flat road surface;
tvehicle unladen on a dry and uneven road surface;
tvehicle laden as in [9] also moving on a dry, flat road surface;
tvehicle laden (as in [9]) on a dry and uneven road surface.

3. The vehicle model and road
irregularities
The vehicle model used in the simulation is described, among
others, in [5] and [10]. The coordinates of the center of mass,
indirectly representing the mass distribution in the vehicle, was
determined in relation to the so-called point “origo” [10].
The total mass of the vehicle before loading, in accordance
with the work [9] was 1528kg, and 1718kg after adding the load.
If both the global and the local (originating at “origo”) coordinate
systems were adopted as in [10], then the absolute differences
between the coordinates of the center of mass of the vehicle and
after and before loading were:
.
The absolute differences in the values of moments of inertia in
the vehicle, relative to the axis passing through the point “origo”
before and after loading were:
.
In contrast, the absolute values of the differences between the
moments of deviation in the vehicle, relative to the axis passing
through the “origo” were:
.
Simulation of the vehicle braking from a speed of 100 km/h
was carried out for the road with a flat or uneven, but in both cases
the dry surface. It seems important to remind that the uneven
road surface had randomly occurring irregularities. Generating of
those irregularities as well as the tire model used in the simulation
were both discussed in [9]. Also the reason for using a specific tire
model was explained.

4. Simulation of the brake
maneuver
Simulation of the brake maneuver, for the configuration shown
in p. 2, was described in [9]. For each vehicle configuration a set of
trajectories of tangential forces in the contact area between the road
and the wheels was obtained. Four trajectories of longitudinal and
transverse reaction forces in relation to the plane of wheel symmetry
were obtained, for each case of the vehicle load and road surface.
The vehicle in all cases traveled 200m which, as mentioned in [9],
resulted from the weak pressure on the brake pedal (soft braking).
The aim of this analysis however, was not to assess the effectiveness
of braking. Otherwise, such force acting on a brake pedal should
be adopted, that the vehicle would stop after traveling the shortest
distance possible. The problem focused on was the impact of load
spread and road surface irregularities on the selected phenomena
occurring in the area of contact between the wheels and the road.
As mentioned in [9], while motion of the laden vehicle model on
the road with random irregularities, distance traveled during the
braking was shorter by about 10m due to an error of calculation
algorithm for low vehicle speed in the final phase of the maneuver.
Fig. 1 shows the course of FX components of the tangential
reaction forces acting on the wheels as a function of distance. The
first graph presents the course for the unladen vehicle, while the
second – the laden one, both on the flat road.
Fig. 2 shows the course of FX components of the tangential
reactions for the uneven road surface, wherein the first graph shows
the course for the unladen, whereas the second one – for the laden
vehicle.
Fig. 3 and 4 show the pairs of charts presenting the courses of
FY (transverse) components of the tangential reactions. The first
set of curves in fig. 3 concerns the course of forces for the unladen
and the second one for the laden vehicle, in both cases moving on
the flat road. Fig. 4 shows the courses of transverse components of
the analysed reactions for the vehicle moving on the uneven road,
wherein the first graph presents results for the unladen and the
second one – for the laden vehicle.

Fig. 1. a. Courses of the tangential reaction forces (FX components)
on the flat and dry road [own study]
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Fig. 1. b. Courses of the tangential reaction forces (FX components)
on the flat and dry road [own study]

Fig. 3. Courses of the tangential reaction forces (FY components) on
the flat and dry road [own study]

Fig. 2. Courses of the tangential reaction forces (FX components) on
the uneven and dry road [own study]
Fig. 4. a. Courses of the tangential reaction forces (FY components)
on the uneven and dry road [own study]
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into account. In addition, unevenly spread mass in the vehicle
should be considered [9].
The average values of longitudinal reaction components for the
unladen vehicle indicate an even pressure of the wheels on the flat
road surface, with the rear wheels loaded down at the same time. For
the laden vehicle these forces are not as even, although the differences
are not large (about 5 – 7N). On the uneven road differences between
the values of these reactions are lower – about 1 to 2N.
The resulting average transverse components have opposite
values, which may indicate different vector senses. In this case,
the differences are also greater than in longitudinal reaction
components.
Table 1. Average values of the FX reaction components and their
amplitudes, during the brake maneuver [own study]
Fig. 4. b. Courses of the tangential reaction forces (FY components)
on the uneven and dry road [own study]

unladen
flat road
wheel

5. Analysis of the simulation
results
Attempt towards qualitative and quantitative evaluation of
the resulting trajectories was prepared, for both longitudinal and
transverse components of tangential reactions.
As is [9] it has been noticed, that during braking the longitudinal
components of reaction values stabilize after driving a certain road
length. However, at certain points of the covered distance there was
a sharp, temporary spike in their amplitudes. In case of motion
on the road with random irregularities such changes were not
observed, because for the course of the longitudinal components
(FX) the amplitude variations occurred for the entire trajectory.
As for the transverse reaction components (FY), for both laden
and unladen vehicle, their courses are similar, in that for the laden
vehicle the response value is larger by about 50N. The course of
these curves is characterized by a sudden decrease in magnitude
after about 145m of the covered distance, by about 400N. The same
can be seen for the motion of the vehicle on uneven road (fig. 4),
wherein it seems more difficult to even approximate decrease of
the reaction values.
Quantitative evaluation of the wheels tangential reaction values
was also attempted. In table 1 the mean values of the longitudinal
reaction components (FX) are shown, as well as their maximum
amplitude, in the conditions of motion for both laden and unladen
vehicle. The same set, but for the transverse components (FY), is
shown in table. 2.
From the values presented in both tables it can be seen, that
when the unladen is braking, with the engine located at the rear,
on both types of surface, then the rear axle is loaded down, which
confirms the considerations fron the work [9]. In terms of the
amplitudes shown in both tables, the cocnlusions do not appear
to be so obvious, particularly in case of motion on the uneven
road surface. Studying the phenomenon of cooperation between
the wheels and the road, especially on uneven surface, momentary
loading down or unloading of individual wheels should be taken
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uneven road

average FX
average FX
reaction force amplitude [N] reaction force amplitude [N]
[N]
[N]

front left

665

785

658

1273

front right

665

790

657

1323

rear left

686

764

677

1217

rear right

686

761

675

1274

laden
uneven road

flat road
wheel

average FX
average FX
reaction force amplitude [N] reaction force amplitude [N]
[N]
[N]

front left

690

773

682

1212

front right

695

787

682

1292

rear left

703

766

693

1266

rear right

711

771

692

1238

Table 2. Average values of the FY reaction components and their
amplitudes, during the brake maneuver [own study]
unladen
flat road
wheel

uneven road

average FY
average FY
reaction force amplitude [N] reaction force amplitude [N]
[N]
[N]

front left

-523

-328

-377

106

front right

524

725

390

753

rear left

-820

-549

-631

94

rear right

826

1110

653

1160

laden
uneven road

flat road
wheel

average FY
average FY
reaction force amplitude [N] reaction force amplitude [N]
[N]
[N]

front left

-613

-412

-463

109

front right

637

842

469

877

rear left

-891

-601

-682

57

rear right

905

1181

691

1210

6. Conclusion
Results obtained after the simulation primarily show the impact
of vehicle mass – inertia disturbances on both the tangential reaction
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courses along the travelled distance, and their average values. As it
was noticed, the resulting curves are similar in shape, however vary
in magnitude between the laden and unladen vehicle.
An important aspect seem to be the average values of tangential
reactions shown in tables 1 and 2. The problem concerns both FX
and FY components. Significant differences seem to occur for the
unladen vehicle on the uneven road, and for the FY component of
both unladen and laden vehicle moving on both types of road surface.
When it comes to transverse reaction components (FY), it
can be noticed that their amplitudes, for the left front and left
rear wheels, for both load cases (laden and unladen), indicate the
change in the sense of the reaction vectors. This phenomenon
could suggest occurrence of the lateral drift. If such conditions
occurred for all wheels, then the result could be a loss of stability of
the vehicle during braking. It should be recalled that the featured
maneuver was conducted for the coefficient of adhesion μ=0.8. It
seems that more interesting results will be obtained for running
the simulation on the wet (μ = 0.5) and icy (μ = 0.3) road surface,
also including randomly occurring road irregularities.
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