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ABSTRACT
Contemporary research activities in the area of transportation systems usually utilize computer vision techniques.
These activities are mostly oriented to the analysis of traffic flow. Key parts of the analysis consist of detection,
extraction, modelling and recognition of objects in the traffic flow. Additional information can be obtained by the
object tracking, too. The main aim of this contribution is to propose a new method for modelling 3D objects that
are moving in the traffic flow. At the beginning of this paper, basic methods of object detection and extraction are
shortly described. Moreover, the modified algorithm based on the object extraction and 3D models creation by
mesh is also proposed. That mesh model is generated from a depth map. Finally, the results of proposed method
are presented in the last part of this paper.
KEYWORDS: vehicle detection, vehicle extraction, depth map, 3D modelling polygonal mesh

1. Introduction
In recent years the area of transportation worldwide faced a
crisis due to a limited capacity of main traffic flows. The density
of vehicles has been continually growing, particularly in personal
transportation. This state has caused more frequent traffic jams and
accidents that notably affect the fluency of traffic flows. Because
of that novel approaches to the traffic flow analysis have been
proposed [1]. In general‚ these approaches belong to two different
areas. The first, called invasive, requires a physical disturbance to
the road surface and utilizes some type of electromagnetic sensors.
The second, called non-invasive, for the data acquisition utilizes
only camcorders placed close to the traffic flow. The video data
provide more detailed information and specifications of the traffic
flow. One of the non-invasive approaches applies image processing
and particle analysis to indicate an increase in traffic. In the first
part, colour plane extraction, image reversal and morphological
function are performed. Consequently, grayscale thresholding and
image masking are utilized. Finally, image rectification on the number
plate is performed. This approach allows sending an alert about a
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traffic jam in order to inform about a critical density of traffic flow
[2]. Another proposed approach uses the video data registered by
camcorders. The video data are subsequently processed and the
obtained information serves for object modelling [3]. A successive
creation of a 3D vehicle model based on combining single parts of
the object has been applied. Sequentially, 2D features are mapped
on a 3D generic model. 3D features are adaptively aggregated over
frames in order to fill up a 3D model. Another proposed approach
utilizes a probabilistic 3D scene model. This model is based on
objects detection, tracking their position in the traffic flow and on
3D geometrical relationships between them [4].

2. System overview
The basic system works with the video data, captured by a 3D
camcorder that is placed above the traffic flow. The distance
between two lens of camcorders is approximately 4cm. The source
data contains a high-definition video with a resolution of
1920x1080/25i. The data preprocessing is performed before any
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image processing. This step is exercised to reduce the computing
demand. Preprocessing involves deinterlacing and adjusting the video
resolution to 720p. In the first step of processing, the background
subtraction around moving objects is performed. This processing
consists of some filters that allow reducing the noise and tiny
unwanted motions, for example leaves motion. After the object
extraction, a depth map can be created.

3. Object detection and creation
of depth map
3.1 Object extraction

The enhanced system includes additional steps of image
processing and utilization of two 2D camcorders instead of one
3D camcorder. The centre between two camcorders represents the
centre of traffic flow. We tested various camcorders optics distances,
namely 3.5m, 4m and 5m. If the distance between two camcorders
is bigger, a deeper space sense is obtained. We assume that this
modification can provide better results in the phases of detection
and subsequent processing of single objects. Supplemental steps
include removing the shadows around the vehicle, as well as
noise and blobs suppressions that are undesirable in the further
image processing. Then, the object extraction is performed from
the images. In the next step, a hybrid segmentation is calculated.
The result of segmentation is processed by a stereo matching SAD
(Sum of Absolute Differences) algorithm following the disparity/
depth map computing. A 3D model based on the data from the
depth map is depicted. Also a 3D mesh model is generated from
the depth map.

This part of the proposed approach is focused on the suboptimal background subtraction from the input image. In the first
step, the time median for each pixel for a defined number of video
frames is calculated. The number of frames in a queue is defined
by a parameter called background adaptation. Moreover, the
difference between the value of each pixel in the current frame and
the time median of these pixels value in sequence is calculated.
The image transformation to the HSV (Hue Saturation Value)
colour space and filters that are used for dilation and erosion are
also applied. These steps ensure appropriate detection of moving
objects. To reduce the video data stream, a part which allows
effective set intra/inter frame image coding, is embedded into the
algorithm. A further step of the algorithm consists of shadows
detection around moving objects. In general, this way of detection
is based on the statistics of the intensity of luminance component of
the image pixels. Calculation of the histogram and then calculation
of the total average of the y-component of the overall image in
the YCbCr colour space is performed. Consequently, the iterative
process is performed, where the value of y-component of sliding
window with average value y-component of the overall image is
compared. The sliding window has an NxN size and it is iteratively
reduced to the size of 3x3 pixels. In this approach, points detected
as a shadow are progressively tagged.

Fig. 1. Overview of proposed approach

Fig. 2. Principal scheme of video object detection

2.1 Enhanced system
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Subsequently, the median filter is utilized to eliminate the noise
from the filtering mask. The result of this step is a binary mask, which
is applied to remove the shadow from the image. The next part of
our proposed algorithm executes logical multiplication of the mask
with detected shadows and the output image after removing the
background. Then a filter removing the noise and blobs from this
image is applied. Its size is defined by the threshold, resulting from
executed experiments. Thus the image is appropriate for extraction of
single objects. In Figure 2 the principal scheme of the object detection
and extraction process from the input video is shown.

3.2 Creation of depth map
In this part, the algorithm for creation of a depth map is briefly
described [5]. The extracted object is depicted in a stereo image
captured by two 2D camcorders. At the beginning of algorithm
it is necessary to apply a calibration matrix that is obtained from
a properly calibrated camera. It is important to perform this step,
because distortions can bring some inaccuracies to the whole
process. A principal scheme of algorithm for creation of disparity/
depth map is shown in Figure 3.

The application of image segmentation is the next step of the
algorithm. In general, the segmentation is performed in order to
simplify the representation of information from the image data.
The main task is to divide the input image into single segments
according to defined terms. A mean shift based segmentation
algorithm is a nonparametric iterative segmentation method
based on progressive calculation of the weighted average of pixels
in the defined window. This average value is calculated according
to how single pixels in the window are similar in relation to colour
components. The mean shift includes two principal parameters.
The first parameter defines the size of the surrounding area of the
point, for which it is calculated. The second parameter represents
the maximum colour distance between pixels of calculated
window and the mean pixel. In this iterative process a new position
is searched based on the previous two parameters, with which it
is to work in the next step. A place with the highest kernel density
is in the final position, whereby the kernel represents a radially
symmetrical weighted function that determines the weights for
particular pixels of calculation window by their distance from
the centre and from the difference of colour components. After
this process, the input image is divided into single parts that fill
completely a full image.
A further step of image processing consists of stereo matching
algorithm performance and consequently calculation of disparity
map. Left and right segmented images contain pixels that belong
to each other. These pixels are gradually found. Let the observed
object is viewed through two camcorder’s lenses that are at a
distance of 2l. This distance is the same as the length of base B.
From this point of view, the observed object appears to be in a
similar position in both images. The object distance between left
and right image designates parameter - disparity d. This parameter
is defined by:

d

xL  xR

§ x p 1 x p 1·
¸
f¨

¨ z
z p ¸¹
© p

(1)

(2)

where xL, xR represent the coordinates x of the projected 3D
coordinate onto the left and right planes IL a IR. In the case, that left
and right image plane is located in the same plane, y - coordinates
of the two images are the same.

Fig. 3. Principal scheme of 3D object creation [5]

7PMVNFr*TTVFr4FQUFNCFS

Fig. 4. Principal scheme of stereo matching
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Known values of camera parameters and obtained values of
disparities are used to calculate the depths of image segments. In
the following step, a stereo matching algorithm that reconstructs the
disparity map is calculated. Stereo matching algorithms use different
mathematical methods to calculate disparity maps [6]. Usually utilized
methods involve the sum of absolute differences (SAD). This method
is one of the easiest methods to measure differences between two
stereo images. The sum of absolute differences is defined as follows:

SAD( x, y, d )

N

¦I

L
( i , j )W ( x , y )

i, j  I R i  d , j

(3)

where IL and IR are functions of density pixels of left and right
images. W(x, y) is a square window that surrounds the position of
pixel (x, y).
The calculation of disparity by SAD (x, y, d) is repeated with
x-coordinate frame in the line in the image, which is defined by
0 and the maximum possible disparity dmax of the scanned 3D
image. The disparity is the inverse of the distance, therefore it can
be easily transformed to a depth map.

3.3 Creation of mesh model

Fig. 5. Input images from cam1 and cam2 at the distance of 5m

In this step of the proposed algorithm, the detection of vertices
is performed. A window filter function was used to detect and
consequently to extract the vertices. This filtering was used gradually
through the rows and then through the columns. Finally, coordinates
of vertices were obtained by logical multiplication of previous
mentioned steps. After the extraction of vertices, 3D visualization of
all vertices in a 3D space was realized. The next step should involve
extraction of faces by connection of all adjacent vertices. A polygonal
mesh model can be generated from coordinates of all vertices and
faces.

Input images from camcorders were pre-processed and next the
object detection and extraction were performed. After this detection,
objects were associated into several groups based on vehicle type.
A disparity map was generated by a stereo matching algorithm.
The created disparity map was transformed into a depth map and
consequently 3D objects were extracted.
a)

b)

d)

e)

c)

3.4 Description of mesh model
We proposed a mesh model, which will be described by a 3D
SURF (Speeded Up Robust Features) descriptor. This descriptor
involves a 2D surf descriptor with a special extension. 2D surf is
based on sums of 2D Haar wavelet responses [7]. The extension to
the third dimension in the first step includes voxelization of shape
into a 3D cube using the intersection of faces with the grid-bins.
Next the saliency for each grid-bin as determinant of the Hessian
matrix is calculated. In the second step, a rotation and scaleinvariant 3D SURF descriptor is computed around each point of
interest obtained in previously mentioned steps [8].

4. Experiments
At the beginning of our experiments, image preprocessing was
performed. Consequently, the algorithm for background subtraction,
the algorithm for detection object shadows minimization, the
noise and undesirable blobs were adjusted. In experiments, various
threshold settings were tested.

6

Fig. 6. Whole process of image processing: a) detected object, b)
extracted object, c) segmented object, d) disparity map of
the object, e) depth map without background

The whole process from the object detection to creation of a depth
map is shown in Figure 6. In the next step of our proposed algorithm,
the depth map was filtered and adjusted in order to improve a 3D
representation of 3D objects. Mathematical operations such as
morphological opening and closing were performed. Figure 7 presents
the process of filtering, interpolation and final form of the depth map.
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a)

b)

After vertices extraction, we have to connect all the vertices
together. From the defined coordinates of vehicles and faces a 3D
mesh model of a 3D object can be generated. This model can be
described by a 3D descriptor that is mentioned in the previous
part of this contribution.

c)

d)

Table 1. Results of a 3D object detection and modelling from the
traffic flow

Fig. 7. Adjustment and optimization of the depth map: a) origin
contour of depth map, b) processed contour of depth map, c)
origin of depth map, d) filtered depth map

Vehicle
class

Displayed
objects

Detected
and
extracted
objects

Correct
creation
of depth
map

Correct
extraction
of vertices

Success
rate (%)

General

20

18

15

15

75

In experiments, a comparison of the number of successful
detected objects, the number of correct creations of the object depth
map and the number of correct vertices extraction from the depth
map was performed.

5. Conclusion

Fig. 8. 3D visualization of 3D model: a) view from the right side,
b) view from the left side, c) view from the right side – the
model with a removed background

After optimization of the depth map, the texture from the input
image was applied to the depth map. Next, the extraction of notable
points from the depth map/object was performed. A window filtering
function that checks values surrounding pixels around investigated
pixel gradually through overall image is applied Final form achieved
by logical multiplication of previous filtering was obtained. Thus
extracted vertices from depth map and their 3D visualizations are
shown in Figure 9.
a)
b)
c)

In this paper, a new approach to image processing for intelligent
transportation systems, which consists of four main parts – the object
detection and creation of 3D objects, the creation of a 3D model and the
creation of a mesh model has been proposed. In these experiments, 20
different vehicles from a real traffic flow were tested. The overall success
rate of correct extraction of vertices of a 3D vehicle model achieved
75 %. In the future, we want to focus on improving the creation of
mesh model and also the description of general mesh model by a 3D
descriptor. Moreover, the data analysis based on 3D descriptors of mesh
models by a learning algorithm for classification will be used.
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ABSTRACT
Traffic signs recognition involving digital image analysis is getting more and more popular. The main problem
associated with visual recognition of traffic signs is associated with difficult conditions of image acquisition.
In the paper we present a solution to the problem of signs occlusion. Presented method belongs to the group
of appearance-based approaches, employing template matching working in the reduced feature space
obtained by Linear Discriminant Analysis. The method deals with all types of signs, regarding their shape
and color in contrast to commercial systems, installed in higher-class cars, that only detect the round speed
limit signs and overtaking restrictions. Finally, we present some experiments performed on a benchmark
databases with different kinds of occlusion.
KEYWORDS: Traffic sign recognition, linear discriminant analysis, classification, occlusion

1. Introduction
The evolution of current transport systems can be analyzed
at different scales: infrastructure, power sources, vehicle types,
information systems etc. One of the most important, from the practical
point of view, is vehicular automation. After the introduction of
digital circuits to almost every car in the world, the complexity of
automation technology increased. Nowadays, that manufacturers
consequently add a variety of automated functions to automobiles
and other vehicles.
Generally speaking, vehicular automation connects different
elements of mechanics, electronics and artificial intelligence to
support a vehicle’s operator. Taking above into consideration, one
should remember that, a human is still the one, who operates the
vehicle and, unfortunately, can be disrupted [15].
One of the most important aspects in terms of vehicle operation
is perception of traffic signs. It has an influence on road safety. This
problem is related, among others, to some psychological aspects
of human vision and is influenced by independent environmental
conditions.

7PMVNFr*TTVFr4FQUFNCFS

To help humans in above tasks the researchers and manufacturers
introduced a Traffic Sign Recognition (TSR) technology, which is a
part of the features collectively called Advanced driver assistance
system (ADAS). It enables a vehicle to recognize traffic signs put
on the road. Most of such systems use a video camera (working in
visible and infrared range) and an integrated circuit implementing
computer vision algorithms.
One of the first TSR systems was developed and appeared
on the market in 2008 (BMW 7-Series, Mercedes-Benz S-Class).
Unfortunately it detected only the round speed limit signs to
be found in most of European countries (e.g.[1]). A detection of
overtaking restrictions is performed by more complex systems.
Such an exemplary system was introduced in 2008 in cars made
by Opel and used by other car-makers in their products (2011,
Volkswagen; 2012, Volvo).
The main constraint of systems installed in current cars is
the limited number of sign types that can be recognized and the
low robustness to environmental conditions. However, the rapid
progress in this area suggests that more advanced systems may
be available in near future [8]. It should be also noted, that the
practical implementation of above systems is far behind the methods
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developed by researchers. Selected approaches related to the
recognition of more signs’ types will be presented in the further
part of the paper.
The most important problem we are facing today is a robust
and reliable recognition of signs observed in complex, unpredicted
outdoor conditions. While the recognition in laboratory controlled
environments reach almost perfect accuracy, the real-world situations
negatively affects the successful recognition. In practice, the level
of light is often not sufficient, the quality of signs and their lightreflective surface degrades over time. The signs are often occluded,
painted, covered by snow and leafs. Several exemplary signs that are
hard to recognize by automatic systems are presented in Fig. 1.

Fig. 1. Exemplary signs photographed in real-world conditions,
affected by different kinds of occlusion

In this paper we provide a method based on visual recognition
of traffic signs that can deal with occlusions. We assume to have
a fully localized and extracted area that contains sign. Then,
we perform a classification in the reduced feature-space. The
reduction is obtained by means of Linear Discriminant Analysis,
which has in been used to reduce the dimensionality and cluster
different data types.
The review of the literature shows that the authors do not
often use direct LDA approach for problems involving highresolution image, since it requires to perform a decomposition of
large covariance matrices, and in such case the number of samples
should be significantly larger than the number of classes.
Hence we investigate an application of two-dimensional LDA,
which involves two small-sized covariance matrices and the number of
samples per class in significantly lower than in classical approach [16].

1.1 Visual recognition methods
Traffic sign detection and recognition are still challenging
problems that characterizes high practical relevance. So far, many
methods have been proposed. Exemplary comparisons of several
approaches were published in [8] and [9].
Humans are capable of detecting the large variety of existing
road signs with close to perfect reliability in experimental setups.
This does not obviously apply to real-world driving, where the
drivers attention is regularly drawn to different tasks and situations.
Typically, the problem of TSR is solved by two subsequent
processes. The first one is devoted to sign detection and localization
while the second one, is associated with actual sign classification
(recognition). The first stage is often based on low-level shape and
color features (traffic signs are simple and regular objects of specified
shapes and colors). It should be noted, that traffic sign detection
is a search problem in natural (outdoor) images. A useful detector
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must, therefore, be able to cope with rotation, different lighting
conditions, perspective changes, occlusion and all kinds of weather
conditions. Hence, during the creation of learning database a special
care should be taken on a diverse and representative compilation of
single image frames.
The second stage employs different feature extractors (geometrical,
like SIFT [6][7][11] or LESH [10] and color – dominant colors [1]
and low-frequency components of Discrete Cosine Transform [12]).
The features are then reduced using linear subspace methods, i.e.
Principal Component Analysis [11][14] and Linear Discriminant
Analysis [2]. Finally, a certain classifier is employed (Adaboost [11],
Support Vector Machine [10], Bayes, Artificial Neural Networks [1]
[5]) in order to make a decision, which sign we have. The accuracy
of proposed systems is calculated as a percent of correctly identified
signs to the total number of test samples. It varies from 70% to almost
100%. The another aspect is the speed of processing, which largely
depends on the database volume and the performed tasks (detection,
classification, verification). According to the literature review, many
algorithms can work in real-time, which is crucial in practice [1][14].
The literature review shows, that there is no perfect computer
vision algorithm. Most of them work with limited databases [1][2]
[5][6] or are very slow [10][11][12]. Hence we propose a method,
which is not influenced by the limited number of signs’ classes and
the recognition is performed in the real-time.

2. Algorithm description
2.1 Assumptions and theoretical details
The algorithm consists of two stages. The first stage is a learning
phase, when the reference feature space is created. All input images
are divided into i classes.
The preprocessing is as follows. Firstly, all images are normalized,
so the scale is constant across all items in the database. In the
experiments we used images of 48 x 48 pixels. Then, color RGB
images are converted into grayscale. Next, they are normalized in
terms of illumination parameters through two-tier method. In the
beginning, we map the values in intensity image to new values such
that 1% of data is saturated at low and high intensities. This corrects
the intensity of the output image. Finally, we perform a histogram
equalization, which further increases the contrast. All stages of
processing for two exemplary signs have been presented in Fig. 2.

Fig. 2. Two examples of preprocessing stages (in each row):
original image, after RGB to gray conversion and intensity
adjustment and after histogram equalization, respectively

© Copyright by PSTT , All rights reserved. 2013
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The next step is related to dimensionality reduction and clustering.
We employ well-known Linear Discriminant Analysis (LDA) in its
two-dimensional variant (2DLDA) [16], since we want to operate
on small covariance matrices. It makes it possible to implement the
method on devices installed in cars (embedded systems), because of
their relatively low processing power.
The feature space is created on the basis of templates
created for typical traffic signs and reduced to low-dimensional
representation (typically 5x5 – 10x10 matrices).
The stage related to system operation is related to the actual
recognition of a traffic sign (which earlier has been detected and
extracted from the scene). Such a traffic sign is normalized according
to the approach used at the learning stage and transformed into
reduced feature space. The classification is based on the simple
distance metrics L1. We calculate the distance Di of the test object I
to every template (class representative) Ci and select the class i that
is the closest one.

are presented in Fig. 4. The first three columns show horizontal
occlusion, the second three columns – vertical occlusion, and the
last three columns – noising, respectively.

Fig. 4. Exemplary traffic signs used for testing

2.2 Experimental results
The experiments were performed on a database that was created
on a basis of The German Traffic Sign Detection Benchmark [17]. It
consists of over color 800 images of outdoor origin presenting signs
divided into 43 classes. The signs were photographed in different
weather and lighting conditions, from different perspectives and
distances. Sometimes they are blurred or skewed. In order to create
templates we created mean grayscale images for each class. They are
presented in Fig. 3.
In order to imitate the real imaging conditions, when a sign
may be occluded by an obstacle (i.e. pole) or covered by snow or
dirt, we created a procedure, that modified all test images in such
manner, that they were covered by horizontal or vertical bars, as
well as noised.

The results of the experiments related to the dimensionality of
feature-space and the area of sign being modified are presented in
the following plots.

Fig. 5. The results of recognition of vertical and horizontal occlusion
for different sizes of 2DLDA spectra (10%, 12% 15%, 20%,
25% and 50% of sign area were covered, respectively)

Fig. 3. Templates used for building a reference database

Fig. 6. The results of recognition of noisy images for different sizes
of 2DLDA spectra (100, 200, 300, 400 and 500 pixels of sign
area were altered, respectively)

The parameters for the first two modification were the position
and the width (height) of the bar. In the third case, the noise was
defined by the number of smoothed (by averaging filer) constant
pixels added to the original image. The examples of test images

As it can be seen, we can obtain the accuracy of 80-85%, which
may be acceptable in real-world conditions. Analogous accuracy
for not occluded signs is close to 95%. The closer look at the results
shows that the optimal size of the feature vector is equal to 10 x 10
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elements. Increasing the size of this element do not comes with the
significant increase in the recognition accuracy.
The results of recognition are competitive to the ones
presented in [12] and [14], yet the processing complexity at the
stage of classification is significantly lower.

3. Conclusion
In the article a method of recognizing occluded traffic signs
has been proposed. Its main elements are template calculation,
lighting correction, dimensionality reduction and distance-based
classification. The dimensionality reduction is based on twodimensional LDA, which eliminates the need of calculating very
large covariance matrices (strongly depending on the size of images).
Such a feature makes it possible to implement the algorithm in the
low processing power devices, such as ones installed in vehicles. The
experiments performed on a standard benchmark database revealed
that the proposed method is capable of recognize occluded signs,
even they are highly distorted. The further research may be devoted
to the investigations on recognition of blurred images. The increase
in the recognition accuracy may be further obtained by joining the
color information in the classification process.
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ABSTRACT
In the field of railway transport many activities are taken to achieve higher availability of offered services. A few of
them consider more flexible rules of creating and starting trains. This requirement translates into greater complexity
of railway traffic opertional management and control (RTMC). At the Faculty of Transport of Warsaw University of
Technology classes for students have been conducted for several years with the use of the KSR-EDU stand. Taking
into account the described trends of railway traffic nature, the KSR-EDU stand was connected to a simulator of real
railway traffic. This connection allows to practice various and more complicated movement scenarios. The article
describes RTMC layer model and simulator architecture in general. Two simulation tasks are described in details.
The algorithms of simulation tasks for different levels of simulation are presented. In the end the benefits arising
from application of the simulation for particular didactic tasks are discussed.
KEYWORDS: railway traffic simulation, railway traffic operational management and control, simulator

1. Introduction
In the field of the railway transport many actions have been taken
to increase an accessibility of the offered transport services. One of
them is to make the method of arranging and launching trains more
flexible which would result in constant modifications of the railway
timetable. That requirement leads to more sophisticated process of
controlling and managing railway traffic (RTMC) [8]. Such a situation
requires superior skills from the railway employees for controlling
and managing railway traffic as well as additional functionality that
would support such activities. At the Faculty of Transport of Warsaw
University of Technology there have been conducted the activities
for students with the use of the teaching stand KSR-EDU [2, 5-6] for
a few years. Because of the need of practicing the controlling skills,
the stand has been equipped with the rail traffic simulator SRP-WT
to create more complex and diversified traffic scenarios. Initially, the
simulator was meant to test RTMC devices built in the laboratory but
its possibilities have increased. At present it is developing into the
universal simulation platform with the varied usages. Through the
open construction its functionality is being constantly developed. In
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the following paragraphs of this article the issues connected with the
controlling and managing the railway traffic have been introduced,
the structure of the simulator have been described as well as the
simulation tasks completed with the connection of the KSR-EDU
stand elements have been presented. With the use of the UML activity
diagrams the task algorithms have been presented for the chosen
simulation levels. The benefits of applying the simulations in the
certain teaching exercises have been discussed.

2. RTMC layer model
The system of the railway traffic operational management and
control is an equipment which allows to operate railway traffic on
the selected area of the railway network [1, 3]. The main operators
of such systems are signalmen (stations, areas of the remote traffic
operation) as well as line dispatchers (selected railway lines). From
the functional and structure point of view the RTMC, equipment
can be modeled as layered model of the three parts: traffic operational
management (tom), traffic control and interlocking [1]. In the
layer of the traffic operational management, a sublayer of passing
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trains information (pti) can be separated. This layer covers mutual
exchange of information between signalmen as well as between
signalmen and line dispatchers. The oml layer also includes
a dispatcher control layer providing centralized management of
the movement of trains on the section line by using dispatcher
control devices.

3. Architecture and functionality
of the simulator
The generally formulated task set for the simulator SRP-WT
is to generate computer data, simulating data from a real systems
of the railway traffic operational management and control. This
assumption suggests a slightly different nature SRP-WT compared
with other simulators implemented in a MATLAB environment
or specialized simulators for testing specific features of the train
movement process [7, 8]. The SRP-WT substantially penetrates
into the structure of a real RTMC system. The simulator is
implemented in software. Therefore, in a natural way it is intended
for cooperation with computer devices. However, it is also
possible to establish cooperation with devices realized in other
technologies, under condition they provide for software interface.

texecution of the simulation task, during which usually
interaction with real RTMC devices occurs.
Simulations carried out with the help of a simulator SRP-WT
are organized in the form of simulation tasks. A simulation task
determines:
tsimulation scenarios [4], which will be implemented,
ttype of simulation (real-time, statistical, with interaction with
a coach),
tduration time,
tactive interfaces, way to share the data and the format of the
data.
The execution of the simulation task consists of two phases:
tinitialization phase,
tsimulation phase.

Initialization phase is to transition to the initial state for
DOOPRGHOVVSHFL¿HGLQWKHWDVN'XULQJWKHVLPXODWLRQSKDVH
VLPXODWLRQ GDWD FRUUHVSRQGLQJ WR WKH OHYHO RI VLPXODWLRQ LV
JHQHUDWHG7KHVLPXODWLRQFDQEHUXQLQUHDOWLPH WKLVLVWKH
FDVHGHVFULEHGKHUHLQDIWHU RUFRPSXWLQJWLPH WLPHQHFHVVDU\
WRGHWHUPLQHWKHVHTXHQFHRIHYHQWV ,QWKHFDVHRIUHDOWLPH
mode, data are made DYDLODEOH RQ DQ RQJRLQJ EDVLV WKURXJK
DSSURSULDWH LQWHUIDFHV ,Q ERWK PRGHV RI WKH VLPXODWLRQ UXQ
UHVXOWVDUHDYDLODEOHDIWHUFRPSOHWLRQLQWKHIRUPRIGDWDVHWV
IRUDQDO\VLV

4. Simulation of the train
movement on the line
dispatcher position

Fig. 1. The architecture of the simulator SRP-WT

The simulator has a modular structure. The main modules
of the SRP-WT (Fig.1) are:
tprocessing module of the train movement situation,
tdatabase module that stores configuration data and simulation
results,
tinput, output interface modules,
toperator panel module.
Main modules are supported by auxiliary modules:
tconfigurator module,
tvisualization of the train movement situation module,
ttrain driver HMI module.
The functionality of the simulator can be divided into areas
associated with:
tsetting up the simulation environment,
tcontrol the scenario of the simulation,
tsharing of simulation results,
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The KSR-EDU stand consists of dispatch control devices.
These devices are rigging line dispatcher position. Sample exercise
carried out at this stand is to manage railway traffic in a controlled
area of the railway network and the resolution of arising movement
conflicts. Rail network area consists of several stations connected
by the route tracks. For this exercise, the tasks of simulation are
as follows:
tcreation of new trains on rail track system according to
timetable,
tdeparting trains for further stations on the basis of the
timetable and the current traffic situation,
tmovement of trains on the rail track system with real-time
driving behavior,
tdetection and determination of movement conflicts,
tsending event information to dispatch control devices,
treceiving movement telegrams and keeping them in the rules
for the implementation of train runs,
tsending movement telegrams to dispatch control devices.
A configuration of the simulation task includes:
ta list of railway route tracks and station tracks associated by
neighborhood relations,
ttrain schedules taking into account the number of tracks,
tduration of the simulation.
At the start the trains are placed on the tracks and stations
forming the initial movement situation.
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Then a movement by timetable starts. The operator performs
its tasks by sending telegrams to stations including orders of
stopping certain trains to change the order of moving trains
The simulation is done on a regular basis with a fixed time step
according to the algorithm shown in Figure 2. For each train that
runs a single simulation cycle consists of the following activities:
tinput data reading,
ttrains scheduled to run,
tactual train movement parameters,
tplan of the train runs.
tdata processing,
tcalculation of a new position of trains,
tpossibility of move analysis, movement conflict identification,
ttelegrams for dispatcher generation,
tarriving to and departure from station events calculation,
toutput data saving,
tsending telegrams to dispatcher,
tsending information about movement events,
tsending information about movement conflicts.
Specific algorithms of simulator operation are shown in Figure 3.

Fig.2 General simulation algorithm

Fig. 3. Detailed algorithms for main activities
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The aim of this exercise is to train the operator in the organization
of the train movement in a controlled area of the railway network
as a line dispatcher. As the results of the simulation, a graph of
traffic is drown, the log of the dispatcher, reports of a train, and
report conflicts of movement are created. Using created documents
exercise leader examines the manner of traffic management of the
dispatcher, indicating the reasons for the resulting conflicts and
provide guidance leading to improved skill of the operator.

5. Simulation of the train
movement on the signalman
position
The stand KSR-EDU also includes equipment of passing train
information system used by signalmen. The example of exercise at
signalmen stand is the operation of the trains running on the station
tracks and its surroundings e.g. route trucks and neighbor stations.
The tasks for the operator are to record movement events in a
movement log, train running and disposing as well as coordination
of tracks occupancy if required by the traffic control rules.
For such a specific exercise the simulation task is to:
tcreate new trains on rail track system according to timetable,
tgenerate signal signs according to timetable and actual
movement situation,
tmovement of trains on the rail track system with real-time
driving behavior,
tmovement of trains on the rail track system according to
signal signs,
tsend and receive movement telegrams,
tgenerate the occupancy state of the tracks,
tgenerate the faults of communication channels,
The configuration of the simulation task consists of:
ta list of track layout elements including entry and exit signals
connected with neighborhood relationship,
tdescription of the traffic management rules for route and
station tracks,
ttrain schedules taking into account the number of tracks,
trules of solving the movement conflicts,
tduration of the simulation.
During initialization of the simulation task the initial movement
situation is created e.g. trains are deployed on rail track system, the
elements of the track system takes the starting states.
The simulator operates in a cyclic manner (Fig. 3) with a fixed
time step. Trains are moving along the rail track system automatically
according to: physical movement rules, timetable (running though
the right tracks), signal signs.
During the simulation, operator (signalman) generates
asynchronous messages (train arrive and departure messages,
announcement messages etc). These messages are collected in the
buffers, which are analyzed at earliest cycle of the simulator work.
Detailed activities undertaken during the cycle are:
tinput data reading
ttrains approaching stations,
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tdispatcher’s command to run and dissolve the trains,
tplan of the train runs,
tactual tracks occupancy,
tactual train movement parameters,
tprocessing data (Fig. 4)
tacknowledgment movement telegrams,
tanalysis questions of the opportunity to occupy the track,
tsend permission to occupy the track for the train,
trefusal of permission to occupy the track by the train,
tanalysis of permissions to occupy the track,
tcreation of new trains on rail track system according to
timetable and operator decisions,
ttrains dissolving,
texamination the possibility of train movement,
tappointment of trains ready for departure,
tmovement conflict identification,
tsend request for permission to occupy the track,

tcalculation of a new position of trains,
tappointment of new states of interlocking devices.
toutput data saving
tsending states of interlocking devices to pit system,
tsending movement and announcement telegrams,
tsending information about movement conflicts.

and managing the railway transport, operators training, srk devices
testing. Such a demand results in works conducted in Laboratory of
Railway Traffic Management and Control at the Faculty of Transport
of Warsaw University of Technology which are connected with the
SRP-WT simulator. The application of the simulator for fulfilling of
the two simulated tasks, described in the article, allows for completing
many of the teaching tasks in the field of controlling and managing
railway traffic. Through the simulator configuration abilities, it has
become possible to adapt easily the simulation process to the topics of
the taught subjects. The modular architecture of the simulator allows
for creating interfaces with any external systems.
,W LV ZRUWK SRLQWLQJ WKDW LQ ERWK FDVHV DSDUW IURP WKH PDLQ
WDVNVXFKDVWUDLQVPRYHPHQWVLPXODWLRQ653:7LVVLPXODWLQJ
WKHFRPPXQLFDWLRQEHWZHHQWKHRSHUDWRUDQGWKHRSHUDWRUVRIWKH
V\VWHPVFRRSHUDWLQJLQUHDOLW\+HUHWKHSURSHUWLHVRIWKHPRGXODU
FRQVWUXFWLRQRIWKHVLPXODWRUKDYHDOVREHHQXVHG7KLVDGGLWLRQDO
WDVNLVFDUULHGRXWLQGHSHQGHQWO\IURPWKHWUDI¿FSURFHVVVLPXODWLRQ
VRWKHPDLQVLPXODWRUPRGXOHGRHVQRWQHHGWREHPRGL¿HG7KH
UHVXOWVRIWKHVLPXODWRUZRUNDFKLHYHGGXULQJWKHWHDFKLQJFODVVHV
HQDEOHWRDVVHVVFOHDUO\WKHWDVNVUHDOL]HGE\WKHVWXGHQWV7KH\
DOORZ WR FRQ¿UP WKH SURSHU FRPPDQGV H[HFXWLRQ DV ZHOO DV
LQGLFDWHWKHLUUHJXODULWLHVDORQJZLWKWKHLUUHDVRQV
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Fig. 4. Processing data activity diagram

The aim of the described exercise is to study or train the
organization of train movement with usage of pit devices. The
results of the simulation are train movement log describing actions
taken by the operator in accordance to railway rules, the conflict log
e.g. list of situations that adversely affect the liquidity of the train
movement, train runs reports showing actual time of derogation
from the planned. These data sets allow the evaluation of the action
taken by the operator. Indicate items that require further training.

6. Conclusion
The usefulness of the simulators for the development and research
of such an industry branch as railway transport is undisputed. In the
field of controlling and managing railway traffic the simulators find
application in: studying and optimizing the process of controlling
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ABSTRACT
The paper deals with assumptions for an open transmission in railway control applications ensuring the SIL4
safety integrity level. Using the public transmission standards, especially the wireless transmission (including
radio access to Internet) requires the appropriate protection to ensure the data integrity (protection against fault
and lost of transmission) and encoding (protection against unauthorized access). The estimated this way the THR
values, even for single transmission channel does not differ for fault level of computer hardware in redundant
structures. The theoretical results are compared with experimental tests of polish railway automation systems.
KEYWORDS: safety transmission, railway control computer systems, standard

1. Introduction
The transmission system of information used for control of
rail automation devices must ensure a high level of data safety, this
one safety level is detail defined in the rail standard PN-EN 501592011. The main criterion to admit of transmission standards for
railway applications is to ensure an acceptable level of risk THR
(Tolerable Hazard Rate) in accordance with the requirements of
the standard PN- EN 50 126 and PN-EN 50 129. The THR ratio in
railway signaling systems (RSS) should be occurring in accordance
with the classification of SIL levels (Safety Integrity Level).
Wireless communication between the individual components of
the RSS systems must be prepared in such way, as to allow the
fastest possible detection of false information while the break
in the transmission link must cause transition of the system to
“safe state”, of course, in accordance with the procedure specified
individually for corresponding of rail traffic control system. Safety
transmission should ensure the protection of information against
the corruption or loss, using appropriate protective techniques. In
order to ensure the confidentiality, integrity and authentication
mechanisms are used in cryptography algorithms such as 3DES
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(Triple Data Encryption Standard), AES (Advanced Encryption
Standard) and the use of cyclic redundancy code CRC (Cyclic
Redundancy Check). The paper presents requirements concerns
the method of protect transmitted data, the criteria of ensure for
an acceptable level of risk (THR) according to a given safety level of
SIL and examples of implementation of wireless data transmission
in selected rail traffic control systems [3].

2. Standards and protocols
applied to safety transmission
in railway systems
2.1 Conditions of safe data transmission
Exchange of information in railway signalling systems (RSS) using
an open transmission must guarantee the safety of the transmission,
in accordance with the recommendations for the required of safety
level SIL, in this case it is necessary use the appropriate standards
and mechanisms of cryptographic for transmission. Requirements
and recommendations are defined in the current standard PN-EN
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50159:2011 [13] regulating such uses in the signalling systems. In
transmission systems, data transmission between the systems
participating in railway control process can be conducted using
open transmission, both wired and wireless links, shared in network
with public access. This is concern above all of specialized radio
networks (GSM) and the Internet access (WiFi, WiMax). This means
that information is transmitted by the broadcast system available to
unauthorized users, thus transmitted data can be exposed to attacks
such as:
tIntentionally or not intentional masquerade, of another system
in the railway signaling system
tAttacks in order to access to the transmitted information or
send to the system processed packets
tRemoving, modifying or redirecting of data telegrams
tChanging the order or repeating telegrams
tDelay of telegrams.

2.3 Methods of protecting the telegrams
The detailed structure of telegrams for the safe transmission
with recommended safe protection mechanisms of data is shown
on Figure 2. In the paper was confined to two types of telegram
A0/A1 and B0. (The B1 type of telegram is not considered because
is not applied yet in RSS). The Type of A0/A1 it has been used in
so-called closed transmission systems so far, implemented mostly
in Profibus and Ethernet standards. Basically type B0 is proposed
by most manufacturers of RSS systems with public transmission
channel, and it concerns both dedicated radio links and wireless
Internet too. In the case of a closed transmission with protocols of
type A0 and A1 the number of devices in the system is fixed and
all participants in the transmission are known.

Therefore, the transmission system based on the network with
public access must protect transmitted data against such risks.

2.2 Types of telegrams
Basic methods of protecting the transmitted information in public
transmission systems in RSS systems are shown in Figure 1. This
Figure shows the classification of groups of transmission telegrams
and assigned to them the cryptographic methods. Meeting these
requirements is necessary in order to achieve the assumed level safety
inviolabilities SIL by appropriate RSS system. We can distinguish
following telegrams:
tA0 - authorized access only, required is integrity code of data,
is not required the cryptographic safety code.
tA1 - it is not exclude the unauthorized access, required is use
of cryptographic safety code.
tB0 - it is not exclude the unauthorized access, encryption is
required, and it is not required of cryptographic safety code.
tB1 - it is not exclude the unauthorized access, cryptographic code
is required, is not required the cryptographic safety code [13].

Fig. 2. The structure of information in safe transmission systems
according to norm PN-EN 50159:2011 [13]

Devices can be identified by the network addressing, so it has
the character of physically closed, which excludes the threat of
unauthorized access to data, overhearing of transmission or insert
the extraneous telegrams. As the protecting codes of data on railway
control systems is recommended to use cyclic redundancy code
CRC used to detect random errors. In open (public) transmission
systems we have to deal with an additional threat to the system, such
for example, masquerade another system into a system of railway
control or intentionally modification of sending telegrams. To avoid
this, it’s necessary use the methods protecting against unauthorized
access and which allows to verification of authenticity of data.
In this range the standard recommends use of cryptographic
techniques, encryption methods and authentication keys. The
Telegrams using these techniques are identified as type B0 in which
are recommended procedures of authorization by using of a hash
MD5 (Message Digest) and SHA-1 (Secure Hash Algorithm). For
verification the integrity of the data can be used the redundant
coding technique CRC (Cyclic Redundancy Check), which protect
against random errors and allows to detection of single or series of
errors. However, encryption of data the block ciphers encryption
with symmetric key such as DES, 3DES (Data Encryption Standard)
or AES (Advanced Encryption Standard) with 128-bit keys that allow
to reject erroneous telegrams and protect against the decoding. Data
are encrypted in its entirety, including integrity code, such selection
of protecting of telegrams is mainly ensue from use of wireless data
transmission [1, 4, 5, 7].

Fig. 1. Classification of types of telegrams to the open transmission
systems according to PN-EN 50159:2011 standard [13]
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3. Safety transmission in railway
signaling systems
The transmission is a part of safety railway systems and
must satisfy the obligatory recommendations of EU standards,
especially the PN-EN 50159:2011 [13].

3.1 Closed safety transmission in existing
railway signaling systems
The transmission system with fixed number of participants linked
by a transmission system with well-known and fixed properties is socalled a closed transmission. This kind of realization of transmission
is ensure the fail-safe and high reliable of railway control processes.
This transmission is the safety transmission and allows to safe flow
of information between all sub-systems in railway traffic control
and management systems. The safety transmission in this case
is based on transfer of status telegrams, commands (and related
acknowledgements). The closed transmission system assumes:
tOnly authorized access is accessed.
tKnown maximal number of data connection.
tThe transmission medium (coaxial or coupled pair of copper
cables, fiber optic) is known and fixed connected to data
transmitting/receiving devices.
In such situation the probability of unauthorized access is
significantly small, but in closed transmission network may operate
both protected and unprotected transmission devices.
The very good example of safety and closed transmission
application is interlocking system MOR-3 (KOMBUD S.A.)
from Fig.3. This system may cooperate with master/dispatcher
system MOR-1, or another system such EbiScreen (Bombardier
Transportation ZWUS S.A. or ILTOR (Siemens)).

In the system the three following layers are distinguished:
tUser Interface – electronic (computer desk) – devices of service
and visualization layer designed towards better monitoring of
railway control devices and traffic situation in the dispatcher
area
tInterlocking System – system responsible for safety setting and
releasing of routes together with monitoring of all controlled
devices (communication of dispatcher desk with rail equipment
via input/output devices from User Interface
tRail devices and systems – point drives, rail circuits, signaling
equipment, etc.

In typical railway practice of control systems, the MOR-3
system may be treated as system of station devices composed
from control computers (in duplicated “2 from 2” structure)
and safe output circuits – fail-safe comparators. All messages
are transmitted using RS-422 serial connections or industrial
Ethernet standards. The command telegrams transmitted from
interlocking control computer (duplicated microcontroller
channels). In the system the following types of telegrams may
be assumed, such commands to point, semaphore (including
maneuver signaling), insulated rail section, universal object
controller and control area controller.

3.2 Example of wireless data transmission in
railway control applications
Currently applied railway control and management systems
belong to the group of modern devices based on new computer and
microprocessor technique which ensure much more functionality
and efficiency. According to railway standards [12 - 13] it is possible
to use both radio and cable transmission in railway signalling
systems.
One such example of the implementation of wireless transmission
in railway applications is system of railway management and area
control ESTER [4], which can be distinguished on the following
subsystems:
tCross Level Protection System (CLP)
tStation Control System (CC)
tRail Section Occupancy Control System (RSOC).
The basic structure of this system is presented on Fig.4.

Fig. 4. The experimental structure o Railway Signalling System with
OTS (Open Transmission Standard) [7]

Fig. 3. The safety transmission in the interlocking system MOR-3 [6]
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For estimation the probability of error in telegram regarding
to the Hamming distance PH, the following values were estimated
[1 - 2]:

4. Measures and safety criteria
4.1 Measure of the error probability and THR
coefficient
The base of safety systems analysis in railway control applications
is Tolerable Hazard Rate (THR) - measure defined with respect to
failure rate (λi) in channel “i” and connected time of system reaction
(td) after failure in this channel [3, 9 - 11].The idea of safety computer
systems in railway control application, defined in EU standards EN
50129 [12] assumes the significantly low level of failures and redundant
channel architecture (“2 from 2” or “2 from 3”). Such assumptions
lead to very small value of probability of critical (catastrophic) fault
related to multiple failures in independent processing channels.
For system assigned to SIL4 level, the THR (failure intensity
per hour) is defined as follows: 10-9 ≤ THR < 10-8. The transmission
critical failure together with hardware modules must satisfy the
above condition. Assuming that the level of reliability for both of
transmission closed and open characterized by intensity of failure
λN is on level of 10-4, it is possible to estimate the intensity of the
dangerous failure λNT [13]:
(1)

where: c – number of redundancy bits in integrity protection
CRC code
For basic protection of transmission a CRC 32 applied in
presented MOR systems, the failure rate λN=10-4 gives the critical
failure rate λNT = 2,39·10-14.
For open transmission system the 19200 bit/s transfer rate, the
THR analysis assumes the serial reliability structure with single
transmission channel with B0 type of telegrams, 128 bit key in
AES coding algorithm and 32 bit CRC. The applied transmission
equipment has certified MTBF (Mean Time Between Failures) about
525600 [h] (λN = 0.18·10-5). It is mean that in worst case the THR
depends on CRC32 protection corresponds to SIL4 requirements.
In order to estimate the probability of undetected bit error in
the telegram PF, this probability is given by [1 - 2]:
(2)

where: P- probability of undetected i- number of errors, Ncodeword length, p-bit error probability (for radio transmissions
the accepted value is 10-4), i- number of errors in n codeword length
The probability of undetected telegrams corresponding to parameters
N, p and i, for presented ESTER system are shown in Table 1.
Table 1. Probability of undetected PF, i- number of errors in n
codeword length
BER
10-3
10-4
10-5
10-6
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telegram length N=160 bit
i=1
i=2
1.3·10-1
1.1·10-2
1.5·10-2
1.2·10-4
-3
1.5·10
1.2·10-6
1.5·10-4
1.2·10-8

i=3
5.7·10-4
6.5·10-7
6.6·10-10
6.6·10-13

(3)

where: d - Hamming distance, N - codeword length, p - bit error
probability (for radio transmissions the accepted value is 10-4),

In this case obtained results are shown in Table 2.
Table 2. Probability of undetected PH, i- number of errors in n
codeword length and d-Hamming distance
telegram length N=160 bit
BER

d=1

d=2

d=3

d=4

d=5

d=6

d=7

10-3

8.5·10-4

8.5·10-7

8.5·10-8

8.5·10-13

8.5·10-16

8.5·10-19

8.5·10-22

10-4

9.8·10-5

9.8·10-9

9.8·10-13

9.8·10-17

9.8·10-21

9.8·10-25

9.8·10-29

10-5

9.9·10-6

9.9·10-11

9.9·10-16

9.9·10-21

9.9·10-26

9.9·10-31

9.9·10-36

10-6

9.9·10-7

9.9·10-13

9.9·10-19

9.9·10-25

9.9·10-31

9.9·10-37

9.9·10-43

Table 1 shows the trend of changes with respect to error
probability at 1, 2 or 3 bits in the telegram (code word). While Table
2 shows the changes in the probability of error in the telegram,
depending on the Hamming distance d. From presented results it
obvious that requirements recommended for SIL4 corresponding
to standard [13] must assure the minimum Hamming distance d = 4.
For other protections should be included methods such as coding
of important (sensitive) information’s in the area of the telegram, i.e.:
the marker type of telegram, the marker type of command (order)
were selected special collections of code so that the Hamming
distance for a given set of codes was maximal.
In addition to coding also introduced the security, to increase
the level of transmission safety:
tdiversity of headers of telegrams for channels A and B and the
different locations of the telegram
tdiversity in length and content of the particular telegrams
with excess information,
tthe time criterion, causing the lack of a important telegram
within about 1 s is interpreted as a interruption in transmission
what causes transition of the system to a safe state,
tdamage to the transmission cables, transmissions card and
power card, causing an interruption in the transmission and
safe system response.
An important protection is the so-called “Telegram life”. The
choosing controller should at every about 10 s to the dependency
controller a telegram life. No “telegram life” for more than 10
seconds makes practical the system is transition in a standby,
and after another 10 seconds will set the all of semaphores and
shunting plates to signal stop [4, 6 - 9].
The dual transmission channels in closed transmission system
satisfy the THR requirements (including repetitions of telegrams).
But the single transmission channel in B0 with appropriate
encryption may be also applied to SIL4 THR requirements.
© Copyright by PSTT , All rights reserved. 2013
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5. Conclusion
In the railway signaling systems the transmission is treated as
an important part of safety system according to PN-EN 50159:2011
standard, especially THR value assigned to SIL4. In the systems
with closed transmission, the transmission channels are redundant
(duplicated) and applied CRC integrity code for data protection give
the critical failure λN rather small, significant less than recommended
THR value. In the systems with open transmission standard only
single transmission is applied, but the result λN value satisfies the
SIL4 requirements according to additional cryptographic protection.
(Another problem may be connected with availability, because only
authorized access may guarantee the transmission without delays.)
The future research works are connected with Internet access
to data transmission in railway control applications, but for safety
radio transmission the important problem with fast access, small
delays and authorization corresponding to PN-EN 50159:2011
standard must be successfully explained.
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ABSTRACT
Digital image processing algorithms are commonly applied in Intelligent Transport Systems (ITS). Their effective
operation is conditioned on the high robustness to real-life image distortions and the computational complexity
suitable for implementation on a non expensive industrial computer. The paper presents three original image
analysis methods designed for the ITS, with special attention paid on aforementioned conditions. Colour
image parametrization method for the traffic light state classifier was described. The algorithm utilizes CIELAB
colour space properties. The method of vehicle edges parametrization for the make and model classifier was
presented. The proposed representation relies on thresholded coefficients of gradient magnitude approximation
in low dimensional space. The paper presents also the method of image characteristic features detection for the
licence plates localization task. The detection is performed by means of appropriately designed filters with low
computational complexity.
KEYWORDS: digital image processing, image parametrization, traffic light classification, colour
recognition, make and model recognition

1. Introduction
In recent years rapidly growing popularity of video-based
surveillance systems can be observed. The reasons behind this
growth are i.a.: fall of the digital video equipment prices, rise
of computational power of the video processing hardware,
development of efficient image processing algorithms dedicated
to objects recognition, tracking and behaviour analysis.
Modern Intelligent Transport Systems (ITS) utilize several image
processing subsystems: automatic number plate recognition (ANPR),
vehicle make and model recognition (MMR), vehicle and pedestrian
detection, tracking and behaviour analysis, traffic congestion and
flow analysis, red light violation enforcement, speed-from-video
measurement, automatic emergency detection etc.
The main advantages of video-based systems are: relatively
low price, installation non-invasive to pavement, high mobility.
However, video analysis algorithms effectiveness can be severely
decreased due to inappropriate lighting conditions and image
distortions caused by many reasons such as shadows, overexposures,
motion blur, precipitation etc.
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Real-life application requires the algorithms to be robust
to image distortions and their computational complexity allow
implementation on a non expensive industrial computer. The paper
presents three original image analysis methods designed as the
parts of Neurocar ITS system.

2. Colour parametrization for
traffic light state classifier
2.1 Role of parametrization
The red light violation enforcement system utilizes a video
based traffic light signal classification module. The module consists
of three main parts: traffic light position detector, colour image
features extractor and state classifier. The detector continuously
tracks the light position, changing due to wind, vibrations,
thermal expansion of mounting poles etc. Knowing the position,
features describing light state can be calculated and then fed to
the state classifier. The classifier is designed as a binary non-linear
maximum margin classifier, similar to the SVM. Activity of each
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light field (red, yellow, green) is separately classified and then
overall signal (off, red, red-yellow, green, yellow) is computed.
The feature extraction (parametrization) method should be
computationally plausible for 25 fps real time operation and provide
robustness to the wide spectrum of lighting conditions variation
and image distortions.

2.2 Feature extraction

2.3 Results
Training sample set contained 4419 examples while the test set
contained 20584 examples. Examples represented different locations,
lighting and weather conditions. All system parameters except used
colour space were constant. Table 1. presents obtained classification
results from training and test.
Table 1. Results of traffic light state classification

A rectangular reception field r is defined and automatically
located for each light field (Fig. 1.). Due to large variation (Fig.
2.), there is no shape analysis applied. The reception field output
is the simple average of its pixels values. A colour space used to
pixel representation plays crucial role in classification [1, 2, 3]. A
few spaces was tested during the experiments. The details of RGB
(image source native) and CIELAB (perceptual motivated) [4]
spaces usage are described below.
For each reception field r calculate the pixel values averages:
tRGB colour space: SRr, SGr, SBr
tCIELAB color space: SLr, Sar, Sbr
For RGB space calculate also:
SIr = 0.30 SRr + 0.59 SGr + 0.11 SBr

(1)

SCr = SRr - SBr

(2)

Classification results in samples set

Colour
space

Training

Test (with 95% confidence
interval)

RGB

99.743%

99.835% +/- 0.055%

CIELAB

100.000%

99.898% +/- 0.044%

Some examples of incorrect classification are shown on Fig. 3.
Results show that designed traffic light parametrization together
with the classifier provide satisfactory classification performance
and generalization. The results show that introducing appropriate
non-linear colour space transformation causes significant
classification performance improvement. This is due to better
separation of different classes samples in the feature space.

where SIr is RGB luminance and SCr is an approximation of
opponent colour space direction [4].
Our proposed traffic light descriptor feature vector vr is
constructed in the following way:
tRGB colour space
vr = [SRr, SGr, SBr, maxi (SIi), mini (SIi), maxi (SCi), mini (SCi)]T

(3)

tb) CIELAB color space
vr = [SLr, Sar, Sbr, maxi (SLi), mini (SLi), maxi (Sai), mini (Sai)]T
r
C

r
a

(4)

Both S and S values extrema are introduced due to their
high discriminative properties with respect to greenish - reddish
colours. Luminance values SIr and SLr extrema are added to provide
information off overall lightness range within all reception fields.
Index i goes through all reception field in the signaller.

Fig. 1. Reception fields (rectangles) over the traffic light
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Fig. 2. Examples of various environmental conditions classifier has
to cope with

Fig. 3. Examples of incorrect traffic light state classification
(CIELAB colour space): top-left: classified as green, top-right:
classified as yellow, bottom-left: classified as red-yellow,
bottom-right: classified as green
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3. Vehicle front image edges
parametrization for MMR
3.1 Vehicle front image based MMR
Video-based make and model recognition can rely on different
views of vehicle. Distant view [5, 6], rear view [7] or front view [8]
approaches are known. The developed make and model recognition
system uses the image of the vehicle’s front, where region of interest
(RoI) is located in the vicinity of the license plate. This region
contains the most of discriminative features like headlights contours,
grille, bumper, logo. Usually these features have also highly visible
contours (edges).
The principle of our system operation is based on the matching
of the descriptor of vehicle being recognized with the reference
database. The base contains descriptors of few thousands vehicle
examples, covering over 2000 distinct models. Because of the
size of the base, descriptor have to be short enough to ensure the
matching process time and memory consumption to be acceptable
(a few dozens of milliseconds, a few hundreds of MB). The
designed vehicle descriptor has length equal 1758 bytes.
Before the parametrization takes place, following steps have
to be taken:
1. licence plate position detection,
2. RoI extraction with geometrical normalization, where RoI position is related to licence plate position and geometrical normalization is related to scene (camera) parameters,
3. RoI contrast normalization.
Fig. 4. shows RoI example after aforementioned steps.
Subsequently, rectangular tiles are extracted and undergo edges
parametrization. The vehicle descriptor is built of concatenated
parameters from all used tiles. Most of system’s parameters values
(e.g. RoI location and size, tiles number, locations and sizes) were
determined via optimization during the system training phase.

belonging to the same class. Computational cost of parametrization
has also to be plausible for real-time operation.
Following tile parametrization steps was proposed:
1. S - grayscale image, with vectorized representation s
2. G - gradient magnitude of S, with vectorized representation g
3. a - coefficients of approximation of g in the orthonormal base,
which basis vectors constitute rows of matrix P
a=Pg

(5)

3. b - coefficients after sigmoid non-linearity applied element-wise to a
bi = tanh (Įi (ai - ȕi))

(6)

Values of P, αi, βi were determined in the course of optimization
during the system training, where classification error was used as
the minimized objective function.
Examples of parametrization stages outputs for selected tile
(marked on Fig. 4.) are shown on Fig. 5.

Fig. 5. Example of selected tile (rectangle on Fig. 4.) parametrization
outputs. top-left: S, top-right: G, bottom: a, b

3.3 Results
The tile marked in Fig 3.1. was selected as the example
for subsequent calculations. In the case of selected tile,
parametrization vectors have following lengths: dim(s)=dim(g)
=900, dim(a)=dim(b)=82.
In order to compare discriminative properties of each
parametrization steps outputs, following discrimination measure
was proposed:
(7)

Fig. 4. Example of the region of interest (RoI) of a vehicle. Selected
tile example marked by the rectangle

3.2 Edges parametrization
The tile edges parametrization has to provide high robustness
to image distortions and random differences between vehicles
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where xi stands for descriptor of i-th sample, Ci stands for the
set of sample indices sharing the same class with i-th sample, Cci
stands for the complement of Ci. Euclidean norm was used.
The test set contained 3618 vehicles divided into 159 vehicle
model classes. Table 3.1. presents quartiles of discrimination
measure d distribution over the test samples, where s, g, a, b were
substituted in the place of x in eq. 7, respectively. Additionally,
percentile for d = 1.0 (decision boundary) was given.
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Table 3.1 Quartiles of d measure distribution over the test set for
different parametrizations
Quartiles of
d measure
distribution
Q1
Q2
Q3
percentile for
d = 1.0

Parametrization step
s
dim(s) = 900

g
dim(g) = 900

a
dim(a) = 82

b
dim(b) = 82

0.816
0.952
1.158

0.846
0.980
1.200

0.813
1.028
1.375

0.930
1.059
1.254

57.74

53.317

47.12

39.44

The obtained results show that subsequent stages of proposed edges
parametrization ensure discrimination capability increase together
with significant descriptor length reduction. Complete classifier
utilizing descriptor of length 1758 reaches real-life performance at level
of 97% correctly classified vehicle manufacturers.

4. Low complexity features
detection for licence plate
finding
License plate position detection is the one of the most
challenging among image processing task utilized in ITS. This is
due to the fact, that the plate is a relatively small object embedded
in highly cluttered environment. Furthermore, nowadays processed
images have often HD resolution, where number of processed pixels
exceeds 2 million.
A following low complexity feature detection algorithm was
proposed to deal with aforementioned issues.
INPUT: I - MxN 8-bit grayscale image
t1, t2, t3 - thresholds
OUTPUT: O - MxN binary image
J := MxN auxiliary table initialized with
zeros
FOR y IN 0..N-1:
FOR x IN 0..M-3:
D(x) := I(x+2,y) - I(x,y)
FOR x IN 3..M-3:
IF D(x-2)<-t1 AND (D(x)>t1 OR D(x+1)>t1
OR D(x+2)>t1):
J(x,y) := abs(D(x-2))
IF D(x-2)>t2 AND (D(x)<-t2 OR D(x+1)<-t2
OR D(x+2)<-t2):
J(x-3,y) := max(O(x-3,y), abs(D(x-2)))
FOR EACH (x,y):
O(x,y) := J(x,y) > t3 ? 1 : 0

The developed algorithm ensures significant reduction in
source image information, necessary to real-time operation of
subsequent detector stages (i.a. graph based features clustering),
while plate characteristic marks are still well preserved.
In the example shown on Fig. 6. input image information
entropy (assuming pixel spatial independence) equals 6.66 bit/
pixel, while output binary image entropy equals 0.25 bit/pixel.
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Fig. 6. Input (left) and output (right) of feature extraction method
for the plate detector

5. Conclusion
The paper presented three original image processing algorithms
used in real-time, highly efficient and market-available video
analysis ITS subsystems. In all of them, application of suitable
non-linear functions at early stage of image processing allowed
achievement of satisfactory robustness to distortions and random
variations, while keeping computational cost low enough to make
implementation on plain, small industrial computer possible.
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ABSTRACT
Currently in many countries come to the high increase of number of passenger cars. Such increase brings also
many problems which arise in particular in residential areas and on roads out of residential areas since they are
not able to ensure reliable and continuous traffic on these roads. The paper presents the analysis, the prediction
and issue of motorization rate comparison in particular districts of the Slovak Republic.
KEYWORDS: district, passenger car, motorization rate, transport, prediction

1. Introduction
Transport is one of the factors that influences in an extremely
relevant way the life of whole society so in rural zone as in town
residential area and influences their future development. Spurt
growth of motorization has not been proportional to communications
development, parking spaces and equipment needed for car service.
That is why the parking spaces problems appear more and more often
with cities development. This problem is connected with the ability
of cities to provide their transport servicing and availability, as well as
the environmental quality on the other side [4].
Dealing with the motorization development problem in our
country is a necessary need nowadays from various points of view.
Actual growth of the number of passenger cars and performances of
individual motorization brings negatives in the form of congestions
and negative influence to the environment. On the other hand it is
a source of state budget income from driving fuel sales, car sales,
fellable taxes and other services connected with motorization [1].
Questions of development and reaching the suitable saturation
of individual transport needs of citizens belong to very actual
questions, especially concerning the living standards, way of life and
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the environment. An important factor in this area is the relationship
to cars and motorization development globally. Opinions concerning
passenger car are various and reflect political and economical
situation in society. Considering the orientation of the Slovak
economy towards free market, the question of differences in social
structure becomes negligible and the questions concerning way of
life as well as the economical ones become more important [1].
Continually there is a need to state the basic fact, e.g. that the
Slovak Republic belongs to countries with the highest share of
passenger cars produced per person in a year [4].

2. Motorization rate in the
Slovak Republic
Introduction of this chapter focuses on the degree of motorization,
its development and prediction from the regional towns point of view,
which are districts towns as well (Bratislava, Trnava, Trenčín, Nitra,
Žilina, Banská Bystrica, Prešov a Košice), and from the point of view
of districts towns with over 50 000 inhabitants (Prievidza, Martin,
Poprad) and the Slovak Republic itself. And it also concerns the
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number of inhabitants in various regions and districts of the whole
Slovak Republic.
As we can see from table 1, in most regions there is an annual growth
of inhabitants number until 2010. It is interesting that in 2011 there was
the first drop of Slovak inhabitants number since 2001 compared with
2010, exactly 30 951 inhabitants. This tendency naturally influenced
most regions except for Košice, Prešov and Banská Bystrica region.
The largest growth of inhabitants number since 2001 initiated in Košice
region by 3.44 %, exactly from 766 650 people in 2001 to 792 991 people
in 2011. On the contrary, the most important drop of inhabitants
number since 2001 initiated in Nitra region by 3.19 %, exactly from 712
312 people in 2001 to 689 564 people in 2011. The whole inhabitants
number in Slovak Republic grew until 2011 about 25 371 people, e.g.
0.47 % compared with 2001 [4].

There is also an interesting view within various districts, where
we can see similar development as in different regions. As we
mentioned in the introduction, 11 districts towns were chosen.
In all the solved regions there was a minimum growth until 2011,
let us say drop of inhabitants number except for Bratislava, Nitra,
Prešov and Košice district. In 2011 there was the largest annual
drop of inhabitants number in Bratislava district (annual drop
of 19 609 inhabitants), on the contrary the largest growth initiated
in Košice district (annual growth of 6 802 inhabitants). The largest
growth of inhabitants number since 2001 initiated in Prešov
district, about 4.72 %, exactly from 162 173 people in 2001 to 169
828 people in 2011. On the contrary, the largest drop of inhabitants
number since 2001 initiated in Bratislava district, about 3.48 %,
exactly from 428 094 people in 2001 to 413 192 people in 2011.

Table 1. Development of the number of inhabitants in various
regions in the Slovak Republic [7]

Table 2. Development of the number of inhabitants in several
districts in the Slovak Republic [7]
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An important background and indication that is connected
with development of inhabitants number and characterizes the
motorization rate is number of passenger cars in mentioned period.
It is well known that numbers of motor vehicles and passenger cars
grow annually in every European country. This trend did not elude
the Slovak Republic. Development of number of passenger cars in the
Slovak Republic was a bit less striking than in case of motor vehicles,
but important enough anyway. Actual motoring development in the
Slovak Republic can be characterized as developing in a dynamic way,
where in last eleven years the number of passenger cars growth in the
Slovak Republic initiated by 35.3 % on the average. The largest growth
of the number of passenger cars since 2001 initiated in Prievidza
district, about 46.04 % (e.g. 1.46 times), exactly from 29 845 passenger
cars in 2001 to 43 585 in 2011. A very similar growth also initiated in
Žilina district (growth by 45.99 %). The lowest growth of the number of
passenger cars by 12.37 % appeared in Košice district, exactly from 68
083 passenger cars in 2001 to 76 506 in 2011. Development of the
number of passenger cars in other districts is well arranged in table 3.
Even if the comparison of actual development of individual
motoring shows that in the Slovak Republic the trade boom of
certain level has been in progress already, there is a need to expect
that in future the cyclic development will go on, even if the growths
will be different, but softer.

Table 4 issues from table 3, where the numbers of passenger
cars are included, as well as companies passenger cars. These are
passenger cars that are structurally built – because of the VAT
costs sheet - with „separation skeleton” and with categorization of
„N” group vehicle in technical licence. Statistically these vehicles
are registered as cargo freight vehicles and not as passenger cars.
And nevertheless most of them are used for private purposes
and common private services. That is why these vehicles are
counted to the whole number of passenger cars, where from the
motorization rate has been counted later; let us say the equipment
rate of passenger cars. After discussions with licencing authorities,
these vehicles make 6 to 10 %-part, let us say the average 8 per
cent for other calculations. Values in the table are mathematically
approximated.
Table 4. Development of the general number of passenger
and companies passenger cars in several districts in
the Slovak Republic [5,6]

Table 3. Development of the number of passenger cars in several
districts in the Slovak Republic [5,6]
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Motorization rate is a parameter which tells us about the number
of inhabitants of certain regional unit that strikes on 1 passenger car [2].
In following table 5 the motorization rate development in the
Slovak Republic is registered, which dropped in last 11 years almost
by 26 %, e.g. in 2001 there was 4,16 inhabitants per 1 passenger car,
in 2011 already 3.09 inhabitants. The most remarquable percentual
change in the motorization rate initiated in Prievidza district,
which is naturally related to the largest development of the number
of passenger cars in Prievidza district (table 3). It is the value of
rate 4.35 to 2.93 inhabitant on 1 passenger car (drop by 33 %).
A very similar drop of this indicator appeared also in Žilina district
(drop by 32.3 %). On the contrary, the lowest percentual change in
the motorization rate initiated in Košice district, by 9.26 %, which is
connected with the lowest growth of the number of passenger cars
in Košice district (table 3). The exactly value degree is 3.21 to 2.91
inhabitant on 1 passenger car. The lowest value of the motorization
rate in 2011 was in Bratislava district (exactly 1.70), e.g. as if almost
3 inhabitants of Bratislava district owned 2 passenger cars. A lower
value of the motorization rate than the Slovak Republic average
value is in almost all districts except for Prešov, Poprad and Martin
district. The highest value of the motorization rate in 2011 was
in Prešov district (exactly 3.43).
Table 5. Development of the motorization rate in several districts in
the Slovak Republic [own study]
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The figure 1 diagrammatizes the motorization rate development
in the Slovak Republic for separate years, where we can clearly see
the dropping tendency (e.g. per 1 passenger car there is every year
less and less inhabitants).

Fig. 1. Development of the motorization rate in several districts in
the Slovak Republic

The experience says that the motorization rate, approximately
5.0 inhabitants per 1 passenger car starts to cause the first problems
in society, as the transport safety, problems with parking and so
on. Very serious problems appear already by the motorization rate
of 2.5 inhabitant per 1 passenger car in urban transport. In peak
hours congestions of vehicles are created at the entrances to larger
towns and in the evening there are problems with parking places
in residential areas with a constant lack of parking places and
there is a real problem to park a passenger car [3]. If you see table
5 you will find out that there are districts in the Slovak Republic
already with motorization rate lower than 2.5 in 2011 (Bratislava
and Trnava district); let us say are close to that rate (Nitra, Banská
Bystrica, Žilina and Trenčín district). It is necessary to state –
and this is also alarming – the motorization rate from the Slovak
Republic which gains value almost 3.0.
By actual development of passenger cars, actual living trends
of inhabitants and their needs, when many families own more than
1 passenger car and with actual globalization, it is just a question
of a short time when most of the districts, let us say larger towns in
the Slovak Republic will gain this critical value of the motorization
rate. Almost in every larger town, in central communal zones,
let us say at neighbourhoods with parking places missing, and
practically all the autonomies fight with the same difficulties. The
problem becomes “chronical” already, which is not any more only
the case of the capital city, Bratislava.
The causes of appearance of this state initiated in the 70s and
80s of the last century, when by a wide construction of blocks of
flats did not count on such a huge growth of the motorization rate
as it is happening in recent years (table 5 and 6). Another reason
is the actual inconvenient and undersized technical norm STN 73
6110/Z1, which requires the construction of approximately 1.1
parking place per one flat.
Going on with construction of parking places on terrains with
less and less green areas is also critical. Considering that nowadays
already in most critical towns the green area per one inhabitant is
from 11.5 to 13.5 m2, where the limit is 11.0 m2 per 1 inhabitant of
town and by following construction of parking places the green areas
would fall into level under the specific limits. Such a decline of green
areas in neighbourhoods concerning the regional territorial system
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of ecological stability and constantly maintainable development can
not become the aim of regional autonomy [9]. And that is why there
is a need to deal with this question properly and look for actual and
possible solutions
A more precise expression of motorization the rate is by so
called the equipment rate of passenger cars, which is much better
corresponding to constant growth of this phenomenon. This indicator
is defined as the number of passenger cars per 1 000 inhabitants [2].
Table 6. Development of the equipment rate of passenger cars in
several districts in the Slovak Republic [own study]

cars in Prievidza district (table 3). Exactly the change of values
rate from 229.77 to 341.55 of passenger cars per 1 000 inhabitants
(growth by almost 48.7 %). Also a very similar growth initiated in
Žilina district (growth by 47.70 %). On the contrary, the lowest
percentual change in the equipment rate of passenger cars initiated
in Košice district and it was by about 10.20 %. The highest value
of the equipment rate of passenger cars among all the districts
in 2011 was in Bratislava district. The value was 588.34, which
is higher by 81.76 % than the value for the Slovak Republic. The
higher value of equipment rate of passenger cars than the value
for the Slovak Republic is in almost all districts except for Prešov,
Poprad and Martin district. The lowest value of the equipment rate
of passenger cars in 2011 was in Prešov district (exactly 291.34).
The figure 2 graphically shows the development of the equipment
rate of passenger cars in the Slovak Republic in separate years, where
we can clearly see the tendency is growing (e.g. for 1 000 inhabitants
there are more and more passenger cars every year).

Fig. 2. Development of the equipment rate of passenger cars
in several districts in the Slovak Republic

3. Development of the
motorization rate in the
Slovak Republic
If we consider the values of the motorization rate for separate
years from table 5, the conclusion is that every year there is a drop
in the motorization rate, which can be characterised by following
graph at the figure 3. Here we can suppose that the tendency of
values let us say the drop of the motorization rate responds to the
tendency of exponential trend function. With the help of mentioned
of regression equation the predicted motorization rates were
calculated for the years 2015 and 2020 (values in yellow circles).

In following table 6 the development of the equipment rate of
passenger cars in the Slovak Republic is noticed. As we can see, the
value of the equipment rate of passenger cars for the Slovak Republic
grew in last 11 years by almost 35 %, e.g. in 2001 it was 240.35
passenger cars per 1 000 inhabitants, in 2011 it was already 323.68
passenger cars. The largest percentual change in the equipment rate
of passenger cars initiated in Prievidza district, which is naturally
connected with the hugest development of the number of passenger
Fig. 3. Regression of the motorization rate development
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Also the predicted future curve was calculated in the same
way, value of indicator – the equipment rate of passenger cars.
The calculated predicted values of the motorization rate and the
equipment rate of passenger cars are transparently elaborated in
table 7.
Table 7. Development of the motorization rate in the Slovak
Republic [own study]
Year

Motorization rate

Equipment rate of
passenger cars

2015

2,87

344,29

2020

2,46

389,34

In the whole world there are about 900 millions of passenger
cars driving. 231 millions in 27 EU countries (EU-27), where
approximately 1 750 000 of them are in the Slovak Republic.
According to prognosis the number of passenger cars in the world
until 2050 (in almost 40 years) will become more than a triple
value – to 2.9 billion of passenger cars. According to some ratings,
there should be more than a half million of new passenger cars on
our roads until 2020 which would increase the indicator value to
400. We can all imagine what it would mean for the transport and
parking places [3].
In all the countries that were accepted to EU recently it is
evident that the level of transport development makes part of the
economical growth of the country. It is hard to predict a strong
economical growth that can create working places and welfare
without powerful transport system making possible the realization
of total and effective transport requests of inhabitants.
Transport requests are influenced by various factors. In
personal transport the decisive factor is fast growth of the number
of passenger cars and their using. The number of passenger cars
in the Slovak Republic became a triple one in the last thirty years.
Even if the level of passenger cars ownership in most EU countries
is going to be constant soon, it is not the case of Eastern Europe
where the ownership of personal vehicles is considered a certain
„comfort and symbol of freedom”.
Mentioned comparison of actual development of individual
motoring in the Slovak Republic shows that the conjuncture of
certain level is being realized already. We can probably expect that
the cyclic development will go on in the future, even if the growths
will be different, more reasonable. This tendency of development
can also be supposed in other states with lower level of passenger
cars equipment.
8QWLO  WKH QXPEHU RI SDVVHQJHU FDUV ZLOO UDSLGO\ JURZ
LQ (8 DQG VWDELOL]DWLRQ RI HTXLSPHQW OHYHO IRU LQKDELWDQWV E\
SDVVHQJHU FDUV LQ MRLQHG FRXQWULHV PD\ EH H[SHFWHG LQ VHYHUDO
\HDUVIRUVXUHDIWHUWKH\HDU
In the period of autonomy of the Slovak Republic the
motorization rate does not reach the level of most European
countries and also stays backwards in comparison with the
countries of the Vysegrad Four or some Balkan countries. The
equipment rate of passenger cars in 2009 in the Slovak Republic
was 293, that represents about 62 % of average value in that
year for EU. States as Poland and Czech Republic approached
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to this average value, Austria reached a much higher value than
the EU average. In table 8 there is a well arranged schedule
of the development of this indicator for the Slovak Republic in
comparison with other states and the EU average.
Table 8. Development of the motorization rate in the Slovak
Republic comparing with several EU states [8]

4. Conclusion
Motoring development influences the growth dynamics of
inhabitants mobility. This fact brings solutions as maintaining actual
level of public mass transport and how to influence the transport
development in an effective way. There are various possibilities
how to reach this ambitious aim, but not all the solutions are to be
realized soon so that no traffic jams appear and overcharges of some
road segments.
It is alarming that in spite of the motorization rate „lag“
comparing to average values of other states and the EU average,
huge problems appear in all larger towns of the Slovak Republic
with providing static transport (in towns, their centres or
neighbourhoods) under the condition of keeping the best possible
state of the environment.
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As we mentioned before, even if in statistic comparison the
Slovak Republic does not even reach the EU average, it is important
to know how estimate the future motorization rate or the tendency
of this development mainly because of motoring and transport
development, providing the transport operation, maintenance of
communications and mainly organization of static transport.
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ABSTRACT
The presented paper describes the latest results of a research project focused on the development and application
of intelligent system for dynamic traffic management on highway in work zones. The presented system is a result
of a research project funded by the Technology Agency of the Czech Republic and will be deployed in a pilot
verification during the started reconstruction of D1 highway in the Czech Republic in the upcoming months. The
system should help to increase the throughput of the reconstructed highway work zones and reduce the negative
effects of the reconstruction work itself.
KEYWORDS: dynamic traffic management, motorway, reconstruction

1. Introduction
Modernization of the motorway network in the Czech Republic,
which will be due to the lack of alternate routes conducted in full
operation, requires maximum traffic flow in areas of highway
closures. According to the conceptual project developed for the
Czech Highways Authority, drivers are informed about the traffic
situation before travel, during driving (by permanent electronic
portals) and also at the traffic closures [1]. The aim of our project
is not informing drivers only, but the effective dynamic control of
traffic flow, that will increase the capacity of the profile.
Abroad these have been the experience with a similar solution
– traffic lights that stop vehicles in each lane [2], variable signs
informs the driver where should (must) merge in the continuous
lane [3, 4] or about speed limit [5]. In the Czech Republic similar
system has not been used yet, the dynamic control of traffic flow is
used only for permanent application on the Prague motorway ring
road [6]. Using in the closures requires a mobile system that can
be moved in accordance with the procedure works and that has an
independent power supply and wireless communication between
their own modules and with external services as the National
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Transport Information Centre. During the project ViaZONE,
which is supported by Technology Agency of the Czech Republic,
we have developed a system that meets the above requirements,
but also conservative requirements of Czech technical conditions
and Roads and Highways Authority [7].
System is developed by composing of several cooperating
components, which can use alternative energy sources. The system
is controlled remotely by the control software that uses algorithms
working with real-data on speed, intensity and occupancy for changing
display of variable-message sign near the traffic closures. Data in realtime is generated by various traffic detectors that are installed on several
pre-selected sections of the interested area. The control algorithms
were tested in microscopic model (software Aimsun), which was
calibrated and validated by real traffic data from Czech Republic, which
were measured during the closure of the motorway D1. At the same
motorway, in part with diverting two lines into one line, will be in the
second half of 2013 a pilot operation of this system.

1.1 Mobility and portability of the system
The system was created to specifically meet the needs of fast
and simple transport and installation in the location concerned
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(taking into account the size and complexity of the installation)
with a minimal risk for all workers. It is therefore possible to install
the system even in places of major traffic accidents or unexpected
phenomena that significantly influence the capacity of the road.
The calibration, installation and setting of the entire system is
quite simple.

1.2 The individual subsystems and physical
devices in the infrastructure are
cooperative
Physical devices in the infrastructure are connected together
to a private wireless VPN network. All the functional blocks of
the system interchange data and information, leading to the final
target – the master station. The master station (or MASTER)
allows the control and management of even remote devices, as
well as retrieving the actual data from them.

1.3 System functionality
The system allows the usage of independent and various
management functions depending on the needs of a particular
location and needs of the investor and the user. Especially we
are talking about management functions of warning about traffic
jams, adaptable speed reduction, navigating to alternative routes,
or dynamic control of a zipper.

1.4 System modularity

It is important to realize the complexity of developing such a
system, which forms a portable replacement of stationary ITS, but
in conditions, where the location lacks electrical power, or where
for example the space available for installation is very limited.
Another important factor is the necessity of very fast installation,
so that people who place the system in the locations are not
exposed to any potential risks for too long. All these requirements
place high demands on reliability and safety of the entire system.
For this reason, normative for quality was set for the individual
system components, which will be validated in a pilot traffic.
Quality normative defines the needs of quality of individual
components, products and devices that form the developed
management system. The set requirements can be used in the
future as normative requirements for similar systems. The system
will therefore be tested with strict requirements; so that the
investors and users of the system can be assured that the portable
and mobile management systems are safe and reliable. Individual
quality norms have been established with regard to the future
setting of technical specification which will be used in practice
and in particular respect and based on the long experience of the
operation of intelligent transport system, which aim to manage
traffic flows. Qualitative (system) parameters are designed to suit
particular subsystems, as well as the entire complex system:
tContinuity = 99%
tIntegrity = 5 s
tAccessibility = 99.5%
tAccuracy (detection of intensity, speed and classification) =
from 85% to 95%

The individual portable stations in infrastructure are designed
so that they contain the necessary evaluation unit in a box with an
IP 55 cover. The particular evaluation units differ from each other
depending on their usage (MASTER x SLAVE). Modularity (see
Fig. 1) is possible thanks to a modular method, where based on
the particular situation, the following detection or display (LED)
devices can be connected to the evaluation unit:
tWavetronix radar detector
tRadar measuring speed – for traffic jam length
tDetector for measuring arrival time – Bluetooth
tWeather station
tIP camera
tGPRS modem
tXbee modem
tPortable variable traffic signage
tLED trailer
The individual stations can operate independently or in a
network environment, again based on a particular usage. The
system is thus ready to function in various layouts.

Fig. 1. Scheme of the modular portable management system [own
work]

1.5 Being independent of electrical power supply

2. Data collection subsystem

The stations are equipped with accumulators with rechargers.
Power for the accumulators can be supplied by fuel cells based on
methanol, photo-voltaic cells, or they can be powered from the
standard 230V supply.

For the correct functioning of the system it was necessary to
integrate detectors, which do not require time for calibration, but
at the same time do not decrease the accuracy of the generated
data. In this system, the accuracy is defined as the degree of
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similarity between the measured and the defined value of the
parameter/process/function:

P pi  pm ,i d H 1 t J 1

(1)

Equation (1) states that the difference between the desired
parameter and the measured parameter pm,i does not exceed the
value of ε1 at the confidence level of γ1, where the relationship
holds true even for the parameter vectors.
The requirement is given based on the particular used traffic
detector and generated data. The system uses 3 different types of
traffic detectors:
tWavetronix HD125 detector is used to determine intensity,
average speed and classification: For this detector there is
a requirement that the accuracy of the number of vehicles
(intensity) must not fall below 95 % at a 95% confidence level,
for the speed it must not exceed 5 km/h at a 95% confidence
level and for classification there is a requirement for accurate
data in 85 % of intervals at a 95% confidence level.
tRadar detector to detect the length of the traffic jam in order to
detect the average speed of traffic flow – there is a requirement
for the measured speeds to be accurate within +/-3 km/h at a
95% confidence level.
tBluetooth detector to measure the delay compared to the normal
free traffic flow. For this detector there is a requirement that at
least 95 % of all the vehicles equipped with active Bluetooth
device on board are detected. During testing, economic and
system advantages will be compared against data from floating
vehicles.

3. Data transmission subsystem
The system uses redundant way of transferring data between
the individual functional blocks – Slave and Master station and
then between MASTER station and the central Server. For this
purpose, Xbee 868 MHz and GPRS technologies are being used.
In case of lost communication with Xbee, where stations use the
DigiMash technology, the system automatically switches to GPRS
communication via Virtual private network. This dual way of transfer
significantly optimizes the level of accessibility of the service.
The observed parameter of quality is called Transfer accessibility
and gives the guaranteed telecommunication service necessary
for operation of the control application. The accessibility is given
in percentages at a 99.5% confidence level of ensuring regular
accessibility of all the functional blocks and the MASTER station.
The following equation is used to calculate the probability
D

tb
100%
tb  t p

(2)

where tb – is the time of failure-free operation of the technical
devices used in the transfer chain and tp is the expected time taken
to remove the cause of failure of the system.
In case of the telecommunication environment, both values
are directly affected by the structure of the transfer chain. For
example, the integrated solution optimizes the value by decreasing
the number of elements (potential sources of failure), which
directly influence the D coefficient.

7PMVNFr*TTVFr4FQUFNCFS

4. Data evaluating subsystem
Data evaluating subsystem depends on continual evaluation
of the measured data at regular intervals. The hardware part of
the system consists of evaluation and computational devices. They
can be divided based on their function, and especially based on
their computational and disk capacity. We are talking about the
MASTER and SLAVE. In general, there is a network, where one
can remotely communicate (for example from an office) with the
MASTER station, which then further mediates communication
with the SLAVE stations. Each SLAVE station has its own unique
IP address and can therefore be easily identified and it is possible
to assign a specific function or task to a specific SLAVE station.
This can be done in the management software.
SLAVE stations with their attached traffic detectors send defined
data in user-defined intervals to the MASTER station, where
they are compared and system functions are initiated based on
predefined algorithms. The subsystem has a defined requirement for
continuity of the system, which is the ability of the system to fulfill
the desired processes without (unplanned) disruption (maximal
length of disruption must be defined in advance) during a defined
time interval. The continuity of the system is defined by equation 3.

P ri  rm ,i d H 4 t J 4

(3)

The equation (3) shows that the difference between the desired
ratio of successfully performing the function/process without a
disruption r1 and the measured value rm,i of this ratio does not
exceed the value of ε4 at a level of confidence of γ4.
The parameter is given in units of time. It is defined that at a
99% confidence level, it is possible to have at most a 5 s failure of
the service in a 1 minute interval. The testing will consist of 100
measurements and failure of service for longer than 5 seconds can
only occur once.
This requirement is defined in the same way for each block
separately and also for the remote management system in the
central server.

5. Actors – display subsystem
This subsystem forms the feedback of the controlling module
for displaying messages and symbols. Actors are responsible for
controlling traffic and two types of variable traffic signage are
distinguished in the system
tLED trailer
tPortable variable traffic signage LED
Both devices have integrated evaluation SLAVE or MASTER
device, so it is also possible to integrate a detection device to both
of them, allowing the construction of complex telematic stations
from these display units, including the detection of traffic flow and
temporary monitoring by cameras.
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5.1 Portable VMS LED
Portable variable traffic signage (VMS) serves to give warnings,
bans or information to drivers on highways or roads. They consist of
a LED panel and a supportive framework, which is firmly attached
to the guardrail or placed on a stand. The VMS has a discontinuous
inverse display. The design of the supportive framework and the
entire portable VMS is adapted for frequent transport and the
consequent shocks of the entire device. All the screw joints are
secured against release and all movable parts are secured against
spontaneous movement during transport.
The LED panel confirms to all associated Czech regulations
and norms. The active area of the VMS panel is matte black. The
display consists of dual-color full LED matrices with a size of
48x48. Top corners consist of white and yellow LEDs, the rest of
the matrix are white and red LEDs.

5.2 LED trailer
Part of the system is also integrated LED trailers. The box
installed on the trailer contains accumulators, rechargers and
microcomputers, with cables allowing the attachment of external
detection devices. There is also a power supply based on methanol
fuel cells, which ensures energy supply to the system. There are
places where it is possible to connect to the mains, so the trailer
can as well be powered by 230 V.
The upper and bottom panel are both equipped with intensive
LEDs and optical system that prevents their blinding or staining,
lenses are covered with anti-static and self-cleaning surface. The
panels are approved based on EN 12966-1.
The upper panel consists of red and white LEDs 64x64 in a
20 mm grid, maximum symbol size being 1280x1280 mm, the
bottom panel has red and white LEDs 64x80 in a 20 mm grid,
maximum symbol size being 1280x1600 mm.
Symbols displayed on both panels are programmed by the user.
The control of LED intensity can either be regulated automatically
based on the surrounding lighting conditions, or manually. The
capacity of the system is 1 500 symbols on both upper and bottom
panels. To emphasize the displayed symbols it is possible to have
those blinking 15 to 60 times per minute, or display a simple
animation.

6. Conclusion
The described system will be tested for the first time during a
longterm closure of the busiest highway D1 for about 3 months
from August to October 2013. During this time, the reliability,
safety, accuracy, efficiency, and of course the effects such a system
has on the behavior of the drivers, will all be analyzed. The project
results and conclusions will be summarized in a methodological
instruction, which will define the minimal requirements for the
components, the complex system as a whole, but also for the
actions associated with its installment and maintenance.
The system developed is unique in its robustness and modularity,
which allows its utilization for other traffic projects as well. The
experience gained from the evaluation of the project and the
development of the mobile system will allow us to further continue
in this field and to a certain extent we will also help to increase safety
and smoothness of traffic in critical places during road works.
Acknowledgments

This work has been supported by the Technology Agency of
Czech Republic grants program Alfa

Bibliography
[1] PRIBYL, P., HOFLER, M. AND LEHOVEC, F. 2013.
Dopravni telematika pri modernizaci D1. Silnicni obzor, 74
(3), pp. 59-64.
[2] WEI, H., PAVITHRAN, M., YI, P., YANG, Q. AND
ZENG, Q. 2010. Synthesis of Unconvetional Dynamic
Merge Metering Traffic Control for Work Zones. The Open
Transportation Journal, 2010 (4), pp. 52-60.
[3] QIN, X., NOYCE, D. AND CHEN, Y. 2006. Evaluation of
Dynamic Late Merge System in Highway Work Zones.
[4] MCCOY, P. AND PESTI, G. 2001. “Dynamic Late Merge
Control Concept for Work Zones on Rural Interstate
Highways”, paper presented at Transportation Research
Board, Washington, D.C., January 7-11.
[5] KANG, K. 2006. Development of optimal control strategies for
freeway work zone operaitons. Ph.D. University of MaryLand.
[6] KNAKAL, M. AND KRAJCIR, D. 2012. Telematicky system
na Prazskem okruhu. Silnicni obzor, 73 (3), pp. 59-63.
[7] PRASIL, M. 2011 Reditelstvi silnic a dalnic CR, Pozadavky
na provedeni a kvalitu na dalnicich a silnicich ve sprave RSD
CR, PPK -VOZ

Fig. 2. LED trailer [own work]

36

© Copyright by PSTT , All rights reserved. 2013

Archives M.
ofSIERGIEJCZYK, J. PAS, A. ROSINSKI

Transport System
Telematics

Volume 6
Issue 3
September 2013

Assurance of the electromagnetic
compatibility in the chosen transport
telematic systems
M. SIERGIEJCZYKa, J. PASb, A. ROSINSKIa
WARSAW UNIVERSITY OF TECHNOLOGY, Faculty of Transport, Koszykowa 75, 00-662 Warsaw, Poland
b
WARSAW MILITARY UNIVERSITY OF TECHNOLOGY, Faculty of Electronic, gen. S. Kaliskiego 2, 00-908
Warsaw, Poland
EMAIL: msi@wt.pw.edu.pl

a

ABSTRACT
This paper presents the issues related to electromagnetic compatibility in the chosen transport telematic systems.
Intentional or unintentional (stationary or mobile) electromagnetic disturbance occurring over a large rail area
may cause disruption of their operations. Therefore, it becomes important to analyse disturbances affecting these
systems and to develop methods for reducing their impact.
KEYWORDS: electromagnetic compatibility, transport, electronic devices

1. Introduction
Fundamentals of how electromagnetic interference impacts
transport telematic systems operating under different electromagnetic
environment conditions were presented in paper [6]. Such
interference may originate from both intentional and unintentional
(stationary and mobile) electromagnetic interference spanning across
vast areas of railway activity [7]. Failure or malfunction of key system
functionalities may cause life and health hazards [8,10].

2. Fundamentals of
electromagnetic compatibility
in the railway environment
Elements of a transport telematic system operate in a specific
electromagnetic environment. The natural electromagnetic
environment created by natural phenomena and elements is seriously
disrupted over railway areas. Numerous sources of electromagnetic
fields radiating both intentionally and unintentionally are the reason.
Every electric and electronic device powered with electricity generates
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its own electromagnetic field as it operates. Both rail track and railside
equipment/electronic systems should function properly regardless of
any interference (definition of electromagnetic compatibility) [1].
Those systems include the rail traffic control system (signalling
system), frequently used transport (supervisory) security systems,
e.g. fire signalling system, CCTV, burglar alarm system etc.
Electromagnetic compatibility was defined as systems’ ability to
coincide and simultaneously function properly over a railway area in
the given electromagnetic environment without having to introduce
inadmissible disrupting factors.
A wide-band electromagnetic interference generated
across a railway area affects the transport telematics system
– Fig. 1. The spectrum of disruptive signal is determined by the
operating frequency of system (devices), harmonic oscillations and
intermodulation frequencies caused by the non-linearity of e.g.
electronic components [2].
Modern electronic equipment used in transport telematic
systems are expected to e.g. be miniature in size, energy efficient
and highly reliable [3,4,9,12]. All those parameters mean the
useful signals may equal the interference generated by e.g. static
and mobile sources of interference (radio and TV stations, power
transmission lines, transformer stations, electric equipment).
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systems [5]. Combination of filters (devices), utilisation of screening
equipment, appropriate location of interfering devices and devices
sensitive to interference on printed circuit board, employing
standards and legal acts concerning limitation of electromagnetic
interference gives a greater net EMC effect than a total of all the
aforementioned operating independently – Fig. 2.

Fig. 1. Electromagnetic interference influencing transport telematic
systems

When discussing the impact of electromagnetic interference
on transport telematic systems, the following criteria need to be
factored in:
tsystem resilience to interference - defined as the ability
to function properly under conditions of electromagnetic
interference.
tsensitivity to interference - reaction of the system in operation
to internal and external interference;
tsystem resistance to interference - defined as the ability to
retain original system properties after removing interference.
There are four states of transport telematic system operating
under conditions of electromagnetic interference:
tcontrol system has no reaction to external and internal
interference - interference too low, within the limit of
interference, the system does not change its operational
state in which it stays;
tequipment part of the control system removes the interference
automatically by active and passive filters, screening,
appropriate location and network solutions;
toccurrence of interference causes the system transition from
the state of full ability to the state of reached operational ability
- the restoring of full ability state requires staff intervention or
service;
toccurrence of interference in control system causes a damage
to the system (complete or partial) – a system failure.

3. Limiting interference in
transport telematic systems
When deciding about limiting the influence of interference on
transport telematic system, issues of electromagnetic compatibility
EMC have to be addressed in a comprehensive manner, i.e. the rule
of synergy employed. EMC synergy means utilising all available
technical, organizational and legal resources, which allow to limit
the impact of electromagnetic interference on transport telematic
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Fig. 2. EMC synergism in a transport telematic system

Three elements are necessary for the problem of
electromagnetic interference on a transport telematic system
to arise, i.e. a source of interference, a circuit of the transport
telematic system sensitive to interference and a transmission
channel via which the interference would travel from the source
to the receiver – Fig. 3.

Fig. 3. Typical EMC interference in a transport telematic system

In order to minimise the electromagnetic interference in
transport telematic systems a distinction has to be made between the
source of interference and the receiver and how they interact [11].
Hence, there are three ways to limit the propagation of interference:
tdamping of interference at the source (e.g. shielding screening);
temploying a transport telematic receiver insensitive to
interference from the electromagnetic environment (electronic
elements utilising latest technology);
tminimising the interference transmission (e.g. decoupling
filters, grounding, photocouplers, screening etc.).

4. Interference affecting
transport telematic systems
Parameters of electromagnetic interference generated by
operating devices of a transport telematic system should be defined
in relation to the following circuits:
thigh-voltage power lines (e.g. traction substations feeding
the power grid lines, overhead lines, traction return system,
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traction units with energy transducers and driving motors,
etc.).
tlow-voltage power lines (rail traffic control systems (signalling
systems), telecommunication on-board equipment, e.g. GPS,
vehicle diagnostics systems and road safety systems status
over radio, e.g. fire systems, burglar alarm etc., public-address
speakers installed in rail cars, electronic CO and water
sensors).
The interference generated by traction substations and traction
units (power cars, electrical trains) is a synchronous interference.
The supply network provides alternating current, 50 Hz
frequency. The driving motor and energy transducer are also powered
by an alternating current. The interference (spectrum) generated
by traction lines and traction units is synchronised with the base
frequency (power-line frequency f=50 Hz) for a given traction power
system.
Sources of interference affecting transport telematic systems
located over a vast area comprise:
ttraction substations with frequency converters,
thigh-power, phase controlled traction units,
telectrical and electronic equipment installed in railway facilities
(e.g. computer systems, internal low-voltage electrical network,
lighting systems, internal and external PA speaker system,
standard equipment available at the facilities etc.);
texternal electromagnetic interference (generated e.g. by radio,
television and cellular network stations as well as internal
communication systems, tram traction lines near railway
station buildings, high-voltage power transmission lines, high
and medium-voltage transformer stations etc.).
Traction units are mobile sources of radio interference over
railway areas. The voltage supplied on electric motor terminals is
adjusted by phase control. It may employ a pulse width modulation
(given constant pulse frequency) or a frequency change at a
constant pulse width.
The impact of interference on transport telematic systems (a
term related to internal and external electromagnetic compatibility)
should be considered for two cases – the criterion being the
electromagnetic interference divided into two sub-ranges. The
distinction is made based on the frequency range and the following
properties of electromagnetic field:
tthe way interference propagates;
tdampening of interference propagation;
tinterference screening in a transport telematic system;
timpact of interference on a transport telematic system;
tinterference shielding in a transport telematic system;
tpower of source of interference occurring in the railway area,
where the transport telematic system operates.
Another source of interference, which could occur where a
transport telematic system operates, consists of e.g. power transmission
wires and atmospheric discharges. Overhead power lines generate
radio interference, however, they create an asymmetrical line (a type
of waveguide), which transmits interference generated by substations
and traction units.
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Transmission network (waveguide) parameters and
determined by:
telectric properties of soil;
tstructural design of the traction line system;
tweather conditions over the area, where the power supply
system is located (e.g. humidity, temperature, pressure, air
pollution around waveguide).
The radio and pulse interference is generated in power supply
networks. Each interference being a high-power electromagnetic
interference causes the radio interference of specific frequency
spectrum. The spectrum width is determined by the propagation
time of disturbing pulses.
The level of radio interference is the function of:
tpower of the interference source;
tdistance from the interference source;
tdamping properties of transmission lines;
tdistance from transmission lines (for induced interference);
tnatural obstacles in the way of propagating interference, e.g.
natural undulation, trees, hedges, railway buildings from
different materials etc.).
In low-voltage networks powering transport telematic systems,
the main reason for the pulse interference is:
tpresence/absence of induced loads (railway motors, highvoltage transformers, field coils in traction lines etc.);
tpresence/absence, switching of high power receiving electric
circuits (motors, electric heating);
ttemporary states caused by damage to network equipment;
tnon-linear loads (e.g. transformers, electrical valves, motors,
thyristors etc.);
tdirect and indirect atmospheric discharge;
tlow quality of electricity (e.g. exceeded limit of current harmonics
h in the grid, voltage fluctuations and dips etc.) or incorrect
contact points (e.g. incorrectly executed connection with the
mass - high resistance R in the fire alarm system).

5. Conclusion
Because electric and electronic devices are widespread in
telecommunications, automatics, IT and power engineering as well
as in other areas they often have to operate within close proximity to
each other. The utilisation of integrated circuits in transport telematic
systems means miniaturisation of electronic equipment and its greater
compaction in less volume. Hence a higher probability of interferences
generation. Transport telematic system should be designed to factor
in the real operating conditions, i.e. being surrounded by numerous
devices. Therefore, external sources of interference and the system
itself should not generate interference (external and internal
electromagnetic compatibility). Transport telematic systems because
of electromagnetic compatibility are divided into components (e.g.
sensors, modulators, chassis units, transmission buses, combinational
circuits, thyristor matrix, manipulators, matching units etc.) according
to the following criteria:
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twhich frequencies are used by system components?
tare circuits inside system elements are operating simultaneously?
twhich system component has a high pulse power consumption?
twhich system components use sensitive sensors?
twhich components are analogue and which digital?
twhich connections (signals, power etc.) are established inside
the system?
Then the element of a transport telematic system needs to
be assessed in terms of its compatibility with the environment,
factoring in the following criteria:
tdo system components use high frequencies?
tdo system components have high pulse power consumption?
tdo system components use sensitive sensors and digital gates?
twhat cables were used to connect system components with the
environment/other circuits - shielded, unshielded, twisted-pair
cable etc., and how are the cables introduced into the system
(isolated, shielded, common ground etc.)?
tin what electromagnetic environment do system components
operate?
External EMC requirements are usually known, whilst internal
conditions usually become known in the design process.
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ABSTRACT
The paper describes problems of model of information system of safe parking places for trucks and other types
of vehicles in Poland. The need for implementation of this kind of system is required by EU legislation because
large number of transport crime incidents was committed during vehicle parking. Currently no such system is
implemented and no standard is set. The number of parking places in Poland is limited. Functional and technical
requirements of such information system are presented.
KEYWORDS: parking, transport, safety, information system

1. Introduction
Polish Central Statistical Office offers data showing that in 2011
in Poland 1596.2 million tonnes of goods were transported by road,
recording 7.0% increase over 2010 – table 1. Poland represents 21%
of EU international road goods transport, placing first before Spain
and Germany.
Table 1. Transport of goods by mode of transport (based on [10])
Transport of goods

2000

2005

2010

2011

Total in thousand
tonnes

1 271 529

1 422 576

1 838 492

1 9121 178

Road transport

1 006 705

1 079 761

1 551 841

1 596 209

Railway transport

187 247

269 553

216 899

248 606

Pipeline transport

44 342

54 259

56 208

54 488

Maritime transport

22 774

9 362

8 362

7 737

Inland waterway
transport

10 433

9 607

5 141

5 093

Air transport

28

34

41

45
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Central Statistical Office in 2012 has shown that in 2011 road
transport of goods measured in tonnes represented 84% of all goods.
Additionally, 90% of dangerous goods is transported by road (159.6
million tonnes in 2011), and just 10% by railway (24.8 million tonnes
in 2011). 159.6 million tonnes equals over 430 thousand tonnes
daily and over 24 thousand road tractors with standard 18-tonne
semitrailers daily.
In European Union countries about 72 % of all freight is
performed by means of road transport. It turns out that 33% of
fright crime related to load theft happens during parking. This fact
is very unsettling in connection to laws mandating use of daily or
weekly rest for the driver.
According to Resolution of Council of European Union [2],
prevention and fighting road freight-related crime should be
realized through, amongst others, the following objectives:
tobtaining a clear picture of the national situation regarding
road freight crime;
tmotivating all partners of the road transport supply chain to
take their responsibility and to foresee all necessary preventive
security measures;
texchanging best-practices concerning road transport supply
chain security measures;
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tproviding a single point of contact in order to exchange
non-operational information between Member States about
secured truck parking areas;
tfacilitating the establishment of secured truck parking areas,
but without establishing legal liability towards these parking
areas;
tidentifying where parking areas exist today and where black
spots occur;
treaching out to current and future initiatives for secure truck
parks by providing them with information on preventing and
combating cargo theft and on the current European model
agreement for labelling parking areas;
tensuring that national models are consistent with the model
agreement.
Because of so high share of road transport in total freight
numbers it can be proper to declare that sufficient number of secure
parking places is key to freight-related crime. Parking places have
to be adjusted to needs of contemporary logistics in road transport.
Safe parking places can contribute to free flow of people and goods,
in agreement with fundamental rules of European integration.
Application of one model may lead to implementation of safe and
protected parking places on the whole area of European Union.
According to requirements of Directive 2010/40/EU of the
European Parliament and of the Council [1], every member state
should provide information services about secure parking places for
goods vehicles.
In Poland there is shortage of parking places and there is
no functioning system for realisation of above goals. It will be
important to describe means necessary information services about
safe and protected parking spaces that would be based on intelligent
transport systems (ITS) and would provide data for goods vehicles,
especially at petrol stations and parking places, through:
tavailability of parking information for end-users,
telectronic data exchange between parking places and vehicles,
tappropriate ITS equipment in vehicles and at parking places
to enable updating free parking place availability data for the
purpose of reservation.

2. Information system
characteristics
2.1 General requirements
Insufficient number of parking places, usually with no safety
guarantee and lack of widely available information makes it impossible
to determine rest places in advance. It renders it difficult to determine
optimal freight route. Goods vehicles’ drivers lack information about
places to rest without fear about cargo, truck and personal safety, so
they often park at petrol stations. However, choosing appropriate
parking place is important because of type of goods carried. Road
transport is used for e.g. dangerous materials, for which parking place
should meet particular requirements. It’s not always advisable to park
other vehicles close by because of additional threat.
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Fig. 1. Intensity of traffic for goods vehicles over the network of
motorways and expressways in Poland – forecast for 2025

Information about parking places on all communication routes
in Poland and supplemental information about parking place
infrastructure (hotel, restaurant, etc.) may fundamentally impact route
planning for drivers. Always up-to-date parking place assessment will
allow choosing proper place with no fear about driver, truck and cargo.
Motor Transport Institute started own research project which
aims to create information system model about safe and protected
parking places according to Directive 2010/40/EU [1] and Resolution
of Council of European Union [2]. Data exchange about parking
places primarily concerns trucks and supply vehicles, but it will
make allowance for other vehicles and data will include social
infrastructure information.
Proposed system sets an objective to enable travel route
determination with possible choice of parking places located close
to national roads, expressways and motorways. It is expected that
the system will be an open one, allowing for extending with other
information important to the driver.
In accordance with European Commission guidelines in
EU 5000 parking places are expected for 70 000 km of highest
category roads. As in Poland a total of 7 000 km of motorways and
expressways are planned in the long range (meaning 10% of UE
road network) about 500 parking places should be anticipated and
planned for, with average capacity of 20 or more goods vehicles.
Additional parking places should be considered on other roads
with high goods vehicle traffic and even on roads with lower traffic
intensity but in high distance to the closest secure parking place.

2.2 Functional and technical requirements
Functional requirements describe desirable functions from user’s
point of view and specify what the system has to provide. According
to EU requirements, proposed model contains 5 categories, from the
least (1) to the most secure (5), with higher levels including all lower
levels’ security features. Implementation of the suggested measures
should comply with Member States’ national legislation.
Category 1. Requirement is that the site is recognisable as a
parking area and it is accessible to anyone, including passenger cars
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and other vehicles. Relatively inexpensive measures are suggested,
such as reducing greenery and ensuring sufficient lighting for CCTV
usage and visual inspection. This should allow the police or security
staff to survey the entire parking area without leaving the road. Site
has to be under surveillance through regular security checks.
It is recommended to place indication of the most relevant
phone numbers (police, fire brigade, first aid, etc.) and other safety
information in several languages.
Category 2 adds the requirement that the parking area is fenced
off or that there is a CCTV system that monitors the perimeter. A
sign indicates which vehicles are allowed to park (only freight and
other authorized vehicles) and preferably it is enforced by parking
staff. A digital recording CCTV (at least 25fps) monitors all inbound
and outbound traffic at all entrances/exits, ensuring that all vehicles,
drivers and pedestrians (if they use the vehicle entry and exit point)
are identifiable.
Not only parking area but also the perimeter and entry/exit
is easily visible and well-lit everywhere and at all times. Security
checks are carried out by the parking area staff and professional
organisation.
CCTV should be fully functioning with quality images that
allow for clear visibility. Access (physical/via network) to the CCTV
recording and controlling hardware as well as to the software
elements should be strictly controlled. It should not be possible for
(security) staff to edit or delete recordings.
Category 3 requires that both a fence and a CCTV system
monitoring the perimeter is in place and CCTV system is able to
cover the whole perimeter and ensure that all activities near or at
the fence can be clearly recorded. Constant measures are taken to
keep the fence in good condition; a clear zone at least on the inner
side of the parking area is maintained. Only users of the truck
parking area and truck parking area staff are to be given access to
the parking area. This is ensured by entrance control or by signs
stating that unauthorised entry is forbidden.
The parking area is fenced or provided with barriers (e.g. manhigh fence, ditch with water) which prevent or hamper casual
entry and intentional unlawful entry.
Category 4 adds the requirement that on-site or remote staff
monitor vehicles and pedestrians in real time. The vehicles and
drivers are registered. Guards and staff are trained professionals
and their references are checked. They are trained and equipped to
be able to react quickly to an alarm situation. Pre-booking system
is available.
All entrances and exits must provide a physical protection
and gates must be closed and monitored in real time by on-site or
remote staff to ensure that only authorised entries/exits are taking
place, including pedestrians.
Where a gatehouse is in place to facilitate the duties of staff, it
must be constructed in such a way that it protects the staff from
an external attack. The door must be closed. Staff on site have to
be equipped with a personal communication and alarm device to
a responsible person on duty who will coordinate the follow-up.
The registration procedures cover, at least, the logging of the
licence plate number of a truck/tractor and the name and picture of
the driver. The driver and vehicle should be linked and this makes
it possible to verify that the driver does not leave with a different
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vehicle. It should be possible to check that every registered vehicle
is present in their designated parking space. All alarm activations
must be documented. Procedures must be in place to deal with the
event of power failure.
Category 5 adds the requirement that the site should be
manned 24/7. The identity of all vehicles or persons that enter is
verified and logged. The continuous fence is equipped with an antiintrusion system and protected against a truck intentionally driving
through and secondary physical barrier covers the perimeter and
is sufficient to stop a truck driving through the fence (e.g. ditch,
natural structures, trees, green field, river, rocks, grass verge). The
parking is separated by a continuous fence (or alternative barriers)
which prevents casual entry and intentional unlawful entry or delays
entry for the time required for a security intervention. An antiintrusion system must be in place (i.e. passive infra-red detector
(PIR), trembler, electrified topping).
Additional requirements. Motor Transport Institute has taken
the initiative to define minimum social and localization features
required for the secure parking places to function, such as presence
of toilets and wash basins in the parking area. In higher category
secure parking areas showers, bars, shops, etc. will be recommended.

2.3 Technical specifications proposal
To ensure appropriate data exchange about secure parking
places it is important to plan solutions taking into consideration all
factors. System should be connected and integrated with peripheral
devices. Only an integrated system will allow for coordination
of monitoring and indicating free parking places for individual
vehicles and type of goods carried, description of route to parking
places, charge collection for parking and for security level provided
and parking places infrastructure and data transmission.
System should gather information about safe and protected
parking places with CCTV and data archival. CCTV system should
meet requirements of EN 50132-7 standard [3]. System goals
require verified algorithms to be used.

Fig. 2. Architecture of simplified automatic nameplate recognition
system (based on [12])

In this scope requirements for control and management of
parking places may be fulfilled by automatic number plate recognition
(ANPR) – Fig. 2. To provide parking service system should have a
database of recognized vehicles’ number plates and connected data
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such as driver and/or owner information, vehicle type, parking place
entry and exit time stamp, archived CCTV images [12].
Minimum camera specifications are crucial, as even one
substandard camera lowers accuracy of the whole system. Cameras
of standard resolution – BW 480 lines, colour 420 lines – serve their
purpose in observation system. In the case of person verification
and ANPR in the case of secure parking place high resolution
cameras should be installed with 630 and 540 lines, respectively, for
BW and colour imaging.
Parking place should use intrusion detection system with at
least PIR sensors and trembler security system. PIR sensors detect
movement with infrared light or are combined with microwave
sensors – for high threats dual sensors are recommended. Sensors
meeting above requirements may be sourced from Satel, Bosch,
Paradox etc.
Trembler system is not expensive while it significantly improves
security. It is easy to install, may be wireless, does not need additional
cabling. It detects sudden movements or vibrations and triggers loud
alarm siren. After 15 seconds alarm goes off and becomes armed
again. Battery operation can offer 2 years of service. Sensitivity, alarm
type and additional connections can be set by the user.
For data exchange, both in road safety and in secure parking places,
DATEX format (CEN/TS 16157) or fully compatible DATEX II is
proposed. All data gathered in the system will be available in DATEX
II, both for service operators and for national contact point [5].
DATEX is a set of specifications for standard route and traffic
data exchange in Europe. It was envisioned as a mechanism for
facilitating data exchange between traffic management centres and
information systems for drivers. Due to information systems and
ITS developments the standard was updated in 2003 to DATEX II
format. New specification broadens applications from highways and
national roads to urban roads, from traffic management centres and
road administration to independent ITS service providers. Services
for transport companies and individual users should be consistent
and comparable in EU.
Technical specifications are significant because variety of service
providers and types of network access may generate high volume
of potentially conflicting or incompatible data. Basic requirements
for data exchange should be provided to assure interoperability on
technical, terminology and procedural levels. The most important
issue is to define scope of responsibility and restrictions for service
providers relating to up-to-date and reliable information.
Additionally services should take into consideration:
tannouncements shown for road users on road-side displays,
temployment of FM/VHF radio stations (national, civil, local),
tFM radio traffic message channel (RDS-TMC), both public
and private,
tTPEG-DAB, system similar to RDS-TMC developed for DAB
digital radio,
tcellular operators.
tTechnical specifications should define:
tscope of open data access to planned rests, changing vehicles
and departures,
tdescription of standards, e.g. Transmodel, IFOPT, SIRI,
NeTEx,
tresponsibility of service providers and users for data security,
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trules and conditions of restricted access according to fair play
principles,
treal world data set, including fees.
tIFOPT (CEN/TS 00278207) is CEN standard describing data
model identifying objects in public transport, such as stops,
rests, stations, connections etc. [4].
PN-EN 12896 standard describes reference data model [9], data
and information requirements for maintenance and development
of processing programs, interactions and connections in
integrated information system, its organisation and information
management in multiple functional areas of public transport
according to existing telematic environment.
ISO TS 18234 standard [8] concerns applications developed for
public transport to facilitate efficient and language independent supply
of public information, directly from service providers to end users.
NeTEx concerns exchange of data needed for public transport
services information exchange. NeTEx part 1 describes topology
of data exchange format – roads, lines, route points, rest places and
other sites connected with transport network, i.e. administration,
gastronomy and accommodation information. NeTEx is based
on older Transmodel V5.1 EN12896, IFOPT and SIRI (CEN/TS
00278181, 1 to 5) [4, 6, 7, 9].
Period of data archival in monitoring systems should consistent
with domestic regulations and should not be longer than 30 days,
unless in well-grounded cases.

3. Conclusion
Considerable increase in road freight in Poland causes increase
in threats about cargo theft and possibly terrorist attacks.
Poland, as a member state of European Union, is obligated
to observe EU regulations, to provide safe and protected parking
places on the area of the country and to provide information
services about such places to drivers of goods vehicles.
To enable these goals, Motor Transport Institute started own
research project to create information system model “Safe and
secure parking places”. In this paper general, functional and
technical requirements for such a model were shown.
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ABSTRACT
In the paper there is discussed a solution to detect the communication paths load, in context of use in variable
environment. There is presented a system conception and operation algorithm. There is proposed a structure of
system to detect traffic lines load, based on a novel microcontroller platform.
KEYWORDS: microcontroller platform, traffic load detection system, image processing

1. Introduction
Detection of traffic loads for particular communication lines
is an important issue in many aspects of traffic control. As the
traffic loads vary in time both in short- and long terms, the actual
information is the basis for control system to decide about control
parameters (e.g. traffic lights timing, speed recommendations,
rerouting, etc.) for particular sections of road network.
Existing systems use a number of techniques to perform the
task, which can be [1 - 2, 4]:
ttraffic flow monitoring and control,
tvehicle tracking (including functionality of detection of sought
ones),
tmonitoring of dangerous spots,
troad system repairs planning,
tweather data monitoring.
Traffic load detection changes can also be used in conjunction
with traffic control systems (e.g. traffic lights). Proper synchronization
of changes to favour specific chains of flow or road sections can
significantly contribute to discharge congestion, as well as to reduce
emissions.

2. Traffic load detection
There exist many solutions for traffic loads detection and in most
cases they are paired with traffic lights control systems. In many
systems induction loops are used, embedded in the road surface.
Such loops are powered by sinusoidal current, which induces in
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nearby metal elements the eddy currents. Those currents induce in
objects in range a magnetic field directed opposite to the primary
one. This results in weakening the primary field, with the strength
depending on the magnetic parameters of the object. Such a change
can be detected and measured. This allows to detect and measure
numerous parameters of the object, such as location, size, material
type, speed, object type and so on.

Fig. 1. Induction loops in traffic load detection system

Induction loops are considered as good, cheap and reliable
solutions, and when placed in a proper way, they make a useful
detection device [2]. The minor disadvantage is necessity of works
in the road surface.
Another class of traffic detection devices are visual detectorbased systems. There are numerous examples [1, 3, 5] and the
data produced by such systems are further processed either on PC
computers or PLC-class controllers [6].
In this paper there is proposed a different approach to the
detection of traffic load, based on the use of cameras and dedicated
automatic processing system to extract the desired information, e.g.
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the number of vehicles on certain lanes, waiting times on traffic
lights, vehicle class/size, etc.
As microprocessor platform there is used Exynos4412 Prime
1.7GHz ARM Cortex-A9 Quad Core, embedded in ODROID-X2
system (Fig. 2). The device is of the following features:
t2GB memory,
t6 x high speed USB2.0 host port,
t10/100Mbps Ethernet with RJ-45 LAN Jack,
tAndroid 4.X or Ubuntu BSP as operation system,
t50pin IO expansion port for LCD/I2C/UART/SPI/ADC/GPIO
interfaces,
tMIPI-CAM connector (MIPI-CSI 2 lanes),
t5V 2A Power,
tsize - 90 x 94 mm.

a given lane. Processing of image sequences provides information
about the direction of movement of vehicles and their speed.
Figure 4 shows example images from the camera, illustrating
different traffic situations on the road.
Designed system must be capable to perform in real time a
number of processing tasks:
tidentification of particular objects,
tobjects tracking,
tdetection of movement direction and speed,
tlight changes compensation.
Identification of single objects can be realised efficiently by
appropriate combination of edge detection algorithms and frames
differences compensation. Such identification allows to calculate
the vehicles movement parameters and movement vectors and to
track the vehicle flow in separate lanes.

Fig. 2. Odroid board

High computational power of the system is sufficient to run
the Operating System and to perform requested calculations on
the image in real-time, with relatively low energy consumption 10W at full processing speed.
Fig. 3 presents the scheme of example traffic load detection
system, equipped in camera (e.g. MIPI-CAM or USB 2.0), and
communication interface applied to with a standard traffic light
control system.

Fig. 4. Examples of traffic situations - images from street camera [4]

Block algorithm of system operation is presented in fig. 5. As
the system should operate continuously, after power-up it starts
to operate in endless loop, comprising the following elements:
image acquisition (at the selected rate), objects identification and
movement detection, calculations, including movement vectors
determining and other calculations, and finally concluding and
reporting to the superior system.

3. Conclusion

Fig. 3. Scheme of example traffic load detection system

Video stream captured from the camera is processed frame by
frame. As a first step of processing there are determined contours
of the vehicles, in each frame. Designed system can classify on
this basis observed vehicles by size or type, and their number in
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The research indicates that it is possible to design the
microcontroller-based device to perform complex operations
related to the traffic loads detection. Use of high-power devices
with low-energy consumption allows to build systems that are
either independent from the power grid, or that does have small
dependency on the energy provided by the grid.
As the microcontroller boards are at the present quite a
complex systems, they can use wireless communication (GPRS,
WiFi, dedicated ones) be form a super-grid, covering the
controlled area and adaptively change the traffic flow parameters
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to preserve traffic fluency, avoid jams, adaptively react to critical
situations (accidents, car malfunctions, natural disaster situations,
etc.) and alarm the superior systems or services.

Fig. 5. Block algorithm of system operation
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