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Abstract

The paper focuses on technical aspects of creating a centralized expert knowledge base of vehicle repairs which is
shared among its contributors. The proposed system is storing unstructured data gathered over the network from
different sources such as workshops and authorized resellers. The novelty of the proposed system is to use a semantic
web data store in form of OWL (Web Ontology Language) ontology in order to classify and explore the gathered
data to significantly improve the process of resolution of challenging vehicle repair problems. Similar problems can
be identified by using appropriate pattern recognition techniques and algorithms utilizing the Resource Description
Framework (RDF) and its query language - SPARQL Protocol and RDF Query Language (SPARQL).
KEYWORDS: expert knowledge base, vehicle repairs, RDF, SPARQL

1 Introduction

exemplary results of a working proof of concept, we present our
plan for the future work and we draw the conclusions.

Automotive technology is strongly expanding every year making
vehicle diagnosis and repair process more complicated. Every car
make sells several different vehicle models. Further, each model
has several different variants which contain different components.
The combination of the above can cause more complex and rare
problems which may be very hard to identify and resolve.
In this paper we propose a system which gathers the
information about car repairs from distributed computer systems
over the Internet. The final goal is to gather data from different
workshops and resellers around Poland. At the moment we have
created a working proof of concept which is based on data from
one exemplary company. In the proposed system we introduced
a method of gathering data from the software which is already
being used in the companies without affecting the user process
of handling new orders. We also present the backend technology
which allows to store unstructured data. Finally, we will discuss the
pattern recognition algorithm which allowed to search through
the data and correctly detect similarities. At the end we show some

1.1 The knowledge base of car repairs
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This paper aims to present a solution for an existing problem
in the automotive industry – solving uncommon vehicle problems.
Authors have verified the problem really exists by reviewing
several car repair experts. There are few online knowledge base
services existing in the Internet (e.g. Bosch Trouble Ticket
System [1] or the International Automotive Technicians Network
Knowledge Base [2]), however all of them require the additional
step of filling the database with the information about the issues
and their solutions. What is more, the existing systems require to
additionally do a manual search for a solution of a challenging
problem. This results in very poor growth of the knowledge base
and strongly limits its usefulness.

1.2 The improvement idea
The novelty of the presented herein system is threefold:
• autom
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• atic database contribution,
• use of unstructured semantic data store instead of traditional
relational databases,
• use of language stemmer and synonym dictionary to improve
search effectiveness.
Automatic expansion of the database without any additional user
actions can be achieved by integrating with the order management
software being used in the examined companies. In the next chapter
we will describe in details how an integration can be achieved
using the Graphical User Interface (GUI) system libraries without
affecting the existing order management process. Briefly speaking,
the system is being run in background and “hooks” into the order
management application without any side effects. This way, when a
user enters a new order description it can be automatically uploaded
to the knowledge base system. Additionally, the system can be also
searched for some already existing, similar issues in the database.
The already solved orders can be quietly displayed on screen
while the person is creating the new order. Thus, the user is being
informed when a strange problem has already been solved and can
contact the other database contributor (the author of the similar
order) and ask for help if needed. Additionally, in the future, the
software could also gather data about the performed services and
the used components thus giving tips what was the real cause of the
problem without contacting the source contributor.
To accumulate data from different order management
applications it is required to store them in a data store which does
not have any concrete structure. Thus, the second advantage of
the proposed system over the existing knowledge bases is the
used semantic network triple data store. This approach allows to
gather differently structured data in one place in form of Resource
Description Framework (RDF) [3] triples and additionally query
it with the use of SPARQL Protocol and RDF Query Language
(SPARQL) [4,5].
Finally in order to improve effectiveness of the pattern recognition
algorithms we have used a language stemmer and a synonym
dictionary. The order description provided by the contributing
company is being split into sentences and words. Further, each word
is converted to a base form and related with other words of the same
meaning. This way the information stored in different orders have
common elements and thus can be identified.
The details of used technologies and theory behind the data
store and pattern recognition is further described in chapter 3.

2. Data acquisition process
The majority of car workshops and services is currently using
some kind of order management software to maintain the history
of repairs. Such software is used every time when a new customer
orders a service. Usually some employee reviews the customer
regarding the order details. This way the description of an order is
prepared which is further printed and forwarded to the engineers.
In our system we propose a software (further referred to as
client) which is installed on the computer which runs the existing
order management application and is invisibly taking part of the
mentioned process. It gathers the entered data and sends it to a
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centralized server for further processing. The server analyses
and expands the knowledge database with provided new order
information. Then it searches the existing data store for similar
issues and finally sends the results in a response.
In order to properly read the entered data, the client software
needs to be integrated with the existing order management
application. Such integration can be achieved on several levels
depending on the type of this software:
• database level,
• Application Programming Interface (API),
• Graphical User Interface (GUI) integration through operating
system libraries.
The first two integration techniques strictly depend on the
technology used in the integrated application and thus would
require to build a dedicated client software for certain application
types. On the other hand, integration through database or API
brings the best performance and most detailed order information.
GUI integration, on contrary, is a more generic and dynamic
solution. The drawback of this technique is that depending on
application it may not be able to retrieve every entered piece of
information automatically.
In this paper we want to focus on the generic GUI integration
technique as it allows to create one software which will be able to
integrate with any type of application. Such integration is achieved
through operating system libraries which provide an interface to
query the displayed application windows and controls. The most
commonly used operating systems with graphical interface support
provide such libraries. For example, in Windows operating system
the integration can be achieved by using Windows API[6] system
calls, in Linux similar goal can be achieved by using X11[7] system
libraries. In this paper we focus on Windows platform as it seems
it is more popular among workshops and car services in Poland.
The Windows API exposes information about the displayed
user interface mostly through the User32.dll library. It can be used
to retrieve information about all displayed windows and controls.
The architecture of the user interface in Windows operating
system is as follows. The screen is divided onto a moveable and
resizable areas called windows. Each interactive program can
create several windows. They are used to perform the interaction
with user – usually by means of so called controls. Controls are
utilized to get some form of input from the user, for example a
TextBox control allows the user to enter some text. Of course,
by design, the controls created by one program are usually
handled only by this program itself. However, what is important,
the Windows API allows a program to access the windows and
controls of any other program. This way it is possible to create an
application which monitors another software and automatically
retrieves the entered information. For more information about
Windows API we would refer the reader to [8].
For the purpose of this paper we have integrated the
client software with an order management system used by the
cooperating car service. Figure 1 presents an order description
window of the integrated application.

© Copyright by PSTT , All rights reserved. 2014

B. Adamczyk, Ł. Konieczny, R. Burdzik

Fig. 1. Order description window of the integrated system [personal
elaboration using the examined order management software
translated from Polish]

Fig. 2. The configuration process of client software [ personal
elaboration using the examined order management software
translated from Polish]

The client software uses Windows API scripting tool suite called
AutoIt [9] which makes the integration process easier. Using the
Windows API it is possible to detect the order description window
and retrieve the entered values of the interesting fields. In order
to make such integration client work it is necessary to configure
it properly. We have prepared a simple to use program which
allows the user to configure the client software. It asks the user to
select the order description window and then scans the window
for all existing controls. For each detected control the program
highlights it and asks for a name of the field (see Fig.2). It also
displays the contents of the control so that the user can determine
if this is a necessary knowledge database information. This way the
user can select only the controls which store information relevant
from the perspective of car repair knowledge base, for example
the car make and model, its year of production and so on. For
the examined order management application we have selected the
following fields which are important from the perspective of the
shared issue knowledge base:
• Vehicle make (make)
• Vehicle model (model)
• Vehicle engine displacement (displacement)
• Vehicle year of production (production_year)
• Additional vehicle information (comments)
• Order number (number)
• Order year (year)
• Order description (description)
Finally after this process the configuration program creates a
configuration file which then can be used by the client software. It
stores the important information which allow to identify correct
order management application window and all the important
controls to gather the entered data. An example configuration file
is presented in the following listing.

[CLASS:Tzlecenieform]
production_year=”[CLASS:TLabeledEdit;
INSTANCE:9]”
model=”[CLASS:TLabeledEdit; INSTANCE:10]”
make=”[CLASS:TLabeledEdit; INSTANCE:11]”
displacement=”[CLASS:TLabeledEdit;
INSTANCE:12]”
year=”[CLASS:TLabeledEdit; INSTANCE:14]”
number=”[CLASS:TLabeledEdit; INSTANCE:15]”
comments=”[CLASS:TMemo; INSTANCE:1]”
description=”[CLASS:TMemo; INSTANCE:3]”
Finally the client software can be executed. It runs as a
background process and monitors all existing windows looking
for the order description window. If the window is found it scans
all the configured controls creating a so called order fingerprint
which can be send to the server software to update the central
database. The order fingerprint is also used to identify similar
orders on the server side. This way the user can be informed if
similar issues have been noticed before and maybe can ask the
other contributors for help in case of more challenging problem.
An exemplary order fingerprint (for the example order presented
in Fig. 1 and 2) is presented in the following listing.
model=C220 CDI
make=MERCEDES BENZ
displacement=2151
production_year=1999
comments=92KW
year=2013
number=2212
description=DOESN’T START AT MORNING,
SMOKES ON BLACK
Obviously different order management applications can store
different information and there is no predefined fingerprint
structure. The server data store accepts input formed in any kind
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of structure. This is realized using the server side technology
described in the next chapters. Some of the fields contain a semantic
information (not an atomic value but rather a longer piece of text)
like the description (description) in the above example. For such
fields the server side can apply additional language processing to
split (tokenize) and classify the words in order to match similar
orders more effectively. This process is described in detail in
chapter 2.3.

3. The centralized knowledge
database
In order to correctly process the data gathered from different
contributors we decided to use a semantic triple data store instead
of traditional relational database. Such approach allows to query
the unstructured information with use of SPARQL language and
allows for much greater flexibility.

3.1 triple data store
A triple data store or so called triple store is a database which
stores all information in form of triples composed of a subject,
predicate and object elements. The metadata model is usually based
on one of Resource Description Framework (RDF) specifications
defined by the World Wide Web Consortium (W3C). A triple
defines a relation (in form of a predicate) between the subject and
the object. Almost every kind of information can be presented in
such form. Figure 3 presents a representation of the examined in
the previous chapter order fingerprint inside a triple store.

Fig. 3. Example order fingerprint triplestore representation [own study]

Subjects and objects are represented on the above figure
as rectangles. Blue rectangles represent literal elements. White
rectangles, on the other hand, stand for node elements. The
distinction between node and literal is quite important – a node
is an element which has a unique identifier inside the data store
(such identifier is most commonly represented in form of Uniform
Resource Identifier – URI) and the literal is identified by its value.
This means that all triples relating to a concrete value (for example
a number or a string value) refer to exactly the same element. This
also means that if a change in a literal value is required, all triples
relating to the previous value needs to be updated. Literals can
only be used as objects in triples (as leaves of the tree). Nodes can
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be used in all three triple elements. Both literals and nodes can
appear in several triples connecting the data into a graph.
Predicates are presented on Figure 3 in form of edges. Usually
predicates are represented as verbs to make the triples similar
to a real life sentences or facts. In this paper however predicates
represent the name of some value provided in the configuration
phase and thus are in form of nouns.
Figure 3 presents only one order fingerprint. It is important to
realize that other orders are also linking to the same literal elements
what makes the orders interconnected with each other forming a
global graph of orders. Such global graph can be searched to find
similarities. This can be done using SPARQL query language. The
details of the pattern recognition SPARQL query are presented in
the next section.

3.2 SPARQL pattern recognition
Information stored in a triple store can be queried using the
SPARQL language. It allows the user to bind and select variables
matching certain criteria. In other words, it allows to retrieve
interesting data similarly to SQL language in traditional relational
database.
The language itself is defined as a W3C Recommendation[4]
and was extended to version 1.1 in [5]. The most important
functionalities provided by this language are the following:
• Projection – allows to select subjects, predicates or objects in
form of bounded variables,
• Filtering – projection of elements which satisfy given criteria,
• Grouping – grouping results by value allowing to perform
aggregate functions over a group like sum, average etc. (GROUP
BY keyword),
• Ordering – ordering results by value (ORDER BY keyword),
• Matching alternatives (UNION keyword),
• Optional binding (OPTIONAL keyword),
• Binding an expression result to projection results (BIND
keyword).
The above functionalities can be used to create a query which
finds similar order fingerprints in the database. When a server
receives an order fingerprint it adds it to the data store. Then,
the data store is queried to find all other similar orders. This is
achieved by executing the following SPARQL query.
SELECT ?name (SUM(?os) as ?order_similarity)
{
?z :is :order .
?z :name ?name .
?z2 :name “2212/2013” .
{
?z (!:ignore)* ?mid .
?mid ?rel ?common .
?z2 (!:ignore)* ?mid2 .
?mid2 ?rel2 ?common .
FILTER (isLiteral(?common) && ?common!=””)
}
UNION
{
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?z (!:ignore)* ?mid .
?mid :word ?word .
?z2 (!:ignore)* ?mid2 .
?mid2 :word ?word2 .
?common :means ?word .
?common :means ?word2 .
BIND (:word as ?rel)
BIND (:word as ?rel2)
FILTER (?word!=?word2 && ?word!=”” &&
?word2!=””)
}
OPTIONAL { ?rel :weight ?w . }
BIND (if (?rel!=?rel2,1,if(BOUND(?w),?w,1))
as ?os)
}
GROUP BY ?z ?name
ORDER BY DESC(?order_similarity)
The above query searches the data store for the orders
(bounded to ?z variable), which have the biggest number of literals
in common with the sample order (?z2 – e.g. with name equal
“2212/2013”). The whole logic is based on the SPARQL property
paths which allow to match zero or mare predicates between two
nodes (the “*” keyword). Additionally, for all word literals which
are not equal (the second part of UNION statement) it looks for
common synonyms. To correctly classify the similarities the query
additionally returns a measure of similarity: order_similarity. It
is a value calculated according to the number of similar order
properties and their weights. The results are ordered descending
according to this measure.
Such similarity analysis is a wide topic and is discussed
in different areas. Probably one of the biggest fields for pattern
recognition is the analysis of Gene Ontology. For example, in [10],
authors compare two metrics of similarity of genes. One similarity
metric is also based on a semantic data store of genes called Gene
Ontology.
The algorithm used in the presented system allows for result
tuning thanks to the weight parameters. Each predicate can have
a defined weight which specifies how strongly its value affects the
order_similarity. The weights defined for the tested data store were
as follows (triples declared in Turtle[11] format):
@prefix : <http://example.org#> .
:word :weight 5 .
:model :weight 5 .
:marka :weight 5 .

Morfologik. This way the similarity detection algorithm can work
much more effectively.
Additionally, we have extended the data store with a synonym
dictionary. This allows to match the orders not only by similar
words in the description, but also by synonyms. Synonyms are
represented in the data store as nodes which are related using the
means predicate with all the literals of the same meaning.
The abovementioned language processing increases the
effectiveness of the similarity detection algorithm by far. Probably
in the future the system could be additionally improved by
performing a more complex syntactic or even a basic semantic
analysis.

4. Results
To test the presented similarities detection algorithm we have
performed multiple searches of similar orders basing on some
randomly chosen orders from the cooperating company history.
Exemplary results are presented in Table 1.
Table 1. Exemplary order similarities matching algorithm results.
(S – order_similarity). Three different searches.
Name

S

Make

Model

Year

Disp.

Other

Description
(translated to
English)

2357/2011

-

ford

mondeo

2005

20

96kw

SHAKES,
SMOKES AND
NO POWER

1174/2013

26

ford

mondeo

2005

1998

85kw

POWER LOSS,
SHAKES,
SMOKES

2839/2013

26

ford

mondeo

1998

20

2613/2011

25

ford

mondeo

2004

18

80kw

NO POWER,
LOUD, HIGH
CONSUMPTION

4431/2009

25

ford

mondeo

2003

1998

96kw

SMOKES ON
BLACK AND
NO POWER

936/2014

25

ford

mondeo

2004

1998

85kw

NO POWER,
SHAKES,
UNEVEN
WORK

1409/2014

-

skoda

octawia

2002

19

LOUDER
WORK,
WHISTLES

854/2010

16

skoda

octawia

2005

19

UNEVEN
WORK

2326/2008

12

skoda

octawia

2002

19

WEAK, NO
POWER, MAX
120

1271/2010

11

skoda

octavia

2005

19

DIAGNOSIS,
NO POWER,
SMOKES

3.3 Language analysis process
Non-atomic order properties, like the description, need
additional processing in order to allow for the pattern recognition
algorithm to work effectively. This is achieved by splitting the text
into sentences and further into single words. Because the words
are in different inflection forms, we have used a Polish language
stemmer to inflect the words to the base form. The software used
for the stemming process was an open source java library called
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LOUD ENGINE
WORK,
CLUTTER
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LOUD ENGINE
WORK,
REPAIR

3834/2010

11

chrysler

voyager

2002

25

3115/2013

11

citroen

berlingo

2004

19

51kw

LOUD ENGINE
WORK

1587/2014

-

fiat

doblo

2007

13td

55kw

DOESN’T
START AFTER
NIGHT

967/2013

20

fiat

doblo

2003

1910

46kw

DOESN’T
START AT
MORNING
WHEN COLD
ON CARCARRIER,
DOESN’T
START

668/2012

16

fiat

ducato

2007

25

2048/2010

15

fiat

doblo

2006

19

77kw

TOWED NIE
PALI COS

250/2011

15

fiat

doblo

2003

19

46kw

HARDLY
STARTS

3179/2008

15

fiat

doblo

2001

DOESN’T
WANT TO
START,
TOWED

The above and other gathered results were presented to several
experts and they all agreed that such knowledge base system would
be very useful in solving challenging problems. The diagnosis
process could be much less time consuming in certain cases.

5. Conclusion
In this paper we presented a concept of a system which allows
to build and analyse a shared knowledge base of vehicle repairs. We
have presented a novel approach of gathering and storing data which
may result in greater usability comparing to existing knowledge
base systems. We have also created a working proof of concept and
presented some exemplary results of similarity detection.
Currently the system is being tested at the cooperating company
and the plans are to introduce it in other workshops and car services.
In the future, we are planning to add the functionality to additionally
analyse the order after repair so that the system could suggest possible

8

problem cause. This might be possible by analysing the order details
after the repair. Usually order management systems store information
about the sold services and products. This data may lead to a successful
fix without contacting the source contributor.
Finally, it might be possible to improve the system effectiveness by
attaching a wireless OBD-II adapter during the order opening process.
This adapter can perform a quick diagnosis and send this data to the
client software to extend the collected order fingerprint by far.
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Abstract

In this paper, we give an overview and a detail analysis of our approach for vision-based real-time traffic parameters
estimation using low-resolution web cameras. Traffic parameters estimation approach mainly includes three major
steps, (1) stable background estimation, (2) vehicle detection, mean speed and traffic flow estimation, and (3) traffic
scene classification into three states (normal and congested). The background image is estimated and updated in realtime by novel background estimation algorithm based on the median of First-in-First-Out (FIFO) buffer of rectified
traffic images. Vehicles are detected by background subtraction followed by post-processing steps. By exploiting
the domain knowledge of real-world traffic flow patterns, mean speed and traffic flow can be estimated reliably and
accurately. Naive Bayes classifier with statistical features is used for traffic scene classification. The traffic parameter
estimation approach is tested and evaluated at the German Aerospace Center’s (DLR) urban road research laboratory
in Berlin for 24 hours of live streaming data from web-cameras with frames per second 1, 5 and 10. Image resolution is
348 x 259 and JPEG compression is 50%. Processed traffic data is cross-checked with synchronized induction loop data.
Detailed evaluation and analysis shows high accuracy and robustness of traffic parameters estimation approach using
low-resolution web-cameras under challenging traffic conditions.
KEYWORDS: background estimation, vehicle detection, time mean speed, traffic flow, traffic state
classification

1. Introduction
The goal of reduced traffic congestion and increased traffic
mobility can be achieved by automatic real-time traffic monitoring
using sensor technology. The quality of traffic-monitoring
measurements depends on the type of traffic sensors used. Most
commonly used sensors are the point sensors like video cameras
and loop detectors. Typical point sensors are good at measuring
time domain characteristics such as traffic flow and mean speed in
time. Traffic cameras and induction loops are the two main point
Volume 7 • Issue 2 • May 2014

sensors. Traffic cameras have a great potential as they provide
good spatial and temporal resolution. Moreover, they are cost
effective and easy to maintain [1].
The objective of the current research is to investigate the
feasibility of automatic real-time traffic parameters estimation
and traffic states estimation using low-cost and low-resolution
un-calibrated web-cameras.
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Environmental factors and occlusions play a significant role in
the quality of traffic parameters estimation. Moreover the camera
technology used in traffic- monitoring has a significant impact
on the performance of traffic monitoring systems. The main
challenges for video-based real-time traffic-monitoring system
from un-calibrated traffic cameras are as follows. No information
on camera interior and exterior orientation parameters readily
available. Web cameras used in the research have low frame and
spatial resolution. This implies that lots of valuable information in
the scene regarding vehicle detection and vehicle movement has
been lost. Camera jittering due to the windy conditions can create
false foreground detection. Ambient illumination changes such as
passing clouds, other moving objects like walking people, moving
bicycles, swinging trees can create false moving foregrounds. In
dark weather conditions, dark colored cars have low contrast
against the background roads, so they have a high probability of
identification as background. The shadow of vehicles creates a false
foreground on sunny days. Under heavy traffic flow conditions,
blobs of different vehicles may merge into one.
To simplify the problem, we made some assumptions which
are as follows. The traffic moves largely toward or away from the
camera and the road section should be straight up to 40 meters
minimum [2]. The video cameras used here are un-calibrated, in
the sense that camera constant, principal point location, and image
affinity parameters are irrelevant. Regarding exterior orientation:
the ground in front of the camera is planar and the cameras are
fixed to a static structure like a pole or a building. The speed of the
vehicles should be finite and within legal limits. There should be no
sudden lane changes by the vehicles in the time between images in
the image sequence. Motion is constraint to the road plane.
With these assumptions, the vehicles are treated as though
they travel in one dimension along a straight line, either toward or
away from the camera in the image sequence.
The rest of the paper is organized as follows: In Section II, we
describe the basic framework for initialization step. In Section III,
we explain the proposed traffic scene classification. The background
estimation approach is elaborated in Section IV. Vehicle detection
step is explained in Section V. Velocity estimation and vehicle
counting procedures are described in Section VI and Section VII,
respectively. We demonstrate the offline and online experimental
results in Section VIII. Finally, conclusions are made in Section IX.

2. Initialization step
The first step is the manual selection of the detection zone
from the traffic scene. The length of the detection zone must be
at least 40 meters long along the direction of traffic flow. The
main objective of this step is to remove the unwanted information
from the scene so that the only moving objects in the scene are
the vehicles as shown in Fig. 1. Selection of the detection zone
improves the quality of the vehicle detection algorithm and
decreases the computational cost.
After the selection of the detection zone, the second step is the
perspective correction in which the original image of the detection
zone is transformed from projective view to an orthographic-view
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image as shown in Fig. 1. Through perspective correction, all the
pixels in the scene become on the same scale for further processing
and measurements. Perspective correction is performed according
to the method described in [3].

Fig. 1. Detection zone selection, region of interest extraction and
perspective transformation of incoming image [own study]

3. Traffic scene classification
Traffic scene classification module is the integral part of
our background estimation approach. It makes background
estimation approach traffic invariant. Traffic scene is classified
into two classes, (i) Free, (ii) Congested. We use a trained twoclass naive Bayesian classifier to classify traffic scene. The first-class
w1 corresponds to traffic congestion state and the second-class w2
corresponds to traffic free state. Feature vector x is a N-D vector
(e, s, ed ,m3rd)T , where features e, s, ed ,m3rd denote the entropy,
standard deviation, edge density and 3rd moment of the current
image , respectively. i.e,
P ( wi | x ) =

P(wi )P( x | wi )
P(x )

(1)

The class conditional probability density P(x | wi) is modeled
by a Gaussian function. The parameters of the Gaussian function
for each class is obtained by maximum-likelihood estimation [4]
. We assume equal prior probabilities P(wi) for congestion and
free state classes. The evidence P(x) is a constant and scales both
posteriors equally. It therefore does not affect classification and
can be ignored.

4. Background estimation
Stable background estimation is the key step for vehicle
detection. Most of the state-of-the-art background estimation
algorithms [5, 6, 7] did not discuss the problem of stable background
image estimation under changing traffic conditions e.g. congestion.
In long traffic congestion scenarios, stable background image
estimation is a quite challenging.
We proposed a novel background estimation algorithm based
on the median of FIFO buffer of incoming rectified orthographic
images. Incoming rectified orthographic images have to pass
through the congestion detection test as described in Section III.
If congestion is detected in the current image, then it is not added
into FIFO buffer. If the traffic state in current image is free-flow
then current image is added into the FIFO buffer and the FIFO
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buffer is updated according to the First-in-First-out method.
Median of current FIFO buffer generates a stable background
image which is invariant of changing weather, illumination and
traffic conditions. The buffer size is 21, which is determined
empirically according to the real-time requirements of the system.
The background estimation approach is described in Fig. 2.

horizontal centroid position, and y ti is the vertical centroid
position of the vehicle i in the image at time t.
For incoming traffic flow scenario, correspondence between
the vehicle Vt 1 in the current image (t) and the vehicles Vt −j1 in the
previous image(t-1) can be found by two constraints.
Position constraint: For incoming traffic scenario under
normal traffic flow conditions, the horizontal centroid position
xt1 of the vehicle Vt1 in the current image(t) must be greater than
j
the horizontal centroid position xt −1 of the corresponding vehicle
j
Vt −1 in the previous image (t-1).

xt1 > xtj−1 → true

Fig. 2. FIFO-buffer based background estimation approach [own study]

5. Vehicle detection

(2)
Where T is the predefined threshold. T is calculated as the
average of the difference image D( x, y ) [8]. To eliminate the small
nosiy blobs and to fill small holes in the blobs, detected foreground
objects are post processed with morphological operations. Fig. 3
shows the example of the vehicle detection step.

Fig. 3. Example of vehicle detection. (a) Current background image.
(b) Current image of the traffic scene. (c) Difference image. (d)
Difference image after morphological steps [own study]

6. Velocity estimation
For incoming traffic scene, the detected vehicle closest to the
camera field of view in the current image is only investigated
for finding its correspondence with the detected vehicles in the
previous image. By using the centroids information of the detected
vehicles, the velocity of the vehicles can be measured by Euclidean
distance reliably.
For simplicity, we model vehicle objects by their centroid
information, let
vehicle i at time t, where
is the
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This condition is assumed on the basis of the principle that a
vehicle cannot travel in reverse direction under normal incoming
traffic flow situations.
Minimum Euclidean distance: if the position constraint holds
true, then two vehicles in the adjacent images with minimum Euclidean distance have correspondence.
Distance = arg min

The overall quality of the real-time traffic-monitoring system
depends upon the robust vehicle detection. In the static camera
scenario, moving vehicles can be detected through a simple
background subtraction operation. Assume that I(x, y) is the current
image and CB(x, y) is the current updated background image. The
difference image D(x, y) is used to detect moving vehicles defined
as follows.

(3)

(

(

x t1 − x tj−1

)

2

+ ( y t1 − y tj−1 )

2

)

(4)

we can calculate the scale factor in the image by using geometric
relationships or markers that are inherently available in the traffic
scene such as lane markers in the middle of the road section.
By calculating the length of the lane markers in pixels in image
coordinates and by knowing their length in meters in real-world
coordinates, any point on the image can be back-projected onto the
road. Therefore, the calculated scale factor (meters/pixel) allowed
us to calculate the distance between any two points on the road [9].

7. Vehicle count
For incoming traffic scene, the detected vehicle closest to the
camera in the current image(t) and the detected vehicle closest to
the camera in the previous image(t-1) are only under investigation
for vehicle counting. The vehicle-counting algorithm comprises of
two conditions as follows.
Condition 1: If the vehicle detected in current image(t) and no
vehicle was detected in the previous image(t-1). Then increment the
counter as a new vehicle appeared in the current image such that.
(5)
Condition 2: If the vehicle Vt1 detected in current image(t)
closest to the camera field of view with the centroid position
(xt1 , yt1 ) and vehicle Vt1−1 detected in previous image(t-1) closest to
the camera field of view with centroid position (xt1−1 , y t1−1 ) , if xt1−1
coordinate of vehicle Vt 1−1 is greater than xt1 coordinate of vehicle
Vt 1 then increment the counter.The condition 2 is given
(6)
where α is the adjustment factor and it has a small integer value
from 0 to 5 depends upon the frame rate of the video sequence.
Detailed describtion of velocity estimation and vehicle count
algorithm is described in [10].
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8.2 Online test

8. Results and discussion
We carried out a comprehensive test campaign to validate our
real-time traffic parameters estimation approach. We tested the
proposed system on traffic surveillance scenes obtained from the
German Aerospace Center’s (DLR) urban road research laboratory
in Berlin for 24 hours of live streaming data and offline data from
traffic-cameras. Both day time and night time surveillance scenes
under different traffic conditions are tested. The frame rates for
online and offline image sequences are 1, 5 and 10 FPS. Image
resolution is 348 x 259 pixels and JPEG compression is 50%.
Processed traffic data is cross-checked with synchronized induction
loop data. Fig. 4 shows some snapshots of the traffic scenes. The
region inside the polygon is the detection zone as shown in Fig. 4.
For several lanes in one direction, each lane is selected as a separate
detection zone and processed independently.

∆V (t ) = Vloop (t ) − Vtrafficcam (t )

(7)

∆Q(t ) = Qloop (t ) − Qtrafficcam (t )

Fig. 5 shows the errors curve generated for travel speed and
traffic flow from equation (7) for the three camera configurations
(1 FPS, 5 FPS and 10 FPS). Error curves in Fig. 5 shows high
accuracy in estimated travel speed and traffic flow for 5 FPS and
10 FPS with respect to induction loop data. While estimated travel
speed and traffic flow from 1 FPS shows slightly high variance
with respect to induction loop data.

Fig. 4. Experimental traffic sequences [own study]

8.1 Offline test
Offline validation is carried out for a 20 minutes interval for
both daytime and night videos from above mentioned traffic
scenes. The statistics in Table. 1 are collected from the lane 1 in
sequence (a) , lane 3 in sequence (b) and lane 1 in sequence (c).
Ground truth is the manual count of vehicles from 20 minutes
of offline sequence. As induction loops are fixed and can not
accomodate change of lanes by the vehicles. So loop count is prone
to errors with respect to ground truth. Absolute error of traffic
flow and traffic speed between induction loop and traffic camera
is measured by the aggregation of one minute of data.

Seq

Day/Night

FPS

Ground
truth count

Loop count

Traffic
camera count

Absolute Error Diff
(Loop,Traffcam) in
[veh/min]

Error (GroundTruth,
Traffic camera) in %

Absolute Error
Velocity (loop-traffic
camera) In [km/h]

Table. 1 Offline comparison of measured (loop) and processed
(traffic camera) velocity and vehicle count [own study]

a

Day

10

106

88

110

1,6

3.77

6

a

Day

5

114

105

117

1,15

2.6

6,96

a

Day

1

112

96

113

1,13

0.89

9,56

b

Night

10

27

19

29

0,12

7.40

3,13

b

Night

5

27

22

27

0,18

0.00

4,3

b

Night

1

28

22

29

0,3

3.57

10,66

c

Day

10

156

127

147

1,25

5.76

7,07

c

Day

5

188

158

192

2,45

2.12

6,57

c

Day

1

177

158

166

1,3

6.22

16,7

12

Second phase of test campaign is the evaluation of system’s
real-time capability to estimate traffic parameters. System is tested
for 6 hours of live streaming data from 13:00 to 17:00 hours at
04.04.2014. Three different configurations with frame rates 1 FPS,
5 FPS and 10 FPS has been tested. Processed data from traffic
camera and measured data from corresponding induction loop is
aggregated for over the period of 5 minutes.
Let (Vloop (t ), Vtrafficcam (t ) be the measured and processed travel
speed from the induction loop and traffic camera, respectively
at time(t). Similarly (Qloop (t ), Qtrafficcam (t ) is the corresponding
measured and processed traffic flow. The statistical evaluation
requires the travel speed error ∆V (t ) and the traffic flow error
∆Q(t ) as described in equation (7).

Fig. 5. Online (a) travel speed errors and (b) traffic flow errors [own study]

Table 2. lists other statistical measures calculated from ∆V (t )
and ∆Q(t ) in equation (7) to validate the accuracy and precision
of estimated travel speed and traffic flow.
Table. 2. Online travel time and trafic flow errors [own study]
Travel Speed Error [km/h]

Traffic Flow Error [veh/5min]

1 FPS
(a)

5 FPS
(b)

10 FPS
(c)

1 FPS
(a)

5 FPS
(b)

10 FPS
(c)

Minimum

-16

-4

-4

4

-4

-12

25th
percentile

1

0,75

-0,75

11,25

4

-1

Median

7

1

1

14

6

2

75th
percentile

14,50

2,75

2

18

10

5

Maximum
Mean

41
7,71

11
1,16

8
1,05

37
15,25

29
7,36

26
2,01

Standard
deviation

10,52

2,53

2,15

6,30

6,19

6,08

Data
Count

80

80

80

80

80

80
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All statistical errors data for travel speed and traffic flow listed
in Table. 2 for the three scenarios (a) 1FPS, (b) 5 FPS and (c) 10
FPS is plotted and shown in the Fig. 6. The box-and-whisker plot
shows that the processed data from the camera achieved higher
accuracy for frame rate 5 FPS and 10 FPS.as compared to 1FPS
data sequence.
Our approach is simple and general enough to work for
incoming and outgoing traffic scenarios under the assumptions
described in section I. However, there are several factors that can
affect the accuracy of the algorithms such as lane change by the
vehicles in camera field of view, irregular road section, stop- andgo vehicle movement, large vehicle movement in the scene such as
trucks and buses that cover most of the camera field of view and
also covers the adjacent lanes thereby generating false foreground
objects, and heavy traffic flow condition in which distance between
vehicles is small (less than 4 pixels) so that multiple vehicles are
detected as a single object. Our approach might not work for the
night time scenes with incoming traffic scenario because vehicles
are not identifiable due to the bright glare from head lights direct
into the camera line of sight. Table. 3 shows some main reasons of
error during automatic traffic parameters estimation from camera.

9. Conclusion
For an intelligent traffic surveillance system, it is important
to estimate traffic parameters in real-time under different traffic
conditions. In this paper we designed, implemented and evaluated the
real-time traffic monitoring system using low resolution un-calibrated
web-cameras. One of the main contributions of this work includes
the novel FIFO buffer based background estimation algorithm which
is adaptive to changing weather and traffic conditions. Statistical
features based naive Bayesian classifier is used to classify traffic scene.
Traffic scene classification module is an integral part of background
estimation algorithm. It ensures generation of stable background
image even under long congested traffic conditions. When the
traffic state is free flow then traffic parameters are estimated. If
traffic is congested or stop-and-go then system generates the flag of
congested traffic condition. After detailed tests and evaluation, we
concluded that camera configuration with frame resolution 5 FPS ,
image resolution 348 x 259 and JPEG compression 50% is optimal
for real-time traffic monitoring. Higher frame resolutions and image
resolutions are computationally expensive for real-time systems with
no significant improvement in results.
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Abstract

Traffic telematics systems have been used to increase road capacity as well as safety. On highways, this is accomplished
with the usage of so called highway management systems, which among others through speed harmonization, ramp
metering, informing about weather conditions or danger on road addresses these issues. Such system was recently
implemented for the first time also in the Czech Republic. In this paper, the results from the first months of operation
will be provided. First, the expected theoretical effects of such system on traffic flow characteristics will be provided
and discussed. These effects follow the theoretical foundations of traffic flow theory, represented for example by
fundamental diagram or changes to road capacity due to speed harmonization. Based on the measured data, the
results of the particular implementation in the city of Prague, Czech Republic will be provided. The results will be
discussed and compared to international experiences.
KEYWORDS: highway management, fundamental diagram, highway capacity

1. Highway management and its
implementation in Prague
This paper provides an overview of the highway management
system in Prague. Its major objective is however to demonstrate its
function by presenting and discussing the real results from the first
years of operation. These results are put into theoretical context.
It has the following structure. After this introduction a short
description of the highway management system installed on the
Prague city ring is provided. Our focus is on the speed harmonization
algorithm acting through variable speed limits (VSL) as the integral
part of the HMS. Next, the theoretical foundations for evaluation
of a highway management system together with results from the
described system are provided and discussed. In the conclusion,
the planned enhancements of the HMS in Prague are shortly
introduced as well.

1.1 Overview of highway management
system strategies
Highway management systems (HMS) have become very
popular in the recent years. There are several reasons for this trend.
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Even though the number of vehicles and the kilometers travelled
are increasing continuously, it is not possible to keep increasing the
road capacity by simple adding new roads. Additional measures,
typically from the ITS field have to be introduced. And that is
the case of highway management systems. HMS are typically
addressing one or more of the following objectives:
1. Decrease of the number and impact of regular congestions
2. Decrease of the number and impact of irregular congestions
3. Increase of traffic safety
There are many different control strategies that can be used.
Overview of strategies addressing these objectives adopted from
[1] is provided in the Fig. 1. In this reference, detailed description
and examples of the particular strategies is to be found as well.
The highway management strategies are facing a big growth,
especially in the Czech Republic, where they are not in wide use
yet. This is also due to the fact, that many international studies
demonstrate their impact on road safety as well as ecology and
economy. Some results from a study summarizing results from
many international projects include [2]:
• Decreased travel time by 20% to 48%
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• Decreased time to clear a traffic accident on average by 23
minutes (corresponds to 50%)
• Increased highway capacity by 17% to 25%
• Such promising results also increase the popularity of
highway management systems. In this paper we aim to verify
such strong statements and study the real effect for the first
implementation in the Czech Republic.

Currently, another research project (SIRID) is aiming at the
development of a second and improved generation of the HMS. As
part of these improvements, a detailed analysis of the implemented
solution will be provided. This paper aims to provide such results
and together with more detailed analysis. The authors hope it will
contribute to the general awareness of HMS and their positive
influence on traffic.

2. Evaluation of the speed
harmonization algorithms

Fig. 1. Major highway management strategies. [own study based on 1]

1.2 Highway management system on the
Prague city ring
In the Czech Republic, the first highway management system
was put into operation in October 2010. This system was the
output of a research project called INEP (Technological Agency of
the Czech Republic) conducted in cooperation between company
ELTODO a.s. and the Czech Technical University in Prague.
Within this project, a modular framework based on the robust and
well described German HMS [3] was developed. Modularity was
really the key concept used within this project. Each management
strategy is performed by a dedicated module and the particular
results are then harmonized with each other as well as other control
segments. The speed harmonization strategy is implemented as a
rule-based system, which based on intensity (veh/h), local density
(veh/km) and speed (km/h) determines the optimal control
decision - the speed limit. Within the INEP project, the system
was configured and evaluated using microsimulation model
VISSIM. The simulation proved, that the proposed HMS means
a significant improvement to the traffic conditions on the Prague
city ring. This can be demonstrated for example on the average
delay in the system, as presented in Fig. 2. The lighter colours
mean larger overall delay. For the system with speed control (the
right-hand image) the delay is significantly reduced.

Fig. 2. Travel delay as a result of the simulation of the uncontrolled
situation (left) and with the speed harmonization (right)
[own study]
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Speed harmonization aims mostly on improvements of safety.
This is however more difficult to demonstrate and it is typically
measured in a long term or estimated as a function of other traffic
parameters, for example speed deviations ([4], [5]). This effect
is however rather straightforward (smaller differences in speed
clearly positively influence the danger of an accident). In this
paper we focus on the effect of speed harmonization on the traffic
parameters.

2.1 Statistical evaluation of the existing traffic
situation and control
Within this paper, a section of the Prague city ring between
highway D5 and the entry point to the Lochkov tunnel (km 21,8
– km 14,5 in the direction Brno, where 6 gantries with HMS
are installed will be evaluated. This section is suitable due to its
relatively high traffic volume (up to 67000 vehicle s per day). The
data for evaluation are from October 2012, since such month is
not influenced by holidays or extreme weather conditions and its
traffic characteristics correspond to the yearly average. Traffic data
were available at tree minute sampling interval. These aggregations
were also used in the VSL control algorithms.
All presented values (if not stated otherwise) are average values
from the October 2012. The peak traffic flow in this location is
about 4000 veh/h and average speed in this location is due to the
traffic bottleneck caused by the exit 16 as low as 60 km/h. Fig.
3 depicts the frequency of particular VSL in this location during
different parts of day.

Fig. 3a. The frequency of particular speed limits during different
parts of day [own study]
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Active
VSL

without
VSL

120 km/h

100 km/h

80 km/h

60 km/h

Frequency
[%]

75,73

11,95

5,52

4,08

2,72

values may not be constant and they can vary under different
weather conditions, however it is possible to generally describe
the traffic flow behaviour with them [6].

Fig. 3b. The frequency of particular speed limits during overall daily
aggregation [own study]

2.2.1. VSL evaluation using fundamental
diagram

As depicted in the frequency histogram of the VSL activity
in the period before 7 am there was regular reduction of speed
limits, which lasted until about 8 am, when rush hour culminated.
In about 20% of cases at this time, the lowest speed limit, 60 km/h,
was activated. After that, the traffic conditions started to stabilize
and from circa 9:30 am, no VSL were typically applied. A similar
situation was during the afternoon rush hours, however the flow
was not typically as high as in the morning and therefore the
control system usually reacted with limitation to only 120 km/h.
During the off-peak hours, the VSL were usually not applied.
The seldom speed restrictions during this time (especially at
night) were activated due to weather conditions, such as heavy fog
or other events like stationary vehicle on the road etc.

Speed harmonization (i.e. effect of VSL) increases capacity as
well as average speed by about 5 % to 10 % [7]. This trend, split for
particular speed limits was presented in [8] and is depicted in Fig.
5. The term b is the ratio of the applied VSL divided by the speed
of free flow, where b = 1 corresponds to the VSL limit equal to the
speed of undisturbed traffic flow.

2.2 Fundamental diagram analysis
Since no traffic data are available from the period before
launching the HMS (the entire highway system was built at the
same time as the HMS), the before-after analysis could not be
performed in our case. Therefore an evaluation of the fundamental
diagram was used within this paper to proof the influence of the
VSL on the traffic flow.
The fundamental diagram is basically a display of the main
traffic flow variables (usually flow-occupancy or speed-flow) in a
graph. In such diagrams, we can easily find areas where the traffic
conditions are still stable and at which point the traffic congestions
begin to occur. An example of fundamental diagrams is shown
at Fig. 4. The variable Qmax denotes the critical flow, OC denotes
the critical occupancy, and VC is the critical speed. Together they
describe the position of the point of stability and value of road
capacity, which is located on the peak of the curve.

Fig. 5. Theoretical traffic characteristics for different speed limits [8]

In order to verify this VSL-induced fundamental diagram
change for the situation in the Prague city ring, the Fig. 6 is
presented. It depicts the data from October 2012, the 18,7 km
gantry on highway R1. Each point here corresponds to a 3-minute
aggregation of the measured occupancy-intensity data. Its type
denotes the imposed speed limit at that time. For each of the
different speed limits, a curve was fitted to all the data.

Fig. 4. Fundamental diagram and stability [own study based on 6]

In the flow-occupancy diagram, the maximal throughput of the
road Qmax (road capacity) is reached when the occupancy equals
the critical occupancy OC. In the speed-flow diagram, the value
VC is the speed of traffic flow at which the maximal throughput is
achieved. Slope of the line that connects the particular point on
the traffic condition curve with the origin in the flow-occupancy
diagram gives the mean speed of that traffic flow. The critical
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Fig. 6. Flow - Occupancy diagram together with the interpolated
functions for particular speed limits based on data from
October 2012 [own study]

The full line in Fig. 6 corresponds to the situation with no VSL.
It is obvious that the measured data are available for the stable part
of the diagram only. This actually demonstrates proper functionality
© Copyright by PSTT , All rights reserved. 2014
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of the control system, since VSL is imposed when leaving this stable
part and thus no data are available for the instable area.
The dashed line in Fig. 6 corresponds to the situation where
in Fig. 5, i.e. situation with VSL equal to the speed of free flow
which is about 120 km/h. Remark this line also has the highest
slope. The reason why this is by speed limit of 120 km/h and not
the situation with no VSL (i.e. the default maximal speed limit on
highways, 130 km/h) is in the authors opinion due to the fact that
b is almost equal to 1, but at the same time is the speed already
more harmonized.
The highest capacity1 would be reached in a situation with
VSL equal approximately 0,8 of the free flow speed (100 km/h).
With lower VSL, the critical occupancy is increased; however, the
maximal capacity is decreased.

2.3 Impact of VSL in time and space
A VSL system is of course more complex and the coordination
between particular gantries is critical. To display these
spatiotemporal relations, the space-time contour plot shown in
Fig. 7 [9]. The time is displayed on the x-axis, and the position of
each gantry on the y-axis. The mean speed of the vehicles (at three
minutes samples) is shown by the grayscale shades, where lower
mean speed is represented by lighter shades and higher values
of speed is represented by dark shades. The VSL is displayed in
the same diagram with the usage of symbols at each gantry. The
symbols and their corresponding meaning are as follows: Plus – no
VSL; circle – 120 km/h; asterisk – 100 km/h; diamond – 80 km/h;
and square – 60 km/h.

Fig. 7. LT diagram of the average speed. The symbols depict the
different imposed VSL: Plus – no VSL; circle – 120 km/h;
asterisk – 100 km/h; diamond – 80 km/h; and square –
60 km/h) [own study]

Fig. 7 describes a situation from the 9th of October, 2012. The
mean speed of the vehicles began to diminish as the density of traffic
flow increased at 7:25 am between gantries at km 17,0 and km 15,7
1

(marker A). Here a bottleneck forming by Exit 16 is located. After
7:30 am, the traffic congestion occurred at the bottleneck and then
propagated upstream to Exit 23 (near which last gantry on km 21,8
is located). Speed of the spreading of the congestion was about -12
km/h and at the gantry on km 21,8 was the congestion observed at
about 7:51 am (marker B). In contrast, the speed of the imposing of
VSL was faster (from the perspective of upstream spreading) about
-16 km/h. This faster activation of VSL decreased the differences
between speed of vehicles on the tail of congestion and speed of
vehicles which were still moving in relatively free traffic conditions.
The lower speed differences significantly increase safety and also
precede further spreading of the congestion. This was evaluated
also with the usage of simulation, where much worst situation was
observed in case of no VSL.
The fact is that is basically impossible to systematically prevent
occurrence of the traffic jam if intensity of traffic flow is very
high, but due to the VSL system, the impact of the traffic jam is
mitigated and even at Exit 23, where traffic congestion a speed
drop culminated at 8:18 am (marker C), the mean speed of the
vehicles was still over 35 km/h.
At 8:25 am on the gantry km 18,7, another small mean speed
drop was observed, but likely due to the VSL system wasn’t spread
further and at 8:36 am (marker E) the traffic conditions was
stabilized in spite of the lasting high intensity of traffic flow (35004000 veh/h). This clearly demonstrates the positive effect of the
cooperative behaviour of the VSL and its effect on the traffic flow.

3. Conclusion
This paper presented theoretical ways in which VMS affects
main traffic characteristics. This was demonstrated within this
paper with the help of a fundamental diagram as well as a timespace diagram. Next to the theoretical values, the results of the
highway management system installed in the year 2010 on the
Prague city ring were presented. It was demonstrated within this
paper, that the system has the expected effect on traffic.
Highway management is however still an actual topic in the
Czech Republic. At this moment a new research project aims
to improve the algorithms used on the Prague city ring. The
improvements are aiming, for example, at better processing of the
measured data. Currently, data from three minute intervals are
used for control. This sometimes leads to delays in the reaction
times of the control system. Our trend is in using one minute time
intervals together with better data pre-processing.
Additionally, new approaches will be used instead of the rulebased method currently implemented. The focus is in probabilistic
reasoning (Bayesian networks) and on soft-computing methods,
particularly algorithms based on fuzzy logic. Such approaches
are also in literature acknowledged as a natural extension and
improvement of the crisp control.
Before implementing the discussed changes, the new approaches
will be evaluated with the help of microsimulation tools, as was done
with the first generation of highway management. This allows us to
do thorough before/after analysis of the traffic situation.

This fact was however later disputed for example by Smulders [10].
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Abstract

The article presents an original adaptive ship course-keeping system. The control algorithm is based on a knowledge
base. Its integral part − a computer ship movement dynamical model − uses a set of signals obtained from the object’s
input and output. In this way we avoid problems arising while designing classical control algorithms for a complex,
non-linear ship model. Approximators utilizing base functions of the model are used for model adaptation. The
presented methodology is general as it can also be applied in other ship control tasks or to other dynamic objects.
The proposed intelligent course-keeping system has been verified by simulation.
KEYWORDS: ship course keeping, intelligent control system

1. Introduction
In recent years we can observe increased requirements
concerning the accuracy of vessel movement in various control tasks:
tracking a present trajectory, dynamic positioning, anticollision
systems). The higher standards are due to economic reasons and
the need to improve the safety, particularly on fairways with high
intensity, in restricted waters such as straits, channels and in the
high seas. In terms of automatic control we can consider steering
a ship along a preset trajectory, or course stabilisation in particular.
The latter task is a simple problem of automatic vessel control, but
the object complexity (the model non-linearity, uncertainty due to
external disturbances) makes this problem a difficult one.
When kept on a designated course under conditions of external
disturbances, the vessel will not proceed along a straight line, her
trajectory being an irregular curve. A similar case occurs when,
after course alteration, we bring the vessel on the previous one. In
reality, a vessel usually covers a longer track than that desired by the
helmsman. The larger the alteration of the set course, the longer the
actual track of the ship is. Deviations by the vessel caused by nonoptimal steering with the rudder result in the reduction of average
speed, longer voyage, higher fuel consumption and, eventually,
increased operating costs. Uncontrolled yawing may also cause a
collision, especially on fairways with dense traffic.
Therefore, researchers face a demand for still higher degree
of automation, and first of all, optimization of the course-keeping
and returning on the set course processes. Although many
solutions of automatic course stabilisation systems (autopilots)

Volume 7 • Issue 2 • May 2014

exist [6,8,9], enhanced requirements of performance quality of
autopilots necessitate further research into this issue, along with
the problem of constructing an intelligent course-keeping system.
The author describes a solution of the mentioned problem using
computer methods.

2. System description
The operation of the ship course stabilisation under
consideration (Fig.1) [7] can be described as follows: in the
controller, for a given output from object (y ) , on the basis of
values drawn from the knowledge base (B y ) , a control decision
(u ) is worked out, i.e. a new rudder angle (δ z ) is set. Naturally,
the rudder is positioned so as to stabilise the set value (x z ) , that is
ship’s course (ψ z ) . This process is repeated every time unit (∆t ) .

Fig. 1. Structure of the proposed system of ship’s course stabilisation [7]

The notations in Fig. 1 are as follows:

x z = ψ z - ship’s course,
u = δ z - control decision (rudder angle),
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y = [r ,ψ , δ ]
By

- object output (angular speed, deviation from the
course, rudder angle),
- vector of values extracted from the knowledge base,
required to make a controlling decision for output y.

Let the state of the object at an initial instant (t) be described
by the vector: [r (t ),ψ (t ), δ (t )] , and control decisions will have a
form like the elements of set (3). Then, using linear interpolation,
the object output is determined according to the formulae:

In the sections below we will discuss individual components of the system: computer model of ship movement dynamics (section 2.1), knowledge base (section 2.2), controller
(section 2.3). Finally, system adaptation is presented synthetically in section 2.4.

(5)

(6)

2.1 Computer model of ship movement
dynamics

(7)

Three matrices provide a basis for the computer model of
vessel dynamics: R , Ø , Ä . Their respective components, or
output signals: angular speed, deviation from the course, rudder
angle, depend on the state of the object and control decisions
(selection o rudder positions). The output signal is understood as
object state measured after one time unit (∆t ) .
Let a symmetric, closed interval: rmin , rmax be a set of all
angular speeds the vessel can achieve. After discretisation, the
following set is obtained:

where:

,

(1)
Similarly, as a result of quantisation of all possible positions of the
rudder, we obtain this set:

i

- number of control decision taken (1 ≤ i ≤ nδ ) .

(2)
Because the ship’s course-keeping task consists in bringing the
object to the state, in which the values of angular speed, course
error and rudder angle are close to zero, ∆r and ∆δ should be
possibly low and selected so that zero belongs to sets (1) and (2).
The value nδ is the power of the largest subset of control
decisions (2), for which the system response after one time unit
(∆t ) will be different. Thus, for the steady state (at instant t):
r (t ) ∈ (1), ψ (t ) ∈ − π , π , δ (t ) ∈ (2) the system will respond
with different values, and only for the control decisions of this
form:

nδ − 1
n −1 

∆δ ,  , δ (t ),  , δ (t ) + δ
∆δ 
δ (t ) −
2
2



(3)

(8)
where

rmax O0

δ max O0

R nmax r ×nmax δ ⋅nδ

is equal to angular speed (and respectively, deviation from the
course, rudder angle) which the object will reach after one time unit
(∆t ) , when at an instant (t) the state of the object is described by
the vector:
(4)

and the control decision is equal to j − ( j nδ  − 1)nδ of the
set element (3) [7].
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The knowledge base of object dynamics is represented by the
matrices: R, Ψ, Δ (discussed in the previous section) and a threedimensional data cube, Region. For further considerations, the
following definitions will be introduced.
Definition 1. A closed zero region (O0 ) is a set of object states
in the form:

ψ max O0

Element ri , j (ψ i, j , δ i, j ) of matrix


 j   
rmin + (i − 1)∆r ,0, δ min +    − 1∆δ 
 n


  δ   

2.2 Knowledge base

- close to zero value belonging to set (1), determined arbitrarily rmin O0 = −rmax O0 ,
- close to zero positive value determined arbitrarily ψ min O0 = −ψ max O0 ,
- close to zero positive value belonging to set (2),
determined arbitrarily δ min O0 = −δ max O0 .

(

)

(

)

(

)

Definition 2. k-th closed region (Ok ) , where k ∈ N+ is a set of
object states for which there exists a continuum, not longer than k,
of control decisions made every time unit (∆t ) , bringing the state
to the zero region (O0 ) .
Definition 3. The value k max represents the smallest natural
number, for which the following relationship holds:
(9)
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thus set Okmax is equal to all possible object states.
In the three-dimensional data cube Region [7] the region
edges are recorded (def. 1, def. 2) for k ∈ {0, , k max } .

index to which the target output belongs, the more elements of
vector K are equal to min (K ) ). In such circumstances another
vector should be generated:

 *
*
K * =  k1 , , k nδ 



2.3 Control
The control of the discussed vessel course stabilisation system
by rudder action is based on knowledge base. For the object
output y = [r (t ),ψ (t ), δ (t )] at instant t, the state of the object after
one time unit: [r (t + ∆t ),ψ (t + ∆t ), δ (t + ∆t )] is first determined
by means of vector B y components, on the basis of computer
dynamics model: (5), (6), (7), then the minimal region index that
the determined state will hit, for a control decision in the form like
elements of set (3). On the basis of calculations made the following
vectors will be generated:


K =  k1 , , k nδ ;





J =  j1 , , j nδ 



(10)

where
k i - denotes the minimum range of the region the object state will
reach at moment t + ∆t , if at moment t a control decision
was made in the form of i-th element of set (3) (1 ≤ i ≤ nδ ) ,
2
ji - denotes value ψ 2 (t + ∆t ) + λ (r (t ) δmax ) δ 2 (t + ∆t ) (vide
(11)), if at moment t a control decision was made in the
form of i-th element of set (3) (1 ≤ i ≤ nδ ) ,

δ max - maximum rate of rudder deflection.
The most proper control decision is the one that accurately
corresponds to the smallest coordinate value of vector K (object
state returns to the zero region as fast as possible) and vector J (to
get the lowest possible value of quality index:
(11)
where λ coefficient larger than zero, interpreted as a

compromise between course deviation (yawing) and change
of rudder angle (load on the steering gear).
Unfortunately, both these conditions are often contradictory
and we have to decide which condition is more essential. When
slight deviations from the course are caused only by disturbances,
and thus the object output belongs to a region with low index,
it seems purposeful to select the position of the rudder based
on minimisation taking account of the coordinates of vector J .
Therefore, let the control decision be the one that corresponds to
the smallest value from the set of those elements of vector J, for
which the proper coordinates of vector K are equal to min (K )
or min (K ) + 1 .
In the case of course change manoeuvre, when the object output
is at a considerable distance (in the sense of Euclidean metrics)
from the zero region, the control decision should correspond
accurately to the smallest value of the vector K coordinate. This
condition, however, may prove insufficient, as it will be fulfilled
by most possible control decisions (because the larger the region
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(12)

where

k i - denotes power of the set {k : k = min (K i )} (1 ≤ i ≤ nδ ) ,
K i - vector of minimal indexes of regions to be reached by
the states (at an instant t + 2∆t ) if (at an instant t) the
*

control decision was made in the form like i-th element
of the set (3).

Which describes the object dynamics at moment t + 2∆t .
The maximization condition taking account of the coordinates of
vector K * should thus contribute to a more accurate selection
of the control decision. Hence, in the considered case let the
control decision be the one that corresponds to the smallest
value of the set of those elements of vector J for which the
corresponding coordinates of vector K are equal to min (K ) ,
and the corresponding coordinates of vector K * are equal max
max K * .
Thus, in successive instants the control decisions are so defined
that the target state should make it to the region with a decreasing
index, and when it reaches the zero region it should remain close
to zero in the sense of Euclidean metrics, minimising the index of
control quality (11). In [7] the stability of the proposed system has
been proved.

( )

2.4 System adaptation
The problem of adapting the considered ship’s course
stabilization system consists in the identification of matrices: R,
Ψ, Δ, a basis for the operation of computer dynamics model and a
creation of 3D data cube Region (Fig. 2). The approximators used
for the adaptation are based on base functions of the model [13,
14] to assure an on-line identification of the mathematical model of
object dynamics. On this basis, matrices R, Ψ, Δ, are first created at
time unit intervals, then the 3D data cube Region.

Fig. 2. The structure of the proposed system of ship’s course
stabilization with adaptation [own study]

The application of adaptive control built on base functions
of the model that use a controller linearizing with feedback
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[13,14] leads to the generation of unknown model characteristics.
However, when a model has already been identified, the control
described in section 2.3 is characterized by higher quality than the
controller linearizing with feedback. In this connection, to ensure
stability and adaptation of the proposed system, control should be
appropriately switched:
• from the proposed control to feedback linearization adaptive
control [13,14] (then the matrices:R, Ψ, Δ, and adaptation of
a 3D data cube Region will be performed currently ), in cases
when npr-LF of consecutive control decisions does not lead to
the reduction of object state region index or the object state
is not maintained close to zero region (in the sense of Euclid’s
metrics);
• from feedback linearization adaptive control [13,14] to the
proposed control, (then neither current identification of
matrices: R, Ψ, Δ, nor adaptation of the 3D data cube Region
will take place), in cases when nLF-pr of consecutive control
decisions leads to the reduction of object state region index
or the object state is not maintained close to zero region or
ensures the maintenance of object state close to zero region
(in the sense of Euclid’s metrics).
The values npr-LF, nLF-pr are assumed arbitrarily.

3. Simulation experiments
The calculation experiments have been conducted in a Matlab/
Simulink environment. De Witt-Oppe’s model has served as a real
object (ship) [3], with consideration to steering gear dynamics [9].
Computing experiments consisted in a series of simulations
aimed at a comparison of the operation of herein proposed
controller and the feedback linearization adaptive controller. In
both cases it is assumed that de Witt-Oppe’s model is not known.
The values npr-LF = 5, nLF-pr = 5 are adopted arbitrarily. The other
parameters are adopted according to [7,14].
Fig. 3 presents the results of an example computing experiment.
The charts depict movement trajectories and off course deviations
of a ship performing two subsequent turns (course alterations: 90°
to starboard and 90° to port). The firm line corresponds to the
proposed controller operation, while dashed line corresponds to
the adaptive control by feedback linearization. In both turns of the
ship the time to keep the ship on a new course was shorter when
the proposed controller was in use.

Fig. 3. Off-course deviations and ship movement trajectories for an
example computing experiment [own study]
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The conclusions from the computing experiments:
• in all examined cases the time to get on a new course set by
the proposed control algorithm was shorter,
• observed reduction of time required to stabilize the ship’s
course ranged from 1% to 28%.

4. Conclusion
The intelligent adaptive system of ship course stabilization
proposed by this author, based on a knowledge base, has been
verified through computing experiments. The results confirm that
the method assures high control quality. The improvement refers
to both control time and the scope of abrupt course alteration.
The results of described experiments are therefore positive. The
proposed adaptive algorithm of ship course stabilization, based on
a knowledge base, will be implemented in the executive module
of NAVDEC, a navigational decision support system [11,15]. The
executive and other modules (e.g. data fusion [1,2,4,5,10]) make
up an implemented system of navigational decision support in the
process of safe vessel conduct (invention [12]).
The developed system concerns the vessel course stabilisation,
yet the presented methodology may easily be expanded and
used for a synthesis of the multitask trajectory autopilot. In the
context of the proposed approach, it seems viable to widen the
range of tasks and controlled objects. The proposed methodology
represents a new branch of intelligent control systems.
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Abstract

The Intelligent Transport Systems used in the public transport can be described in a following manner: it is a collection
of properly designed complex devices, which create island systems, followed by their integration that creates one,
centrally managed traffic control system in the whole road, or city area. Authors will present here information regarding
the usability of the above mentioned systems for the interested parties. Reliability is an important factor in such systems,
as the ITS that consist of many complex objects must be characterized by low level of errors. The utility value of the ITS
drops significantly in case of large damages intensity in devices that are part of the system. Deliberations presented here
are based on experiences with installation and exploitation of the ITS at class A and S roads.
KEYWORDS: usability, reliability, ITS

1. Introduction
Currently, more and more often, the adjective “intelligent”
is used in regard to different spheres of our life. In the sector of
transport, as well as in its infrastructure, one can define an intelligent
transport system, and many of its intelligent subsystems. Practically
each bigger city implements traffic control centres, which create
traffic system an intelligent one. They erupt in order to improve
safety, and the process of traffic participants transportation , who
are an important segment of the interested parties here.
Intelligent Transport System is a very broad term. However,
it can be defined in the context of the intelligent transport system
definition, provided in the Act (Act of 27 July 2012, amending the
act regarding the public roads, art. 4, point 33) that states: systems
using information and communication technologies in the road
transport area, covering infrastructure, vehicles and their users,
as well as the traffic, and mobility management, and to interfaces
with other forms of transport. In regard to the article thesis, ITS
used in traffic transport can be described in a following manner: it
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is a set of properly designed complex devices, which create island
systems, followed by their integration that creates one, centrally
administered traffic control system in the area of the whole road
or city. Such island systems can be created by: the meteorological
system, variable message sign, travel time prediction system,
dynamic information system for commuters, toll collection
system, pre-selective weigh in motion system, and many more.
Road systems designed in such manner are part of a bigger system,
which can be, e.g. intelligent city, or intelligent road. The ITS task
is to first of all improve safety for the traffic participants by having
an impact on the traffic dynamic and influencing their behaviour.
Dynamic and reliable transfer of information about threats ahead,
and the receiver of such information by the road user with a
proper advance give time for an effective reaction thus allowing
change in behaviour.
Poland negotiated for the years 2014-2020 82,5 m EUR,
according to the Partnership Agreement funds are going to be
invested in those areas that will benefit in Poland’s development
the most. Among them one can find: increase of the economy
competitiveness, improvement of the states social and territorial
cohesion and increase of the state’s efficiency. The most of the
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gained funds Poland intends to allot to the investments connected
with the road and railway infrastructure, and the ITS fit in those
areas. Due to the important role that already existing ITS play, and
number of their implementations in the following years will be
only rising, their reliability and its influence on the utility value for
the interested parties will be an important factor.

2. Current views on the road
infrastructure usability and
utility value
Value is the basic category when it comes to deliberation in
axiology, it means everything that is valuable, desirable, what is a
goal of human actions. Axiology, as a general value theory, takes
interest in:
• an analysis of the nature of the value, so the issue of what is
value, what is it’s character,
• searching for the sources and mechanisms of creating values,
• the basics and criteria of evaluation,
• classifying and building their hierarchy,
• their ontological status, relations with other beings, the ways
of meeting them and implementing.
In the more narrow meaning, axiology is a detailed theory
of values that is a part of the individual scientific disciplines that
take part in deliberation about the particular values. Parallel to
deliberation about the values conducted by the philosophers,
economy used a price category, and identified the value with it. Two
clear stands could be noticed in the history of economic though:
objective, and subjective values. To simplify the problem one can
say that economists like Karol Marks or Adam Smith, who are the
supporters of objective understanding of the value, will look for it in
the costs that are generated to create a merchandise, and in case of
the ITS, costs needed for the design, implementation and start-up.
Objective theory representatives when assign the producer the right
to set goods value according to the production cost, pay attention
only to the intake side of the market. The attempt to connect the
objective and subjective understanding of the value concept was
done by A. Marshall, who formulated a synthetic theory of the
value. He pointed out that the value and price influence both
demand and intake on the market. A good has value, because it
contains production cost taken by the manufacturer, as well as it is
useful for the consumer.
Utility value involve inseparably with the goods category and
is one of the basic features. The merchandise utility value is the
entirety of the physical and chemical properties, thanks to which
it can fulfil a certain demand. The utility value means that the
merchandise, service, or the ITS is able to fulfil human needs.
Utility value is examined in the context of its connection with the
concept of quality, by which we can also understand reliability.
Utility value is the goods ability to fulfil consumption needs,
whereas the quality is treated as a degree in which the given utility
value can fulfil a certain need. Therefore, quality and reliability
are, somewhat, a gauge of the goods usefulness.
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This article presents a safe and effective traffic transport
system as such good. The article presents correlation between two
types of values, the first is the investment’s book value with the
special emphasis on the proportion between investment costs of
the construction and costs of equipping the road in intelligent
devices. Reliability of the devices installed as a part of the ITS is
an important factor of these costs, which influence further costs
connected with their later exploitation and maintenance. The
second type of value will be the utility value understood as an
effect of goals implementation by the intelligent transport systems
that are the utility value for the particular traffic participant . These
goals can be: increasing the street network capacity, lowering the
amount of time lost in the street network, increase of traffic safety
(lowering the number of accidents), increase of the emergency
services effectiveness, and the influence on the environment.
Investment in Chorzów can be seen as one of the examples
reflecting the influence of the intelligent transport systems on the
growth of utility value of the road infrastructure. Table 1 depicts
the cost structure distribution connected with the implementation
of the Intelligent Traffic Management on the Drogowa Trasa
Średnicowa (the central highway) in Chorzów. The overall cost
of investment completed by the Miejski Zarząd Ulic i Mostów in
Chorzów (Municipal Board of Streets and Bridges in Chorzów) was
1.3 m PLN. the whole traffic management system consists of such
island systems as: variable message signs, meteorological cover
system, video surveillance system, section speed measurement
system. Reports of the particular systems share of costs to the
overall ITS worth was also presented in Table 1.
Table 1. Percentage share structure of the particular island system
in the overall investment costs [own study]

Type of works

Percentage share
of particular
island systems in
the overall system
worth

Creating the fiber Optic network

28%

Creating the supply connections

16%

Delivery and installation of 4 high speed dome
cameras for surveillance, and four automatic
number plate recognition systems
Delivery and installation of meteorological
traffic system

12%
3%

Delivery and installation of 3 variable
message signs

12%

Delivery and mounting of supporting structures
for the variable message signs and cameras

22%

Delivery and installation of the work stations with
software for the system operator

5%

Project documentation

2%

Implemented system, through the variable message signs
integration with the video surveillance, gives drivers information
about the situation on the road, possible hold-ups caused by
accidents, or other incidents on road. Such information given in a
readable and understandable way, as well as with a proper advance
will contribute to measurable economic and social benefits.
Savings can be e.g. lower fuel consumption and saving time by
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avoiding the road block, which could lead to lowering the stress
level among traffic participants, and consequently can lead to
increase the safety on road. Software is a very important element
of implemented system. Such software integrates all island systems
and through a dedicated user interface, presented in Fig. 1, enables
steering and control of the current road situation.
The value of the workload incurred to implement this task
in regard to the goals realized by this system (the utility value) is
disproportionately low. The central highway is a very important
element of the Silesian communication system , where the daily
traffic intensity exceeds 50 thousand vehicles. The three lane per
direction road is treated by drivers as a highway, although the speed
limit is 100 km/h. Small distances between the hubs, and existing
exits to malls cause often manoeuvres of joining and leaving traffic
generate many dangerous situations and result higher number of
accidents. Each traffic incident, such as closing the tunnel located
several kilometres ahead, construction works, or an accident
causes traffic jams that last for kilometres not only on a highway,
but also several kilometres from it. Changing weather conditions
also result in an increase of collisions and accidents. Taking into
consideration all the above information about the priority of this
road in the Silesian agglomeration traffic system, a thesis can be
formulated that the increase of the central highway utility value
that was changed into intelligent road is qualitatively bigger, than
the investment book value of the ITS would suggest. One of the
easier methods of proving this thesis is calculating the factor on
the basis of dividing the whole value of the investment by the
daily traffic on the section covered by the system. Daily traffic is
50,000 vehicle, which gives about 18 m of vehicles per year. The
whole investment cost was 1.3 m PLN, which gives 26 PLN per
traffic participant per day, and less than 0,10 PLN per year. What
may seem interesting is the reference of costs related to the ITS
construction per one Chorzów citizen. System construction cost
per one citizen was around 18 PLN (assuming 85% of financing
from the European Union and 112 thousand of citizens).

Fig. 1. Example of the software that controls work of all island
systems implemented in the central highway in Chorzów
[own study]

Taking into consideration the two exemplary indexes, the cost
of constructing the ITS attributed per capita and the construction
cost per vehicle, one can say that these values are negligible
in comparison to the road utility value growth for the traffic
participants. One of important reference points while testing the
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utility value that comes from the ITS installation is comparing its
book value to the book value connected with the road construction.
The dependency described above is depicted at Fig. 2.

Fig. 2. Example of the investments connected with constructing a
road infrastructure and equipping it in the intelligent traffic
management system, along with their influence on the utility
value [own study]

Fig. 2 shows the dependence of installed systems utility in
relation to the construction costs of a new road section. Axis
of ordinates contains road usability, whereas the abscissa axis
represents cash outlay colligated with expansion of infrastructure.
Figure shows that until reaching the point called expenditure
threshold the road utility is zero. Such dependency happens when
a completely new road section is being created, because until it
is commissioned (expenditure threshold), utility for the traffic
participants is zero. Utility has a zero value for the obvious fact
of inability to use it, while expenditures on the construction rise.
Only when it is opened the participant benefits from it, and that
creates a rapid growth if usability. Next, if the road is equipped in
an ITS, its utility value rises disproportionately to the expenditures
connected to the system implementation. Such course of the chart
results from the very low participation of the costs connected with
the ITS investments in comparison to the benefits generated by
such installations. Reliability is very important factor that should
accompany the installed ITS.

3. Reliability of the intelligent
transport systems and its
influence on the utility value
for the interested parties
Dynamic development of investments in the intelligent transport
systems in the direct human surrounding, as well as increasing level
of dependency on the broadly understood “intelligence” make the
actions concerning increase of the of the ITS devices effectiveness
more and more important. Each of the installed devices should work
reliably, and possible damages should not imply after-effects that are
dangerous for the traffic participant and the surroundings. Installed
ITS and their proper functioning has with no doubt influence
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on our safety, and sometimes even life. The ITS reliability can be
described as the probability of an incident which lies in the fact that
the system used in certain conditions will maintain abilities to fulfil
the given requirements in the given interval of use. Time reliability
is also interpreted as the quality stretched in time - “reliable quality”.
However, quality is a superior value, because the high reliability does
not guarantee a high level of quality. Definition of safety reliability
in the context of the ITS is also worth mentioning. Safety reliability
is a characteristic described as not occurring damages that create
danger in safety or cause accidents, in which there can occur health
deterioration, disability, or loss of life. Programmes about safety
focus on methods of avoiding accidents, preventing people injuries
inside and outside the vehicle, as well as product reliability and
assurance that people and merchandise are safe.
Main interfaces of intelligent transport systems for traffic
participants are Variable Message Signs (VMS). Therefore
their quality and reliability should be at the top level, as these
parameters reflect directly in safety. In 2013 Poland implemented
into the legal system the European Parliament and Council
directive 2010/40/UE from 7 July 2010 in regard to the intelligent
transport systems framework in the traffic transport area and
other kinds of transportation. The appointed provisions were
published in the journal of Laws, 25 February 2013, pos. 260, and
enclose four priority areas. The bill is the basic set of provisions
allowing implementation of the Intelligent Transport Systems in
Poland. However, in the set of formal rules there are still missing
implementing rules, especially rules regulating principles of using
variable message signs, which so far are one of the main medium
of conveying important messages for the traffic participants. Lack
of rules, unambiguously translates into quality of the tenders
regarding the ITS implementation. Effects of a gap in our states
regulations can be observed in Fig. 3.

Fig. 3. Examples of unreadable information on a variable message
signs [own study]

Terms of reference (SIWZ) prepared by the officials do not
contain enough formal-legal requirements in order to provide
reliability and safety of the implemented systems. The second
element influencing what is installed on road for the traffic
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participants is the criterion of choosing the tender offer by the
lowest price. The two examples given above are the reason we
can see on our roads “innovative” traffic management systems
presented on Fig. 3. Savings gained from preferring on our
market systems of low quality and reliability are only apparent.
Necessary maintenance actions taken in order to “patch” the low
quality systems are very time consuming, which results in high
system exploitation costs. The book value of the ITS elements is
so high (Table 1) that any savings on the materials completely
unreasonable. Fig. 4 presents one of the examples of “apparent”
savings on materials.

Fig. 4. Example of connecting GSM modem and other devices in a
variable message sign to a power strip for domestic use [own
study]

Arguments about the necessity of optimizing costs due
to the choosing the lowest price offer even in this case seems
unfounded , because of the symbolic worth of the extension cord
in comparison to the value of the whole investment in the ITS. It is
almost certain that installing replacements that are not suitable for
industrial exploitation will result in impairing the whole ITS and
cause meaningless lowering of the road usability (Fig. 5).

Fig. 5. Example of investments connected with the construction of
the road infrastructure and equipping it in the intelligent
traffic management system of low reliability and their
influence on the utility value [own study]

Fig. 5 shows dependency connected with implementation of
the low quality ITS. The initial utility value increase for a road
equipped in such system is temporary. Point on the abscissa axis
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“system malfunction” represents the moment when the installed
system malfunctions. This consequently leads to lowering the
road utility value at least to the level of a road not equipped in
such system. In extreme situations of system malfunctions,
such as presented on Fig. 3, the road usability may drop even
below the point reached when the road was opened, because the
messages displayed by the devices mislead traffic participants.
Psychological impact, associated with wasting the money, in most
cases public, is also important in case of seeing the defective ITS
by the users, as it clearly lowers the level of traffic safety.

4. Conclusion
Intelligent transport systems play more and more important
role in our everyday life. In the age of continuous rush and
searching for the most optimal solutions for increasing our
movement, ITS seem to be perfect. These systems are to serve
us by supplying us with relevant information. Through their
installation the existing road infrastructure has a completely new
character, and it’s usability for traffic participants significantly
increases. However, ITS must characterize themselves with high
reliability , due to their role and the direct influence on safety.
One should consider, how the behaviour of choosing the cheapest
contractors and ITS elements, briefly described in this article,
could be suppressed. Such savings directly and drastically lower
the utility of whole intelligent traffic management systems, and
indirectly lower the traffic safety of the upset users.
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Abstract

Applications of VANET (Vehicular ad hoc Networks) networks is focused on monitoring of the safety states of
vehicles or roadway by exchanging messages between vehicles and infrastructure so that the applications will be able
to help a driver to handle insecure situations. They are able to warn before possible risks which can occur during
the process of transportation. Essential tool for assuring of safety communications within developed applications
of intelligent transportations systems are cryptography constructions on the basis of digital signature schemes. In
order to assuring safety and anonymity within vehicular communications are used pseudorandom authentications
methods. The authors in the paper are focused on realization of mathematical model and description of modified
cryptographic constructions which are suitable for sensor networks and applications orientated to memory and
performance. In these systems it is very important to use signature scheme which do not have only computational
safety but must also be effective from the view of performance and must generate short digital signatures in order to
communications in real time conditions.
KEYWORDS: intelligent transportation system, vehicular networks, applications focused on safety,
mobile nodes, authentication, modified cryptography construction, mathematical model

1. Introduction
In the question of communication safety for the network VANET
(Vehicular Ad-hoc Networks) are applicable similar principles
as for other wireless networks. The main safety requirements for
communication between vehicles C2C and between vehicles and
infrastructure C2I are [1]:
• Authentication of the message and its integrity – protection of
the message in order not to allow its modification, possibility
of identifying the sender.
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• Non-repudiation of the message – the sender cannot deny
that he sent the message.
• Timeliness of the message – the receiver can be sure that
the message is actual and was generated within the specified
interval.
• Access control – a decision which nodes in the network can
perform them assigned actions.
• Confidentiality of the message – preservation of the message
content from unauthorized parties.
Within the authorized communication between vehicles (Fig.
1) was established the technique of digital signatures based on
asymmetric cryptography using PKI (Public Key Infrastructure)
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which assumes the existence of a CA (Certificate Authorities). To
fulfil the requirements of for a digital signature it is required in
addition to the cryptographic solution of the schemes of digital
signatures (selection of computationally secure cryptographic
solutions) take into account also the implementation of the
proposed schemes, the issues related to the keys management, the
time stamps and similar issues.
In order to implement digital signatures for downloading of
secure software to in-vehicle networks the issuer of the software
signs the program code [2]. The control unit in the vehicle verifies
the signature. It is suggested six steps from generating the code
up to securely downloading it to the control unit. In the first step
the code will be generated and then passed to a trust center in the
second step. In the third step the code is signed by trust center’s
secret key, passed back and attached to the program object code.
Afterwards, in the fourth step the code is stored in a database.
The code can now be downloaded to the appropriate control unit.
Finally ECUs can verify the authenticity of downloaded software
by using their public keys which are stored in the ECUs (step 6).
Fig. 1 shows the procedure in more detail.

Fig. 1. Implementation of digital signatures for downloading of
secure software [own study]

Signature verification can be realized in deterministic scheme
(using RSA algorithm), respectively in non-deterministic schemes
(with El Gamal or ECC algorithms). Cryptography based on
elliptic curves ECC is a new promising direction in modern
asymmetric cryptography. Its main advantage compared with
existing cryptographic schemes and algorithms is the possibility
to obtain the same security with shorter key length. Although RSA
algorithm is still computationally secure cipher according to [3]
the development in computing capabilities of modern information
technology is resulting in the inevitable raise in the key length (N
module) needed to maintain the required security. Current 1024
bit RSA key standard is according to GISA (German Information
Security Agency) inadequate. Since 2006 is recommended to use
2048 bit key. The fact that most of the current chips do not handle
keys longer than 1024 led to searching for alternative solutions
in the field of cryptography with public key and EEC is such an
alternative.
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ECC system is based on algebraic structure of elliptic curves
over finite fields and its security is based on the very difficult
solvability of some mathematical problems. For protocol based on
elliptic curves is assumed that finding the discrete logarithm of an
element of elliptical curve is in real time practically impossible.
The size of elliptical curves determines the difficulty of the
problem. It is assumed that to obtain the same level of security as
for RSA systems is possible to use smaller group. The use of small
group reduces requirements for storage and transmission.
Currently the main problem of implementation of ECC is the
lack of standardization. There exist only one way to implement
RSA but many methods for ECC (as it will be seen from the
description of ECC algorithm). This creates problems in the
question of internal operability. While IEEE only described
different implementation ANSI identified ten types of elliptic
curves and recommended them to use.

2. Mathematical principles
of computationally secure
solutions of digital signature
schemes
Digital signature is from the cryptographic perspective
understood as a set of cryptographic functions that provide
following features:
• Identification – signature must always be tied to particular
person who created it.
• Authentication – the process of ensuring some degree of
certainty that a given entity is actually that entity which it
says it was.
• Integrity – the process by which is ensured that the message
was not changed during the transmission from sender to
recipient.
• Non-repudiation – signing entity cannot deny that it created
the signature of the message.
From the perspective of the cryptography are the schemes of
digital signatures in the practice almost exclusively realized using of
asymmetric cryptography (public key system) and hash functions.
Digital signature scheme consist of two parts: the signature
generation and the signature verification. When generating keys in
schemes of digital signature it is necessary to have a large amount
of random numbers. For this purpose are used generators of
pseudorandom numbers PRNG (Pseudorandom Noise Generator).
Randomness of the PRGN outputs can be verified by various
methods. Such methods are for example defined in American
standard FIPS 140-2 [4].
In VANET type network was established for the signature
verification ECDSA scheme which is still under development and
is modified also with connection to effective implementation of
ITS systems.
ECDSA is algorithm defining procedures and rules for
creating of digital signature on the basis of ECC elliptic curves
algorithm. It is analogous to the DSA algorithm, which means it
uses a non-deterministic approach of digital signature creation as
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shown in DSS standard. Security of ECDSA algorithm depends
as well as encryption using elliptical curves on discrete logarithm
problem solving. This problem is known as the ECDLP (Elliptic
Curve Discrete Logarithm Problem).

2.1 Description of ECDLP problem
First let’s explain what we understand by rank of elliptic curve
and rank of point P. Rank of elliptic curve E is understood as the
total number of points on this curve (referred to #E). Rank of
point P is understood the smallest integer n, covered by nP=O,
where O is the zero point.
The ECDLP problem is based on the following task:
• It is given elliptic curve E over finite field. Point P is an element
of E.
• It is given such point Q for which applies Q = xP, where x is
less than the rank of point P (applies 1< x < n-1).
• The task is to determine (analogous to for DSA algorithm)
the value of x, with the difference that the operation of
exponentiation gx is changed to operation of multiplication
x.P = P+P+P+...+P.
Analogy of operations in DSA algorithm and ECDSA
algorithm is shown in Table 1.
Table 1. Analogy of operations in DSA and ECDSA scheme of digital
signature [own study]
Rank of group

DSA

ECDSA

Elements of rank of
group

Whole numbers
{0,1,2,...(p-1)}

Points x, y) of Ep(a, b)
plus point O

Operation of group

Multiplication mod p

Addition of points

Entry

Elements g ,y
Multiplication g.y
Inversion g-1
Dividing g/y
Exponentiation gx

Points P,Q
Addition P+Q
Opposite point –P
Subtract P-Q
Multiplication d.P

Problem of discrete
algorithm

To find x for a given y, g To find x for a given y, g
Є Zp for which applies y Є Zp for which applies y
= gx mod p
= gx mod p

2.2 Parameters of ECDSA scheme
Public parameters of ECDSA system may be disclosed and the
safety is not compromised. The problem may occur if the same
parameters are shared by several users together. In the event that
these parameters are used to generate k different keys the difficulty
of braking the keys decrease to the level of breaking k multiple the
time necessary for braking a single key.
If is during the generation of random values used a pseudorandom generator PRNG it is possible to store the private key
together with initialization value of PRNG generator (so called
seed), due to later verification of generated parameters. For the
protection of seed value applies the same rules as for the protection
of the private key.
According to ANSI X9.62 standard it is allowed to choose
ECDSA parameters for three kind of elliptic curves:
• elliptic curve over the finite field Fp, where p is an odd prime
number,
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• elliptic curve over the finite field F2m,
• Koblitz curves.
Currently, in the field of automotive industry there are
developed other effective solutions that are part of VPN networks,
IPsec and TSL protocols. Some types of currently computationally
secure elliptic curves are shown in Table 2 [5].
Table 2. Examples of computationally secure elliptic curves [5]
Curve/Shape

Equation

Curve1174
Edwards

x^2+y^2 = 1-1174x^2y^2

Curve25519
Montgomery

y^2 = x^3+486662x^2+x

BN(2,254)
short Weierstrass

y^2 = x^3+0x+2

NIST P-256
short Weierstrass

y^2 = x^3-

3x+4105836372515214212932612978004726840911
4441015993725554835256314039467401291

secp256k1
short Weierstrass

y^2 = x^3+0x+7

E-382
Edwards

x^2+y^2 = 1-67254x^2y^2

M-383
Montgomery

y^2 = x^3+2065150x^2+x

Curve383187
Montgomery

y^2 = x^3+229969x^2+x
y^2 = x^3-

brainpoolP384t1
short Weierstrass

3x+1959616105332923926818122845522658116228
6252326261019516900162717091837027531392576
647644262320816848087868142547438

NIST P-384
short Weierstrass

3x+2758019355995970587784901184038904809305
6905856361568521428707301988689241309860865
136260764883745107765439761230575

y^2 = x^3-

Curve41417
Edwards

x^2+y^2 = 0.1+3617x^2y^2

Ed448-Goldilocks
Edwards

x^2+y^2 = 1-39081x^2y^2

M-511
Montgomery

y^2 = x^3+530438x^2+x

E-521
Edwards

x^2+y^2 = 1-376014x^2y^2

3. Simulation of ECDSA scheme
in SW tools Cryptool
Elliptical curve under real numbers is described by:
(1)

Definition of elliptic curve contains special point O, which
represents the point in infinity or null point. Set of points E(a,
b) contains all points (x, y) which satisfy the equation (1) and
element O. For graphical illustration of elliptic curve is necessary
to calculate values according to
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(2)
If we use different values of couple (a, b), then we keep different
sets of E(a, b), so different elliptic curves. For selected couple (a, b)
graphical relation of elliptic curve contains positive and negative
values of y for every value x. It means that every elliptic curve
is symmetrical to the x-axis. Example of elliptic curve with the
parameters a = -1, b = 1, generated in software tool CrypTool [6]
is shown in fig. 2.

Where:
m – integer (or prime) for the finite field GF(2m)
f(z) – irreducible binary polynomial of degree m determinant
representation of the field GF(2m)
S – 160-bits input to set SHA-1
a, b – two elements according to which is specified equation for
the elliptic curve E over the field GF(2m)
n – represents a series of curves (number of points on the curve)
h – cofactor of curve (the largest prime number decomposition of
points on the curve or its multiple)
x, y – coordinates of basis points on the curve G = xG , yG
Note: Domain parameters for elliptic curve we chose as
recommended by FIPS 186-3.

(

)

3.3 Attacks to ECDSA scheme

Fig. 2. Example of elliptical curve y2 = x3-x-1 [own study]

3.1 Selection of domain parameters
Suppose that all mobile nodes will have only one parameter
setting of elliptic curves. This setting will be generated only once
and only during the boot key managements KMS (Key Management
System). For simulation example has been chosen the finite field GF
(2m) with length m= 409, which corresponds to the optimal security
of 192 bit AES. Furthermore has been selected type of binary
elliptic curves and at SW tools CrypTool were generated domain
parameters (see fig. 3 and fig. 4) which are in VANET applications
subsequently published.

VANETs are open networks and can be easily accessed by attackers.
Due to the introduction and implementation of new technologies,
attackers will be strongly motivated to exploit the vulnerabilities of
VANETs.
Since the most efficient algorithm known to attack the
cryptosystem of elliptic curves is time more demanding than the
best algorithms for attacks on other cryptosystems can be simulated
solution considered as for computationally secure. Known attacks
include Shanks algorithm, Pollard p algorithm, Pohlig-Hellman
algorithm, method of base the facts.
The most famous attack is the Pollard p algorithm that requires
approximately
(3)
steps, where one step corresponds to one counting of points on
elliptic curve. Tab. 3 shows the computational demands ECDLP
by method Pollard p.
Table 3. Computational demands ECDLP by method Pollard p [own study]

Size n in bits
160

Fig. 3. Doman’s parameters of Koblitz kurve [own study]

MIPS years
280

9,6 x 1011

186

293

7,9 x 1015

234

2117

1,6 x 1023

354

2177

1,5 x 1041

426

2231

1,0 x 1052

4. Conclusion

Fig. 4. Doman’s parameters for randomly binary curve [own study]

32

In the present the brute force attack to ECC algorithm is
computationally unreal (considering to recommended length of
keys). But i tis needed regards that except of brute force attracts
in the present there have been another attacks not only to key
but to algorithm too. From the area of VANET networks there
are e. g. Sybil attack, alteration attack, replay attack or Denial of
Service (DoS) [2]. Since vehicular networks require real-time
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responses, they are vulnerable to denial of service (DoS) attacks
mainly. Security characteristic of VANET networks are necessary
modelling for selected cryptograph construction scheme [7].
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Abstract

The paper defines the concept of cognitive radio in the context of transport systems, with particular emphasis on
modern ecological concept of “green cognitive radio”. In addition, in the paper a modified cognitive network model
dedicated to transport system telematics is proposed and presented. Algorithms to support the functioning of the
cognitive radio are discussed. Sensors necessary to use the network to support cognitive functioning of transport
system telematics are defined. The use of cognitive networks in transport is proposed.
KEYWORDS: cognitive green radio, cognitive network model, sensors, telematics

1. Introduction
The rapid development of transport system telematics, as
observed in recent years, leads to the need for increasing of
effective methods of control radio resources according to changing
operating conditions. This is particularly important if we are
talking about transport systems telematics offering data rates of
high data rates and services requiring very high quality, described
by QoS attributes (Quality of Service). For this type of application,
operators have to deal with technical problems arising in practice
often highly variable work conditions of systems. In view of the
growing of the number of different services it is necessary to
ensure adequate transmission quality and service availability,
high-capacity radio interfaces and improving the efficiency of
radio resources utilization. Of course, due to the large variety of
services and their time-varying characteristics it is necessary the
high flexibility of network planning. In the process of network
design should be taken into account a large number of stages, and
complex and multi-dimensional analysis is necessary the aim of
which is to develop methods of effective network planning and the
design of dynamic network management of radio resources [1].
The specificity of transport systems is that there is required
the realization of different services, in most cases, in difficult

34

operation conditions, e.g. propagation conditions, large Doppler
shift and fast fluctuations due to high speed of terminals etc. This
is connected to various types of transport for land, air and water
communications. So, it is necessary to design networks and to
look such system solutions that meet the needs of all users of these
systems.
Therefore, researchers are looking for new solutions in order
to best use the available frequency band and handle as many users,
enabling them to achieve their desired service with the required
quality specified by the QoS parameters. One of the proposals of
such solution, called the cognitive radio, was proposed in 1999 by
Joseph Mitola III [2]. This proposal is characterized in the later
part of this paper in the context of transport system telematics.
The principle of the concept of cognitive radio is the optimization
of cognitive radio interfaces to the local and instantaneous
operating conditions of the system, especially to the characteristics
of spectrum usage and radio resource management. Moreover, the
cognitive network architecture with built-in intelligence uses radio
environment awareness and ability to learn and update the mode
of action [3]. No doubt thanks to the possibility of cognitive radio
technology it is possible to very efficiently shape the radio network
characteristics and optimize of a real network configuration to the
current conditions of its operation.
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In the next part of this paper classic model of cognitive radio
is presented, and then the modified model of cognitive network
dedicated to application of transport telematics systems only
is proposed. Among others, it includes extensions to enable the
intelligent management of various types of sensors that are just
used in transport systems. The proposed model is significantly
different from the classic model of cognitive radio, and can be
used as innovative solutions of next generation telematics systems.

2. Communication in the coming
years
in the twenty-first century the communication is also directly
related to the telematics transport systems which have great
importance over the years. First of all, we observe changes in the
demand for service. Today, users need the implementation of
services of greater data rates and required quality. In Fig. 1, there is
presented the prognosis of expected growth of data transmission
services, i.e. increase of expected data rate (in exabytes) from
2012 until 2017 on different continents (the information source
is CISCO) [4], [5].

Fig. 1. The growth of data services in the coming years on different
continents [4], [5]

In addition, we have high growth of the number of radio
communication system users in overall area of the globe. It is
essential also become environmental issues and the related need
to save energy and reduce CO2 emissions. On the other hand, we
have limited frequency spectrum and more expensive licenses
for the use of these bands. In addition, we need to reduce the
power of the transmitted signals and working near the Shannon
capacity limit. Other challenge for the future wireless radio system
is to globally reduce the level of electromagnetic radiation in
order to have a better coexistence of wireless radio systems as
well as to reduce of human exposure to radiation. The cure for
all this problems is an intelligent and sustainable development of
Cognitive Green Radio concept [4].
Fig. 2 shows that for the development of next generation radio
communication systems the problem of energy consumption
is dominated, not the capacity and coverage how it takes place
in the 2-nd and 3-rd generation systems. We can see the radio
communication systems development in the coming years as well
as the traffic volumes and energy consumption prognosis over the
years is presented.
Volume 7 • Issue 2 • May 2014

Fig. 2. Radio Communications in XXI century [4]

As we can see by the 2000 year predominant importance for the
users was the person-to-person connection, so the system coverage
was dominant. Later, users who were already within the network
expect larger system capacity and service quality. Nowadays the
growth of a new generation systems strongly depends on the
efficiency of energy consumption. So, energy-saving systems are
preferred.
In Fig. 2, we can see the position of modern transport telematics
systems. As seen, in the case of transport systems will increase
the demand for traffic volume, what is related to the fact that the
first cognitive radio can be used to enhance the safety of users
of transport systems (e.g. by informing drivers, passengers and
other road users about the risks, traffic, etc.). In addition, the data
transmission is required in connection with controlling employees
of transport companies. Thanks to the technology of cognitive radio
employer will be able to keep control of their employees work and
solve some problems. The passengers of trains, trams and buses
increasingly want to use high speed data applications and terminals
while traveling. They are interested in on-line watching of movies,
e-mail sending, internet communicating etc.
This whole data transmission will often have to be carried out
in parallel what require proper coordination. At the same time, all
the time emphasis is placed on reducing the energy consumption
and efficient management of spectrum what is therefore an
ideal green cognitive radio. Using this technology it is enable to
implement of parallel services in quasi-optimal way.

3. Green cognitive radio definitions
Cognitive radio according to the first definition [2], [3] given
by Joseph Mitola III is the radio transceiver which has such an
architecture that allows in real-time and in an intelligent way,
to identify whether the segment of the frequency band can be
used for signals transmission at a given moment of time, and, if
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necessary, whether it is not used by other users service delivery
and can interfere with signals transmitted.
At the moment, many researchers have greatly expanded the
concept of cognitive radio. For example, Simon Haykin has defined
the cognitive radio [6] as an intelligent wireless communication
system which is aware of its radio surroundings, and which,
through the progressive creating of knowledge and understanding,
progressively learns and adapts its internal state to the static
changes of a radio environment, through the introduction of
appropriate real-time changes to operating parameters of a system
(e.g. transmitted signal power or carrier frequency etc.).
At the same time, it should aim to achieve two main targets.
Primarily to ensure the implementation of different services with
a suitable and high quality, and secondly, the efficient use of radio
resources [6].
However, according to the IEEE [6], [7], cognitive radio can
be defined as the radio environment in which communications
systems are aware of their environment and internal state, and that
on the basis of this information and predefined targets, is able to
make decisions about the behaviour of supported radio.
Cognitive radio according to this definition can be seen as the
set of programmable (software) and adaptive radios, and other
technologies to automatically adjust their behaviour and actions
in such a way as to achieve the required goals.
Virginia Tech Cognitive Radio Working Group adopted the
following conditions defining the cognitive radio as an adaptive
radio with the following qualities:
• Awareness of their surroundings and their own capabilities,
• Performance of stand-alone operations,
• Understanding and learning how its actions affect the
realization of goals,
• Ability to correlation of previous operations, an environment,
and performance conditions [8].
The most modern definition of Green Cognitive Radio is
currently proposed by prof. Palicot. According to him “in the
cognitive radio the electromagnetic spectrum should be optimally
used by sending necessary signals in right directions with
optimum power, only when it is necessary, and only with required
quality (QoS)” [4].

4. The cognitive cycle
The operation of cognitive radio is based on the so-called
cognitive cycle. In the literature, we usually can meet the definition
of the cognitive cycle, developed by J. Mitola which we can see in
Fig. 3 [2], [9].
This cycle is composed of several basic functions [2], [3] which
include:
• Observation and determining the needs,
• Orientation and priorities establishing,
• Planning,
• Decision making,
• Performing an action.
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Fig. 3. The cognitive cycle defined by J. Mitola [2], [9]

The “observation” function mainly consists of tracking the radio
environment by performing various measurements, watching the
variety of parameters and values of indicators and external stimuli.
This is done in order to know the context of cognitive radio operation
in the environment [3]. Then is executed syntactic analysis of the
information obtained in order to determine what type of job should
make the cognitive radio. In this case, the cognitive radio gets
various information such as e.g.: the position of an object inside or
outside of a building, information on the speed of movement of the
object (which is particularly important when considering transport
systems) or required information of service type requested by a
user, capacity-coverage characteristics of a radio communication
system which determines the throughput available in a network, etc.
[3], [10], [11]. According to the information obtained by cognitive
radio devices, in the next phase of the cognitive cycle, it will be able
to e.g. the allocation of a suitable frequency band for transmission,
and also to select the best implementation of the radio interface to a
particular service, and propagation environment. This is important
because, as shown e.g. in [1], in UMTS only through intelligent
radio resource allocation and the use of various appropriate
instantaneous operating conditions of the system, layers of the
hierarchical structure of the cells are unable to efficiently use the
available radio resources.
It should also be borne in mind that communications systems
are constantly evolving, currently being implemented. E.g. the
LTE system in which the allocation of appropriate channels and
subcarriers (whereas even the fact that in this system it is possible
to combine channels) is of paramount importance [11].
In the next stage of the cognitive cycle, called “orientation and
priorities establishing” a decision is made of the mode in which
we must take an action - whether in normal, urgent or immediate,
and establishing system priorities [3].
The “immediate mode” requires swift action. This applies
to situations where, for example, there is a risk of breaking the
connection or predicting the collapse of the quality of services, e.g.
during data transmission. Then we can immediately perform the
operations of data saving already submitted [3].
The “urgent mode” is normally used in a situation where the
connection implemented needs to change the frequency channel
in order to return, as soon as possible, execution of the required
quality of service. For example, in this mode the connection
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realized in a cellular system can be switched to the higher layer of
hierarchical cell structure (handover) because e.g. terminal speed
highly grows. Therefore is needed, as soon as possible, to limit
the switching traffic, so as not to generate a meaningless load of
a radio interface.
While the “normal mode” is selected then it is possible to
transition to the “planning” function in which is made multifaceted
analysis of a variety of conditions, e.g. different types of a radio
interfaces are considered, analysis of the parameters of transmitters
(e.g. the maximum permissible power of transmitters) and receivers
(e.g. receiver type) are made, as well as methods of estimation of the
characteristics of radio channels are analysed.
The obtained information is transmitted then to the device
selected in Fig. 3 as “learning”. The device is actually a kind of
database that is designed to keep the achieved “knowledge” about
the current situation, previously implemented measures under
certain conditions and the results of observation. All processes have
access to this database that can benefit from its knowledge [3].
Finally, in the cognitive cycle, on the basis of analysis
undertaken and “decisions making”, are taken appropriate actions
(“decisions making) or such connection is established in the
relevant frequency band, with adequate signal power, required to
provide the services of appropriate quality and bit rate).

It should be noted that the structure of cognitive radio
provides support for dynamically variable number of protocols
and standards for radio communication. In addition, cognitive
radio in essence has the ability to reconfigure and create some new
radio interfaces, and the ability to adapt to the radio environment
and QoS requirements [12]. The formula of the cognitive radio
or cognitive cycle for transport telematics system must take
into account its specificity. First of all transport systems are not
uniform and require separation because the other is the role of
cognitive radio to meet the needs of public transport passengers,
other carriers when you want to communicate. Even otherwise
this radio will be used for public safety systems. Most important
are a large number of sensors what is typical for telematics.
Therefore, if the essence of transport systems needs to take into
account the co-operation between the cognitive radio and various
types of sensors, the cognitive cycle should be redefined. And the
modified model is discussed in detail in next chapter.

5. Green cognitive radio for
transport telematics

Fig. 4 shows a modified cognitive network model dedicated
to transport telematics system, built on the extended version of
the cognitive cycle that can be found in the literature [2], [3].
The architecture presented in this figure expanded, inter alia, on
information from the various groups of sensors, which include
electromagnetic sensor, network and environment sensor, user
related sensor and hardware sensor. The function of each group of
sensors will be discussed in detail in the next section.
From the viewpoint of transport systems cognitive network
has no meaning, if it is not fully cooperated and acted on the
basis of the previously mentioned group of sensors. This is due
to the specificity of the transport systems, which by definition are
extremely extensive, multi-variant, and often have a hierarchical
structure of action. In addition, public transport systems support
various user groups, including people with disabilities. So, more
information from sensors will use the cognitive network, and then
it will be friendlier and will optimize its operation.
In addition, the proposed architecture is equipped with a
cognitive network in the “book of procedures”. In this specific
database will store the information that will be updated gradually
as the cognitive network performance. Such a procedure is possible
in transport systems, because of their specificity means that many
schemes of action are repeated many times in a steady rhythm.
Such as trains which usually leave stations at the same time beating
identical route. After building such a database of information we
can very quickly run the appropriate procedures of cognitive
network operation as a result of the information analysis (in Fig.
5 it is made in the “Analysis of book procedure” block). Then we
can use the “Take the decision” block and “Follow the action”
block. In the event that there is no standard procedure, network
runs algorithms to help you decide, which include e.g. the game
theory, machine learning techniques, an intelligence, statistical

Green Cognitive Radio as a technology of the future radio
communications can be widely used in transport systems
telematics because these are systems whose characteristic feature
is multi-threading and large variety of technical solutions.
Especially, Green Cognitive Radio can be suited for use in:
• Multimodal systems, which use a variety of techniques,
telecommunications technologies, radio technologies and,
especially, due to the specifics of such a system, provided
services and the use of various means of transport with
different demands on radio communication resources,
• Remote monitoring systems in large areas such as transport
systems and extensive passenger information and internet
access systems, e.g. for railways.
Moreover, by using cognitive radio transport companies will
be able to have continuous communication of required quality
with the vehicles and their staff, irrespective to their current
position, while maintaining a very high level of confidentiality (if
necessary) [12].
Main goal of cognitive radio is the search and utilize the gaps
in available frequency band, so-called the white space. Then it
is possible the effective utilization of available frequency bands.
That’s why we should strive to develop Green Cognitive Radio,
as it can greatly facilitate the development of different types of
transport telematics systems.
From the viewpoint of transport systems such description
of cognitive cycle requires refinement and expansion. Therefore,
in the paper a modified cognitive network model dedicated to
transport system telematics is proposed and presented.
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6. A modified cognitive cycle
dedicated to transport system
telematics
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signal processing, expert algorithms, information/knowledge
propagation (transfer) or artificial intelligence algorithms, as
simulated annealing, whose description can be found in [13].

Fig. 4. A modified cognitive network model dedicated to transport
system telematics [2], [3]

The operating procedure of cognitive networks must surely
include obtaining information on the environment (based on
sensors), define the action, adopting all the necessary system
parameters, take action and raise “book of the procedure”.
As seen, the proposed cognitive network model is adapted to
the needs of transport system telematics, and it enables efficient
operation of telematics systems. In other types of systems, there is
no so much repetition of certain procedures and there isn’t so much
number of variants of its work, flexibility, and unpredictability.

7. Sensors in cognitive network
for telematics
For correct and efficient operation of cognitive radio different
types of sensors are needed for operation and efficiency managing
of network. In general, sensors should be used to collect different
types of information from the environment and network. From
the point of view of telematics systems, there are essential basic
four groups of sensors. However, in each group of sensors is a few
or even a dozen different sensors, and their number constantly
grows.
Among the electromagnetic sensors we have e.g. the spectrum
occupancy sensor, signal to noise ratio measurement sensor,
multipath propagation sensor, channel estimation sensor, direction of
signal arrival sensor, and many more. The operation of these sensors
is very important when we are dealing with the use of cognitive radio
in transport systems for the transmission of information related e.g.
to road safety. In this type of systems, and in emergency situation, we
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must control transmitted signal quality, especially in an emergency
situation, there is needed reliable protection of people, goods, or
means of transport. So, the communication must be reliable, and
it is unacceptable to run out of frequency band for providing the
information in crisis situations [4], [9].
In the group of hardware sensors, there is important the
control and monitoring of power of signals transmitted, as well as
power of different devices, and monitoring of battery level, power
consumption, energy saving, etc. There we need to use sensors for
control the battery level, the amount of power consumed during
data transmission, the number of distressed gate and others [4], [9].
The network and environment sensor is a very important group
of sensors, because thanks to them we can monitor the instantaneous
network load, the power level of the received interference, the
available capacity of different radio interfaces. If the area is covered
providing different radio interfaces of various systems like: UMTS,
GSM, TETRA, LTE then we must use different types of sensors but
this guarantees efficient realization of services [4], [9].
The last major group of sensors is the user-related sensors. This
is important group from the point of view of Green Cognitive Radio
for transport systems. These sensors provide us with information
about the location, vehicles speed and time of day. In addition,
they inform us about user preferences. That is possible to fit the
mode of cognitive network operation to the current needs. This
group also includes video and audio sensors that allow us to image
transmission, voice transmission and presence detection [4], [9].

8. Conclusion
The article presents the concept of Green Cognitive Radio
dedicated to transport systems telematics, including modified
proposal of the cognitive cycle. The cognitive network technology
gives great possibilities to shaping network characteristics for
various operating conditions of telematics systems. Additionally,
the paper shows the modified cognitive network model dedicated
to transport telematics system and describes the functions of
different sensors which are very important from the point of
view of this network. Research should aim to look for algorithms
that increase the efficiency of the cognitive network applied to
intelligent transport systems.
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Abstract

The paper describes the problem of analysis of throughput-coverage characteristics of the LTE system. Simulation
results of the efficiency of the use of LTE radio resources are presented. Simulation studies on the basis of original
model of the LTE network simulator were carried out. In addition, the evaluation of throughput for a single
connection, and available capacity were evaluated in the context of the use of the same available frequency band in all
cells of a cellular network. The results were also analysed in view of LTE transport applications. The results shows that
from the point of view of transport applications of LTE better results on system performance gives the PFR method.
KEYWORDS: LTE, resource management, ICI, SFR, PFR, transport applications

1. Introduction
The main condition of the effective realization of data
transmission services in the Long Term Evolutioin (LTE) system
is achieving of large values of SINR (Signal to Interference and
Noise Ratio) in a radio interface. It’s clear that these values depend
on used techniques of signal processing, reception, and also on
the MIMO techniques etc. But a very important problem is the
effecitve use of system resources and frequency band in all cells
in a network. In ideal case, the total frequency band in each cell
should be used, what means, that the cellular network is a singlefrequency network. But the application of a single-frequency
network gives negative consequences as the inter-cell interference
(ICI). ICI cause the growth of the total power of disturbances in
received signals and, as a consequence, the received SINR value
decreases. Then, the throughput in a cell decreases, too.

1.1 High terminals mobility in transport
applications of LTE
In transport applications, we have the problem of high mobility
of terminals, and high speed of its motion. Then, the process of
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resource management is strongly important and complicated. In
this case, we must use effecive mehods of frequency allocation to
system users what depends on their various localization in an area
of cell. High speed of motion of terminals causes great changes
of ICI received in terminals in connection to another destructive
phenomena, such as the Doppler effect, multipath propagation,
fast and slow signal fadings etc.
We know that the throughput strongly decreases when the
distance from a base station to mobile stations grows. In LTE,
where for downlink transmission the OFDMA multiple access
method is used, we must make the intelligent subcarriers allocation
to all connections which can be carried out in different cells. The
method of subcarriers allocation in cells is important because each
of these connections can be largely exposed to interferences if it is
also used some of subcarriers in adjecent cells.
Moreover, each subcarrier can be disturbed in a small degree
if the use of her is limited in adjecent cells. So, the method
of subcarriers allocation plays important role in effecitve
transmission of signals in transport systems.
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1.2 Subcarrier Allocation Methods for LTE
So, in LTE, the use of method of subcarriers allocation in a cell
is one of the most significant problems of frequency allocation in
cells what can decrease the effect of interference on signal received,
especially in mobile terminals. There are two main methods of
frequency allocation proposed for LTE. In general, in these methods
some parts of frequency bands are allocated for the boundary area
of cell (BAC), where the power of the ICI interference is very large
in a typical case. Additionally, this part of frequency band is not
used, totally or partly, in the central area of cell (CAC) [1], [2], [4].
In this case, some subset of subcarriers (so-called resource blocks)
from the total set of subcarriers available in assigned frequency
band (the total OFDMA spectrum), is allocated to BAC. If this
subset of subcarriers is used at a given moment of time in BAC then
it can’t be used in the CAC area. There are a lot of papers [1], [2], [3],
[4], [5] presenting some ideas for the reduction of ICI for the LTE
network. In this paper, both Soft Frequency Reuse (SFR) and Partial
Frequency Reuse (PFR) were taken into account. These methods are
considered the most promising for the reduction of the effect of ICI
on the signal received.
In the case of SFR, an area of cell is divided into two subareas:
CAC and BAC. In CAC full frequency band is available for all
connections. In BAC only some part of frequency band can be
used, i.e. 33 % what is presented in Fig. 1. The band allocated to
BAC can also be used in CAC but under the condition that it is not
used in BAC at a given moment of time. The problem is that the
limitation of frequency band for BAC unfortunately has significant
effect on the network capacity limitation in BAC’s but it has great
effect on ICI reduction and achieving of relative high transmission
rates for connections. It is the result of SINR growth in this area.
In the case of the PFR method (see Fig. 2), the full frequency
band is divided into two areas in some proportion, i.e. for CAC
we can use 70 % of the total band, and for BAC we can use 30
% of the band. But from this 30 % of the band, only the 1/3 is
available in a given cell because the two another parts are allocated
to adjacent cells only. While the band allocated for CAC is the
same in all cells. This method of a band division for BAC areas of
adjacent cells guarantees the reduction of the ICI power received
in BAC areas what gives great effect on transmission performance
and achieving high transmission rates. Due to high ICI reduction
we have great values of the SINR received and the result is high
transmission rates obtained in BAC areas.

Fig. 2. Frequency band allocation in PFR [own study]

The main problem of the use of the PFR method is large
capacity limitation in BAC areas because (i.e. in the case of band
allocation presented below) in BAC we can use only the 10 % of
full system capacity due to high limitation of available frequency
band. Next problem is the capacity limitation in CAC areas when
only the 70 % of a total frequency band is allocated. Note, that in
the case of SFR we can use total frequency band in all CAC areas.
But we have the great advantage of the use of PFR. In this case
we have higher stability of achievable transmission rate for single
connections which can be realized in BAC areas, especially.

1.3 Requirements for radio resource
management in highway environment
From the point of view of transport applications of LTE, in this
paper we were taken into account the transmission environment
of the highway. We know that in typical urban environments we
have the situation where the greatest capacity is necessary due to
large number of users which are interested in realization of high
rate transmission of data. So, for this environment the method of
resource management given greatest capacity is preferred. In this
environment typical situation is that simultaneously work from a
few to dozens users.
In the highway environment a single base station is used to
make coverage e.g. from 6 km to 10 km of the road, the number of
active users is much less, and, in typical situation simultaneously
work a few users only. So, in this environment a major role plays
the stability of achieved transmission rate for connections. But the
capacity is not so important.
In literature, we can find a number of publications of comparable
results for both the PFR and SFR methods. But in this paper,
simulation results are presented from the point of view of the usage of
LTE for transport communication along highways. In these conditions
large stability of transmission rate is preferred for communication
due to high Doppler shift and great speed of terminals.

2. Cellular network simulator

Fig. 1. Frequency band allocation in SFR [own study]
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The designed simulation model of the OFDMA-based LTE
network is the set of cells in some urban area where we have the
central cell (so-called the home cell) and a tier of surrounding cells
which generate the ICI interference. Each cell is divided into two
subareas: CAC and BAC. The designed RCAC cell radius (a base
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station range) for CAC area sets the geometrical relation between
CAC and BAC in each cell. The RCAC value can be changed during
the simulation. In presented research results, the simulated RCAC
is: 0.2 R, 0.5 R and 0.8 R (where R is designed cell radius). The use
of different values of RCAC gives the illustration of various network
configurations [6].

2.1 Network simulation
The simulated network enables observation of the ICI
distribution in cells and SINR [6]. On the basis of this information
we can estimate throughput-coverage characteristics for connections
established in a cell area. If the time of simulation is sufficiently long
then we can estimate average value of throughput for connections
and evaluate real capacity of network. The full observation is
provided for home cell because for this cell we can estimate overall
power of interference from adjacent cells. So, presented results
correspond to the home cell which is the reference cell.
Table 1. Basic set of simulation parameters [own study]
Parameter

Value

Reuse methods

SFR and PFR

Frequency band

10 MHz

Central frequency

2.6 GHz

Maximum BS power

30 dBm

Transmission type

Single antenna connection

Designed cell radius R

400 m

Propagation model

Erceg-Greenstein

Antenna type

Omni-directional

Fast fluctuations

Rayleigh distribution

Slow fluctuations

Log-normal distribution (8 dB signal
deviation)

Users distribution

Uniform

Spectrum division for SFR

1/3 (the BAC band / the CAC band )

Spectrum division for PFR

1/10 (the BAC band / the CAC band
(30% of full band is reserved for all
BAC areas)

If the distance between the base station of the home-cell (BS)
and an observed mobile station (MS) grows to the RCAC value,
then, in general, the SINR decreases, and achieved throughput
for a connection also decreases. But if MS is observed in BAC
then the SINR grows again and throughput increases due to the
reduction of ICI in BAC. The basic set of simulation parameters
is then presented in Table 1. As we can see in next sections, for
better interpretation of results, we take into account the distance
d/R from MS to BS normalized by the R maximum cell radius,
and the throughput for a single connection CMS/CMSmax normalized
by maximum throughput achievable in the network for this
connection. As well as, the cell capacity C/Cmax is normalized by
the maximum capacity available in a cell.

3. Simulation results
The network performance is analysed from two different points
of view. First, the achievable throughput for a single connection is
analyzed as a result of observation of transmission rate stability in
different network operation conditions. The second is observation
of a network capacity in different areas of cell dependent on ICI
received.
The capacity can be understood as the maximum throughput
on the area of cell, available for all users in a given frequency band.
The channel is composed of many frequency subbands [6], [7], [8].
Each subband depends on the number of allocated subcarriers and
resource blocks. So, the capacity depends on network parameters,
and on parameters of a single user connection what was taken into
account in this paper. The same method of capacity estimation
was used for both the simulated SFR and PFR methods including
effect of ICI on various areas of a cell (CAC and BAC). It gives
possibility to compare the research results which were obtained
in comparable network operation conditions and simulation
parameters.

3.1 Throughput for single connections
Achieved throughput (i.e. available transmission rate) for a single
connection from base station (BS) to a mobile station (MS) is then
presented for different localizations of MS’s which can be located at
various positions in a cell, and at different distance from BS. If the
transmitted BS power is sufficient for the best performance of the
signal received (SINR) and the system is not capacity limited (so,
theoretical capacity is available) then the throughput can be maximal
in simulated conditions. These conditions include maximum possible
BS power, type of connection, possible modulation-coding scheme
etc. If the BS power is not sufficient then SINR is reduced and a
throughput decreases. Moreover, this throughput can be reduced if
the capacity will be too small in the area observed.
The results of throughput simulation are presented in Fig. 3,
Fig. 4 and Fig. 5. There we can see the normalized throughput CMS/
CMSmax (normalized by its maximum value achieved when the SINR
is maximum) available for a single connection (this throughput
not have to be the maximum throughput available in a cell). The
throughput is then presented as a function of normalized distance
d/R from BS to MS where d is the distance form BS to MS and R
is the cell radius.

Fig. 3. Normalized throughput CMS/CMSmax for a single connection as the
function of normalized distance d/R (RCAC = 0.2 R) [own study]

42

© Copyright by PSTT , All rights reserved. 2014

S. Gajewski

Fig. 4. Normalized throughput CMS/CMSmax for a single connection as the
function of normalized distance d/R (RCAC = 0.5 R) [own study]

Presented figures have three variants of cell configuration
depending on the cell division onto CAC and BAC areas.
Then, we have three RCAC values equal to: 0.2 R, 0.5 R and 0.8
R. We can see that these throughput values will be able to be
maintained as shown in the figures, provided that they do not
exceed the capacity of the cell, that is, the radio interface load
of a cell is not excessive. Achieved throughput is dependent on
SINR (in fact – depends on Channel Quality Indicator – CQI)
what marks the coding-modulation scheme which achieve
predicted transmission rate.

case, and the result is much better when the CAC area decreases. Note
that the reduction of CAC in this method is the same as the reduction
of overall capacity in a cell, and when very small RCAC is implemented
then the network configuration makes no sense.
The main difference when compared both two methods of
frequency reuse is that the PFR guarantees large increasing of
transmission rate in BAC areas. But that is achieved as the cost of
overall cell capacity. But if for network designers the most important
is achieving of large stability of throughput (transmission rate),
and typical cell load isn’t very large (that means that there are not
active the large number of users in typical situation), then the PFR
method is preferred.
Note that this situation is typical for cells located along the
highways and another ways on suburban and rural areas, so it is
typical situation for high-mobility transport applications.
As we can see, the designed values of RCAC plays very important
role from the point of view of high efficiency of resource utilization
of designed network and their selection is very essential. The
throughput for a single connection achieves larger values in
a cell when the RCAC is rather small. In this case BAC areas are
much greater than CAC. But the capacity for small values of RCAC
decreases because the way of radio resource allocation for BAC
is much less effective in comparison to CAC what is presented in
point 2.2.

3.2 Comparison of capacity-coverage
characteristics

Fig. 5. Normalized throughput CMS/CMSmax for a single connection as the
function of normalized distance d/R (RCAC = 0.8 R) [own study]

Note that this research problem of the throughput for a single
connection is not researched in most publications but, in fact, it
is the most important aspect of network efficiency optimisation
from the subjective point of view of real users.
Moreover, the BS power is assigned in the way giving possibility
of achieving of maximum SINR in the border of a cell what means
that the propagation loss, in general, not limit the BS coverage with
assigned design assumptions, provided the deep signal fading.
If the power of signals transmitted by BS is sufficient for
achieving of the best quality of signals received in MS which the
measure is SINR, and the capacity is sufficient, then the throughput
for a single connection is maximum, achievable in simulated
operation conditions and assumptions (so, the maximum BS
power, connection type, coding-modulation scheme etc.). While
the BS power is too small then the SINR achieve less values, and
the throughput is reduced.
As we can see, the PFR method gives better results in comparison
to SFR. Values of throughput for a single connection are larger in this
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The capacity is the maximum throughput for all connections,
achievable in a cell, in subareas CAC and BAC which is accessible
for all users of a frequency channel [6], [7]. For capacity estimation
we take into account the effect of ICI on signal performance,
dependent on RCAC, both for SFR and PFR methods.
The research results are presented in Fig. 6, Fig. 7 and Fig. 8 for
different values of RCAC. There we can see overall cell capacity C/
Cmax normalized by its maximum value available in the area of cell
for maximum SINR obtained (the best CQI).
In these figures we see large variability of a capacity what is the
result of various SINR values in different areas of a cell, variability
of propagation loss, signal fading and ICI. So, we can see that the
use of SFR gives larger capacity in comparison to PFR, both in
CAC and BAC areas. While the use of PFR gives large reduction
of the capacity for CAC areas in all presented configurations of
RCAC. In turn, for small values of RCAC the capacity for PFR is much
less in BAC in comparison to the SFR. But, if we take into account
large RCAC values then the capacity for BAC is approximately the
same for both the PFR and SFR.
Note that the CAC areas, especially for small values of RCAC,
in fact, may include its range a relatively small number of users
because the CAC area is then relatively small, and the area of BAC
is then much greater. In this case, providing very large capacity in
CAC may not be at all necessary we can use the PFR for higher
stability of obtained transmission rate in overall area of cell.
It is also seen that the SFR method gives good results of the
capacity, provided proper selection of CAC and BAC areas, which
is the RCAC radius.
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Fig. 6. Normalized capacity C/Cmax as the function of normalized
distance d/R (RCAC = 0.2 R) [own study]

Achieved results remain in close connection with the selection
of the RCAC radius which defines the designed size of both the
CAC and BAC areas. When selecting the radius we must take into
account the effect of ICI on factual throughput achieved for a single
connection because the throughput-coverage characteristics
for a single connection are significantly different from capacitycoverage characteristics in a cell.
Taking into account this proposal in the network design
process is a condition of the proper use of both PFR and SFR.
Presented comparison allows rational choice of frequency reuse
method depending on design assumptions.
For the case of the use of both the PFR and SFR for the
applications of LTE dedicated to transport systems, especially for
communications along the highways and other national roads,
better results give us the PFR method because it gives higher
stability of achieved transmission rate. This is very important in
high-mobility network where vehicles move at high speeds.
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Fig. 7. Normalized capacity C/Cmax as the function of normalized
distance d/R (RCAC = 0.5 R) [own study]

Fig. 8. Normalized capacity C/Cmax as the function of normalized
distance d/R (RCAC = 0.8 R) [own study]

3. Conclusion
In the paper the comparison of PFR and SFR methods
efficiency in the LTE network is presented from the point of view
of their usage in highway environment. We can see that PFR
guarantees higher stability of achieved throughput for a single
user in comparison to SFR. But simultaneously it is done as a cost
of achieved maximum throughput for all users, i.e. the capacity for
different areas of a cell. We can see that the capacity in CAC and
BAC areas is in general greater for the SFR method.
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Abstract

This paper presents an overview of collision and other threats (like e.g. rail crossing accidents) detection
methods in railway passenger traffic. This overview leads to concept of Integrated System of Supporting
Information Management in Passenger Traffic (the polish acronym of the system is ZSIKRP Demonstrator+).
Currently on the polish and, as far as we know, international market such integrated solution is not developed
and proposed. In this concept the final customer, e.g. the manufacturer or carrier company, will install one
complete solution instead of multiple different installations that are usually difficult or even impossible to
integrate. In our opinion the integration leads to increase in safety level of public transport and to improvement
the quality of services offered. The novelty of the system is to provide collision, threats detection and fire alarm
system integrated into a single coherent solution.
KEYWORDS: safety in passenger railway traffic, collision detection module, fire alarm module, rail
crossing monitoring, ultrasonic methods, radars

1. Introduction
Ensuring passenger safety is the most important objective for
operators and providers of railway services, manufacturers and
carriers. Safety of rail transport is therefore a basic criterion for
assessing its performance and determines its efficiency, as well as
the broader criterion of transport service quality [1].
Monitoring the state of rail safety in Poland is maintained
by the Office of Rail Transport, Chalubinskiego Street 4, 00-928
Warsaw. Within the framework of the statutory tasks the office
prepares quarterly reports summarizing the state of rail safety.
Last analysis show (see Table 1) that the number of three types of
events is growing:
1. collisions of trains,
2. the derailment of trains,
3. fires of railway vehicles.
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Table 1. Comparison of train accidents in time I-IX-2012 and I-IX
2013 r. [2]
Accident

I-IX 2012

I-IX 2013
Change

Number

%

Number

%

Train collisions

30

5,4

31

5,4

+3,3%

Train derailments

101

18,2

117

20,6

+15,8%

Accidents on rail
crossing

208

37,4

206

36,2

-0,9%

Accidents
with humans
participation
caused by rail
vehicles in motion

210

37,7

210

36,8

0%

Rail vehicle fire

1

0,2

3

0,5

+200%

Other

6

1,1

3

0,5

-50%

Total

556

100

570

100

-2,5%
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These conditions justify starting work on a system which
helps to reduce the negative effects of railway incidents. Design
experience of ENTE company indicates that it is possible to
develop an integrated system focused on the following aspects:
1. detection of collisions of trains,
2. monitoring the work of the driver,
3. detection of fires and potential causes of fires (overload circuits, overheating systems, etc.)
Currently on the Polish market there is no offer of an integrated
system that performs assumed in the design functionality in such a
wide range. Moreover, development of driver monitoring module
will be worldwide innovation work. Polish producers of systems are
specialized in the production and development of devices, which are
parts of the proposed system. Potential customers under the trade
talks clearly indicate the need to develop an integrated system joining:
• the traffic data taken from a railway vehicle,
• warnings of possible dangers during the journey,
• transmission the data in case of disasters.
There is therefore a need to develop an integrated system
connecting the data from vehicle and rail signaling of dangers
and the transmission of data on the parameters of disasters. The
project of implementation of ZSIKRP system indicates the validity
of the continuation of industrial research and development works
on this innovative solution and verification of its products on a
demonstration scale will be an indication for the production on
an industrial scale to meet market needs.
The need for the model and implementation in the framework
of the project modules are confirmed by the tragic consequences
of disasters in Baby and Szczekociny, Poland. In the event of a
disaster train collision detection module and risks will significantly
minimize its negative effects by providing immediate information to
the competent services of the nature, geographic location and sizes
disaster occurred and the number of passengers. This information
will allow for more effective planning and carrying out rescue and
help in the search for its causes.

2. Analysis of existing methods
and solutions
The following chapter will focus on a review of methods
of obstacles detecting on the way of a rail vehicle and hazard
detection [3].

2.1 Method 1 – ultrasonic obstacles detection
One method of detecting obstacles is the use of ultrasonic
sensors. It uses ultrasounds in the form of longitudinal waves in the
frequency range from about 20 to 250 kHz. In this type of sensor the
source of vibration is a vibrating system excited to vibrate by variable
magnetic fields of electric or electromagnetic type. Typically, due
to the variable voltage with high frequency, membrane excitation
occurs and short pulse is generated and sent within a time of 100
ms to 1 ms consisting of the sequence of vibrations. When the
pulse hits an obstacle it bounces back to the transducer as a pulse
echo. By measuring the time at which the beam travels sensor
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– object – sensor way it is possible to determine the distance to the
object from the sensor. Ultrasonic waves are sent in the area called
ultrasonic field. Ultrasonic sensors are used to detect the moving
objects (proximity sensors) and to measure the distance (up to 12
m). Modern ultrasonic sensors contain professional electronics in
a common housing, including a microcontroller, precisely control
the entire process generation, detection and measurement. The
distance of up to 12 m disqualify this solution due to too short
driver reaction time required.

2.2 Method 2 – radar detection
Another method is a solution that uses a radar sensor to
detect objects in the contour gauge track at a distance of about
100 m before the train. Compared to ultrasound technology and
photoelectric detection radar solutions are resistant to rain, snow,
wind, fog, ambient temperature, humidity, and exterior lighting.
The devices operate on a general ISM band (no need for a special
license). Radar sensors are used to detect objects and determine
the distance by means of microwave radiation (electromagnetic
radiation of a wavelength of from 1 mm to 300 mm and a
frequency of 1-30GHz). Active radars send signals and receive the
signal reflected from the obstacle.

2.3 Method 3 – infrared detection
Infrared sensors can be used to detect objects in the contour
gauge track to a distance of about 40 meters before the train.
Unfortunately, this method also has its drawbacks as, for example,
the worst performance during the haze. LIDAR, or Light Detection
and Ranging, is one of the most modern techniques of gathering
data for digital terrain model. The principle of operation is based
on the phenomenon of reflection of light waves from the obstacle.
The basic kit includes a LIDAR laser rangefinder that emits laser
radiation on the rotating mirror. The beam from the mirror is
directed to the surrounding space, and scans the system angular. It
leads to possibility to determine the tracking angle. After reflection
from obstacles beam returns to the CCD transducer (cooled digital
camera), and is converted to information about the distances
from obstacles. Scanning the environment may be realized with a
particular (assumed) angular resolution – not in continuous way.
It allows to pre-determine the size of the obstacles that detection
system have to react. An important advantage of the solution is
independence of the lighting conditions and of the weather with the
exception of fog and high clouds. The method is characterized by
high accuracy of 0.15-0.25 meters and a short time of analysis the
data. As each method also has its drawbacks, such as: absorption
laser pulses through the mist, water, asphalt and tar, large volume
data sets. As an alternative method of tracking “continuity” of
the track a stereoscopic camera can be used. It is a system of two
cameras, with optical axes parallel positioned, that is directly used
for collecting data about the environment in visible light or infrared
band. This second solution will be preferable in case of driving in
the dark.
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2.4 Method 4 – detection of obstacles using
laser triangulation system
Laser Detection Module may be realized by a set of sensors.
Several sensors can create a measuring grid mounted in the front
of the locomotive. This system is able to detect obstacles but only
within sensors range. The advantage of module implemented on
the basis of this type of sensors is the lack of elements before the
locomotive. Unfortunately disadvantage is too small range of such
system which practically eliminate this method from practical
implementation.

plates, which under the action of acceleration are deviated from
a neutral position, and change of capacity is proportional to the
acceleration or delay. The piezoelectric sensors are based on the
piezoelectric effect. The measure of the acceleration is the voltage
generated in the sensor that is proportional to the force on the
piezoelectric crystal. In the case of capacitive sensors, three-axis
sensors integrated in a single electronic component can be. The
collision and threats detection module requires devices resistant
to physical disturbances, such as vibrations or strong fluctuations
in temperature. Therefore, the proposed solution is based on a
monolithic integrated system in a standardized enclosure for SMD
mounting.

2.5 Method 5 – detection of obstacles by
electronic measurement of acceleration
In the collision detection module there is a need to apply
devices that are resistant to physical disturbances, such as
vibrations or strong fluctuations in temperature. One can either
use the sensors made in MEMS technology (Micro-called ElectroMechanical-Systems or micro-electromechanical) or other
solutions made in the form of a monolithic integrated system in
a standardized enclosure adopted to SMD mounting standard. A
practical example of such a sensor is a new digital accelerometers
that have a large measurement range (from + / - 120 g to + / 480 g), and the choice of communication. The implementation of
the collision detection module will be in this case associated with
the implementation based on a monolithic integrated system. The
concept of such solution is presented in the next point.
Fig. 2. Signal path in collision and threats detection module [8]

2.6 Conclusion - the concept of collision
and threats detection module using an
electronic measuring acceleration
In the project it is assumed to construct of collision and threats
detection module. Its main task will be to obtain information
about the strength of impact and tilt the vehicle after a collision or
shortly before the collision.

Fig. 1. Location of collision and threats detection module in the
CPU [8]

Based on the foregoing review of the methods and assumptions,
it was found that acceleration sensors are of crucial importance
in the design phase of the module. Acceleration sensor are
performed as capacitive sensors in the technology of micro-motor
systems, and as a piezoelectric sensor. The capacitive sensors
in a special circuit capacitor includes a comb fixed and mobile
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It was assumed that the collision and threats detection module
will be both part of the CPU module as well as the autonomous
element beyond the central unit, which enables the transmission
of information about the collision and rail vehicle state parameters
roll through the GSM network to the Surveillance Centre module.
After analyzing the data information will be sent to Command
Support System (SWD) in the Crisis Management Center. Figure
2 shows the signal path when it detects a collision / hazard.

3. Concept of integrated system
supporting information
management of railway
passenger traffic
In the project the concept of a prototype of Integrated System
Supporting Information Management of Railway Passenger Traffic
(polish acronym is ZSIKRP, also “Demonstrator+” short name is
used) has been proposed [6]. The concept is presented in Fig.3.
The project uses a multilayer distributed architecture, which
provides the expected scalability of the whole solution. In fact
Demonstrator + will be powered by data from the following
modules:
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• Video-monitoring.
• Counting passenger flows.
• Information passenger on the train.
• The central processing unit.
• Surveillance center.
• Fire alarm.
• Collision and threats detection.
• Access to the Internet and Intranet.
• Optimization of fuel consumption [4].
• Rail crossings monitoring.

Fig. 3. Concept of integrated system supporting information
management of railway passenger traffic [8]

The following are the basic features and functionality of the
recommended solutions for each module Demonstrator + [8].
Video-monitoring module will enable video recording taken
from: inside the vehicle with cameras in passenger spaces, the
rail trail and behind the vehicle in front of the cameras of track,
and cameras operating as side mirrors and the registration of the
camera that monitors pantographs for diagnostic purposes. The
driver will have complete freedom to manually select a camera
or camera group, which wants to see on the monitor. Switching
sequence between internal and external cameras displayed on
the monitors will be controlled automatically or by GPS, for
example, at the entrance of the train to the train station (the
image is displayed with the side camera). After leaving the station,
the monitor will display images from cameras in the passenger
sections. The system will be based on digital cameras using IP
technology. It will be possible to sound recording in vehicle cabins
and integration it with fire alarm system. Activation of the fire
sensor will automatically switch the monitor image to the scene.
The image will be sent to the Control Centre. Collision detection,
thanks to the integration with collision and threats detection will
automatically transfer recorded scenes to the Surveillance Centre
and conversations with the driver cab just before the event.
Passenger Flows Counting Module will work on the basis of
data from the sensors (cameras stereoscopic 3D) located above
each door. It will calculate the number of passengers being on and
off for each station along the route. Data will be sent in real time
to the Surveillance Centre and archived on the server. It will be
possible to display information about the vehicle fulfillment on
panels in the cabin of the vehicle operator and presentation of data
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in the Surveillance Centre: for example, statistics in the form of
reports and charts (number of inputs and outputs on the station,
the total number of passengers carried on a given day etc.).
Passenger Information and Dynamic Timetable Module
will enable to display information about the position and
route of the vehicle on information boards placed inside the
vehicle. Information about the current and the next stop will be
administered in the form of voice announcements. The driver will
have the possibility to give special messages and have access to
information on the current journey. The module will enable the
issuance of promotional materials for internal boards. The driver
will have the possibility of obtaining the Surveillance Centre
updates information on travel routes, text messages, displayed on
bulletin boards, message for voice announcements, timetables.
Expansion functionality will be to display on notice boards
located inside the LCD information about delays and possible
transits available. On the terminals with LCD monitors installed
in driver’s desktops, there will be displayed current train schedule
in the form of PDF reports that will be automatically positioned
basing on GPS data. The primary purpose of being placed in
the passenger information and dynamic timetable module is
to increase the comfort of the passengers through dynamic
information about the current situation, and also to facilitate
the work of drivers with dynamic information about the current
position of the vehicle, current observations, warnings and speed
limits on the trail, located in one place, i.e. driver LCD terminals.
Thanks to the official timetable in PDF format driver will have
access to electronic documents that are identical and consistent
with their paper counterparts, such as a paper notebook timetable.
For this purpose, it is planned to use the WebService interface and
integration with Polish Rails (PLK) servers, as well as carriers and
owners of trains. On external boards there will be displayed the
number and type of train, on side boards: train number, type of
train, train route, and intermediate stations. It is also planned
to expand the module for LED interior panels, installed in the
vehicles. For internal tables will be displayed on the train number,
train name (if defined), current date and time, initial and final
station, the rest to go along with the planned route, also arrivals
downloaded from the official timetable of the driver and the
distance to the next station.
Fuel Consumption Optimization Module will allow to precise
control of the technical condition of the vehicle during long-term
operation and basing on this optimization of fuel consumption
by appropriate control procedures and by the evaluation of the
effectiveness of particular drivers. Operating parameters of
the vehicle will be taken without interfering with the action of
the vehicle controller. Integration will take place via CAN and
CANopen protocol. Parameters of the controller will be send via
the GSM network to keep to the center of Supervisors. Application
module will enable the Centre Supervision instant access to
current and historical values of the operating parameters of the
vehicle. This will carry out a full diagnostic work vehicle and
supervision of the operation of the vehicle by the driver, and also
generate graphs and reports [4].
Central Module will act as the master controller of the system
in the vehicle. It will be equipped with GSM modules [7] and
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GPS, digital inputs and outputs, and analog and digital interfaces
[5]. The central unit will be equipped with high-performance
processor which will initiate operation of the unit, assign tasks,
communicate with external devices, collect all the data from
measurement systems and regulations, process them, archive
and send data to a server in the Control Centre. The module will
be developed in the operation of individual modules within the
system and will have the following characteristics:
• CPU using the collision and threats detection module will
detect the event and obtain current information about the
position of the vehicle, number of passengers in the vehicle
during the event, traffic parameters at the time of the event,
the speed at the moment of impact, as well as directly from
the module detection of accidents and threats of force impact
and tilting (eg, rollover) of the vehicle and transfer them all to
the Control Centre, where Crisis Management Centre will be
notified immediately,
• CPU will obtain information about events (fire, accident)
and then monitoring module to share video recordings from
cameras installed on the vehicle, which will be forwarded to
the departments responsible for ensuring security.
Fire Alarm Module will enable the transmission of information
taken from vehicle fire alarms to the Control Centre. Activation
of the fire sensor will automatically result in a change of preview
of the monitoring system in the driver cabin and immediately
send information and photos of the danger zone to the center of
Supervisors.
In the event of a disaster, collision and risks detection module
will significantly minimize its negative effects by providing
immediate information to the competent services of the nature,
geographic location and size of the disaster. This information will
include: data on the speed of the vehicle at the time of the crash,
the data on the number of passengers in the vehicle at the time
of the crash, the exact geographical location of the vehicle at the
time of the crash, recording of cameras and conversations in the
cab driver just before the crash. They will allow for more effective
planning and carrying out rescue and help in the search for its
causes. The module will detect the force of impact and tilt (eg,
rollover) of the vehicle. Upon detection of the vehicle accident will
be immediately sent event information to the Control Centre.
Control Centre Module will be responsible for archiving and
visualization of data received from the central units of vehicles.
Access to the Internet and Intranet Module will allow to use
of free Internet and Intranet sites, which will increase the comfort
of passengers. To achieve access to the Internet and Intranet WIFI, 3G, LTE technologies will be used. Train facilities in internal
wireless InterMedia technology enable travelers accessing the data
of all kinds, periodically updated content such as movies, music,
magazines, etc. In order to ensure uniform signal level throughout
the vehicle, leaky cable technology is planned to be use.
Crossings Monitoring Module will allow for the automatic
detection of improper behavior of drivers at railroad crossings
through continuous image analysis and recording of abnormal
situations. Information about the event will be sent immediately
to the Control Centre. Surveillance Centre will also be sent via the
GSM network footage. The module will be able to achieve error-free

Volume 7 • Issue 2 • May 2014

identification of vehicles in different weather conditions. With its
innovative software module will not require any connection to the
traffic light controller.

4. Conclusion
In the event of a collision and derailment ZSIKRP System
(Demonstrator +) will be relieving the effects of the event, by
sending all the information to the Center of Supervision and quick
to inform the staff at the Center for Emergency Notification. Are
also important safety issues and accidents at level crossings, mainly
caused by the improper behavior of the drivers [9]. According to
the statistics a man is still the most unreliable link in the security
system.
Using solutions proposed in this work it is possible to use the
Demonstrator + system in electric (EMU - type) and diesel (PCS type) vehicles. Currently, a prototype system is being prepared for
testing by Mazovia and Wielkopolska Railways.
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Abstract

The paper discusses a new instrument for the implementation of territorial policies expected to be used in the
EU financial perspective 2014-2020. This tool helps integrate activities in local government units from various
subregions. ITS applications are in many cases considered as projects that require consistent and complementary
activities in order to ensure that a common vision of development of local governments involved in a project is
realized. The article identifies the areas of ITS which can be the subject of integrated territorial investments (ITI).
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1. Introduction
A number of previous analyses have demonstrated that the
projects that use technologies of intelligent transportation systems
(ITS) are losing in the competition for preparation, execution
and implementation with the projects in the field of construction
and modernization of particular components of transportation
infrastructure. Despite the scale of quantitative and qualitative
changes that have been observed for over a decade, one of the
causes of increasing congestion in urban areas is insufficient
condition of transportation infrastructure and the lack of modern
systems of managing individual and public transport.
This unfavourable process is also magnified by additional
phenomenon of limitations in the level of financial resources on
functioning and development of public transportation system.
This leads to insufficient qualitative and quantitative level of
transportation services by this sector of urban transportation.
The above situation affects the interest in application of ITS
technologies for using ITS technologies for solving the problems
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identified, since decision-makers remain convinced of low effectiveness
of such solutions. The necessity of cooperation of the entities of local
governments with each other and with regional authorities to make
ITS project complementary so that they do not have an island nature
also discourage from starting ITS projects. Under these conditions,
the opportunities for using integrated territorial investments formula
represent a good instrument for elimination of the most of these
drawbacks. This also helps meet a number of requirements for the
process of implementation and execution of ITS projects.

2. ITS applications: present status
and prospects in terms of the
number and scope of projects
The Strategy of Transport Development until 2020 (with
perspective until 2030) adopted in 2013 assessed the present
situation in terms of ITS applications and pointed to the following
phenomena [1]:
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• solutions that used the technologies of intelligent
transportation systems are not commonly used in Poland,
• among the projects being implemented, the projects with
greater spatial scale are substantially less numerous.
It is noticeable in the latter case that spatial ITS projects have island
character, thus being mostly limited to the area of a particular local
government unit. This character of the projects implemented is also
demonstrated by the fact that the list of projects in management of
urban transportation using ITS within the Operational Programme:
Infrastructure and Environment for 2007-2013 concerns only three
agglomerations: Upper Silesia metropolis, Tri-city area and Rybnik
agglomeration. Furthermore, ITS projects implemented in ten big
cities cover exclusively their area [2].
Technological and spatial aspects also concern the barrier
caused for a long time by the lack of common ITS architecture. This
situation considerably limits the development of complementary
systems. Individual approach of the investors who implement ITS
to develop architecture will undoubtedly make it difficult to extend
and integrate ITS into a collective and interrelated system [2].
There is one more cause of the island character of ITS projects. It
is noticeable that solving specific problems connected with broadly
understood urban traffic is performed by different institutions which
do not cooperate with each other during programming, designing
and performance of initiatives in the field of ITS. This might lead
in the future to e.g. difficulties with integration of the systems for
management of traffic in individual and public transportation or
traffic on the ring roads in agglomeration and cities implemented
by the entities of the General Directorate for National Roads and
Motorways in Poland and systems of traffic management in the
cities, which are managed by suitable local governments.
Consequently, the actions are necessary to be taken in order
to eliminate the above barriers to development of application
of the technologies of intelligent transportation systems. It is
also necessary to catch up for substantial delay with respect to
many cities and regions across Europe. Therefore, the postulate
of future investments in terms of ITS technologies is frequently
proposed in the strategic documents prepared at different levels
of transportation management. In development of ITS in Poland,
one should notice the importance of:
• more effective, more economical and higher level of safety in
utilization of current transportation infrastructure,
• more effective support and protection of transportation system
users,
• reduction of the negative effect of transportation activities on
the environment,
• further development of transportation with consideration for
modern tendencies and higher utilization of information and
communication technologies,
which are the main results of implementation of the technologies
of intelligent transportation systems.
Application of telematics in transportation [3] should lead to:
• improvement in safety by ca. 30-40%,
• reduction in environmental pollution by ca. 10%,
• improving effectiveness of transportation activities by ca.
20%, which manifests in reduction in the costs of managing
the road vehicle stock, maintaining and modernization of the
road surface, fuel consumption etc.,
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• improved utilization of current infrastructure, including e.g.
traffic capacity for roads and streets by ca. 20 to 25%,
• acceleration of the processes of integration in urban and
regional transportation,
• improvement in transport connections with other systems.
A good illustration of this direction of prospective
programming is activities predicted for the years 2014-2020 in
the Operational Programme: Infrastructure and Environment.
The basic fields of investments, which extend utilization of ITS
in the new financial perspective of the European Community,
include the initiatives aimed at [based on 6]:
• traffic optimization,
• optimization of management of transportation infrastructure,
• better quality of information services,
• improved safety of traffic participants,
• limitation of the negative effect of transportation on the
environment and climate,
• improved energy efficiency in transportation,
• limitation of the negative effects of climate change on
transportation.
Achievement of the above aims requires varied activities,
among which the most important should concern the two groups
of problems [6]:
• facilitation of traffic processes in cities and agglomerations
and non-urban roads,
• modernization of the processes of providing transportation
services adjusted to identified, dynamically changing needs of
transportation users and conditions of meeting this demand.
The first of the areas of activities includes the following
initiatives [6]:
• quantitative and qualitative development of the systems
of management and control of urban traffic, including
development of electronic systems of toll collection,
• development of the systems of traffic management in nonurban roads,
• implementation of the systems that ensure higher road
safety, including building and development of the systems of
supervision over the road traffic and control and enforcing
traffic regulations,
• development of an integrated system of accident management.
Applications of ITS technologies in the processes of transportation
services will include e.g. [10]:
• extension and modernization of the solutions for acquisition
and distribution of data about the status and utilization of
transportation infrastructure,
• development of an integrated system of services for passengers,
• development of an integrated system of managing transport
of cargo between individual points,
• providing innovative information services.
The effective achievement of the tasks presented will
necessitate adjustment of the processes of programming, design
and execution of concrete projects for particular requirements
defined by the specific character of initiatives in terms of ITS
technologies. Their specification is discussed in another point of
this paper.
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3. Requirements driven by the
process of application of ITS
technologies
Formulation of future requirements with respect to the processes
of execution of investment initiatives in terms of ITS used a
specification of the problems which emerged in the previous financial
perspective of the EU connected with ITS technologies [11].
With respect for quantitative increase in the projects in 20142020 and essential extension of the scope of the transportation
problems to be solved, the set of requirements included two
principal groups:
• endogenous requirements, which reflect the needs and
processes of changes in transportation systems,
• exogenous requirements, whose factors are allocated in the
environment of transportation systems.
Table 1 illustrates the above groups of requirements.

Type of

1. Endogenous requirements

requirements

Table 1. The requirements connected with implementation of ITS
projects in the perspective of current decade [2]
Determination of individual
requirements

Expected positive aspects of the
effect of individual requirement

• previous preparation of the
transportation infrastructure for
the projects in the field of ITS

• elimination of temporal and spatial
collisions with other investments

• priority approach to projects in
the field of ITS by the decisionmakers, managers in the entities
that can implement and execute
ITS projects, which confirms high
competencies of these people,

• elimination of the approach to ITS
implementations as secondary
• better adjustment of the scope of
projects to the transport needs of
the users
• higher value of projects

• better understanding of the
importance of ITS technologies for:
• facilitation of organization
of public transportation and,
formation of suitable structures
consequently, its popularization
and the choice of effective
among vehicle users,
methods to popularize positive
• limitation of traffic congestion,
effects of applications of ITS
• improved access to
technologies among local societies
transportation infrastructure,
• acceptance of ITS project as an
effective tool for improvement
of the condition of the natural
environment
• utilization of current development
potential in the transportation system
• better following the fast
which was previously characterized
development of ITS technologies
by low implementation activity in
terms of ITS

• proper organization of the
investment works

• limitation of difficulties for traffic
participants in the areas of
transportation networks which are
of key importance to functioning
of the system

• achievement of the improvement
• development of the positive
in the quality of solutions
reception of the ITS projects by
proposed in ITS projects with
public opinion
pilot character
• Creation of the basis for
• development of uniform
interoperability of the ITS projects
technical specifications and
executed by different investors
standards for designing,
• reduction in the risk of delay in
implementation and execution of
execution and implementation of
ITS in Poland
ITS projects
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R. Janecki

• creation of public opinion and
local authorities (transportation
policy) into a positive leverage
for development of ITS
applications

• increased social awareness of
benefits that can be derived
through implementation of ITS
projects
• improved quality and conditions of
living of inhabitants

• development of tertiary
education for experts in ITS,
telematics and information and
communication technologies

• increasing the number and
improved competencies and skills
of the ITS experts employed in the
institutions which are investors in
this field

• adaptation of the level of
financial outlays to the needs
that result from the programmes
adopted for development of
applications of ITS technologies

• execution of complex and
integrated ITS projects
• generation of real economic
benefits which are the effect
of improved functioning of
transportation systems

• considering the ITS facilities
and equipment as road safety
equipment, which, according
to current law, are not regarded
as construction facilities and
equipment

• improving the efficiency of the
design process and execution of
ITS projects

Presentation of the requirements allows for determination of
a catalogue of instruments and activities which might ensure their
successful implementation in the future. Facing the new financial
perspective, it is especially important to:
• improve coordination of execution of ITS projects with other
investments carried out in the same area as well as integrate
activities of different investors through limitation of e.g.
island character of their projects,
• start execution of the initiatives that form common ITS
infrastructure, thus gradually limiting and reducing the
principal barrier of development of complementary systems
based on ITS technologies in Poland.
Further part of this paper contains analysis of usefulness
of the new instrument of regional policy: Integrated Territorial
Investments (ITI).

4. Fundamental assumptions
of the integrated territorial
investments (ITI) as an
instrument of cohesion policy
for the years 2014-2020
[based on 7]
Integrated territorial investments is a new tool which allows for
taking actions towards sustainable development of urban areas that
connect initiatives financed by the European Regional Development
Fund and the European Social Fund. ITI concern in particular
voivodeship cities and the functionally connected areas. The size of
these areas varies. In the case of Gorzów Wielkopolski, this means
4 neighbouring gminas (gmina is the principal unit of territorial
division in Poland); in Zielona Góra - 5 entities of local government
and in Katowice - 45 gminas. Depending on the decision of the
voivodeship local government, ITI can be implemented in the cities
of regional and subregional character and in the areas which are
functionally connected with these cities. Resources for projects
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programmed with this approach will be obtained from basic
allocations of Regional Operational Programmes.
The aims of ITI application in Poland include:
• promoting development of cooperation and integration in
functional areas of the biggest Polish cities, including the
areas where the scale of problems connected with the lack of
cooperation and complementariness of activities of different
administrative entities is the biggest
• promoting partnership model of cooperation between
different administrative entities in urban functional areas
• execution of integration projects that meet, in a comprehensive
manner, the needs of cities and their functional areas,
• increasing the effect of the cities and the related functional
areas tailored to the method of performing activities
supported in their area within cohesion policy.
Achievement of the aims of ITIs should be supported by the
strengths of this new instrument, such as: [8]:
• stimulation of thinking in local governments in categories
of the city and its functional environment, which offers
the opportunities for “instilling” the territorial approach in
practice. This will cause that partnerships of urban gminas
and the functionally connected neighbouring gminas can
identify bottom-up needs for the implementation of ITI
• promoting communication between local governments
beyond political divisions (also with participation of socioeconomic partners) which might bring additional benefits for
these entities e.g. through introduction of locally developed
systematic solutions,
• creation of the efficient system of ITI implementation might
contribute to improved effectiveness of development policy.
This means integration of different instruments managed
at national and regional level in the functional area of a
particular city, which will consequently lead to improved
coordination and execution of concrete projects. It also leads
to improved responsibility of the cities for planning and
utilization (according to the specific needs) of public resources
(e.g. those from the EU budget) and development of the tools
for cities to coordinate governmental programmes, including
those supported with EU funds, located in urban areas.
The thematic scope of ITI contains, apart from the strongly
accentuated area-integrated interventions, the activities which are
integrated both thematically and finances (within different funds).
Therefore, the ITI concept predicts execution of the packages of
projects that differ thematically but mutually interrelated and
complementary. Fig. 1 illustrates a set of directions of intervention
to be performed within ITI.
It can be observed that one of the key fields of activities is
transportation in the area of a big city and in its functional area.
The effect of this approach is development of the transportation
system which is environmentally-friendly, with such essential
elements as low-emission public transportation, common for the
whole selected area.
Achievement of the above goal requires specific initiatives
concerning:
• integrated urban cards,
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• facilities for urban multimodal travelling and workers’
mobility, including park and ride systems, bicycle parking
spaces etc.,
• innovative systems of transportation information,
• modern systems of traffic management,
• solutions which ensure limitation and slowing the vehicle
traffic in the city centres
• building the network of roads and bicycle roads used for e.g.
commuting to work,
• development of the infrastructure that promotes ecological
goals.

Fig. 1. Thematic scope of ITI [based on 7]

The synthetic description of integrated territorial investments
reveals that this instrument should develop and, in the future,
its function will be focused not only on construction of an
institutional system of spending European funds in the area of
voivodeship cities and their functional areas. ITI can be also a
valuable tool for national urban policy. It is possible within ITI
strategies to effectively and efficiently distribute national resources
from state budget allocated for execution of the programmed
initiatives adopted by appropriate voivodeship local governments
described in ITI strategy [8]. Additionally, the projects that result
from ITI strategy, with the character which is complementary
to those supported by Regional Operating Programmes in
ITI formula, might be supported by the national operating
programmes, mainly the Operational Programme: Infrastructure
and Environment for 2007-2013 and the Operational Programme:
Eastern Poland.
The projects that concern application of ITS technologies are
consistent with the activities supported within ITI both by EU
funds and territorial contract.

5. ITS projects and the formula
of integrated territorial
investments
Considering the technologies of intelligent transportation
system in the postulated areas of ITI intervention and integrated
character and complementariness as a criteria that determine
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execution of the ITI projects represent a good response to the
requirements driven by the process of ITS applications.
The establishment of the institutionalized form of partnership
in many entities of local government should be regarded as a
proper starting point for activities in the field of ITS technologies
which e.g.:
• execute complementary and integrated projects,
• are free, in the investment process, of temporal and spatial
collision and treatment of ITS implementation as secondary,
• adapt ITS projects better to the needs in the areas greater than
one local government unit and to the needs of transportation
users in these areas,
• stimulate better understanding of the importance of ITS
technologies,
• catch up with the fast development of ITS technologies,
• create the fundamentals of interoperability of ITS projects.
Further investigations in the study discuss the utilization of
the opportunities offered by ITI formula in the Central Subregion
of the Silesian Voivodeship [8].
With respect to the transportation system in the Subregion,
which includes Upper Silesia metropolis, the local government
entities presented eighty proposals of different initiatives in the
process of construction of the ITI strategy. They were combined
into 6 threads ZIT (WZIT7 – WZIT12) [9] that concerned [9]:
• development of bike and ride system around local
development centres (WZIT7),
• increasing bicycle access to public communication with
agglomeration importance (WZIT8),
• increasing the quality of services for tram lines, trolleybus lines
and bus lines with modernization of necessary infrastructure
(WZIT9),
• creation of the system of park and ride nodes in the borders of
Upper Silesia metropolis (WZIT10),
• creation of the system of transfer nodes in Upper Silesia
metropolis (WZIT11),
• development of intelligent transportation systems (WZIT12).
The thematic structure of transportation projects in ITI
formula is presented in Fig. 2.

Fig. 2. Share of individual thematic areas in the projects proposed
for implementation in ITI formula in years 2014-2020 by local
government units [own study]

Of 13 projects that concerns application of ITS technologies,
7 initiatives (54%) are complementary solutions and are
characterized by spatial allocation in more than one gmina. Table
2 are characterized by these project.
It should be noted that, despite a relatively low interest of local
government entities in application of ITS technologies (only 16%
of overall number of transportation projects), the beneficiaries
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used the opportunities offered by ITI formula in almost half of the
projects, since it was necessary in the initiatives proposed to break
the barriers of cooperation between gminas and take partnershipbased actions.
Table 2. Overall characterization of projects in terms of ITS
technologies with complementary character and overgmina allocation [9]
Name of initiative

Project
beneficiary

Planned period
of project
implementation

Estimated
value of
project [in
million zlotys]

Development
of intelligent
transportation systems:
extension of the project
of Silesian Public
Services Card with
urban communication
organized by MZK
Tychy (municipal
communication public
enterprise)

The city of
Tychy (MZK
Tychy)
KZK GOP in
Katowice

2015-2016

42

Creation of a dynamic
system of passenger
information in gminas
in correlation with
the system of Tychy
subregion (4 projects)

gminas:
Łaziska Górne,
Ornontowice,
Orzesze and
Wyry
The city of
Tychy (MZK
Tychy)

2015-2020

19

2017-2019

5,8

Dynamic system of
passenger information
in Pszczyna Poviat
Establishment of
Intelligent Centre for
Traffic Management in
Pszczyna Poviat

Pszczyna
Poviat
gminas:
Goczałkowice
Zdrój, Kobiór,
Miedźna,
Pawłowice,
Pszczyna and
Suszec

4,5

6. Conclusion
In light of the analysis of the problem, the following conclusions
can be drawn:
1. The formula of integrated territorial investments is a new and
useful instrument of cohesion policy in the aspect of both EU
and urban policies at national levels.
2. The tendencies in the Central Subregion of Silesian voivodeship point to a relatively low interest of beneficiaries in projects that are based on ITS technologies. There is also lack of
solutions integrated thematically, such as e.g. projects of systems of transfer nodes and systems of passenger information.
3. Self-government entities which proposed solutions that used
ITS technologies were able to utilize the activities that resulted
from ITI formula based on partnership of the local governments involved in the initiatives.
4. ITS projects implemented according to ITI formula exhibit, at
the stage of concept and design, the character of complementary solutions and over-gmina allocation if these requirements
are imposed on a specific project.
5. The mechanisms of ITI formula should be extended over the
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initiatives in the ITS area financed from the state budget which
were indicated in e.g. ITI Strategy and were accepted by local
governments in voivodeships and the related governmental
entities.
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Abstract

Modal split between individual automobile transport and public passenger transport represents a ratio to 70:30
for individual transport. Long-term trend in Slovak republic is decrease in the number of passenger using public
passenger transport. One of the possible determinants of passenger demand is service quality. Information is one of
the important quality criteria. Information systems in passenger transport companies and information systems for
passengers can improve service quality and stimulate passenger demand. In the one way operator should identify
the requirements of passengers and in the other way these requirements should be filled with the maximum possible
levels. Quality criteria information and punctuality are closely related. Punctuality is important for management
of the transport operations and for passenger within the meaning of information about accuracy timetable.
Implementation of information systems for passengers and respect for the latest trends can increase the quality of
public passenger transport services in the Slovak republic. Raise of customer satisfaction should be the goal of each
company, to ensure the sustainability of demand for public transport services.
KEYWORDS: service quality, passengers, public transport, information systems, quality criteria,
information, punctuality, customer satisfaction

1. Introduction
Modal split between individual automobile transport and
public passenger transport represents a ratio to 70:30 for individual
transport. Long-term trend in Slovak republic is decrease in the
number of passenger using public passenger transport. One of
the possible determinants of passenger demand is service quality.
Information is one of the important quality criteria. Information
systems in passenger transport companies and information
systems for passengers can improve service quality and stimulate
passenger demand.

2. Legislation

contract are the requirements for quality standards i.e. STN EN
13816 and STN EN 15140.
STN EN 13816 – Transportation. Logistics and services.
Public passenger transport. Service quality definition, targeting
and measurement. This European Standard specifies the
requirements to define, target and measure quality of service
in public passenger transport and provides guidance for the
selection of related measurement methods. The standard defines
a set of eight quality criteria for public passenger transportavailability, accessibility, information, time, customer care,
comfort, security, environmental impact. Each criterion
standard in more detail classifies into sub-criteria. Services are
determined by the quality loop.

Law No 56/2012 collection of Laws about road transport in
§21 (Service contract) in article 9 this law adds that part of this
Volume 7 • Issue 2 • May 2014
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STN EN 15140 – Public passenger transport - Basic
requirements and recommendations for systems that measure
delivered service quality. This standard provides guidelines and
recommendations for measuring the quality criteria defined by
standard STN EN 13816.
Note: What we can see in other countries than in the European
Union? For example in United States of America is the criterion
information too. In USA are applied this transport cooperative
research programs: TCRP 88 - A Guidebook for Developing
a Transit Performance-Measurement System (information is called
“community”), TCRP 47 - A Handbook for Measuring Customer
Satisfaction (information is called “communication”) and Service
Quality and TCPR 100 - Transit Capacity and Quality of Service
Manual (information is called “community”).

3. Passenger quality
requirements and providing
of information
In the one way operator should identify the requirements of
passengers and in the other way these requirements should be
filled with the maximum possible levels.
Quality criteria information and punctuality are closely
related. Punctuality is important for management of the transport
operations and for passenger within the meaning of information
about accuracy timetable.
Importance and focus on the criteria information and
punctuality confirmed by the results of a survey of the passenger
quality requirements by using public transport. In the months
the October and November 2013 was performed the nationwide
survey of passenger requirements on the quality in all modes of
public passenger transport. The survey was conducted on a sample
of 2,868 respondents. This survey confirmed the high importance
of criteria information and punctuality, see Fig. 2. The possibility
of using the information systems for improving the service quality
in public passenger transport is justified.
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Table 1. Values of given criteria in all public transport modes [own
study]
Variation

information punctuality

Fig. 1. The quality loop [9]

Fig. 2. Importance of selected passenger requirements (or their
expectations) on the quality of public passenger transport by
mode [own study]

regional rail
transport

suburban bus
transport

long-distance bus
transport

urban transport

average

σ

average

σ

average

σ

average

σ

4,28

-

3,61

0,619

3,55

0,803

4,29

0,728

3,29

0,595

3,45

0,578

3,55

1,045

3,53

0,664

The indicator says about the level of customer requirements
which should be on the basis of their legitimacy. This specified
level should respect the opinion of the majority, i.e. have to be set
the mean value. In our case, it is the weighted arithmetic average.
Table 1 includes a variability that is expressed of passenger requests
by using standard deviation too. For determining the dispersion
of individual criteria values we used the standard deviation (see
the formula above). As an evaluation tool of respondents view
was used the point scale with a range of 0-5 points, 0 - minimal
importance, 5 - maximum importance.
The average importance of information has a range from 3.29
points in rail transport to 3.55 points in long-distance bus transport.
For criterion punctuality are the values in
 range from 3.55 points in
long-distance bus transport to 4.28 points in rail transport.
At the same time the survey of passenger requirements was
conducted the passenger satisfaction survey with the implementation
of selected quality criteria by the operators. The survey was carried
out on a sample of 2,742 respondents. The selected parameters for
which passengers considered the level of satisfaction are shown in
Table 2, it also includes perception variability of the quality level
expressed by standard deviation.
The average perception of compliance the quality criterion
information is in the range from 2.80 points in urban transport to
3.35 points in rail transport. For criterion punctuality the values
are in the range from 2.78 points in the rail transport to 3.27 points
in urban transport. For determining the dispersion of individual
criteria values we used the standard deviation. Based on the
calculation we found the following facts. The criterion punctuality
starts at 0,010 in long - distance bus transport and it ends at 0.645
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in suburban bus transport. Information has the lowest deviation
0.523 in long - distance bus transport and the highest deviation
0,830 in rail transport.

the mode of transport

Table 2. Perception the compliance of selected quality criteria by
mode of transport [own study]
Variation

regional rail
transport

punctuality information

average

σ

suburban bus
transport
average

σ

long-distance bus
transport
average

σ

Table 3. Comparison the importance of passenger requirements
and their perception by the performance of operator [own
study]
quality
criteria

regional rail
transport

longdistance bus
transport

urban
transport

suburban
transport

punctuality

0,65

0,89

0,76

0,89

information

1,02

0,83

0,94

0,81

urban transport
average

σ

3,35

0,830

2,80

0,642

2,95

0,523

3,33

0,681

2,78

-

3,20

0,645

3,15

0,010

3,27

0,589

4. The relationship between
expected and perceived
service quality in public
transport
Assessment of perceived quality and expected quality by
passengers we can use absolute and relative indicators. Absolute
indicator is for example the Customer Satisfaction Value. It is the
absolute difference between perceived value and expected value. If
it achieved positive value the operator provides a level of service
that exceeds customer expectations. A negative value indicates
the customer dissatisfaction. Measuring the satisfaction of a set
of quality criteria usually consists of more than one criterion; this
indicator should be relativized through theory of indices. This
indicator:

Note: The grey cells represent the values where passengers have
higher expectations than their actual performance by operators.
White cells represent the opposite when the fulfillment of quality
criteria from operators is higher than the passenger requirement.
For criterion punctuality passengers have higher expectations
than the actual performance by operators. This situation is the
same for all transport modes. For criterion information is the
value of passenger perception higher than his expectation only in
regional rail transport.

5. The possibilities of using
the information systems
for improving of passenger
satisfaction
The survey of using information systems by operators of urban
transport and suburban bus transport in Slovakia shows that in
this country the operators use two information systems: Emtest
and R&G Mielec. Fig. 3 shows the percentage of utilization of
information systems in given transport modes.

(1)

Where
– is the average value of quality perception by passengers
– is the average value of expected quality by passengers
Relationship between what the customer perceives and what
he expects we can express by Customer Satisfaction Index:
(2)

If a value is more than 1 the level of quality perception by
passenger is higher than his expectations. If a value is less than
1, there are not met the customer expectations by operator. The
equation (2) is used to calculate the degree of passenger satisfaction.
Fig. 3. The percentage of utilization of information systems in urban
transport (left figure) and suburban transport (right figure),
[own study]
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In Table 4 we can see the features of both information systems
and their comparison. To the functions of systems are assigned
their corresponding quality criteria.
Table 4. Function of information systems EMtest and R&G Mielec
and their corresponding quality criteria [own study]
function

quality criteria

fast and flexible
passenger check

suitability, dependability, internal interface, customer orientation,
innovation and initiative, customer interface, usability of
passenger facilities, furniture design

smart cards

suitability, dependability, internal and external interface,
customer orientation, innovation and initiative, customer
interface, usability of passenger facilities, furniture design

communication
with other
vehicles

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
customer interface, congestion, information about alternatives
available, information about road

communication
with dispatching
centre

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
infrastructure, operating hours, frequency, information about
travelling time, travel information (normal and abnormal
conditions), time, ticketing options

connectivity to
other systems

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
infrastructure, operating hours, frequency, information about
travelling time, travel information (normal and abnormal
conditions), time, ticketing options

GPS monitoring

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
congestion, infrastructure, operating hours, frequency,
information about travelling time, travel information (normal and
abnormal conditions), time

online
information
transfer

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
congestion, infrastructure, operating hours, frequency,
information about travelling time, travel information (normal and
abnormal conditions), time

get on of front
door

suitability, dependability, customer orientation,
innovation and initiative

get on of all
doors

suitability, dependability, customer orientation,
innovation and initiative

stationary
information
system

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
operating hours, frequency, information about travelling time,
travel information (normal and abnormal conditions), time

internet a mobile
applications

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
information about travelling time, travel information (normal and
abnormal conditions), time, ticketing options

real time
passenger
information

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
frequency, information about travelling time, travel information
(normal and abnormal conditions), time

external board of
vehicle

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative, travel
information (normal and abnormal conditions), time

internal board of
vehicle

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative, travel
information (normal and abnormal conditions), time

dispatching
management

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
congestion, infrastructure, operating hours, frequency,
information about travelling time, travel information (normal and
abnormal conditions), time

electronic cash

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
operating hours, information about travelling time, travel
information (normal and abnormal conditions), time
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planning and
management of
operation

suitability, dependability, area covered, internal and external
interface, customer orientation, innovation and initiative,
congestion, infrastructure, operating hours, frequency,
information about travelling time, travel information (normal and
abnormal conditions), time, ticketing options

elimination of
errors

suitability, dependability, internal and external interface,
customer orientation, innovation and initiative, infrastructure

low-floor buses
acoustic
detectors in the
vehicle

suitability, dependability, customer orientation, innovation and
initiative, customer interface, useability for passenger facilities,
furniture design
suitability, dependability, internal interface, customer orientation,
innovation and initiative, customer interface, useability for
passenger facilities, furniture design

Note: dark grey cells is only EMtest, grey cells is only R&G
Mielec, white cells include both.
Information and electronic check-in system of passengers
consists of several parts:
• Information systems of vehicle includes check-in system of
passengers and internal and external information boards
• Dispatches information system for operation of vehicles and
communication between centre of dispatching and drivers.
This system uses online GPS monitoring of vehicles because
centre of dispatching and providing of services are located in
two different places. The system for GPS monitoring is used
to control the operation.
• Stabile information system – set of information boards that
are located on individual bus stops, platforms and big transfer
hubs. Their role is to inform the passengers about arrival and
departure in actual time.
Information of passengers involves:
• Information in the bus stop – timetable, tariff conditions,
schedule of links
• Information in web of operator - timetable, tariff conditions,
schedule of links, search for connection
• Information on the vehicle – number of links, first or final
bus stop
• Information from driver (in suburban and long-distance bus
transport) –it relates with quality criterion behaviour of driver
Passengers in the survey put the most importance aspect of
information in the bus stops, then aspect of information on the
vehicle and aspect of information in web of operator.
Quality criteria information and punctuality are closely
related. Punctuality is most important for management of the
transport operations and for passenger within the meaning of
information about accuracy timetable. Collect information about
the criterion punctuality can be ensured by applying the system
for online GPS monitoring of public service vehicles. Information
systems EMtest and R&G Mielec have this function. The essential
reason for GPS vehicle tracking is overseeing the operation of the
vehicles and improving of vehicle operation. Information about
planned time of departures from bus stops (according to the
timetable) are confronted with actual departure time of vehicles.
Then we can find deviations from timetable for individual vehicles
and bus stops. The deviations of links can be selected on punctual
links, delayed links, links that leave from the bus stop before their
planned departure or non-exist data (see Fig. 4). If are detected
the recurrent delays of links, it can be a basis for adjustment of
timetables.
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Fig. 4. Deviation from timetable in bus transport (8.2.2012) – quality
criterion punctuality [own study]

■

■

Note: punctual links, delayed links,
cancelled links, non-exist data

■

■ early departure, ■

In suburban bus transport the majority of operators in Slovak
Republic use the information system EMtest. On the Fig. 5 we can
see the actual position of operator´s suburban buses that have
the function of GPS monitoring of vehicles. In the mountainous
areas of northern and northeastern Slovak is the problem with the
coverage of area with GPS and GSM signals or in these areas is
interrupted signal.

• Information for passengers (timetables, tariff conditions,
schedule of links) provided using two-dimensional QR codes
with the possibility of their reading using mobile applications.
Information are usually placed at the bus stops.
• Dynamic information on compliance with the timetable that
are published on information boards at bus stops.
Trends in the area of GPS monitoring vehicle in public
passenger transport with possibility of information the passengers:
• Monitoring of following links by operator with possibility of
influence the transport process on basis of communication
dispatcher - driver, guarantee of ensuring following links by
operator for benefit of passenger.
• Internet applications available from passenger´s mobile
phone with information about of execution / non-execution
the links or the bus stop was / was not served by links.
Implementation of information systems for passengers and
respect the latest trends can improve the quality of public passenger
transport services in the Slovak Republic. These things can also
influence the decline of public passenger transport to the individual
transport.The aim should be to increase of passenger satisfaction.
Then the level of passenger satisfaction reaches positive values.
The results of the satisfaction survey did not confirm this situation
(see Table 1). These steps can also promote the sustainability of
demand for public transport services. Improving of information
in the Slovak Republic interpret for example planner´s routers.
These planners we can find on the internet. They are not dynamic
but they provide lots of information about a route for passengers.
One of these providers is Transport enterprise of the city of Žilina.
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Fig. 5. Actual position of suburban buses in Slovak Republic – GPS
monitoring of EMtest [own study]

Note:

■ punctual links, ■ delayed links, ■ early departure, ■
cancelled links, ■ non-exist data

6. Conclusion
In this area in Slovak Republic are differences in regional
or local level. There are still operators who do not use standard
applicable information sources. The level, availability and
functionality of these information sources have to be controlled
and evaluated by the public authorities.
Part of the passenger information systems should become step
by step the internet applications and mobile applications. With
the changing structure of public transport passengers begins to
dominate group of pupils and students. For them are mobile and
internet applications very close.
The trends in passenger information systems can include:
• Planner’s routes from a source to a destination with a
combination of different transport modes, including walking
with support the applications Streetview.
Volume 7 • Issue 2 • May 2014

Bibliography
[1] Gnap, J., Konečný V., Poliak M.: Application of
information systems in road transport. Edis, University of
Žilina (2007)
[2] Chovanec, M.: Monitoring of public passenger transport
vehicles, the actual situation in Slovak Republic, requirements
for development. In: Miscellany from professional seminar
for forwarders and operators: Toll and price calculation in
transport 2014, Logistics monitor (2014)
[3] Konečný, V., Gnap, J., Poliak, M.: Information systems
in road freight transport and forwarding. Edis, University of
Žilina (2014)
[4] Konečný, V.: To efficiency of operation. In: Truck &
Business: Quarterly journal for business strategy in road
transport. Year. 4, no. 1 (2011)
[5] Konečný, V.: Monitoring of vehicles in road freight transport.
In: Miscellany from professional seminar for forwarders and
operators: Toll and price calculation in transport 2014, Logistics
monitor (2014)
[6] Yearbook of Transport, Posts and Telecommunications the
Slovak Republic, The statistical Office of Slovak Republic (2012).

61

Improving the service quality in public passenger transport by using information systems

[7] Solution provider EMtest, http://www.emtest-sk.sk/ (accesed:
12.05.2014)
[8] R&G S.A. Electronics and Precision Engineering Works, http://
www.rg.com.pl/rgplus/en/ (accesed: 12.05.2014)
[9] STN EN 13816 – Transportation. Logistics and services.
Public passenger transport. Service quality definition,
targeting and measurement. Slovak Office of Technical
standards, Bratislava (2003)

62

[10] STN EN 15140 - Public passenger transport. Basic
requirements and recommendations for systems that
measure delivered service quality. Slovak Office of Technical
standards, Bratislava (2006)
[11] The Act No. 56/2012 Coll. on Road Transport (Slovak).

© Copyright by PSTT , All rights reserved. 2014

