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The methods of diagnosis
of the innovatory management
systems in cars
S. OLSZOWSKI
Technical University in Radom, Institute of Transport, 29 Malczewskiego 26–600 Radom,
EMAIL: s.olszowski@pr.radom.pl

ABSTRACT

The article describes the methods of diagnosis of the integrated management systems in vehicles. BLIS
safety system is presented. The methods of diagnosis which are wider than systems of control in the
process of self diagnosis have been prepared and discussed as well. The authoritative method of the
punctual diagnosis of the system, which puts theory into practice is discussed. It has been approved
and accepted by many car services in the whole country
KEYWORDS: management systems, disturbance of the work of the system, unknown mistake, the punctual diagnosis of the system, gateway

1. Introduction
Nowadays, a car has not only to be catchy, but at the
same time it must meet a number of various customers’
needs. Apart from the basic needs, a car is to be characterized by: comfort, space, usefulness and safety; it seems important to focus on the innovatory solutions of integrated
safety systems (Combined Active & Passive Safety). These
systems take control over Adaptive Cruise Control (ACC),
Collision Mitigation System (CMS), Driver Alert Control
(DAC), Lane Departure Warning (LDW), as well as Emergency Brake Assistance (EBA) [3, 4]. What is more, those
systems should also be easy for the drive to use and read
useful information from them, in other words, the communication between a driver and a car must be as easy as
possible. Additionally, the systems should be predictable
in the use. The processes of fixing a car in a car service, leading to diagnosis and post made program of the system,
can be difficult and can demand to have a deeper understanding of a problem. However, exchanging parts of a car
can be left for the less qualified service workers.
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2. D
 ependence of the
management systems
Different systems in vehicles must be able to exchange information between themselves. It happens due to the
fact that they use the same information but in the proper order. This communication is possible due to gateway
which can join Drivetrain CAN-bus, comfort CAN-bus,
Diagnosis CAN-bus, Multimedia CAN-bus, Instrument
Cluster CAN-bus, can cooperate with LIN (Local InterConnect Network), TTP (Time-Triggered Protocol),
MOST (Media Oriented Systems Transport) and FlexRay
(the name is taken after FlexRay).
Due to the use of various solutions and technologies,
different levels of voltage and speed, it is impossible to
achieve direct contact between signals coming from various data transmission networks. Gateway is a place where
various signals coming from different networks meet. Due
to the fact that gateway possesses all the needed information about the data of control systems, it can be easily used
as the diagnostic interface.

© Copyright by PSTT , All rights reserved. 2010
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Fig.1. The link of systems in Volvo management V70 II 2,5T
AWD. A1.1- the engine control unit, A2.1- the ABS
control unit, A2.32- the AWD control unit, A4.1 – the
SRS control unit, A41.8- the multifunctional steering
wheel control unit, A5.12-AC, A6.22- electronic central
system, A7.1 - instrument cluster
Source:[5]

These systems, when joined into one, as presented on
figure 1, cause a disturbance between the systems (nonconventional faults), since when the fault is found in the
one system, it causes unknown mistakes in the work of the
other one.
Although codes of the types of the faults (P, B, C, U)
are numbered, standardised and specified, such mess does
not give any guarantee that the faults will be found and
fixed. It turned out that the found faults are unknown for
the system, which means that they are not described as
most of them have not been found as possible to occur.
The Authoritative solution to this problem is the punctual diagnosis of the system . It means that diagnosis is
done with the use of the specific parameters which were
chosen by the engineers while preparing the project of the
system. Catalogues with the specific data of components
can be found by engineers in Bosch company 1 987 721
021 - AA/MKM3 – „Sensoren catalogue” or directly on
their websites.

Fig. 2. Visualisation of the work of the BLIS system. A –active parts of
the BLIS system. B – worning sign in the steering wheel
Source: [3]
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Such way of acting is very often the only way to make
diagnoses thanks to which it is possible to reduce the costs
of exchanging the good elements/parts of a car into different ones in order to make the system work again. This
way of making diagnosis in known as the punctual diagnosis of the system.
The authors of the project (1) have described chosen
innovations
of the intelligent systems of the steering wheel. They
have presented functions of the systems CAPS, ACC,
CMS, DAC, LDW, EBA as well as the ways of communication between a driver and these systems. This innovatory
set of solutions includes also BLIS used to inform a driver
about another user of the road visible for the vehicle. This
system becomes active after the engine of a car starts working. It works during a day and night.
In the mirrors there are movement sensors which are
to find out an another user of the road not visible for the
driver when the latter comes closer to the area of the work
of the sensors. In VOLVO XC60 this area measures about
10 metres after the vehicle as well as at the left and right
side of it. The system can be switched off with the use of
the button placed on the multifunctional panel of the vehicle.
Because of the great variety (1) and modernity of the
management systems (fig. 2) it seems a need to prepare
the way of diagnosis of them in order to please a customer
with the correctly working systems.

3. D
 iagnosis of the
management systems
The link between the diagnostic appliances and a
OBDII/EOBD system is done with the use of one out of
five official records of communication which have been
described in detail by the authors [2]. However, there is
a problem as it very often happens that communication
between the diagnostic appliance and separate systems of
the vehicle is impossible to achieve. In this situation there
is a need to focus on the systems possessing the same line
of transmission for all the control units
K-LINE which code is 7 in the joint DLC for the ISO
diagnosis [fig 3].
The problem appears when there is an attempt to communicate with any control units of the system. When one
of them is broken (the plug is burnt or there is the fuse on
the joint) it blocks the work of all the control units . When
the individual control units are disconnected from the
system the problem is solved. In the case when the broken
control unit is unrelated to the system, the communication between the diagnostic appliance and the left control
unit of the vehicle is possible again thanks to DLC joint.

5

The methods of diagnosis of the innovatory management systems in cars

Fig.3. The example of the electronic joints of the particular systems
in DLC joint in VW Group vehicles
Source: [5]

Fig. 4. V
 isualisation of getting the specific data in the process of
punctual diagnosis of the system [taken from ESI platform
[tronic] Bosch company
Source: [5]

If it turns out that this way of acting to solve a problem
is not correct and appropriate, a fault should be found
with the use of the transmission line K-line.
Rules:
• Check if the ignition is turned on and any other electric and electronic protection is turned off.
• Check the electric mass of the DLC joint encoded 4/5
and energy”+”of 16
• Measure the voltage between the K transmission pipe
lines (7) and pipes of electric mass in the DLC joint
(4/5)
›› It should be lower about 1-2V from the voltage of
the diagnostic joint
›› If there is lack of the voltage a fault can be the result
of the fuse between the transmission line and the
mess/weight or a gap in the circuit.
›› If the voltage is exactly the same as the voltage of the
power (between 4/5- 16) the reason is the fuse of K
line and ‘+”
›› If there is a voltage measuring about few volts – it
means that there is a fuse of the line and another circuit- e.g. Unprofessional setting of the LPG
›› If there is a voltage measuring about 0,1V it means
that one of the plugs of the control unit is burnt.

pipes with the field of surface wiring 0,25-0,34 mm2.
In practice, those values are stated by experiments so
they very often have different values ranging between 115125 Ω. For the specific solutions presented values as well
as the specific ones are not commonly used as basic values.
It is impossible to find them in the tables showing the
“actual values”. Using the information platforms to set the
specific values, e.g. ESI [tronic] of BOSCH can be the solution to the problem. However, it is not easy to get the access to the specific data. In order to get it the table of codes
and faults of the given system or the table of the codes of
Gateway can be used.
Here, it is important to find out the fault that is possible to record and “which is not visible for the memory of
the control unit as well as it is connected with the diagnosis of the system and dependent system. In this diagnostic
process it is a need to decode possibilities of the hypothetic mistakes connected with the network of the data transmission e.g. “Incorrect sign”. It is possible to find out the
records connected with the specific values of a given fault
e.g. Data bus terminal and their localisation. Possessing
such information it is easy to solve a problem with the use
of the procedures described in this paper. [6]

3.1. U
 nconventional diagnosis of the
data CAN-bus

4. Conclusion

In Cars possessing the European homologation dating
from 2008, the diagnosis must be done with the use of the
CAN official record encoded 6 and 14. For these systems
there is a need to control all the specific data, e.g. impedance which finishes the CAN-bus of data that is data
bus terminal. According to the ISO 11898 norm, the value
for CAN-bus till 40 metres should achieve 124 Ω for the

6

All the managing systems in a vehicle must work correctly for the safety and comfort of passengers as well as
for the functionalism of mechanisms and components.
Due to the fact that the systems are highly modified and
developed they need well qualified service workers to
work on them. It is impossible to repair the car without the
specific data and information. The knowledge of how the
specific systems are built and what their functions are is
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not enough to make correct diagnoses. It is a need to have
specific data of each system. Consequently, methods helping to analyse diagnostic signs and programming control
units become highly interesting and desirable for the masters of the car industry. It seems that such a tendency can
be present on the market for a long time.

[3]
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JET LAG
A. Michalika, R. Bobińskia
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of Bielsko-Biala, Department of Health Sciences
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ABSTRACT

Millions of people choose to travel by plane what may result in jet lag disorder associated with circadian rhythm misalignment. The severity of jet lag symptoms is emphasized in the second and next
days after arrival, however there is a possibility of the occurrence of jet lag in the first hours after landing which is the subject of this paper
KEYWORDS: jet lag, symptoms of jet lag, predictors of jet lag

1. Introduction
Every year millions of people choose to travel by plane, what can be associated with long distance flights over
one or more continents. The reports of the International
Organization of Tourism from 2006 show that the long distance flights were chosen by 45% out of almost 850 millions of travelers, and it is estimated that by the year 2020
this number could double. These multiply time zone flights may lead to a constellation of symptoms known as jet
lag disorder [1,2,12,13]. These symptoms include general
malaise, reduced alertness, nighttime insomnia, depressed
mood, poor psychomotor coordination, reduced cognitive skills and gastrointestinal disorders, which all are due
to circadian rhythm misalignment [7,8,11]. Although jet
lag is most of time benign, sometimes unfortunate and
serious consequences can result from jet lag (untoward
business, diplomatic or military decisions) [10]. The research among staff cabin crew showed that frequent and
repeatable changes of time zone could be associated with
menstrual cycle disturbance and may also exacerbate any
existing affective disorder, which weren’t noticed among
healthy people changing time zones less frequently [6].

8

Furthermore, it was shown that chronic jet lag increases
the danger of having hormone dependent and hormone
independent cancer among men and women alike [3-5].
In essence jet lag syndrome is a consequence of circadian misalignment that occurs after crossing three or
more time zones too rapidly for the circadian system to
keep pace. Literature emphasizes the severity of jet lag
symptoms in the second and next days after arrival, however there is a possibility of the occurrence of jet lag even in
the first hours after landing.
It is said that the adaptation process to the new time
zone should last as many days as many time zones have
been crossed – 2-3 days minimum when it comes to the
journey in eastern direction, but if the flight was in the western direction – this process should last half the number
of the crossed time zones [1, 2].

2. Goals
The main aim of this paper was to define the early
symptoms of jet lag in travelers crossing seven time zones
in the western and eastern direction, and also to examine
the differences in the occurrence of the symptoms in the

© Copyright by PSTT , All rights reserved. 2010
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to Chicago (option C), who were given the questionnaires
during the last 30 minutes of the flight.
Standard statistical methods were used to investigate
and describe the results.

4. R
 esults

Fig. 1. C
 omponents of jet lag
Source: [own work]

people travelling on the same routs, but in the opposite
direction, the impact of some variables and conditions on
the early jet lag and last but not least, the knowledge of
travelers about jet lag.

3. Material and methods
The research method used in this study was a self-generated questionnaire, which was divided into two
parts. The first part enabled a general characteristic of the
respondents (age, gender, nationality), and the second one
involved questions concerning the problem of the research. The questionnaire was prepared in Polish and English regarding the multinationality of the respondents.
In order to verify the hypothesis, there were 175 subjects, divided into three subgroups, who could evaluate
subjective severity of jet lag using visual analogue scale. 36
questionnaires were given to travelers flying from Chicago
to Cracow, waiting in the luggage reclaim area (option A).
The next group of 83 respondents were people traveling
from Chicago to Warsaw (option B) and 57 from Warsaw

Fig. 1. C
 orrelation between jet lag and its symptoms
Source: [own work]
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Based on the results a stepwise regression analysis was
used to investigate the predictors and the early symptoms
of jet lag.
The data showed, that the significant components of
jet lag are fatigue, gastrointestinal disturbance and irritation (fig. 1).
Those symptoms, together with physical well-being and
the ability to concentrate, also have a strict correlation with
the evaluation of the severity of jet lag disorder (fig. 2).
After verifying the impact of such variables as the
option of the questionnaires, sex, age, awareness of jet lag,
we discovered that only the option A of the questionnaires has a significant, adverse influence on early symptoms
of jet lag (fig. 3). The average sensation of jet lag disorder
in this case was 4,306 and it was almost two times higher
than other variables. So it turned out, that the place and
the conditions in which the questionnaires were conducted had a significant influence on the results and they varied for different options of questionnaire.

5. Discussion
Along with the rising interest in transcontinental journeys, the risk of the occurrence of jet lag syndrome also
becomes bigger. In order to minimalize the jet lag disorder
it is indispensable to inform the travelers about the pathophysiology of jet lag. This research showed, however,
that the awareness of travelers about jet lag is insufficient

Fig. 3. Variables influencing jet lag
Source: [own work]
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– more than 44% of travelers is unaware of the existence of
jet lag phenomenon.
The rising interest in travelling contributed to conducting research dealing with jet lag, nevertheless they focus
on the symptoms occurring in the second and next days
after reaching one’s destination. However, the knowledge
of the early occurrence of jet lag is insufficient, therefore
this paper deals with this particular topic.
The conducted research showed that the place and
conditions in which the questionnaire was filled in had a
significant influence on the results which vary for different
variants of questionnaire. It was shown that only variant A
of the questionnaire (flight Chicago – Cracow) had a significant influence on the early sensation of jet lag. This is
the only variant which was conducted straight after the arrival, in the baggage reclaim area, where the travelers had
for the first time contact with the external factors which
could cause desynchronization of the internal body clock.
Moreover, waiting for the luggage had a stressful influence on the respondents, what could be observed in their
reluctance and irritation, and even in aggressive attitude
towards the pollsters.
The variant C (flight Chicago – Warsaw) and variant
B (flight Warsaw – Chicago) of the questionnaire turned
out to be statistically irrelevant. The questionnaires were
distributed among the travelers on the plane during the
last 30 minutes of the flight (no contact with the external
factors) and it showed that the difference in the degree of
the sensation of the early jet lag symptoms in people travelling on the same route, but in the opposite direction is
statistically irrelevant.
Summing up, it can be observed that the first symptoms of jet lag can occure as soon as in the first hour after
landing, what was also pointed out by Waterhouse in his
publications. The research also proved that fatigue, gastrointestinal disorders and moodiness are relevant in estimating early jet lag.
The research done by Marks showed that subjective tiredness could be felt in the fifth hour of the flight [9]. Our
own research showed however, that the degree of the severity of tiredness during the flight is an early jet lag symptom of little significance, what corresponds with Waterhouse report, who recognized tiredness as a characteristic
factor of later sensation of jet lag [12, 13].
Gastrointestinal problems are the next factor correlating with jet lag, what remains in opposition to other publications, which don’t seem to see much relation between
abdominal disorders and jet lag and they consider it as an
irrelevant jet lag variable [12, 13]. Taking into account conversations conducted with the passengers at the airport
in Cracow – Balice, it is evident that the high significance
of this variable could be connected with the occurrence of
constipations which could result from lack of movement
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for a long period of time, and diaharrea resulting from
stress connected with flight. Moreover, travelers could
suffer from nausea and vomiting caused by air sickness.
In the literature the relation between the stage of irritation varies from irrelevant to significant [12, 13]. Self-done research showed a significant impact of early jet
lag on irritation. It may be associated with the place and
conditions, in which the questionnaires were conducted.
According to Spearmans rang there is a strict correlation
with self-assessment of all the above-mentioned variables
and also additionally with physical well-being and concentration, what corresponds with other research, which
proved that the ability to concentrate is the second factor
(along with fatigue) strongly connected with jet lag syndrome.

6. C
 onclusions
In conclusion, the current study showed that the significant predictors of early jet lag are fatigue, bowel movement and moodiness. There is a correlation between subjective effects of jet lag and physical well-being, fatigue,
gastrointestinal disturbance, concentration and irritation.
The study also revealed that more than 40% of the respondents have never heard of jet lag syndrome. A proper
education of passengers concerning jet lag seems to be an
important issue in the reduction of its symptoms.
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ABSTRACT

The wind is an increasingly important source of energy for the Slovak Republic. It is exploited by the
use of turbines to generate electricity. Because of their physical size, in particular their height, wind
farms can have an effect on the safety aviation domain. Additionally, rotating wind turbine blades may
have an impact on certain aviation operations, particularly those involving radar
KEYWORDS: Wind farm, Radar Theory, Air Traffic Management

1. Introduction
Air safety includes all the rules and processes that enable commercial and cargo aeroplanes to fly safely across
the European Union. It includes rules on aircraft construction and use, infrastructure safety, data management
and analysis, flying operations, and cargo.
Air safety management aims to spot potential accidents and incidents before they occur. It is not the same as
air security, which seeks to prevent voluntary illegal and
harmful acts in the field of aviation. The wind is an increasingly important source of energy, but negative impact
on air transport is in area of Air Traffic Services. Communication Navigation and Surveillance systems are endangered with big wind farms. Primary problem is in radar
system and is detailed described in my text.

1.1. Radar introduction
There are two types of radar used for air traffic control
and air defence control and surveillance: Primary Surveillance Radar (PSR) and Secondary Surveillance Radar (SSR).
Primary radar operates by radiating electromagnetic
energy and detecting the presence and character of the
echo returned from reflecting objects. Comparison of the
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returned signal with that transmitted yields information
about the target, such as location, size and whether it is in
motion relative to the radar.
Primary radar cannot differentiate between types of
object; its energy will bounce off any reflective surface in
its path. Moreover, air traffic control primary radar has
no means of determining the height of an object, whereas
modern air defence radars do possess this capability, using
electronic beam control techniques.
For SSR, the ground station emits ‘interrogation’ pulses of radio frequency (RF) energy via the directional
beam of a rotating antenna system. When the antenna
beam is pointing in the direction of an aircraft, airborne
equipment, known as a transponder, transmits a reply to
the interrogation. The reply is detected by the ground station and processed by a plot extractor.
The plot extractor measures the range and bearing of
the aircraft and decodes the aircraft replies to determine
the aircraft’s flight level and identity (Mode C operation).
In the Slovak Republic, all aircraft flying in controlled
airspace must carry a SSR transponder. Some light aircraft do not, and aircraft that do carry them may not have
them switched on, in which case they will not be visible
to SSR. Most ATC units are equipped with both primary
and SSR, but, increasingly, radar services are provided
using SSR only.
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From 2008 onwards, a new type of SSR called ‘Mode
S’ will begin to be introduced in the SR airspace. Mode S
is a development of classical SSR that overcomes many of
the current limitations of the SSR system. It is proposed,
subject to formal consultation, to introduce Mode S initially in 2008 with a second phase of regulatory changes
in 2008. In addition, it is proposed that the requirements
for the carriage and operation of transponders will be
significantly extended in conjunction with the Mode S
plans for 2009/2010.

2. BASIC RADAR FUNCTIONS
2.1. Air Traffic Control (ATC)
Radar performs two functions for air traffic control:
• Aerodrome surveillance radar allows air traffic controllers to provide air traffic services to aircraft in the
vicinity of an airport. This service may include vectoring aircraft to land, providing a radar service to departing aircraft or providing a service to aircraft either
transiting through the area or in the airfield circuit.
• En route (or area) radars are used to provide services
to traffic in transit. This includes commercial airliners
and military traffic. Area radars have a longer range
than aerodrome radars, particularly at high altitudes.

2.2. Air defence
Air Defence radars are used in two ways. On the one
hand, they perform a similar function to their ATC counterparts, in that they are used by air defence controllers to
provide control services to military (usually air defence)
traffic. However, they are also used to monitor all air traffic
activity within the Slovak Republic and its approaches in
order that a Recognised Air
Picture (RAP) can be produced, with the aim of preserving the integrity of the SR airspace through air policing.
The RAP is produced by allocating Track Identities to each
radar return (or “plot”) of interest. Often, a radar plot can
fade from a radar display for a period of time due to a
number of factors, but the Track Identity will remain, indicating that the associated plot is still actually present. [3]

2.3. Meteorological radars
Met Office weather radars use electromagnetic (EM)
energy to monitor weather conditions (predominantly
cloud and precipitation) at low altitudes, in order to assist
weather forecasting. Wind profiling radars are used to measure wind speed at different altitudes.
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2.4. Airborn Wather Radar
Airborne Weather Radar provides the pilot with a local (ahead only) weather picture in the cockpit and allows
him to identify and avoid specific, undesirable weather
formations. A maximum range of 180 Nm is common although the commonly used range (as selected by pilots)
would normally be in the 30 to 80 Nm range.

3. The nature of the impacts
of wind turbines
Masking
This is the main anticipated effect on air defence surveillance radars. Such radars work at high radio frequencies
and therefore depend on a clear “line of sight” to the target
object for successful detection. It follows that any geographical feature or structure which lies between the radar
and the target will cause a shadowing or masking effect;
indeed this phenomenon is readily exploited by military
aircraft wishing to avoid detection. It is possible that, depending on their size, wind turbines may cause shadowing
effects. Such effects may be expected to vary, depending
upon the turbine dimensions, the type of transmitting radar and the aspect of the turbine relative to it.
The Met Office is also concerned with the effect of masking on their sensors. Met Office radars look at a relatively narrow altitude band, as near to the earth’s surface as
possible. Due to the sensitivity of the radars, wind turbines, if they are poorly sited, have the potential to significantly reduce weather radar performance.[2]

4. R
 adar returns/radar
clutter
Radar returns may be received from any radar-reflective surface. In certain geographical areas, or under particular meteorological conditions, radar performance may
be adversely affected by unwanted returns, which may
mask those of interest. Such unwanted returns are known
as radar clutter. Clutter is displayed to a controller as “interference” and is primarily to PVO and aerodrome radar
operators, because it occurs more often at lower altitudes.
For an aerodrome radar operator, a wind turbine or
turbines in the vicinity of his airfield can present operational problems. If the turbine generates a return on his radar screen and the controller recognises it as such, he may
choose to ignore it. However, such unwanted returns may
obscure others that genuinely represent aircraft, thereby
creating a potential hazard to flight safety. This may be of
particular concern in poor weather.
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A structure which permanently paints on the radar in
the same position is preferable to one that only presents an
intermittent return. This is because an intermittent return
is more likely to represent a manoeuvring or unknown
aircraft, obliging the controller to act accordingly. With
this in mind, it is possible that aviators and radar operators could work safely with one or perhaps two turbines
in the vicinity of an aerodrome. Of greater concern is the
prospect of a proliferation of turbines, which could potentially saturate an airfield radar picture, making safe flying
operations difficult to guarantee.
Several turbines in close proximity to each other, painting on radar, can present particular difficulties for longrange air surveillance radars. A rotating wind turbine is
likely to appear on a radar display intermittently (studies
suggest a working figure to be one paint, every six sweeps).
Multiple turbines, in proximity to each other, will
present several returns during every radar sweep, causing
a ‘twinkling’ effect. As these will appear at slightly different points in space, the radar system may interpret them
as being one or more moving objects and a surveillance
radar will then initiate a ‘track’ on the returns. This can
confuse the system and may eventually overload it with
too many tracks. Measures can be taken to mitigate this
problem and they are amplified in Section D4, but these
too have their drawbacks. [1]

5. Radars errors
Scattering occurs when the rotating wind turbine
blades reflect, or refract radar waves in the atmosphere.
These are then subsequently absorbed either by the source radar system or another system and can then give false
information to that system. It may affect both primary
and SSR radars. This effect is as yet not quantified but is
certainly possible - it has, for example, been witnessed
at Copenhagen airport as a result of the Middelgrunden
offshore wind farm.
The possible effects are:
• Multiple, false radar returns being displayed to the radar operator: blade reflections may be displayed at the
controller’s console as spurious radar contacts.
• Radar returns from genuine aircraft being displayed,
but in an incorrect location (range, azimuth or both).
• Garbling or loss of SSR information.
The SSR code allocated to an aircraft may not be received correctly at the radar installation because of attenuation, scattering or refraction effects. Moreover, it is possible that displayed aircraft altitude information derived
from Mode ‘C’ may also be lost or degraded.
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6. P
 otential mitigating
measures
6.1. Technical measures
Moving Target Indicator Processing
Objects that are moving cause a shift in the frequency of
the returned EM energy to the radar receiver; this is known
as Doppler shift. Moving Target Indicator (MTI) processing
removes from the display any returned pulses which indicate no movement or are within a specified range of Doppler
shift. This removes unnecessary clutter, eliminates unwanted moving targets (such as road traffic) and makes moving
targets above a certain velocity more visible.
Rotating wind turbine blades can impart Doppler shift
to EM energy reflecting off the blades. Depending on the
MTI thresholds set in the radar processor, this may be displayed as a moving target. Changes in wind direction at the
turbine, the position of the blade in its rotation, the blade
pitch, plus other factors, may cause the amount of energy
returned to the radar on different sweeps to vary. At single turbine sites, a radar return will be repeatedly displayed
in the same position and MTI processing can be deployed.
However, multiple-turbine sites cause a different effect and
MTI processing is much more difficult. On one return, blades from one (or more) turbine(s) may paint on the radar;
on the next sweep, the blades of a different turbine may paint. This can create the appearance of radar returns moving
around within the area of the wind farm.
On both aerodrome and air defence radar this can appear (depending on the type of radar and the processing
thresholds in effect) as unknown aircraft manoeuvring
unpredictably. On air defence radars such as those used
in the PVO Slovak Republic, the overall system may well
interpret the activity as an aircraft and automatically start
tracking the activity.[4]
Filters
It is technically possible with many types of radar to
filter out returns from a given area to ensure they are not
presented on operational displays. However, this is at the
expense of detecting actual aircraft in the area concerned.
In the case of radars that have the ability to discriminate
returns in height, it may be possible to filter out only the
affected height band. On other radars, all returns in the
given area will be lost and, in effect, no overall operational
benefit is gained.
Non-Automatic Initiation
A measure that can be taken within the Command and
Control system to mitigate the effects of spurious radar
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returns is to establish what is known as a Non-Automatic
Initiation (NAI) area. Within this area the system does
not perform its normal function of automatic track association and correlation. This would prevent the system
attempting to correlate the returns from a large number of
turbines in order to form what it perceives to be aircraft
tracks. Instead, a human operator monitors the affected
area to manually detect genuine aircraft tracks. Whilst this
technique can help to avoid the problems both for surveillance and control of spurious tracks, it can be manpower
intensive and requires operator expertise. Furthermore,
it cannot help to overcome the effect on safety of clutter.
Indeed, the use of clutter filters and NAIs may be operationally mutually exclusive.

6.2. Operational measures
The type of operations being conducted and the type
of airspace within which a controller is operating are both
relevant factors if radar clutter is being experienced.
Controlled Airspace
Within controlled airspace, flight is only possible if approved by an ATC authority. Therefore, controllers should
know of all aircraft within that controlled airspace. In this
case, if radar clutter is experienced, whether from a wind
turbine or other obstacle, the controller may assume that
the return is not from an unknown aircraft and will not
need to take any action. (There are exceptions to this rule,
which do not need to be explored here.)
Outside Controlled Airspace
Outside controlled airspace (in the Slovak Republic,
categorised as ‘Class G’ airspace), clutter and unknown
radar returns present more of a problem. In such airspace, the radar returns of aircraft are the primary means on
which the separation of aircraft is based; therefore, clutter
must be avoided, as it is the only way of ensuring separation from unknown aircraft.
What may occur is that radar clutter from a wind turbine may be interpreted as being a return from an aircraft; or
the clutter may be obscuring a genuine radar return from
an actual aircraft operating in the vicinity of that clutter.
There are two ways a controller can deal with this problem; the safest option is to simply avoid the area of clutter, usually by a range of 5 nautical miles. Naturally, this
is not always possible. Alternatively, the controller may
‘limit’ his radar service, whereby he informs the aircraft
receiving the service that, due to being in an area of clutter,
the pilot may receive late or no warning of other aircraft.
Controllers use both methods but each presents its
own problem. The cumulative effects of clutter make vectoring to avoid clutter harder and harder. Controllers may
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be able to cope with one or two areas of clutter, but there
is a difficult judgement as to how much proliferation is acceptable. Alternatively, limiting the service is often a last
resort, and to admit that clutter may well be obscuring returns from genuine aircraft is a clear indication that flight
safety may be compromised.
The significance of unwanted radar returns from wind
turbines will depend not only on what type of airspace
they are in or underneath, but also on their proximity to
traffic patterns and routes. Wind turbines on an extended
centreline of a runway are more likely to present a significant problem to controllers at longer ranges due to aircraft
lining up for approaches and on departure. Similarly, aerodromes have Standard Arrival Routes (STAR) and Standard Instrument Departure (SID) routes, which may also
be considered problematic.

7. Conclusion
All radars are different (even if only due to the physical
impacts of their operating locations) and creating a ‘rule
of thumb’ for wind farm developments near all systems
would require such a level of generalisation as to make it
probably worthless.
Therefore, in considering the effect of wind turbines
on radar, developers need to focus on individual radars
in the vicinity of their planned development. It is important also that developers appreciate the nature and extent
of any problem. For example, studies into air defence radars that take no account of the associated Command and
Control systems may be of very limited value.
Because both civil and military aviation communities
have legitimate interests that must be protected; this includes protection against the adverse effects of wind turbines.
However, there is scope for flexibility throughout the process of considering wind farm applications. The effects of
wind turbines on the physical element of the air domain
(as obstructions) are well understood and the procedures
for handling them are relatively straightforward. Certainly, a flexible approach to sitting of turbines can be expected to pay dividends. Developers must, however, bear in
mind that there are some locations in which the presence
of turbines is unlikely ever to be tolerated.
The effects of wind turbines on electronic systems and
the measures that can be taken to overcome these effects
are less clear-cut. The sitting of wind turbines will, potentially, affect the radar sensors belonging to both civil and
military users in much the same ways, although the operational impact of these effects will probably not be the
same. As further research is conducted and experience
with existing (and currently approved) wind farms grows,
all stakeholders will be able to determine more precisely
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what may be acceptable and what will not. No matter what,
however, this is an area in which early dialogue with the
relevant stakeholders is particularly recommended.
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ABSTRACT

A huge number of papers studies Travelling Salesman Problem (TSP) in classical version. In standard
TSP all cities must be visited and graph is completed. While this is indeed the case in many practical
problems, there are many other practical problems where these assumptions are not valid. This paper
presents a new evolutionary algorithm (EA) which solves TSP with profits and returns (TSPwPR). This
version of TSP is often applied in Intelligent Transport Systems, especially in Vehicle Routing Problem
(VRP). TSPwPR consists in finding a cycle which maximizes collected profit but does not exceed a
given cost constraint. A graph which is considered in this problem can be not completed, salesman
doesn’t have to visit all cities and he can repeat (with zero profit) cities in his tour. The method was implemented and tested on real network which consists of 160 cities in eastern and central voivodeships
of Poland. The main parameter which has the highest influence on quality of obtaining results is the
size of population and our experiments are directed to determine an optimal value of this parameter
KEYWORDS: r outing in transport networks, travelling salesman problem with profits,
evolutionary algorithm

1. Introduction
Transport logistics and fleet management problems
often fall into one class of the optimization problems. Finding an optimal set of routes for group of vehicles in the
transport network under defined constraints is known as
the Vehicle Routing Problem (VRP) [10]. VRP represents
the NP- hard problem and the optimal solution cannot be
reached in polynomial time. In case of solving practical
vehicle routing problems that include a number of special additional constraints, the approximate solving methods should be used. The heuristic and meta-heuristic
algorithms provide approximate solutions acceptable in
practical application. In the case when only one vehicle is
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serving the customers and there are no additional constraints, the vehicle routing problem is reduced to the Travelling Salesman Problem (TSP).
In classical version TSP is formulated as follows. Given
the set of n cities and distances between each pair of them,
find a closed tour (a cycle) through all cities that visits
each city only once and is of minimum length. The problem is known to be NP-hard, therefore many heuristics
have been proposed to find near-optimal solutions [3].
While in standard TSP a salesman needs to visit each city,
there are some situations where not all customers need to
be visited when the optimization model is run. Consider
the situation where all customers need to be visited but
not necessarily in the same tour or set of tours, for instance in the cases where a customer has to be visited within
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these additional assumptions, the problem is more reallife. The variant of TSP with two above assumptions will
be called Traveling Salesman Problem with Profits and
Returns (TSPwPR). A new evolutionary algorithm (EA)
which solves TSPwPR is presented in this paper. The method was implemented and tested on real-network which
consists of 160 cities in voivodeships of Poland. Our tests
are focused on verifying the size of population parameter
influence on quality of obtaining tours.
The paper includes five sections. Next section describes formal definition of TSPwPR. Section 3 presents in
detail a EA. Experimental results are presented in Section
4. The paper ends with some proposition of improving
presented method.
Fig. 1. A
 graph representation of a network of cities
Source: [own work]

a given time period, say three days. Then, when a tour or
a set of tours has to be organized for a given day, there are
customers that need to be visited but also customers that
may be visited or whose visit may be postponed. In this
case the lack of need to serve all customers in the same
day comes from the dynamic nature of the problem. This
feature gives rise to a number of problems which are called
in the literature Travelling Salesman Problem with Profits
(TSPwP) [1], [3] and [9]. In this group of problems, usually one of n cities has a special meaning - it is considered
as a depot. In a one version of TSPwP described in the
literature, the problem is to find an elementary cycle (i.e., a
cycle such that each vertex is visited at most once) starting
from a depot, that maximizes collected profit such that the
tour length do not exceed a given constraint. This problem
is called Orienteering Problem (OP) [1]. The name orienteering comes from an outdoor sport played on forest
areas. Given a specified set of points, each competitor has
to visit as many points as possible within a specified time
limit. Like TSP, OP is NP-hard problem.
In this paper, additional assumptions to TSP were proposed. Firstly, we assume that a graph maybe not complete: some pairs of vertices are not connected. In the real
world cities in some region often are not connected by
through route. Despite of the fact that we can transform
such a not complete graph in a complete one by introducing dummy edges, such an approach seems to be ineffective. It would result in a lot of unnecessary data introduced
to the problem. The second assumption is that we allow
repeated visiting of a given vertex: a cycle we are looking
for must not be an elementary one. This assumption results from the fact that a graph is not complete. However,
while a salesman can be in a given city more than once, a
profit is realized only during first visiting. This assumption
prevents from finding routes in which a city with a highest
profit is continually visited while others are not. With
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2. Definition of TSPwPR
A network of cities in our model is represented by a
weighted, undirected graph G = <V, E, d, p>, where V =
{1, 2, …, n} is a set of n vertices, E is a set of edges, d is a
function of weights and p is a vector of profits. Each node
in G corresponds to a city in a network. Vertex 1 has a
special meaning and is interpreted as the depot. An undirected edge {i, j}∈E is an element of the set E and means
that there is through two-way route from the city i to the
city j. The weight dij for undirected edge {i, j} denotes a
distance between cities i and j. Additionally, with each vertex a non-negative number meaning a profit is associated.
Let p={p1, p2, …, pn} be a vector of profits for all vertices.
Each value of a profit pi is a no-negative number. An important assumption is that a profit is realized only during
first visiting of a given vertex. A graph representation of
an exemplary network of cities is shown in Fig. 1. It is a
simple example of the network which includes nine cities.
The dij values are marked on the edges and the pi values
are: {5, 4, 6, 2, 1, 2, 4, 3, 4}. One can see that the highest
profit equals to 6 can be gained during visiting a depot.
The TSPwPR can be formulated as follows. The goal is to
find a cycle starting from the depot that maximizes collected profit such that the tour length do not exceed a given
constraint cmax.
Assuming cmax = 100, for the graph presented in Fig. 1,
one possible solution could be: 1 - 4 - 9 - 5 – 6 - 1. In this
case the tour length equals to 100 and the collected profit
equals to 14.

3. Description of EA
EAs are adaptive heuristic search algorithms based on
the evolutionary ideas of natural selection and heredity.
First introduced by John Holland in the 60s, EAs has been
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widely studied, experimented and successfully applied in
many fields [2], [5].
In a typical EA, a population of candidate solutions
(called chromosomes) is evolved during artificial evolution. Traditionally, solutions are represented as binary
strings, but other encodings are also possible. The EA
starts from a population of randomly generated individuals. In each generation, the fitness of every individual is
evaluated. Based on the fitness, individuals are stochastically selected from the current population to the next one.
This step is called a selection. Individuals in the new population undergo genetic operators: crossover and mutation. The new population is then used in the next iteration
of the algorithm. The algorithm usually terminates when
a maximum number of generations has been reached [6].
The EA starts with a population of P solutions of
TSPwPR. The initial population is generated in a special
way. Starting at the depot, with equal probability we choose a city to which we can travel from the depot. We add
the distance between the depot and the chosen city to the
current tour length. If the current tour length is not greater than cmax/2, we continue, but instead of starting at the
depot, we start at the chosen city. We again randomly select a city, but this time we exclude from the set of possible
cities the city from which we have just arrived (the last city
in a partial tour). This assumption prevents from continual visiting a given city but is relaxed if there is no possibility to choose another city. The most popular approach
in EA community to handle constraints is to use penalty
functions that penalize infeasible solutions by reducing
their fitness values in proportion to their degrees of constraint violation. However, we don’t use penalty function
in our algorithm because we are sure that all individuals
don’t exceed cmax value. It is caused by condition that we
must return in our generating tour when tour length is not
greater than cmax/2.
The pseudocode of the EA described in this paper is
presented below.
Pseudocode of EA for TSPwPR
Begin
g
enerate an initial population of size
P;
c
ompute fitness function for each individual;
f
or i:=1 to ng do
Begin

s
elect the population i from the population i-1 by means of tournament
selection;
w
ith the group size equals to tsize; divide population into disjont
pairs; cross each pair if possible;
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mutate each individual if possible;
nd;
E

choose the best individual from the
final population as the result;
End;
If the current tour length is greater than cmax/2, we reject the last city and return to the depot the same way. In
this case the tour length do not exceed cmax therefore the
constraint imposed by the problem is preserved. One can
see that such an idea of generating the initial population
causes that individuals are symmetrical in respect of the
middle city in the tour. However, experiments show that
the EA quickly breaks these symmetries.
Let us construct an individual for the problem presented in Fig. 1 with the assumption that cmax = 150. We start
at the node 1 and have to choose one node from the set {2,
4, 6, 7}. Let us assume that node 2 was selected. Since the
distance between 1 and 2 equals to 28, the current tour
length equals to 28 (and is not greater then cmax/2). The
partial tour is 1 - 2. Starting at the node 2, we can select
the node 3 or the node 7, with equal probability (we exclude node 1). Let us assume that the node 3 was selected.
The current tour is now 1 - 2 - 3 with the length equal to
62. Starting from the node 3 we can only select the node
4 but this situation will cause crossing the threshold value
cmax/2. We must reject the node 4 and return to the depot
the same way. Our complete tour is 1 - 2 – 3 - 2 - 1 and has
the length equal to 124.
The next step is to evaluate individuals in the initial population by means of the fitness function. The fitness of a
given individual is equal to collected profit under the assumption that a profit is realized only during first visiting
of a given vertex. For example, the fitness of the individual
represented by the chromosome: 1 - 2 - 3 - 2 - 1 equals to 16.
Once we have the fitness function computed, the EA
starts to improve initial population through repetitive
application of selection, crossover and mutation. In our
experiments we use tournament selection: we select tsize individuals from the current population and determine the
best one from the group. The winner is copied to the next
population and the whole tournament group is returned to
the old population (randomizing with returns). This step is
repeated P times. The parameter tsize should be carefully set
because the higher tsize, the faster convergence of the EA.
We present a new heuristic crossover operator adjusted to our problem. In the first step, individuals are randomly coupled. Then, each couple is tested if crossover can
take place. If two parents do not have at least one common
gene (with the exception of the depot), crossover can not
be done and parents remain unchanged. Crossover is implemented in the following way. First we randomly choose
one common gene from the set of common genes in both
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Fig. 2. The example of the crossover operator
Source: [own work]

parents (we exclude the depot from this set). This gene will
be the crossing point. Then we exchange fragments of tours from the crossing point to the end of the chromosome
in two parent individuals. If offspring individuals preserve
the constraint cmax, they replace in the new population
their parents. If one offspring individual does not preserve
the constraint cmax, its position in the new population is
occupied by better (more fitter) parent. If both children do
not preserve the constraint cmax, they are replaced by their
parents in the new population. The example of the crossover is presented in Fig. 2. This example concerns Fig. 1
with the assumption that cmax = 200.
The length of the tours represented by offspring are
equal to 72 and 155, respectively. Since both off-spring individuals preserve the constraint cmax, they replace in the
new population their parents.
The last genetic operator is a mutation. Each individual in the current population undergo mutation. It is
performed in the following way. First we randomly select
a position in a chromosome where a mutation will be
performed. Then we try to insert a city (from the set of
possible cities) at this position. If inserting a city do not
violate the constraint cmax, we keep this new city in a tour
otherwise it is rejected. For example, let us look at the individual O2 in Fig. 3. Let us assume that this individual is
to be mutated and randomly selected position in the chromosome is marked with an arrow. The only city we can
insert between the cities 6 and 1 is the city 7. Inserting this
city will result in the tour length equal to 198. Since cmax
= 200, we keep the city 7 on its position. The new mutated
individual O2’ replaces O2 in the population.

4. Experiments
We conducted many experiments on network which
consists of 160 cities in Poland. The tested data of network

are accessible on the website: http://piwonska.pl/research
in two text files: cities.txt and distances.txt. Line number
i in both files represents information about city number
i. The number of lines in each file is equal to n. Format
of line number i in cities.txt file is: i name-of-the-city pi.
Format of line number i in distances.txt file is: i j1 dij1 ... jk
dijk., where j1... jk are number of destination cities and dij1
... dijk are values of distances to destination cities.
The data in file distances.txt for network in Fig. 1 are
presented below:
1 2 28 4 12 6 11 7 19
2 1 28 3 34 7 25
3 2 34 3 35
4 1 12 3 35 5 28 9 24
5 4 28 6 15 9 38
6 1 11 5 15 7 24
7 1 19 2 25 6 24
8 4 47 9 32
9 4 24 5 38 8 32
The network which is written in cities.txt and distances.txt files was created from a real map, by including to
a graph main segments of roads. Profits associated with a
given city were determined according to a number of inhabitants in a given city. The more inhabitants, the higher
profit associated with a given city. These rules are presented in a Tab. 1.
First experiment showed that EA generates the best
tours (with the highest collected profit) in first hundred
iterations and therefore 100 is enough value hundred is
the optimal value for ng parameter.
Fig. 4 presents the best of ten EA runs for tested
values of c max (from 200 to 1000 km). On each plot we
can see the profit of the best individual in a given generation. For all plots presented in this figure, the EA
quickly finds the optimal (or suboptimal) solutions.
Further generations do not bring an improvement.
We present in Fig. 4 results for 60 generations only,
because over this number profit of the best individual
never grown up.
Second test examined the influence the value of population size parameter (P) on quality of resultant tours.
Table 1. Profits associated with a given city

Fig. 3. The example of the crossover operator
Source: [own work]
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number of inhabitants

profit

under 10000

1

(10000, 20000]

2

(20000, 30000]

3

(30000, 40000]

4

over 40000

5
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Fig. 4. The EA run
Source: [own work]

Table 2. Profits associated with a given city
P

length of tour

number of cities

collected profit

100

680

22

76

150

697

21

76

200

681

22

77

250

687

22

80

300

676

21

78

350

22

22

78

400

687

22

80

Table 3. Best results for cmax = 1400 and a given value of P
P

length of tour

number of cities

collected profit

100

1400

43

132

150

1379

42

138

200

1382

40

125

250

1395

41

142

300

1399

44

148

350

1398

45

147

400

1398

45

147

Table 4. Best results for cmax = 2100 and a given value of P

Determination of optimal value for this parameter is very
important because it influence on: quality of EA results
(maximum value of collected profit) and time of realization of the algorithm. Too big value of P causes too high
of average time of EA realization. Too small value of P takes effect of low quality of resultant tours (smaller value of
collected profit).
Tests were performed for three cmax values: 700,
1400 and 2100 and for six values of P: 100, 150, 200,
250, 300, 350 and 400. Results of this experiment are
presented in Tab. 2, Tab. 3 and Tab. 4. In each row of
this table we present the values of the best collected
profit and length of the best tour, obtaining as results
of ten EA runs, for given values of cmax and P. Grey row
marks the best collected profit. In Tab. 5 we see the resultant best tour (with maximum collected profit) for
each considered value of cmax parameter.
In both experiments tsize parameter was equal to 3.
Results of conducted experiments show that EA
can quickly improve the initial population of randomly
generated solution. The tour lengths of the best individuals for all tested cmax values are close to given constraints. Another observation concerns the number of
returns in generated tours. Only in 7% of tests resultant
tours includes returns and 80% of all these cases were
happened for limit distance not great then 700 km. However, to test a real quality of proposed algorithm we
need to know the global optimum of tested network. To
conduct such kind of experiments we must generate a
graph in a special way, with known global optimum. It
will be a subject of our future research.
We can also observe, on the base of Tab. 2, Tab. 3 and
Tab. 4, that EA returns the best tour for value of P not greater than 300. For cmax=2100 the best result was obtained
for P=250. Only for cmax=1400 the best tour was generated
for population which size is greater than 250. Additionally,
maximum collected profit for cmax=1400 and P=250 was
only 12,5% worse than for P=300 and the same value of
cmax. Therefore, we can conclude that optimal value of P
is equal to 250 for tested network.

Table 5. Best tours for a given cmax

P

length of tour

number of cities

collected profit

cmax

100

2080

64

181

700

best tour
1, 10, 5, 2, 5, 12, 70, 69, 79, 61, 80, 62, 66, 68, 64, 63, 67, 73, 72, 71,
11, 1

150

2081

56

182

200

2099

59

185

250

2100

62

195

1400

1, 13, 14, 9, 32, 96, 94, 98, 93, 95, 100, 81, 92, 91, 90, 89, 88, 133,
132, 131, 109, 107, 102, 106, 105, 104, 101, 114, 112, 103, 119, 68,
66, 64, 62, 80, 61, 79, 69, 70, 71, 72, 11, 1

300

2095

61

194

350

2097

61

193

2100

1, 13, 16, 18, 19, 20, 91, 97, 94, 98, 14, 9, 32, 96, 94, 93, 95, 99, 82,
100, 81, 92, 90, 89, 88, 133, 132, 131, 140, 109, 107, 102, 106, 102,
120, 101, 115, 103, 116, 117, 118, 67, 63, 64, 68, 66, 65, 62, 80, 61,
79, 69, 70, 71, 72, 11, 6, 12, 2, 5, 10, 1
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5. Conclusions
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In this paper we presented a version of TSP called
Travelling Salesman Problem with Profits and Returns.
Additional assumptions to this problem were proposed
in the paper which make the problem more real-life. The
aim of the work was designing a EA to deal with this problem. The EA proposed in the paper was tested on some
voivodeships in Poland. The main parameter which has
the highest influence on quality of obtaining results is the
size of population and our experiments were directed to
determine an optimal value of this parameter.
We can generally conclude that EA gives satisfactory
results for tested network. We also determined, on the
base of experiments, optimal value of two important parameters of EA: size of population and number of generation. These values are: ng=100 and P=250.
However, these results should be compared with results obtained by the other heuristic algorithms and other
(bigger) networks.
Another issue which must be carefully studied is the
mutation operator. Results of experiments have shown
that this operator has significant role in the quality of received solutions. This operator should take into account
(besides a distance) a profit associated with an inserted
city. Other version of mutation can also be considered, for
example inserting a fragment of tour or exchanging cities
in a tour.
The another proposition of improving the algorithm
will be using of penalty function. In actual version of algorithm we don’t use penalty function because we are sure
that all individuals don’t exceed cmax value. It is caused
by condition that we must return in our generating tour
when tour length is not greater than cmax=2. However, this
condition often causes necessity of returns in tours and
consistently decrease a searching area in a graph.
It is also proper to consider some heuristic in process
of generation of initial population. In actual version of the
algorithm we completely randomly generate the initial
population. This process can be improved by preferring
choosing a city with better neighbor in a tour (a neighbor
with the best profit or a neighbor with the least distance).
The results presented in this paper are results of preliminary experiments. The future work will be focused on testing
the improved version of the EA on bigger and more dense
networks, for example for cities from the whole Poland.
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ABSTRACT

This paper deals with the analysis of the influence of integrated transport systems on the region and
on ITS transport services in the Czech Republic and Poland. Available transport statistics contain
only the information about particular transport modes; the data of integrated transport systems is not
registered. Therefore the basis for the analysis of integrated transport systems and ITS influence on the
region is missing. With regard to this, the situation of transport services in regions with an integrated
transport system and in regions without it is has been analysed. The result is based on the comparison
of situation in these regions and in the whole country.
KEYWORDS: i ntegrated transport systems, public transport, region

1. Introduction
The analysis of the influence of integrated transport
system on the region is a very complex issue. The main
problem is the unavailability of necessary statistical data.
Therefore the method of comparing similar regions with
an integrated transport system and without it in the same
period in different countries has been chosen.

2. Selection of regions for
analysis
With regard to the quantity of integrated transport
systems (ITS) in the Czech Republic and the amount of
data connected with them, it is not possible – considering
the size of this paper – to accomplish a detail analysis of
the influence of all these systems on the particular regions.
For the analysis of the ITS influence on the region and its
transport services the analysis of two regions – one with
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an operating ITS and one without it – will be performed.
A comparison of the development of these regions during
particular period and the influence of ITS on this development could be made based on this analysis. Together with
these regions the analysis of data for the Czech Republic
will be provided for comparison with the whole country
development.
Polish ITS KZK GOP was chosen as a suitable region
for analysis and comparison with Czech ITS IDS JMK.
The comparison with a Polish region without an ITS and
with the whole country will be made also in this case.

3. C
 riteria for the analysis of
regions
The following criteria were chosen to analyse the influence of integrated transport systems on the region:
• regional gross domestic product – gross domestic product (GDP) is the market value of all final goods and services made within the borders of a region within a year
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Fig. 1. A
 nnual increments of GDP in the Czech Rep.
Source: [1]

• unemployment rate, which is defined as the percentage of those in the labour force who are unemployed
• traffic accidents – the number of traffic accidents in a
region within a year
• passenger transportation – the number of passengers
in the public bus and railway transport within the borders of a region and in the municipal public transport
in the area of a region
• connections in a region – the number of railway and
bus connections within the borders of a region.
Time series of these criteria will be analyzed and the
influence of ITS introduction in a region on these criteria
will be investigated.
For the analysis in Poland the criteria of the number of
connections and passenger transportation in the railway
transport in a region were not taken into account, because
they are not statistically observed there.

4. Analysis of integrated
transport system influence
on the development of
a region in the Czech
Republic
For the analysis of the influence of ITS on a region,
relative increments of the observed criteria, which could
be seen on the following graphs, were used.
The yearly increments of the first observed criterion –
gross domestic product – could be seen in Fig. 1. After the
period of extremities at the turn of millennium the rate of
GDP growth constantly increases. In the second year after
the origin of IDS JMK (2005) the relative increment of GDP
in the South Moravian region is higher than in the Vysočina
region. In the following years, when a gradual enlargement
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Fig. 2. Annual increments of the unemployment rate in the Czech Rep.
Source: [1]

of the IDS JMK took place, the difference of the GDP growth
rate between observed regions increased. The GDP growth
in the South Moravian region at the end of period was higher
than the GDP growth rate of the Czech Republic.
The trend of unemployment rate increments, which
could be seen in Fig. 2, fluctuates in the case of both regions. In particular years the decrease of this criterion
is higher (the increase lower, respectively) alternately in
both regions and this situation lasts also after the origin of
integrated transport system in the South Moravian region.
In the whole period the unemployment rate is lower in the
Vysočina region, but its trend is not more positive in any
of observed regions.
A similar trend of the number of inhabitants in the
Vysočina and South Moravia region could be seen in Fig.
3. A higher decrease in the Vysočina region in the year
2000 was followed by a decrease in the South Moravian
region in the year 2001. The increase in the number of inhabitants in the South Moravian region in 2005 is caused
by the assignation of approx. 30 municipalities from the
Vysočina region to the South Moravian region.

Fig. 3. Annual increments in the number of inhabitants in the Czech Rep
Source: [1]
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Fig. 4. A
 nnual increments in the number of traffic accidents in the
Czech Rep.
Source: [1]

Fig. 6. Annual increments in the number of regional bus connections
in the Czech Rep.
Source: [3]

In the case of municipal transport only the data concerning the number of passengers is registered, while the
number of connections is not included in statistical reports. Some fluctuations of the number of passengers in
the Vysočina region could be seen in Fig. 7; therefore the
trend should be compared between the South Moravian
region and the Czech Republic. Starting from 2005 the
number of municipal transport passengers in the South
Moravian region increases continuously and similarly in
the case of the whole Czech Republic. With respect to the
fact that there is aggregate data regarding all municipal
transport systems in the Czech Republic, a clear concluFig. 5. A
 nnual increments in the number of passengers in the bus
transport in the Czech Rep.
Source: [3]

The trend in the number of traffic accidents is more
positive in the South Moravian region after the origin of
ITS than in the Vysočina region. This fact displays Fig. 4.
The yearly alterations in the number of passengers
in the bus transport (see Fig. 5) in the Vysočina region
are considerably unstable. Therefore it is more suitable to
compare the trend in the South Moravian region with the
trend in the whole Czech Republic. A constant growth of
the number of passengers in the bus transport in the South
Moravian region could be seen starting in the year 2006,
while in the whole Czech Republic it decreases.
The number of bus connections in the South Moravian region is increasing after the origin of integrated
transport system, while in the Vysočina region it decreases except 2006. The yearly alterations of total number
of bus connections within the borders of region are displayed in Fig. 6. The difference between observed regions is more significant on Saturdays, Sundays and public holidays.
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Fig. 7. Annual increments in the number of municipal transport
passengers in the Czech Rep.
Source: [3]

sion could not be drawn. Generally it could be said, that
the number of passengers in municipal public transport is
relatively stable. It is caused by the fact that the increasing
number of inhabitants in cities, the development of such
systems as Park & Ride and participation of many municipal transport systems in the integrated transport systems
counteract the increase in individual transport.
The number of passengers in the regional railway transport is statistically monitored just from the year 2003 (see
Fig. 8). The trend in the South Moravian region is significantly fluctuating in comparison with the Vysočina region
and the Czech Republic. The increase in this criterion in the
South Moravian region in 2006 was supposedly caused by
the development of integrated transport system IDS JMK
(railway in the position of backbone transport, while buses deliver passengers to trains). The trend in the following
years corresponds with the trend in the Czech Republic.
The trend in the number of train connections, which
could be seen in Fig. 9, is similar in both observed regions
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Fig. 8. A
 nnual increments in the numbers of railway transport
passengers in the Czech Rep.
Source: [3]

Fig. 10. Annual increments in GDP in Poland
Source: [2]

Fig. 9. A
 nnual increments in the number of train connections in the
Czech Rep..
Source: [3]

Fig. 11. Annual increments in the unemployment rate in Poland
Source: [2]

up to the year 2006. In the following years the number of
train connections in the South Moravian region increased
significantly. This fact is related to the emphasis on the railway transport as a backbone transport in IDS JMK. The
difference between observed regions is higher on Saturdays, Sundays and public holidays.

5. Analysis of integrated
transport system influence
on the development of a
region in Poland
For the analysis of the influence of ITS on a region,
relative increments of observed criteria, which could be
seen on the following graphs, were used as in the case of
the Czech Republic.
The gross domestic product trend, which could be
seen in Fig. 10, is significantly unstable in all observed
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regions, however the lowest average growth of GDP is
registered in the Central Silesian region, where the KZK
GOP integrated transport system is operated. This fact could be explained by the industrial character of the region.
The trend of unemployment rate is displayed in Fig. 11.
The unemployment increased more in the Central Silesia than
in the Krakow region up to the year 2004. Then the trend was
similar in both regions. Just in the last year a higher decrease of
unemployment was recorded in the Central Silesia.
The yearly changes in the number of inhabitants in
Poland could be seen in Fig. 12. In the Central Silesia the
decrease of the number of inhabitants is recorded in the
whole period, while in the Krakow region except for 2002
the number of inhabitants slightly grows.
In the case of the number of traffic accidents the trend,
which is displayed in Fig. 13, is similar in both regions.
However, a higher fluctuation could be seen in the region
of Central Silesia than in Krakow region.
The number of passengers in the bus transport (see
Fig. 14) is regionally monitored just from the year 2003.
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Fig. 12. Annual increments in the number of inhabitants in Poland
Source: [2]

Fig. 14. Annual increments in the number of bus transport
passengers in Poland
Source: [2]

Fig. 13. A
 nnual increments in the number of traffic accidents in
Poland
Source: [2]

Fig. 15. Annual increments in the number of municipal transport
passengers in Poland
Source: [2]

A clear fluctuation in the number of bus transport passengers in both regions could be seen, while the trend in the
whole country is stable. A higher decrease of the number
of bus transport passengers could be seen in the case of the
Krakow region than in the Central Silesian region.
The trend in the number of passengers in municipal
public transport could be seen in Fig. 15. In the region of
Central Silesia the decrease of the number of passengers is
generally higher than in the Krakow region. This fact has
to be read in connection with the decrease of the number
of inhabitants in the Central Silesia region.

6. Comparison of analysis
results in the Czech
Republic and Poland
The generally considered target of the integrated transport system development is the growth of the number of

Volume 3 • Issue 1 • February 2010

passengers in the public transport. Therefore a correlation
analysis was used to analyse the influence of integrated
transport system on the region. The Pearson correlation
coefficient was used for calculations:
(1)

where: r – Pearson correlation coefficient,
X, Y – sets of data compared,
xi – element of set X,
yi – element of set Y,
- arithmetic mean of set X,
- arithmetic mean of set Y.
The calculated correlation coefficients of the number of public transport passengers with the gross domestic product, the unemployment rate, the number of
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Table 1. C
 orrelation coefficients of the number of passengers and
selected criteria
Criterion

South Moravia

Vysočina region

Czech Republic

Gross domestic
product

0.692

0.395

-0.844

Unemployment
rate

-0.763

-0.412

0.690

Number of
inhabitants

0.437

0.246

-0.187

Number of traffic
accidents

-0.761

-0.545

0.673

Criterion

Central Silesia

Krakow region

Poland

Gross domestic
product

-0.875

-0.650

-0.815

Unemployment
rate

0.876

0.572

0.689

Number of
inhabitants

0.944

-0.726

0.900

Number of traffic
accidents

0.577

0.967

0.971

inhabitants and the number of traffic accidents could be
seen in Table 1.
The presented values of correlation coefficient are not
similar in all regions in the case of any criterion. Actually, some region could be seen, where the value of coefficient for certain criterion is significantly positive (positive linear relationship), and another region, where the
value of coefficient is significantly negative (decreasing
linear relationship). A higher consistency of the results
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of correlation analysis could be seen in the case of Poland, where the same type of relationship (positive / negative) could be found for all criteria except the number
of inhabitants.

7. C
 onclusions
Based on the correlation analysis performed it has to
be declared that in the case of the Czech Republic a linear
relationship of any observed criterion with the number of
passengers in public transport was not proven.
In the case of Poland it is possible to state based on the
results of analysis that the number of passengers in public
transport decreases in relation to the increase in the gross
domestic product and increases in relation to the increase in the unemployment rate (while a linear relationship
between the gross domestic product and unemployment
rate was not proven). This relationship is independent of
the existence of integrated transport system in the region.
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ABSTRACT

The method of integrating navigational parameters obtained from non-simultaneous navigational measurements is presented. The proposed algorithm of position coordinates estimation is general and
includes two modes of data processing – from simultaneous and non-simultaneous measurements.
It can be used in hybrid receivers of radionavigation systems integrating non-homogeneous position
lines or in integrated navigation systems, particularly in receivers combining the measurements of
various satellite navigation systems.
KEYWORDS: n
 avigational mathematics, GPS, sequential estimation, maritime navigation

1. Introduction
In navigation, position determination consists in
the identification of coordinates in the adopted coordinate system and reference system. Position coordinates
cannot be measured directly, therefore they are indirect
measurements. The original measurements involve physical quantities, which are used to determine geometric
relations between the observer’s position and the positions of aids to navigation (lighthouses, radionavigational
system stations, navigational satellites orbiting the Earth).
Geometric quantities which express the relations between navigational mark coordinates and the measurement
point (observer’s position) are known as the navigational
position parameter u, whereas the relation between the
navigational parameter and the measurement position in
the examined space (coordinate system) is termed the position navigational function f.
Traditionally, there has been a tacit assumption in
navigational algorithms [5], [6], [7], [8] that measurements of navigational position parameters are made
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simultaneously, although in many cases this assumption is
not justified. In practice, we always have to do with nonsimultaneous measurements of navigational parameters.
This is due to:
• movement of the ship (sensor, receiver),
• movement of an aid to navigation (e.g. satellite),
• technical conditions (operation of a radionavigational
system station in a chain, single-channel measurement
path of the receiver, sequential measurement cycle,
asynchronous measurements from individual navigational devices).
Traditional navigational methods of position determination are based on an assumption that navigational
parameters are measured simultaneously, or it is assumed
that errors due to non-simultaneity are negligibly small.
One exception to this is the position determination from
non-simultaneous position lines in terrestrial and celestial
navigation, where the time between measurement moments is considerable. However, in accurate automated or
integrated navigation even small time intervals (several
seconds, depending on the precision of dead reckoning
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navigation) translate into essential errors of coordinates
position or estimator instability. Therefore, algorithms of
navigational data processing should take account of nonsimultaneity of measurements.

2. Determination of
position coordinates
from simultaneous
measurements of
navigational parameters
The simplest practical case of position coordinates
determination is the calculation of coordinates from simultaneously measured navigational parameters. In the
general case of position coordinate calculations we have a
navigational vector function mapping navigational space
elements into the space of measurements. This function
can be written as the following vector mapping:
n ≥ m,

(1)

where:
R – real space,
N – navigational space,
U – measurement space,
m – dimension of navigational space,
n – dimension of measurement space.
The mapping will be put in a form of the system of
equations:

...

(2)

where:
xi – i-th coordinate of position,
ui – measured navigational parameter (bearing, range
difference, pseudo-range).
The system of equations (2) in the vector notation will
have this form:
(3)
where:
x = [x1, x2, ... , xm]T – generalized vector of position coordinates (state vector), depending on the assumed
coordinate system (X, Y, Z, Δt or φ,λ,h,Δt), x ∈ N,
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u = [u1, u2, ... , un]T – vector of measured navigational
parameters, u ∈ U.
There are two cases of solving the equation (3). One is
deterministic, where the number of position parameters
measurements is equal to the number of estimated coordinates, i.e. n = m. In this case, we solve the equation (3)
by Newton’s method for non-linear equation systems [4].
In the (k+1)-th step the position coordinate vector will be
expressed by this formula:
(4)
where:
z – measurement vector, the difference between the
measured navigational parameters
and the vector of projected (estimated) measurements;
this vector is defined by the relation:
(5)
G – J acobian matrix of the mapping f (navigational
position function).
The other case occurs when the number of position parameter measurements is greater than the number of coordinates to be determined (n > m); then the equation (3) is
solved using the method of least squares. In this case in (k +
1)-th step we will obtain the following approximation:
(6)
where:
Pu – covariance matrix of the vector of measured position parameters u.
The vector z is defined by the formula (5). Formally, the matrix Pu is the covariance matrix of vector z. As
this vector is the difference of vectors according to the
relation (5), and the vector f(x) being the result of calculations is determined with any accuracy, then we can
assume that the covariance matrix of the vector u is equal to the covariance matrix of the vector z. We continue
calculations through subsequent iterations, until the assumed accuracy of coordinates is reached. If the iteration
process (4) or (6) is convergent with the real solution x,
then the estimation of accuracy of position coordinates
calculations is approximately equal to the value of the
second addend in (4) or (6) calculated in the final step.
This fact is often used for the evaluation of iteration process stop. The estimated position or previous fix is usually adopted as the first approximation. In both cases,
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i.e. Newton’s method or the method of least squares, the
state vector covariance matrix (position coordinates) is
calculated from the formula below
(7)

3. Determination of
position coordinates
from non-simultaneous
measurements of
navigational parameters
Due to the length of measurement cycles or delay in
data distribution and transmission, principally measurements are not performed simultaneously.
Let us choose a series of moments t1 < t2 < … < tn (after
bringing them down to a common time scale, if necessary), where ti denotes the moment of i-th measurement of
a navigational parameter. For convenience of our considerations, let us adopt that the measurements will be brought down to the last moment of measurement (then we
will obtain the coordinates of the current position). The
projected vector of measured navigational position parameters up can be calculated from this relation:
(8)
where:
• vector of projected increments of navigational position parameters values:
(9)
(10)
• vector of the canonical base of n-dimensional space of
measurements (1 occurs in an i-th position, corresponding to a given coordinate in the space of measurements):
(11)
• gradient of i-th navigational function (position line,
plane or hypersurface), it is an i-th row of the matrix G:

(13)
We can assume that in sufficiently short time intervals navigational position parameters change linearly. Putting (8) to
(5) then to (4) we obtain the formula for (k+1)-e approximation of the position coordinates vector in the Newton’s method:
(14)
We will proceed similarly in the method of least squares. Having substituted (8) to (5) and the substitution result to (6) we get:
(15)
From the theorem on the mean value and the covariance matrix of constant matrices multiplied by random vector
[3] we will obtain the following formulas for mean vector
value of position coordinates increments (initial approximation in iterations is adopted with any small errors):
(16)
(17)
where:
• zp – projected vector of measurements:
(18)
• Pp – covariance matrix of the projected vector of measured navigational position parameters, as per formulas (8), (9) and (10) is expressed as:
(19)
• covariance matrix of increment values of navigational
position parameters:
(20)
•
•

- covariance matrix between the vector of
measured navigational position parameters
and the vector of their increments (cross covariance matrix of two random vectors [3],

•

- covariance matrix between individual
increments of measured navigational
position parameters values (cross cova-

(12)
• vector of value changes in position coordinates between the moment of navigational parameter measurement ti and the common time tn:
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- covariance matrix of coordinates increments,
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riance matrix of two random vectors):
(21)
•

- cross covariance matrix of coordinates increments.

The equation (19) describes the covariance matrix of
the projected measurement vector. If the total distribution of measurement vectors and navigational parameters
increment projections is normal, then, with a natural assumption that navigational parameters measurement errors and estimation (projections are based on this assumption) are independent, we will see that the third addend on
the right-hand side of the equation (19) is a zero vector.
Finally, we will obtain the following formula for the covariance matrix of fix coordinates from non-simultaneous
measurements of navigational position parameters:
(22)

4. Sequential integration of
measurements from two
positioning systems
Let us illustrate the above considerations with an
example. For this purpose we will assume that two different positioning systems are being integrated:
• satellite GPS system,
• another satellite pseudo-range system.

(24)

where:
- measured i-th pseudo-range,
- calculated i-th pseudo-range,
,

,

- increments of geodetic coordinates between i-th and n-th
moment (one to which all measurements are brought down),
obtained from estimation,
,
,
- partial derivatives of i-th pseudo-range (navigational function)
relative to geodetic coordinates,
k – number of measurements from the of GPS system
(GPS),
m – number of measurements from another pseudorange navigational system,
• Jacobian matrix of navigational position function:

Let us assume that all the measurements are made sequentially. Then the individual vectors and matrices take
this form:
• state vector:
(23)
where: φ – geodetic latitude,
λ – geodetic longitude,
h – geodetic (ellipsoidal) height,

(25)

• covariance matrix of measurement vector (assuming
the both systems are independent):

(26)

– GPS receiver clock error,
– clock error of another pseudo-range system,
• vector of measurements (k pseudo-range measurements of the first system and m measurement of the
second system):

where:
- variance of pseudo-range di,
- covariance between pseudo-ranges di and dj.
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• covariance matrix of coordinates increments (practically it is a covariance matrix of estimated position
coordinates increments):

(27)

• covariance matrix between individual value increments of measured navigational position parameters:
(28)

5. Conclusions
The presented method of position coordinates calculations based on data from non-simultaneous measurements
of navigational position parameters can be used in integrated navigational systems or hybrid receivers of radionavigation systems (e.g. GPS/GALILEO, GPS/GLONASS, GPS/
rho-rho system or another radionavigation system).
By extending the concept of navigational parameter
measurement vector to the projected measurement vector we can standardize algorithms for calculations of a fix
coordinates. The application of projected values of navigational parameters, in turn, enables determining a position
using any set of position parameters – homogenous or
non-homogenous. This is essential to automated navigational systems where measurements of navigational parameters are integrated. Projected values in non-simultaneous
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measurements are burdened with greater errors than simultaneous measurements. This, however, is accounted
for in the resultant position covariance matrix. Then we
obtain a non-biased assessment of position coordinates,
correct from the viewpoint of the system measurement
model [1], [2], [3]. The algorithm of position coordinates calculation from non-simultaneous measurements is
more general, and when simultaneous measurements are
made it is simplified to the first algorithm step.
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ABSTRACT

Traffic calming by means of physical measures enables to perform traffic management functions in
those areas of cities and towns where ITS are absent. Traffic calming is also effective in improving road
safety, which is of outmost importance considering that each year in Poland around 5 thousand people
get killed in road crashes and excessive vehicle speed remains the main contributory factor. Thanks to
a reduced incidence of speeding and undesired transit movements that are kerbed by physical measures, traffic calming makes it possible to manage vehicle speeds and accessibility of the road network
over a whole area as well as to prevent crashes and mitigate other transport-related inconvenience.
A comprehensive traffic calming area was built in Puławy. It covers a section of the regional road No
824 and the adjacent residential area of Włostowice. The design drawings of the so called Dutch Town
Project performed by EKKOM Sp. z o.o. included the adjustment of several best practices of road safety engineering used in the Netherlands to the Polish conditions and this solution is unprecedented in
many aspects. The redesign of the streets combined with traffic calming has helped to solve a number
local problems and at the same time a showcase of traffic calming for training purpose was created.
KEYWORDS: traffic calming, road safety, Dutch Town Project, Puławy

1. Traffic calming and traffic
management
In cities, traffic speed has a significant influence on such
parameters of the communication system as travel time,
traffic capacity, exhaust emission, noise emission and other
traffic annoyances. But in most cases, the relation between
speed and traffic safety is the most important factor. Vehicle
speed is the main hazard in traffic, as the higher the speed,
the harder it is to avoid an accident and the more serious the
injuries. In Poland, excessive speed is the cause of approx.
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30% of fatal accidents, i.e. every year more than 1,500 people die because of excessive speed. Exceeding the speed limit is common, but roads crossing small towns, where 94%
of drivers exceed the speed limits, are the worst. Despite a
speed limit of 50 km/h, the average speed of vehicles driving through small towns is 76 km/h. In large cities, 85%
of drivers drive too fast. This is a fatal threat, especially to
pedestrians and bikers, that do not have the protection of
a vehicle’s body. This is why Poland is at the top of this disgraceful statistic: approx. 34% of all casualties killed in accidents are pedestrians, which is the highest in the EU, while
bikers amount to approx. 11% [1].
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Meanwhile, by appropriately shaping the road and
its surrounding, we can effectively prevent accidents
and other annoyances by making it physically impossible to exceed the speed limit and eliminating unwanted
transit traffic. International studies have proven, that
lowering the average speed by 5% results in a 10% decrease in the overall number of accidents, and a 20%
decrease in fatal accidents [1]. Apart from this, the
environmental benefits are also considerable: lower
speed causes less noise and reduced emissions of harmful gases, while a decreased number of accidents serves
to limit the spills of harmful substances from crashed
cars and roadside structures.
Traffic calming means shaping the road environment using planning and engineering in a way, which
allows for achieving a comprehensive improvement in
traffic safety, reduced transportation-related nuisances and improved public spaces in developed areas.
The main aim of traffic calming is to provide safety
through enforcing desirable driver behaviours and
preventing the undesirable ones. One can quote numerous definitions of traffic calming, but its aim and
range remain the same: it is a comprehensive activity
striving to create safe conditions for moving through
developed areas, putting the needs of pedestrians and
bikers above others.
Traffic calming allows for managing speed and road
availability in given area, as well as for preventing accidents and decreasing other traffic-related nuisances by
physically hindering the ability to exceed speed limits
and limiting unwanted transit traffic. Thus, through
traffic calming, traffic management functions become
available in places, where intelligent transportation systems are not implemented. Traffic calming is, by principle, introduced in large urban areas and uses physical
means of road engineering and traffic organisation in
order to improve safety, environmental friendliness and
spatial order, as well as the value of surrounding areas.
The activities include road network management, speed
management and spatial development.
The most important aim of traffic calming is to ensure safe vehicle speed and speed limit enforcement,
using appropriate road geometry, street decoration and
traffic organising elements, that physically prevent the
drivers from exceeding the speed limit and other dangerous manoeuvres, such as overtaking. This is accompanied by constructing new pavements and bike lanes
to ensure safe pedestrian and bike traffic. Providing
safe parking spaces and proper formation of parking
areas are also very important. Traffic calming is most
beneficial for pedestrians and cyclists, as they are the
most endangered in accidents, but all traffic participants benefit from improved safety.
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2. C
 omprehensive
implementation of traffic
calming in Puławy –
“Dutch Town” project
The city of Puławy is located in the central-eastern Poland, at the western edge of lubelskie voivodeship, and is
the northernmost tip of the famous “tourist triangle”: Kazimierz Dolny – Nałęczów – Puławy. There is one national
road passing through the city (no. 12). In this situation,
the foundation of the road system in the city and in the
whole “tourist triangle” region consists of regional roads.
Regional road no. 824 has especially dense traffic, as it is
the only access road to Kazimierz Dolny from the northern and western regions of Poland, as well as the access
road to Nałęczów.
The project is located in the Włostowice district, in
the southern part of Puławy. The project is limited by the
following streets: Kazimierska, Włostowicka, Skowieszyńska, Powstańców Listopadowych, Piękna and Kilińskiego.
The Kazimierska and Włostowicka streets are both parts
of regional road no. 824, which serves as the southern exit
from the city and connects Puławy with, among others,
Kazimierz Dolny, one of the most attractive tourist spots
in the region. The main premises of this project can be
characterised as follows:
• maintaining the current transit function of regional
road no. 824, while adding speed limiting features;
• verifying the accessibility and speed limits of this road
and enforcing them through engineering means;
• discouraging transit traffic to pass through the housing estate (by leaving the regional road and driving
into the estate).
Puławy adopted a traffic calming scheme modelled after
Holland, which has a long-standing and very rich tradition
in traffic management and engineering, especially in traffic
calming. The Dutch solutions required some adjustment
to Polish realities and local conditions, i.e. available road
width, existing road surface, water removal systems, underground reinforcement, as well as Polish legal regulations.
The project includes a road section of approx. 9.2 km:
a section of regional road no. 824 in Puławy (exit towards
Kazimierz Dolny) of approx. 2.7 km and the streets of the
neighbouring Włostowice housing estate. The estimated
length of streets in the housing estate included in the project is approx. 6.5 km. Short sections of the streets within
the estate were rebuilt, and local traffic calming elements
were installed. The transformation of the traffic network
of Włostowice estate, as well as adopted traffic calming
elements, are described below.
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3. Traffic calming –
implementation
methodology
In order to achieve the desired safety levels for both
drivers and pedestrians/cyclists, traffic calming strives to
ensure safe vehicle speeds in built-up areas and to limit the
number of vehicles using local roads and passing through
city centres. Traffic calming is an extensive programme,
which includes:
• functional hierarchization of roads and streets;
• managing the accessibility of roads and streets;
• speed zoning;
• traffic calming means;
Functional hierarchization of roads and streets;
The introduction of functional divisions and hierarchization of roads and streets means dividing the roads
according to their three basic functions:
• Transit function. The main purpose of transit roads is
to provide long-distance international, national and
regional connections, as well as connections between
cities.
• Distributing function. The main purpose of distributing roads is to provide connections between different
districts and areas in cities and towns, access to housing estates, city centres and commercial areas, as
well as connections to transit roads.
• Access function. The main purpose of access road is
the internal communication in districts and areas
of cities and towns: housing estates, city centres and
commercial areas, as well as the connection to distributing roads.
Created a hierarchical road network which meets these criteria requires having a road network in each one of
these categories. In Poland, the network of transit roads is
currently under construction, but creating such a system is
already possible in a part of a city or a subregion. The district of Włostowice in Puławy has largely succeeded at this
task. The primary communication system consists of Kazimierska and Włostowicka streets (parts of regional road
no. 824), as well as Skowieszyńska and Kaznowskiego (regular streets). This is the primary road network, on which
most passenger cars, trucks and buses move. Regional road
no. 824 has the heaviest traffic, mostly due to transit traffic.
Other streets that support this communication system are
mainly local. These streets have a dense network of intersections and are mainly local, i.e. they begin and end within the
same housing estate. The road system of Włostowice after
traffic calming is implemented is shown below.
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Fig. 1. Road network in Włostowice – traffic-calmed zone
Source: [own work]

Managing the accessibility of roads and streets
Managing the accessibility includes setting and controlling access points such as intersections, exit roads from
houses, parking areas, commercial buildings, public buildings, etc. Speaking in general, the more accessible a road
is, the higher the risk of accidents.
In the traffic calming project for Puławy, Kazimierska,
Włostowicka, Kaznowskiego and Skowieszyńska streets
are distributing roads. They had a dense network of connections to local streets, that served as access roads. Therefore, in order to ensure proper functionality and trafficability of these distributing roads, as well as provide safe
conditions for driving at 50 km/h, limiting the number of
intersections of distributing and access roads became necessary. This is also needed to ensure transit traffic along
the distributing road and deter the drivers from passing
thorough the housing estate. Such action, however, is always controversial among locals and municipal authorities, as it interferes with local traditions and driving habits.
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Fig. 1. F
 unctional diagram of street network in traffic-calmed zone
Source: [own work]

The hierarchization scheme for the road network, with access limitations and speed limit zoning, are presented in
the figure below.
Speed zoning
The main purpose of speed zoning is to ensure conformity between the function, technical parameters and
purpose of given road, and the speed limit enforced on it.
A functional diagram of a street network includes speed
zones appropriate for given road’s function. Speed limits
are enforced by shaping the surface geometry, introducing
traffic-calming elements and designing street decorations
appropriate for given speed limit.
The “Dutch Town” project includes 50 km/h and
30km/h zones, according to the functional division into
distributing and access roads. The 50 km/h zone is selective, i.e. the speed limit applies to selected streets. These
are the fundamental roads serving a distributing function:
Kazimierska and Włostowicka streets (regional road no.
824), as well as Skowieszyńska and Kaznowskiego, that
create a frame for access roads.
The 30 km/h zones are local: this speed limit applies
to certain areas of the district. There can be lower speed
limits within these areas, e.g. in the residential area within
the project. The 30 zones are contained in the 50 zone on
the eastern side of Włostowicka and Kazimierska streets
and are divided by Kaznowskiego street. One was created
in the northern part, in the Kazimierska - Kaznowskiego
– Skowieszyńska quarter. The second, southern 30 km/h
zone is framed by Włostowicka and Kaznowskiego streets.
Below you can see the functional hierarchization diagram
of the road network with speed zoning.
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Traffic calming means
Ensuring safe speeds means using traffic calming measures, i.e. the solutions of road engineering that physically prevent excessive speeds. They are thus used to enforce speed limits. They include both road surface shaping
and traffic organising elements. The road environment is
a very important factor in influencing the behaviour of
drivers. This applies mainly to driving speed. Drivers choose their driving speed chiefly based on the surface they
see before them and traffic organisation. That’s correctly
shaped surfaces, road cross-sections and traffic organisation, as well as the placement of traffic-calming measures
may help in effective management of driving speed: keep
vehicle speed at safe levels and prevent the vehicle from
exceeding the speed limits by enforcing legal speed limits
for given road/street.
Such division was imposed by the functions of regional and local roads, traffic intensity, available road widths,
various constructions and types of road surfaces. The traffic on the regional road had to be slowed down (distributing function) while maintaining full trafficability (transit
elements), as it would cause a traffic paralysis in this part
of city, especially on weekends, when recreational traffic towards Kazimierz Dolny is especially intensive. The
needs in Włostowice estate were diametrically different.
Traffic had to be considerably slowed down in narrow local streets, among dense detached houses, and safety of
the unprotected pedestrians, especially children walking
to the schools located at the estate, Had to be ensured.
Typical linear traffic-calming elements were installed
along the 2.7-km section of the distributing road (a section of regional road no. 824, Kazimierska and Włostowicka streets):
• a raised, paved, variable-width central lane (passable);
• entry gates to the town (built-up area) from the south;
• raised instersections;
• intersections with separate left-turn lanes;
• a bike lane connected to the bike lane network in the
city;
• new bus stop bays.
Moreover, surface and water removal system were modernised.
What’s more, local traffic calming was implemented in
an area of 6.5 km, in access roads located in Włostowice
estate. Local solutions were used, mainly situated in intersections or long straight sections, were excessive speeds
are a risk:
• full and partial closing of selected streets;
• sinusoidal speed bumps;
• “thumbtack” speed bumps;
• “cushion” speed bumps;
• bus-friendly speed bumps;
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• raised instersections;
• entry gates to “30 zones”.
The “Dutch Town” traffic-calming project in Puławy
proves that traffic management by implementing comprehensive traffic calming areas is possible in Poland and,
considering the threat of excessive speed – very much needed as well. This project has to be treated as an experiment, which will check the effectiveness and stability of
these solutions. One of the most important features of this
project is its comprehensive approach to traffic calming.
The solutions implement the concept of functional hierarchization of roads, they are interconnected and complementary. They form a logical whole, both in the Włostowice estate and regional road no. 824. The new infrastructure
successfully blends into the landscape of this part of city
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and is a positive aesthetic element. The entry into Puławy
from Kazimierz Dolny will surely be a showpiece.
We should hope that, just like in Western Europe,
as the main road network in Poland keeps developing, a
methodical and comprehensive implementation of traffic
calming measures will become popular among road administration officials. In order to facilitate this task, the “Rules for traffic calming using physical technical measures”
were created and trainings are being held.
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ABSTRACT

With transport problems such as congested streets we can meet today nearly in every bigger city. It
arises from the main issue - an increase of individual car traffic in the city centre. The road charging
in urban areas is very simple and efficient way to reduce traffic volumes, lower congestions or to limit
individual transportation demand in the centres. In our paper we would like to point out a perspective
solution of utilization of electronic charging system in city centre and focus on proposal of methodology for the implementation of an urban toll system
KEYWORDS: R
 oad charging, electronic toll collection, congestions, individual transport

1. Introduction
Despite of implementation of regulation measures the
increase of individual vehicle transport in city areas in the
coming decades is expected. The main reason is the increasing demand for access in intra-site areas of cities. Trend
related to the city mobility is now focused on limiting access of cars in city centres. One possible solution is traffic
calming with city toll collection.
Toll collection is one of the ways how users of road
network can pay for its utilization. Type of the vehicle,
the distance run off in charging zone or the time period
spent there are usually main factors to determine the rate
of charging. There are three main reasons, why toll collection is introduced to:
• obtain finance that can be further used for construction of new road infrastructure or improvement of public transportation,
• to lower emissions, noise and other negative externalities produced by transportation,
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• to reduce congestions on selected roads (areas) or time
periods in order to increase capacity of road network. [1]
Currently there is a tendency to create electronic systems for collecting tolls, whose main advantage compared
to the traditional choice of tolls is that for the realization
of the charge is not necessary to stop vehicles. There are
several cities in the Europe e.g. London, Bristol, Bergen,
Stockholm, etc. that have already established or are considering establishment of this fee in their central parts [4].

2. The proposal of
methodology for the
implementation of urban
toll system
This problem is too large and complicated. So proposed methodology shows only the basic steps which should
adhere to implement this system.
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• analysis of static transport,
• quality of environment (emissions, noise, ...),
• and the like.
It is necessary to define from the final analysis and
prognosis of transport situation whether it is necessary to
deal with the traffic situation in town. Here, the discussion
with public, professionals from other fields, representatives of the town as well as with participants of traffic is
appropriate.
There are instruments that enable to deal with the regulation of individual automobile transport (IAT) with
other (more moderate) forms, when the motorist would
not even notice that there is any regulation. It is mainly the
system of appeasing the traffic, making more one way streets or catching parking lots that are in question. Another
option is urban toll system.
The realization of the first step of methodology leads
into solution with the finding whether it is necessary to
introduce the system of electronic toll in that particular
town. Another step reckons with the first one, that is when
the town will start to deal with its unfavourable situation
by the means of the urban toll system.

2.2. Determining goals and needs
Fig. 1. S
 everal steps of the methodology for the
implementation of urban toll system
Source: [own work]

Figure 1 presents several steps of the methodology,
which are further described and explained. These steps
can be further extended, subdivided or added. Figure 1 is
taken as a basis from which is necessary to appear in implement of urban toll system in any middle-size city.
For successful implementation of a particular project
is necessary to focus mainly on technological options,
profitability and financial opportunities, public acceptability and negative transport impacts. [3]

2.1. Analysis of traffic problems
The basis of a successful application of urban toll system is to know the current and complex state of the transport situation. Here, we have to deal with these questions:
• congestions,
• accident frequency,
• basic indicators of transport (number of registered vehicles, degree of automobilization, degree of motorization, transport performance, and the like),
• intensity of traffic in town with expected development
(e.g., with detectors, manual counting),
• systems of public mass transport,
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The first main step of introducing the urban toll system is to set goals and needs. In this step, the town should
define clearly its potential and goals of introducing the
toll. Then, on the basis of the analysis of transport problems, it should decide which way it will go, what the main
priority for the town, which should help to improve the
transport system, would be.
The main goals of the urban toll system can be divided
into three basic groups:
Toll system with the goal of improving accessibility
The aim of this system is reduction of congestion in
certain areas, at certain hours, or at certain road networks,
which increases the accessibility of transportation network.
The majority of those who are in favour of introduction of
the toll system consider this as a main advantage.
Toll system with the major goal of financing
The major goal is to increase the income. The finance
can be used to improve transport, to build new (sometimes concrete) road networks, to improve the public transport, but they can be invested in other spheres than to the
transport system.
Toll system with the goal of improving the environment
The toll system can be designed as precaution that improves the environment in town, e.g., by reducing noise,
emissions, dustiness, vibrations and other negative influences caused by traffic. The aim can be overall reduction
of traffic in town or, in other cases, protection of a certain
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part of town e.g., its centre. The charge varies in dependence on degree of how much the vehicle is ecologically
friendly, fuel consumption, and the like.

2.3. Designation of area
The important condition of successful realization and
operation of the system is the right choice of the area into
which the entrance of vehicles for individual automobile
transport will be charged. The delimitation of this area is
to be considered from several elementary angles, mainly:
• effectiveness and meaningfulness of the toll concerning the extent of restriction of traffic,
• possibility of free transit on rideable road networks,
• number of entries into the area and the financial and
technical difficulty related to it,
• historical and monument value of the area and tourism in the area,
• fiscal contribution into town cash box. [8]
All these angles are to be considered very thoroughly.
The town decides into what extent it wants to influence the demand and the type of roads by choosing a scheme of charging. It means that it decides what travels in
what area will be charged. We can distinguish four basic
schemes:
• cordon charging,
• charging of an area,
• charging of certain sections,
• output charging.
Another point of design in this step is to decide in
what area the toll will be valid. E.g., whether to introduce
a charging area only in the centre of the town or also in
its surroundings, or to tariff only concrete areas. The wider
area of tariff has an influence on higher amount of voyages
made and it will offer higher incomes.
The period and time of road charging – these parameters are to be made by the town according to its goals
and needs that emerge mainly from traffic/transport problems. In a case of need of active time distribution of rush
hour, the profile of daily and monthly demand is taken
into consideration and tariff sets the period until which
the demand exceeds capacity (e.g., tariff only workdays
from 7 am until 6 pm). If the main aim is to increase incomes, the tariff can be set to 24 hours a day, 7 days a week.

2.4. Amount of toll
It is one of the most difficult steps of the design. The
extent of the toll is highly dependent on the goal of introducing the toll. If the town sets as its goal the reduction of
congestions, it is evident that the tariff can be introduced
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only in the problem area and only at times when there are
congestions. The charge has to be high enough to influence the requirement (demand). [5] If the town sets as its
goal to increase the income, it sets a charge to attain the
expected income and at the same time preserve acceptability.
In this step it is necessary to set an orientation amount
of toll. We can set an optimal amount of toll only later,
after the system will be accepted and after the expense
items will be set up (investment and operational).
Variability of the amount of toll – the amount of
toll can vary:
• during the day,
• in various areas,
• according to the type of vehicles,
• according to the owners of the vehicles.
Granting of dispensations – it concerns determining
the types of vehicles and users who do not liable to tariff
or are given discharges. It means that whether certain type
of vehicle gets dispensation in paying the toll, whether the
ecological vehicles will be factored into, or whether e.g.,
the amount of toll will vary according to weight category
of the vehicles. There is a case point that all emergency
vehicles, public transport vehicles and state vehicles that
offer urgent services do not have to pay the toll. A matter
of argument can be question of the taxi vehicles. Taxi is a
part of transport system and that is why it should be granted a dispensation. Certain vehicles such as heavy trucks
can be liable to higher tolls because they have higher impact on congestions and on wearing of road networks. The
granting of dispensations is up to towns’ consideration.
The town should try to minimize the amount of dispensations in this decision and at the same time to maximize
the effectiveness of the system.

2.5. Critical factors of success
Urban toll system is a phenomenon that is met with
much displeasure, scepticism and protest. The attitude towards the implementation of the toll system is based more
on expectations and estimations than on real experiences
with the system (acceptability). On the other hand, behaviour after the introduction (acceptation) can be marked
as a process of getting used to a new transport situation,
the adaptation to it.
Public acceptability is one of the main problems
of its implementation. It depends on how the question is
formulated. If the system is introduced as an individual
measure without any specification of the system and without any explanation where the income will go, majority
of the people will be against. However, if the toll system
is introduced as a part of whole strategy of improving the
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transport system in town and if it will be fair and useful for
public, the chance of acceptability is higher. Several basic
conditions have to be met for successful acceptability of
road charging in urban areas by the public:
• need of road charging,
• need of conception,
• necessity of visible usefulness,
• participation on decision making process,
• fairness of the system,
• alternative to travelling by automobile. [3]
Political acceptability is a key condition for introduction of toll system. It is necessary to know the standpoints of the politicians towards the implementations of
specific measures and their acceptability on local level.
The basic condition is thus strong and stable political leadership, as the proposed process of such a project is a
long-term one. The advantage is strong and high-ranked
person (city mayor, mayor), convinced of the necessity of
the system who supports politically and enforces the project during the whole time of the process of the design and
after the implementation of the system. The main subject
matter in this phase should be surveying and planning of
the necessary political decisions that include agreeing the
conception of collecting the toll, legislative changes and
adoption of necessary measures.
In conclusion, we can state that the idea of toll system
is generally accepted. The more detailed the design, the
more the opposition increases, as even before the implementation it is evident who will pay and in what extent,
but the resident cannot see the contributions yet. After the
implementation and experiences with the system, the opposition declines and acceptability slowly increases. [2, 6]
Very important question in connection to toll is determination of legislative (legal framework) for this measure
and also determination of precise sanctions in case of not
fulfilling specified rules – it means to examine whether the
legislation in practice is satisfactory for implementation of
the toll or whether the new legislative is needed.

2.6. Selection of technology
The selection of technological solution depends on
many factors, e.g.:
• simplicity of the solution
• extent of road charging,
• number of vehicles and categories of road charging,
• technical demands on realization,
• economical difficulty of the system for investment and
operation,
• reliability and effectiveness of the system,
• experience with given technology,
• goal of implementation of the system,
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• toll collection and affecting dodgers,
• application in future, interoperability,
• and such like [7, 8].
The chosen technology has to be appropriate for given purpose and technically, financially, publicly and legally realizable.
In this step, the town should familiarize with technological part of toll systems in towns and finally, chose a
technology that it will prefer. Nowadays, there exist four
basic technologies:
• system with manual payment and manual system of
control
• system ANPR – based on camera control with automatic identification of register marks
• system DSRC – based on vehicles equipped OBU unit
and communication on short distances
• system based on vehicles equipped OBU with receiving
GPS signal with virtual points on the basis GNSS/CN.
Enforcement is an inseparable part of every system.
It is represented by hardware + software equipment and
human sources that are aimed at effective identification
and affecting dodgers. Here, we can divide the system into
two basic parts: manual and automatic systems.
Back-Office guarantees operations connected with
the evidence of customers, realization of payments, helpdesk, management of the relations with customers, administration of documents, control of the whole ITS system,
accounting process, invoicing, recovery of fines, and such
like.

2.7. Cost model
It is desirable to make economic and financial evaluation
of assets and costs. It is important to find out whether the tool
system is a contribution for the town. In few years time, assets
summary should be higher than the cost system.
The main outputs of financial analysis are the test
results of costs and assets of the proposal. Moreover it is
necessary to pay attention not only to technical costs and
supplier´s costs, but also to the costs for the information
campaign, running costs etc.
It is vital to evaluate or rate the socio-economic assets for the following:
• Users of individual automobile transport (IAT) – for
example decrease of congestion.
• Users of public transport – increasing transport reliability public mass transport (PMT), increasing quality
of PMT, etc.
• The city – toll revenue, more attractive and more accessible the city centre, etc.
• Operator of PMT - higher number of passengers, increase of transport reliability.
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• Increase of residents, visitors, employees who are not
using means of transport in charged areas, also increase
of air – pollution, noise, decrease of accident rate, etc.
Economic costs consist of following:
• Financial cost for the city – for example investment
costs, operating costs, etc.
• Socio-economic costs for IAT users – toll, increase of
time loss, accident rate, asset costs of vehicles, etc.
• Socio-economic costs for PMT users – reduction of
waiting time at the station, less transport reliability of
PMT on the border zone and outside the traffic peak.
• Socio-economic costs for residents, visitors, employees – increase of emissions, noise, accident rate on the
border zone, etc.
• Socio-economic costs for businessmen in the charged
area – higher costs for purveyance, decrease of amount of customers in the shops, etc.
Output should be the approach between the economic
assets and economic costs of the proposal [8].

2.8. Organizational model, financing
In this part is essential to choose the successful set-up,
implementation and keeping the toll system in organizational structure, which will define the key criteria of the
given proposal. (the right type of communication, suitable
contractual terms, sufficient expertness and etc.) Here are
the main organizational parts:
• public submitter (mostly political and administrative
parts of the city),
• coordinator or more coordinators,
• supplier of the system,
• operator of the system.
Unthinkable component of the toll systems are the financional options. These options are closely connected to
organizational model. The designed toll system is related
to large invested and operating costs. This is the reason for
careful choice of the way of financing.
For financing large projects, which were financied by
state sector before, are nowdays provided by a few basic
types. In few of them comes to connection also with private capital – so called PPP projects. There are three basic
types of financing:
Private investor and operator, public coordinator
It is about a complex PPP project. This type is without initial property interest of the city and it works of the way of BOT
– build – operate – transfer, let us say DBOT – Design – Build
– Operate – Transfer. When is the project too demanding, it is
easier for the city to choose the way of PPP project, to trust a
public subject in terms of setting up and projecting operation.
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Public investment and private operator/ coordinator
In this case, in public competition, the city will choose a private subject, which will supply together with its
sub-suppliers the running of the project. They also provide the creating and operating system using the money
of the city ( e.g.: from credits gained from banks, or from
free budget of the city – in respect of financial seriousness this way of gaining the money is way too much
difficult for the majority of the cities).
Public investment and public operator / coordinator
This type is a standard and the most common way of
financing of the state (city) projects.
The city provides the creating of the system and its operation in a public competition. The city can use sub-suppliers from the private sphere. The operation of the system
is then provided by city using its service organization [3].

2.9. Implementation
The city should manage this last phase about two
years. It is depend on the complexity of the selection procedure. A faster procedure is possible but very risky. The
main points in the implementation phase are:
• The choice of supplier.
• Creation of project documentation.
• Realization and testing.
• Operation.
• Trial period.

3. C
 onclusions
There are many other important steps, which have to
be taken prior to successful realization of road charging
system. Not less important is the question how the profit
from the operation will be used. According to our opinion,
the profit should be used for improvement of the traffic situation in charged area, because its users will be affected
by the system. However it doesn’t mean that we will build
new roads and parking places at the expense of disruption green areas - we can rather focus on improvement of
public transport. In Slovakia, there is not yet convenient
situation for introduction of toll systems in cities. Together with some legislative steps it is necessary to inform
the public about possibilities we have. By informing the
public, we can reach our target – to increase the level of
acceptance on road charging systems in cities and to show
the benefits these systems can bring.
This work was supported by project:
Centre of excellence for systems and services of intelligent
transport, ITMS 26220120028
University of Žilina, Žilina, Slovak Republic
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ABSTRACT

The general idea of this project is to popularize the usage of European Geostationary Navigation Overlay
Service System in Central European countries. The main goal will be achieved by demonstrating key
capabilities of the EGNOS System. After that the National Fly Authority Agency certification procedure
will be launched, EGNOS will become fully functional and operational airfield domestic system. Project
consists of analysis of domestic airfields and Aircraft operator(s) against opportunity of EGNOS installation and utilization of capability for landing purposes, study of demonstrator’s technical conception of
EGNOS APV implementation connected with blueprint for certification process, on-board and airfield
system installation connected with provisional certification and final demonstration of overall system
capabilities, followed by on-going tests, system certification and implementation of Safety Case.
Scientific research centers will prepare technical solutions for system installation at airfield and aircraft, with certification projects and procedures as well. This includes two types of certification: technical and fly procedures (landing procedures for aircraft and airfield). Safety of fly and Safety Case are
especially taken into consideration.
Currently, differential positioning methods, basing on global satellite navigation systems: GPS, GLONASS and also Galileo in the future, undergo dynamic development.
KEYWORDS: N
 PA, GNSS, Navigation, EGNOS

1. NPA GNSS essential step
for the lun implementation
and the chance for the air
regional transport
This implementation of GNSS in Poland is „PER
ASPERA AD ASTRA”. However under the PANSA patronage take action, aiming at the certification of the aviation GNSS application in our country. To distinguish it is
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possible in this procedure the following phases:
• Arrangements to aviation experiments:
›› Receiver Septentrio;
›› SPAN (Synchronized Position Attitude Navigation)
• Active participation in international research and implementation programs:
›› HEDGE;
›› EGNOS APV;
›› NPA GNSS;
›› CERTIFICATION;
›› GNSS FUNCTIONING IN AVIATION
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Fig. 1. L ocal Convergence and Implementation Plan Poland 2009 –
2013 and Development Programme network of airports and
ground equipment
Source: [own work]

The dynamic development of aviation caused huge development of present techniques and technologies in navigation. The demand appeared on entirely new approach
in connection with management the air traffic questions
in the aim of solution problems connected with enlargement the capacity and transfer function and the skyway as
well as existing the far-reaching European formations the
ATM. Therefore document was worked out „The Air Traffic Management Strategy For The Years 2000”, which is the
aim the creation of uniform aerospace for Europe. Presented strategy delivers also precise hands and presents effective centers, thanks which is possible to deal all problems
and effectively cope with challenges by European ATM in

XXI century. In received international solutions mention,
that initiation global formation ATM/CNS should take
into account present techniques and technologies in wide
range and simultaneously build it will make possible the
modernization of formations in the future.
The implementation of the EGNOS system to APV-I
precision approach operations, is conducted according
to ICAO requirements in Annex 10 and of other documents: European Convergence and Implementation Plan
2009 – 2013, Local Convergence and Implementation
Plan Poland 2009 – 2013, Program Rozwoju Sieci Lotnisk
i Lotniczych Urządzeń Naziemnych - admitted to the accomplishment with Resolution of the Council of Ministers
Nr 86/2007 (fig. 1).
Definition of usefulness and certification of EGNOS as
SBAS (Satellite Based Augmentation System) in aviation
requires thorough analyses of accuracy, integrity, continuity and availability of SIS (Signal in Space). Also, the project will try to exploit the excellent accuracy performance
of EGNOS to analyse the implementation of GLS (GNSS
Landing System) approaches (Cat I-like approached using
SBAS, with a decision height of 200 ft). Location of the
EGNOS monitoring station, located near Polish - Ukrainian border, being also at the east border of planned
EGNOS coverage for ECAC states is very useful for SIS
tests in this area.
According to current EGNOS programme schedule,
the project activities will be carried out with EGNOS system v2.2, which is the version released for civil aviation
certification. Therefore, the project will allow demonstrating the feasibility of the EGNOS certifiable version for
civil applications. Planned demonstration and trials will
be provided on 2 - 3 Polish airports (central, eastern and
western) chosen based on SIS analysis and EGNOS operational coverage in Poland. For creating and testing software and making other documentations we will use ESA
standards like ECSS-E-40, ECSS-Q-80B.

1.1. Receiver Septentrio and PEGASUS
Program Goals

Fig. 2. S
 BAS system coverage, visualization accuracy EGNOS at
current time
Source: [own work]
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PEGASUS (Prototype EGNOS and GBAS Analysis System Using SAPPHIRE) is a prototype which allows analysis of GNSS data collected from different SBAS and GBAS
systems and using only algorithms contained in the published standards. The tool has been developed in the frame
of the GNSS-1 operational validation activity defined in
the EUROCONTROL SBAS project and aims to be a first
step forward the development of a standard processing and
analysing tool to be used for the future EGNOS operational
validation. PEGASUS was designed to facilitate the output
data handling and interchange. The tool provides several
functionalities such as computation of position and GNSS
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for applications requiring continuous position, velocity
and attitude information. Using Inertial Measurement
Unit (IMU) data in addition to GNSS, SPAN provides a
high rate position, velocity and attitude solution which
seamlessly bridges GNSS outages. The tight integration of
the IMU to the receiver core improves GNSS performance
by enabling faster signal reacquisition and quicker return
to fixed integer status after a loss of GNSS signals. Synchronized Position Attitude Navigation.

2. A
 ctive participation in
international research
and implementation
programs: HEDGE, EGNOS
APV, NPA GNSS
The accomplishment of international programs required adopting the following assumptions:

Fig. 3. Workstation configuration Notebook and Septentrio
PolaRx2e (EGNOS L1/L2) receiver and Residuals Plot
from RxControl
Source: [own work]

systems attributes like accuracy, reliability, and availability
simulating MOPS-compliant receivers, computation of trajectory errors, prediction of accuracy and availability with
the required integrity and simulation of GBAS Ground
Station processing algorithms. Since June 2003 the GBAS
Modular Analysis and Research System (MARS) is integrated in PEGASUS in order to support GBAS data processing
needs and activities. The GBAS MARS allows to collect and
evaluate relevant data and provide required results and is
able to assist Air Traffic Service Providers to aid site approval and obtain operational approval of a GBAS installation
for supporting CAT-I precision approach conditions at an
airport from their respective safety regulation authorities.

1.2. S
 PAN (Synchronized Position
Attitude Navigation)
The Synchronized Position Attitude Navigation
(SPAN) system is NovAtel’s Global Navigation Satellite
System - Inertial Navigation System (GNSS/INS) solution
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Fig. 1. Genaral Integration Architecture of SPAN and Novatel CDU
panel for receiver configuration and monitoring
Source: [own work]
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Fig. 5. Visualization postprocesing date(RTK/INS) gathered during
the fly over the Mielec airport and GPS/GPRS device for real
time monitoring as a second monitoring system on airplane
Piper PA-34 Seneca II)
Source: [own work]

• Final Approach of GNSS landing with “Overlines”
method;
• Accomplish of the RNAV GNSS Approach Procedures;
• Certification of the GNSS receivers (on board);
• Test flights - checking assumed solutions;
• Operational of EGNOS System;
• Test flights in frames of programs;
• Collecting indispensable materials and drawing up
documents, necessary to do the certification;
• Certification of the GNSS approach in Poland.

3. Project HEDGE - work
package 5: general
aviation EGNOS APV
development and
demonstration in poland
Helicopters Deploy GNSS in Europe (HEDGE) is
Collaborative Project Response to FP7-GALILEO-2007GSA-1. The project objectives are to achieve the following
by the end of the project to:
• develop the helicopter SOAP (SBAS Offshore Approach
Procedure) procedure (and necessary avionics) and then
to successfully demonstrate it to the user community;
• develop helicopter PINS (Point in Space) procedures
for mountain rescue and HEMS (Helicopter Emergency Medical Services), and to then successfully demonstrate them to the user community.
• demonstrate EGNOS (European Geostationary Navigation Overlay Service) APV (approach with vertical guidance) approaches to general aviation in Spain, Poland;
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Fig. 6. Example: RNAV GNSS for Katowice – Pyrzowice Airport
Source: [own work]

• (OPTION) To complete EGNOS data gathering that
shows the performance of EGNOS.
Coordinator:FP7-GALILEO-2007-GSA-1, for the carrying out of the Helicopters Deploy GNSS in Europe (“HEDGE”) Project, hereinafter referred to as “Effective Date”
among: Helios Technology Limited, Pildo Consulting, S. L.,
REGA, TAF Helicopters S.L., P.P.H.U “ROYAL-STAR”, Aero
Club Barcelona-Sabadell, Polish Air Navigation Services
Agency (PANSA), Capital High Tech SARL HELILEO,
The new GNS 430 W (already WAAS enabled) receiver in
the Seneca airplane is applied during experiments, becouse:
• already WAAS enabled;
• then use an experimental datacard from Garmin to
enable EGNOS;
• perform the necessary tests in the laboratory to validate that the receiver is able to work properly with the
broadcasted EGNOS SIS at the time the demonstrations will be performed.
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ted vertical position. It is the vertical region for which
the missed alert requirements can be met.
The SBAS protection levels are a function of the satellite constellation and the estimated SBAS performance.
Thus, using the SBAS correction data, the protection levels
can be determined without using actual pseudorange measurements. The only parameters / items used are:
• the residual error budget as determined for fast, slow,
ionospheric, tropospheric and receiver errors
• the satellites received (constellation) and selected (integrity flags) by the receiver in the position solution.

Fig. 7. P
 roject HEDGE
Source: [own work]

4. Protection levels
4.1. G
 eneral Approach to Protection
Levels
To follow the required path, the aircraft navigation
system estimates the aircraft’s position and generates commands (either to a cockpit display or to the autopilot). Errors in the estimation of the aircraft’s position is referred
to as Navigation System Error NSE which is the difference
between the aircraft’s true position and its displayed position. The difference between the required flight path and
the displayed position of the aircraft is called Flight Technical Error FTE and contains aircraft dynamics, turbulence
effects, man-machine-interface problems, etc. The vector
sum of the NSE and the FTE is the Total System Error TSE.
Since the actual Navigation System Error can not be observed without a high-precision reference system (the NSE is
the difference between the actual position of an aircraft and
its computed position !), an approach has to be found with
which an upper bound can be found for this error.
• The Horizontal Protection Level HPL is the radius of
a circle in the horizontal plane (the plane tangent to
the WGS84 ellipsoid), with the centre being at the true
aircraft position, which describes the region which is
assured to contain the indicated horizontal position.
It is the horizontal region for which the missed alert
requirements can be met.
• The Vertical Protection Level VPL is the half length of
a segment on the vertical axis (perpendicular to the
horizontal plane of the WGS84 ellipsoid), with the
centre being at the true aircraft position, which describes the region which is assured to contain the indica-
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The computed protection levels must be compared to
the required Alert Limits AL for the particular phase of
flight. If the protection level is smaller than the required
alert limit, then the phase of flight can be performed. However, if the protection level is greater than or equal to
the required alert limit, then the integrity of the position
solution can not be guaranteed in the context of the requirements for that particular flight phase.
The relevant alert limits, in combination with the required alert limit requirement, are listed in table 1.
In particular, the Integrity Requirements will be used
later to derive the protection levels. The corresponding situation in the horizontal plane is depicted in the figure 11.
It should be noted that the main significance using
this approach is not the computation of the protection
levels and their comparison with the corresponding alert
limit. The major interest should be considered to be on
the assurance that the computed protection levels represent an upper bound on the NSE with a certain confidence. “Misleading Information” results only, if the NSE is
greater than the alert limit and the protection level does
not indicate this fact (for a more complete and detailed

Fig. 8. GNS 430 W receiver and Septentrio receiver in the Seneca
airplane and Seneca airplane on the Katowice Airport
Source: [own work]
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In the horizontal plane, the error distribution will
result in an error ellipse. The principal axes of this error
ellipse might not be coincident with the north- and eastdirections. The intent is to determine the semi-major axis

Fig. 9. R
 oute of test flights in Mielec 9.04.2010 and 22.04.2010r.
Source: [own work]

description of the “overbounding concept” and problems
resulting of it, refer to).

4.2. Protection Levels
Since the SBAS correction information is applied to
each individual pseudorange in different ways (according
to the criteria shown in the chapters before), the assumption on one single value for the standard deviation for all
pseudorange can not be applied. For the calculation of the
protection levels using SBAS corrections, the general approach of the weighted least squares is used . For modes
other then precision approach, the weights are undefined.
For an un-weighted least squares solution, the weighting
matrix is a unity diagonal matrix (i.e. the elements on the
main diagonal are set to 1). The projection matrix of the
position solution is then calculated as:
(1)

The variances of the model distribution that overbound the true error distribution in each direction of the local tangent co-ordinate system are calculated as:

(2)

Fig. 10. Test flights - checking assumed solutions: UDREI (User
Differential Range Error Indicator), PDOP, HDOP, VDOP
Source: [own work]
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Fig. 11. Navigation System Error, Flight Technical Error and Total
System Error
Source: [own work]

Fig. 12. Horizontal Protection Levels and Horizontal Alert Limit
Source: [own work]

of that error ellipse and use that error variance in order to
determine a protection level. The error covariance in the
horizontal plane is:

Table 1. Protection Levels for Flight Phases

(3)
Mathematically, an eigenvalue problem of that two-dimensional matrix must be solved. A necessary condition
to determine the eigenvalues is:
(4)

(5)

(7)
For the precision approach mode, the values of Kh and
Kv were selected to bound the user’s position in one dimension with a probability of 2 x 10-9 and 10-7, respectively, assuming that the error is characterised by a Gaussian
distribution. A Gaussian distribution is used because the
aircraft needs to be protected in the vertical and the lateral
axes. Only one dimension is used for the HPL, since the
along-track tolerance is so much larger than the crosstrack tolerance. The worst-case dimension is used. It has
been assumed that there is only one independent sample
per approach, that half of the total integrity requirement

Taking the root of the larger eigenvalue, the standard
deviation of the horizontal position solution in the semimajor axis of the error ellipse is determined.
The horizontal and the vertical protection level are calculated as:
(6)
Fig. 13. Horizontal Position Error Ellipse
Source: [own work]
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(i.e. 2 x 10-7 per approach) has been allocated to the VPL
bounding probability and that the HPL bounding probability has been made negligible. For en-route through
non-precision approach modes, the value of Kh was chosen to bound the user’s position in two dimensions with a
probability of 5 x 10-9 per independent sample, assuming
that the error is characterised by a Rayleigh distribution.
A Rayleigh distribution is used because the radial error
needs to be bounded (both cross-track and along-track
errors), using the worst case assumption that the semimajor and semi-minor axes are equal. It has been assumed
that there are 10 independent samples per hour, and that
half of the total integrity requirement (i.e. 10-7 per hour)
has been allocated to the HPL bounding probability.

5. Conclusions
In this article justified the desirability of placing the
NPA on Polish airports. Research methods used in the
experiments have confirmed that the use of the EGNOS
system allows you to safely and continuously carry out the
landing maneuver. Presented consortium will be continued its work on the verification of EGNOS for aviation and
certification.
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