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TRANSCOM 2011, the 9-th international conference of young European researchers, scientists and
educators, aims to establish and expand international contacts and co-operation. The main purpose of the
conference is to provide young scientists with an encouraging and stimulating environment in which they present
results of their research to the scientific community. TRANSCOM has been organised regularly every other year
since 1995. Between 160 and 400 young researchers and scientists participate regularly in the event. The
conference is organised for postgraduate students and young research workers up to the age of 35 and their
tutors. Young workers are expected to present the results they had achieved.

The conference is organised by the University of Zilina. It is the university with about 13 000 graduate and
postgraduate students. The university offers Bachelor, Master and PhD programmes in the fields of transport,
telecommunications, forensic engineering, management operations, information systems, in mechanical, civil,
electrical, special engineering and in social sciences.
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| nfluence of Overloaded and Over-dimensioned Heavy Trafficto
Traffic Flow Safety in Road Tunnels
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Abstract. Increased portion of heavy traffic introduces atsweased risk in the area of road traffic safaty i
spatially closed constructions of road tunnels ttuexceeding the permitted parameters of thesecheshi
which should be in regard to safety protection tifeo road traffic participants, but also protectiof
technological equipment of a tunnel early enoudieated in order to take all efficient measuresafasiding

an eventual occurrence of dangerous situation wifavourable consequences as in regard to humes liv
and properties.

Keywords: overloaded heavy traffic, safety of road tunneleasurement of traffic parameters in motion,
drivers” behaviour

1. Introduction

Hand-in-hand with growing the living standard dfiabitants as well as development of industry
and services in individual regions there grows algmrtion of heavy traffic (mostly truck transport
which became more interesting and much-favouredmparison with railway traffic first of all due to
its better directness. With increase of heavyitrgdortion, its innovation and increasing the eegin
performances there has also been increased theesuml of overloaded vehicles that introduce aertai
safety risk on our roads and first of all in caticoad tunnels.

The overloaded heavy vehicles on the roads inteducsafety risk toward other road traffic
participants by reducing their manoeuvrability asmhtrol. To the parameters that are effected by
vehicle weigh belong stability of vehicle (it ocsuhe possibility of its turnover), braking effeetness,
sensitivity of control, technical condition of ahiele and its parts and others. From worldwidasties
results that the accidents caused by overloadirigea¥y vehicles have more fatal consequences than
those caused by a legal loaded vehicle. It is prdlat the braking distance of overloaded vehisles
prolonged 10 — 20 times whereby the stop-poing @bnsiderably moved forward. Increasing of heavy
vehicle weighs leads mostly to considerable detrgas speed in up gradients, to increasing of sk
overheat the brakes during intensive downhill graat increasing of difficulties at changing thdfita
lane. Increasing of vehicles leads also to preraatar of vehicles themselves and their parts. Iyere
a single puncture of an overloaded vehicle durisgravelling can cause remarkable higher damages.
Each one of these situations unfavourably influenttee traffic and increases the risk and/or
consequences of eventual road traffic accident [2].

2. Road tunnel environment

Contrary to the open road conditions, the user adaal tunnel gets into situation “forced” by
investor, eventually operator of tunnel construttiwho is responsible for safety of road traffic
participants. By comparison of statistics relat@atimber of accidents in tunnels is obvious that th
number of accidents for 1 km of length per yeaoissiderably lower than number of accidents on open
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roads. It is, however, dependent on absence agbetions in tunnel and a lower weather influece t
traffic. If the consequences of accidents are coegdowever, these are much bigger in tunnels than
on open roads regarding to close area in tunnsk & all the accidents with following fire mighave

the disastrous after-effects, very often with saitsl number of victims on human lives.

Disasters in road tunnel repeat and it is not ptesdb avoid them completely, therefore the
measures have to be introduced (also in accordgitit®irective 2004/54/EC of European Parliament
and European Council) serving as prevention of menae the events endangering the human lives
and, of course, for reducing the consequencescbfeseents [1].

2.1. Approach to safety in road tunnels

To apply an integrated approach to safety of tismnmedans to deal with whole safety chain that is
created by:
1. Pro-actions avoidance of situations in tunnels that are afg,dy exclusion of all primary
causes.
2. Preventionreduces the probability of an accident in tunnel
3. Mitigation: a maximal possible mitigation of accident conseges in tunnel by taking the
measures for allowing an escape of endangerednsefisom accident area still before the
emergency units arrive.
4. Preparation readiness of emergency crews
5. Repressionproviding of reasonable help from the side ofljpulescue staffs, if there are
substantial effects.
6. After-care realization of all necessary steps to a retuxmmoermal state
Safety measures should be taken as much as poastble beginning of safety chain. In certain
cases the shortcomings in one part of the chairbearompensated by additional measures in other
parts of chain. Prevention is, of course, of aprimportance, it is, however, not possible to cadli
events. [1]

1
After-care

Pro-actions Mitigation

Repression
— 1

1
Preve I'ItiDII'I

Fig. 1. Safety chain

2.2. Prevention

Contribution deals with a concrete risk in roadnteis and this risk represents the overloaded, or
over-dimensioned heavy traffic that should be m Itlest case completely excluded from traffic flow.
Stopping the vehicles from the reason of perforntigmeasurements of permitted limits (first of all
the weight of vehicles) is wasting of time and morihe Ministry of Environment in state Oregon has
found out at its tests that if the vehicles do stop it comes to about 36 — 67% lower environntenta
pollution and the effectiveness of fuel consumptimreases about 57% [4]. Last but not least thd ro
itself is protected, too, which is at the stopptimg heavy traffic at one place subject of abnonvesr.
Solution is a pre-selection system recording tesimg of vehicles with pre-defined selection afess
limit vehicles in all traffic lanes of this roaddhthis all without any speed restriction on it. Medhicles
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exceeding the limit are therefore identified whilening and the selection of vehicles for checking
station is more effective.

3. Measuringin motion

Measuring in motion is a process of assessmenbtaf weight of moving vehicle, individual
wheel, axles, or axle groups by measurement anigsashe tyre pressure of a vehicle. The most
widespread are the piezoelectric sensors (a pezadel effect was invented in 1880 already). ltggoe
about a change of mechanical energy to electric Bpegressuring, or deformation of piezoelectric
material is created an electric charge directlypprtional to force (pressure) acting on a sensbe T
most widespread form of triggering the processxié aignals processing in Slovakia are inductive
loops. The entrance edge of the first loop deteetentrance of vehicle into detection zone anckite
edge of the second loop the exit of vehicle fronecten zone. Possible is, however, also using of a
non-invasive triggering technology, such as laser.

IR integrated ANPR camera

Radars
WIM sensors Loops

Fig. 2. Typical configuration of weighing sensors and iciilce loops, optical and non-invasive sensors &eggd in
tunnel.

Overview camera

In sufficient distance before road tunnel (in fraftthe last intersection, in order that there is a
possibility to prevent the passing of vehicle wikceeded limits through road tunnel) should be
installed a measurement system consisting of measmt the vehicle weights and their individual
axles, camera system for unambiguous identificatiovehicle number plate, measurement of vehicle
shape (height, width) and equipped with variablessage signs. After the vehicle has passed the
measurement point it is evaluated whether vehsobwerloaded, too high, or too wide. At the samme ti
the camera system is launched which creates agiofuhe vehicle and following that recognizes the
number plate of given vehicle. The picture, recsiggi the number plate and information about
exceeded parameters are immediately sent intaotiiteot centre to the operator and at the samettime
variable message signs where the vehicle is divéotea secondary road by means of a commanding
sign with additional information relating to numhsate and the exceeded parameter. It is possible t
equip this place with parking space where the kil static scales are installed, eventually plata
scales and the police officers who receive thisrmation directly to their PC tablet, may applycpe
repressions against those drivers. Disobedienamofmanding sign for diversion can be monitored by
camera system situated behind the last interseatidntherefore directly on the road leading through
tunnel where the number plate of each vehicle $leatbcognized and in case in this point the number
plate of this vehicle is found that should havenbaigerted the operator of the centre receivedaama
as a warning that a vehicle with exceeded limitghigut to go into tunnel the passing of which sthoul
be monitored from safety reasons. It would be mage to punish the undisciplined drivers
additionally based on achieved information as iredb number plate and to enforce in such a way th
discipline that may contribute to higher safetyazfd traffic participants in tunnels [3].

Heavy vehicles are safety critical also from ttansported load point of view. The load is either
over-dimensioned which can cause an endangeriathef road traffic participants by its loosening, o
it can seriously damage the technology installeadau tunnel, or this load is dangerous which Beca
of a traffic accident in close area of tunnel migigan the serious endangering of safety. Transport
dangerous products and subjects is realized obatsie of adopted European conventions for transport
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of dangerous substances, the “ADR Convention” (ge®mo Convention about International Road
Transport of Dangerous Product). In order to be &blcontrol the passing of vehicles transporting
dangerous products it is necessary to identifyraatically the vehicles designated as ADR, to be
informed about their position and to know the cohté transported dangerous load as good as pessibl
[1]. Recorded data should be sent into the cootntre with anticipated position of a vehicle. Sach
vehicle should be continually monitored duringwisole time of passing through the tunnel. In cdse o
an accident in tunnel the quick and effective messsaan be taken, since the rescue crew is informed
about the kind and properties of dangerous sulesanside the tunnel.

3.1. Behaviour of drivers

It is important to warn the traffic participatora the road leading to the road tunnel about the
presence of the latter and this already beforéasitgpossible slip road from this road before thmnel.
This is necessary either from the reason of mamnifted height, non-permitted dangerous load, st ju
because of the psychic of a driver. Behaviour dfier is the most important factor which mightéa
a direct effect to occurrence of traffic accidantl therefore it is necessary to watch the behaabu
drivers, first of all the heavy vehicle drivers.téition is focused to heavy vehicles because o$evor
consequences in case of a traffic accident andb&sause of increased risk of occurrence thedraffi
accident due to non-keeping the rest times andtiresyproblems with concentration of tired truck
drivers.

Behaviour of a driver can be evaluated on the baEfssme measurement in section before the
tunnel. Those measurement stations should coritleast a camera system for measurement of vehicle
presence, number plate, its speed and its belongiagraffic lane, for more precise measurenmient i
can be equipped for instance with laser technolBgya related to a vehicle category will already be
achieved in system from complex measurement stdgétermined for measurement of parameters with
exceeding limits. From thus achieved data shdbl@ving that calculated the profile of a vehiflem
which will be evaluated whether it is hazardousnat. For instance, if a block speed of a vehisle i
inadequate high as to the character of vehicldogs and weight), or on a motorway with more lanes
the vehicle often moves from one lane to the otinefice-versa. If a prospective dangerous behaviour
of a heavy vehicle driver is identified, the cohttentre operator has to be informed about it &ed t
passing of such a vehicle should be observed bgreasystem inside of tunnel, eventually it might be
necessary to reduce its speed through commandjngasito prohibit him changing the traffic lanes.

4. Conclusion

As it has been already mentioned above preventsrirhsafety chain the primary meaning. It is
necessary to use all possible means to avoid eadygh the unwanted, prospective dangerous events.
This contribution is focused on the risk that igresented in road tunnel by passing of heavy \eshicl
with exceeded limits, either from technical or nhefeiman point of view. It is difficult to figureud
which one factor is more likely to induce the ocence of a dangerous situation, but it is necedsary
pay a higher attention to it already in a phasgesfgn as to how the road tunnels are to be operate
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Abstract. The methods, which are used for the purpose ofepaer demand forecasting by Slovak
transportation companies at the present time, ansiderably simplified, and what is more, they aot
already considered to be accurate. These limitatioight be caused by insufficient research indhés over
last years. Purpose of this paper is to identifstatistical model of passenger demand for sububuen
transport which satisfies the statistical signffica of its parameters and randomness of its rdsidUiaree
different methodologies - exponential smoothingltiple linear regression and autoregressive modele
used in order to identify more accurate and resiahtistical model compared with nowadays used.one

Keywords: Passenger demand. Demand modelling. Short-termami#forecasting.

1. Introduction

Statistical modelling and forecasting of passengmand by using univariate time series
theory is probably one of the most common forengsthethods used for work with periodic time
series data. This methodology has been successipiiyied in the sphere of urban [1,2] and
suburban [3,4,5,6] bus transport. The main go#hisfpaper is to introduce method of the statistica
modelling of passenger (carried per school reddaes) demand by using univariate time series
theory which appears to be more accurate and lelialiernative to automated forecasting
procedures published in the literature [3]. In adeoce with the main goal of the paper was
designed a statistical model which is suitabledoort-term forecasting of passenger (carried per
school reduced fare) demand for suburb bus trahspoZilina region. The most of analyses,
modelling and forecasting procedures of the timmesanentioned in this paper were worked out by
using SAS LE 4.1 [7] and SAS 9.3.1 [8] software.

2. Materialsand Methods

Properties of the used data, methods of its arglysodeling and testing are briefly described
in this section.

2.1. Propertiesand Adjustmentsof Input Data

Input data of experiments presented in the papee weunts of carried pupils and students
collected by the cooperating carrier. These value® aggregated by summing so that an output of
the aggregation process was monthly time seriggas$enger demand carried per school reduced
fare {Qu(t); 1<t < 96} (for period of months 1/2000-12/2007) in thitina Region.

Values in such a manner designed time se@ed) were considered to be spatially and
substantially homogeneous as the carrier had cldanggther his geographic scope nor
transportation technology in the range affectinigssantial and spatial aspects of the analysed time
series within the specified period of months. “Tingdday effects” were eliminated by own [9],
passenger demand properties respecting, modificatyoCipra [10] described calendar adjustment
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procedures. The output of the calendar adjustmeodegs was fully homogeneous time series of
passenger (carried per school reduced fare) defoasdburban bus transpo®({t); 1 <t < 96}.

At first there were by subjective methods identifind later by objective methods properly
confirmed — constant trend, monthly additive seabtynof Q(t) time series in pre-forecasting
analyses [9]. The models presented in this pajspert these properties completely.

2.2. Methods

Multiple regression, exponential smoothing and eegoessive modelwere used in order to
statistical modelling oQ(t) time series. The seasonal exponential smoothmaei{method A) was
developed and fitted by using exponential smoothieghodology. Smoothing state at titre O of
the model was obtained by Chatfield’s backcastirgghod [11]. Smoothing weights (level
seasonab) were determined so as to minimize the sum of reglane-step-ahead prediction errors:

> g’ min. 1)
-1

Multiple regression was used in combination withxBenkins methodology in the paper. The
multiple regression (constant term with seasonatrdies) model combined with an autoregressive
process of ordep = 1 AR(1) (method B) was used for the first timedahen in the case of the
multiple regression (constant term with seasonaimmies) model combined with an
autoregressive/moving average process ARMA (1,Btliod C). There were used practices and
principles of linear stochastic models designin@,12] in the process of developing and fitting of
Q(t) time series models by using Box-Jenkins methagloldpplying this methodology were
designed three autoregressive integrated movingagee models of seasonal time series
ARIMA(1,0,1)(0,1,1), (method D), ARIMA(1,0,1)(2,1,@) (method E) and ARIMA(1,0,1)(1,1.09)
(method F) - all without intercept parameter.

The statistical models presented in the paper vested for compliance with the requirements
imposed on mutual linear independence, stationant/the normality of probability distribution of
their standardized residualg € 1, ... , 96). Mutual linear independence of niedewas tested by
Bartlett’s test for autocorrelation [13] and LjuBgx’s »* statistics [14]. Stationarity of the residual
components was evaluated by augmented Dickey-Faillersts (ADF tests) [15] and Dickey-
Fuller's unit root tests of seasonal time seriddH3ests) [16]. Normality of the standardized
residuals probability distribution was tested byfiho-Wilk’s (SW) [17] and by D"Agostino [18],
Prins [19] and Filiben [13] described Kolmogorov-8mv's (K-S), Anderson-Darling’s (A-D) and
Cramér von Mises’s (C-M) tests. Statistical sigmaifice of estimated parameters of the models was
tested by Student’s t-test [20]. These tests wanducted at significance level= 0,05 (except for
the normality tests where significance levels X 0,15) were used because of tests detection
abilities).

3. Empirical results

The outputs of the forecasting procedures (analysesdelling, testing) presented in the paper
are goodness-of-fit statistics (Tab. 1), outputstief randomness tests as well as evaluation of
statistical significance of models parameters (Thb.According to high volume of available
outputs of computations they are presented onlgomsiderably reduced form in the paper. Full
outputs including estimates of model parameters #@sdstatistical significance evaluation,
goodness-of-fit statistics, point and interval faasts are part of dissertation thesis [9].

In order to measure how well different models (rodth A-F) fit the data were computed
traditional (root mean square error — RMSE, measolaite percent error — MAPE) and penalty
(Akaike’s information criterion — AIC [21], Schwalayesian information criterion — SBIC [22])
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as well as extrapolational (MABEMAPE;,) goodness-of-fit statistics. Computed values of éhes
measures see Tab. 1.

o . method
statistic unit A 5 C D e =
RMSE [1000 passengerp] 4,795 4,746 4,690 5,772 5,691 5,96b
MAPE [%0] 0,511 0,500 0,489 0,640 0,638 0,65)
AIC [] 304,992 325,004 324,710 300,500 300,142 306,045
SBIC [] 310,121 358,340 360,611 307,792 309,865 313,338
MAPE12 [%] 1,076 0,866 0,989 . 0,977 0,93¢
MAPEs [%0] 0,806 0,802 0,776 0,748 0,626 0,744

Tab. 1. Computed values of the goodness-of-fit statistics

Note: RMSE, MAPE, AIC and SBIC were computed byngsihe actual and forecasted values of observatiotize
period of evaluation (for a period of months 1/26002/2007), parameters of the models used forcémting were
estimated by applying observations from the same@®f time. MAPE and MAPE, were computed by using actual
and forecasted values of observations in the pesfoglaluation (for a period of months 1/2007 -1®2 — MAPE,
and 10/2007 — 12/2007 — MAR)E parameters of the models used for forecastinge vestimated by applying
observations for a period of months 1/2000 — 1262001APE;, and 1/2000 — 9/2007 — MARE

method .sta.ti.stica| linear independence stationarity normality
significance| BT-ACF | BT-PACH LB ADF SDF S-W K-S C-M A-D
A - + + i n N - - - :
B + - - +- + + i ) ] ]
C + + +/- - + + ) ) ) ]
D + + + - + + + + + N
E + + + +/- + + + i + +
F + + - + + + - + + +

Tab.2 Evaluation of tests for randomnessoénd statistical significance of estimated paransetéthe models

Note: Statistical tests provided “+"- satisfacté+} unsatisfactory “+/-"-boundary (satisfactorygsults.

Based on the results of the tests for mutual linedependence, stationarity, normality of
probability distribution and statistical significa of estimated parameters of the models seems the
method E as the only one suitable for forecastaxgpost, ex-ante) ad(t). The model estimated by
the method E showed very well fitting ability foctaal data by its forecasts compared with other
ones. Inappropriateness of other models to prodiarecasts resulted from confirming
autocorrelation of theig; by Bartlett's tests (BT ACF, BT PACF) or Ljung-Bex® statistics.
Further use of the forecasted values requires deraion of the fact that model (method E)
systematically underestimates reality. This accrfresn the value of mean percentage error
(MPE=0,087%) of this model. True valu€Xt); t =n + 1, ... ,n + h are likely higher than
forecasted values.

Graphical output of modelling and forecasting byngsthe method E see Fig. 1 where
estimated values are expressed by smooth curveraptical values by black points. The graphical
interpretation of the actual (empirical) and forsted values show that this model accurately
describes the variability of empirical values @ft). This fact is also supported by low levels of
residuals of the model (displayed by the bar diagraFig. 1).
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It was objectively proved that it is possible tauee the confidence interval (2) around the
estimatorQ(t) ;t=n+1,..,n+ h (at the confidence level of 0,95), from 200 tc6+hous.
passengers carried, compared with outputs of caatipas published by Koway [3].
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Fig. 1 Actual and estimated values of Q&) time series

Note: In order to protect interests of the coopegabus transport company are values of Fig.1 prteskin the form of
simple index numbei®,,0). Reference value of the variali§t) is expressed in the base 1,0 in reference tudti=
1, January 2000).

P(LQStSQ(t)SUQB):l—O' (2)

Where:

Lot - lower limit of the confidence interval,

Uosx - upper limit of the confidence interval,

1l-a - given probability, called confidence level bétinterval,

Q(t) - estimated value of passenger demand.

More detailed comparison of forecasting abilitiesd astatistical properties of the method
presented in the paper with statistical model desigby Konény [3] in view of goodness-of-fit
statistics inaccessibility was not possible. blious that the increase of statistical model (roet
E) reliability defined by the reduced confidenctemal (2) is also the attendant phenomenon of its
increasing interpolation accuracy.

4. Conclusion

Outputs of the statistical tests of standardizedteals randomness of the model and the values
of goodness-of-fit statistics proved that the aedoessive integrated moving average model of
seasonal time series ARIMA(1,0,1)(2,410without intercept parametdmethod E) fulfils the
requirements for statistical significance of itsrgmaeters, and what is more, mutual linear
independence, stationarity and normality of proligbdistribution of its standardized residuals.
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This model with respect to cross-regional diffeesicannot be considered as universally applicable
throughout the Slovak republic, but only in theirZl region.

ARIMA(1,0,1)(2,1,0), without intercept parameter presented in this pagespite the
abovementioned restriction represents more relisdodel more accurate passenger demand
forecasting method in comparison with up to thisetiused ones. The attendant phenomenon of
application in the paper described model in relevimansport company management is the
reduction of manager’s decisions uncertainty, amdtws more, it can result in increase of
company’s revenues. This model is partial outpulisdertation thesis [9].
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Abstract. For express service transport, it is necessamave the required rapid implementation of services.
These services are based on a contractual obligdgto example: the requirement for the deliverythod
items in an hour. In the Slovak Republic, the segnué express shipments is in constant development,
which leads to greater efficiency. In order to awki a higher efficiency, it is necessary to hawated a
suitable transport network, which is one of theanaiistribution problems. Another very importanskaof
each company is to optimize its processes andrdeterthe order of activities. For shipments toc¢heation

of a transmission network with a number of coll@ctipoints, it is necessary to have a well estadtish
information system which serves to communicateptisitions of individual items in the chain transiethe
workers of the company but also to provide to thastomers.

Keywords: the piece shipment, the technological procesgrémsport network, the information system.

1. Introduction

Express service requires the rapid implementatioseovices. Express services are based on a
contractual obligation, for example: the requiretrfen the delivery of the items in an hour. In the
90’s a network of express was developed, which eaed on short and long-term cooperation
between the service providers and the customers Aptimized surface network carriers were
optimized to offer leading performances with highabity. In the Slovak Republic the segment of
express shipments is in constant development, Wieiatis to greater efficiency. The increasing
demand for the piece shipment transport is botlocated with an advantageous geographical
position of the Slovak Republic in Europe and dlse recent accession of our country into the
European Union, which has increased imports andréxpamong these EU member countries.

Not only in times of crisis, making a profit is ilmpant for every company. The formula for
calculating prices, it is necessary to know thaigadf cost which are included in the final pride. |
is therefore necessary to minimize the amount &ftscoOf course companies should strive to
achieve not only a profit but also to meet custoraquirements. For the express piece shipments, it
is the delivery of consignments on time to the triglace with the right quality.

With respect to these two conditions, it is impott® have created:

- the piece shipment transport network,

- the piece shipment transport technological preeces|

- the information system.

2. Thepiece shipment transport network

In developing the transport network the nodes efdlime level, or nodes of different levels are
connected. On this basis, a distinction is madenantbe polygonal transport network (here we
have two possibilities how to create this netwasktee full polygon or the incomplete polygon), the
hub and spoke model (or even radial), or circle ehodlthe transport network.
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2.1. The models of the transport networ k

Full polygon is characterized by each node on itaesport network being interconnected with
each other. If that is not met, every node thaoisconnected to each other, so all the nodeseof th
transport system, it is an incomplete polygon. Saidimk can be applied at the highest level of the
transport network. A third way of creating a tramgmetwork is a hub and spoke or radial transport
network model, where only local nodes are assatwatth the main transport hub. Each local node
is interconnected. The latest model for constrgctintransport network is a circle model. The
principle of such a model lies in the fact that titeeles are always connected by only two other
nodes, forming a circle.

Although the above mentioned models of the trarispgstem are in practice, very few cases
occur in pure form. During the construction of thensport network system, it is necessary to take
into account more factors that influence the saacof individual models needed to construct a
suitable transport system. The design may be afiiday the following factors:

- The density of the transport network - this facsoone of the necessary things but at the same
time and limiting assumptions

- Horizontal and vertical organizational orderliaes

- Organizational identification transport systenfjeh is the ultimate starting point in

determining the modes and routes within individaaels and between them

- Geographical breakdown and relief of the country

- Streams of individual types of packages and thieg

- Capacity of the used vehicles used

- Safety and economy of the transport. [1].

2.2. Construction of the piece shipment transport networ k

In developing the transport network in the Slovadpblic, it is necessary to pay attention to
minimizing costs. Every action and every processaisied out to optimize the process. Everyone
in business wants to have a profit. This can béaeld while minimizing operating costs. If wa
the construction of the transport network, use ahlg full polygon model, it would be very
expensive because the money is in the vehicle. fle@th a method of constructing a transport
system is logistically very difficult. It is themfe appropriate for the company to use a combinatio
of models. From a logistical standpoint, it is useéb classify the territory into several parts dod
each area to establish a major hub with the lo@hmwarehouse, where there would be the sorting
of the various items. A graphic representationh& breakdown of the Slovak Republic and the
main nodes is illustrated in Figure 1. Among thesdes the transport network by the grid of hub
and spoke model would be created. Within each thregiece shipment transport network should
be created by using the optimal route to the CPMehdaking into account the time of delivery.

Banska Bystrica

Bratislava

Fig. 1. The local main warehouses in Slovakia.
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The advantage of using the hub and spoke modehstgdie full polygon is in the fact that
vehicles from all local main warehouses are enerdotthe warehouse in Banska Bystrica, where
there is a sorting and exchange of items dependmgthe delivery addresses. After these
operations, it will return to its "home" local mawarehouse where it is subsequently separated and
distributed according to the delivery address @ final consumers. This reduces fuel costs and
increases factor driving the use of individual wids, which has an impact on minimizing the total
cost of transportation.

3. Thepiece shipment transport technological process

The technological process is a structure of a@twithich are necessary for each company. It
is a flow of activities from start to finish. Acating to this flow the company and workers know the
order of these activities. The schedule of the gisbipment transport technological process is
shown in Figure 2. In the first step it is impottém receive the order from the customer and input
this information into the process. It is requiredhiave created an information system. After the
deadline for receiving customers” orders, a catmrias made and the company imagines a way
how to pick up these shipments and in which orderefich area. These shipments are transported
to the local main warehouse. For each local areardmsport network is not exactly designed. It
depends on the quantity of the piece shipmentsadideess of the pick up and the pick up time. In
the local main warehouse the piece shipments @ ated according to the delivery addresses of
the four groups or less according to the local maarehouses in Zilina, Bratislava, Banska
Bystrica and KoSice. There is not a condition teenthe piece shipment for each warehouse.

Now we have to ask the question ourselves: “Id#levery address at the same location as the
pick up address?” or “Are one of these groups torlocal main warehouse?” If the answer is YES,
the piece shipment or group will stay in this wanete and the others, for which the answer to this
question is NO, will be transported to the localirmaarehouse in Banska Bystrica. Here together
the groups of piece shipments for the same loca marehouse are connected and then the vehicle
with them is returned back to its own local mairreteuse with the group of the piece shipments.
After that each local main warehouse has only pgigements for its local area. They can separate
the piece shipments and order the delivery linettiertransportation to the customer according to
the delivery addresses and the time of delivery.

4. Theinformation system

As previously written, having the information systes very important. It is useful in
communication among the other local main warehousesthe warehouse it is necessary for the
creation of the pick up line. However each localmwarehouse has to know the order of the other
local main warehouses because it needs to know rhany shipments and from which area its
vehicle brings them back from and to the warehouse.
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Receive order from customer

v

Customer data processing

v

Transport of the piece shipments to the local mairehouse

v

Separation of the piece shipments in the local mairehouse
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location?

/
\

Transportation of the piece shipment to the locailhm
warehouse in Banska Bystrica

v

Separation of the piece shipments for each locat ma
warehouse

v

Transportation of the piece shipments to the lotah
warehous

v

Separation of the piece shipment according to #tieeaty <
addres

!

Transportation to the delivery address

Fig. 2. The piece shipment transport technological pracess

5. Conclusion

This article is a partial result of the final tresSFormation of Price for the Piece Shipment
Transport Service by Road in the Slovak Republic”.
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Abstract. The paper deals with the synchronization of joepattures of bus stops by the Max-plus algebra.
The first part is a theoretical analysis of maxspalgebra. The next section is based on Max-plgsbah
modeled synchronization of communications of deparbus stops. In the final part we give an assessm

Keywords: Max-plus algebra, modelling, transfer stop, syoalgation.

1. Introduction to the Max-plus algebra

Max-plus algebra appeared in the field of operatiomsearch as a scientific approach to
decision-making processes in 1950. Most problemsgarations research involves finding of
optimum. One of Max-plus algebra operations is tifataking maximum, therefore this tool is a
suitable candidate for the mathematical descrippbrthe problems in the field of operational
research. In operations research problems arelysaited by development of algorithms that lead
to optimal solutions.

Max-plus algebra is a mathematical tool in whicle @rithmetic operation of addition is
replaced by determining the maximum, and the mliidapon operation is replaced by the addition.
Due to nonlinear nature of the maximum operatioaxMlus algebra can be used for solving linear
algebra problems of synchronization and it givesoa new approach to solving optimization
probléme. This mathematical approach provides terasting way suitable for modeling discrete
event systems (DES) and optimization problems adpction and transport. Moreover, there is a
strong similarity with the classical linear algebedlowing for example taking into account the
sparsity patterns of linear equations and efficaarhputation of eigenvectors and eigenvalues [1],
[2] and [3].

2. Synchronization of public transport linesin the Max-plus algebra

This part of the paper will be focused on modelthg timetable of bus routes in public
transport of Prosjov city. We need to determine the times of departaf bus connection
synchronized lines shown in figure 1. That is, tswee the possibility of crossing passage between
lines L1 and L2 at bus stop Nemocnice and crosgasgage between lines L2 and L3 at the stop
Lazre.
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Fig. 1. Fragment of public transport network Pejst.

2.1

The synchronization of public transport lines weredelled using Max-plus algebra equations.
We write down the equation for each bus stop softiiaevery departure from the stops, the arrivals

Mathematical model of synchronized public transport lines

of vehicles from neighbouring bus stops were takemaccount.
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Let us clarify the notation for symbols used in reltidg:

X (k) - k-th synchronized departure from tikestop in direction to thgth stop

(variable quantityi 0{AB,...E}, j O{AB,..E},

t, - travel time betweenth andj-th stop (constant paramet:i D{A,B,..,E}, ] D{A,B,..,E},

I (k) - interval on the lin¢ at the k-th synchronized departure (constant).

Mathematical model for guarranted synchronizatibpublic transport lines

Xas-L (k + 1) = maX(XAS—L (k) +ig, X, (k) + Z—AS) '
Xp-n (k + 1) = maX(XD—N (k) iy X (k) i, ) :
-D (k +1) = ma)‘(XN—D (k) +i,, XPZ—AS(k) oz N X7oL (k) )

XN—L(k+1): maX(XD—N( )+tD N N L( )+|1’XPZ AS(k) tPZ—N)'
XL—AS(k+1):ma><XL—AS(k)+i3’XT ( ) T L' (k)+tZ L)'
XL—T (k + 1) = ma)<XAS—L (k) + tAS—L ! XD—N ( ) D L L -T (k) + IZ) b

~—

XPZ—AS(k +1) = ma)‘(XN—L (k) Uy pz1 Xpz-as k) +iy).
X (K +1) = max{xp_y (k) + tor %, (k) +1,).
Xz-L (k +1) = ma)‘(XAs— (k) tasz: X (k) + i3)'

1)
(@)
1)
(4)
()
(6)
(7)
(8)
9)



2.2. Characteristics of input data

The selected part of the transportation networgutdlic transport in Progbv consists of three
lines, which are always served by one vehicle. &hdine there are defined regular time intervals
of bus arrivals (tab. 1).

Number of line T|me |nter\_/al
on linel [min]
Line 1 56
Line 2 58
Line 3 46

Tab. 1. Regular time intervals for lines

2.3. Computing of departuretimes of bus connections from the stops

By substituting the values of the input data patanseto the Max-plus algebra equations
(1) - (9), we can obtain the matrix(10).

Next we computed the eigenvalue and correspondgemneector for the matrid. Eigenvector
was used for determination of initial departuresxfrthe stops. Using computed eigenvalue, we can
determine the time period, after which the depaduwvill be repeated.

Using eigenvalue we can also determine each ofessoe departures from the stops, thus we
can obtain the time values for departures betwednli departures and repeated initial-like
departures.

NL PZAS DN LT ND TL ASL LAS ZL

ASL (O 0O 0 0 0 0 4 0 18
DN [0 o 5 0 0 24 0 0 0
ND O 23 0 0 5 14 0 0 0
NL [56 23 10 o0 o0 0 0 0 o0
Alas |lo o o o o 8 o 4 12/ Q0
T [0 o 16 58 0 0 6 0 0
PZAS |23 56 0 O 0o o0 0 0
L |o o 24 O 58 0 0 0
z. lo o o o o o0 18 0 46

The values obtained for synchronized departures Btops, listed in tab. 2 can be interpreted
as a departure times of vehicles from individuad btops. The lowest value of the initial departure
572 may be transformed to the departure time fiteervehicle stop ZeSov at 5:00 am and the values
of subsequent departures from stop ZeSov (626, 691can be interpreted for example as the
following departure times of vehicles from stop @e$5:54, 6:49, ...).

Synchronized departures from the i-th stop in tinection to the j-th stop
within the computed periodicity time [min]
AS-L | 600 | 654 | 709 | 763 | 818 | 872 | 927 | 981 | 1036] 1090| 1145] 1199 1254| 1308
D-N 607 | 661 | 716 | 770 | 825 | 879 | 934 | 988 | 1043]| 1097] 1152| 1206]| 1261| 1315
N-D 603 | 658 | 712 | 767 | 821 | 876 | 930 | 985 | 1039] 1094| 1148| 1203] 1257| 1312
N-L 601 | 656 | 710 | 765 | 819 | 874 | 928 | 983 | 1037| 1092] 1146| 1201| 1255| 1310
L-AS | 600 ] 654 | 709 | 763 | 818 | 872 | 927 | 981 | 1036] 1090| 1145] 1199 1254 | 1308
L-T 605 | 659 | 714 | 768 | 823 | 877 | 932 | 986 | 1041] 1095] 1150 1204| 1259 1313
PZ-AS | 608 | 663 | 717 | 772 | 826 | 881 | 935 | 990 | 1044| 1099| 1153| 1208] 1262| 1317
T-L 608 | 663 | 717 | 772 | 826 | 881 | 935 | 990 | 1044] 1099| 1153| 1208] 1262| 1317
Z-L 572 ]| 626 | 681 | 735 ] 790 | 844 | 899 | 953 | 1008] 1062] 1117 1171] 1226| 1280
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AS-L | 1363 1417] 1472] 1526 1581 1635] 1690| 1744 | 1799| 1853] 1908] 1962] 2017] 2071
D-N 1370 1424] 1479] 1533 | 1588 1642] 1697] 1751| 1806| 1860| 1915] 1969]| 2024| 2078
N-D 1366| 1421] 1475] 1530 1584 | 1639] 1693| 1748] 1802| 1857 1911] 1966| 2020| 2075
N-L 1364| 1419] 1473] 1528 1582 1637] 1691| 1746] 1800 1855| 1909] 1964 | 2018] 2073
L-AS | 1363]| 1417| 1472] 1526] 1581] 1635] 1690| 1744| 1799 1853] 1908]| 1962| 2017| 2071
L-T 1368| 1422] 1477] 1531| 1586| 1640] 1695]| 1749] 1804 | 1858 1913] 1967 | 2022| 2076

PZ-AS | 1371] 1426| 1480 1535] 1589] 1644] 1698| 1753] 1807 1862] 1916] 1971| 2025] 2080
T-L 1371] 1426] 1480] 1535| 1589| 1644 1698| 1753| 1807] 1862 1916] 1971] 2025] 2080
Z-L 1335 1389] 1444] 1498| 1553 1607| 1662| 1716| 1771 1825| 1880] 1934 | 1989]| 2043

AS-L | 2126] 2180| 2235] 2289 2344 2398] 2453 | 2507 | 2562| 2616 2671] 2725]| 2780| 2834
D-N 2133 2187 2242] 2296 2351 2405] 2460]| 2514 | 2569 | 2623 2678| 2732| 2787] 2841
N-D 2129 2184 | 2238 2293 2347 2402] 2456| 2511 | 2565| 2620 2674| 2729]| 2783 | 2838
N-L 2127] 2182] 2236 2291 2345] 2400] 2509| 2563 | 2563 | 2618 2672] 2727| 2781 | 2836
L-AS | 2126] 2180| 2235 2289 2344] 2398 2453| 2507 | 2562| 2616] 2671| 2725| 2780| 2834
L-T 2131] 2185] 2240| 2294 2349 2403] 2458| 2512| 2567 | 2621 2676] 2730| 2785] 2839

PZ-AS | 2134] 2189 2243 2298] 2352] 2407] 2461 | 2516 2570 2625] 2679| 2734 | 2788| 2843
T-L 2134 2189 2243 2298 2352 2407| 2461 | 2516| 2570 2625] 2679] 2734 | 2788]| 2843
Z-L 2098] 2152] 2207 | 2261 2316 2370] 2425] 2479| 2534 | 2588 2643] 2697 | 2752| 2806

AS-L | 2889] 2943] 2998| 3052 3107 3161| 3216 3270 3325| 3379] 3434 | 3488 3543]| 3597
D-N 2896] 2950| 3005| 3059 3114] 3168 3223 | 3277 3332| 3386 3441] 3495]| 3550| 3604
N-D 2892] 29471 3001 3056 3110 3165] 3219]| 3274 | 3328 3383] 3437] 3492]| 3546]| 3601
N-L 2890] 2945] 2999| 3054 3108] 3163 3217] 3272| 3326 3381] 3435] 3490]| 3544] 3599
L-AS | 2889] 2943] 2998 3052] 3107] 3161] 3216 3270 3325] 3379] 3434 | 3488 3543| 3597
L-T 2894] 2948] 3003 3057 3112] 3166] 3221| 3275 3330| 3384] 3439| 3493| 3548] 3602

PZ-AS | 2897] 2952] 3006 3061 | 3115] 3170| 3224] 3279] 3333] 3388 3442 3497| 3551| 3606
T-L 2897 2952| 3006 3061 | 3115] 3170] 3224] 3279 3333 3388 3442 3497| 3551| 3606
Z-L 2861 2915| 2970| 3024 3079| 3133] 3188] 3242] 3297 3351 3406| 3460| 3515] 3569

Tab. 2. Synchronized departures from public transportstop

3. Conclusion

In the article we have investigated the possibditiof Max-plus algebra for modeling of
synchronization of departures of bus connectionsébected lines in public transport in Pege¢
city. Max-plus algebra is a promising approach $oiving of optimization problems. For the
determination of the departure times of bus conoestfrom selected stops (those times beeing
periodical, so we need to compute them only for sumeh time period) we used the Open Source
programming system Scilab, designed for numericaiputations [5].

For verification of the output obtained from thengwehensive mathematical models the
suitable tools can be e.g. time-dependent Petsi, mgdtich can be used by traffic engineers for the
visualization and detailed analysis of critical mtae{4].
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Abstract. Economic effectiveness of car use in a transpmrtpany is one of the many measures used in the
evaluation of transportation services. It is inflaed by many diverse factors, which include thénnexal
condition of the means of transport, intensity ehicle use, transport rates, costs of maintenaraterials,
personnel costs and costs of repairs and senasesell as taxes and administration fees. A detatelysis

of the effect of the individual factors on the lewé profit gained from transport services allowslkliation

of the economic effectiveness of a given transporhpany. The costs of vehicle repairs are one ef th
factors that influence the profit gained from tqamsation services. Additionally, an analysis gbae costs
may be instrumental in planning and taking decsicglated to the company's transport activitieh ag
purchase of a new means of transport, specificatidhe transport rate, route assignment, etc. present
paper discusses the results of statistical anabyfsgéata concerning the costs of repair of delitengks used
by the Polish Mail company in Lublin.

Keywords: Economic effectiveness of car use, car repairscast service costs, statistical analyses.

1. Introduction

Economic effectiveness of car use in a transporhpamy is one of the numerous
measures used in the evaluation of transportagovices. It is influenced by many diverse
factors, which include the technical condition bétmeans of transport, intensity of vehicle
use, transport rates, costs of maintenance matepatsonnel costs and costs of repairs and
services, as well as taxes and administration[fiees 6, 7].

A detailed analysis of the effects of the individtectors, including vehicle repair costs,
on the level of profit gained from transportaticensces allows evaluation of the economic
effectiveness of a given transport company. Adddlty, an analysis of repair costs may be
instrumental in planning and taking decisions eglab the company's transport activities such
as purchase of a new means of transport, speaiicaf the transport rate, route assignment,
etc. [4, 5].

The present paper discusses the results of statismalyses of data related to the costs of
repair of delivery vans used by the Polish Mail pamy in Lublin.

2. Material

Statistical analyses were carried out using dallaated forl79 vehicles operated in 2009
by the Polish Mail delivery office in Lublin. Theopulation of the transport vehicles tested was
diversified with respect to type and make. Becanfsthis, the study population was divided
into three groups characterized by different Igaace volumes.

Group | consisted of 47 passenger vehicles withlldoed space volumes (e.g., the Fiat
Seicento) The cars in this group ran between postd and were used to deliver mail in the
city of Lublin and area.
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Group Il comprised 85 delivery vans with mediumdagace volumes (e.g., the Lublin
[I) They moved mail between post offices in theycof Lublin and the former Lublin
voivodeship.

In group 1ll, there were 47 vehicles with largedagpace volumes (e.g., the Iveco Stralis).
They carried postal packets between logistics esntf the Polish Mail outside the former
Lublin voivodeship.

3. Resultsof statistical analyses of costs of repairsof the test vehicles

Auto repair costs, during one year of car operatiociuded costs of replacement of parts
and units and change of fluids (lubricating oilake fluid, etc.) They did not comprise the
personnel costs of staff members of the repairostatf the Polish Mail company. It should be
noted that the parts and units which were replagest often were bulbs (2555), gaskets (350),
tyres (226), oil (217), fuel (192), air filters @)0and air conditioning filters (47).

Information related to vehicle repair costs, preddoy the Polish Mail in Lublin, was
analysed statistically [2]. For this purpose, STBTICA® computer software was used.
Results for the entire study population and thaviddal groups of vehicles are shown in
Tab. 1.

. Min. Max. Standard | Standard

Mean Median .
Group value value deviation | error

[PLN] [PLN] [PLN] [PLN] [PLN] [PLN]
Group | 1694.25 1551.27 48.16 487572 1158.18 ¥68.9
Group Il 3264.24 2372.45 5.34 11771.18 2893.29 &8,
Group IlI 3832.93 2427.37 38.92 15246.44 3839.07 9.9%
Groups I, 11 lll 3001.33 2077.82 5.34 15246.44 6286 221.38

Tab. 1. Location and dispersion parameters of yearly \lehigpair costs in the investigated transport cargpa

When analysing the results of calculations of thsid statistical parameters, shown in
Tab. 1, attention was paid to the differences agrtbe values of mean yearly repair costs in
the three investigated groups of vehicles. To telsether the observed differences were
statistically significant, an analysis of variareas carried out.

The first step of this analysis was to estimatetiwiethe empirical data obtained could be
approximated by the normal distribution. As it énlls from Fig. 1, the histograms of yearly
costs of repair of vehicles from groups Il andvire not fitted by the normal distribution.
This finding was supported by the chi-squagédest, at the level of significanee=0.05, in
which the following results were obtaine)d:: 52.038 p<0.001) for group I anqt2:35.419
(p<0.001) for group Il

Bartlett'sB-test, employed due to the unequal number of resullthe analysed groups,
showed that the variances within the individualugp® were not homogeneous. The value of
the test statistic waB =54.082 at the level of significanpe=0.000.

The results related to heterogeneity of varianaes$ gpe of distribution showed that
classical analysis of variance could not be usednf@an values of yearly vehicle repair costs.
Accordingly, a non-parametric method of analysiyafiance, the Kruskal-Wallis tektW,
was used for further calculations. The value ofKhaskal-Wallis statistic waKW =8.294 at
the level of significancgg=0.0158. This result pointed to significant diffeces in mean
yearly vehicle repair costs among the three stugiedps of vehicles. Fig. 1 shows categorised
box plots of yearly repair costs for the individgabups of vehicles.

Further analyses were carried out to test whethemionth (as a grouping factor) had a
significant effect on the observed mean values aftimnly vehicle repair costs in the individual
groups and the entire population of vehicles. datmns using the chi-squaregf test
demonstrated that the distributions of monthly nistees of use of vehicles in the individual
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groups were consistent with the normal distributiblowever, for the entire population of
vehicles, it was found that the monthly distribngoof repair costs could not be approximated
by the normal distribution. Also, homogeneity ofiaaces was tested using BartleB'sest.
The results are shown in Tab. 2.

7500
O Mean

[ MeansStd. error

a— T MeansStd. dev.

5500

4500

4

2500
1500
500

I n n
Group of vehicles

Fig. 1. A categorised box plot for the independent faetgroup of vehicles, and the dependent variablearly
vehicle repair costs.

Costs [PLN]

Group B-statistic p-value

| 93.82 0.000
Il 150.90 0.000
Il 138.31 0.000
I, 1l and I 265.15 0.00Q

Tab. 2. Results of Bartlett's test of homogeneity of vaciss for repair costs, with the month of operatisra
grouping factor.

The results shown in Tab. 2, concerning the homeigenf variances for monthly repair
costs in the individual groups and the entire papoih of vehicles, indicated that the classical
method of analysis of variance could not be appliggt is why the non-parametric method of
analysis of variance was applied again using theskal-Wallis testK W. The results are
shown in Tab. 3.
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Fig. 2. Categorised box plots for the independent factmonth and the dependent variable — monthly vehicle
repair costs; a) group |, b) group Il, c) group 8} entire population of vehicles.
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Group KW-statistic | p-value

I 23.770 0.0137
Il 19.741 0.0490
Il 10.408 0.4912
[, Iland Ill 26.844 0.0044

Tab. 3. Results of analysis of variance for the groupimgtér — month of operation of the test vehicles.

Based on the results presented in Tab. 3, it wasleded that the month of operation had
a significant effect on the monthly mean value dfserved repair costs for the entire
population and for vehicle groups | and Il. No $iigant difference in these values was
observed for vehicle group lll, though. Fig. 2 slsogategorised box plots of monthly repair
costs for the individual groups and the entire pafpon of vehicles.

An analysis of the plots in Fig. 2 revealed a higtriability of the values of monthly
vehicle repair costs in the individual groups. houp I, the differences totalled 31%, in group
[ as much as 50%, and in group Il only 25%.

4. Conclusion

The results of the statistical analyses of the alehiepair cost data obtained from the
Polish Mail company in Lublin demonstrate that

1. The adopted criterion of division of the populatioh vehicles into three groups
according to load space volume is accurate. Thigvislenced by the significant
differences in mean values of yearly and monthlyanecosts among the individual
groups.

2. It was observed that the mean values of yearlyirepats of vehicles in group Il were
1.2 times higher compared to the vehicles in gribamd 2.2 times higher compared to
the vehicles in group |.

3. The month of operation has a significant effectobserved mean vehicle repair costs.
Higher vehicle operation costs are observed in hem which there is an increased
demand for transportation services, e.g., pre-hglgkriods.

It should be noted that because the analyses weaiducted for data related to the process
of vehicle operation spanning one calendar yeaicaitnot be unequivocally determined
whether the analysed values of vehicle repair cosigdd be repeatable in different years. To
confirm this relationship, analyses should be edrout for data covering at least a few years
of vehicle operation. The authors hope to explbiissue in their future research.
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Abstract. Electronic Flight Bag (EFB) will become part ofyanircraft cockpit in future. It will reduce
pilot's workload and ensure safety enhancementingircustomers like to expand EFB operations, #&iso
enable ground flight operations to have real-tireceas to the flight-deck installed EFB systems.
Interlinking should be done wired (Ethernet) andelgss (WLAN). None was done before and the major
task was testing accuracy and resistance of iadtalectronic communication equipment for intenfiese
with newly added devices aboard the aircraft. Outeof these tests showed by reason of extensivewsy
that WLAN devices itself will not harm installedeetronics of aircrafts. Laptop, Personal Digitab&gants
(PDAs), computer-parts of EFBs might influence lowéHF Bands. Therefore special measurement
procedures have to been established.

Keywords: electronic flight bag, (W-)LAN aboard an aircrgfteventive maintenance, real-time access to
the flight deck

1. Introduction

Electronic Flight Bag (EFB) will become part of amayrcraft cockpit regardless of type,
whether of those single-engine small general anataircraft or those large multi-engine
commercial airliners like Airbus or Boeing, to regu pilot's workload and ensure safety
enhancement.

This researchtopic is about integration and apgtinaof EFB systems in the airplane’s
cockpit. It is a guide through the comprehensiverlimking procedure of installing & integrating
wireless local area networks (WLAN interface) irttte existing avionics and adding Buyer’'s
Furnished Equipment (BFE) which is a device puredaby the buyer/airline and given to the
aircraft manufacturer to be installed before taldegvery of the aircraft.

New development of standards has also been estetlias none of the kind existed before. To
this end basic principles have been set up, to ach provide guidance materials for aviation
authorities worldwide, how to deal in future withig issue.

Further, a fusion of technologies is consideredllitmv theusage of telephone aboard an aircraft
(2G/3G GSM/UMTS telephones) and to offer passengeudti-media services on their own
PDAs/PCs as well.

The hardware components needed were linked, topeeated both wired (Ethernet) and
wireless (WLAN) in accordance to IEEE 802.xx staxda

For airline operators, special EFB solutions haeerbevaluated. Ground-flight operation
departments were enabled real-time access toitiig tleck via satellite communication systems
and maintenance departments concurrency data egeli@npreventive maintenance actions.
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EFB main objectives for airlines are: Airline’s potential EFB applications are:

e Flight Crew access to emerging electronic e Flight Operations
flight operations data, general purpose > Weather

computing and communications, > Flight manuals
e Replacement of many of today’s paper » Navigational charts
docu- » Cabin surveillance
ments, » Surface moving maps
e A range of implementations spanning
Portable electronic devices up to installed e Maintenance
certified integrated systems, » Minimum Equipment Lists
e Consistent with Flight Deck Philosophy, » Problem reporting
e Realtime data processing, > Flight data downloads
e Future expandable for FANS (Future-Air-
Navigation-System), e Passengers
e Physical constraints for Retro-fit and Pro- » Passenger rebooking
duction, » Buy-on-board programs
e Environmental Qualification considerations, » TV & Radio
e Crew Interfaces (crew resource manage- » Movies
>

ment),
e Changes in crew's workload

Email & Internet browsing

A positive side effect is, the in-flight-entertaient system aboard an aircraft is expanded to
offer passengers uninterrupted high-speed accag¥WILAN to the ground based world-wide-web
while travelling at cruising altitude of 51.000fi5.545m & with a speed of Mach 0,92 / 960km/h
or 520kt.

Important here was testing accuracy and resistaficestalled electronic communication
equipment and avionics for interference with thevigeadded devices aboard the aircraft. In the
same way, safety measures had been provided iingéees were not kept.

2. Current Status Definition and history of Electronic Flight Bag's (EFB)

First of all, anybody asks: “WHAT IS AN ELECTRONIELIGHT BAG?” An electronic
flight bag is an electronic version of a pilot'sight bag”. What then is a “flight bag”?

Simply stated, it is a physical device that carties printed documentation pilots must have
available to them during the course of the flighuch as flight manuals, operation manuals and
approach plates. This “bag” can range from a nawmgabriefcase used in large aircraft, to a
smaller, soft sided publications bag used in fighiecraft, to even a saddle bag that is laid a&cros
the glare shield. In some fighters, the pockethefg-suit are used to hold many of the publication
- not the preferred placement for a safe ejection.

Having an electronic display replace the paper dwmis currently in use not only saves space
and weight, but it also offers operational advaesagAn electronic flight bag can become the
ultimate situational awareness (SA) multiplier. Adigh quality display, it can not only present
words to the pilot, but pictures and graphics.

On some larger aircraft, the majority of the pudicns are permanently stored onboard.
Weight can differs for example, from 60 Ib/28 kg aystandard LTU Airbus 320 Pilot’'s Paper
Flight bag up to a combat transporter like the M8DH which has a Technical Order (TO) library
onboard that weights 270 Ib / 122 kg.
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Figure 1: A320 with its traditional paper pilot's Figure 2: MC-130 with the 270 Ib / 122 kg
flight bag on the flight deck bethin Library cases carriethoard
the Copilot seat

The Volpe National Transportation Systems Cent®lNWE Center), a human factors research
branch of the Department of Transportation, defia@es EFB as: “an electronic information
management device for use by pilots in performlighf management tasks. It typically consists of
a screen and controls in a self-contained unitithedlatively small, weighing only a few pounds at
most. EFBs can store and display large amountsatd. dSome existing EFBs run proprietary
operating systems, but most are compatible witiMloeosoft Windows operating system.”

This definition is tailored more toward General avon (GA) aircraft and represents an entry
level EFB. GA is a driving force in the developmantd usage of paper substitutes, mainly due to
the weight savings. The saved weight can be mog&ulussed in fuel aboard or passengers with
their luggage carried in the aircraft.

Due to certification and safety oversight respoitisés, the Federal Aviation Administration
(FAA) also has become involved in the certificatafrthese devices.

In the FAA’s Advisory Circular No: 120-76A EFB, eleonic flight bags are defined as
“Electronic computing and/or communications equipimer systems used to display a variety of
aviation data or perform a variety of aviation ftions. In the past some of these functions were
traditionally accomplished using paper references.

The scope of EFB functionality may include datalicénnectivity. EFBs may be portable
electronic devices or installed systems. The playdtd-B display may use various technologies,
formats and forms of communication.”

This definition is broader in scope than the VOLEénter’s definition and expands into two
very important areas.

It includes installed devices which could be botbrensophisticated and complex and it
introduces datalink connectivity, a feature of EFBat will undoubtedly prove to be very useful.

From the dawn of aviation, most of the informat@rpilot references in flight has been on
paper. With the tremendous improvements in bothprdimg and display technology, there is no
reason why some of the paper products, if notcathnot be replaced by an electronic version. It is
difficult to determine exactly where the idea ofE&fB first originated.

As GPS became more common and inexpensive, GAatifcave had several moving map
type devices (e.g. Apollo MX20) available to thefs these devices became more sophisticated,
many began incorporating additional features ihent. For example, some are also integrated with
the aircraft's VHF (very high frequency) radio tsamtter/receiver. Others display weather
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information. Within the last several years, theswicks have incorporated electronic approach
plates and airfield diagrams. This development oecuafter Jeppesen, the worldwide provider to
commercial aviation of instrument approach platés?$§) and navigational charts, made their
products available in an electronic format. Witls thdvance, these simple EFBs were able to begin
replacing of the paper in cockpits.

The next group of aviators to take advantage of ttew technology was the business jet
operators. Due to a lesser degree of FAA regulat@mmpared to major commercial airlines and the
FAA’s omission in the Federal Aviation RegulatioffARsS) requiring approach charts to be in a
paper form, these business jet operators weretalniéegrate EFBs into their cockpits.

Fractional jet operator, Flight Options, was onetlad first to outfit their entire fleet of 88
business jets with EFBs in the summer of 2000.

According to Jim Miller, Flight Options vice presiat, “the FAA really didn’t know what to do
about electronic charts...no one had seriously addceslectronic flight bags at that point. When
Flight Options unilaterally said it was going tanave paper charts from its airplanes and use
electronic flight bags, people finally began thimiabout it.”

This move effectively forced the FAA's hand and $ed the development of the FAA’s
Advisory Circular entitted AC 120-EFB, Guidelinesrfthe Certification, Airworthiness, and
Operational Approval of Electronic Flight Bag Conipg Devices.

The Flight Options pilots are very happy with theF¥Bs and, according to Miller, by placing 2
EFBs in each cockpit, they have been able to achaewmean time between failure (MTBF) for their
EFBs of about 20,000 hours.

Even large aircraft not initially included in thbarter category have taken advantage of EFBs.
Boeing delivers today most of their aircraft suchthe 737, the BBJ (Boeing Business 737 Jet
variant), 777 and others single or multi aisle raifts with a system called Boeing Laptop Tool
(BLT) as standard equipment in the purchase price.

Figure 3: Boeing’'s Solution EFB Class 3

This Laptop Tool has digital reference sources irapfrom the flight and operations manuals,
to minimum equipment lists (MELs) and dispatch déwen guides as well as the flight crew
training manuals. In addition to reference materidhe BLT incorporates a powerful takeoff
performance calculator allowing the operator to mméze payload. It also included Jeppesen’s
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“FliteDeck”, “FliteStar” and “JeppView” software fodisplaying electronic approach plates and
enroute charts.

Business jet companies are taking full advantagtheftremendous capabilities of electronic
flight bags. Major commercial companies have alseestigated the advantages of electronic
computing devices in the cockpit.

3. Electromagnetic interference & compatibility of EFB transmitting devices to
Aircraft Radio Systems

A testing campaigns were conducted at a laboratotlie past be several researchers. Newly
now an extensive field testing at an airline sitenoultiple wireless local area network (WLAN)
devices had been performed, using the main threstess standards for spurious radiated emissions
to determine their threat to aircraft radio navigiatsystems.

The measurement process, data and analysis arnegudoer EFB installed devices tested using
IEEE 802.11a, IEEE 802.11b and Bluetooth as welllats from portable laptops/tablet PCs and
PDAs (grouping known as PEDS).

A comparison was made between wireless LAN de\aceisportable electronic devices.

Spurious radiated emissions were investigated enrddio frequency bands for the following
aircraft systems, for simplification same bands ased in real aircraft environment testing as
before setup by the laboratory evaluatuions:

* Very High Frequency (VHF) Communication (VHF-CONM

* VHF Omnidirectional Range (VHF-VOR),

* Instrument Landing System Localizer and Glidesl@hS/GS),

« Air Traffic Control Radar Beacon System (TXPR/S®Rnsponder),

« Traffic Collision Avoidance System (TCAS),

« Microwave Landing System (MLS) and

* Global Positioning System (GPS).

Since several of the contiguous navigation systemase grouped under one encompassing
measurement frequency band, there were five measuatefrequency bands where spurious
radiated emissions data were collected for the P&k WLAN devices. The detailed laboratory
report also provides a comparison between emissiatessand regulatory emission limits.

4. EMI & EMC EFBs Test Setup; Electromagnetic inteiference &
compatibility of EFBs test setup and measurement ntieodology

Mode-stirring in a reverberation chamber (RC) wakeded in the former testing because it
produces repeatable measurements and reduces irestas compared to other methods.
Explanations of instrumentation, chamber setup, spettrum analyzer parameters for obtaining
practical measurements are discussed in detaiinitiose tests and nowadays performed trials it
was possible to reproduce within the aircraftsffamnes similar results.

RC’s produce radiated emission measurements insteifntotal radiated power (TRP) rather
than electric field strengths as generated in a-s@echoic chamber (SAC).

The RC method when compared to a SAC method, iarddgeous because the orientation of
the device-under-test (DUT) is not considered; thlus number of tests is considerably reduced.

Another advantage to conducting tests in a RC dma rmethod does not suffer from
measurement uncertainty caused by multipath aff@@s exercise several methods to produce a
statistically uniform, isotropic, randomly polarizéeld.

When the metallic stirrer rotates continuously ime;, this is referred to as mode-stirring.
Rotation by fixed steps for one rotation is refdrte as mode-tuning. In mode-tuning, at each new
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stirrer position, a small time interval is allottéal DUT response time as in susceptibility or test
receiver’s response time for emission measurements.

DUT hardware has been selected at the field tgstsTh-Airline and mainly by the US based
affiliate airline, because they already focusedao@OTS-laptop system which was evaluated for
EFB purpose. LTU-Airline added some other devieehdve more equipment to select later their
EFB favorite.

Test receivers used in this study have suitablporese times to accommodate mode-stirring.
This is preferable for emission measurements becaumerous samples at each frequency are
achieved per stirrer rotation.

Emission measurements taken from the receive aatem@ corrected for chamber loss to
obtain the power radiated by a test article inside chamber. Maximum received power
measurements are completed after one stirrer ootaiadiated power from the DUT is determined
by using the maximum receive power equation obthfrem Equation Eq.1.

3 .P.iiﬁ.tﬂf::i: jllil".‘: (Eq 1)
- CLF*IL

TotRad

where
PTotRad radiated power from the DUT within the sm@ament bandwidth
PMaxRec maximum receive power over one continwginger rotation within
the measurement bandwidth

n Tx transmit antenna efficiency factor used iarober calibration; unity is
assumed for antennas used

CLF chamber loading factor (includes the DUT #meltest operator)

IL empty chamber insertion loss determined dukhgmber calibration

that equals PMaxRec / PInput where the input pagvsupplied by a
transmit antenna into the chamber

The equation specified above is an overview fofgoering emission measurements in a RC
according to IEC standards. Measurements condulttadg this research effort can be simplified
to the following practical equations 2 and 3.

In Eg. 2, measuring the chamber loss (LChmbr )rma@tes both chamber loading factor and
insertion loss, eliminating the need to measure @hdF IL separately.

CLF correction is applied only in cases where thdTDand personnel do not cause the
measured field uniformity in the chamber duringilmaltion to exceed the £ 3 dB uncertainty
tolerance.

Therefore the DUT and DUT operator can be presenthe chamber during calibration,
especially when the measurement is taken at oraidocrather than averaging measurements taken
at multiple locations.

CF = (PXmit (dBm) — PSAMeas (dBm))

= LChmbr (dB) + LRecCable (dB) + LXmitCable (dB) (Eq. 2)
where
CF Calibration Factor of the chamber (dB)
LChmbr (dB) chamber loss (dB), also expresseel@ogl0(CLF*IL)
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LRecCable (dB) receive cable loss (dB)

LXmitCable (dB) transmit cable loss (dB)

PXmit (dBm) power transmitted from source (dBm)

PSAMeas (dBm) maximum receive power measuredeagpectrum ana-
lyzer (dBm) over one stirrer rotation

In order to isolate the spectrums analyzer (SA)sueal radiated power from the DUT, losses
from the transmit cable and calibration factor ar@&hematically removed from the PSAMeas in
Eqg. 3.

PTotRad (dBm) = PSAMeas (dBm) - LXmitCable (dB) F C (Eq. 3)

Power entered the receive antenna and propagatmayththe receive path into the spectrum
analyzer (SA), where the maximum power was recordée SA is able to capture maximum
power levels across a measurement frequency bamtbdionnections between the SA and tracking
source synchronizing frequency sweeps, both caidradata are included in Eq. 2 & is further
applied in Eqg. 3.

Dwell time ensures that an adequate number of ssveape been recorded by the SA to update
the maximum power levels of the measurement traee the frequency band.

5. Summary of Maximum WLAN Emissions

Laboratory tests shows WLAN devices and EFBs, |afablets/PDAs are well below the FCC
spurious emission limit. Whereas, WLAN devices emasiderably lower than the RTCA/DO-160
limits, except in the case of Band 105-140 MHz, igh#02.11a meets the limit within tenths of a
dB.

In Band 105-140 MHz and Band 960-1250 MHz, EFBs$dpftablets/PDAs exceed the
RTCA/DO-160 Category M limits. So far WLAN devicegmissions are lower than EFB,
laptop/tablets/PDAs except in Band 5020-5100MHz.

The recorded test and research data shows thagjratée WLAN devices should not
compromise the integrity of aircraft radio systearsy more than those emissions from EFBs,
laptop/tablets/PDAs. These were also check withiraane on-site testing.

Note that this is only a first order comparisomcsi directivity is not yet accounted for in the
emission measurements.

Maximum spurious emission measurements conductea group of WLAN devices are not
any higher than the maximum spurious emissions ftested PEDs in the considered aircraft
communication and navigation bands.

The MLS band was the exception where WLAN devicesssion levels were higher than
PEDs emissions. Since there is a large safety manggsand 5020-5100 MHz, WLAN devices are
not a concern. Tested integrated WLAN device emissiremained lower than FCC and
RTCA/DO-16 Category M limits. Although EFBs, lapttablets/PDAs emissions can be higher
than RTCA/DO-160 Category M limits, they are lovilean their intended FCC spurious emission
limit.

Further laboratory and field tests should be cotetbaising the 802.11a device standard,
besides its standard net bit rate of 54 Mbit/s mwiits 5 GHz frequency band versus the 802.11b
with its 11 Mbit/s net rate in the 2.4 GHz band; gublic domain counts positively for the 802.11b.
Further tests should also focus on 802.11g andl&@2which might become series equipment for
EFB interface modems, laptops and tablet PCs.

39



6. Conclusion

Any of the tested WLAN devices do not harm fountstalled avionics and electronics. The
accuracy and resistance of installed electronicreomcation equipment against interference is
proven, certainly only in the tested aircraft eoaiment.

Laboratory tests showed that 802.11a emissionsewe® lower than 802.11b emissions.
Bluetooth emissions are similar close to 802.11lbes In this tested combination individual care
must be taken after any installation within the VbHnd.

At these days airlines with its Electronic Flightad® EFB flight-deck operations are
entrepreneurs, but it is to assume that soon nead@iabin Entertainment Systems for passenger’s
use will follow.

Technique develops constantly; further researches (V)-LANs, Wireless- and
Wired/Ethernet-Local-Area-Networks for onboard eaft operations are necessary and will focus
on posting new standards for certification and apen.
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Abstract: Everything, what people do, bears costs and tah$p not in this regard the exception. Some
costs are easily identifiable and clearly assodiatgh transport. Other costs we do not usuallyizeaand
they are included into the transport price onlytlgasr not at all. These costs may have on thel ozl
only a small effect, but in the aggregate for tHel@ mankind their cumulative effect is significalttis
possible to include among them the costs assoctadmpacts on human health and the environntéet,
costs associated with traffic accidents and comyestin connection with these costs we talk alsoutalled
externalities, which are not in most cases reindalits/ their real originators.

Keywords: Externalities, external costs, marginal costs, S€adneorem, Pigouvian tax, internalization of
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1. Introduction

Transportation has become a necessity for humanRgrsonal mobility and transport of goods
is still cheaper and faster. This fact contribyesitively to the development of industry dynamics
and the economy as well. It also develops the cohex society, but the current rate of transport
development will become unsustainable in the futdfeeady nowadays there are congested areas
and transport heavily pollutes the environment.

Rapid development of transport affects not onlynecoically developed countries, but the
problem is occurring in large cities in less depeld countries as well. One of reasons for the rapid
development of transport is the inability to int&irne the external costs which arise in connection
with transport.

2. Externalities

Externalities are part of the subject of econorheoty since the 19th century. The externalities
are studied especially in the theory of welfare.lfdife economics determines that the economic
activity of any group or an individual using limitgesource can not be beneficial, if it unfavorably
affects the benefit of other groups or individyals

Although this concept has been known and used onaay for a long time, there is not the
complete consensus among experts about the eXattide and interpretation of externalities.

According to Macmillan (1994), we can call extertias variously. We can use terms: external
effects, external positive and negative savingdjosprs effects or neighborhood effects. Zak
(2002) states that: "Externality is a result ofremmic activity, which their originator can not (fgl
usurp (if profit), or from which it can not (fullyecover (if costs).” [2] [3].

In general, externalities are the case of the raibf allocation function of the market. They
include all effects arising from the activities ofhe entity that is transmitted to other entities,
without the originator compensates the delegatstsco
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2.1. Category of externalities

It is possible to distinguish positive externabti@xternal benefits) if the activity of one entity
gives a positive effect and the increase of bemaditother parties without counter value. On the
other side we distinguish the negative externaliiexternal costs) if the activity of one entity
causes the adverse effects and costs in otheeparti

Negative externalities often occur in the transgattor. The European Commission (2008)
states that the external costs of transport aneebloy society and are they are not taken into adcou
by transport users. External costs contain thesidiffce between social costs and private costs.
Social costs reflect all costs that occur due @aogport and private (or internal costs) repredeat t
costs, which the user of transport pays [4].

Other division by Buchanan and Stubblebine (1962)dds the pecuniary externalities and
technology ones. Pecuniary external effects areréselt of the general interdependence of
economic activities and their action is indireatchinological externalities are linked to dependence
of organizations and their activities and theiiacis direct [5].

Jilkova (2003) divides the partial externalitiesiieh affect only one or a limited number of
entities and global externalities, which may belage that consumption of a single economic
goods does not affect consumption of the econonuodg by another entity. The global
externalities can include the damage of the enunemt [6].

3. Justification of chargefor external costs

The existence of external costs causes the disruti the proper functioning of the market
mechanism and the failure of allocation functionaomarket. In the case that there are external
costs on the market that are not included in theepof goods or services, then there exists the
overconsumption. The solution of the problem ofroeasumption and the rapid pace of transport
growth is the inclusion of external costs to castsheir actual originators. If the user has torbea
the real costs associated with the usage of transpovices, then transportation will be used more
rationally.

The solution, however, has its pitfalls. The usdl @onsider the ratio of social costs and the
utility of a particular mode of transport. If theode of transport is irreplaceable for users, then i
will continue to use although the price is highémay also be a situation in which the transport
modes, for which users are willing to pay a higpece, retain and those transport modes, where
users are not willing to pay higher costs, disappda

3.1. Practical solution

In the case of the failure of the market and indase of the excludability of external costs, the
user pays only the marginal private costs. Margimafate costs are usually lower than the marginal
social costs. It is an effort by suitably chosearges to increase the private marginal costs on the
border of the marginal social costs and to achibeepoint of optimum quality of service. This
solution is called internalisation of external soand it is connected to the government activities
and to economic or environmental policy.

Chosen charges should match marginal external,dostosts that a user transmits to other
entities. These costs, increasing the costs alrbarhe by a user and they will have an effect £ hi
decisions and modal choice. Among the marginalreatecosts we can include costs of transport
congestion, infrastructure costs, environmentalscasd costs arising from accidents [7].
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4. Internalization of external costs

Macmillan (1994) defines internalization as: "Me&suthat forces economic actors to take into
consideration certain externalities, usually witk talicious character. Output of economic goods,
which causes the externality, is reduced to anmopti level. Externality, therefore, is not
suppressed, but it matches the level where theafastducing an additional unit becomes greater
than the associated revenues."[2].

Desired state can be achieved in various ways. there are mentioned three:

- Coase approach,

- Pigou approach,

- The polluters and sufferers are bringing to the aweership (external costs are changing

to internal costs).

4.1. Coasetheorem

Coase theorem is presented by the thesis of aefigiand the thesis of invariance. Thesis of
efficiency states that participation at the inceead welfare, which is realized by achieving
maximum efficiency through negotiation is the inibem to achieve the maximum. Thesis of
invariance states that all bodies which are inteneated by an externality can participate in it.

Coase theorem is the market method of addressmgxistence of market externalities through
bargaining without government intervention. In tlo@se the internalization is practiced by the
negotiation between the polluter and his sufferer.

The limit of internalization solution is: a prerasjte of clearly defined property rights and
distribution rights - a clear definition of the pessibilities and obligations of polluters and patie
of sufferers.

The validity of the theorem is very limited andyhege raised critical concerns against it [6].

4.2. Pigouvian tax

Pigouvian tax, unlike Coase theorem, implies govemnt intervention to address externalities
and works with the theory of optimal taxation. Tave adverse impacts of negative externalities it
is proposed a tax and to solve adverse impactesifiye externalities it is proposed compensation
in the form of subsidy.

The amount of tax or subsidy is set to match theraal effects. This intervention increases
(decreases) the marginal private cost to the lefvelarginal social costs (see Fig. 1).

A

Price (p),
Marginal
Cost (MC) Msc

P Mpc
tax I P

P2

Deman
G G Output (q)

Fig. 1. The effect of a Pigouvian tax
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Such taxes are motivation set for transport usetakte into account not only the private costs,
but also social costs. Pigouvian taxes are taxeeréfically ideal, but their implementation is
difficult in the real world. Restriction for Pigu@n access is the need to constantly recalculate th
tax (subsidy), which is not fixed but varies acaogdto economic activity and conditions of the
organizations that cause externalities [6].

5. Conclusion

The issue of externalities and their internalizati® a complex problem. On one side, there is
demand of human society for transport and the arestf mobitily and on the other side it is
distortion of the transport market and severe dasag human health and the environment.

Economists examine the theoretical basis of thrermatisation of external costs for many years
and the target of this article was to show thedasnceptions of the Pigou and the Coase. These
two British economists brought important knowledgeesearch of possibilities for internalization
of external costs into the market economy.

The Coase theorem would be the suitable solutidharcase of the sufferer is able to abstract
the existing damage with lower costs than its petluThrough this concept we could reach the
optimal point even with the saving of total codtwever, in the case of transport externalities
(noise, smog, vibration etc.), which influence hugember of subjects and has only restricted
possibility to change the current situation, thetdor addressing are too high.

The Pigouvian tax, based on the governmental iatgion, seems to be suitable for its
motivation part (if we dismiss administration cQstsecause the polluter is through the increase or
decrease of its total costs (imposing of a tax anigg of a subsidy) motivated to the choice of
balanced solution of externalities problems in @mtion to its activity and the whole society. That
is the reason why nowadays conceptions come frenPigouvian tax, even if it is connected with
the external impact into the functioning of the katrand into the level of total taxation of trangpo
users.
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Abstract. The paper presents test results, whose aim isasagg of valve clearance increase, slightly
deviating from the nominal values, in a Sl engiAeceleration of the engine vibration was measured
in laboratory tests of the engine, in which cleagaaf intake and exhaust valves was increasedh®basis

of recorded signals, an analysis was made usingeWatime-frequency decomposition.
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1. Introduction

Combustion engines, during their use time, chahg# walve clearance value. This has an
adverse effect on the engine valve timing, andefioee on the change of the opening time of the
intake and exhaust valves. Consequently, the psooéscharge exchange in the cylinders is
disrupted, resulting in increased fuel consumptiat,achieving the engine full power and uneven
work. In addition, the increased clearance in iheng system evokes the engine vibration and
noise. The studies of this phenomenon are presemteohg others in [1, 2] and in [3-5] the authors
dealt with the impact of valve burn on engine wand generated vibration. In combustion engines
valve clearance value can vary, mainly due to f§ystesn components wear. For systems which
require control and regulation of valve clearang¢he user, the manufacturers recommend manual
controls using for example a feeler gauge and themadjustment a valve clearance by changing the
settings of the adjustment screws or replacing laeégu boards. A much more difficult problem
arises when using the hydraulic tappet of valvejclwiwill automatically regulate the valve
clearance. Their malfunction is manifested in tbenf of acoustic symptoms such as a metallic
sound, which are difficult to detect both manualéywell as using a stethoscope [2].

For the non-invasive inspection of the engine valearance, and finding the location of the
damaged valve can be used vibroacoustic methodsmefsurement and analysis signal
of a vibration and a sound of the engine. Studfehie type are presented, among others in [3-5],
where the significantly increased valve cleararssmeaiated with damage to the hydraulic tappet of
valve of gasoline and diesel engines was detected.

Diagnosing a small increase in engine valve clegrais a difficult research problem.
Clearance of this type occurs in engines in casdigiit wear of valve, or, if there is damage te th
hydraulic tappet of valve. The paper presents mighry results of diagnostic possibility to detect
overstandard-sized valve clearance, slightly dengatrom the nominal values. Internal combustion
engine with camshaft mounted in the engine block sedected for testing.

2. Theobject of research, the method of measurement and analysis of the study

The subject of the study was a four-cylinder engiha passenger car, a Ford Ka, with a spark
ignition and cylinder capacity of 1,3 dniThis engine is equipped with an eight-valve haad a
camshaft located in the engine block (timing OHWhe test head engine with the disassembled
valve cover and the possible places of the valearahce there can decompose is shown on fig. 1.
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Fig.1. a) The test engine with the disassembled valverco
b) Engine valve mechanism with the selected looatf the possible occurrence of valve clearance

For the test engine, the values of the openingdmtalyed closing time of the valves [3] are
respectivelyog = 18, Bq = 38, aw = 45, Bw = 7. During the experiment, there was assumed the
change in value of valve clearance - the exhaustratake valves - increasing their value from the
nominal clearance value. Adopted in this case #ieevclearance values are shown in tablel.

Valve Test 1 Test 2 Test 3 Test 4 Test 5
Intake 0,2 mm 0,2 mm 0,2 mm 0,25 mm 0,3 mm
Exhaust 0,5 mm 0,55 mm 0,6 mm 0,5 mm 0,5 mm
Nominal clearance

Table 1. Valve clearance values used in the research.

To diagnose valve clearance there was used a niegsystem consisting of:
1. Two piezoelectric transducers.
2. An optical sensor, which recorded the referesigeal of crankshaft position.
3. National Instrument Data Acquisition Card NI 247
4. A computer with LabView 8.6 software.
During the tests, the vibrations of the drive umitwo different directions were recorded: in the
direction of movement of the piston, and transvéossbe direction of movement of the piston.
The position of optical sensor and vibration acelen measurement system diagram is given
on figure 2.
b)

:
u'

Piezoelectric
transducers

L

| Acquisition card | | PC |

Fig. 2. a) The location of vibration acceleration trareseis on the test engine.
b) Diagram of measurement system

| Optical sensc |

Vibration signals were recorded at a frequency®kBz. Matlab-Simulink Signal Processing
software was used for processing. Continuous wawelasform was used to process the signals,
which allows obtain components of the signal inetfrequency space. The result of wavelet
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transform is the decomposition of the test signaikeiation to the family of wavelet8,, For the
function f(t)OJL* defined by the scale parameter "a" and at the motitg, continuous wavelet
transform is [6]:

Wf(ab) = (f,W,,) = j f(t)%w*(%jdt

where:

Wif(a,b) — wavelet coefficient; f (t) - test signal: the base function (wavelet);
a - scale parameter; b - displacement parameter.

The recorded vibration signals have been pre-pseceto select the wavelet and the range of
frequencies. As a result of the calculations Monlavelet was selected at the frequency scale 2-66,
which enabled to obtain satisfactory effects ofalochanges in the amplitude of wavelet
decomposition as a result of increased valve aleara

The preliminary measurements suggest that the sensitive to change of valve clearance are
vibrations recorded in the direction of the movemanthe piston. On the other hand, much less
sensitive to the change in valve clearance wererdhalts of measurements of vibration in the
transverse direction to the movement of the piston.

The following figures present some of the most espntative time-frequency distributions
obtained during the measurements. On the diagrdmase are marked some selected areas of the
crankshaft rotation angle change, in which theransincrease of vibration amplitude during
opening or closing proper valves.

Opening valve

Opening valve

107

Skala [-]

Opening valve

Fig. 3. Time-frequency decomposition of engine
vibration signal recorded for valve clearance:
a) intake 0,2 mm, exhaust 0,5 mm;

b) intake 0,2 mm, exhaust 0,55 mm;
c¢) intake 0,2 mm, exhaust 0,6 mm
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3.

a) Closing valve b) valve

Fig. 4. Time-frequency decomposition of engine
vibration signal recorded for valve clearance:
a) intake 0,2 mm, exhaust 0,5 mm;

b) intake 0,25 mm, exhaust 0,5 mm;
¢) intake 0,3 mm, exhaust 0,5 mm

Skala [-]

Conclusion

The paper presents the problem diagnosis of easy normative states of valve clearance.

It was proved that the used, in these studies, adstlof measurement and analysis of vibration
allows the efficient detection of valve clearance.

The diagnosing by vibroacoustic methods in choseithie tests engine was difficult due to the

location of the camshaft. In this case, the totdV@ clearance is the sum of several combinations
clearance of the timing components. Despite thug the presented method of diagnosis has been
proved successful.
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Abstract. Sustainable tourist traffic cannot do without gw@utions in the area of sustainable transport,
friendly to the environment and at the same tin@atly accessible. High quality transport infrasture and
appropriate communication connections are the sacgsonditions for the growth of sustainable tsturi
traffic and the subsequent economic expansioneo§gecific region. The appropriate incorporationvater
tourism — tourist, recreational and sport sailinigite the infrastructure of the region (into thestgyn of the
transport services offered) as an active tool [fillfag leisure time activities of its inhabitantg is possible

to achieve a rise in the interest of visitors iis thegion and at the same time create the preconslitor the
development of its social-economic activities.
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1. Introduction

Tourism in the twentieth century became an impar&octial and economic phenomenon.
According to the World Tourism Organization (WTQ)etdevelopment of tourism will affect
several trends in the beginning of the 21st centwhich may include the use of new information
technologies in supply and distribution of prodecientation for image destinations - tourism
centers - as a prerequisite to increase theirc#itemess and appeal, not least the increasing
preference of tourists focused on convenience, Ifingtion and accelerate the process of travel, ie
guality and availability of target sites. Tourismthis sense presents the industry which has a-cros
cutting nature and its implementation is directlydlved in a number of other sectors, including
transport that occupies a key position. Projecteavth in tourism of about 2.5% a year is not only
determined by the growth of income and educatidéeals but also the right of traffic, increase
range of leisure and lifestyle changes.

By examining the interaction between the develapmoétourism and regional development is
necessary to analyze particularly the externalisauenvironment - economic (purchasing power,
cost of living, economic growth, unemployment, Imesis conditions, access to credit, foreign
investment, etc..) social (range of holidays ame fiime) technological and environmental - and in
relation to competition. An important factor affiect the economic development is the
technological environment, whereas in terms of itmaris primarily about the development of
transport , including consecutive infrastructure.

Another prerequisite for tourism development is tomsideration of environmental aspects
(ecological environment) by respecting the critamna conditions for sustainable development.

To create this synergy effect - ie mutual connectiad conditionality between improving the
state of transport service, accessibility of thgiae and its services not only assists traffic as a
whole, but also its various modes. In this sensd,véth the respect to the need for attractivehef t
region through the development of leisure actisitteme to the fore right the waterway transport.
The waterway transport can participate on a medmirand active use of leisure time for the
visitors / tourists through the development of tsmr (cruises, wood-raft cruise), recreation and
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sport trip (rafting, canoeing, water rodeo, etcahcluded on water surfaces (lakes, dams) and on
navigable natural /canalised waterways (river,\@give channel).

2. The importance of transport for tourism

From the perspective of the European Union, thesprart sees as the main tourism industry,
which contributes to the quality of tourism sergic@nd ensuring the availability of destinations.
Relationship between transport and tourism is tmeitual relationship, because of the fact that the
development of various forms and types the tourggwes rise to the new forms of transport,
upgrading existing and building new transport nekw@nd not least the production of vehicles
taking into account the requirements of touridtghé tourism is put at the forefront in the ecomom
policy, so it should be note that it is not enolngtve good housing facilities, but it is necessary t
create a high quality transport infrastructure.

The transport has an important role in theetyment of domestic and foreign tourism. The
transport is one of the conditions for creation dedelopment of tourism and is an integral part of
complex services meeting the needs of touristgqyudity affects the decision the customers about
visit destinations and form part of the overallvalexperience. The tourism consists of three
phases: travel - vacation - travel. Two of thesaspls are associated with the movement and a
single phase with the residents. The travellinigp iurism theory called physical (dynamic) phase.
Less analyzed site of the traffic is local trangpbat directly serves to the tourists. In this tecm
the movement of tourists by vehicles can not bith@place of residence. We do not mean only a
universal resources (taxi, bus), but also the §ipe@sources linking the function of delivering
customer services in place to target the functibexperience - horseback riding, sleigh rides,
historic railway or cruise on a cruise ship anaso

The tourism is divided in terms of the trafftcmove, ie movement and residence:

= the transfer the tourist from his place of resigetmme environment,

= to the place of recreation, recreational space ettvironment, and back to the place of

residence,

= movement in the center of tourism, for exampletwal - cognitive tourism,

= stay within the recreation area — the tourism aente

The above breakdown shows that the basic ablgansport in tourism is the movement of
tourists. Another challenge the transport is primmgdthe complex services to meet the needs of
passengers. Transport has to save their time ior fthe tourism, expand availability of travel
options and distant countries and make attractigasafor tourism participants.

The tourism in relation to transport acts asaaier for demand for transport services. The
tourism expects from the transport satisfactionrtheeds, always with the same purpose. The
transportation needs we consider essential, witthait satisfaction we can’t talk about tourism.

The transport infrastructure is one of the &esnponents of public infrastructure influencing th
development of tourism. We currently note the in@ment traffic - technical condition of the
regional transport infrastructure, decline the gyalnd quantity of public transport and its worn-
out fleet.

Accelerating the improvement of transport asfructure as a key precondition for the
development of tourism in all regions throughowt tountry is a priority for the Government in the
tourism development strategy until 2013.

Between 2005 to 2013 the Ministry of TranspBusts and Telecommunications, in cooperation
with county authorities and the Association of Tevand Villages, set the objective of upgrading
and expansion of road, motorway, speed rail, waber air networks, support and enhancement of
public transport, while respecting interests ofuratand thereby facilitate access of visitors ® th
tourist regions of Slovakia in various forms tramgp Creating conditions for regular system
support for building the cycling routes (local, i@tal and international) and cycling infrastructure
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Permanently harmonize schedules different typgsubfic transport and make those improvements
combined transport.

2.1.The water transport in Slovakia and the tourism

The Slovak Republic is an inland country. It haswnavers and smaller streams, canals, water
reservoirs, lakes, ponds and flooded mining pitsictv are suitable, among other uses for sports
and recreation. This is one of the most naturalsaayrelaxation and regeneration in the natural
environment, sports use from the amateur to togl land also for tourism development in a various
individual and organized forms of tourism.

In order to allow a greater degree than is the case to exploit the significant potential that
sport and pleasure craft provides in Slovakiatiiertourism is necessary general support. And not
only with the friendly legal framework, creatingethecessary technical and suitable organizational
conditions but in particular processing and adoptmf a missing societal approach to its
development. This concept is to use water for egme and sport boat for tourism development as
needed, such as. generally supported its use ifotheeof snow in winter.

Water tourism offers many unique experienges @nique atmosphere that attracts a wide age
range of its devotees. Although Slovakia has arabpotential to offer rich water flows on which it
is possible perform activities , canalization ardh@ their infrastructure for such activities is
insufficient (camping, shops, jetties, etc.)

Create a program, which would patrtially replace stractural elements of the defunct system
will not be easy. One possible way is cooperati@illages located near rivers, which are suitable
for water-tourist activities. Through them is sptissible to mobilize an existing base of watermspo
activities fans. Holders of single concept havbda central authority which ensure its enforcement
the practice (Ministry of Economy, SACR).

Water transport from the perspective of tauris the SR plays a minimal role, although the
Danube is an international waterway, which conn&iss with the whole of Europe. Tourists
currently use mainly regular connection betweentiBleva and Vienna, the other connections (in
Hungary) have irregular nature of the recreatidredfic. Water transport in relation to tourism has
mainly regional character.

For the recreational cruise is currently ie thse water flows mainly in western and eastern
Slovakia as the Danube and its tributaries Mor&tad), Hron, an arm the Small Danube and to a
lesser extent, Nitra and lhdn the north of Slovakia is it the river Oravaydca, Bela, Poprad and
Dunajec in particular. In the east is the river Baj Hornad, Laborec Latorica lesser extent
Ondava and Tdja.

In addition to the waterways in Slovakia thare many water areas, respectively. water tanks
suitable also for recreation and recreation. Asene recreational cruise carried on Orava Dam on
the river Orava, Zemplinska Sirava on Laborechenater reservoir above HruSov Giédovo on
the Danube, also on the water surface Nosice, Salic $hava. For recreation use tourists in
Slovakia as well as large dams DomasSa, Sunny Laeke Ruzin on Hornad and VD Ko&a.

Waterways and water areas in Slovak Repullibsvaaccess to all forms and activities in the
recreation and sport sailing with regard to locahditions and legislative arrangements for the
waterway. The activities can be divided into thegamized recreational cruise, individual
recreational cruise and sports sailing. Each afetectivities requires specific conditions for thei
positive development. Basic of them are common dlibrspecies. In addition to appropriate
legislation, we talk about the ensure the accesgter and enter into the water, suitable bertlis an
space parking and small boats, basic marking oémetys and navigational barriers.

The current status the sport's and recreatialing in Slovakia and its possible share on the
domestic tourism dont used opportunities for itgadigpment offer the mentioned existing lakes and
waterways and favorable natural conditions. Devalept of individual and organized recreational
cruise is essentially random, without a more sevegenal or national concept. In this context, are
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not designed even the necessary uniform regula@masnormatives for sett up the recreational
cruise operations in relation to other uses ofewedys and water areas for the tourism or for the
environmental protection. In the official materialsout the tourism in Slovakia are missed detailed
information about the locations and opportunit@sifse the services and about the operation of the
recreational cruise own or leased vessels.

Different types of water sports, possibly wikception vertex successful water slalom, are
marginalized both national and local support agttfat least to maintain their current options. The
water tourism is almost completely out of focus anbtody create for it almost any new conditions
and possibilities. For example, on the river Hrovgs in the last 30 years built about 10
hydroelectric plants, without a device for overcotine drop by vessels (slip or a lock for the small
vessels). There is the same situation on the sedile waterways in the territory of Slovakia.

Insufficient number of places for the mooriregreational boats in the Slovak section of the
Danube, with limited opportunities for their lifgnand lowering with almost complete absence of
the necessary refueling stations for the fuel cdllg be compared with a fully equipped municipal
and local ports and harbors for the recreationatdon the Danube in the Austria.

Beautiful, but unused is the Danube branclesysn the area Gétkovo on the Slovak territory
without any facilities for recreation sailing. Thguation on the Hungarian side is totally differen
docks, boat rentals, parks and other infrastructure

similar proportion of the waterway, which weditBa’a connect B#ovany , current Partizanske,
with the Danube with, we also have in Slovakia ba tiver Nitra. With existing locks in the
JelSovce and Nitra (with identical parameters geatd on the Bata canal), could be established
about 25 km long recreational waterway directly reested with the county and exhibition city
Nitra.

As one of the a few positive efforts can bentimmed at the Government Office to develop a
single strategy the use of Gélkovo for the tourism and recreation, of coursethie the context of
the international context for the development af Banube area. This activity could be an incentive
for the creation of a similar concept of addressimgsporting or recreational sailing in other
sections of the Danube and gradually also on atla¢erways in Slovakia.

3. Conclusion

The use of waterways and water areas for relaxategeneration and sports activities is the
right of citizens of the Slovak Republic and a vengresting offer for the visitors. Therefore have
to be running recreation's and sport's sailing seea service and an opportunity the equal on other
forms of tourism in Slovakia. It deserves still gger efforts for all of us about improving its cemt
conditions and general support for its further diegmment.

The using of the waterways is dependent primaniytite quality of transport infrastructure.
One of the basic conditions for the developmentrexdreational cruise are facilities on the
waterways to allow boats enter on the water.

Development of the recreation's and the sportingais not possible without appropriate ports,
marinas and the local landing pontoons allowingyleerm and short-term parking of recreational
boats. Part of the equipment beyond the landingquays and the pontoons, with the possibility of
approved connection to the service stations, waatsfer and the use of social and the refreshment
facilities at least a minimal extent.

Important also is the base marking of waterwaysyjigation marked obstacles, placing
information boards with names of cities in termstygical orientation and with the information
about services and the attractions nearby.

For further development of the recreational crisean important part of tourism and for the
Improving the supply for the domestic and foreigsiters for their use, is necessary to focus
attention and to develop the most activity on #teinn of passenger cruise ships on the water areas
of large water reservoirs and the appropriate sestof rivers.
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Abstract. The purpose of this article is to present thst fpractical experiences of authors with the laser
measurement system LD-OEM1000 by SICK AG. The papatains examples of the first experiments,
used to show how the equipment in question worksdmscribes initial processed raw data capturethglur
communication with the laser scanner. Further $icdbes experimental measurement and structurataef d
packets sent via the Ethernet interface, as wekxatains meaning of the particular words contaiired
transmitted packets.

Keywords: laser, scanner, packet, captured, two-dimensional.

1. Introduction

Utilization of a laser beam can be found in mamgtas of industry. There are many different
ways to use lasers for measuring the distancepaoirg object to a laser source. Preferred methods
for measuring distance are Phase shift measuremeaatgulation and Time of flight. The last
mentioned principle is applied in discussed senaipjication. The simplified principle the Time
of flight method is to measure the amount of timiglat pulse takes to travel to the object and back
The speed of light has a setpoint so it is possibldetermine the distance travelled. The setups
described in the previous sentences provide distem@asurements for a single point. Results from
more measurements can by used for calculation @fdazates of the target point. One can repeat
this process multiple times, by pointing the laseanner at different directions. When all these
directions lie on a plane, the collected data mlesithe two- dimensional profile shapes of the
target object at that plane [1][2].

2. Laser scanner properties

The used scanner LD-OEM1000 [4] is a two dimendiahstance measuring system used
mainly in industrial environment. This laser measonent system consists of laser scanner and
software processing measured values. The scaneeatep with an infrared laser of the class 1 (eye
safe). The laser beam cannot be seen by the huyeaTlee scanner interface outputs the contour
data on the recorded surroundings in the form astant raw data incorporating distance and angle
values. The 2D profiles of the surrounding are sednby the multiple pulsed IR laser beams
transmitted via a rotating lens head. The sensothase extremely short light pulses measures the
running time of these pulses to the object and lihekeby calculating the distance as well as
determining the angle of the pulses sent back. Makpulse frequency of the laser diode is 14.4
kHz to produce a maximal head rate of 20 timesspeond. The scanning range of the scanner is
dependent on the reflection of the objects to lleated. Scanning range may by up to 250m.

2.1. Communication interface

Communication with the scanner is possible via s®vaterfaces: RS 232/RS 422, CAN and
Ethernet. The CAN interface as well as the sentdrfaces RS232 and RS422 are having a lower
data transmission rate. We have decided to userrighenterface since it has the fastest
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communication speed, it is possible to output adaeured values of a scan in real-time and the
communication protocol follows the TCP/IP standaithe Ethernet interface has a data

transmission rate of 10 MBaud, it is a peer to peterface and only half duplex is supported. The
transferred data is automatically split up into nplg packets by the Ethernet controller. At the

receiving end the packets are automatically calkeind put into the correct sequential order [3].

2.2. Experimental measuring

Initial measuring shows how the laser scanner @aagplied and proves sensor properties in
indoors environment. The measurement attributestla@escanning area 180° (90°-270° polar
coordinates)scanning frequency 5Hz, angular resolution 0,1B8¢ is 7200 pulses per second. The
original software SOPAS ET by manufacturer is bagled to visualize measured data on-line and
configure the equipment off-line. The graphic reemation of measured values is based on the
primary function that is measurement of the distanc

The first figure shows a simple horizontal scama tfallway. From the figures it is apparent that
some doors are recognized, but if an incident amgl®mo small, a number of reflection points
diminishes. The glass door at the end of the hglkeflects a laser beam too, that is very important
finding for the next research.

b |
b

Fig.1. Space of the hallway scanned by sensor and graghiesentation of measured values.

The second figure shows the same hallway, but taegenow two barriers in the area. The
graphic interpretation determinates that a backhef chair is approximately 3m far from the
scanner. The angle step was set to 0.125° spdassible capture a thin object which is a caséef t
clothes-stand in distance 7,5m. Experimental measents proved configuration and measurement
the distance as the primary function of the scanmbese first steps are important for further
activities aiming to proper capturlng of data apglecation-based processmg
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Fig.2. Space of hallway with two barriers and graphiaespntation of scanned objects.
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2.3. Packet capture and analysis

This paragraph describes a structure of one of mackets captured during communication. It
was recorded using the network protocol analyzee\@hark. The communication protocol follows
TCP/IP standard so the packet contains known irdtion like source port, destination port
sequence number, acknowledgment number, etc. Thes in packet are not important, because
they do not comprise measured data. There is orieopgacket which contains raw data from
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scanner. This data sent via UPF (user protocoldjarantains a service request comprising service
code and data. The structure of the UPF packéeituPS (User Protocol Service) is given below.

Service Service
UPF packet code data
TCP
Interface packet | STX | MRK | LEN TCP DATA cs

Fig.3. Structure of the UPF packet in the user servioéogol [4].
Legend:

STX - (Start of text) is transmitted as a singjeeb
MRK - Definition of the transmission format.
LEN - The number of bytes that follow in “Data’deded as a 32bit integer.
CS - Checksum, is a single byte that is calculasadg an exclusive OR
DATA - Measured value output, contains:
= Profile of the field of view in 2D polar coordinatas hex values.
= Contents of one revolution: include number of thefie emitted, profile counter, sector
numbers, angle step, number of points per sedtoe $tamp for start/end of each sector,
value and direction of the distances measured.

Data interpretation can be seen in the actual elarmpthe real packet captured during
measurement. One rotation of scanner head corrdspgonone scan and one packet with output
values. For the maximal scanning area (360°) aedrtimimal angel step (0.125°) it would be 2880
(360/0,125) pulses per one rotation. For exampie, displayed packet was captured for the
scanning area 3° (270°-273° polar coordinateg) angular resolution 1° (Fig. 4.). The distance
value is represented by a 16-bit binary value &itiesolution corresponding to the angle step. The
angle is also represented by a 16-bit binary valit a resolution of 1/16°The hexadecimal
numbers are coded as ASCII characters. One WORBIstsrof 4 characters.

(A)|00 23 54 c7 40 72 00 06 77 85 06 32 08 00 45 00
00 5a 2f da 00 00 40 06 c7 68 cO a8 01 Oa cO a8

01 0108 3f c2 ef 00 25 Oa 4b e9 16 16 59 50 18‘

(C)|0c 90 5¢ 19 00 00]|02 02 02 02 00 00 00 29 73 52

(D) 41 00_62 00,11 85 ba 01 02 110 79\ |oo 00][00 1o|yoo

0011 10//00 01 00 1000 03][10 <0l oz 80][00 B4l[0L
“ofl[0o0 93|[01 6£|[00 a447] M @  ® @

(h) (9 (h) (i)
Fig.4. Packet contains measured values.

(B)

Legend:

(A) Ethernet Il, source and destination MAC address
(B) Internet Protocol.

(C) Transmission Control Protocol.

(D) TCP data, that mean Interface packet togetlidr UPF.

UPF packet includes Service code and Service data [3]:

(a) Number of the profiles.16-bit counter that dsurontinuously.

(b) Number of the sector.

(c) Angle step indxample WORD 0x0010
first BYTE 0Qex = 00 pgc - second BYTE 18x = 16pec
resolution of 1/16° so value of the angle steg’)s 1

57



(d) Number of points of the sector.

(e) Time stamp when the sector starts at thegostt in.

() Start direction of the sector in.

(g) Measured distandexample WORD 0x019f,
upper BYTE Odex = 01 pec - lower BYTE Q-fEx = 159pkc
distance in m + distance in 1/256 1 + (159%66P= 1,621m )

(h) Echo amplitude.

(i) Time stamp of the last point in (ms).

3. Conclusions

Meaning of particular bytes is necessary for adddl data processing, especially finding a
distance of measured points, angle step, startre€ttbn and number of steps. The laser scanner
creates a point cloud, which can by stored as gpaten file. This file can be processed by proper
software designed for calculation of points cooati#s. This program will be created in the program
language C++ and will calculate coordinates theate each point to a two-dimensional space. The
third dimension can be assigned, if the scannatsstaoving across the plane of scan. Thus
accouplement of these coordinates will help torgefach point in the three dimensional space.
After that we can create a 3D model of the scarspeate using only a 2D scanner. This is one of
purposes of the doctoral thesis, which plans t@gdes measurement vehicle used for the intelligent
traffic system application.
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Abstract. This contribution deals with the analysis of casto’s requirements on provided service-quality
during delays in railway transport. The analysigered the situation in the Czech Republic. It sunuea
customers” requirements on provided service inestrif guideline 1371/2007/ES. This contributioralde
with key questions for quality management, whichndd need any extra fees and can be realized doect
improve delivered quality. Analysis is one of theomes to authors’ thesis named Delay from Tradfid
Transport Quality.
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1. Introduction

In the last 10 years increase the requirementsuality of railway transport. This influence is
caused by bigger mobility and ability of railwayssgm to replace air transport on middle-long
distance ways across Europe. Air transport hasvils European quality standards in guideline
261/2004/ES, to establish similar rules on railwtag new guideline 1371/2007 was passed. This
guideline guarantees same quality across Europailimay international traffic. This guideline is
valid for domestic traffic only under the local ggmment approval.

2. Legidation framework

The basic quality guideline ISO 9001 was eked vgthdeline EN 13816. This guideline
defines quality criterions for transport systemscéssibility, availability, information, time,
customer care, comfort, security and environmeimgdact)[1]. According to EN 13816 exists
guideline EN 15140, which gives measuring procedaorealelivered service-quality’s level in each
criterion from EN 13816. The endeavor to be goodiiadransport brings the need to establish
better rights for passengers by rail across Eurtypair transport is valid guideline 261/2004/ES,
which establishes common rules on compensationaasdtance to passengers in the event of
denied boarding and of cancellation or long delaylights. In railway system had existed only
guideline COTIF with its compensation system. Tfaree the new guideline 1371/2007/ES was
established. It modifies the conditions from 26 D2MES to rail system conditions.

3. The measurement of customer satisfaction

The measurement of customer satisfaction has &gie bteps (see the paragraphs below).
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3.1. Choosing of suitable method of measurement

The customer satisfaction can be measured withraediéferent methods:
= Telephone communication,

Post (classic, electronic),

Personal interview,

Internet,

The stake of Form.
Author of this contribution have chosen persongnview. This method was chosen thanks to
best volume of response and accuracy.

3.2. Measurement

The personal interview was realized at Brno maatiah during Fridays™ afternoon pick hour
in autumn 2010 by the courtesy of CD, a.s. KCODdBand New Station Brno Development a.s..
The customers were inquired,
= how often they travel by train,
= what is their journey reason,
= if the reason of delay is important for them,
= which type of CD’s delay announcement they prefer,
= what kind of compensation they welcome.
During the personal interview were the passengks mquired about train category and
acceptable size of delay, but these topics arpardiof this contribution.

3.3. Results of measurement

Total number of inquired customers is 603, the Iteson the most important questions are
summarized in this Article. The percentage shargtroicture of passengers is shown in figures 1-2.
Not all of questions from measurement are mentionekis article.

100% AT A G
.'... . ..1|:|._
e S
s I 145
70% 27 N
60% 17312 S o Weekend/holiday
50% H\&w m ¥ @ =] Spo:'t.fentert:ar'a'nmt
AT [t 51 : B m Business tip
40% o = @ ‘Waork/schoal
3{:'% | -
20% - 40
10% 15
0%
15% 18% 53% 14% Frequency of
loweras 2 |[minimal 2 times |minimal 2 times |minimal 8 times| commuting
times per month|  per month per wesk per wesk

Fig. 1. The percentage of rate and reason of commuting

The minimum range of inquired passengers, that cot®nmore than 8 times per week,
is caused by absence of necessity to buy tickE$1JMK integrated public transport system. The
passengers can go direct to train without waitingédway station. This fact can be seen in fighye
where the main volume of passengers goes on lahgf@nce than 150 km.
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Fig. 2. The percentage of route distance

Key questions for quality management, which dome@d any extra fees and can be realized
direct to improve delivered quality, are connecteith delay announcement, therefore is this
contribution focused on these questions:

= |s the reason of delay important for you?
= Which type of delay announcement do you prefer?
= What kind of compensation do you welcome?

Train delay time announcement with 5 minutes toleeais preferred by 50 % of passenger.
Only 32 % of passengers are for exact delay timeammouncements. Most of passengers
substantiates their answer with the fact, that aperis not able to estimate the exact duration of
delay in source of delay. The accuracy of the delasation finds the rest (18 %) of passengers
unimportant.

Results of the question about delay reason annowteare very close. The reason of train
delay would like to know 51 % of passengers. FoRdbf passengers is the reason uninteresting.
The passengers would like to know the real reasohdnly technical or traffic difficulties), but in
the case of accident with injure of somebody th&fgr only common reason “incident on track”.

The last question of the personal interview wasi$ed on delay compensation. The passengers
could choose, what is the best compensation wag. Juideline 1371/2007/ES establish the
financial compensation with different level for paagers, who are touched by 60 or 120 minutes
delay [2].

The measurement shown, that 46 % of passengews iinfincial compensation, they are
followed by 37 % of passengers, who would welcohgediscount for the next ticket.

For full overview on this question is necessaryrention, that 10 % of passengers would like
to gain refreshment and 7 % is satisfied with tiveent systerh

4. Comparison between passengers of different quality trains

The Czech Railways give opportunity to travel bgiris with high offered service-quality. In
the conditions of the Czech Republic it should tzns of categories EC, IC, EN and SC. The
standards of EC/IC trains are changing, therefbeetargeted group of passengers is SC clients
(thereinafter SC-passenger). Unfortunately theneevi@ind no passengers, who travelled only with
SC trains during the measurement.

But there are two groups of passengers, which @Gs&&ns in combination with another train
category. Total range of those passengers is 38.r&kults of the questions about reasons of
commuting are shown in fig. 3.

! The guideline 1371/2007/ES is not valid in the @zRepublic, but the Czech Railways have their ommpensation
system for passengers of EC and SC trains [3].
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Fig. 3. The percentage of reasons of commuting by traitishigh level of services distance

Announcement about delay time with 5 minutes toleeais preferred by 73 % of SC-
passengers. Only 20 % of SC-passengers are fort ed@ay time in announcements
and for 7 % is the way of announcement unimportant.

The reason of train delay would like to know 47 #5€-passengers. For 53 % of them is the
reason uninteresting.

The best way of delay compensation for 47 % of &€spngers is the financial compensation,
they are followed by 20 % of passengers, that wbkédto have refreshment and 20 % are satisfied
with the current system. Only 13 % of SC-passengarsld welcome the discount for the next
ticket.

This result is not surprise. The most of SC-passengse train less than 2 times per month
(53 %), and the main reason for travel is businegs (33 %). People with low frequency
of traveling by train do not want to wait for newle to use the gained discount for next ticket, as
well as the members of business trip do not sahantial compensation, when their employer pay
them the ride.

5. Conclusion

The analysis of results of measurement confirmg ftiv@ancial compensation docked
in 1371/2007/ES is correct. Passengers prefer ittendial compensation. The concrete form
of information about size of delay time is on opera decision. Information about reason of train
delay is important for daily commuters. The passesigvould like to know the real reason of delay
(not only technical or traffic difficulties). In €& case of accident with injure they prefer only
common reason e.g. "Incident on track".

The paper was elaborated by support of Studentaht3Zompetition SGDFJ01/2011
of the University of Pardubice
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Abstract. This contribution deals with problems of brakirng tautomobile, specifically of category M1. It
was carried out the measurement of braking dedwlaraf the vehicle Citrén C6 by Correvit system and
decelograph XL Meté} Pro. The aim of article is to perform comparisdrbmking deceleration between
these two devices and enquire its lines running.adcomplish the tests, it has been used airpotihén
Rosina near Zilina. There are published resuliseoformed measurements and its evaluations iratephrt
of this paper.

Keywords: braking deceleration, Correvit, XL Met¥rPro, divergence.

1. Introduction

Intensive vehicle braking is usually an essential defensive driver reaction in order to avoid
an accident. Indeed, detection of the values rehdbéng the intense vehicle deceleration is being
one of the determining factors in accident actigplieation. [2]

2. Test vehicle and measurement devices

As a test vehicle was used a car @iraC6 3.0 i V6 BVA from the laboratories of the
Department of Road and Urban Transport, PEDaS factithe University of Zilina. The vehicle
was loaded with two attempts persons (a driversgrager who serve measuring device). Tires had
dimension 245/45/R18 100 W. Tread depth for froestare front 5,1 mm and rear 6,9 mm.

Fig. 1. The vehicle Citrén C6

Correvit Corssys Datror(Fig. 2). This device consists of 4 main partsierawave sensor (heart
of the system), braking sensor, processor and a@opanel. The microwave sensor consists of
sensor head and sensor electronics and accommaatigéi®nal connections, such as an interface
for flow-measurement systems (for consumption }eststrigger inputs for light barriers or brake
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switches, providing exceptional testing power dedibility. The unit senses the relative movement
between itself and the test surface using a plantenna, which projects two radar beams at 45°
angles. Upon striking the test surface, the bearasreflected back to the sensor antenna. The
resulting double frequency (equal to the differentesent and received frequencies) is directly
speed-proportional. The two-beam planar systeneasgs accuracy by automatically compensating
for mounting and pitch-angle errors. The gaineaaligs converted to the desired dimension via an
onboard RISC processor and then sent to the camdspy outputs. Featuring an effective
operating range of 300 mm to 1200 mm, the MicroSansor can be used in applications
demanding larger standoff distances without losscafiracy. [5, 1]

When used with the CeCalWin Pro 1.09.001 Softwére, Microstar Sensor functions as a
complete data acquisition and evaluation systera. siffitware functions enable test parameters and
definitions to be permanently saved, along withirenldisplays and evaluations, e.g. charts and
plots. All measured signals can be saved and eealuaff-line. Data obtained directly from
external memory, evaluation units are stored inpttogram CeCallwWin Pro ADF format. With this
software, the data are exported to TXT format, Whtiten are imported into Excel software. [4]
These data are clearly established in tabular fwitim the required parameters and it is possible to
use them for future work. Data which were expotiedhe XLS file were: time, distance, speed,
acceleration, respectively deceleration (each 0gg@dnds).

Decelograf — Inventure XL Metél" Pro (Fig. 2.) fasten to front window by using suckitigc
from inside. The measure axis must be parallehédrive direction and controls are located in
operator hand reach. After the switch on and auticmsystem control mode starts system
calibration. There is displayed current value otederation. In the case of vehicle stay on
horizontal extent the display should show 0“m.$naccuracy correction of alignment is providing
by manipulation. Automatic detection of stagnanbrizontal position is available. There are
recorded braking deceleration data 40 s after bwafoplication. [3, 6] After the measurement
performance display shows average value of (MFDBlean Fully Development Deceleration),
braking distance & initial velocity (w) and intensive braking timey{t The records are loaded in
permanent memory and they are available only dfierswitch off. Three last measurements are
available recover from memory. There are used Xkiofiv software for reading, editing and
transforming recorded data from XL MetérPro.

Fig. 2. Correvit (a) and XL Metél" Pro (b)
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3. Experimental conditions and methods

Experiments are carried out 22. 9. 2010 at theodirim the village of Rosina in Zilina. The
surface conditions — dry roadway, asphalt adhefsiotor estimated in range 0,85 - 0,95. Ambient
temperature of air is 19°C. Variability of measuaeised by the road gradient is estimated at 2 %.
Devices were installed on Citho C6 — data frequency of both devices is 200Hz.hWite
activation of the speed limiter fitted to a vehialas achieved, the vehicle did not exceed the speed
In about half of departure runway the passengerabtgated device and record of data began. At
the time of consistent desired speed of the velidealriver rapidly depress the service brake pedal
Vehicle is being equipped by ABS system. Braking \@ane to stop the vehicle till zero speed. All
required data were recorded on the memory of tladuation and available in a complete dataset
complete data file. In this state, when the vehigdes completely at rest, the measuring deactivated
itself. After a short pause the next measuremeets wepeated.

4. Results and Data comparison

Using by Software Analysing processing were dateclsgonized and transformed to Microsoft
Excel. There are shown lines of deceleration pmoéseal measurement in graphic mode saved by
Correvit and XL Meter Pro on fig. 3. The deceleyatisection of process is limited by brown
dashed line (starting array of negative attributas) black dot and dash line (ending of negative
attributes) on the figure.

10
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|
|

‘ I !
I '
|

D“Lﬁ&',

t(s)

XL Meter Pro

—— Correvit

Fig. 3. Deceleration process obtain by using measuringcdsv
Results of full braking deceleration measuremeat ar

Reached values
- maximum braking deceleration Correvit: 12,5'f.s
- maximum braking deceleration XL Met¥rPro: 10,7 m:3
- minimum braking deceleration Correvit: 0 fi.s
- minimum braking deceleration XL Mef& Pro: 0,3 m3

Counted values

- average magnitude braking deceleration Corréylt3 m.&
- average magnitude braking deceleration XL Mé&tdtro: 8,626 m:$
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- standard deviation of braking deceleration Catrey4

- standard deviation of braking deceleration XL &8{ Pro: 2,1

- standard deviation/average of braking decelanafiorrevit: 0,295

- standard deviation/average of braking decelaraib Meter™ Pro: 0,24

5. Conclusion

The mentioned braking deceleration measurementaki@ed on seven exams. The value of
density data per 1 second is 200. The medial bgagincess passed in average 1,95 s. That means
that comparison results were made from 390 reawitt®ut of any interpolation.

Correvit is appropriate for scientific measuremeaguiring high level of precisions. Because
of acquisition costs not anticipated application standard practise conditions. Mentioned
comparison gives information about characteristidavices. According to reached results Correvit
is more sensitive device as XL MetérPro (0,295 > 0,24 comparison of variation coefii
shows in Chapter 4). In the case of searching maximalue of braking deceleration (b) Correvit
measure 14,4 % higher value compared with XL M&&ro and for this purpose is preferable.

XL Meter'™ Pro is preferable device for normal using becafsemall size, easy installation
and fully complies with for professional measuretr@rbraking deceleration.
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Abstract. The paper describes initial qualification and peid training of drivers who carry out freight and
passengers in the European Union. This articlestisavs the differences in implementation of thesBlive
2003/59/EC of The European Parliament and of then€ib of 15 July 2003 on the initial qualificati@nd
periodic training of drivers of certain road vekglfor the carriage of goods or passengers in BWeimber
States. It also represents an analysis of thefratices in Member States and about results ofeah&irese
differences cause problems in carrying out of drssgrofession and because of that there is also th
proposal for this problem solution.

Keywords: Initial qualification, periodic training, driverfirective 2003/59/EC

1. Introduction

Sufficient theoretical knowledge and practical eigrece of drivers are necessary conditions
for drivers, who carry out freight or passengerkisTknowledge and experience are also very
important for quality and safety road transport. 8ahieve these targets, it is very important to
adopt the same rules of the driver education anditrg in the all EU countries.

For the purpose of unification in the field of edtion and training of drivers, improving road
safety and the safety of drivers and because airgsequal conditions of competition, it was
adopted the Directive 2003/59/EC of The EuropeatidP@ent and of the Council of 15 July 2003
on the initial qualification and periodic trainiod drivers of certain road vehicles for the careiaj
goods or passengers in EU. Member States had tot éldis directive into their law before 10
September 2006. According to this Directive, initjaalification and periodic training are intended
to the road transport drivers who use vehiclesaioich is required driving licence of categd®y,
Cl+E,C, C+ E acquired after 10 September 2009 or driving licesfceategoryD1, D1 + E, D,

D + E acquired after 10 September 2008 or a driving beerecognised as equivalent.

2. Initial qualification and periodic training

Driver'sinitial qualification is a level of knowledge and practical skills oivdr, who carry

out freight or passengers and it is certificatedcbytificate of professional competence - CPC.
Acquired knowledge and skills have to be updatgdlegly byperiodic training. Periodic training
must be organised according to the targets of divisctive with attention on road safety and
rationalisation of fuel consumption.
Given the differences between systems and pradticgsinings in certain Member States before
the adoption of this Directive, Member States cotitose between several options how to get
initial qualification and periodic training. Thesgtions ensure fluent and easy implementation of
the Directive provisions in Member States. The cbadf the option depends on certain Member
States and their competent authorities. Resulthexe choices are different conditions of systems
and practices in initial qualification and periottiaining in Member States.

67



2.1. Initial qualification

According to this Directive the system of initialiaification can be realized in 2 options —
option combining course attendance and test opoptivolving only tests. In the case of the first
one — combining course attendance and test, thersva types of initial qualification course:

 Initial qualification

» Accelerated initial qualification

Initial qualification course Non- Accelerated
accelerated

Duration of initial qualification 280 hours 140 hsu

Minimum number of driving hours 20 from 280 10 frdmh0

Maximum number of driving hours on special terrairon a top- | 8 from 20 4 from 10

of-the-range simulator

Duration of qualification for drivers who broaden o 70 35

modify their activities in order to carry passergyar vice versa

Number of driving hours for drivers who broaden or 5 2,5

modify their activities in order to carry passergyar vice versa

Tab. 1. Duration of initial qualification course and itstlibution

Duration of the initial qualification, accelerateditial qualification course, the minimum
gualification and training requirements are listadthe Directive but accurate determination of
these requirements depends on the individual digfimin every Member State. Duration of the
non-accelerated and accelerated initial qualifocatiourse is listed in table 1.

But not in all countries that have applied optimmbining course attendance and test can be
chosen the duration of the initial qualificatiorucge. For example, in Hungary driver cannot attend
an accelerated initial qualification course, whiteGermany driver can attend only accelerated
initial qualification course.

System of initial qualification Member State

Bulgaria, The Czech Republic,
Denmark, Estonia, Finland,
Course attendance and test France, Lithuania, Luxembourg,
Poland, Romania, Sweden,
Slovakia, Hungary

Slovenia, Ireland, Netherlands,

Only tests Malta, Latvia, Great Britain,
Cyprus, Belgium, Austria
Both options Germany

Tab. 2. System of initial qualification in Member States

Member States which has not chosen the systemur§e@ttendance and a test has applied a
system of tests. Applied system of initial quahtfion is listed in table 2.

2.2. Periodictraining

According to the Directive 2003/59/EC, every driveno carries out freight or passengers on
the basis of CPC must attend periodic training y\erears. Attending of periodical training is
important for drivers to maintain their qualifiaati which is necessary for their profession.
Duration of periodic training must &5 hours at least 7 hours in one period. This is the only
regulation of periodic training. Any other distrimn and organisation of the periodic training like
the organisation of initial qualification is thespmnsibility of Member States. Ending periodic
training by doing a test and using a top-of-thegesimulator in periodic training depends on
decision of every Member State too.

It is clearly, that Member States have a big freedo organisation of periodic training as well
as initial qualification and this freedom causes differences between Member States in this field.
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In some state it is required only theoretical pdiddraining, but in another must be attended also
the practical part.

Theoretical and practical part of periodic trainisgrequired in Denmark, France, Hungary,
Luxembourg, the Netherlands, and Slovakia, whil€imand, Germany, Ireland and Poland is only
theoretical training sufficient.

State Course organizing

Slovakia One course every 5 years

The Czech Republic 7 hours every year within 5 year

Estonia 35 hours on one occasion

Great Britain Without regulation

France 35 hours may be split in two blocks or ore pn
occasion

Tab. 3. Organizing of periodic training

Periodic training can be attended in every MemhateSy another way. Some states required
attending of periodical training at once, anothertwo or more parts. Examples of organizing
periodic training in some Member States are ligtettie table 3.

700
600

600

500

400

300

200

Number of training centers

cy cz DK  FIN F GB IRL LT NL PL SK

State

Fig. 1. Number of authorized training centres in seledfiesnber States

Organization of periodic training as well as iritgualification must be organized by only
training centres which have been approved by thmpetent authorities of the Member States.
Because of the appointment of training centres setting of their criteria is responsibility of
Member States there is also different number afitrg centres in Member States. While in Cyprus
is only one authorized training centre - The CypPusductivity Centre, in Great Britain can be
periodic training and initial qualification atterdlén 600 authorized training centres. Number of
authorized training centres in selected MembereStigtshown in figure 1.

3. Conclusion

Target of the Directive 2003/59/EC — unificationioitial qualification and periodic training
conditions on the base of information above candressidered as complied only partially.

Because of many differences in systems of initislidjcation and periodic training of drivers
between the Member States some Member States (Zéeh@epublic, Finland, France, Hungary,
Latvia, Poland, Sweden) do not recognize attendinmitial qualification or periodic training in
another Member State.

This problem can be solved by Europeammb/measures, for example:

» uniform conditions for training centres in all MeartStates
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» uniform content and range of periodic training indember States
» uniform rules for doing and successful passingstesinitial qualification

» precise determination of the technical requiremémtsop-of-the-range simulators in all
Member States

Problem in systems of initial qualification and ipédic training should be solved by
communication between competent authorities ofMleenber States, progressive harmonization of
rules, setting harmonized criteria for training ttes etc. or for uniform conditions of initial
gualification and periodic training in all Membeta&s it should be very useful to issue EU
regulation. This regulation would be equally apglie in all EU Member States.
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Abstract. This article is aimed at identification black spat the Slovak Republic is determined according
to the Slovak Road Administration and the Europeaad Assessment Programme. Shall indicate thectraff
accident  statistics of black spots of the two  oizgtions and highlights
the differences in their evaluations based on wiffe principles. The basic objective is to increase
the safety of the roads and trying to reach the pmiemt authorities in the Slovak Republic
to the allocation of financial resources to beamiimd that may prevent needless extinction of &g

of practical measures applied directly in blacktspo
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1. Introduction

Road safety is related to the level of technicahdiion of the road, as well as
the organization of traffic on it. The Slovak Repalpoined the European Union committed itself
that it meets its standards, or try on their actmeent. One of the main requirements was the
reduction of traffic accidents on roads, thus atiating black spots.

Thanks to the entry into the European Union Slowansport corridors were included
in the trans-European transport networks. It ishighwayand expressways. At the present time but
they have very little. Although the number of casconstantly increasing, their construction is
suspended on some sections. The black spots alecated just in opposing ways, thus we can say
that if they completed a highway and expresswéngsbtack spots could be extinguished.

2. ldentification of black spots

In the Slovak Republic of black spots down the &lovRoad Administration
and European Road Assessment Programme. They ardiff@rent organizations have different
results of the final evaluation, because each Hieseht criteria for identifying black spots.

In the year 2009 compared to 2008 accident rateedsed significantly by up to 56%.
Is it even possible? Yes it is, but unfortunatey dis it is not building the transport infrastruetu
Police of the Slovak Republic started from this ryeeecorded an accident, only
if physical damage is likely to exceed € 3990. e event that physical damage has exceeded
a certain value and were not injured or killed passshall be considered in our statistics, only the
harmful event. Nevertheless, can’t be denied thlhtsérious consequences of traffic accidents -
deaths in 2009 compared to 2008 up to 38% andusenmguries by up to 22%, probably as a result
of active operation of the traffic police. In 20&6mpared to 2009 but no such significant decrease
occurred. Detailed in Tab. 1.

Slovak Republic thanks to this indicator has mowmbve the European tables. Finally,
it should be noted that comparisons of major caofesad accidents with other countries is not so
objectively, because for us killed person is a @ersvho has died in a car accident or its
consequences, no later than 24 hours after theleadcand, in some countries this timeframe
to 30 days.
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2008 2009 2010
Killed 558 347 345
Badly injured 1806 1408 1207

Tab. 1. Serious consequences of accidents

2.1 Identification of black spotsunder European Road Assessment Programme

European Road Assessment Programme is an interahtimonprofit organization based
in Brussels, whose members are motoring organizstioational and regional road transport
authorities and independent experts in the fieldoafd safety. In Slovakia, a risk analysis carried
out by international protocols evaluating the Ewap Road Assessment Programme Autoturist
Slovak Club, which cooperates in implementing theogpam with the Department
of the Traffic Police Office of the Slovak Republand by the Geomatika s r. 0., which is
the technical partner. Slovak Autoturist club presents the Slovak Republic since 2005. European
Road Assessment Programme evaluate the safety ofpadicular road depending
on the extent to which participants can protectirejaaccident deaths and serious injuries.
Making use of its two-tier system of evaluation dineir own methodology.

Two-tier rating system:

I. grade: Protocol RRM (Road Risk Mapping) assedbessafety of road infrastructure
on the basis of statistical data on traffic accideand traffic density (individual
and collective risk). The output is a map of thgrde of risk, divided into five color bands
(Tab.2.). These maps can be variably compiled doogr to different criteria:
for passenger motor vehicles, pedestrians, cyclistsotorcyclists, age groups
and the impact of alcohol.

Il. grade: a follow-up to the first protocol, RPRaoad Protection Score), a physical
inspection of road infrastructure, which correctse tresults of protocol RRM,
and accurately identifies the risk attributes aid®. The output is a comprehensive security
assessment road map of risk which includes bottopots and the resulting level of road
safety rating system of stars from 1 to 5 The firgport also includes specific design
measures for specific locations and economic aisalygs their return. Thus, the basic
philosophy is to evaluate the level of road safeiw Europe under
a single methodology, mark them, analyzing andgih&sg highly efficient, low cost, and in
particular the immediate solutions to remedy séguieficiencies.

Thedegree of risk M ar%igsggifme;rtozlrj;ﬁqpni; *Road Color map O’;‘:ergt?g:]s % representation
low 0,00 -8,43 7 3,5
lower middle 8,44 - 34,60 27 13,5
mean 34,61 - 59,53 18 9,0
upper secondary 59,54 - 101,08 49 25,0
high 101,9 and above 97 49,0

*European Road Assessment Programme coefficiesal@ilated according to specific methodology, Whadlows an
individual to compare the risk of road infrastruetuin different countries. Is the number of deaths
and severe injuries to the road section of abordstaking into account traffic volume.

Tab. 2. The rate of accident risk

Methodology European Road Assessment Programme:
- focuses only on traffic accidents with serioogasequences
- uses a three-year reporting period,
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- continuously monitor sections of up to 30 km,
- is applicable to level Ill. roads class,
- is an internationally comparable.
Studied road network includes:
- highways,
- expressways,
- roads . class,
- selected busy roads Il. class.

European Road Assessment Programme presents theofrisraffic accidents are most
concentrated on the opposing road I. and II. classhich have a high risk. These roads are not by
managers or owners prehliadiuté mainly because they are often in the shadow
of larger projects - new projects with long-termgpective.

From 2006 to 2010 were processed 3 maps risk byp@bRRM (rated network 5000 km).
The latest risk map EuroRAP contains hazardous sroadhere there is a likelihood
of an accident with serious consequences. This nsapnderstandable for the layman,
and training for motorists. Despite promising measiare there still appear the same sections on
which level of risk did not decrease.

coefficient
Order Number Title field Section | Killed | Injured .Traff|c* European Road Thedggree
of road Length | people| people |intensity Assessment of risk

Programme

1 74 Shina 1 56 g ym| 3 13 1740 272,21
Ublra

2 68 Lubotin =154 4km| 7 23 4437 253,29
Sabinov

SpiSska Bela

3 77 StaraCubowia 25,6 km 5 29 4792 252,99

4 572 Hubice | o5 3 ym| o 24 5 457 236,90
Katniky

5 517 | Pov-Bystrical ,) ol 3 23 4151 232,15
Rajec

*Traffic intensity reflects the average number ehicles per day pass the segment
Tab. 3 Black spots under European Road Assessment Proggdar 2007 - 2009

2.1. Identification of black spots according to the Slovak Road Administration

Slovak Road Administration is a budgetary orgamiratestablished on 1.1.1996 by
the Ministry of Transport, Posts and Telecommuioecest of the Slovak Republic. Black spots by
means of two criteria, namely the number of roacidents and by the consequences
to health and property. Besides this it also hasompletely different methodology for their
assessment, which aims to:

- monitoring of all traffic accidents - even withdnjured casualties, because the black spots
may also be paradoxical way, which is the methaglpl&uropean Road Assessment
Programme safe, since it did not die within threearg or one person.
The same principle works the other hand, when high- dough according
to the European Road Assessment Programme ismtheiSlovak Road Administration
critical because of the mathematical-statisticahpof view the total number of accidents on
it do not exceed a critical threshold,

- uses the annual reporting period,

- black spots is the location on the road with a mmaxn length of 500 m,

- follows the path to levels Il. class,
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- monitors accidents only of mathematical-statistigadint of view, as black spots
and then evaluate it, as it has been some accjdents

- not internationally comparable.

Recurring black spots in terms of the consequeatascidents on the road I. and Il. classes in
Slovakia in 2009:

- Route number: 11/500,

- Route number: I/11 Locatiogadca,

- Route number: 1/50 Location: Riggva,

- Route number: 1/77 Location: Stdtabowia.

3. Conclusion

Road transport is still increasing. Efforts to ioye safety on roads is an issue, but the means
of ensuring a minimum. European Road Assessmagr&nme the Slovak Road Administration,
the visible black spots, trying to inform the peblbout them. Too bad that does not actively
working with bodies having an impact on the elintioia of identified black spots, because unless
the team starts to do something, this statistacisally useless.
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Abstract. Safety-relevant control system (SRCS) has to perits specified control functions with a certain
level of safety. Redundancy is often used to cojtk problems that arise from contradictory requieerns

on high safety and reliability of the high demarCS. Many quantitative methods can be employed to
quantify the effects of various system parametersghe safety of a SRCS. In order to obtain relevant
measures, adequate approach and method must heQlsestn method need to be used with respect to its
mathematical foundations and assumptions. Giverecbinput parameters, only then valid measuresean
obtained. The topic of this paper is focused ontnimportant parameters of redundant systems, which
includes failure rate, diagnostic coverage coedfitiand time to restoration. Properties and problextated

to these parameters are contemplated in the pagpercase study focused on their impacts on safety is
performed.

Keywords: safety analysis, quantitative model, failure ragepvery.

1. Introduction

System safety is an ability of a system to mitigatkire consequences. Safety as a quantitative
measure is defined through the probability of tlysteam being in non-dangerous state. Both
definitions are valid only in a certain time periaad if specific conditions apply [1].

The safety of the safety-relevant function is egpesl by the means of the safety integrity level
(SIL). The minimal SIL needed to achieve requiredet/ level is achieved through the risk
reduction, based on technical and/or organizatiomehsures. Certain qualitative and quantitative
requirements are related to the every SIL. Quantgarequirements are met by achieving the
required average probability of hazardous faildog (ow demand mode systems) or hazardous
failure rate (for high demand / continuous operatitode systems).

2. Quantitative safety analysis

The result of the quantitative safety analysis eésetmination of a probability of hazardous
failure py(t) or a hazardous failure ratg(t) of a SRCS (or a safety-related function failure)the
dependence on time and SRCS'’s safety-affectingprfadtl]. Those factors include component
failure rate (random hardware failures), diagnostiwerage coefficient, a time to detection of
a failure and time to restoration [2].

Other properties of the SRCS that affect its saéety redundancy, various failure detection
mechanisms, preventive (scheduled) and correaivecheduled) maintenance [3].

2.1. Failures

The categorisation of failures and their outconsesather complex [4]. From the quantitative
analysis point of view is important to consider wfiffable set of random hardware failures.
Random failures are described by the means ofréartate:

A1) = g(1) (1)
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The failure rate is often constant in time, soradman time to failure is an exponentially
distributed random variable with acumulative disttion functionP[T <t] =1 —e~**,
Probability that the failure will occur before tirag,.. could be estimated by:

e Z E_ljk_j. [-;L. t;:!.:::'jrc ~ ] rmﬂx . (2)

Approximation (2) is valid only on assumptiéat,, ... < 107 [5], which limits the maximum
analysis or simulation time. This approximationoakhould be avoided if there is a need for
maximum accuracy.

The set of failures comprises of at least two sisbsehe subset of safe failures with the riate
and the subset of hazardous failures with thetaté&or total failure rate we could state

A=At Ay 3)

Since it is very complicated to determine validand i, measures ([3], [6]), pessimistic
assumption that all failures are possibly dangeimascepted (therefore= 4.,). According to [1],
single failure must not cause failure of safetwt®dl function, with probability less or equal
tolerable probability (tolerable probability of lead depends on SIL).Given this requirement, it is
absolutely necessary to avoid common cause failures

Y=1—eMmax = At

*taax

Fr(t

max

2.2. Timeto detection and timeto restor ation

If there is a failure in the SRCS, then it will hetected and negated in tiryavhich is
ty = Lo T Ly (4)
to is the maximum time needed to detect a failuretgns time needed to negate its consequences.
Inverse value of; is a constant failure detection rateFailure is usually negated by disconnecting
the failed unit in a very short time, which meahnatt,, << t, and therefore,, is often neglected in
computation.

Non-operational state affects availability as veslsafety of the redundant SRCS. Mean down
time of the SRCS with a mean time to recovery isdeel to assess effects of non-operational state
on safety. Recovery and maintenance is often dei&tic and this fact must be considered in
stochastic mathematical model [7], however thevenpeffects are beyond scope of this paper.

3. Stochastic mathematical model

Fast and simple safety analysis can be performethédymeans of Continuous time Markov
Chain (CTMC) [8]. More complicated Stochastic Pagts (SPN), on the other hand, have the same
modelling power as the CTMC, but can implementardy exponential random variables, but also
general as well as deterministic delays into thel@hoThe safety analysis comprises of two basic
steps in both CTMC and SPN: identification of thates space of the SRCS (model creation) and
valid determination of the SRCS’s parameters thaehmpact on safety. The state space contains:

= initial failure free state (safe state);

= operational state with a failure (only in redundsygtems — safe state);
= failed dangerous state;

= safe state after a failure has been detected ayatetk

If the automatic restoration after a failure is mssumed, then the Fig. 1 shows the model of
the 2-channel redundant SRCS that serves safelyseéna
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failure-free first_failure one_failed second_failure hazard
1 H
A
2 detection safe

A0

S
Fig. 1. The SPN model of the general 2-0-0-2 system wiktaction mechanism.

3.1. Assumptions of the analysis

Let us assume that the SRCS comprises of two ritidependent channels. Given system
borders the single channel failure ritean be assessed for every channel. The simpRkfieeb-2
system was chosen as a case study. If the systesterbovere different, the same analysis could
have been performed on another subsystem (e.gorssussystem). Further assumption is that the
SRCS has ideal detection mechanism (all failures deatected until certain time) with failure
detection rat@. Detection mechanism is modelled through the dmgection” transition in the
Fig. 1. Three different approaches have been exglorthe case study:

* no detection mechanismé-= 0 (for comparison purposes only);
= exponentially distributed random delay before faldetection with mean timg = 4380 k;
= deterministic delay 4380 h before failure detection

The hazardous state (the H state in the Fig. lurscé both channels fail in a short time
interval — the second channel fails before theaufailof the first channel have been detected (since
simultaneous failure of both channels is matherallyicmpossible).

4. Analysisand results

Time dependenpg(t) can be obtained by an analytical or numerical yaislof the SPN
pictured on Fig. 1. Plots on the Fig. 2 show tinepehdent probability distribution of the system
states %, (t) is the probability of the system being in the state € {1.2, H,5}). The analysis has
been performed three times, according to threerdifit approaches to failure detection. If the time
to detection is exponentially distributed randomalale, then the effects of detection are significa
even in timet << 4380 h (as shows Fig. 2 and Fig. 3).

Prith

-
N

v t[s]

t [&] + t
0 1000 2000 3000 4000 5000 G000 & 1000 2000 3000 4000 5000 G000 &

a) b) ¢) d)

Fig. 2. The probability distribution of the 2-0-0-2 systéor 1 = 10~*L~1 if the failure detection rate is 0 — solid line,
or exponentially distributed with rate= 4330 ~*k~*— dashed line.

Values of thep,(t) decrease with an increasitdig(i.e. shortening time to detection), on the
other hand the negative effect of detection oratfalability should be considered, because ad the
increases, the probability of the system beinghan $ state increase as well (Fig. 2 d)). It can be
concluded, that if the system do not possess d@teatechanismsd(= 0), then the preventive
maintenance should occur in time before the vafye @-ig. 2 b)) reaches its peak.

Fig. 3 compares the exponential and deterministi@ydto detect a failure. It suggests that
deterministic delay is similar to infinite delay failure detection, in the contrary to the exporant
delay, which behaves in favour of higher safetye Thnclusion is that deterministic delay in real
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system cannot be replaced by an exponential orteeirmodel, as it can completely distort the
results of a safety analysis.

_. 0,12
= 01
a 008 4Ll g g ||| e Fxp(1/4380)
0,06 e [)ct(4380)
0,04
0,02 No detection
0 T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000

t[h]

Fig. 3. Comparison of the exponential and deterministic ehad detection mechanisms.

5. Conclusion

All safety-affecting factors need to be correctlyaqgtified prior to the safety analysis -
especially factors (e.g. detection mechanisms)hhatsignificant effects on the safety and could be
mathematically described in more ways. Given tlseilte of the case study analysis, the incorrect
implementation of the detection into the mathenahtimodel could render the analysis results
invalid. Another factor that deserves further reseand should be paid attention to is the system
recovery, which could also be modelled by the medirtise SPN.
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Abstract. The paper discusses the method of robust plartraatien in transport systems using computer
simulation and CPM method on the flowchart. A stggtfor creating the flowchart with all needed reses

is presented and explained in detail. This stratagybines known methods with computer simulatiod an
allows creating an executable robust plan.
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1. Introduction

Nowadays in planning processes of transport sysenadustness is used. Robust plan is a
plan, whose quality and performance is not reduh@thg real execution due to already known
uncertainties. The robustness is a property optae that is used for the comparison of two plans
regarding their resistance against changing cantti

For the description of train or another transpéetments behavior in simulation models the
flowchart is used very often. Train behavior isatdsed as proceeding of activities. For example
the simulation tool Villon uses this kind of teclhogy train description. Because every train has it’
own flowchart that describes technology it isn‘tedt possible to use methods that are used for
optimization of activities on the flowchart. Theigean advance described in other chapters that
allows making a complete flowchart of rail trandpservice. On this flowchart it is possible to
make a plan with required measure of robustnessgusiandard methods (for example CPM -
Critical Path Method) and simulating methods.

2. Creating theflowchart

Suppose, every train that arrives in to the sinmutamodel has its own technology described
by flowchart. In this flowchart the arcs betweerde®s introduce the activities that should be made
on the train (for example train arriving in the unptrack, train moving under the crane, train
unloading, train loading). The technology descriloedhis way is clear for the program user and
allows making the whole simulation model. Every bas defined resources needed for its making.
Personnel, tracks, locomotives, cranes or anytisg is considered to be a resource.

Disadvantage of this process is, that there iswdilable a complete flowchart of all train
working. If it's possible to get this kind of flowart the optimization of rail working using the
existing methods for the flowchart would be allow&the flowchart can be successfully used for
the optimization of activities in which the timensequence is known. This visual presentation of
activities and moving of resources between is sistable for “manual” tuning of the plan. The ralil
working flowchart has to fulfill requires:

= Acyclic connected digraph that extends the amotinsed methods for example CPM
= |t has to contain activities of resource moving asd the limited amount of resources

The scheduling problem can be characterized aswsllgiven are the set of tasks J =, {3,

..., &}, and the set of different types of resources s, Rim, Ro1, ..., Rm}, Where n is a count of
different types of resources and m is a count oésmurce type. Every task J represents a single
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operation that must be executed with the utilizatd specified resources. One task may to require
a different types and amounts of resources. Ressuweuld be e.g. a group of workers, vehicles,
some amount of energy, fuel, raw materials, etdivAies using the same resources have to be
executed sequentially.

Acyclic connected graph of the whole simulation banreached if we take one fictive starting
node at the beginning and one finishing node aetitkof the graph. Partial flowcharts of trains are
joined into one flowchart by connecting to the i@y and finishing node. Duration of the arc that
joins the starting node of the chart with the @édrtihart equals the time of train arriving into the
simulation model. The figure one shows making wdleart for all trains in the simulation model
(TA, — train arrival, TR} — train departure, SN — starting node, FN — fimghmode).

TA,

Fig. 1. Final flowchart for all trains in simulation model

The problem of this flowchart is, that it doesndntain moving of resources and the need of
resources for individual activities. To incorporatequired resources into the flowchart an
absolutely new method was elaborated. The methddhggure proper allocation of resources and
at the same time the condition on digraph will bet,rvhich allows us to use CPM.

We have sequence of arcs (jobs from the set J),willabe sequently given to concrete
resource. In the chapter 2.1 the possible waystbawach this kind of sequence will be published.
Another arcs will be sequently added into the flbart, they will present moving of the resource.
The figure 2 shows the procedure. Activity &nd activity B require the same resource. Only one
piece of this resource is available, so the resonrast be given to arcs sequently. The sequence of
assigning is on A Bz and that's why the end of arg Bonnects the arcsBvith a new activity. This
new activity in flowchart secures, that the reseuxdll be given to activity Afor the first and then
to activity Bs. If we know the time needed for moving the reseutee length of the arc equals to
the time needed for moving the resource. The prureetias secured the sequence of assigning
resources is hold, but in some situations the ¢mmdfor the acyclic digraph won‘t be secured.
There are two problem situations that can by addneg happen.

Aq -
~~~_ _Moving resource

-
—

B B,

Fig. 2. Addition a new activity of moving resource inte@tgraph

The situation on the figure 3 shows that a resoisrgéven to the arc Afor the first and then to
the arc B. It is not possible to solve the situation by &ddi another fictive arc. The flowchart
won't be acyclic. The situation can be solved bgigoin another node. The arg B divided into
two parts. The first part represents the waitimgetifor assign a needed resource. The second part
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represents the activity;BThis method secure sequent assigning of resotwcax A and B and
final flowchart is acyclic.

A Moving

&~ resource

Waiting for B4
resource
New node

Fig. 3. Two arcs with one starting node require the sasmeurce

The situation on the figure 4 shows that a resoisrgéven to the arc Afor the first and then to
the arc B. It is not possible to solve the situation by &ddi another fictive arc. The flowchart
won’t be acyclic. The situation can be solved bgiaoin another node. The arc #s divided into
two parts. The first part represents the activity Phe second part represents waiting time for the
end of the arc B The final flowchart is acyclic.

New node Waiting f
A A aiting for
resource
/ release
Moving
resource "~
B+

Fig. 4. Two arcs with one ending node require the sanmures

With this method it is possible to make one comriiawchart of single train flowcharts. It will
contain all times of waiting for needed resources.

2.1. Creating a sequence of resour ce assigning

The described method in previous part for assign@sgurces allows to make only one acyclic
digraph. With the method CPM on this digraph theatlan of the whole plan can be reached. The
sequence of resources to single activities wilhblel. But until now the problem in which sequence
the resource will be assigned to single activitieasn't still been solved. For every concrete
resource it is needed to specify in which sequéme@l be assign to single arcs. On this sequence
depends its utilization and also the effectivitytlué whole system.

We can use following heuristic method. With thdizdition of CPM (without taking required
resources into consideration) we will compute thees when the activity can earliest begin and
when it must finish. Consequently the sequencdlofation to individual arcs will be determined
for each resource. To determine the sequence, ggestutilizing the time of the earliest possible
beginning of the arc execution. Using the latestessary finish time of the arc did not produce
satisfying results in the praxis. Of course, thexist also other more sophisticated methods that ca
be used for the determination of the sequence @ahbrch, genetic algorithm).

3. Using simulation for increasing the robustness

Determining the robustness of the plan is an ingmrpart of planning in transport. The
requirements on plan robustness are usually seadjrby the creation of the plan; however the
need for robustness can later be increased. Thestrodss is a property of the plan that is used for
the comparison of two plans regarding their resstaagainst changing conditions. The problem of
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increasing the robustness of a plan lies in thessty to measure the robustness of the plan and
also in the need for a method to integrate teclesdar obtaining a robust plan into known process.
It's necessary to notice that more flexible plaegioot have to be also more robust. For example,
suppose that plamPs more flexible than £ if P; will have two critical paths and.@nly one, the
chance of plan Pfailure is bigger than that of plar, P so the plan Pis more robust. An
investigation of the sensitivity and parametricptimization are part of the verification of plan’s
correctness.

It's possible to use the flowchart for making thanpmore robust. For some activities the finish
time is fixed. It is needed to hold the finish tirfieain departure, end of unloading). According to
many simulation runs it is possible to calculatesimg of finish times. With the simulation can be
acquired the informations about the duration ofvdas, that were unknown or they weren't
enough estimated. After addition these informatioms the flowchart it is possible to optimize the
sequence of assigning resources to single arcs.afjtier every change of sequence of assigning
resources it is possible to calculate with the CR¥thod the falling down on the duration of
activities and missing of some activities. |If itkear that, after calculation the CPM method the
activity will miss too long this solution cannot bBpplied. Using this method it is possible to werif
very quickly a lot of potential sequences of assigmesources. Admissible sequences are verified
using the simulation and can be later made beBerthe phase of testing using the computer
simulation can be changed by the optimizing phaseguthe CPM method.

4. Conclusion

Mainly due to the complexity and stochastic chagcplanning of transport systems is a
challenging task. The method of construction antimapation of the robust plan described here
represents only one of the possibilities, how tate required plan, that will be usable under real
conditions. The described method connects many rnee¢h methods and allows creating an
executable robust plan.
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Abstract. The paper presents the device to examine theysaffi¢he seatbelts at low speed collisions. The
project aims at observing and measuring the delaighwaffects the driver or passenger when the impac
velocity is 20 km/h [2], [3], [4]. The device ofithtype is characterized by the fact that the a&ra&bn of a
wheeled driver seat is inertial [1], [5]. Thereused an inclined plane which allows the driver deat
accelerate. Final speed we want to get, can betadjiy changing the inclination angle of the plameby
changing the length of the downhill track.

Keywords: passive safety, impacts, collisions.

1. Introduction

The number of accidents in Poland since 2001 hasireed roughly constant. The number of
deaths on Polish roads every year is approxim&tedp - 6000 [6] and it is still rising. Compared
to previous years the number of deaths rose by stlm®. According to the objectives of the
European Union and the National Program GAMBIT,rihenber of fatal accidents should decrease
by half over 10 years [7]. According to the Eurapdadnion's guidelines, a goal was to be
implemented in 2001-2010, while according to théidAgorogram GAMBIT - in the years 2003-
2013.

2. Design of the device and the concept of research that will be performed on it

Figure 1 shows a side view of the device. The ba&si®rmed from the closed sections
connected by crosspieces and equipped with thé&dtran which the carrying raceway on trunnion
pin is mounted rotary. The other top of the camgyiaceway is supported on a bracket. A side view
of the carrying raceway has a profile consistaaaf straight sections connected by a curvature (4).
The bracket has several openings which allow teaerighe carrying raceway at different heights.
The wheeled driver seat is placed on the carry@egway which is formed from the closed profiles
with a rectangular section and connected with greses. The wheeled driver seat is made up of a
platform mounted to the sleeves, which were mouotedvheels. The platform is attached to the
bumper. To the sleeves are attached connectorsmamtirels with wheels mounted on them.
Wheels secure the wheeled driver seat from falbffgthe track. Wheels as well as protective
wheels are equipped with a flange which keeps thvedseat in the track. It is attached the frame
to the platform through the component. To the frame mounted plate and seat. The component
makes possible to set the seat against the dmee Bo it is possible to compare the impact of the
wheeled driver seat with the impact at various esglf the seat to the drive lane. The frame is
equipped with handles, designed for mounting 2 Zumpebint seatbelts, and brackets for fixing 5-
point safety seatbelts. The frame has a mechanismaintain the plate cooperating with an
electromagnetic armature (3) fastened to the w{@¢lnstalled on the frame. The hook is attached
to the mechanism. Furthermore, the device is egaipyth a brake system and wheels which allow
to move easily the whole device. The device has leeasured and equipped with the necessary
measuring equipment (1).
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The described above device has already been malde bas been used for preliminary tests.
Figure 2 shows a picture from the test.

Fig. 1. The device scheme.

Fig. 2. Tests on the square of the Kielce University affirelogy.
As previously established maximum impact velocit2® km / h.

84



3

Conclusion

Another part of the work will be carried out varsotests, such as:
- analysis of the influence process of the seatealsion and alignment and analysis of the

influence of the position of sitting person on tlead movement during an impact test:

- analysis of the friction process that occursMeen the seatbelt and the investigated person

and the relationship between them.
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Abstract. Slovakia lies on the intersection of transportrickars both in the direction North — South and
East-West. Therefore it is very important to pagration to creating conditions for the developnahwater
transport. The potential uses of Vah river routamsilternative to the highway network, relocasogne of

its transport currents to the waterway, as a réore, sport and water-resources area will be very
significant after its completion. Even though thiepties in transport infrastructure in Slovakige dowards
the road transport (especially highway) networkisiessential to start up the processes of devedopm
alternative carriage infrastructure.

Keywords: Vah river route, Agency for Water Transport Deyetent, infrastructure.

1. Introduction

Transport is amongst the most important factorkiémicing the economical development of
Slovakia and will continue to be also in the futuBdovakia due to its position in the Central
Europe, is a connection between the Black Sea astewn river ports via the river Danube. Vanh,
Danube’s tributary becomes a part of this connectio

The river Vah, by its course creates a natural IN8xuth river route. Therefore the significance
of this waterway is in reinforcing the North-Souttansport corridor and creating a unique
connection between Danube and the navigable waysrafaNorth and Eastern Europe. Connection
of this nature does not yet exist in central Euaspeegion. The Permanent committee for inland
waterway transport under the European economic atieerof the UN in Geneva, designated in
1995 the Vah river route as a part of the futurerimational routes and it was assigned the
international identification code of E81 with thecommended gabarites of international waterway
class Vla up to the town of Sdreand Va up to Zilina. Two years later, as part loé tll.
Paneuropean Conference of Ministers of Transpatdlsinki, at which the routes of the European
transport corridors were defined, there was alm@pean agreement on Main Inland Waterways
of International Importance (AGN) with the river Ndeing part of it. The navigability of Vah is
the sole responsibility of Slovak Republic and pinelonging of Danube waterway inlands is in the
competence of the corresponding governmental badiS{.

There have been multiple studies focusing on thesipdities of using Vah river for energy
purposes, irrigation, industry, protection of ti@nd property or navigation. In case of navigation
navigability comes into question. The issue of \Wf&@vigability has been a focus of numerous
studies and projects. In 2001 a marketing surveyveld that the Vah river route could be used by
Slovak merchandising subjects to transport 2,33d|lfon tones of goods every year between 2001-
2010. The project of building this river route isokvn under the title “Vah river route”.

Some of the options of how to use the potentidfdi river route include not only commercial,
but also tourist and sport-recreational sailing.
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2. Contemporary use of Vah and its waterway

There is a general assumption about the poterded af Vah river in the transport area — based
on the greater volumes of transferred goods inditsction, and also in the energy area — in
connection with the anticipated growth of electyi@donsumption in the future.

The construction Vah river dams began in the 1938s, main motivation being energy
resources, but also area protection and navigabiltte first dam to become operational was the
power plant in Ladce in 1936.

In 1995, the hydroenergetical potential of Slovakavered 19% of energy consumption in
Slovakia, and the Vah cascade was responsible%torGh the installed overall electrical output of
all the power plants in the Slovak electrificat®ystem, water power plants participated with 33%,
Vah river dams alone with 25%.

In a simplified statement it is possible to sayt thiapower plants on river Vah were built and
are used as maximum or semi-maximum demand pldims. management of these plants has
gradually become automatic, run by the energy tisfrag centre in Zilina in way so that the whole
cascade works as a single source of energy.

Despite these positive indicators, from navigapoimt of view, the whole reality of energy use
of the river stands against the partial usage efga#ions in the specific sections — due to the
shifting water level which depends on the throulghwvfand waves originated by the power plant
onset.

In the present, level of using the river for natigia and water transport is very low. Navigation
is only possible under restricted conditions betwi#® estuary of Vah into Danube and the water
dam of Krdova, depending on the through flow, which in tuspénds on the regime of the dam
itself. In the first section, from Koméarno to Sérenavigation is possible for the Vla class of ship
formations, in the remaining sections for the chas

Public use of river Vah is mainly based on the getibn against floods, but it also has an effect
on other areas of life. Under the term public wdarstand “beneficial” for the general public.

Areas of public use and benefits:
- Water resources — safety and protection dikes/ddras)jage and anti-leaking precautions,

- Transport — reconstruction of bridges, transponneetions to ports,
- Agricultural — irrigation,
- Tourist — sport and recreational sailing.

3. Legislative framework for the Vah river route

The Slovak government, through its ministry of gjaort, post offices and telecommunications
has in its resolution n. 469 from the 21. 6. 20pPraved the Conception of development of water
transport in the Slovak republic. This documenb asntains a plan of constructing the Vah river
route, because in the international context of &taepublic, this route is of a strategic impor@&nc
and its realization is being prepared since thd bélthe 24" century. Two years later the
government of Slovak republic, in the resolutior463 from §' of May 2002 has approved the
proposal of the project of Vah river route anddtsnection to the Odra river. This was not yet a
detailed technical project for construction pur@ysiés goal was to create a stable concept of
building the water way by constructing additionalter dams, finishing the existing ones and other
objects for navigational purposes. It also aimedtate the basic parameters and especially the
direction / location of the routes for the watenogection between Vah and other water ways in
Poland and Czech Republic. Approval of this ititen created the basic preconditions for the
Slovak government to enter negotiations with itdighoand Czech counterparts, about the
realization of connecting the waterway of Vah witie waterways of participating countries.

88



Amongst the Slovak, Czech and Polish navigation w&ater resources specialists, the proposed
route for the planned water connection included Vdak Odra and it would pass through the
territory of Slovak republic, in the Kysuce regiam,Czech republic the Ostrava agglomeration and
in Poland the region of Upper Silesia.

4. Real perspectives of Vah river route

The vision of constructing Vah river route is aeadof public service and even idealistic. The
plans, projects and government resolutions thatcaneerned with the water route are unspecific
and only real on paper so far. Construction ofrridl@ms, navigations service objects and objects for
public use cannot even be called as “stagnatingalbee they were not yet even started. Marketing
surveys done in 2001 are incomparable with the geatls transport on the Vah river route, not to
mention that its potential has grown rapidly witle tarrival of foreign investors to the region ie th
last few years.

The attractiveness of water transport in comparnsith other forms of carriage is currently on
the bottom of the list of priorities of the compst@uthorities. The evidence of this was also an
ongoing struggle in clarifying responsibilities amgothe two ministries involved — Ministry of
Agriculture and the Ministry of Transport, Postiofis and Telecommunications, during the process
of completing the Vah river route project propogadmpetences were long unclear about who is to
participate in talks with the Czech and Polish perd about the realization of the connection
between Vah and Odra waterways. Only after few dswf these talks were finished the ministers
agreed that both are to participate with the memisf agriculture to be the designated coordinator.
They also agreed on creating a special working mithat would fulfill the tasks necessary after
they are approved by the government. This workirmug would consist of member from both
ministries and it would prepare all documents ngagsfor the talks and also coordinate these talks.

Based on the law n. 575/2001 Z.z. about the orgéniz of government procedure and
organization of central public management in acaonce with the former guidelines, the Ministry
of transport, post offices and telecommunicationgréent Ministry of transport, construction and
regional development) is the central governmentaybfor inland sailing and ports and the
Ministry of the environment (since 2004, water &ettis the body responsible for water resources,
flooding protection and the rational use of watmaurces. This means that the issue of navigability
in the Vah river route was until the end of 2010tlve competence of the Ministry for the
environment. By the law n. 556/2010 Z. z., by whibk law n. 338/2000 Z. z. about the inland
sailing is updated, thégency for Development of Water Transportwas established orIof
January 2011. This organization is to focus maioly preparations for the realization of
construction and modernization of waterways, itengonents and other objects necessary for
waterways operation. In 2011, 3,6 million Eurosl wé allocated for the functioning of the Agency
from the state budget. In the years of 2012 an®25P Euros will be allocated.

The Agency is supposed to be helping the developmienot only ports, but also waterways
and their links to other forms of transport. ltsficonceptual framework though, is oriented mainly
towards Danube. Vah river route is a backgroundttdgopic at all. According to the minister of
transport Mr. Jan Figethe conceptual framework estimates a growth iga#&affic on Danube by
at least 5,5% in the upcoming 5 years, and as rasdii% between 2016 and 2020, aiming to make
the most out of Danube’s potential and to relidwee dground transport. It is questionable whether
the Vah river route construction will move forwaafter the establishment of this Agency, or
situation remains the same as in the past seveaasy

The realistic vision for navigability and furthesrestruction of Vah river route is not optimistic.
Connecting water transport into the intermodal gpamt in Slovakia is minimal. The already
planned public terminals of intermodal transporZiiina, Kosice, Bratislava and Leopoldov, which
are to represent the network of public terminalsntgrmodal transport fulfilling the requirements
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defined by the AGTC agreement, including high gyaiailway and road connection to the basic
transport grid do not take into consideration theeptial use of Vah river route.

5. Conclusion

Priorities in area of transport are clearly ddiime Slovakia. Completion of the D1 highway is
clearly a priority and right to be so, but it is@lvery important not to neglect completely other
areas of transport, including the water transpbine potential of Vah river route is publicly well
known and its navigability all the way up to Ziliaad subsequent use would help to redirect some
of the traffic from the extremely strained roadnsport to more ecological Vah waterway. The
reality unfortunately points to the fact that thempletion of its construction is a matter of digtan
future. This pessimistic view was further supporéter the talks of Prime Minister Iveta Realva
with the head of the EU Commission José Manueldarin March 2011, where they agreed on
the relocation of resources from Operations Progo&mransport with the exception of railways
and relocation of idle resources from other operafirograms. It would be naive to think that this
relocation of resources would avoid the water fpans In terms of finishing the D1 Highway this
probably is a positive message.
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Abstract. In the present time, the important issue is rdlatethe improvement of public transport quality.
The public transport quality measurement is natisgple as it seems on first sight. STN EN 13 81litnde
some processes of quality service measurementtsbapplication is serious. This paper deals wlibsen
areas in increasing of public transport qualityhmitoncerning on temperature measurement inside the
vehicle.
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1. Introduction

The increasing of public transport quality is venportant issue at this time. Why is important
to increase the public transport quality? The reasdkeep the passenger in public transport and
convince the potential passenger to don’t userteidual car to work, but to use the qualitative
public transport. From this point it is importantknow the expectation of passenger, because the
passenger is the person who still evaluate theitguatl providing service and he/she requires the
constantly improvement of such services. The qualhprovement relates mainly with the
satisfaction of passenger and with the qualityrof/ing services.

2. Theoverview of legislation related to Public transport.

In the area of quality the norm ,STN EN 13816 T Logistic and services. Public
transport. Definitions, goals and measurementl@&ervice of quality” has been published:
1. applicability — the range of service provided irrtjgallar area, time, space, frequency and
transport system,
2. accessibility — access to public transport systectuding the connection with other transport
systems,
3. information — systematic providing of informatiohaat public transport system which make
easier the planning and realization of travel,
4. time — the main time factors on planning and redin of travel,
5. customer care — service elements which are edtedli;n order to achieved the harmony
between the standard service and requirement gliesoustomer,
6. comfort — service elements which are establishedrder to allow the comfort and relax
during the travelling with public transport,
7. safety — the feeling of personal safety acquirednfthe actual safety measures and from the
activities serving for the reason in order to kdegse measures by passengers,
8. environmental affect — affecting on the environmessulting from the providing public
transport services.

The requirements and recommendation of norm STN 18816 are based on following
principle (Figure 1).
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The view of customers Theview of provider
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service service
The user of the service Partners of services
Customers and public Provider of service: offices, authorities,
police, road administratc

Fig. 1 Loop of quality of service [1]

The norm STN EN 13816 defines the quality servicpublic transport. It defines the expected
service quality which is represented by the le¥ejumlity that is required (explicit or implicit)yb
customers.

The norm also defines the targeted quality of servwhich is the level that the provider of
services tries to provide to the customer.

The output of these processes is the providedtyuadliservice. It is a level of service which is
achieved in daily practise. The provided qualitynisasured from the view of customer.

The appreciated service of quality is a level ddldy perceived and appreciated by customer.

The gap between the provided and appreciated gupends on customer knowledges and
his/her personal and mediated experiences withcgsnand on affect of personal assumption or
environment.

The gap between the provided and appreciated guzih be called as a level of customer
satisfaction. [1]

In this paper | have focused on chosen criteriogquality from norm STN EN 13816, as the
“comfort of passenger’” and especially on a posgbibf measurement and the influence of
temperature in transport vehicle of public transplor the norm the quality criterions are included
in 3 levels and | have focused on criterion:

6. Comfort
6.3 Comfort of travelling 6.3.1 during ride
6.3.2 beginning/finishing ride
6.3.3 External factors

The problematic of Public transport measuremerstased in norm ,STN EN 15140 Public

transport. Basic requirements and recommendationsylstems of measurement of providing the
services of quality”. It contains the basic regmemts and recommendation on systems on
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measurements the public transport quality measurewiéhin STN EN 13816. The norm STN EN
15140 states the quality measurement has to be auréluring the service.

The measurements can be realized by controllerthey can be realized with the help of
technical tools. They can be continuous or in fofrmandom sampling. [2]

| have applied the technical measurement on theezhoriterion of quality.

3. Themeasurement of chosen criterion quality

The measurements have been realized in regiondinassduring various days in months April
and June 2010. The bus lines where the temperateasurements have been realized had length
from 3 to kilometres. The measurements have beglizee in buses of mark Irisbus Iveco type
Crossway which are conditioned.

For the purpose of measurement the meteorologtadios Irox model PRO-X USB with
4 sensors has been used. The professional metgmadlstation is shown in Figure 2.

Fig. 2 The Meteo station Irox PRO-X USB with sensors

The sensors have been situated under the seats.offbeir location under the seat has been
chosen for the reason of securing the sensorst(aftireason), because the measurement has been
realized during full operation. The location of sers shows the Figure 3.

"

i
[

(4%
N

w

Fig. 3 The location of sensors in bus Irisbus Iveco t@pessway [5]

The range of temperature shows Figure 4 on oneolinthe 1 April 2010. The duration of
travel has been form 7:15 to 7:35. On this liné4sstops and the length is 13 km. The figure also
shows the temperatures 5 minutes before beginningperation of the line. The temperatures
measured with sensors Nr. 2 and 3 are more orsks®. The temperature measured with sensor
Nr. 1 is the lowest because it was located closdrtint door. It is caused by the fact that thetro
door have been open on each stop therefore thexgheahighest miss of warmth. With the sensor
Nr.4 has been measured the highest temperaturesideedt was situated under the seat where is
situated the engine of the bus, where the engiaewas presented. This fact has the influence on
temperature of area in rear part of bus and mairdyarea under the seat where the sensor has been
situated. The outside temperature varied from 1#°2,6°C. The data about outside temperature
have been received from the professional meteadbgtation Dolny Hidov from Slovak
Hydrometeorological Institute.
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Fig. 4 The variation of temperatures on the line on th& 2010 in time from 7:15 — 7:35 (source: author

From the reason of location of sensors under thtesshe measured temperature can be a little
bit different from real temperature which is pevesi by passengers.

Very important is also the set up of conditionifidhe temperature difference between the
outside and inside environment should not be higean 5 respectively 7 degrees.

| have found out important to notice that on thaperature in the bus also affects the change
of passengers, boarding and alighting of passeragetsalso the density of stops. Mainly in winter
time these factors play an important role in affegthe temperature inside the bus, especiallyeclos
the front door.

4. Conclusion

In the process of statement of quality for passersyaecessary to come out from the priority
of orientation on passenger that means, we knowhiseneeds, requirements, wishes and
behaviour. This knowledges is necessary to implénmeto processes of providing the qualitative
services. The satisfaction of passenger can besahionly then when his/her expectations are
completed. Therefore it is very important to knoWwatvthe passenger expects because he/she is the
right person who permanent evaluates the qualigyra¥iding services and she/he still requires the
improvement of such kind of services.
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Abstract: In the article a present servicing system of matghicles in Polish condition is discussed. A
considerable increase in the number of marks andeteaf motor vehicle causes an essential charge th
current system of motor vehicles service. In Polamgttion different types of repair and service ghan
particular authorized, independent and net shapall inet service workshops so-called fast-fit apdcialist
shops, for instance Bosh Service, are distinguisfiéé analysis carried out in the paper shows tiet
current servicing system diverges from the systeeseribed in the technical literature.

Keywords: Operation of the vehicle, an authorized repairpshindependent shop, the age structure of
vehicles, the choice of the workshop.

1. Introduction

As a result of constitutional and economic transiatiion in Poland over the last several years
the system for servicing and repairing vehicles tt@@nged. In the past, the system consisted of
servicing and repairing nearly identical vehiclesgely homogeneous in terms of makes regardless
of their models. Currently, in the processes ofl@xation are involved vehicles with a very large
variation of not only makes but also models. On ket for vehicles there are more than a
hundred makes of vehicles. A make has got oftentaibaty different models of motor vehicles. In
addition, the vehicle market, compared with the EJnegative because of the age of vehicles
operating in Poland. The average age of vehiclesabipg in the EU is 8 years and 6 months
whereas in Poland the car age is 14.3 years [1¢ofmection with the use of vehicles for longer
time, there is a greater diversity of age structireehicles in the system of servicing and repairi
Together with the increase in the time of explatatincreases the diversity of the age of motor
vehicles. In the Polish system maintenance andrrejakshops we can distinguish authorized and
independent workshops. The division of these wargshs shown in Figure 1.

[ Division of garages }
Authorized Independent
v I v
Belonging to a Completely
network independent

Fig. 1. The division of garages in Poland
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In addition, workshops are divided into separatekaimops belonging to the network and fully
independent. The former ones can be further divided a fast-fit and a specialist one, such as
Bosch Service.

2. Own questionnair e investigations

The study was conducted on a group of 836 peopteavh clients of independent stations and
of 121 people who are clients of licensed statiofise investigation was carried out using a
research tool in the form of questionnairke following questions are used in the questiaenai

1. Please specify the age of the vehicle?

0-5 years 6-10 years 11-15 years Above 15 years

2. In what kind of workshop do you repair your \cé?p

Authorized Unauthorized
Workshop Workshop

3.Why have you chosen that WOrkShOp? ..o e

The questions were built on the basis of geneeabepted principles of designing a questionnaire
form for such a type of research [2, 3].

2.1. The study of the impact of the age on the choice of vehicle workshop

The aim of the study was to determine the relalignbetween the age and the choice of
vehicle garage. Determining the age structure bfckes serviced and repaired at various garages
was based on customers’ feedback on these workdhopsing the authorized and independent
workshops. Questions Nos. 1 and 2 permitted a nelgd to specify which workshop has carried
out the repair. In addition, they defined the agrug in which their vehicle was.

Authorized Independent
Age of vehicles Service Stationg service stations
% Automotive Repair
0 -5 years 31,40 6,70
6 — 10 years 50,41 36,12
11 - 15 years 17,36 30,38
above 15 years 0,83 26,79

Tab. 1. Dependence of the workshop selection on the ageveificles in the opinion of customers.

Results from these survey show that the vehicle sageificantly affects the choice of the
workshop. Older vehicles tend to be repaired irutimaized workshops. Authorized workshops are
chosen by customers whose car is relatively shexpjoited.
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2.2. Justification of the choice of the workshop by the client

The aim of this study was to analyze the reasonsdiecting garage customers of each group
of workshops. The choice was based on the custeroem opinion. The results concerning the
priorities of the choice of a given workshop aregented in Table 2. This table contains the
distribution of answers given by respondents. They wf questioning, i.e., by giving open
guestions, causes that not only the distributionesponses differs these workshops but also their
contents.

Preferences of the choice of independent % reply Preferences of the choice of authorized % reply
wor kshops wor kshops

Price 34,64% | Warranty 38,64%
Good location 19,38% | High quality service 17,05%
High quality service 9,90% | Expertise 11,36%
A mechanic who is a friend 9,48% | High quality manual 6,82%
Good service 7,84% | Competency of workers 3,41%
Good opinion 5,98% | Implementation schedule 2,27%
The cost of spare parts 3,71% | Location 6,82%
Workshop recommended by a friend 2,47% | Age of vehicle 3,41%
Age of vehicle 2,27% | Costs 2,27%
Expertise 2,06% | Recommendation by friends 2,27%
Work in this workshop 1,24% | A mechanic who is friend 1,14%
Time frame 0,62% | Habit 1,14%
Honesty 0,21% | Opinion on an internet forum 1,14%
Family Workshop 0,21% | An approval from the news 1,14%
'Cl'lr;ien:equwements on the manufacturer's 1.14%

Tab. 2. List of preference of choice of a workshop

The open question survey on the selection of warkswhich was given to the customers, the
price was given as the main reason of the choi@ahdependent garage. In the case of the choice
of an authorized workshop the decision was infleentirst of all by the guarantee given to the
customer while purchasing a new vehicle.

From the analysis of the customer feedback, wieoctients of independent and authorized
workshops, two groups with different needs may h&tirdyuished. Customers expect from
independent repair workshops that the repair isgland of relative quality. Also, they expect that
the workshop is closely located. They are mainlgtamers from small urbanized areas, with
vehicles more advanced in years, whose decisiorernimg the selection of the workshop is
dictated by the cost of repair. Customers of auglkdr workshops, apart from demanding the
maintenance of the guarantee of the vehicle maturag as a priority of choice of the workshop
put the quality of service, staff professionalisnd @&ervice quality. These factors are not important
for the clients of independent workshops. It cansbeed unequivocally that the customers of
authorized workshops are a group of customers gitater social wealth whose vehicles are
shortly exploited, O - 7 years. Therefore, the fuaidf service is required at higher levels. The
customer of the authorized workshop is interestedan efficient repair. They are not often
interested in what is the cause of damage. Ondh&ary, the customer of the independent garage
identify themselves with the cause of damage.
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3. Conclusion

From the analysis of age structure and the predeseaf customers' choice of specific groups of
service stations it was found that:

= Authorized service stations mainly deal with vebsclthat are less advanced in years,
between O - 7 years, than independent outlets.

= Customers of independent workshops put in the filste the price, then the location and
the quality of service whereas the customers diaiged workshops put the high quality of
service.

= Choice of a particular service station clearly des respondents into two groups of different
social status.

Summary

The paper presents a system servicing - repailadpgmow in Poland and the exact impact of age
of the vehicle on the choice of a particular grafia car repair shop. Furthermore, it examines the
basic rationale of the choice of workshops fromplerspective of their customers.
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Abstract. Intensity of vehicle use is one of the most imanttparameters of vehicle operation. The intensity
of use affects vehicle life, the costs and theifrdfom transportation services and other pararaeitcar
operation. It is expressed as the number of kilensetraveled by a car within a specified periodiie
(day, month, or year). For that reason, analysidath associated with the intensity of vehicle msg be
instrumental in the evaluation of a given transgorh. The paper presents and discusses the resilts
statistical analyses of data related to the intgrefi use of delivery trucks in the Polish Mail cpamy in
Lublin.

Keywords: Vehicle operation, intensity of use, statisticadlgyses.

1. Introduction

There are many indices that can be used to evahratecompare transportation systems of
transport companies. These indices include proétnf transportation services, mass of cargo
transported and costs of personnel, fuel, lubmcgabil, repairs, etc. One of the most important of
those parameters is the intensity of vehicle uge.dxpressed as the number of kilometres trayelle
by a car within a specified period of time (day, ntitoor year). The intensity of use plays an
important role because it affects many other factord indices, such as vehicle life, the costs and
the profits from transportation services, drivavgrking time and other parameters of car operation
[2, 3, 4,5, 6].

For that reason, it seems that a detailed anabfsikata related to intensity of vehicle use is
vital and instrumental in the evaluation of a giwesnsportation system. The paper presents and
discusses results of statistical analyses of dateerning the intensity of use of delivery vans
operated by Poczta Polska (the Polish Mail compamiublin.

2. Material

Statistical analyses were carried out using dalieaed for 179 vehicles operated in 2009 by
the Polish Mail delivery office in Lublin. The polation of the transport vehicles tested was
diversified with respect to type and make. Becanfsthis, the study population was divided into
three groups characterised by different load spatiemes.

Group | consisted of 47 passenger vehicles withllslbad space volumes (e.g., the Fiat
Seicento). The cars in this group ran between Ipmsts and were used to deliver mail in the city of
Lublin and area.

Group Il comprised 85 delivery vans with mediumdaace volumes (e.g., the Lublin 1lI).
They moved mail between post offices in the cityolblin and the former Lublin voivodeship.
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In group llI, there were 47 vehicles with large dospace volumes (e.g., the Iveco Stralis).
They carried postal packets between logistics esnif the Polish Mail outside the former Lublin
voivodeship.

3. Resultsof statistical analyses of vehicle mileagerates

Vehicle mileage rate data provided by the Polishl MaLublin were analysed statistically
using STATISTICA software. Results for the entire study populatiad the individual groups of
vehicles are shown in Tab. 1.

. Min. Max. Standard | Standard
Mean Median o
Group value value deviation | error
[km/year] | [km/year]| [km/year] [km/year] [km/yeal] kin/year]
Group | 14437 12144 1248 46511 8432 1230
Group Il 34762 35314 67 977Q7 17716 1922
Group 1lI 83597 87771 3515 164244 48239 7036
Groups I, 11 lll 42248 30316 67 164244 38082 2846

Tab. 1. Location and dispersion parameters of yearly sitgrof vehicle use.

An analysis of the results of calculations of ttedistical parameters shown in Tab. 1 indicated
differences in mean yearly intensities of use amtmg individual groups of vehicles. To test
whether the observed differences were statistiGtipificant, an analysis of variance was carried
out.

Tests were performed to see whether the classssahaptions of the analysis of variance were
met [1]. The first step was to estimate whether dhwpirical data could be approximated by the
normal distribution. An analysis using the chi-seuuly® test showed that the data in question,
related to intensity of vehicle use, could not bgpraximated by the normal distribution.
Additionally, heterogeneity of variances was obedrin the individual groups of vehicles. Due to
the unequal number of results in the analysed groBprtlett'sB-test was used. The value of the
test statistic waB =134.48 at the level of significanpe= 0.000.

Because the assumptions of normal distributiorhefanalysed variable and heterogeneity of
variances were not satisfied, classical analysisaaance could not be used for the observed values
of yearly intensity of vehicle use. Accordingly,rther calculations were carried out using the
Kruskal-Wallis testKW, which is a non-parametric method of analysis afiance. The
calculations demonstrated that the value of theskaliWallis statistic wakW =80.145 at the
level of significancep=0.000. This result pointed to significant differescin mean yearly
intensities of vehicle use among the individualugp®
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Fig. 1. A categorised box plot for the independent faetgroup of vehicles, and the dependent variablearly
intensity of vehicle use.
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Fig. 1 shows a categorised box plot for yearlynsity of vehicle use as a function of group of
vehicles. The observed differences in mean yeatignsity of vehicle use among the groups of
vehicles follow primarily from the character andiga of transportation activities performed.

Further analyses were carried out to test whethermonth (as a grouping factor) had a
significant effect on the value of the monthly imtéy of vehicle use in the particular groups.
Calculations using the chi squargdtest demonstrated that the distributions of manitiensities
of use of vehicles in the individual groups werengistent with the normal distribution. Also,
homogeneity of variances was tested using Bastttest. The results are shown in Tab. 2.

Tab. 2. Results of Bartlett's test of homogeneity of vacizs for the intensity of vehicle use with the nhooit

Group | B-statistic | p-value

I 6.803 0.814
Il 5.120 0.925
Il 4.561 0.950

operation as a grouping factor.

The results shown in Tab. 2, concerning the homeigeof variances for monthly intensity of
vehicle use in the individual groups for the valgab month, indicate that the classical method of
analysis of variance is applicable. Results of Walons carried out using Fisheifstest are
shown in Tab. 3.

Group | F-statistic | p-value

I 1.567 0.104
Il 1.392 0.170
Il 1.698 0.071

Tab. 3. Results of analysis of variance for the groupimgtdr — month of operation of the test vehicles.

Based on the results presented in Tab. 3, it castdied that the month of operation has no
significant influence on the intensity of vehiclgeuwobserved in that month. This is confirmed by the
categorised box plots shown in Fig. 2, illustratithg monthly intensities of vehicle use in the

particular groups.
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Fig. 2. Categorised box plots for the independent factmonth and the dependent variable — monthly intgmdi
vehicle use; a) group I, b) group Il and ¢) grolip |

4. Conclusion
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The results of the discussed statistical analybdata related to the intensity of use of delivery
vans operated by the Polish Mail company in Lubhow that
1. The division of the population of vehicles intoglrgroups according to the criterion of load
space volume is accurate. This is evidenced bystgaificant differences among the
individual groups in yearly and monthly intensitafsvehicle use.

2. In group I, the values of mean yearly intensityehicle use were nearly 2.5 times higher
than the values observed in group I. A similar prtipn obtained for intensities of vehicle
use of group Il relative to group II.

3. The month of operation does not have a signifiedfect on the observed mean values of

monthly intensity of vehicle use in the individgabups.

Finally, because the analyses were conducted fta dslated to the process of vehicle
operation spanning one year, it cannot be unegaliyodetermined whether the analysed intensities
of vehicle use would be repeatable in differentryedo establish this, calculations should be
carried out for data covering at least a few yedngehicle operation in a given transport company.
The authors hope to explore this issue in theurtutesearch.

References

[1] DOBOSZ, M.Wspomagana komputerowo statystyczna analiza wyrliled@ai. Wydawnictwo EXIT, Warszawa,
2004 (in Polish).

[2] DROZDZIEL, P. Widmo rozruchu silnika o zaptonie samoczynnym falterium oceny warunkowzytkowania
samochoduPolskie Naukowo-Techniczne Towarzystwo Eksplogte; Warszawa, 2009 (in Polish).

[3] DROZDZIEL, P., LISCAK, S. The Chosen Problems of Commercial Truck MaintenaBessS Zilina University
publisher, Zilina, 2005.

[4] HLAVNA, V., KUKUCA, P., ISTENIK, R., LABUDA, R., LIEAK, S. Dopravny prostriedok jeho motoEDIS
Zilina University publisher, Zilina, 2000 (in Slovak).

[5] RYDZYKOWSKI, W., WOJEWODZKA-KROL, K.Transport.PWN, Warszawa, 2009 (in Polish).

[6] WOROPAY, M., LANDOWSKI, B., JASKULSKI, ZWybrane problemy eksploatacji i zadzania systemami
technicznymi Wydawnictwa Uczelniane Akademii Techniczno-Raheicw Bydgoszczy, Bydgoszcz, 2004 (in
Polish).

102



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Minimalization of Passangers Waiting Time by Vehicle Schedule
Adjustment

"Petr Kozel,” Lydia Gabriova
"Technical University of Ostrava, Faculty of MechatiEngineering, Institute of Transport, 17.listdpd5,
70833 Ostrava-Poruba, Czech Republic, kozelp@sezmam
“University of Zilina, Faculty of Management anddnhatics, Department of Mathematical Methods,
Univerzitna 2, 01026 Zilina, Slovakia, lydia.galoia@fri.uniza.sk

Abstract. The optimization task of the design of some distiitn systems can be modeled by nonlinear
expressions. In this paper we solve a problem avitlonlinear objective function of the mathematioadel.
The complication consists in finding an exact dolutof the nonlinear problem. In the paper an apgio
based on piecewise linearization of the nonlindgeaiive function is used. It is necessary to estinthe
accuracy of this linearization and its dependencethe size of the problem. The associated resuis a
reported in the concluding part of this paper.

Keywords: nonlinear, quadratic function, linear approximatioestimate of accuracy of solution.

1. Introduction

The bus link coordination is a complicated job bath the terms of its mathematical
formulation and the terms of methods of solutiogpé&cially in this paper, the chosen criterion is
the total waiting time of passenger-minutes in rdgaf unit of time. Unfortunately this criterion
leads to a nonlinear model. In the problerarrivals of vehicles at a stop in the designatéopds
considered.

Lett; be arrival time of vehicleat the stop. The earliest possible arrival timéhefvehicld is
denoted as;, and this time may be postponed until the tiae ¢ is reached, where is the
maximum possible shift of arrival at the stop.dtriecessary to find such time positions of the
individual arrivals so that the total passengergimgatime is minimal.

Arrival time’s tp andt, are fixed. The aim is to shift timésfori = 1,...,n—1, so that the
overall waiting time of passengers in passengemntasis minimal. Figure 1 shows how the
waiting time depends on the arrival locations ie time period <o, t, >. The grey area represents
the total waiting time of passenger’'s comming atgtop in a given period and waiting for a bus.

Number of
waiting
passengers

t tha

b t th time

Fig. 1. Time of waiting in periocty, t,>.
Total waiting time of passengers in a period ,> can be expressed as:

1 3 _ 2 _ 1 i 2
Ef;(ti tiy) —EfiZ:l:Vi (1)
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where we introduce a variable=t; —ti.;, which represents the length of time interval lestw
two succeeding arrivallg; andt; for i = 1,...,n with supposition that passengers arrive at thp sto
equally, uniformly with intensity. Due to the variableg, i = 1,...,n the objective function (1) is
nonlinear.

Original approaches were designed in [1], whereigon of the max-min type and the shortest
interval between the neighboring arrivals was mae@ah. That approach was used in [5], [6] with
numerical experiments on real data. In this papersiwow the possibility of linearization of the
objective function (1) what leads to a linear peegming model, which can be exactly solved [3].
A disadvantage of this approach is a consideratdeease of the number of variables in the model
and a lower accuracy of the solution comparing wrtterion (1).

1.1. Mathematical model of thelinearized model

We introduce variable for shift of the arrival time; from the earliest possible arrival tinag
fori=1,..., n—1. Then a mathematical model of the problem v&lkis follows:

o 1, o)

Minimize = f) > gz (2)
2 3=

Subjectto  x +a -t,=v 3)
X +a — X4 —a =V, fori=2..,n-1 (4)
t, = Xpg — 8, =V, (5)
S z, =V, fori=1..,n (6)
i=1
V.20 fori=1..n (7
X =(c +3)Y fori=1.,n-1 (8)
X <¢+(r-¢)y fori=1.,n-1 (9)
x =0 fori=1..,n-1 (20)
z,20 fori=1..,n-1, j=1...m(i) (11)
z, <d fori=1..,n-1, j=1...m(i) (12)
y, 0{ 0,1} fori=1.,n-1 (13)

Conditions (3)- (5) determine the gap between two consecutiveasras the relation between
the values of the variablesandx;.

We will approximate the quadratic nonlinear funot{d) by a piecewise linear function (2) by
introducing new variableg; for j = 1,...,m(i) and for each = 1,..., n, wherem(i) introduces the
number of dividing intervals where we will approxate the quadratic function by linear function.
The conditions (6) determine the relation betwéenvalues of the variableg andv;.

The real problems should obey some traffic regoatiules as the necessary technological
pause for drivers or servicing pause. From thisoved that the arrival time shift due to the
corresponding time of the earliest arrival is lieitby input nonnegative constargsandr; for
i=1,...,n—1. There is necessary to introduce zero-one Jasay to the model to ensure
conditions (8)-(9) that eitherx <0, ¢ > or x <c +s, r,> depending on the value gf Fory; =
0 these conditions ensure that the varialyewill be nonnegative and less than the maximum
permissible value of shitt.

This linearization approach has been analyzed tailden [2]. From those results it follows
that the dividing points for linearization of quatic function for minimizing of maximum
deviation of the approximation led to thegular distribution of interval with choices length df
The values input constants and the values outpugblas in regard of unit of time — minute is
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minimald = 1 (in minutes). Then coefficientf of the function (2) we can model by relatiap:=
2j—1fori=1,....,n,j=1,...,m(i).

From difference of objective function (1) Itlye piecewise linear functiof2), we derive the
upper bound of the total possible deviation as:

1,4 1, o 1

The right-hand side (14) gives the dependence efatituracy of linearization on number of
variablesz; of the mathematical model. In this paper we camwsthat if the number of variables is
very big for the real world problem, we must chatfgelengthd of dividing intervals to the greater

value. We can usé > 1 to decreese the number of varialdgesand coefficientsy; of the function

(2) we will model by relationg; = (2 —1).dfori=1,...,n,j =1,...,m(i).

Problem (a) (b) (©) d | (e () ©)) (h)
Size of problerm 10 9 10 10 9 6 9 11

Value of objective function (1) fat=1 | 3561 | 4163 7672.p 9833 66511990.5| 799Q 7425.5

Maximal deviation of value of objective

= 3
function (1) ford = 1 by (14) 125 | 1.13] 1.25| 1.25 1.18 0.75 113 1.38

Value of objective function (1) fat=2 | 3564 | 416§ 7674.5 9834 66511990.5| 7990 7426.5

Maximal deviation of value of objective
function (1) ford = 2 by (14)

Gap of value of objective function (1)
between values fat =2 andd = 1

Value of objective function (1) fad=3 | 3565 | 4167 7673.p 9833 66511990.5| 7997 7426.5

Maximal deviation of value of objective
function (1) ford = 3 by (14)

Gap of value of objective function (1)
between values fat = 3 andd = 1

11.25| 10.13 11.25| 11.2510.13] 6.75 | 10.13 12.38

Value of objective function (1) fat=4 | 3568 | 4170 7682.5 9840 66511990.5| 7994 7434.5

Maximal deviation of value of objective
function (1) ford = 4 by (14)

Gap of value of objective function (1)
between values fat =4 andd = 1

20 18 20 20 18 12 18 22

Value of objective function (1) fa=5 | 3574 | 4183 7687.p 9836 66591990.5| 7999 7433.5

Maximal deviation of value of objective
function (1) ford = 5 by (14)

Gap of value of objective function (1)
between values fat =5 andd = 1

31.25| 28.13 31.25| 31.2528.13| 18.75 | 28.13 34.38

13 20 15 3 8 0 9 8

Tab. 1. Comparison of results of coordination with theioas dividing.
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2. Numerical experiments

The first series numerical experiments using thgémopation environment XPRESS-IVE is
described in [4], [8] and brings results comparatilé other possible approaches. The linearization
approach proved to be effective for one real pmoble

The numerical experiments in this paper were madeBfreal problems labelled &8) the
public transport in the area of Frydek Mistek - EBofmorning) andb) its back traffic saddl€c)
Frydek Mistek - Dobra (evening) arid) its back traffic saddleg(e) Frydek Mistek - Chlebovice
(morning) and{) its back traffic saddlgg) Frydek Mistek - Chlebovice (evening) afij its back
traffic saddle.

Output values from the results of the algorithm thee computed values of variabksx and
the value of the objective function (1). The relaevautput data for this paper are shown in Table 1.
We describe the dependence of the computed valobjettive function (1) in passenger-minutes
on the size of problem and its dependence on dividing intervals with teeg = 1, 2, 3, 4, 5. The
right-hand side of (14) gives the maximum theorastimate of accuracy of linearization, in
passenger-minutes for @b 1. If the solution fod = 1 can be considered as feasible exact solution
then the gap of the value of objective function fEtween the computed values of objective
function (1) ford > 1 andd = 1 gives the real estimate of the deviation famimization of function
(1), in passenger-minutes. Table 1 shows that ifoe tintervalsd > 1, the solutions have no
significant increase in differences, compaethe solution with time intervals of the lengtkr 1.

3. Conclusion

The proposed linearization procedure in selects#istavith nonlinear conditions shows the
possibility of using exact solutions of linear pragiming problems and also opens the possibility
of applications in various areas of logistics. Rartresearch using the described procedure indicate
the extent to which it is possible to increasedbeuracy of the final solution of linearized prohke
at the expense of increasing the number of vasati¢he mathematical model.
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Abstract. There were discussed the specificity of the opmrabf cargo air transportation in Poland
and compared with other countries. There were ptedebarriers to the development of cargo air
transportation in Poland, and suggests opportgnite improvement. Attention was drawn to the essen
of the air transport intermodality. There were givihe perspective of the development of cargo air
transportation in Poland. Based on the analysisddhat increasing the role of air transport irigfiné makes
the region attractive, but requires a smooth impletation of a broad program of activities and itwest
organization.

Keywords: cargo air transportation, possibilities of deypst@nt

1. Operation of air cargo transport in Poland and comparison with other
countries[1]

Cargo air transportation is different from the ggsyer transportation, because they are under
different conditions. The development of this secsathe most reasonable and can generate many
benefits for the economy. The share of world regionthe port handling of cargo, for example,
in 2009 was as follows [4, 6]: Europe 20.5% , AB&ific 35,5%, Middle East 5,5%, Africa 2,1%,
North America 31,9% and South America / Caribbe&&}

Transportation of goods by air in Poland is treatedh segment of development, which means
that Poland is lagging behind compared to otherdébhomies. However, there is on the Polish
market, a gradual increase in the percentage gbcair transport, and strengthening the position
of regional airports. The freight domestic and in&tional traffic is still dominated by Warsaw-
Okrecie airport. The reason for this phenomenon is dhtvity of the majority of shipping
companies in the Warsaw area and its surroundings.

The main player in the "Air Cargo" is owned by LQAut services for air transport of cargo
carriers also offer a smaller size, as Exin andté&VRagle Aviation. These companies operate
in an environment of strong competition from inetranal companies that offer freight regardless
of the passenger. These companies operate in ecpgrérganized regional grid companies, often
offering complementary services, such as in thenishlroad transport [1, 2, 4].

Office of Cargo and Mail Polish Airlines LOT wada&slished in 1995 and since then offers the
services of the highest standard. It is our goaewelop and consolidate its position in the market
of air cargo. Prove the quality of services is @ertificate of Quality System to ISO 9001-2000
issued by Lloyd's Register Quality Assurance [1, 2]

Cargo LOT coverage includes the major urban cemeEsirope and the USA and Canada. On
the basis of agreements with other airlines angacaarriers LOT Cargo is able to send goods from
all over the world. Cargo LOT offers transport tdredard, special and arranges transport on request
charter. Charters at its disposal, can carry gegglghing up to 120 tons, and their range is up to
12 000 km [4, 5, 6].

The fleet of Polish Airlines LOT SA, which is alsoLOT Cargo fleet, is one of the most
modern in the world [6, 8, 9]. At present fleet qommes 51 aircraft, including:

- 15 Boeing a range of 2150-11700 km,
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- 22 Embraer a range of 1500-3000 km,

- 14 ATR arange 1200 km.

In 2012, PLL LOT SA company receives the first @arin Europe, four of the eight ordered
Boeing 787 Dreamliners. Range of Boeing 787 walllb 200 km, and with the latest technology,
flight times will be reduced by about an hour.

An important activity of the Cargo LOT company isegular transport of goods by land, so
called. RFS (Road Feeder Service). Transport byamamperformed mostly for transport of goods
whose weight or type (for example, dangerous nmarcan not be boarded on the plane. LOT's
offer for such operations includes transportatiommf Warsaw to the largest airports in Poland,
Eastern Europe, Central Europe and to internationlas in Germany and the Netherlands.

In 2008, on board Polish aircraft transported altof about 46 thousand. tons of cargo,
the biggest share was: LOT, SprintAir and Exin. LO&rgo's share amounted to 24.7 thousand
tons of cargo, using the lower baggage compartnanassenger aircraft LOT and Centralwings.
Most of cargo transported on transatlantic route&urope, the basic directions were Germany and
the UK. A great interest was also a call to Beijiteminched in March 2008, the company mainly
LOT Cargo transported mail, industrial productsaiphaceuticals and food.

Aircraft Group SprintAir transported 12,200 tons a&rgo in domestic and international traffic,

primarily for courier companies UPS, TNT, DHL anddEx. The company also assured SprintAir
daily transportation of mail on behalf of the PbliBost.Exin company (the carrier of the Lublin-
Poland) has carried 9,000 tons, the majority oérimational traffic. Transfers were made to order
the world's known courier companies (mainly DHLYahe flights on routes to Germany, Britain,

France, Hungary, the Czech Republic and Scandifédiia

The share of Warsaw Qjaie airport to handle air cargo market in Polandraund 74%. This
is based on the fact that this port handles abaift df all air traffic in Poland, has adequate
infrastructure, and focuses most specialized shgppompanies, professionally prepared to provide
comprehensive service different kinds of goodsdpanted by air. Outside Warsaw, should pay
attention to the airports of Katowice, Gdansk amdrfan. These ports are achieving even better
results as a percentage of Warsaw, but their maskates are still low, mainly due to lack
of adequate infrastructure to handle the cargo

Poor condition and slow growth of air cargo sedtorPoland had many causes. Here are
the basic causes:

- low efficiency of customs procedures,

- high operating costs and charges (fees chargedeatWarsaw among the highest in Europe)
- lack of proper linkage Polish airports connectiontermodal transport network in Europe,
and Polish.

In a global ranking of the largest airports in terof serviced cargo from European ports the
highest position is occupied by the Paris-Ch. Dal@4sixth place), followed by Amsterdam (14th
place), London-Heathrow (18-place). WarszawagQkr Airport didn’t found at all in this ranking.
Among EU airports Warsaw Polish port takes plagg i@ng [6].

2. Restrictive barrier development of air transport cargo in Poland

Boeinggroup forecasts assunteatin 20 yeardreight will grow by 6.4% per yearwith 5.1-
percentincreasein passenger traffi9]. Cargo transportis treatedas an areawith development
potential[3]. But hindered bythe barrierHere aresome othem:

- long procedure for customs clearance of goods,

- a large share of the fleet of small airplanes$,suitable for carriage of cargo,

- the lack of convenient intermodal connectiongghahirports Polish transport network and Europe
- poor infrastructure, the airports: a short runwagron with an area of fairly limited, cargo
warehouses with an area of insufficient and inadegjaquipment,

- unfavorable conditions for directions to the amp
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- some of the existing airport, surrounded by bujitareas there are possibilities for development
In the case of landing and take off heavy freightraft is essential and specific surface runways
appropriate length.

Polish airports are equipped with essentially amg or two runways. Most of these airports
meet the condition of proper roads. However, imgof length of runways, only a few airports
in Poland, holds the appropriate parameters. Amei& of this is one of the smallest in Poland,
Regional Airport Rzeszow-Jesionek.

Due to the lack of freight on scheduled flightse #pecificity of Polish cargo system is RFS
(Road Feeder Service), which consists in transpprtgoods by lorries between Polish
and European airports. In this system the cargonsémt weighing over 100 kg are transported by
truck to the Warsaw about the status of airlinghfis. The disadvantage of the system is
an extension of time to provide loads of approxeahaf4-48 hours.

Conditions listed above, organizational and infuatture create an atmosphere that doesn’t
encourage investors to locate their operationiariel

3. Improvement opportunities of cargo air transport in Poland

That needed expansion and modernization of infreiitre is a priority mode of Polish airports,
namely: the construction of new terminals, congiounc of roads, lanes and the extension of
runways, aprons, etc. In addition, airports shdwadde the highest quality equipment for navigation
and flight attendant. Analysts foresee a scenafridewelopment of airports in Poland, based on
existing civil airports (which will be expanded ambdernized) and on an adaptation of inactive
military airfields and sports services. Currentty liegnica is developed expansion project and
modernization of the former military airport in @rdto adapt to the needs of civilian and cargo
traffic.

Generally, the development of airports mayirbéhe process of implementing the following
projects: [2]:

1) adapting existing infrastructure to carry owd turrent passenger and freight,

2) take the expansion of existing infrastructur@nsport after reaching the intensity of equal
bandwidth (after exhausting the possibility of @ierg the existing base infrastructure)
3) adequate land use planning and urban regiorader to improve the accessibility of airports,
with  particular emphasis on the construction of nggort links and rail car,
4) integrating the network of airports in the neaiband EU-wide network of intermodal transport

A chance for the development of air transport ie ttargo handling activity is enhanced
technology sectors, whose activities are based romtegrated supply chain management [9].
Experience shows that in the vicinity of ports bk tdynamic growth of cargo traffic created
technology parks. One example is Europe's portsEastl Midlands Airports Athenas International
Airport. This phenomenon also occurred in Polarat.éxample, near Katowice created technology
park in Gdansk develop "silicon valley'in which cpamies are spread new technologies. High
market position of the Katowice International Airpaontributes to increased traffic in handling
cargo traffic. It is expected that the port camalbaajor cargo port in southern Poland. Development
potential of the airport in Katowice performancerss from the favorable location of terrain, from
the viewpoint of the efficiency of the airport: thseset is located near the intersection of A1 aéd A
motorways and proximity to railway junctions.

Modernizing and expanding existing airports shaalkb be assumed that the cargo terminal,
which is part of a potential multi-modal hub shobklable to flow and support a diverse assortment
structure loads.
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4. Air transport intermodality

Attempts to turn the airports in the EU networknational and inter-modal transport is one of
the Polish transport policy. This strategy is ceteit with the objectives of the European
Commission, for an efficient and effective trangpgystem in keeping with the principles of
sustainable development. The experience of We&iarapean countries shows that in the future,
there is a significant integration of air transptartrail transport, especially with high-speedr irai
whose construction is planned in the near termeRample of such a proposed project is to bus
linking the city of Wroclaw and Poznan and Warsdie (planned speed of 350 kmph). Rail
transport, particularly transport high-speed tream be an alternative for short or even medium
distance air travel. Therefore, the integratiomiofand rail transport can produce good prospexcts f
the future traffic.

The solution which seems the benefits of air laggstenter would be designed in an air cargo
terminal, railway freight station. An example othua solution is located in Frankfurt, which is one
of the largest intermodal airports in Europe. Raywstation Cargo (Air Cargo Rail) is located in
this port, allows the movement of goods from raiéitr.

5. Prospectsfor development of air freight in Poland

As you know an opportunityto acceleratehe developmenbdf regional airports of Polandis
to increase thé&ransport of passengeasd goodsThe following areforecastfreight cargoservice
in selected Polish airports by 2020, accordin@®t®| 7, 8]:

1) Warszawa-Odcie: 2010: 55,4 thous. tons; 2020: 140,3 thouss;ton

2) Lodz-Lublinek: 2010: 10,0 thous. tons; 2020: 150,0 thdans;

3) Rzeszéw-Jasionka: 2010: 32,0 thous. tons; 2B20: thous. tons;

4) Pozna-tawica: 2010: 11,4 thous. tons; 2020: 33,1 thowss;

5) Katowice-Pyrzowice: 2010: 6,9 thous. tons; 2083 tys. ton;

6) Krakow-Balice: 2010: 5,7 thous. tons; 2020: 1B@&us. tons;

7) Gdask-Trojmiasto: 2010: 7,6 thous. tons; 2020: 11duth tons;

8) Wroctaw-Strachowice: 2010: 5,7 thous. tons; 2@8 thous. tons.

Analyzing this prediction Polish carriers and loggvernments, should take into account
the unfavorable weather the International Air Tpors IATA, which gave Poland outside
the twenties countries in the coming years willnggs a significant increase in air freight is
supported.

Analysts suggest that segment of the freight sere@ntributes to improving the efficiency
of the air carriers who transport freight for theshuse of open spaces cargo aircraft. At the same
time, airports receive genuine benefits from hamglicargo. Regions also offer cargo handling
segment become more attractive.

From the foregoing statement that increasing theabair transport in freight makes the region
an attractive but requires effective implementatidra comprehensive program of organizational
activities, investment, etc

6. Conclusion

Polishcargo air transportation didrdevelopa satisfactorypace but thedevelopmenbf this sectors
the mostlegitimate because it cageneratebenefits for theeconomy The results oprofessional
studieshave showithe possibilities andirections ofdevelopmenandimprovemenbf air transport
cargoin Poland

There werananyproblems tosolvein order toaccelerate the development antprovement
of air cargoin Polandandat the same tim& reducethe gapin this sector inrelationto the EU
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The largestPolish airportWarsawFredericChopin (the tonnageof cargoat the level ofjust 50
thousandtonsin 2009 wasnot even orthe listrankingthe largest airports ithe world[6]. In the
first placethis list from the yea2009the airport is locateMemphisint. (USA) from 3697thousand
tons tonnage

Polish aviation law and regulations require the harmonizationand transparency
The infrastructuref almost allPolish airportsneeds improvemenmodernization and expansion
Therefore is necessaryinvestment innew runways taxiways aircraft standsboards roads
warehousesetc. The development odirport infrastructuremay be a key investmentfor cargo
transportatiorin PolandlIt is uncertairvhetherPolandwill be among théeadersn Europe in terms
of handlingair cargg butit is expectedhat Polishairportscan playan importantole in the cargo
market growthn someregionsof Eastern Europe

References

[1] Barski A.; Rozwoj lotnictwa w regionachVydawnictwo Adam Marszatek, Tar2009, s. 105

[2] Gruba J.;Rozwdj transportu lotniczego cargo w PolsBeaca dypl., Midzynarodowa Wjsza Szkota Logistyki

i Transportu, Wroctaw 2011

[3] Konwencja o ujednoliceniu niektdrych prawidedtgczcych medzynarodowego przewozu lotniczego. Montreal
28.05.1999

[4] Koziarski S.;Transport w EuropieWydawnictwo Instytuslaski, Opole 2005

[5] Liwi niski J.;Polski transport lotniczyPrzeghd komunikacyjny Nr 5, 2009, s. 10-12

[6] Liwi niski J.;Porty lotniczeswiata 2009 Przegid komunikacyjny Nr 11-12, 2010, s. 46-51

[7] Praca zbiorowa pod red. B. Liberadzkiego i LinMura; Uwarunkowania rozwoju transportu lotniczego cargo
w Polsce PWN, Warszawa 2009

[8] Stefanek M.Lotnicze przewozy cargo w Pols&rzeghd komunikacyjny Nr 4, 2009, s. 19-23

[9] Zamiar Z., Bujak A.Zarys infrastruktury i technologii przewozéw podstavych gadzi transporty Wydawnictwo
Miegdzynarodowej Wyszej Szkoly Logistyki i Transportu, Wroctaw 2007

111



s Save Our Lives. acomprehensive road safety strategy for

‘ \ Central Europe (SOL)

Main goal of the project

Main goal of the SOL project to promot
sustainable  mobility and increas
awareness for safety issues as well
contributing to the achievement of hight
quality of living conditions.

Project vision
»A region free of road-crash death ar
injury, safe for all users in even
community®.

Materials and tools produced within SO "

will help benefit road safety in the regio
and can inform and contribute to simile
action in other regions of the world.

Good practice M

Multistakeholder
B qninerships

l I . AGtive SOL

communities

o

Road Safety
management

_ Transnational
learning & network
Evidence based & [N

resuits focused

Communicate &

Project partners

The project SOL shall help to prevent road
crashes, deaths and injuries in the Central
Europe Space (CEUS). In 12 pilot areas of
7 countries (Poland, Czech Republic,
Slovakia, Hungary, Slovenia, Italy and

Austria) targeted strategies will be

developed implementing effective

programmes to build a transnational road
safety network.

Funding of the project

SOL also brings significant and needed
funding towards an increasingly deadly and
common public health issue in the CEUS
region and world. SOL is a project

cofinanced by the European Programme of Territ@@dperation “Central Europe”.

Z~ ™ CENTRAL EUROPEAN UNION
(‘n, EUROPEAN REGIONAL
*‘—’/ COOPERATING FOR SUCCESS. DEVELOPN\ﬂ
Contacts (Slovakia) Moreinfo
Ing. Miroslava MikuSova, PhD Ing. Ondrej Cyprich http://www.sol-project.eu
Project manager Univerzitna 8215/1
Univerzitna 8215/1 SK-010 26 Zilina, Slovakia
SK-010 26 Zilina, Slovakia cyprich@fpedas.uniza.sk

mikusova@fpedas.uniza.sk tel: +421 902 437 688

tel.: +421 41 513 3564



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Vehicle Scheduling Optimization

Michal Krempl
VSB - Technical University of Ostrava, Faculty oebhanical Engineering, Institut of Transport,
17. listopadu 15, Ostrava-Poruba, 708 33, Czechulitiep michal.krempl.st@vsb.cz

Abstract. The paper deals with the vehicle scheduling praldelated to regional public transport. Linear
programming methods are used to solve the probkrmrmathematical model is created including the
constraints and the objective function minimizingsts and the number of vehicles. As the number of
transportation links is a major factor affecting ttime of solving the model by software and theetiofi
processing the input data, a decomposition of ¢heflines into disjoint subsets can be used awst& the
"direct” optimization. The decomposition has proteine a suitable alternative in solving large mptation
problems, because a substantial reduction of thpatation time was achieved, while the objectivaction
value increased by only about 0.6%. A comparisahefsolving techniques is presented in the corarus

Keywords: transport, optimization, vehicle scheduling, line@mthematical modeling.

1. Introduction

Grant demands of the public transport have inceeasstantially in the Czech and Slovak
Republic in the last 20 years. It should be anr@sieof the state to reduce subsidy for the public
transport. Carriers should be prepared and intehssearch for the savings in their management.
Significant savings can be achieved simply by cirapgn organization of work.

It is appropriate to use linear programming methodsolving the optimization problem of the
vehicle scheduling.

In the task of the optimizing the vehicle schedulihere is a goal to propose such a sequence
of every single transport link (i.e. train, airpkaribus connection etc.) operations for each vehitle
order to achieve the minimum or the maximum valtiaro optimization criteria. It is possible to
consider a number of criteria in a theory. Giveattthe reasons of this problem are largely
economic, it seems most appropriate to choose asptamization criterion one of two: the total
costs of operation and number of vehicles. It mwéver, two criteria, the minimum would be
necessary to look at the same time.

Using a multi-criterion optimization function hasany disadvantages, it is appropriate to use
the following solution. Choose the costs of tramspiok operation as an optimization criterion.
Depreciation (i.e. the cost of the vehicle) for g@nning period, include into costs of the vehicle
crossing from the garage to the first stop of ih& Circuit which operates the vehicle that ddy. |
the vehicle throughout the planning period doessmotve any link, it is not necessary to put the
vehicle into the fleet carrier, and the objectiuadtion is not burdened by a depreciation expdhse.
is ensured that the given set of transport linksbw operated at the lowest costs. It is also etque
that the number of deployed vehicles will be minima

2. TheMathematical Mode€

First, it is necessary to define what is aboutdoide in the vehicle scheduling problem:
* Zyk ... bivalent variable modeling the decision of wlegthhe vehicle0l may pass
between the end stop of the transport links] akOK.
The variable g is introduced only in those cases for which thisonfuction is necessary:
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ez 0{0, 1} foriddl, jOJ a KIK.
The definition above sets can be elaborate asWsllo
* | ... the set of vehicles, which can be deployed eroiberation of the transport link,
« J ... the set of the transport linksafter which, you can change the default stop of
transport linkk to the time of departure of the likk
« K ... the set of the transport linksto which it is possible to drive after finishing o
operating the link in the time of departure of the likk
e S ...theset of the garages
The objective function minimizing the costs takes torm (1):
min f(2) :z Z Zaijk [Z, 1)
i0l joJOs KKOs
* ajk ... total costs of the vehicle operation of the $m@ort linkj plus the costs of the
crossing between the linksand k plus the costs of vehicle’s waiting between the
operation of the link andk.

It is necessary to specify all the requirementsttos mathematical model this includes the
following requirements:

* deploying the required type of the vehicle on thk (1a),

e avoid the "return of the vehicle at the time" (1b),

« the correct sequence of the technological acts/@msured by the constraint 2),
« the operating each transport link (3),

« every vehicle exits the garages only once duriegolanning period (4),

e limiting the length of the shifts and the hourspgration of the vehicle (5).

The simplicity of the model is ensured by the idtrotion of the variablegy only in cases
when the declaration is necessary. This declaralsa meets some of the above requirements:
(1a), (1b). The "return at the time" means a sibmatvhere the vehicle after finishing operatinglin
in a given time shall be deployed on operatiorhefdther link with the start time earlier.

The correct sequence of technological operatiogki¢le crossing from the garage to stop of
the link, operating link, vehicle crossing betweba final stop of links, crossing between the final
stop of the vehicle and garages) can ensure (2):

>z = >z, fordidl (2)
KIKOS K1Jos
The operating of each link guarantees (3):
> >z, =1 for0jOdJ (3)
0l kOK

The constraint (4) ensure that each vehicle esats fthe garages at most once:
Zz“ksl fordidl, jOS 4

kOK
It is necessary to define a varialt|e that in the mathematical model represents thetidara
time of the transport link plus the transit time from the end of the ljrtio the starting point of link
k plus waiting to start operating lirk
The constraint (5) ensure that the time of the ajpen of the vehicle will not exceedr;. If we
assume that the driver is over the whole operdtamsigned” to the same vehicle, the constraint
analogous limits the length of the driver’s shifisT.

D>ty Fy <T, forDill (5)

i0J kOK
The constraints (5), (6) define the domain of alga:
z, 0{0} for Oi, j,k ©)
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t, 0Z; for Oi, j,k 7)

3. Decomposition of the Set of Transport Links

The number of the transport links is a major fa@ffecting the computational time and the
time of processing the input data. The decompas#iet of links tan disjoint subsets can be also
used to achieve optimum solution. The componenteeget of links are given by the time interval.
The link is inserted into the subset of links basadime of departure from the default stop. The
problem is solved separately for each set of coraptsn Separated links sequences operated by the
vehicle are suitably connected to achieve the mimimotal costs. This procedure does not
guarantee an optimal solution, but it can be asdutim&t the obtained solution is not far from the
optimum.

4. Input Data Analysis

It is necessary to accurately determine the vafualldnputs appearing in the mathematical
model so as valid results with good predictive geatould be achieved. The key is to determine
values of the costs coefficients.

It is appropriate to calculate the costs of drivargl parking of vehicles in several ways, based
on different and mutually independent input datanoRg other may be used procedures listed in the
tab. 1. The methods of calculation differ primatly how much of the total costs they take into
account.

The computational method The costs of the drivinbhe costs of the Comments

vehicle parking vehicle
The determination of the 1,0000 [—] 0,6755[] The calculation takes into
relative costs coefficients [1] account the 100% of the costs

of the carrier.

The determination of the cost3514,75lcz|< [m-lj 251,59[CZK [ﬂ]‘lj The calculation takes into
coefficients of the costing (8 years depreciation) | (8 years depr.) account of the costs referred
formula [2] 666,12[CZK Elh‘lj 302,96[CZK Eh‘lj in the costing formula.

(5 years depreciation) | (5 years depr.)
The determination of the cost31184/1408[cz|< gh-lj - The calculation takes into
coefficients according to the (standard/long bus) account all of the costs arising
DPO when the vehicle is in motion

Tab. 1. The summary of the costs associated with thead@dinks according to different methods of thecakdtion.

It is appropriate to use in the model only the ealueferred in the costing formula with a
depreciation of vehicles 5 years, because the ggtian of the vehicle scheduling can only affects
the operating costs. The costs of a vehicle areefitie considered 66€ZK [h™ for vehicle in
motion and at the 3@3zK [h™ for the parking vehicle with a driver.

5. Application into the Practice

The proposed approach to the problem was appliedptonize vehicle scheduling in the
region, which is defined in the south by the towh®strava, Hldin, Dolni BeneSov, Krava and
in the north by the border between the Czech Répahld Poland. This is the link, no 70, 72, 281,
282 and 283. All of them are finished at the stalled Rivoz, Muglinovska in the urban district of
Ostrava-Fivoz. There are used Xpress - IVE software, whiolves the problem by simplex
algorithm and branch and bound method. ResultBsteel in the tab. 2.
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The The The index of the| The solution The index of
current | optimum | original/ optimal | obtained by the | the original/
state solution | solution decomposition | decomposition
solution
The total calculated costs| 65 526 62 937 0,960 63 268 0,966
[CZK]
The costs (without the 15739 13 150 0,836 13481 0,857
operating links and the
depreciation) [CZK]
The total time of the 131 113 0,863 114 0,870
vehicles being outside the
garage [hours]
The number of vehicles [-] 8 8 1,000 8 1,000
The number of drivers [-] 14 13 0,929 13 0,929
The number of crossings | 0 5 - 6 -
between the links [-]

Tab. 2. The comparison of the current state with decontjpmsand with optimal solution.

The optimization was performed in a relatively dngabup of links and yet the implementation
of the new vehicle scheduling would bring signifitaosts reductions.

If the minor timetable changes are accepted, fushéstantial savings could be achieved by
reducing the number of vehicles.

6. Conclusion

The decomposition of the set of links has provebddhe suitable alternative in solving large
optimizing problems. When it is achieved a subshmeduction of the computation can be
reached. It affects the value of the objective fiamcby only 0.6%.

| believe that using linear programming technigwéb powerful computers are the way to the
rational organization of public passenger transpattich will leads to its improvement and
subsequent revival.
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aggressive driving on the roads is becoming momeent At present the problem of aggressive driver
behavior in the Slovak Republic is not semifinished

Keywords: Driver, safety, aggressiveness, behavior, excgdtha speed limit, anger, questionnaire, traffic
situations, respondents.

1. Introduction

The severity stems mainly from a loss and the apumseces, which are results of aggressive
behavior on the road, in physical, health, socradl @sychological terms [4]. The number of
aggressive drivers on the road increases in coiomewtith the developing transport. Sufficient
technical information, however, lack in this depaent.

For behavior, which is most commonly associateth wggressive driving, is considered:

» speeding (significantly exceed the set limits, mdakter driving than which isn’t
corresponding to the traffic conditions and others)

e improper passing from one lane to another (withgwing a sign to change the
direction of driving, without verifying whether d¢an fulfils transfer act safely),

» disregard of the authorized person, traffic signd aquipment, which dictate to give
way line or stop the vehicle,

* non-safe distance,

* inappropriate overtaking (without giving any sighamange the direction of driving,
overtaking in the place where it is prohibited by] driving in the lane reserved for
slow vehicles, along the tram belt, along the stieuand so on),

* unauthorized drive in a designated lane for vehiolé&th a law of preferred driving
(buses lane, emergency vehicles),

* right side overtaking on highway or on way for nrotehicles,

« reducing speed suddenly or stop vehicle as punishfoea vehicle traveling behind,

e aggressive and inappropriate gestures and so on.

On the Fig. 1, there can be seen the share of caaises of traffic fatal accidents in Slovakia
[6]. The first place takes the speeding, whichrigeds” expression of aggression and the style of
driving and break the basic rules either. z

. Break the basic rules

10,0% Speed
. Other main causes

11.9%

Style of driving

Fig.1. The share of main causes of fatal accidents inagia
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If we wanted to examine whether the concept of egglve, respectively reckless driving can
be found in the legislation of Slovak Republic telg to road traffic, it would be futile, as thisrin
is often used in the police and in public, butas precisely defined.

Aggressive driving on the roads, however, appleearty driver and is not sanctioned in such
ranges, so that the drivers thought over that migiheind drove with respect to all road users.

2. The Questionnaire of aggressive behavior of driversin Slovakia [3]

Abroad, the questionnaire is used for the deteatigpotential aggressive drivers, respectively
drivers” diagnosis of aggressiveness who alreadyatariving license, have form of survey [2].

This knowledge showed that the survey carriedioulovakia should be focused on anger,
which is the main part and occurs most often byreggive drivers. This anger should be at least
divided (with examples from practice) to 5 scaielich should be precisely defined.

In developing the questionnaire was contacted éodutoturist Club (SATC). On the first
page of the questionnaire are 27 situations thainoonly occur on Slovak roads. For each of the
guestions is 5 degreed scale with divisions of gnghich the respondent feels at the concrete
traffic situation (degrees - no anger, 1. leveanger, 2. level of anger, 3. level of anger, 4eleif
anger). On the other side of the Questionnairbeasctassification on the length of perceived anger
and on the three most annoyed situations. Moretkere are additional questions as, for instance,
the number of driving years, sex, year of birthyeaion and district of residence. At the end of
side are given explanations, what is meant by dil@wint scale anger.

The Questionnaire was realized from 26.07.20108®8.2010. The respondents drawn it up
electronically and sent to the specified email addr The ongoing questionnaire has been filled out
manually either and the respondents were approgcdninmeighborhood shopping centers, gas
stations, as well as nearby the University. Pesggd between electronically and manually filled
guestionnaires were about 55% and 45%.

335 respondents, of who were 203 men and 132 womaesre participated to the
Questionnaire. Subsequently, respondents wereativitto age and gender category. In Fig.2 it can
be seen that the numbers of respondents in ditf@gs groups are balanced. The only blip can be
observed in the age group 60 years and older, whkiclue to the fact that the majority of these
people responded to the survey only in printed fand during the survey it has been concentrating
mainly on the age group 25-29 years and 30-39 ybarsause of police resources, which show, that
these drivers cause the most accidents.

The Questionnaire has been treated from differemsgectives, but the most important is
determining which of the traffic situation is theost annoyed for respondents. From the
respondents’ answers on various traffic situatias made the average, which determined the
respondents” level of anger.

100G |
&0
]
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0
L]

18- 24 55

. Women

Alea
& @ Tegpeiber
&N

19
20-39 0.5 60 and
more

Fig.2. The partition of respondents by age and gender
These averages were divided according to theiregaldnd these averages determine which of

these situations the most angry or least moderatdraFig.3 it can be seen traffic situations, athi
are able to "put out” most on the roads.

118



1. Someons i3 reversing in front of yvou without looking

3. Someone 15 pushing on the front of your car after overtaking

Fig.3. The most annoyed traffic situations by averageeval

The situation of careless reversing angered magoralents, which averaged value was 3,27
and it means "3 level of anger", which is already inclined td™#vel of anger" according to scale.
This situation is classified as passive aggressathe road, respectively as negligence. In second
place fitted in the situation of the increased sgplg overtaking by another driver. This situation
belongs, however, to the typical aggressive drsvéxehavior, which may contribute to serious
accidents. Third and fourth place belongs to sibmatwhich restrict the driver to which they are
applied. Such behavior may cause to the oppregssest fear, nervousness, which may later result
in reciprocation of aggression, but against otletigpants of road traffic.

Comparing groups of men and groups of women, posssible to use the median value, which
we distributed set of statistics for two equallsgka parts. Median value was made on depending on
sex and age categories and is shown in Fig.4.

Median

3

;:;: T . Alen
255 @ Women
245
235 1
2258
215
2,05 +
195 -
185 -
1.78 4 :
18-24 25.29 ap-ae 40 -59  G0andmore

Age categories
Fig.4. Value of median of average anger classificatiodépendence on sex and age

From the picture can be deduced that women are raggeessive from samples of 335
respondents, respectively it would be better tandetheir as more emotional. This condition is not
fulfilled only in the age group 30 to 39, in whialales are more aggressive. So far, it is proclaimed
that men drive more aggressively and the resuthefQuestionnaire is very surprising. It is also
possible to confirm that aggression declines wigh, again this is not completely confirmed in the
male age group 30-39, which may be due to just naggressive approach of men to traffic
situations on roads, but when you notice women lahwest the same median value.

Recent elaboration is from the anger length pasitiad they can be selected from 5 options
(only briefly, a while, a longer while, long enoudbr a long while — according to the scale of the
Questionnaire). The length of women’s anger isddidi into specific age categories. The largest
number of women (45 women) of different ages in@isgrelated to the traffic situation from the
guestionnaire) that they can be angry for “a longhile”. The longer while was defined in the
guestionnaire within the time period of 10 to 3(hates inclusive. If it is based on the individual
ages, women in age group 25-29 and 40-59 ("whitenger duration of anger”) is situated in the
number of 14, followed by women in age group 184o- the number of 12 persons, were the
penultimate women’s group 30 to 39 with the numband the last group of women over 60 with a
value of 1. In the case of women ages 18 to 24923 and 40 to 59 it was also the highest number
of "votes" from all the offered options.
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For comparison are introduced the numbers of lenfitinen’s anger and the duration of their
anger. Most men identified (with the number 80)t thiie angry in that traffic situations "a longer
while” as well. When it is compared to the numba&rssomen in response "a long while" and at the
same response in the men’s group, we see thatnmeasponsible in the different age groups more
proportionately (not taking into account the ageugr 60 and more). The largest number of
responses with the number 28 is for men in thecategory 25 - 29,which is followed by men in
age category 30 to 39 with 20 responses, then rf&ea 24 years have 19 votes and last (except for
age group 60 and above - 0) are men 40 to 59 — euailvotes” 13.

If we think about it, we know that only two secomafsinattention can cause an accident and
when it is compared to 10 to 30 minutes durationander, during which the driver is more
distracted while driving and experiencing negatweotions compared to a peaceful state, which
can be classified as inattention, it's worth comsaton!

3. Conclusion

Safety is the exemption from accidents and lossebuman lives. It also deals with property
protection, regulation, management and transpahni@ogy development. The analysis of
accidents indicates that 95% of transport accidanéscaused by human factor failure (wrong
determination of situation, participant’s skillsigkes etc.) One of the most frequent errors of
drivers is a wrong decision in a critical situatidie decision process is very complicated sinee th
driver has to evaluate the arisen situation cdyeathin fractions of a second [1].

The guestionnaire showed a lot of important datarvousness and aggression in the road is
clearly rising. Drivers should be aware that th@im aggression creates problems to themselves,
for example currently there are different penalties the improper execution of gestures, for
speeding and begins to address the safe distamredther vehicles in Slovakia. However, many
times the fines are not only negligible item foreign drivers. The essential idea is the awareness
of drivers that do not drive on the roads themseled should also be considerate to other road
users.
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Abstract. This paper describes feasibilities of DIAL gas ggeats’ utilisation in the environmental flight
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1. Introduction

The Department of Air Transport at the UniversityZdina within the frame of the Centre of
Excellence for air transport is currently condugtan project regarding flight laboratory equipment
capable for measuring parameters of atmospheragtiight. The aim of this project is to ensure
an environmental flight laboratory exists for maonihg airspace above the Slovak republic in the
vertical range from ground to FL 100 or to FL 3@forizontal range should be at least 600
kilometres and the duration of continuous obseovatshould be at least four hours without
intermediate landing. The board equipment has tetmequirements for IFR flights. The flight
laboratory will be focused on environmental and eoatlogical observations. It will be equipped
by special devices designed for gathering inforamaibout atmosphere compounds such as H20,
CO, CO2 and NOx, with aims to monitor other dangsrgases in our environment.

2. TheDIAL technology in gas analysers

The newest analysers use DIAL technology (diffeegatbsorption LIDAR (light detection and
ranging)) for gathering of composition of certagsg The technique of measurement relies on the
unique "fingerprint" absorption spectrum of eachlenale. An absorption measurement is made
with laser light, at a peak of absorption (lambdd-and at a trough (lambda-off), giving a
differential signal. The differential nature of thignal simplifies the measurement process.

A pulsed laser beam is sent out into the atmospfhedteside of figure 1) and small proportions
of the light are backscattered by particles aldrgglieam path to a sensitive detector (right side of
figure 1). In this sense dust particles and aesoaot being used as reflectors, albeit rather weak
ones. The laser light is in short pulses and tiesslution of the backscattered light (along wité th
speed of light) gives range resolution as in a BrfDAR.

For concentration measurement the DIAL system setia a differential return from two
closely spaced wavelengths, only one of which sodied strongly by the target gas. The size of
the differential return signal at different distas@long the laser beam path indicates concemntratio
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DIAL Method - Return Signals

r DIAL Method — Qutput Signals
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Fig. 1. Principle of DIAL technology [1]

3. WVSSH |

There are many products and solutions regardingsanement of air quality on the world
market. However most of them are designed for satilon in ground conditions such as
measurement of air quality in industrial centrelse Rmerican company Spectrasensors developed
a device capable of gathering information relatethe volume of water vapour in all altitudes up
to FL 400. This product (shown in figure 2) calf/SS-II (water vapour sensing system) is also
based on DIAL technology. Comprehensive systemaiewvapour monitoring in atmosphere has
been used in the USA for two years. It based ompe@iion between agencies, airline companies
and transmission systems too. The transmissiorersgsare responsible for data gathering from
onboard sensors located in airliners.

Fig. 2. WVSS-II [2]

According to this obtained information the Americaational weather service (NWS) makes out
more frequently updated weather forecasts. NWS igesvthis hot information about weather
situation with relevant air traffic centres.

One significant advantage of this device is thatas certification for exploitation in many
airliners and in the aircraft of general aviati®ue to its limited rate of measured atmosphere
compounds (measurement of water vapour only) isdo meet all requirements for mentioned
flight laboratory [3].

4. AQM Sentry FTIR

AQM Sentry FTIR is product of American company CBRES which is a leader in real time
multi-gas detection systems. Although it is priryadesigned for ground exploitation and has no
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certification for flight laboratory, this device ia compliance with most requirements related to
utilisation in the flight laboratory.

This system is based on product called Open-PatBeairy FTIR which is the most reliable
for monitoring industrial facilities, accidentalleases, and hazardous waste site emissions. The
system monitors from 5 to 1,000 meters and eliremdhe need for many single point gas specific
sensors, lengthy calibration, and laboratory amslybhe Open-Path AirSentry FTIR in figure 3
shows both the transmitter and receiver are loctigdther in the same housing. The remaining
piece of equipment that completes the beampathrétre-reflector array also shown on the right
side of figure 3.

Fig. 3. Open-Path AirSentry FTIR system [4]

It could be noted this system is not usable faghtliobservations because it is static and
requires a retro-reflector for air quality measueetof open space. On the other hand AQM Sentry
FTIR (shown in figure 4) is coupled with a multigsacell (shown in figure 5) and therefore it is
suitable for fixed installation and installation board aircraft or a mobile van.

Fig. 4. AQM Sentry FTIR [4] Fig. 5. Multi-pass cell [4]
The analyser is provided with a library of near04compounds. Some of them are shown
below as well as the device specifications.

Specifications[3]:

e Dimensions. 62.2cm x 47cm X 25.4cm
* Weight: 68kg

* Power: 4A/2A @ 110/220 VAC

* Operating Temperature: 50°C, -40°C
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4.1. The proposal of AQM Sentry FTIR installation

The mentioned system could be used on board abétiia the following way; the central box
with the multi-pass cell will be located in the spdor baggage or in the interior. However one of
the problems is how to lead air from the outsidéh® multi-pass cell. Cerexms does not offer
necessary accessories therefore utilisation of t8gsmmsor's air sampler with hoses (shown in
figure 2) offers a good solution.

During flight the air will flow continuously fromhe air sampler mounted on the fuselage
through hoses to the multi-pass cell where theamposition will be measured by means of a laser
beam. The data required will be continuously degich real time on the monitor by the operator.

Within the frame of project the air transport depent speculates about three aircraft, namely
the Diamond DA-42 Twin Star, the Piper Seneca V tedVulcanair P 68 C. As well as operating
as a flight laboratory aeroplane, it will be usext fraining pilots. The AQM Sentry FTIR is
considerably heavy and bulky which proposes a probior the parallel utilisation of the aircraft
during training flights. In this case the capaafyaircraft will decrease as the mass of the device
and the operator represents the weight of two<ilbhis means that no more than one cadet can be
on the training route. Therefore during paralleyhts (i. e. carrying out a training flight and
observation at the same time) the number of the sdimited to only two pilots (instructor and
cadet).

5. Conclusion

It is possible to say from previous information ttheQM Sentry FTIR represents the best
solution for environmental flight lab, especiallyedto its extensive potentialities to measure gearl
400 hundred atmosphere compounds. Due to this taty@nand because of its ability to process
data in real time, this device allows for flexildad efficient air quality monitoring at any given
altitude. The focus on the protection of our envim@nt means the flexible flight lab has great
potential for detection in critically polluted aseaHowever the issue of FTIR certification for use
on board of aircraft remains the greatest probléthis ambitious project.
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Abstract. This article deals with technology that ensurepreference of public transport vehicles at
junctions by light signaling. Junctions must be ipgad with devices which enable detection of vedscl
before the junction, communication of vehicles witie controller of traffic light equipment and sehsent
modification of the signal plan. In the article amentioned most frequently installed controllersd an
detectors that provide preference of vehicles hatt short description.
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1. Introduction

The most favourable kind of transport for urbaraarom side of emission, noise, economic,
energy, transport, urban and social is, after gedasand cycling transport, public transport.
Therefore it is necessary to ensure its reliablection and thus attractiveness for passengers
through the support of organization of operatiothi transport area.

In general, the least affected by outside influenaee the road of subsystems, because they
don’t come into the contact with another transpsugh as metro lines and railway. In contrast,
lines of buses and trolley buses are directly dépenon the situation on a route and therefore thei
operation depends on the permeability of junctiansl road communications. For ensure the
minimization of the impact of individual transpdd public transport, the amount of traffic and
construction measures are applied to ensure prefe@ urban public transport.

2. Technology to ensure preference of urban public transport by light
signalling

Preference of urban public transport by light sligmg means possibility of a preferred option
and extension of the green signal for a vehiclaclvicome to a junction. It is desirable so that the
vehicle can cross through signal controlled juncts far as possible without stopping or at least
with minimum delay.

By control of traffic lights equipment is possitdehieve a high level of preference of public
transport. There are two kind of preference of putshnsport by traffic lights equipment. Active
preference, in which is influenced process of adntraffic lights equipment in real-time. It is
necessary to ensure the requirements of publispiah vehicle. Passive preference is a way of
control in which the fixed signal programmes ar¢irojzed according to beforehand identified of
habitual behaviour of public transport vehiclecdn be a coordinated green waves, which take into
account the probabilistic movement of public traorspehicles.

The preference depends on the management of thgtiits equipment, and the best results are
achieved with traffic lights equipment, which ussettion of vehicles and dynamic management in
absolute preference of public transport vehicles.
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For the function of system preference on the sigmaitrolled junctions is necessary the
junctions equip by controllers and detectors, whéttsure the transmission of requirements of
public transport vehicles into the traffic lightgugoment.

2.1. Controllers

Controller is an electrical device which controlse tsignalling images of one or more
semaphores of traffic signal equipment. Controlleressentially the brain of traffic signal
equipment. Hardwar which is installed into the colters is formed in the recently powerful
microprocessor, electrical switching elements anclits, which including its control, diagnostics,
supply and detectors. Controllers are equippedrdoupto complexity of junctions so that meet the
requirements of the number of signal groups, detecttonnections to the coordination or to the
central level. They are also equipped with memary ifecords of claims on all detectors.
Controllers which enable dynamic traffic controblgsreference of public transport vehicles have to
be equipped with the freely programmable logicalts also as control logic.

The control logic is a program into the controlletich directs the length and sequence of
phases in the traffic lights equipment. In prefieee of public transport vehicles have to be
preferred the claim of public transport vehiclegobe the claim other road users in the control
logic.

Between the controllers which use in preferencepuablic transport vehicles include for
example MTC Mini 3 controller. It can be used tormmage smaller junctions and it can be also
connect to coordination with other junctions. MTQ03controller which is designed to manage
medium-sized junctions and MTC 3000 controller $&di to manage major junctions. Controllers
have the software which works in all normal modes fixed time cycles, dynamic programs with
groups to challenge and prolongation of phase, @leastrol, program blinking yellow, manual
control or all- red night. These types of contndland several others are used to ensure preference
of public transport vehicles in the city of Prague.

2.2. Detectors

Detectors are the devices which provide data dfidrdow. They serve for purpose of traffic
control or for road traffic surveys. According thet method of obtaining data about vehicles
detectors can be divided into contact and contsstetectors.

In preference of urban public transport detectoestiae devices that allow detection of public
transport vehicles. Detection of vehicles allowsedwining the presence and location of a vehicle
at the junction and transfers the information te tlontroller of traffic light equipment. There are
the information evaluated and subsequently sigtal s changed. Detection of public transport
vehicles is necessary especially by the activecpeete.

On the road there are so. logon and logoff poihtshach the vehicle is logged and then voted
into the system. When vehicles cross this point imay soon begin preferential interference into
the management of traffic light equipment. Apprafeitime between the first registration of the
vehicle and the requirement to meet the claim imast cases about 30 seconds. Range in which be
able to move this time is 20 to 40 seconds. lbfedl that the open track should be the place logged
about 250-500 meters before the stop line.

STOD 1
STOD1 is an infrared detector with optical senswhich is designed for trolleys with
unidirectional traction system. Detection is praddby an infrared optical sensor that works
together with other devices of detector in sepasatiated system with a safe voltage of 24 V.
Detector is designed for outdoor use in temperattrmm -40 to +70 ° C and is constructed to
speed 100 km per hour. The sensor can be adaptibe tateral horizontal scanning collector of
trolley or to vertical scanning of tram pantograph.
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I nductive detector

The inductive detector is the most widely used aetefor detection of road vehicles. Its
construction is simple and reliable. It is compos€&dhductive loop, own detector and of analytical
unit. The detector works as follows: in the roadway depth of about 30 to 60 mm is built a cable
wire that creates the induction laophe loop is one of the circuit elements of low-freqcy
generator, whose frequency varies depending orpitheence or absence of the vehicle over the
inductive loop.

The advantage of inductive detector is its abitiytransfer information and the ability to
debugging itself if it is permanently occupied fexample by improperly parked vehicle. The
disadvantages of this type of detectors includédrigosts for troubleshooting, for modifications or
the need for debugging of the detector. In the cdsesing of induction detector is needed ensure
guality development of the loop as well as of ihadway because the loop is prone to breakage.

Infrared detectors

They are one of the other possibilities of vehidetection, which is based on the detection of
movement within the radiating angle infrared senBatectors are usually placed on the column or
beam of the traffic light equipment or on light @sla few meters over communication and links in
the lane before the stop line. They are mainly wgkdre for some reason cannot be put induction
loops into the roadway or they can be used as &shafk solution for emergency situations.

The advantages of these detectors are their loty lovg-cost removal of potential defects as
well as their assembly into operation. One of th@nmdisadvantages of these detectors is its
uncertainty, since the detector responds to anyemewt in that lane.

Video Detection

It is used similar as infrared detectors. It wodksthe following principle: on the picture is a
software-defined virtual loops, which the posit@md shape can be selected arbitrary. The system
evaluates the filling of these loops and on the@wuuare generated pulses similar to pulse from the
classical loop. When using video-detection in priee of public transport vehicles, the device can
evaluate vehicle, which is similar as bus-like i

Data messages

Using data messages is made possible detectiambti€ pransport vehicle, which are equipped
with mobile devices to communicate with the conémobf traffic light equipment. In this detection
method is possible to identify the detected vehi®lata message can be transmitted from the
vehicle to controller deliver a number of ways. Wk about the straight path, thus data message is
transmitted to the controller via radio signal. Amer way is possible to transfer the message to
management control center, where they can add efuritiformation and then there may be
distributed to controller of traffic light equipmieover a wireless network.
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This method of detection is an important contribatio the preference of selected vehicles,
particularly buses of urban public transport, whishvery difficult to detect and to distinguish
passive detection methods, such as induction loops.

3. Conclusion

Providing of public transport vehicles prefereneguires constant monitoring of transport
development on individual junctions and conseqyeatianges in the organization of traffic on
them. All junctions differ from each other, whethts the location in the city, number of vehicles
which cross through them, or the scope of preferewbich is necessary ensure and so on.
Therefore it is necessary to consider each jundjpetifically and also to adjust the possibilitds
preferences and technology that it ensure. In degigthe technology we have to consider options
of junction for example location and correct chai¢eletector and controller at the junction, sd tha
is ensured the transfer of information to the cater and subsequently reliable meet the
requirements of public transport vehicles.

The positive impacts of preference of urban pulti@nsport aren’t only beneficial for
passengers if is increased the speed and theiligfialb transport. But also for carriers if is neced
the consumption, wear of vehicles, smooth obserahthe social legislation and so on.
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Abstract. This paper deals with the parameter adjustmerth@fapproximate approach to the p-median
problem. If a large instance of the problem is dbsd by a location-allocation model, then the niciee
often exceeds any acceptable limit for availabléntpation software. The approximate covering model
constitutes a promising approach which enableoussé common optimization software tools. The only
payment for it is the loss of accuracy of the solutBut it is very important to realize that thecaracy
depends on the model parameter. The main goalso€tmtribution is to find out a relation betweée size

of the problem and appropriate value of the paramet
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1. Introduction

Large instances of the p-median problem and agsdcsmlving approaches form a background
of many public system design problems where théditguaiterion of the design takes into account
the average distance between served objects astinee of provided service [1], [2], [3], [4].

The particular location-allocation models are chiazed by considerably big number of
possible service center locations which must bertak consideration. The number of serviced
objects takes the value of several thousands anduimber of possible locations can take this value
as well. Concerning the problem size it is obvithest these models constitute such mathematical
programming problems which resist to any attempftdset solution.

On the other hand, large covering problems arelyeasivable by common optimization
software tools even if they belong to the family MP-hard problems. The aim of suggested
approximate approach is to take the advantageeofdkiering problem to solve real-sized instances
of the p-median problem. This approach is basethermodel reformulation reported in [5] which
may cause the loss of accuracy. It enables uslve seal-sized instances in admissible time using
common optimizations software tools. The accurdcthe approximate covering solution depends
on the value of model parameter. The main goalofsarvey is to find out how to set the value of
mentioned parameter to achieve good accuracy afdhion.

2. Themain principle of the approximate covering approach

The p-median problem can be formulated as a tasielettion of at mogt network nodes so
that the sum of network distances from each nodth@onearest selected node is minimal. We
denoteJ a set of served customers and the synmibadénotes the set of possible service center
locations. The network distance between the passialvice locationd | and the customer J is
given byd;. In the location-allocation model, we are supposedecide which served object is
assigned to which located service center and alsyemhe service centers should be located.

According to [5], the keystone of the approximappraach consists of a relaxation of the
assignment of a service center to a customer. a8sgynment requires introducing the big series of
the allocation variables. In the covering approaghtry to approximate the distance between a
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customer and the nearest service center unlessetiter must be determined. To this purpose, we
partition the range <0, mad{: i O I, ] O J}> of all possible distances of the former location
allocation problem into+1 zones. The zones are separated by finite asggsduence of values
D', D? ... D", where 0 =D° < D' andD" < D™= max{d;: i O 1, O J}. We introduce a numbering of
these zones so that the zdneorresponds to the interva])k( D¥*!>. the first zone corresponds to
the interval D*, D> and so on till the-th zone which corresponds to the inten@l, O™>. The
width of thek-th interval is denoted bs; fork =0, ...,r.

In addition to the zero-one variabte which takes the value of 1 if a facility shoule located
at place [0 | and which takes the value of O otherwise, we duoe auxiliary zero-one variablgg
for k=0, ...,r. The variablexy takes the value of 1 if the distance of the custgni] J from the
nearest located center is greater tB&mnd it takes the value of 0 otherwise. Then diisious that
the expressiomgXj; + €1X2 + €X3 + €3Xa + ... + .1 IS the lower approximation af; and the
expressiorepxjp + €11 + &X2 + 3%z + ... +&X; IS the upper approximation df. It means that if
the distance; falls to the interval @, D***>, it is estimated by its lower bourizf and the upper
boundD*"* respectively with a possible deviatien Similarly to the covering model we introduce a
zero-one constam;,-" for each triple § j, k> 01 xJx {1, ..., r}. The constanta,-,-k is equal to 1 if
the distance between the served ohjertd the possible service center locatigmless or equal to
DY, i.e.d; < D¥. Otherwise this constan* takes the value of 0. Then the associated coveninggl
connected with the upper bound can be formulatddifasvs:

Minimize ) > &Xx @
j0J k=0

Subjecto: X, +Za,.j.‘yi >1 for j00Jandk=0,..r )

idl

Zyi sp 3)
il
X, 20 for jOJandk=0,..,r (4)
y, {01} forilJl (5)

The objective function (1) gives the upper boundhsd sum of the original distances. The
constraints (2) ensure that the variablgsire allowed to take the value of O if there iseatst one
center located in radiuB® from the customej. The constraint (3) limits the number of located
facilities byp. This covering approach is reported in more dgtail5].

3. Sdlection of dividing points

It is clear that only limited number of dividing ipts can keep the model (1) - (5) in a solvable
extent. This restriction impacts a deviation of &pproximate solution from the exact one. The only
problem is to find the appropriate way of the dinglpoints selection.

The elements of the distance matrtg}{ form a finite ordered set of valuel < d; < ... <dm
whereD? = dy andD™ = d,. Each valuel, is connected with a frequendly; of its occurrence in the
matrix {d;}. If there are onlyr different values betweely anddy, we could determine the dividing
pointsD*, D?, ..., D" so that they would be equal to these values. Whercan obtain the exact
solution solving the covering problem describedh®symodel (1) - (5).

Otherwise the distance between a customer andetlrest located center can be only estimated
knowing that it belongs to the interv@{ D¥**> given by a pair of dividing points.

If we were able to anticipate the frequengyof eachd, in the optimal solution, we could
minimize the deviation using dividing points obtdh by solving the following model:
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Minimize Y > (d, —d,)nX, (6)

t
t=1 h=1

Subjecto: Xy, <X, fort=2..,mandh=2..t )
2 % =1 ®)
t=h
m-1
2% =T ©)
t=1
X,20 fort=1..,mandh=1...t (10)

The decision variabl&,; takes the value of 1 if the distandgbelongs to the interval which
ends by the dividing poird;. The link-up constraints (7) ensure that the distal,., can belong to
the interval ending withd; only if each distance betwealh.; and d; belongs to this interval.
Constraint (8) assures that each distaideelongs to some interval and constraint (9) ersabigy
r dividing points. After the problem (6) - (10) islged, the nonzero values & indicate the
distances which correspond with the optimal dividooints.

Remember that we should be able to anticipate mguéncyn, of eachd, in the optimal
solution. The mentioned sequend® of occurrence frequencies does not provide us the
information, because it reports only on the elem@ontained in the matrixd{}. Consider, if the
parametep > 2, then the biggest value from tladh column will be never included into the optimal
solution of the p-median problem. We start herenftbe hypothesis that the frequemgyof d, may
be proportional tdN, and to some weight which decreases with increasahge ofdh,.

_h
n,=N,e " (11)

The symbolT represents a positive parameter &ids the mentioned occurrence frequency
where onlyl| - p + 1 smallest distances of each matrix column askided.

4. Numerical experiments

We have suggested and realized a sequence of mammexperiments to find out the relation
between the size of the p-median problem and apijptepralue of the parametér

All the experiments have been performed on a coenpquipped with the Intel Core 2 6700
processor with parameters: 2.66 GHz and 3 GB RAMaAource of data we used the OR-Lib set
of the p-median problem instances [6]. The exakit®em was obtained by the universal IP-solver
XPRESS-IVE [7] which is used very often to solvaiwas optimization problems [8], [9]. The
results of our experiments are given in Tab 1. Bawk represents one solved instance of the
problem. The size of the p-median instance is @dfiby ||. The number of possible facility
locations is equal to the number of served objectll the solved instances. TIabjF represents
the exact objective function value. The computimgetin seconds is given blime The other
columns of the table are dedicated to the resulthe approximate covering model where the
number of dividing points was set to 20. These covering models were solvéddiferent values
of the parametef = 1, 5, 10, 100, 1000. Since the covering modesg@nts only an approximation
of the original one, the objective function valueed not have to be the same. The value of the
approximate objective function is given BpODbjF and the value of corresponding real objective
function is given byReObjF The columrBest Tis used to present the most appropriate value of
The results show that the higher is the ratiolpttd p, the higher should be the value ©f

131



T4 i (12)

P
. Exact solution Approximate covering appr oach

Filename | I | P | /P 50 E T Time[g | ApObiF | ReObiF | Time[d | Best T
pmed21 500 5 100 9380 189,453 10495 9390 83,297 010
pmed16 400 5 80 8064 79,063 8917 8068 20,485 100
pmed12 300 10 30 664% 28,657 7646 6651 10,297 100
pmed12 300 15 20 5761 17,219 6905 5765 12,390 100
pmed12 300 22| 13,636 4968 26,266 5214 4989 7.0 10
pmed8 200 20 10 4459 3,657 5303 448p 1,64 100
pmed12 300 45| 6,667 347b 12,208 369P 3485 2,719 10
pmed12 300| 54| 5,556 308b 12,0311 329y 3100 2,515 10
pmed29 600| 120 5 3016 78,235 3016 3016 5172 il
pmed16 400| 96| 4,167 236} 28,734 2471 2315 2,969 5
pmedl16 400 120 3,333 188fr 28,437 1887 1887 1,078 1
pmed21 500 200 2,5 1426 56,484 1426 1426 1,594 1
pmed21 500\ 270 1,852 784 56,78[L 784 784 1,% L
pmed40 900| 800 1,125 10d 261,969 10( 100 6,828 1

Tab. 1Results of numerical experiments

5. Conclusion

The presented results prove that there is a rel&gdween the p-median problem size and the
most appropriate value of the paraméfett is obvious that if we consider small valueppfthen
we have to take into account also high values efdistances. So the expected frequency of higher
distances must be higher. On the other hand, ifvétiee ofp is very high, then it is possible to
show that the small distances are more frequesty in comparison with the higher ones.

As we have shown, a very satisfactory accurachefpproximate solution can be achieved by
the appropriate selection of the param@ter
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Abstract. This report discusses the historical precedencairport slot allocation system. Historical
precedence is the first priority for slot allocatiorhe report describes which airline’s slots guprapriate

for being historical slots. There is a brief intnotion of cooperation between airport coordinatansl
airlines, and also their responsibilities. Thereaigdescription of the system, including the systaim
communication and technical information swappingotigh the use of standard messages. There an
explanation of exceptions in 80% usage rule, whidbrms about when airlines should get historical
precedence without the utilisation of their openatat least 80% of the scheduling period. This reponds

with the list of advantages and disadvantageseofitht priority.

Keywords: Historical precedence, airport slot, allocatioiopty, coordination, airline.

1. Introduction

Slot allocation depends upon a number of prioritied criteria. The first and most important
priority is historical precedence. This report wiliscuss which conditions are compulsory for
airlines to obtain desirable airport slots andet@in their dominance for the next period.

2. Conditionsfor historical precedence

Historical precedence is connected with the previosing of the specific airport slot at the
specific coordinated airport. Airport slots areoalited to an airline by a coordinator. The airline
will retain precedence over a slot for an “equinéleeriod”, which means summer scheduling in a
given year will be the same the following yearstls also applicable to winter. Due to complaints
concerning a sizable amount of idle airport slaBocation priorities have become stricter.
Legislation changes have brought about tighterrobmiver allocation of prime airport slots and
airlines now need to abide by a ‘use it or loseritle, which requires the airline to utilise aade
80% of their slots. This means that if the airldues not utilise its slot during the scheduledqukri
they will lose historical precedence for this slot.

Historic slots have to be confirmed by all partiesluded, such as airport coordinators and
airlines. This is a necessary prerequisite.

There are some principles for the determinationadhistorical slot; some are defined as
follows:

» Airport slots allocated for ad-hoc services are sottable for obtaining historical
precedence. For example slots which were allocfbedon-scheduled flights (charter
flights) are not going to be historical slots.

e Appropriate slots are those that are allocatechbycbordinator and are utilised to 80%
or more during the whole scheduled period.

« Historical precedence is also allocated for flightisich were requested as series of
slots. These flights form into the series with @pproximately the same time at the end
of the period.
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+ The deadlines for winter and summer schedulingtteee3f' of August and the 31of
January respectively. This the last chance to chezklesignation of historical slots.

If the airline owns more than one series of slath wWe similar or overlapping time periods, it
will be calculated historical utilisation for evesgries particularly. If the flight is operated mor
than once a week, every such day will be considaed single series of slots. Time saving
techniques throughout the day do not influenceohistl precedence. Other changes, such as a
change in the type of aircraft, number of flighaute or service type also do not affect historical
precedence. For this series is calculated 80% usdtgria unless otherwise agreed between
coordinator and airline. The coordinator will respendividual cancellation which are executed
before the 31st of August and the 31st of Januahe calculation. Cancelation of five or more
than five consecutive weeks will be reducing penduch is suitable for calculation of historical
precedence. On the other hand, cancellations eftlean five consecutive weeks will not reduce
period for historical precedence calculation, beeanumber of cancelations is lower than 20% for
whole period. For the calculation of 80% usageagpropriate those flights which operation was
not during the entire season, but its start/enc lteen approximate or the closest to the startéénd
the scheduling period.

3. Communication between parties concer ned

It is necessary that all parties communicate ferlibst working of the system, which results in
the approval and acknowledgement of all slots. Toimmunication is standardised and has to be
subject to conditions. It is the coordinator’s digyto inform airlines and airports about the
allocation and distribution of historical precedendhis communication is executed through SHL
messages (Slot Historic and Non-Historic Allocatiost Message — standard message used by
coordinators to inform airlines of the status oéithslots for the historical precedence). SHL
messages are standardised messages and they ugersnabout their historical and non-historical
slots.

Feedback from the airline operators is very impartdhey must confirm the arrival of a SHL
report, check the content and consequently informoardinator as to whether they agree or
disagree with the historical slots. All of the aites need to be sent and followed by the IATA
planning calendar before the deadline. In the tasea request is sent after the deadline, it natl
incorporated into the calendar. Exception is oneg if the problems do not catch up the deadline
and start to solve through mediatorial body of IAT#at solves conflicts in coordination. In case
the case that no SHL report is sent, it is thegalblon of the airline operators to request that the
coordinator sends the information. The next stepcammunication is the SCR report (Slot
Clearance Request/Reply Message). It is a starsg@idieport used to confirm flights between
coordinators and airlines.

The safety of historical slots is guaranteed onphe of the coordinators too. This means, if
the historical slot is assigned to airline and ¢benpany wants to change the time of the flight or
anything else, it will have no influence on histatistatus. These changes will need to be requested
from the coordinator, and if the changes cannaafj®ied they will be asked if they wish to retain
the slot. On the other hand, if the change conceradime of the historical slot between two or
more coordinated airports, the changes need t@etiated at a Planning conference or exchanged
with other companies. This policy prevents the geato be performed only at one airport. It is
necessary to note that a change certified by adamator cannot be claimed by airlines for previous
historical slots. It is necessary to request repparid acknowledgments on all levels of processing
that are not sent until the deadline.
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4. Legidation exceptionsin usagerule

Coordinators should provide feedback to airlinesualiheir historical slot status and if their
slots are appropriate for historical status an@ alsordinators control 80% usage and if there is
possibility that percentage of airline using oftstall be lower than 80%, coordinator should inform
airlines about that they should lose historicalusta

For this 80% rule have been implicated some exaeptiThey allow airlines to remain their
historical slots even if the utilization has beewér than 80%. All of these exceptions have been
accepted as regulation of European Parliament amdnd@ttee (of European Community), these
regulations have been mandatory in the entire éxteall members countries.

The first regulation was number 894/2002. This laiion have been accepted because of the
serious reason, specifically because of terrottsicls from 11 of September 2001, which have
the solid influence on the air transport servicesvigled via airlines. Result of this situation was
massive demand decreasing in the processing ramgasnimmer and winter scheduling period for
the years 2001 and 2002. Because of these negaflivences have not a consequence in loosing of
historical precedence of airlines, it was necesdarydeterminate exactly conditions. These
conditions gave exceptions to airlines, it was almlowance of retaining of historical slots and
status in spite of these slots have not been useat feast 80% but less than 80%. It was exception
for the retaining of historical precedence for gwemmer scheduling season 2002 and the winter
scheduling season 2002/2003 and airlines shouldnreinly the same slots they have in the
previous equivalent season.

The next similar regulation was number 1554/2008jctv was also arrangement to help
airlines, because of decreasing of demand forrairsport and avoid massive loses of historical
precedence. This time was reason for regulatioptsmto and bad market situation begging of war
in Iragi on March 2003 and subsequent politicalgpess. There was one another reason and that
was outbreak of the Severe Acute Respiratory Syndr¢SARS) which also have seriously
affected the air transport operations of air cesriend have triggered a significant reduction in
demand in the beginning of the summer scheduliag@e 2003. Exceptions have been granted for
air carriers for the slots for the summer schedutiariod 2003.

The last one of the regulations is number 95/93¢clhwhave been accepted because of negative
impact ofthe global economic and financial crisis have bssously affecting the activities of air
carriers. It has led to a significant reductionain traffic over the winter 2008/2009 scheduling
period. The summer 2009 scheduling period will dscaffected by that economic crisis. For the
purpose of Article 10(2), coordinators shall acddatt air carriers are entitled to the series ofssl
for the summer 2010 scheduling period that weracated to them at the start of the summer 2009
scheduling period in accordance with this Regutatio

5. Conclusion

To summarize first allocation priority is adequéteclaim, that this priority is very profitable
especially for air carriers with the stable andgistanding tradition at the coordinated airportd. Al
of the regulations and arrangements are accomnmgdainly to airlines with the historical
precedence and in the case of need they try togehtdrem to that way that it is also granted airline
historical status and also airline satisfaction.

This could be a problem on the other side whereaarearriers without historical precedence
and they have limited access to coordinated agparid also attractive airports for them.
Remembered regulations for exceptions in 80% usageare almost always reasons of complains
of airlines without historical precedence. Becausder the first priority are at the most of airgort
allocated more than 80% of airport slots. Thisemson of lots of arguments about that airport slots
allocation system is not fair and historical presreck is too protected.
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Abstract. Some countries of the world use special critesi@dtermine the measure of impact of different
accident-causing factors (i.e. accident mechanismg) particular level crossing. Based on quaidtifialue

of hazard rate, perhaps even predicted acciderseqoences, they choose the appropriate level ogssi
protection. The techniques used by different coemtreflect differences between the principal safet
management approaches and the nature of the fis&gab crossings that are considered within thectjc
approach at once. In the paper a brief summarkesfet approaches, their main common features atiekfur
specification are dealt. Applying of several speciBpproaches to risk analysis and consecutive
determination of the appropriate degree of leveksing protection on selected Slovak level crossisg
presented within the case study. As the conclugiere the achieved results of applying of thesenou=
are confronted and their applicability in Slovakdiions is assessed.

Keywords: Accident, consequences, hazard, level crossisigaralysis, traffic moment.

1. Introduction

By 2010 register The Slovak Railways (ZSR) in theasof Slovak Republic the total number
of level crossings (LCs) 2220. From these LCs remidi44 without any active signaling and 1056
LCs are interlocked with a level crossing signglisystem [1]. The form of LC protection is
determined by decision of ZSR with cooperationtafesadministration and traffic police.

In contrast to some countries of the world, in @laa there is no universal model according to
which the total risk of all Slovak LCs could be @dhted and no software tool for these purposes
was developed by now. The considered factors thribute for total risk score on a LC are only
traffic moment (the product of rail and road traffiolumes), railway track category, type of the
road, sighting factors and local relations, which also the LC protection determining criteria.
Upgrading the present degree of protection is asselsy the number of accident events on the LC
and the road traffic volume. These criteria aratreély simple and do not involve many other
factors that could contribute to occurrence of erident.

The main aim of this paper is to prepare a summagyrailable models to analyze the risk of
occurring an accident on a LC that are used byratbantries in the world and assessment of
possibility of using some in Slovak conditions.

2. General introduction torisk task

Defining the system safety requirements and follgasafety assessment has to start from a
risk analysis [2]. The risk analysis process mastigposes realization of following steps [3], [4]:

1. Definition of the system. It is necessary to defthe system integration in operation
conditions, its role in the operation control pregeinterface between this system and
related processes and other conditions if apprgpria

2. Hazard identification. Hazards that could occur operiod of the whole lifecycle are
identified.
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3. Consequence analysis. This analysis contains @assasent of most probable consequences
after hazard supervenes. It is important to idgrttie consequences separately for every
hazard in dependence on a specific operationaatgitu The consequence of an accident
can be a fatality or deadly injured person, dan@gwe environment or loss of property.

4. Calculation of the total risk. Based on the infotim about hazard rates and consequences
the total risk connected to the analyzed procest@as determined.

5. Determining the tolerable hazard rate (THR) acewydo the risk acceptance criteria. These
criteria are ordered by the legislation requireraemt national or European standard.

3. Methodsto determinelevel crossing protection

On the present there are 23 different LC risk agialgpproaches that have their origin in 12
different countries [5]. Single methods could bessified to four categories according to the type o
algorithm used and their complexity:

1. Parameter Gate (PG).

2. Simple Weighted Factor (SWF).

3. Complex Weighted Factor (CWF).
4. Statistically Driven Approach (SDA).

The recent state of their development and arelhenf tisage differs.

3.1. Parameter gate

PG approaches are using simple parameters asafegisides for the selection of appropriate
levels of protection. There is no risk predictionthese approaches. The common attribute of these
approaches is the considering of traffic momera asain accident-influencing factor. The type of
protection is determined either by the value offiranoment or by extended traffic volume by
other parameters values (e.g. overall LC closume tin 24 hours, number of accidents, maximum
line speed, visibility, presence of barriers, efeciording to the traffic moment value the type of
protection in India (approach Train Vehicle Unit)daRussia (approach Rail and Road Intensity
Matrix) is assessed. The approaches used in J&dasefl Road Traffic Indicator, Level Crossing
Danger Index), Spain (Crossing Categorizing Cadeand Sweden (Factors to Determine Crossing
Protection) belong to the more complicated PG agugdres that consider more accident-influencing
factors.

3.2. Simple weighted factor

Building on PG, these models provide some indicatd relative risk contribution of each
parameter using simple defined weightings. The @ggres symbolically combine parameters that
are figured in different dimensions with other paeders that have qualitative nature and assign
them numeral values according to their impact andant occurrence. The approaches combine the
factors using matrixes (Australian approaches: RBsised Scoring System, Australian Level
Crossing Assessment Model), simple formulas (ambroased in New Zealand: Product
Assessment), or in form of tables, in which thesamuence values are obtained from particular
event trees and the probability of collision isirasted according to the product of rail traffic
volume and the overall time of passing through Lt area by LC users (Northern Ireland
approach: Risk Assessment and Investment Appraisal)

3.3. Complex weighted factor

CWEF use more complicated derivation for weightimjparameters than SWF. The typical
sign of these approaches is a fact that they caenbirhuge amount of different parameters
(sometimes more than 200) and usually are in the fof single-purposed software tools. Some
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approaches define the structure of factors relataormd causal connections according to different LC
and user types. These models provide a lot of outpormation. Based on specific consequences
they compute the risk of a particular LC and cormapiarwith the value of average risk for the
specific type of LC. Next kind of output informaticcan be an individual risk and the number of
equivalent fatalities per year. Such methods aeel irs Ireland (Level Crossing Prioritization Tool,
Network Wide Risk Model), Spain (Failure Modes daflects Analysis) and in Great Britain
(Automatic Level Crossing Model, All Level Crosssdrisk Model). To CWF also belongs a
British simulation method Event Window Model thanalates the in- and out-comings of trains
and vehicles in stochastic times using Monte Caréthod and estimates human errors impact by
HEART analysis (Human Error Analysis and Reliapiktssessment).

3.4. Statistically driven approaches

In contrast to other approaches, the SDA modelsbased around statistical techniques to
derive weightings (often empirical power relatiopsih for parameters. The algorithms of some
methods compute predicted number of collisions gudimomial distribution of the stochastic
variable (collision is supposed as a stochastitufepand historical accident data. To this catggor
belong Canadian methods Collision Prediction Moa&radeX. A different model (Australia’s
RAAILc) uses Bayesian Belief Networks to calcultte risk, in which the nodes represent factors
that influence the accidents on LCs. Approachesuba filling weighted parameters and historical
data in simple formulae are used in New Zealandcigent Prediction Model) and in USA
(Accident Prediction Formula). More complicated SDWodes that contain new technology
investment assessment are used in USA (GradeDEQ.MBd in Great Britain (Cost-Benefit
Analysis Junction Model).

4. Casestudy

4.1. Model level crossings properties

For the different methods presentation purposestdrchined following input conditions (Tab.
1.):

My - Hp - LC
number of |on
main tracks| highway

LC type and it§ Vp, - rail traffic | V¢ - rail traffic | Vg - road traffic| Ms - max.
abbreviation / | volume (in 7:00 1 volume (in 24 | volume (in 24 | line speed

LC parameters| 18:00) [-] hours) [] hours) [] [km/h] [] 0
Automatic half

barrier - AHB1 | © 10 400 160 1 no
Automatic half 12 20 400 160 ) .

barrier - AHB2
Tab. 1. Parameters of the model level crossings AHB1 aHB2

4.2. Applying a method from PG category on model level crossings

As an example of usage of a method from PG cateboryyoduce the Indian method Train
Vehicle Unit TVVU). Numerical value of the paramefEvYU according to (1) is identical with the
value of traffic moment.

TVU =V, XV, . 1)
By applying the formula on the model LCs conditionsTab. 1 value offVU for the level
crossing AHB1 equals to 4000 and for AHB2 it equ@als8000. According to the Indian level

crossing protection assessment criteria [5] couldBA stay unprotected and AHB2 could be
equipped only by manually controlled barriers.
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4.3. Applying a method from SWF category on model level crossings

For the purposes of showing an example of usindhatefrom the SWF category | present a
method that is used in New Zealand — the Produse#smentRA). Value of PA is computed
according to (2)Vk is view factor (range 1 for crossings with automatarning to 3 for poor
sightings) andHr is hazard factor (1 for single track, 2 for doutobek).

PA=(2V, +V; )XV, XV, xH. . )

By applying the formula on the model LCs conditiansTab. 1 value ofPA for the level
crossing AHB1 equals to 48000 and for AHB2 it equal 192000. According to the criteria [5]
could level crossing AHB1 stay equipped only by muag lights and AHB2 has an optimal degree
of protection.

4.4. Applying a method from SDA category on model level crossings

As an example of usage of a method from SDA catedgpresent the method Accident
Prediction Formula (APF) that is used in USA. Partark is crossing constant and is 0.00057 for
crossings equipped with barrieks; is information if the LC is situated on a highwaydH, is the
number of highway lanes.

APF = kxV, XV, XV XM xM xH_, xH . (3)

After calculation of all the weighted parametecsading to [6] and applying the formula
on the model LCs conditions is the valueA$tF for the level crossing AHB1 equal 0.02251 and the
value of AHB2 is 0.03622, that corresponds to derwral of values, in which is the present degree
of protection for both level crossings optimal.

5. Conclusion

By comparing the results of applying different noeth on level crossings with the same
parameters | draw conclusions that some countmiesn#re tolerant to high values of traffic
parameters than others and besides have low defrissel crossing protection. According to
reached outputs of all the three applied methodsbeain general deduced that for the purposes of
Slovak level crossings risk assessment and protectetermining is the SDA method the most
proper.
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Abstract: This paper deals with the analysis of technicalditions TP x/xxxx about risk analysis in Slovak
road tunnels [1] (onward named technical condifioi$e initiative for formation of technical conidins
was the creation of unified methodology for analysfi safety risks of road tunnels in terms of tiredaive

of European Parliament and Council 2004/54/EC awomsecutive Slovak government regulation
no.344/2006. Technical conditions define the mimmeafety requirements for tunnels in road systesn.aF
purpose of risk examination there is a risk moddighed in technical conditions. The considerakl¢ @f
technical conditions is concerning the evaluatibresults of risk analysis of road tunnels.

Keywords: technical conditions, a road tunnel, a risk asigly a risk model, event tree,

1. Introduction

After a series of accidents in Alpine tunnels, augr of experts started to engage intensively in
the safety of road tunnels. This group analyzedsdiety in tunnels and all the related aspectsy The
identified four categories of aspects (the use tthffic, the infrastructure and the vehicles) ethi
have impact on the safety and for each of thenmetin@re set specific arrangements for the rise of
safety. It was a long journey which led to the timraof unified European directive and its starting
point was so called White Paper [2] or Europeann3part Policy to 2010. In it there was
emphasized the need to create the unified Europg&aantive for harmonization of the minimum
degree of facilities and operation of road tunndlse result was of the directive of European
Parliament and Council 2004/54/EC [3] focused otusag the high level of safety for the road
users in the tunnels of European road networls dpiplied to tunnels with the length of 500 meters
and more [4]. European Legislation was implemernte&lovakia in form of Slovak government
regulation no.344/2006 [5] from P4of May 2006. This regulation strictly copies thieedtive
2004/54/ES and defines the incidence of the roadeis with the length of 500 meters and more on
express highways, motor highways ariticlass roads in the stage of operation, constmiaio
projection. By this regulation, the incidence ajukation is extended and applicable not only on the
tunnels in trans-European road network in Slovélia 1).

The subject of technical conditions is the creatbmunified methodology for risk analysis of
safety of road tunnels in terms of Slovak governimegulation n0.344/2006. For a purpose of risk
examination there is the risk model designed irhreal conditions. The risk model for risk
analysis of Slovak road tunnels was elaboratedrdogp to Austrian model for risk analysis of
tunnels, TuRisMo, presented in RVS 09.03.11 [6]

2. Elaboration and range of applicability of technical conditions

Technical conditions are not replacing any previpissued regulation. Austrian standard RVS
09.03.11, according to which technical conditionsrevelaborated, evaluated 477 extraordinary
events which happened during the years 1999 and R0@70 Austrian tunnels. This solved the
problem of lack of statistical data needed for ttomaof model for risk analysis. Statistical data a
needed for reliable estimations of probability atorrence of the extraordinary event in tunnel.
These probabilities are the key for probabilistmpach of qualitative appraisal. Method of
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gualitative appraisal examines the scenarios afitsvef system in logical sequence. This results in
its main advantages which are transparency, repégtaf procedures and controllability.
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Fig. 1. Trans-European road network in Slovakia

While we think of an accident as a node point betw¢he conditions of formation and
consequences, we can graphically illustrate thetgadf tunnel complex by the Bow Tie Model.

(fig. 2).
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Fig. 2. Bow Tie Model

Both sides of the model contain activities for uafhcing the events before and after their
formation. That means on the left side attentioousth be given to prevention before the accident,
on the other side lessening and elimination of eqnences is important.

Austrian directive deals with the question of fotima of accidents (fig 2. — left side of Bow
Tie Model), but does not handle at all their consages (fig 2. — right side of Bow Tie Model), or
handles only their rough estimates. Especially bseaof not dealing with the question of
consequences of accidents, we could consider iti@stide as insufficient.

Tunnel risk model serves as methodological base gimantitative determination of risk
parameters of road tunnels. The function of tunngk model is the creation of unified
methodological basis which allows evaluating rislcgmeters of tunnel in comparison with the
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reference parameters of other tunnels. As theegfiatmodel and strategy of evaluation are
mutually connected, the document contains alsoestgms for evaluation of model results.

Realization of quantitative, systematic risk analygpresents only one step in the evaluation
of technical safety of road tunnels which includkdwing steps:

-Specific analysis of danger:

Qualitative control of safety with systematic ewlan of all relevant safety-technical
parameters of the road tunnel. It serves for ifieation of specific risk aspects and special
characteristics of tunnel and also as a backgréomstating input data of risk model.

-Evaluation of safety based on safety-technical authoritative Slovak/international
directives:

(e.g. 2004/54/ES, Slovak government regulation 1844/2006 et cetera.) Minimum
requirements of national and international stanslandst be adhered. By means of risk model
discrepancies may be quantitatively reviewed imgeof their impact on risk.

-Risk analysis and evaluation of risk:

Quantitative application of risk model and possitdalization of next steps of risk analysis for
deeper examination of special questions (e.g. p@h®f dangerous material) including setting
potential and additional safety precautions

-Precautionary documentation:
Elaboration of precautionary documentation in tewhgequirements of Slovak government
regulation no. 344/2006

3. Model of risk analysis

Model of risk analysis and all used parametersrreddely to accidents involving damage to
persons. Statistical value of risk for groups oérgsof tunnel is being determined. Effects of
dangerous cargo are examined only with extremetplsied model.

Methodology consists of two following components:

- quantitative analysis of multiplicity

- quantitative analysis of consequences of accidents

With basic risk analysis we may express expectéaevarf risk as multiplication of analysis of
multiplicity and analysis of consequences of aatisle

3.1. Analysis of multiplicity

By event tree analysis we can calculate multipésitfor set of defined scenarios of damage.
Based on initiatory event which multiplicity was dwn, several stages of different possible
sequences of events which lead to different scesaf damage were constructed. Scenarios of
damage vary in type of event, involved vehiclesiseal damage, et cetera.

3.2. Analysis of consequences of accidents

By analysis of consequences of accidents thereestimated consequences of accidents for
every scenario of damage:

In accidents with mechanical damage. (without &éinel effects of dangerous cargo) based on
assessment of accidents in the tunnel with impgiesdons, which occurred in the Austrian road
tunnels- adaptation level of accidents in Slovakditions, according to the Slovak statistical data
from the period 2000 to 2009.
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In accidents with fire are consequences estimaasddon model estimation of damage extend.
By means of one-dimensional model of smoke spreadian be calculated distribution of
temperatures and concentration of harmful substaadeer fire in tunnel, taking into account
ventilation of tunnel. According to a simulation de of evacuation are simulated escape
movements of affected users of tunnel within tlamfe of individual escape, taking into account
stopping vehicles, conditions of infrastructure,. @nd they are combined with the results of model
of smoke spreading. In the model of damage rangeetare shown all the factors of influence
which affect time sequence of events from the begmof fire (e.g. fire size, development of fire,
ventilation system and its operation, detection ataiming, reactions of effected people, escape
movements, distance of emergency exits, mutualdeta.)

Accidents, which contain dangerous cargo are tdkém consideration only in simplified
model.

4. Conclusion

Technical conditions about risk analysis in Slova&d tunnels are not replacing or completing
any previously issued regulation in Slovakia. Frtims point of view, we can consider them an
asset. Given the technical conditions were elabdratised on Austrian directive RVS 09.03.11, it
would be necessary to examine an adaptation taaBlovcumstances. Here we come to a problem
of small set of statistical data of extraordinamems in tunnels, as Slovakia is young country
considering the road tunnels.

Technical conditions deal mainly with question céation of accidents, but practically do not
deal with the question of consequences. Also, tbdaihof smoke spreading during the accidents
with fire is one-dimensional. Actual standard isotdimensional model. Risks connected to
dangerous cargo are in the model of risk analysited only in general form. That is why their
examination requires the usage of other methods.
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Abstract. The permanent technological progress of constmatiaterials, fuels and lubricating oils results
in continuous internal combustion engines evolutibhe development of the combustion engines tends
towards reducing the toxicity of the exhaust gaseducing fuel consumption and increasing the power
obtained from one diof the engine displacement. Moreover the reductibthe engine total mass, the
assurance of reliability in wide range of operaticwnditions and extension of durability are expeécte
Nowadays, because of the menace to the naturalomnwent and to the human beings, the toxic emission
reduction is the key issue. One of the possiblenaemnof reducing exhaust gas toxic compounds is the
application of supercharging. In the paper resaftdhe comparative test of the exhaust emission are
presented. Two engines of similar construction wexemined, but the first one was equipped with
turbocharger and the second one was a naturallyagegh engine. Similarly, two combustion engines in
comparable vehicles were tested, however one oh thes supercharged. Test were made under road
operating conditions of the vehicle.

Keywords: emission, supercharged Sl engines, superchargeddiies, road tests.

1. Introduction

Until recently the use of supercharging in gasobngines was very rare. These were usually
designed for propelling sports cars, where theiplyshigh operational parameters were essential.
These engines had a short life, and the issuexaf tmpound emissions was not considered. The
present development of combustion engines is impieed with the downsizing idea consisting in
decreasing the combustion engine displacement anthea same time maintaining the high
operational parameters, i.e. torque and power. &biwity is aimed at obtaining higher general
engine capacity, with the simultaneous decreastielf consumption. The assumed direction of
combustion engine development is achieved amongr®thith the use of supercharging systems.
The possibility of using supercharging systems asajine engines, in particular in those, where
turbochargers are used, is tightly connected viightéchnological and material advancement of the
production of those devices. The issues relatede@onstruction and production technology of the
turbocharger turbine are particularly importantthe developmental works much attention is paid
to this component, because the turbine of the gesangine is particularly exposed to high
temperatures of exhaust gases.

The supercharging systems in combustion enginds aviirbocharger have better results than
the systems using other supercharging devices bedae power needed to compress the charge
comes directly from the exhaust gases issued fhenexhaust passage and not from the crankshatft.
This fact becomes significant in the case of smdligplacement gasoline engines.

Literature [1, 4, 5] indicates a positive effecttioé supercharging of combustion engines on the
lowered emissions of the harmful compounds conthineexhaust gases. It applies in particular to
self-ignition engines. On the other hand, the ¢ffed supercharging on the gasoline engine and its
effects on the emission parameters of the vehigtepelled with gasoline engines in the actual
operating conditions have not yet been discussée. furpose of the test conducted was to
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determine the effect of the use of superchargisgesy both in gasoline and combustion engine on
the green characteristics of the vehicle in reakrafng conditions.

2. Testing Methodology

In order to assess the effect of superchargingefasoline engine on the emissions of harmful
compounds in exhaust gases, the emissions chastickerof two Fiat Bravo vehicles were
measured. The tests were conducted on vehicles tiwthsame body, chassis and drive train
structures. The vehicles were propelled by gasadingines with the displacement of 1383%cm
equipped with MPI type fuel supply systems anddhsay catalytic reactors. The engines of the
vehicles under testing differ with the effectiveréepower value, which results from the use of a
supercharging system with a turbocharger in onthern, called "T-jet”. An internal combustion-
engine Ford Fiesta with no supercharging and arnat combustion-engine Ford ldea equipped
with turbocharger constituted the other pair ofigkds tested. The characteristics of the vehidles a
presented in the table below (Tab.1).

Fiat Bravo D?r?;riggvlo 4 Ford Fiat Idea
.\ Dynamic 1. 16V “T-Jet 16V Fiesta 1.8D 1.3JTD
Engine
Number of 4 4 4 4
cylinders
Numbe_r of valves 4 4 5 4
per cylinder
Displacement 1368 cn 1368 cm 1753 cm 1251 cm
Compression ratio 11,0 9,8 21,5 18,0
Maximum power 66 kW 88 kW 44 kW 50 kW
Maximum torque 128 Nm 206 Nm 105 Nm 180 Nm
Fuel supply systen The system with :
MPI MPI a pump distributor Common Rail
Emission standard Euro 4 Euro 4 Euro 2 Euro 4
Fuel Gasoline Gasoline Diesel ail Diesel ail

Tab. 1. Engine specifications of the test vehicles

Emission tests were conducted in road conditions aetermined route, identical for all the
vehicles under testing. The route included metiitgoolarea in the agglomeration of Poznan and led
through the streets surrounding the Lake of Mafaen planning the experiment, the variation of
urban traffic conditions was considered in ordeetsure higher credibility of results. Therefore,
the emission measurements in the urban area roete taken in two passages for each of the
vehicles tested.

The testing of emission characteristics of the elehtonsisted in measuring the concentration
of exhaust emissions (CO, HC, N@nd CQ) and fuel consumption, and then the emission of
exhaust emissions contained in the exhaust gasesietarmined on the basis of the mass exhaust
gas concentration data. The SEMTECH mobile analgzéoxicity from SENSORS Inc. was used
to measure the concentration of toxic compoundg. (E). To measure the mass exhaust gas flow
the mass exhaust gas flow rate probe was usedqfighe data can be entered into the central unit
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of the analyzer by sending them directly from thehigle’s diagnostics system and by using the
GPS positioning signal [2, 3].

Fig. 1. Mobile exhaust gas analyzer
SEMTECH DS.

Fig. 2. Mass exhaust gas flow rate probe.

3. Emission test resultsin real conditions

Using a mobile measurement system of harmful comgethe concentration of CO, HC, NO
CO; in exhaust gases was measured during the tesucmadon a designated route. The data
regarding engine operating parameters registerethglthe passages, obtained from the EOBD
central unit allowed for the creation of time déypslistribution graphs of the parameters measured:
emission of carbon dioxides GQrarbon monooxide CO, hydrocarbons HC, nitrogedesxNQ,
for selected vehicles. The performed measuremerabled to determine value of the individual
compound emission as well as fuel consumption @nmarable road passages (segments). The
results for the particular passages are presentgaphs (Fig. 3-6).
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Fig. 5. Comparison of the volume GOf emissions and
fuel consumption of the tested engines.

Fig. 6. Comparison of the volume GOf emissions and
fuel consumption of the tested engines.
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Comparing the total emission values of the paricabmpounds from the entire passage and
fuel consumption (Fig. 3 and Fig. 5), it can beduoded that the supercharged gasoline engine used
for propelling the vehicle is characterized by &w@igher carbon oxide emission, 37% higher
hydrocarbons emission, 70% lower nitrogen oxidessian as well as lower emission of carbon
dioxide and a lower mileage-related fuel consunmphbiyg 4%.

While comparing the total emission values of theipalar compounds from the entire passage
and the fuel consumption in internal combustionteegvehicles (Fig.4 and Fig.6), it can be
concluded that the combustion engine used for fiingehe vehicle is characterized by 79% lower
carbon oxide emission, 58% lower hydrocarbons earisg6% lower nitrogen oxide emission as
well as lower emission of carbon dioxide and a loméeage-related fuel consumption by 28%.

4. Conclusion

Estimation of the supercharge influence in gasadingine on the operational parameter change
and on the ecological properties of the vehiclaeaal operating conditions can be obtained by
examining two similar vehicles of almost identiggine construction but different supercharge
system. The obtained results corroborate purpasefal of using supercharging systems.
Application of supercharging systems with turboglearin gasoline engines designed for propelling
vehicles contributes to change of the overall attarsstic of the engines. These changes enable to
shift engine operating points to a low rotationaed range of the engine crankshaft as well as to a
higher load range. It results in improvement ofocaerall engine efficiency which translates to a
reduced fuel consumption value and a lower carbioride emission. Availability of the high
torque value in a wide speed range of crankshalkkema possible to load the engine when the
rotational speed is low. It is of special significe for city circulation associated with a vehicle
frequent moving and acceleration. Moreover the mngixertion results in a higher value of the
exhaust system temperature having a beneficialenfte on the efficiency of catalyst reactor.
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Abstract. The paper presents exhaust emissions variabiligy td different EGR mass supply to a CI DI
engine. Tests were carried out with a one-cylindsearch engine AVL 5804 equipped with an electro-
magnetic injector produced by Bosch. Additionaflyr the purpose of this analysis an EGR system was
designed and further applied in the tests.

Keywords: EGR system, direct injection, compression igniiGt), emissions
1. Introduction

Automotive companies have made great efforts towamaducing vehicles with internal
combustion engines that emit minimal amounts ofct@ompounds so as to ensure more effective
exhaust reduction. The EGR (Exhaust Gas Reciromptiystem represents one of such means. The
EGR system consists of an electronic valve, locatetie exhaust manifold through which part of
the exhaust escaping from the engine returns tenigene combustion chamber. The application of
the EGR system reduces emissions of l@d emissions of unburned hydrocarbons HC.

To ensure the proper operation of the exhauste@sculation system it is necessary to supply
an appropriate exhaust charge that returns todimbastion chamber to take part in the combustion
process. The size of the exhaust charge denpendsoy factors such as: the engine load, engine
speed, temperature, engine coolant, temperatur¢hanair charge ssucked by the intake manifold.
On the basis of data gathered from these factbes,ElGR valve opens to induce exhaust gas
recirculation. Cl engines can recirculate up to 58f%xhaust with temperature up to 450 ° C.

2. Teststand

The influence of EGR valve opening parameters @nléhwel of the toxic exhaust emissions
was evaluated on the basis of tests. For the parpbshe tests a compression ignition research
engine with direct injection was fueled by meansmexternal Common Rail system [2]. (tab. 1). It
is a one-cylinder engine AVL 5804 with a 4-valvdinger head, 2 camshafts and a separate control
system for stabilizing the temperature of the Icding oil and the cooling liquid.
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Tab. 1. Engine characteristics AVL 5804 [1].

Lp. Quantity Unit AVL 5804
1 i =] 1
2 SxD [mm x mm] 90 x 85
3 Ve [dm’] 0,5107
4 Mnax [rpm] 4200
5 € [-] 19,9
6 P [bar] 12,2
7 Ne max [kW] 16 at 4000 rpm
8 Mo max [N-m] 56 at 2000 rpm
9 [N [g/(kW-h)] 251 at M max

The electro-magnetic injector Bosch 0 445 110 131 Was located centrally in the axis of the
cylinder. The engine was coupled with a generatakda The test apparatus is illustrated in fig.1,
whereas fig.2 shows the injector, cylinder head @stbn.

‘,, .

Combustion
engine .!
T -

|
o

1 AVL Smoke Meter

——

Fig. 1. Teststand

Fig. 2. @). The electro-magnetic injector on the cylinder heladinjector, 2 —valve cover, 3 — injcetion lide- supply
lines, 5 — fuel overflow liney). cylinder headg). piston of the research engine AVL 5804 [1].
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3. Theanalysis of thetest results

The analysis of the influence of EGR variability @, CO, HC emissions and FSN is based
on tests carried out on a teststand created fquuh@ose of this research and presented in figd. T
tests were carried out at engine speed n = 1400][fonstant pressure in the accumulator p=120
[MPa]. During the tests the engine speed incredisied O to 20 [Nm], toxic compounds emissions
were recorded with measuring apparatus such a® Te3esto Il and AVL Smoke Meter. The
emissions  were measured at different EGR valve iogen parameters.

measurement velocity point

T2 T3
Testo IT
i i
EGR Cooler
valve
AVL Smoke % exhaust gases
Meter
\H T1 pl p2 T4
T [0 | [raseses | | [0 [T
valve  exhaust inlet valve
Fig. 3. The EGR system in the teststand.
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Fig. 4. The influence of EGR variability in valve openipgrameters on NQ CO, HC, CQ emissions and FSN for
TESTO I

In order to evaluate the influence of EGR valveropg parameters on toxic emissions, the
results of tests were analyzed. Both emissionsopadity were taken into account. On the basis of
the characteristics presented above, it can belwdeadt that the EGR valve opening parameters
exert a great impact on emissions. Whereag @if@reased, CO, HC as well as FSN rised. It has to
be noted that after the EGR valve opened completelyas impossible to measure the torque due
to a global shortage of oxygen. The influence ofRE@lve opening variability on toxic exhaust
emissions for Testo | and AVL Smoke Meter was tHated in fig.4.
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Fig. 5. The influence of EGR valve opening variability §@,, CO, HC, CQ emissions and FSN for Testo II.

NOy, CO, HC, CQ emissions and FSN characteristics for Testo llsarglar to those for Testo
I. Although NQ, emissions decreased with wider and wider EGR valgening, they were
significantly lower than in the case of Testo 1. t&sCO, HC emissions at the full EGR valve
opening, they dramatically rose. Additionally, eolmhl shortage of oxygen was noticed and
therefore it was impossible to carry out the tedtshe full range of torque. The influence of the
EGR valve opening variability on emissions for Bel$tis presented in fig.5.

4. Conclusions

The EGR system is applied in engines in order doice NQ emissions by means of lowering
the temperature of combustion. The temperaturerbesdowered due to the increase of the fuel
charge heat capacity. The heat capacity can ribe ifir-fuel charge becomes mixed with a volume
of additional factor that has higher heat capadis/the result of dilluting the air-fuel charge e
volume of exhaust, the combustion prolongs and EG,emissions a well as FSN rise due to the
flame die down on the cylinder walls. In conclusidhe EGR system helps to reduce ,NO
emissions at the cost of higher emissions of comgsuesulted from the incomplete combustion.
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Abstract. The paper presents differences between the valfiesrbon dioxide emissions obtained for
passenger vehicles in the European homologatioredrtoes and the emission of carbon dioxide obtaimed
an on-road tests. The paper also shows the redutie on-road fuel consumption tests (a testsopexdd in

the city cycle). The results were compared with tmes obtained in the homologation emission tests
(NEDC). The paper compares the results of the ad-tests with the technical specifications provitgd
the vehicle manufacturers. The calculated emissioearbon dioxide and fuel consumption have been
analyzed. The tests were performed under traffieditmns in the city of Pozma The test objects were
vehicles fitted with diesel engines. For the tdbes authors used a portable exhaust emission amalyz
SEMTECH-DS by Sensors Inc.

Keywords: road tests, NEDC homologation test, £&missions, fuel consumption

1. Introduction

Each newly manufactured vehicle has to obtain adbogation certificate in order for the
vehicle to be legally operated on the road. Onehef criteria taken into account during the
homologation tests is its impact on the naturaliremment. In order for a vehicle to successfully
pass the tests it has to fulfill certain standasds$,forth by various world organizations respolesib
for environment protection. In Europe for the véhicf GVW below 3500 kg a driving test known
as NEDC (New European Driving Cycle) applies [1].

Because of a certain procedure of the NEDC perfoomawhich only to a limited extent
reflects the regular operating conditions of vedscl the test results obtained during the
measurements may differ from those obtained outbkieléaboratory i.e. in the on-road tests. Hence,
the aim of the tests was to perform on-road measemés and define the differences between the
CO, emissions and the fuel consumption.

2. Research Objectsand Measuring Equipment

Several vehicle models have been tested for exlemuissions and fuel consumption (different
makes and segments; table 1). All vehicles wetedfitvith diesel engines of the capacity of 1.8-2.4
dm®. The engines were mostly 4-cylinder in a stra{giine) configuration operating with 6-speed
transmissions. This is currently a frequently aggbliconfiguration of the vehicle powertrain in
passenger vehicles. The tested vehicles compliéd different emission standards (from Euro 2,
through the latest Euro 5).
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Par ameter D1 car D2 car D3 car D4 car D5 car
Ford Fiesta Opel Vectra BMW 320d Toyota Rav4 | Alfa Romeo 159
Engine tvpe Cl, 4-cylinder | ClI, 4-cylinder | Cl, 4-cylinder | CI, 4-cylinder Cl, 5-cylinder
9 yp in-line in-line in-line in-line in-line
[Eg';g’]'acemem 1753 1910 1995 2231 2387
Fﬁ&;‘]}[ﬁ’("h‘/’l‘fr 44160 88/120 119/163 110/150 147/200
(3750) (3500) (4000) (3600) (2000)
(@ [rpm])
'[\ﬂ"’_"r;'ﬂtorq“e 130 280 340 340 400
2200 2000-2750 2000 2000-2800 2000
(@ [rom) (2200) | ( )| (@000 | ( ) (2000)
Emission Euro 2 Euro 3 Euro 4 Euro 5 Euro 5
standard
Transmission manual, manual, manual, manual, automatic,
5 gear 6 gear 6 gear 6 gear 6 gear
Weight [kg] 1015 1620 1490 1590 1725

Tab. 1. Technical specifications of the vehicles

The emission of carbon dioxide and fuel consumptiom the individual vehicles during the
on-road tests was obtained through measuring ofitdazidual concentration of the exhaust
components during the test-drives in the city ari@d. The route was designed so as to reflect, to
the highest possible extent the average traffiditimms in the city of Pozma The route was of the
distance of 12 km and covered an urban and extr@nuroad portion (a part of the route was a two
lane expressway).

Fig. 1. Example test vehicles with the measuring devidedfi

In order to measure the fuel consumption by indigidvehicles a portable exhaust emission
analyzer was used (fig. 1). This device — SEMTECSHIHy Sensors Inc. is composed of a set of
analyzers (designed for determining of the gasesnbf exhaust components including £,0
exhaust mass flow meter (of different diameter depey on the engine capacity exhaust mass
flow) and a module enabling the connection of tlystem to the vehicle OBD (On-Board
Diagnostics) and GPS (Global Positioning Systerh) [2

3. Comparative Analysis of the Test Results

The comparative measurements of the emission dboadioxide and fuel consumption were
performed several times while repeating the testedr Each time the fuel consumption was
measured (given in ditl00 km; fig. 2b) along with carbon dioxide concatibn in the exhaust
gases. The obtained results of the;@@asurement constituted the basis for the caloolatf the
on-road emission (given in g/km; fig. 2a).
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In order to perform the analysis that is the esserii¢his paper the calculated values of carbon
dioxide and fuel consumption were averaged fronei\est drives on the designated route (fig.
3). Only these averaged values were then compaitbdive values of these same parameters,(CO
emissions and fuel consumption) obtained in thediogation procedure (homologation tests).

a) b)
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Fuel consumption [dm3/100 km]

W Dlcar

W D2 car W D3car m D4 car m D5car

W Dlcar

W D2car W D3car W D4 car MW D5car

Fig. 3. Averaged values (measurement uncertainty mark@@Oaemissions, b) fuel consumption

The average fuel consumption obtained in the od-réests was compared with the
homologation values for two test cycles of the NE@& and the whole test (mixed cycle; table 2).
The average carbon dioxide emissions from the lehi(n-road tests) were compared with the
values obtained in the whole NEDC test (averageevabm UDC and EUDC).

CO, emissions Fuel consumption
Difference Catalogue data Difference
Catalogue | Measurement compared [dm7100 km] Measurement compared
Car with the with the
data results extra- . results .
[g/km] [g/km] catalogue urban urban | mixed [dm*100 km] mixed
data cycle cycle | cycle cycle
[%] [%]
D1 169 168 -0.7 4.9 6.5 5.7 6.3 9.7
D2 195 193 -1.3 4.8 7.5 5.8 7.1 22.8
D3 140 186 32.8 4.4 6.8 5.3 6.8 29.0
D4 159 176 10.5 5.2 7.0 6.5 6.5 0.1
D5 208 203 -2.4 5.4 9.2 6.8 7.4 9.4

Tab. 2. Catalogue data compared with the measurementsesul
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The emission of carbon dioxide from the whole NED€t measured on the chassis
dynamometer and (for the purpose of this papergutrdffic conditions are different (fig. 4a). The
greatest differences have been observed for vehizBeand D4. The emission of g@®om these
vehicles — D3 and D4 was greater by approximatéBb &nd 10% respectively than that given in
the technical specifications (obtained in the hagation tests). The emissions of other vehicles

(carbon dioxide) measured in the real traffic ctnds are similar to those measured in the
laboratory conditions.

a) b)
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Fig. 4. Percentage difference: a) gemissions, b) fuel consumption

As for the fuel consumption, for individual vehisjan most cases, it is much higher under real
traffic conditions than it results from the labangt NEDC tests. The percentage difference for this
parameter is within the range of approximately 10%0% (fig. 4b).

4. Conclusions

In light of the here presented test results itgified to state that the values of the emission o
carbon dioxide and fuel consumption in the on-rtis are much different from those specified in
the technical specifications provided by the mactufier — as obtained in the homologation tests.
This results from different (much more difficultjatfic conditions of the operated vehicles
(particularly city driving). During the on-road tesmuch greater traffic congestion occurred than
that estimated in the New European Driving Cycle.

Much more difficult vehicle driving conditions deteca longer time of engine operation under
variable states, which largely influences the faehsumption. This is confirmed by its higher
values for individual vehicles under real traffionclitions of characteristics (also dynamically
changing characteristics) slightly different thinde of NEDC.

Having the above in mind we can state that thesooisbperation of a vehicle (those related to
the costs of fuel) will, in most cases, be highamtthose calculated based on the data provided by
the manufacturer. Yet, the homologation data allehstpful — a regular vehicle user can still sgle
a vehicle that suits his individual needs basethercomparative data of vehicles of the same class
without the necessity to use a specialized measmeaguipment.
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Abstract. The thesis deals with one of the basic functiohthe logistics information system, and so to
monitor the flows of material in the enterpriseisTiequires effective and coherent identificatidritems in
the production and circulation. The best way to igethe business to ensure a perfect overview ef th
movement of material, is the use of any of theesystof automatic identification.

Keywords: information flow, automatic identification, bareaadRFID technology

1. Introduction

Logistics ensures the availability of the good® tlelivery of the goods to the right place, at
the right time, quantity, quality and at reasonaiast. In the development of logistics chains,ine.
the coordination, linking and optimization of maaerflows from the place of production to the
place of consumption should be to ensure a widgeaf activities. In particular the activities
related to the shipment, packaging, material hagdharehousing, customer service and the flow
of information. All logistics activities more ords affect the logistics process as a whole.

2. Basictechnology of automatic identification systems

Fundamental importance for innovation in informatitows consists in identifying the exact
product whether raw or semi-finished products reéaysale or consumption and, secondly, in
identifying their movements between different psinh any one of the logistics chain. For
identifying, in industrialised countries used athgaquite a long time the code systems and
automatic identification of the goods.

According to physical principles are divided intbaptical systems, radio frequency systems,
inductive technology, magnetic technology, voiaehteologies, biometric technologies.

The most widespread technology currently are opsgatems, barcode and radio frequency
technologies.

3. Optical technology

Optical technology uses light, the reflection ajhli sensitive sensors shooting followed by
decoding. In the category of optical systems esa@steral technologies, from which the bar code is
in the first place.

3.1. Bar code

The bar code is a unique identification code on ltels of the products, pallets or other
elements. It has a standardized form of a comlmnadf vertical lines of varying thickness, the
resolution, and free space, that can be read mam/scanning using electronic sensors (scanning
devices).
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Symbol barcode consists of a number of lines andcadt spaces. Symbolism in which the
particular application used, depends on the natfirthe data. The most widely used bar code
symbologies including:

» EAN-8 = it used to designate small retail products foroktthere is not sufficient
space for the barcode EAN 13

* EAN-13 = it is the most commonly used barcode. It is usedndicate the
consumer's goods intended for sale to the ultincatesumer. It is also used to
describe groups of packages or cardboard packaging.

*» UPC-A, UPC-E= used in North America. As well as codes EAN-8 &AdN-13 is
used for marking retail units.

* ITF-14= is intended to denote the distribution and transpackaging.

 GS1-128= it is used for marking transport units (palletstes, containers, etc.). In
this type of code we can encode not only digits, &lso the characters of the
alphabet. Thanks this property we can also entier anbarcode with additional
information about the carried unit. For examples tjuantity of goods on pallets,
weight, production date, batch, etc.

 GSl1DataBar= they are intended to denote the small productsdumts with
variable weight and bulk products. They have bemrelbped specifically for those
types of products for which it was not possibleise the codes EAN/UPC but it was
necessary to identify them because of the autoreedin feature.

L TTCTTCIR O

858 1234 12345 5 (02)08581234500013(37)50

Fig. 1. Bar code ITF-14 (left) and GS1-128 (right).

3.2. Technology RFID

RFID (Radio Frequency ldentification) is a contestl identification designed to transmit and
store information using electromagnetic waves witliguencies ranging from long waves to
microwaves. To store and transmit information udei@, placed on a plastic backing, coupled with
a spiral antenna, with which it communicates wishsurroundings. Electronic Product Code EPC is
number encoded in electronic form and stored enstiorage medium - a chip, which consists of 4
parts. The first part is the header, which defitheskind of numbers encoded by the GS1 System.
The second part is the EPC Manager - number ofmidweufacturer of the goods. The third part is
the type of product from the producer. The fourdt ps serial number, which identifies a specific
product and it allows to find all the associatetbgda.g. use-by date, the date of filling, etc. Nex
there is a sensor with antenna and software equipme

The most often we meet with the deployment of RFIIbgistics. This is one of the first areas
where the automatic identification was used. Prdyaerdling, storage, packaging and delivery of
products to a large extent decide on the successanly companies. RFID helps to track the
movement of goods, pallets and containers througheudistribution chain. Packages may contain
RFID chips placed directly in a plastic housingoogssed into the normal self-adhesive labels. The
chips contain a number of useful information asdprt identification for the needs of customers in
retail chains, identification of the product foretineeds of stock records, date of production, the
guantity of goods, etc. [1]

158



" INE
‘Serial No.
i s

S

Fig. 2. RFID chip and RFID chip as a self adhesive label.

Depending on the field of application and the sagk be performed, a distinction is made
between more or less high-performance systems eTdrescharacterized as follows [1]:
» Location of the reader:
= mobile,
= gstationary.
* Transponder construction:
» smart labels,
= plastic or glass containers/tubes,
= card transponder — contactless chip cards,
= resilient metal transponders,
= plastic disks.
» Typical frequency ranges/fields of application:
= |ow-frequency 125 through 134 KHz (animal idenafion, vehicle
immobilizers, chip cards),
= high-frequency 13,56 MHz (access systems, contdotmtification, theft
surveillance, package, mail and baggage logistics),
= ultra-high-frequency 433, 868 or 915 MHz (autom@tiproduction logistics,
goods tracking and identification),
= microwave 2,45 or 5,8 GHz (tracking/identificatiohgoods, containers and
packages, electronic seals, toll systems, fleetagament).

4. Comparing the advantages and disadvantages of each technology

Basic and simple comparison of RFID technology laawdcode system is shown in Table 1.

Bar codes RFID

Require direct line of sight for reading gir:g():/tr;r/\g?/bit:i?yread or overwritten without
Quantity of "tags " (hundreds) can be read
simultaneously

They are able to work well in a rough and

Can not be read if they are soiled or damaged .
polluted environment

They can be read only after one

Can not be updated Electronic information can beeanescribed
Must be read manually, which brings the They can be read automatically and so
possibility of human error eliminate the possibility of error

Identify only the type of item Can identify the sffcities of the items

Tab. 1. Comparison of RFID technology and bar codes
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The main advantages of RFID include high automatind digital collection of information,
reduce errors and the possibility of multiple readiThere is no needed direct line of sight for
reading and for writing. The medium is durable aadable.

Economic benefit of using RFID is a substantial iayement in the records of movements
(such as persons, vehicles, goods, material dtother it's minimizing costs for labelling and
relabeling, simplify the management and data exgbas well as greater precision in movement
and easy inventory.

An advantage of using RFID technology uses alsaatltemotive industry. For each car shall
be affixed tag that contains the list of all openas, that the car must be implemented according to
specified order. Unlike the central system is tgsprocess of assembling managed directly on the
spot. The central system, however, continue to tamrhe overall management and supervision of
the process of assembling. To the tag is recort$edtlae current state assembly. This introduces the
possibility of a smooth return of the car on thedarction line after repair of the problem thatash
disposed of it. On the basis of this informatioouycan track the movement of each piece and
backward during the whole process of production.

5. Conclusion

Not only in the retail trade, services, industryt biso in the public procurement, production
and distribution logistics, extending the scopd tifeer RFID technology. Offer greater efficiency
monitoring and management of supply chains, whetheeducing inventory, optimize processes
Just-in-time, in the monitoring of shipments, othe monitoring of mechanical or weather impacts
to the goods during transport.
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Abstract. This article describes simple mathematical modehro aircraft with its own autopilot, which
provides movement along determined trajectory. Toslel is created in environment MATLAB Simulink.
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1. Introduction

This model is a simple prototype of a model of maraft for computer generated forces (CGF)
for flight simulator. It is created in environmeMATLAB Simulink, which gives many
opportunities to the fine-tuning of the whole syste

The requirements to the model were given simplye Tiodel should be able to move with
respect to the flight kinematic to the given pant after its achievement it should move to another
and so on.

The model consists of two parts. First part of t@del manages the whole flight dynamic of
the model and the second provides the “pilotingthef model, i.e. autopilot.

2. Flight dynamic model

Let us describe the basic principle of the mathermaodel.

The model has got some parameters that determenfight options of its own. For example
maximal speed, maximal angle of inclination, thenitng radius and so on. The parameters limited
the values of the variables during the all calcafes.

The whole model is based on to have the informatibare the flying object is and where it's
directed in every single time step.

First we suppose that the model has got six degreé®edom, namely the ability to move
forward/backward, up/down, left/right (translation three perpendicular axes) combined
with rotation about three perpendicular axes (yaie¢h, roll — also called Euler angles). In fact it
isn’t so. The aircraft fly only forward and thedtit control is carried only through the Euler asgle
and its angular velocity.

Let the flying object has the body-fixed coordinaeme.

The flight dynamic equations [1] are given as

d¢ )

—— =p+rSing,

ot p ¢

%=q@:os¢—r[ﬁir¢, (1)
d_w: glsing +r [toy

dt cosd '

Where the body-fixed angular velocity is vecfqr,q,r]" and[¢,6,¢]' is the rate of change of the
Euler angles vector.
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After numerical integration of the system (1) weneert the Euler angles (v, v) to direction
cosine matrix — DCM [2], which we multiply by vectof speed of this model. The vector has the

form [v,,0,d", because it's obvious the way of powering of arcraft. This vector we
consequently integrate numerical and so we getonbt actually Euler angles but also actually
position of the modefx, y,z]" .

To visualizing the model we use MATLAB Simulink 6Bdnimation block [2], but it's also
possible to make own graphical environment.

3. The Guidance System

Now the model is able to move in an environmerd Bk aircraft, but it still does not be able to
check points, which it should range. This meanstti®model has got no “piloting”. So in the next
part we describe methods of guidance system ahtbael.

The model calculates in every step the distandbeobbject to the next checkpoint. If it is less
than given value (the value of tolerance) mode¢ssshat the object ranges the check point and it's
flying to the next one.

If the model is trying to hit the check point, dlculate the vector from the object to the check
point and this is a reference angle. The differdyetgveen actually direction and reference angle are
the reference values which are straight sent talynamical model ap andq. The last parameter

r is calculated by relationships
v 2
e dang '

(2)

r=Yc
Yo,

The whole Guidance System logic is programmed ifilerStrikeTheTarget.m.

Fig. 1. The whole trajectory of the flying object.
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Fig. 2. The maquette of the flying object.
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4. Conclusion

In this article we describe a mathematical moddlyahg object which is able to move in an
environment like aircraft with its own guidance t&yn. The model is based on the assumption that
the object has its own body-fixed frame. The guagarsystem can manage the flying object like
autopilot, so it can fly through a given trajectomhich is defined by the points.

Acknowledgement

This article was established in corporation withrtv@al Reality Media, a.s.. The authors
gratefully acknowledge the Scientific Grant Agen®¥EGA) of the Ministry of Education of
Slovak Republic and the Slovak Academy of Scierfoesupporting this work under Grant No.
2/0215/09.

Refer encesc

[1] STENGEL, R. FFlight dynamic. Princeton University Press, 2004.
[2] http://www.mathworks.com/help/

164



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Passenger’s Choice of Airport Access Mode and itsnizironmental
Results

"Saia Pekarova,Peter Kalabus
"University of Zilina, Faculty of Operation and Eamnics of Transport and Communications,Air Transport
Department of Air transport, Univerzitna 2, 0102Bn4, Slovakia, {Sona.Pekarova,
Peter.Kalabus}@fpedas.uniza.sk
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1. Introduction

The air transport is one of the fastest growingascof the world economy and one of the
world’s most important service industries. It playgjor role in world economic activities. Many
industrial and commercial activities are dependsnair transport and would not be able to work
effectively without it.[1]

Environmental impact of transport modes is a growssue, especially from the point of view
of climate change and air pollution. That is whyg #ir transport industry is facing the effects of
increasing environmental pressure. On the othee, sitdntinual growth in demand is putting
commercial pressures on airports to build new déipac on airlines to carry more passengers.
Environmental issues must be seen as one of tlagegtechallenges to the future activities of thie ai
transport industry.

Environmental protection is one of the most impartasues which airport management and
regulators were dealing with. Transportation ise¢khenomic sector that is the highest consumer of
energy in the European Union. Since 1985, the aapson of energy has increased by 47%
compared to 4,4% for the other sectors. The mogbitant categories of environmental costs
include the noise, accidents, atmospheric polludiod changes in the climate. Important element in
externals costs is congestion and congestion its&léases air pollution and G@missions. Roads
are responsible for about 93% of total externatscos transportation. Rail is responsible for only
about 1,6%. Air transportation has also a negatiygact on global warming since the emission of
gas in high altitude contributes to the green haiterts. Airlines are also high energy consumers.
For example, if airlines eliminated 10 daily flightt would cause elimination about 6700tons of
CQOin the air[2]. Environmental impacts have to begidered at global and local level. Global
level means problems such as global warming andeonepletion. Local level is represented by
aircraft noise and airport local air quality.

1.1.The need for transport

The need for transport of air passengers, cargitpws and employees from the origin to the
airport and from the airport to the destinations haen met in a number of ways- private or public
transportation modes. Almost each European aigmovtell as airports in United States already has
bus connection to the city centre. Using rail asaaport access mode choice is also worldwide
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popular. Public transport is an eco-friendly waytreovel to and from the airport, using four times
less energy per person transported than the auttanBlespite of this there is still a big portioh o
travellers using private modes of transport. A hagiality rail service can attract people away from
cars. Intermodality is one of the ways how to iaseecatchment area of the airport. It is alsoy wa
to offer more city linked services to a given anmp&Jnderstanding the passenger needs may help to
make airport access more common.

2. Helpful Hints

People choose the particular travel mode to annoh ftike airport according to the level of
attributes which are relevant in making the chdieeveen available transport modes. The purpose
of our survey was to determine and analyze passérayel preferences on different travel modes.
We designed the questionnaire of item scales irchvimdividuals implicitly attach weights to a set
of attributes that influence their choice. We usadinternet survey tool and data were collected
online. Passengers were asked to answer questmut &pe of their journey, preferences and
personal data useful for better analysis. Our taggeup was air travelers, rail travelers and, of
course, potential travelers. The response ratebbes 81 %. Our aim was to obtain information
about passenger travel behavior, to understandattieng of significant factors and compare values
among various passenger profiles.

2.1.Questionnaire analyses

We had approximately the same representation of thaih female travelers. According to our
survey, 10,25% of travelers used airline more thanimes in last 12 months. As much as 53% of
all travelers travel by air on two occasions a year

The proportion of passengers that have used orteeopublic transport modes before/after
flying is about 50%. Taxi was used by about 20%rafelers. Other passengers used their own car,
or were taken by friend or family member. Second pas aimed to identify the most relevant
passengers travel preferences.

First question from the second part was aimed ssgrager preferences and most important
issues in the decision making process. Most impoftector was rated number one, and the last one
number 8.

ISSUE RANKING DISPERSION
Price 2.938 3.434
Service quality 5.125 2.359
Travel time 3.125 3.234
Security issues 4.688 3.84
Number of seats 6.625 4,109
Luggage 5.813 4,152
Number of transfers 4,313 3.215
Connection issues 3.375 5.359

Tab. 1.The most important issues

Most mentioned answer was price, followed by trauge and connection issues. Security
issues, luggage and number of transfers were rantist quoted answers. Number of seats was not
seen as a major barrier by significant group gboeslents.

In the other question, respondents were askedsasira percentage of ticket prices to improve

level of intermodality. 28% of passengers woulcelifo invest to the better customer care, and
security. Other important issue is to minimize wajttime. Details can be found in the table below.
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ISSUE RANKING DISPERSION
Better customer care 5.938 9.809
Security 5.5 7

Waiting time 4.438 4.121
Walking distances 5.5 6.25
Reliability 4 5

Transfers 5.063 7.059

Time spent in vehicle 4.625 2.859
Information services 5.625 6.609
Schedule 4,313 7.59

Tab. 2. How would respondent invest percentage of tickieep

Passengers answers to a question : What would at@tjou to use one of the public transport
modes rather than automobile on your trip to andhfthe airport, showed that common ticketing,
punctuality/ reliability and improved schedulinggghe most important factors from the passengers
point of view. Passengers should choose one or ppairens from the list. According to this, we are
able to specify local and global percentage. Thmllaolumn takes into account only those
respondents who chose that option, and thereferéotal may not be 100%. Global percentages are
calculated with respect to the total number of oesients.

I SSUE LocAL GLOBAL
Reliability 75% 33.33%
Schedule 68.75% 30.56%
Minimum walking distances 62.5% 27.78%
Common ticketing 43.75% 19.44%
Comfort 31.25% 13.89%
In town check in 31.25% 13.89%
Prior check-in 25% 11.11%
Information services 18.75% 8.33%

Tab. 3. Passenger motivation to use public transport

3. Conclusion

Intermodality describes policy objective and a guabf the transport system. In freight
transport, intermodality is being promoted withwamner of initiatives passenger intermodality has
not received the same attention yet. The fundarh@nfzortance of passenger intermodality is to
provide a seamless journey. Therefore, the incr@aggassenger transport services, intermodal
travel is strongly supported by public transpormpanies. In our opinion, intermodal travel will
become more attractive from the passenger poiniesi, whereas the individual use of cars will
become less attractive due to the increasing ctiogesf roads.
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Abstract. Designed and built full-scale test facility, whichbased on a pair of friction "wheel-rail." Stand
allows you to simulate the real conditions of cohtaheels rolling with the rails under the influenof
various external factors: the varying degrees ddrveeirfaces skating vertical load of 30 tons pée,aone-
and two-point contact with the rail wheels, thesgrece of solid and liquid contaminants in the congsea.

A distinctive feature of the stand is the ease @m/enience of changing working samples of railoWn
about the effects of electric current and magrfeticon the frictional properties of friction pdiwheel-rail."
To detect the possibility of using this effect ¢r trolling stock test stand equipped with electrazarent
and magnetic flux in the contact zone.
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1. Introduction

Efficiency of rail transport is largely determindxy the traction as a locomotive, whose
implementation depends on the interaction betwkerdtive wheels of the locomotive to the rails.
The largest of adhesion traction engine is defii¢the known law:

Fee =GY1, (1)

where y - the estimated coefficient adhesion between vghaald rails, reaching the maximum
values of 0,3 ... 0,33 for a dry contagt;- static coefficient of coupling weight of the toootiveG.

Existing restrictions on the load driving wheels the rails not to significantly increase the
adhesion weight of the locomotiv@. As a result, improving the design of the locomesi
cartwright recently;, ratio reached values close to 0,98 [2]. Thus,niaén parameter influencing
the increase of traction properties of the rollfngtion coefficient isy, which depends on many
internal and external factors, in particular, or ttondition of friction surfaces of the locomotive
driving wheels and rails.

To increase the coefficient of friction so far ppgpd a number of technical solutions. One
of the first in the on-board were working to cleap tires wheels and rails from surface
contamination, which can be mechanical, chemiclg¢ctec spark. Among more recent works
include the cleaning of the roll surface pressuagew laser and plasma torch. Well-known ways to
increase the coefficient of friction by acting dretcontact area heated and air-foreign particles of
high hardness, in particular quartz sand. Onlyldlsé of these methods is widely used on railways
in the world. Other methods are characterized bl i stability, complexity, high cost, etc. At the
same time, the use of sand also has its drawbatish include a significant influence on the wear
of wheels and rails, the pollution of the permangay, and others. Therefore necessary to develop
methods and systems for increasipgbased on new principles and provide the necessatyg
contacts in various operating conditions.

As part of the solution to this problem is proposednfluence the zone of contact wheel
and rail electric current and magnetic flux. At tBepartment of Lokomotiv Bryansk State
Technical University (BSTU) were conducted laborattests [3] the plane-crystal samples were
tie-wheel and rail steel odnosharikovom tribomedsrwell as in the experimental setup containing
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the wheel model as a disk. Typical oscillogramhe process when applying an electric current in
the contact zone is shown in Fig. 1. Here the maroéswitching current corresponds to point B.

The results showed that the tested models wheetahly passing a current through their contact
may increase the friction coefficient ang respectively, the tangential traction f. morentha

doubled. In addition, experiments were conductetth wie filing of the magnetic flux in the study

contact, showed similar results.

Fy
FKJZ
Tok oTKIMOUCH ﬁl\' BEKIIFOUCH
FKJ ‘-—/-
' B
0 A t

Fig. 1. Oscillogram of the process.

The main drawback of these studies is a signiflgatifference between the size and shape
of spots modeling contacts from re-cial. It can acturately assess the impact of consideration of
external influences on the quality of the locometikaction.

2. Test bench

To study the traction properties of railway rollisgpck on the real contact spot in BSTU
been designed and manufactured full-scale stamd 2§ which is based on the tribological system
that contains the wheel of the locomotive and #ikesegment. A characteristic feature of this stand
is that he is makes it possible to conduct studigsaction properties of railway vehicles accoglin
to the degree of wear surfaces, riding wheel aildas well as the supply to the zone of contact
wheel and rail outside influences in the form aotlic current and magnetic flux. In addition, the
stand provided the formation of spots of the spetifcontact, whenever possible, the relative
position wheel and rail at various conditions ofitaxt for the degree of contamination.

&, By i
Fig. 2. Test bench.
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Stand (Fig. 3) comprises a base 1, which estalslighe support 2, 3, 4, 5, 6, and stands 7
and 8. In nests of supports 2, 3, 4, 5 base 1 fixgxzbr parts 9 and 10, planted on the axle 11-wheel
vehicle 12. After the traction gear 13, intermeglighaft 14, mounted in a bearing knot 15 and the
sleeve 16 wheels 12 is connected with the motoit 4i7a At the posts 7, 8 through beams 18 and
19 mounted mechanism vertical radial loading wleegitaining the screw 20, nut 21, spring 22,
bearing plates 23, 24, 25, fixed guide rods 26,a2d, thrust 28, 29. In this case, the screw 2@ rest
on bearings 30, 31. By supporting plate 25 is medimbller bearing, operating on the principle of
the flat bearing consisting of a fixed 32 and mde&8 rails between which set rollers 34 and sets
the fixing of balls 35. Simulator track as a segtmairail 36 rigidly mounted on a movable guide
33 screw terminals 37, 38 and in contact with theeeV 12. In the longitudinal direction of a
segment of rail 36 is fixed Diaphragm 39, estalglisthe universe on a beam 19 from the opposite
direction of the rail segment and connected witmthhrust 40.

18 7 31 21
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29

28— | g B
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P o
46— | 155
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| e ey
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o 1 FH
58 — = : —t ! 14
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4 ,,/,//”T/F/ 5 — 5
101 \ : J
E 1
12 2 579 3 11

Fig. 3. General form of the test bench.

6 mounted on a support mechanism for the horizanti@-loading wheel, which contains a
screw 41, spring 42, bearing cups 43, 44 and Ballekting in the end of the axis 11 wheel 12.

Measurement of the force FB vertical radial loadiigeel 12 provides mesdozoy (sensor)
46, force F * horizontal lateral load wheels - nozy 47. In addition, the sensors are mounted on
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a spring plate 39 for measuring the tangentialtivacF., as well as on the supports 3 and 5 to
measure the traction force FT on the center axis 11

In order to study the effect of traction on the lguaof same-leznodorozhnyh vehicles
equipped with a magnetic flux stand magnetic ctr@ini Fig. 2 not shown), which is mounted on a
segment of rail 36. On the magnetic circuit is Eatteomagnetic coil connected by wires to a power
source.

To study the effect on the quality of rail tractieehicles electric current stand is equipped
with a current source, which is a single wire tlgiodhe sliding contacts (brushes) 55 is connected
to the wheel of 12 vehicles, and another wire isnected to a segment of rail 36. In this case, the
wheel 12, a segment of rail 36 and sliding cont&btare provided with electrical insulation 57, 58,
59 from other elements of stand structure.

It is known [4], the contact wheel and rail candm¢h the two-nym, and a singleton and has
a different location and shape depending on theswerse displacement of the wheelset and the
angle of crowding during the movement. This leadla different division of the contact points on
the zone of slip and grip, and hence to differemditions of implementation of the traction
qualities. For this reason, the stand provided.(Ejghe free movement of wheel 12 in relation to a
segment of rail 36, covering all possible casesootact formation.

In the operation of the running surface of railgl aheels wear out and change their shape,
which also affects the contact patch wheel and Tail simplify the replacement operation of the
test samples of rails with varying degrees of weahe rail segment 36 is located above the wheel
12 and secured with removable clamps 38 on robaribgs. It should be noted that the relatively
small size and weight provide certain amenitiehepreparation of samples for testing of rails and
equipment them with the necessary sensors. Ontdhe slso provides the possibility of replacing
the wheel 12 together with the axis 11 by the disthray of Books 9, 10, set in sockets supports 2 -
5 base 1.

3. Conclusion

Designed stand allows the study of traction quedibf railway vehicles, taking into account
the external forces in the gearing of traction geat wear surfaces, riding wheel and rail under all
possible conditions of formation of spots of theantact. It provides opportunity to study the
influence on the tribological condition of wheeldarail contacts the magnetic flux and electric
current of different sizes and shapes, as welhasstirge since the traction motor. In addition, the
stand is simplified operation of replacing the t@sttions of rails, which reduces the time required
to prepare an experiment. The stand has a conbldemotential for further upgrades and
improvements aimed at increasing the range of tibgx of the study of processes occurring in
contact with the rail wheels of the locomotive.
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Abstract. Competence based training is rather a new phermman civil aviation pilot training. This
method starts to spread into aviation world aswa type of training and license called MPL (multear
pilot license). In EACEA’s Atlantis project AV-EDEftie Department of Air Transport works, togethethwi
Dowling College, New York, on best practices fofagion education and training. MPL as a new type of
training fulfills the category of a best practiae future of aviation training. Because of this faper will

try to bring closer to the aviation public the bigtand basics of MPL and competence based traitsatf.
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1. Introduction

Competence based training is rather a new phenaminoivil aviation pilot training. This
method was for the first time incorporated in theary 2006 into ICAO Annex 1 - Personnel
Licensing, in the 10 edition of this regulation, in the form of multiew pilot licence (MPL).
ICAO Flight Crew Licensing and Training Panel (FG)Trealized that the standards set by the
Annex 1 in 1948 no longer kept up with new methofigraining and new technology available in
the field of advanced flight simulation devices.efd is some perception that MPL was designed
for the purpose of saving time and money spenth& donventional training courses, but “the
FCLTP experts who fashioned the programme durirgy 2002-06 period were unanimously
motivated by a desire to improve the safety stadsl#inat govern the operation of modern multi-
crew civil aircraft. The MPL initiative was not @&n by economic factors, although most members
of the FCLTP, now disbanded, foresaw that the djers-oriented training approach could also
reduce the duration and cost of pilot training.”[1]

2. WhatisMPL?

MPL substitutes conventional training courses far itole of second-in-command pilot in civil
aviation. A graduate from this course can act as-pilot of an aeroplane required to be operated
with a co-pilot. Unlike normal modular and integratcourses, the graduate can’t perform duties of
a pilot in single pilot operations. Even after obitag his airline transport pilot licence later his
career, there is an endorsement for operations ioniyulti-crew environment. The regulatory
requirement set by ICAO Annex 1 in terms of totight time is 240 hours minimum.

The most fundamental requirement for an MPL coucsde approved by the appropriate
authority is close partnership between the fligaining organisation (FTO) providing the training
and an airline that will employ the students aftex completion of the course. The MPL normally
consists of several stages. At first it is basightl training on a single engine aircraft with a
minimum of 10 solo hours. Afterwards follows a duallti-engine training and several phases of
instrument training in multi-pilot environment, wigetwo trainees cooperate as a pilot flying and
pilot monitoring. All this is ended with a normajpe rating training. The total flight time to
become a co-pilot is essentially the same betwkertwo ab-initio courses available (MPL and
integrated ATP). The difference is that in the M&durse a lot of flight hours, usually well above

173



half, are flown on a flight simulation training deg (FSTD). Most of these hours are full flight
simulator (FFS) hours supplemented with some flighd navigation procedures trainer (FNPT)
hours. Emphasis is laid on multi crew cooperatittmeat and error management and standard
operating procedures (SOPs). The main advantagd® bfare:

» The airline can pick best students to accommodietie meeds.

* The airline business culture and SOPs are buitbim the beginning.

» Safety and threat and error management culturgagrated in the course.

* The environmental impact is reduced in comparisoother courses.

e The procedural and interpersonal competences dfdireees are taught throughout the

entire course.
You can see an example of the much steeper leacninvg in comparison to integrated ATPL

course on Fig. 1 and Fig. 2:

Competence
Level

A320/
B737

PA42
AIC

PA42

FSTD
F33 AIC &FSTD

[ BasicFiying Skilis || cPL & Basic IFR Skills || Adv. IFR — Abn/LOFT | Training Hours

Fig. 1. Integrated ATP course learning curve. [2]

! -
Competence /
Level /

A0/
B737
FFS
Cdi+
AIC

CJ1+ FSTD

Basic Flying Skills Basic IFR Skills Adv. IFR — Abn./LOFT Training Hours

Fig. 2. MPL course learning curve. [2]

As you can see from the figures above, the studenPL start with multi-engine and multi-
crew training much sooner in the training coursecdse of Lufthansa they even fly jet aircraft from
almost the beginning of the instrument trainingisTiuts more pressure on students to learn in a
quickly manner.

3. MPL Around TheWorld

The situation around the world rather differs betwastates and continents. Generally, Asian
and European countries have positive attitude i® ribw type of training. Some other countries
such as Australia or Canada start to implement MBlrses into their national regulations and
open first courses. The country that hesitatesrbst is the United States of America. Not only the
long discussion leads nowhere so far, but whataeethere is a new initiative where The House of
Representatives passed far-reaching legislatioigmksd to boost the safety of the country's regional
air carrier system as a response to a February @3 that killed 50 people near Buffalo. The
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bill, which passed the House 409 to 11, pushed-dderal Aviation Administration to ensure that
all airline pilots obtain airline transport piloertificates, which require 1,500 hours of flighhe.
[3] This can in the end lead to total impossibitiyimplement multi-crew pilot licence in the USA.
Generally much better situation is on the Asiantio@mt, where they appreciate the possibility
of more advanced training and recognize the pasithpact on safety. What is more, Asian carriers
usually tend to invest more into the quality ogffit crew training, and thus into safety. Asian Icivi
aviation authorities require from 325 to 355 hoomsimum for approval of an MPL course. [4]
This is far beyond the 240 hour requirement inAn@ex 1 to ICAO convention. In Europe, there
are mainly large traditional carriers that like tldea of MPL, because it provides training more
suited for their needs. These carriers appredmggbssibility to control the amount and quality of
their new hire co-pilots up to three years in adeanPre-selection is widely used in these
companies. Among other companies using MPL traimmgurope are Air Berlin and Flybe. In
Europe, the minimum of 240 hours is usually suéintifor the course to be approved.

4. TheBasics Of Competence Based Training

Competence based training is a training principlevkn for several decades. This technique
moves away from a bottom-up, classroom approacis. fitails teaching a candidate until they are
deemed competent, rather than relying on preseeptiles such as counting the number of hours
trained. [5] Except MPL which is the first step s competency based training in aviation, there
are also tendencies to implement this method ititerdrainings, such as PPL, CPL and instrument
trainings. “In partnership with industry and acadgenthe FAA/Industry Training Standards (FITS)
program creates scenario-based, learner-focusedinggamaterials that encourage practical
application of knowledge and skills. The goalashelp pilots of technically advanced aircraft.] [6
These syllabuses are scenario based and are ndatoey requirements. They rather give an
alternative opportunity for more efficient and dtyatraining and at the same time fully comply
with current FAA regulations. Also on the Europeside there are similar efforts. Task number
FCL.006 (a) in EASA Rulemaking Programme 2011-26tkes: “Extension of competency-based
training to all licences and ratings and exten@b@ EM principle to all licences and ratings.”[7]
As we can see, there is a similar goal on bothssudehe Atlantic, but the means of achieving this
goal are considerably different.

So what exactly is competence based training? “Bimppt, competency based training and
assessment means that a person is trained andebsts meet specified standards that define the
skills, knowledge and behaviours required to yaéeld effectively ‘do a job’.” [8] This training
must comply with specified standards and shouldecefreal world activities and situations
encountered at the typical workplace. It is focusmu the outcome of training, not the
duration/extent of training (humber of hours flown)

The cornerstone of a competency based trainingaaseissment system is objective assessment
of the trainee. The teaching methods may vary betweaining organisations, but the final result
must be that a trainee meets a consistent and @i standard. To ensure the quality of the
assessment, the standards must be measurabletivahjealid, authentic, sufficient and current.
This competency standard includes several stagasely units, elements, performance criteria,
range of variables and underpinning knowledge. Blygem is of pyramidal construction. A unit
consists of a number of elements; an element dsnsisa number of performance criteria, etc. “A
unit of competency represents a discrete job octfon that is written as a measure of outcome.”
[8] As an example, Land Aeroplane is a Unit. “Thnét us subdivided into the elements which detail
the various functions that must be carried outatits/ the Unit Description.” [8] As an example,
the elements of unit Land Aeroplane are: Land @ar®; Land aeroplane in a crosswind; and
Perform a mishandled landing procedure. “Each eteras a number of performance criteria. The
performance criteria are evaluative statementsdpactify what is to be assessed and the required
level of performance. The performance criteria mpple to the element ‘Land aeroplane’ are for
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example: Identifies and selects aiming point; Ssl@ower to idle prior to touchdown; Flares the
aircraft at an appropriate height; Controls baliogrduring flare and bouncing after touchdown by
adjustment of attitude without the application awer;” [8] Range of variables sets concrete
conditions which must be met during the evaluatguth as for example day time, class of aircraft
and flight rules used. If these conditions arenét,nthe evaluation or assessment is invalid. The
underpinning knowledge comprises specific knowleagach should be thought by the instructor
during lessons and which is specific for the paftic unit of competency, such as interpreting
windsock indications is underpinning knowledge lfand aeroplane competency. “The assessment
process must take into account task skills, managerand contingency skills, role skills and
transfer skills. For example, instead of just ass® a 30° banked turn against the specified
standard, it may be more realistic to observe tamdidate performing the manoeuvre during a
precautionary search (a contingency) where theituused to position the aircraft to observe and
assess the landing surface (a role).” [8]

The assessment occurs in several stages. Atftfistai formative assessment, which monitors
learning process during instruction. The instrucbould do this assessment after almost every
flight and the student should be aware of his megrin completion of the final standard. The
second stage is a diagnostic assessment measeresrtant trainee’s skills, such as the formative
assessment, but it has a different purpose. Iséluo set the proper strategy to get rid of the
student’s learning difficulties and it requires @epler insight by the instructor to do this job
thoroughly. At last but not least, there is a surniveaassessment, which occurs at the end of
training and compares the trainee’s skills to tecempetency standards and determines if the
instructional objectives were achieved.

5. Conclusion

Competence based training together with its mostngon incarnation, the MPL, contribute
heavily to the aviation safety and quality of pilining. This is the reason why not only MPL, but
also competency based training as a means of tpdlimiing delivery, should be a standard irf'21
century pilot training all around the world. It igp to the civil aviation authorities to realize the
potential this training offers in terms of piloatning graduates skills and abilities resultingniro
usage of new, highly sophisticated flight simulatitvaining devices and aircraft with complex
systems and avionics. Also it is in the deepestrast of pilot training providers and also carrigrs
see the potential of reduced risk in terms of nunamel quality of potential first officers for the
same or possibly less money than the conventidlaltpaining systems could provide.
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Abstract. The construction of the carriage body of the pagse car in the vehicle gauge RIC, which
provides the improvement of amenities of passetigarsportation with help of height increase of the
compartment is developed. The height increasetasnatl due to adoption of depression of floor'sSaue
level on the distance between truck centres. Twdifications of passenger cars’ emplacements df dinsl
second classes are proposed. The layout of equipimedone for these emplacements. The strength
assessment of the suggested option of carriag€<bdgring construction is done on the base opthte-

bar analytical model of FEM.

Keywords: Passenger car, the vehicle gauge RIC, amenitipassfenger transportation, strength of bearing
construction.

1. Introduction

The railroad passenger cars in the vehicle gau@eaRd used for international transportation in
the countries of the European Union. Most of themes belonging to Russian Railway have been
made in the middle of the $@entury by «Waggonbau Ammendorf» company, Gernighy here
are eleven compartments in these cars. There igsimg stand, a table and three berths in every
compartment, which situated on one of separatiolh. Wae disadvantage of such a lay-out is
insufficient level of amenities that is caused lyaarangement of three berths on one coast of the
compartment the height of which is limited by thehicle gauge RIC. When there are three
passengers in the compartment, the passengerg @ifshand second berth should be in a seated
position when a second berth combined or in a Iyagition when a second berth put in sleeping
position.

The other disadvantage of the lay-out is the sdiatence between the berths and between the
third berth and the car’s ceiling. Nowadays Rus&aiways set a task to engineer home railroad
passenger car in the vehicle gauge RIC for thenizgtion of the international railway passenger
transportation. As a part of this task Tver Camiayorks conduct the works to design such a
carriage. In this work we offer an original constian of the car body of the new generation
passenger car in the vehicle gauge RIC which pesvidternational transportation with higher level
of comfort.

2. Suggested carriage body’s construction

To exclude the aforementioned disadvantages ofp#ssenger cars which are exploited at
present and to raise the level of passengers waasipn’'s comfort we offer to increase the
compartments’ height which is attained due to adopdf depression of floor’s surface level on the
distance between truck centres “Fig.1”. This chawgkallow to increase a compartment’s height
to 2550 mm with saving the rail loading gauge. Hogvrethese changes will demand considerable
revisions in a car lay-out. The passenger compantsrtake place in the lowered part of a car body
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on the distance between truck centres. There aapazones, maintenance stuff's zones and car’s
equipments in console parts of the car. Two vasiafta lay-out for the first and the second class
cars are developed for an offered design of a ady bFig. 2, 3”.

|

= i ==

ocoooooo 90

Fig. 1. The car’s main plan.

The passenger accommodation in six double compatsme supposed in the car of first class

“Fig. 2. .
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Fig. 2. The first class car’s lay-out.

There is a two-sleeping bench, an upper bunk, arclair, a little table, a wardrobe and the
multimedia center in the compartment. There idakatory which includes two toilet cabin 6 and a
shower cabin 16 in the car’s end. The tanks wittkewand a waste tank take place in the room 15
for maintenance of work of a lavatory. Such positad the lavatory excludes a laying of pipes for
water along a car body. There is service comparti@evith the control center of the car systems in
the other car’'s end. There is the area of elefikiagres which contains a battery bank and a vatag
converter near to the service compartment. The -hijfage equipment 14 is located in a
conversion zone of the car. The single guard'sranoadation 3 settles down in the lowered central
portion of a car body. The climatic installationopiding individual climate control in the each
passenger compartment settles down over a semieein the console part of the car.

The passenger accommodation in seven 4-berth cemmgats is provided in the second class

car “Fig. 3".
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Fig. 3. The second class car’s lay-out.

The passenger accommodation on two sleeping bemthwa upper bunks which located in
two circles on both walls of a compartment is pded. There is a little table, clothes rails, anal th
multimedia center in the compartment. There islévatory which includes two toilet cabin the
car's end. The tanks with water and a waste takd pdace left of the lavatory. There is the battery
bank in the room 12. The maintenance free battatty gel filler and the sure venting system of the
battery bank are applied in the car for the sabétthe passengers. There is service compartment 2
with the control center of the car systems andsthgle guard's accommodation 3 in the other car’'s
end. The electrical converter plant is situatedhim room 10. The air heating with use of climatic
installation is provided in the car. The developegouts of cars conform fully to requirements of
sanitary rules of the organization of passeng@spartations in Russia [2].

The carriage of first class contains twelve passengccording to two-seat passengers’ lay-out
in the compartment and eighteen passengers durieg-seat passengers’ lay-out with allowance
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for collocation of two people on the double bednig variant). The carriage of second class
provides transportation of twenty-eight passengers.

Proposed variants of heavy equipment’s lay-outhim ¢onsole parts allow to reduce load of
bearing construction of carriage body becauseanistnission of load from equipment’s weight to
car truck.

Cars’ exploitation is performed on the speed azskts, which don’t have swing link, which are
made by Tver Carriage Works, design speed is lessdr equal to 200 km/h.

3. Description of the finite element model

In this work strength assessment of suggestedrgeaoninstruction is done on the base of finite-
element method to estimate working ability of Gage body’s construction. Accomplish this plate-
bar finite element model “Fig. 4” was developedthe field of bundled software FEM Siemens
PLM Software [3].

Fig. 4. The finite element model.

Every supporting member of carriage body is sh@sncanes which has absolutely stiff
consoles. The coat of floor, side wall, end waltl anof is made of three or four nodal finite
elements. There are 3950 elements in the modeltotAenumber of the degrees of freedom of the
finite element model is 28000.

Heavy equipment’s lay-out in the carriage bodyatrre was simulated with incorporation of
single forces into corresponding nodal points ofté element model. Passengers’ and luggage’s
weight was simulated with incorporation of distitibd loads into finite element model's fields
which go with its real position.

Static operating loads, which satisfy the requinetmeof normative documents for cars’
engineering and design [4], were adjoined to the The estimation was done for the carriage
bodies of first and second classes.

4. Conclusion
Accounting results which we got in the form of sgeand strain of bearing construction are

absolutely suited to the standard requirementsedtewve can make a conclusion that suggested
alternate designs of carriage bodies can be realizeur generation.
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The use of designed cars’ constructions allows rprove comfort during passenger
transportation and competitive ability of intero@ial rail transportations which are carried out by
Russian Railways.
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Abstract. An optimal intersection signal plans minimizes tta¢al waiting time of all vehicles in the
intersection. We can simplify mathematical modelkled problem by introducing of phases, which gather
non-collision flows together. An obstacle in solyithis problem is an objective function, which @ns a
guadratic term. For problem solving by IP solvee thbjective function have to be linearised. Two
approaches to linearization of objective functian be used - linear approximation and rearrangeofehe
problem to min-max form. In this paper we deal wite impact of this simplification for computatidniane

and quality of the assignment.

Keywords: signal plan, traffic flow, red point, phases, waittime, linearisation.

1. Introduction

Design of an intersection signal plans has an eédaole both in terms of its mathematical
formulation, and in terms of methods of solutioheTprinciple of solving this problem is to find the
time of beginning and end of the green signal fachetraffic flow respecting the collision times
between flows and minimal given technical timetf@ green signal.

One of problems with which the signal plan desigizr meet, is the existence of phases. A phase
gathers non-collision flows together. The generadieh of the problem solves the design of intersacti
signal plan without any phase groups. We can siynjhle model using the phase groups and reduce the
number of constraints and variables.

In model problem development consists in identifocaquality criteria. One of the criteria may be
the total waiting time of all vehicles in vehicleesnds. This criterion has the disadvantage thedadls
to a nonlinear model.

In this paper we focus on how the use of phaseiflaence the overall waiting time of vehicles
in the intersection and the solution time. We willve both models with and without phases by two
methods. First one is linearization of the quadmaljective function based on piecewise lineartiong
second one is the reformulation of the model basethax-min criterion. We verify the feasibility of
the proposed modifications of the model on 13 g&etions where the signal design plan for all modes
and compare them. For the computational study amgparison of the approaches we use optimization
tool XPRESS-IVE [6]. Example of use of IP-solvemig3][4].

2. Mathematical Model of the Problem with and without Phases

Let the traffic flows entering the intersection stitute a set. Each traffic flowi from the set is
specified by the intensity. During the red signal vehicles in the flow cretite queue and after the
beginning of the green signal vehicles leave thersection with saturated intensity; Technical
standards set valugfor each type of traffic flow. This value is themmum time for green signal of
the flowi. [1]
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Furthermore, for every two collision flowsandj we assume the minimum time of delay between
the end of the green signal of flevand the beginning of the green signal of fjcasm;. The period of
intersection signal plan will be considered agrtberval <0, tmae.

The total waiting time of the vehicles in the flowluring the period0, tn.> where the timé' is
the duration of the red signal corresponds to thg grea in Fig 1.

A
Number of
waiting
vehiclés

»
Ll ] »

£ T tmax  time

A

Fig. 1. Waiting time of vehicles in flow 05* (t/)** f * f°/(f° - f)

We introduce a variablg to model the length of the red signal of the ficand variable; andy; to
model the start and end of the green signal ofitkei. In the case, where no phase groups are used in
the model, we introduce also binary variales/hich obtain value 1 whegry; and value 0 otherwise.
We also introduce binary variableg for all pairs of collision flows where this varlalobtains value 1
wheny;>x; and value 0 otherwise.

Then the mathematical model can be written in din@ {NoPhase)

MinimizeZO.S*[ :S f j (u)? (1)

iol -

Subjectto t .z -y, +x =u for il 2
V-t 7 +x z[%u} for il @)
Y, +tZ —% 21, for iOdl 4
Yi t (e tDZ =% <t foridl ()

X+t W =y, =m, foridl, jOl i, j —collision (6)

X+ (L +DW; =y, <t forill, jOl i, j —collision (7)
z+z;+w +w; <1 foridl, Ol i, j—collision 8)
x <t foridll ©)
Y, St foriddl (10)
z 0{og} foriOl (11)

w, 0{oy} foridl,jOl,i,]j—collision (12)
x 0zZ* foriOl (13)
y,0z" foriOl (14)
u =0 foridl (15)

Quadratic objective functiofl) models the total waiting time of vehicles crosdimg intersection
during the period. Conditions (2) are the couplaogditions between the beginning and end of the
green signal and duration of the red signal oflthe i. Conditions (3) ensure that the flowvill have a
sufficiently long period of green signal that akhicles in the flow could leave the intersection.
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Conditions (4) ensure that duration of the gregnadiwill be at least as long as the prescribed
standard value;. Conditions (6) ensure adequate minimum delayldovs to avoid in collision. The
conditions (5) and (7) solve the situations witheirse position of flowsand;.

We can simplify the model by introducing phasethefseK = {F, F, ..., i }, whereFy is the set
of non-collision traffic flows, ie. traffic flows tich vehicles can pass through the intersection
simultaneously. [4] This simplification of the maddeduces in the number of variables, since vagbl
wj; will not be needed in the model. Also the numidecamditions (6) will be reduced, as it will not
necessarily control the minimum time of delay betvall collision flows, but only between flows in
various phases.

The model after rearrangement can be written ificime (LastPhase)

Minimize(d)
Subjecto  (29)-(9),©) - 9,43-@9
g =y, zm —t . fork=s+1.r-1s=1.r-Li0F, jOFi,j-collision (16)

X, =y, zmy -t .z fors=1r-L1i0F, jOF,i,]j-collision (17)

X+t —Yi2m —t . (@-z) fors=Llr-1i0F, jOFi,j-collision (18)

3. Solving method

Due to the nonlinearity of the objective functionall models we will use another optimizing
criterion. We will use two different approaches.

First approach is to use the linearization, whiah be used to replace objective function (1)
by linear expressions almost without loss of pewess. It follows that the quadratic function can
be replaced by piecewise linear function withogslof precisenegkinearization Methodp].

Second one is the max-min solving method and idstéainimizing of total waiting time we will
maximize the worst relative proportion of the attieagth of green signal required for the current
greerfMax-min Methodp].

4. Numerical experiments

Verification of the two basic approaches, which evdivided to other two sub-approaches, was
made on the specific examples of signal design fdarthe group of 13 intersections in the city of
Ostrava. To perform the computation we used thergénptimization software environment XPRESS-
IVE. This software system includes the branch-amdrsethod and it also enables solving of large
linear programming problems. The experiments weropmed on a personal computer equipped with
Intel Core 2 Duo E6850 with parameters 3 GHz aBd=B RAM.

In the Tab. 1. are results for all approaches amdems used in this study. In the column
“Linearization MethoUthere are the results for the model linearisegibgewise linear function. In the
column ‘Max-min Methotl are results for the model in which we maximizes tivorst relative
proportion. In the sub-columns of the basic colurfinieearization Methotland “Max-min Methotl
called ‘NoPhaséthere are a results for a version of model, inciwhwe don'’t divide a traffic flows into
the phases and the column calledstPhaséthere are a results for a version of model inchitwe use
dividing of trafic flows into the phases. The cohsncalled W.T” give an information about total
waiting times of vehicles in the intersection amiumn “C. T give an information about length of
computing time of the model. The results for a wgittime are for Linearised model without a
partitioning traffic flows into the phases in vdbgseconds and the other results are in percemis)
represent an increase of waiting time with regardhie solution obtained by linearization in the
“NoPhase” model. The computing time is given inosets.
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No. of Linearization Method Max-min Method

Intersection | Traffic NoPhase LastPhase NoPhase LastPhase
identifier | Flows | W.T.| C.T.] W.T.| CT WTI CT WJT. CT.
[v-s] | [s] |[+%] | [s] |[+%] | [s] |[*+%] | [s]

1005 17 492 1,00 5| 0,05 54| 8,70 76| 0,02
3006 13 867 1,95 2| 0,06 201 2,52 20 0,03
3008 11 19% 0,05 0| 0,03 37| 0,08 44| 0,02
4006 20 125221,30 1| 0,05 26| 316,86 37| 0,02
4022 19 72922,33 3| 0,08 10| 9,75 20| 0,03
4089 21 510 2,13 9| 0,08 22| 21,70 34| 0,02

1006 26 1022 0,67 11| 0,17 27| 0,64 42| 0,08

1019 14 569 0,44 0| 0,05 17| 0,24 52| 0,02
2015 8 756 0,09 0| 0,05 29| 0,20 35| 0,03
2070 5 200 0,03 2| 0,02 46| 0,05 48| 0,02
4008 (1) 15 1155 4,33 5| 0,06 47|108,91 42| 0,05
4008 (2) 15 1408 4,06 4] 0,09 35| 39,84 45| 0,06
4008 (3) 15 20838 8,13 2| 0,11 34| 154,52 51| 0,03

Tab. 1. Results of numerical experiments.

5. Conclusion

Performed experiments shows that usage of ling@rzenethod gives better solution than max-
min method and usage d6Phasé model gives better solutions thahdstPhasé model. There is
one exception from these conclusions, the solutibmtersection 4008(1) using max-min method,
where ‘LastPhastémodel obtains better solution thaNdPhas&model. This is caused by the different
criterion in objective function in max-min approacthere we want to maximize the worst relative
proportion of the actual length of green signataad of the total waiting time.

When comparing results in terms of calculation fisaving time of LastPhasémodel for both
methods was lower than one second in all casescdrhputational time ofMloPhase’model using the
linearization method was several of seconds makinad in the case of max-min method the
computation time was several tens of seconds méyimaome cases.
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Abstract. Tachograph belongs to On Board Recording Devitesas initially introduced for the railroads in
order to companies could better document irrediglariThe inventor of the tachograph was Max Msada
Weber, an administrative official, engineer anchautThe Hasler Event Recorder was introducedanl®20s.
Regrettably, the construction of analogue tachdgrap original type of tachograph used in roadspart,
encouraged to numerous frauds and counterfeitsc@lsules for drivers. For this reason the Euappenion has
developed an inspection system, based on digthbgraph and chip cards, used for recording the aatl
identification of the system users. The articleéhs presentation of the main rules of function hef digital
tachograph system, used in road transport in Earopgnion. The document describes main legal rules
introducing the digital tachograph system, foremeguirements which must be fulfilled by the proghscof
digital tachographs in order to get the type apgitqrossibility of future requirements of digitathograph, main
functions, characteristics of participant of dibigechograph system and their tools of the idexatifon, acting and
setting of authorize workshops in Poland and EwopEnion and the accessible methods of check and
calibration of digital tachographs and their dggmn, based on Commission Regulation (EC) No 1BBI¥ of

13 June 2002, 1266/2009 and Polish law. Furtherrttmealissertation presents current level of impletation of
digital tachograph system in EU Member States ardl Europe.

Keywords: calibration, cards, tachonet, control officersykstop, move sensor.

1. Introduction

The legal basis for the introduction of the digitathograph system is Council Regulation
(EEC) No 2135/98 of 24 September 1998, amendingiRagn (EC) No 3821/85 of 20 December
1985 on recording equipment in road transport. Ant of this Regulation contains the technical
specification for digital tachographs.

Commission Regulation (EC) No 1360/2002 of 13 J20@2, replacing the Annex 1B, is an
actual detailed technical specification for digitathographs. In accordance with new regulations
the inspection system consists of the followingredats:

— a digital tachograph VU Mehicle Unit), recording the driver and vehicle operation

performance,

— a speed sensor, supplying the vehicle unit witevaaht data concerning the vehicle speed

and distance travelled,

— chip (data) cards intended for recording the dathidentification of the system users.

For the conformity reasons all admitted equipmeunstfulfil three stages of tests:

- security test — test verifying the fulfilment ofl abquirements concerning the security, as

listed in Annex 10 to the (EC) No 1360 of 13 Jufé2,

- functional test — test verifying the requirementsnaerning the functionality of the

equipment; the tests are specified in Annex 9 éo(HC) No 1360/2002 of 13 June 2002,

- interoperability test — test for verifying the atls of a considered equipment to

interoperate with other equipment; such tests areopned by only one laboratory under the
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supervision of the European Commission (this tasgiven to the Joint Research Centre at
Ispra); only equipment fulfilling these two testemtioned above can be admitted to this
test.

2. Level of implementation of digital tachograph system

Level of introducing the system of the digital taghaph, leading it, was divided into the
following elements:

issue of digital tachograph’s card,
connect to TACHOnNet system,

approved of digital tachograph workshop,
trained and equipped control services.

States which do not issue cards in the systemgitatitachographs:

Croatia (January 2010 started to issue cards),
Serbia,

Kosovo (the first half of 2009 will begin issuingrds),
Cyprus.

States which do not connected to the tachonetrayste

St

Denmark,

Greece,

Hungary (is in the test phases),
Portugal,

Kosovo,

Serbia,

Croatia,

Cyprus.

ates, which have not started methods of cheakmagcalibrating digital tachographs:

Greece (it passed requirements determining funciiprnof methods of the digital
tachograph),

Malta (it adopted the Italian system, drivers aweng to Italy to carry checking and
calibrating digital tachographs),

Kosovo,

Serbia,

Croatia,

Cyprus.

Almost all states accomplished training and equiggf control officers, with the exception of:

At

Greece,

Portugal,

Romania,

Serbia,

Croatia,

Kosovo,

Cyprus.

present they are being led widely snitch workewe introducing the system of digital

tachograph in such states as Russia, Ukraine oddwal Level of implementation of digital
tachograophs system is presented in figure 1-5y Tpresent situation of each country and
connected do TACHOnet system, number of issued (©higer, company, workshop, control),
number of approval workshop in country of Europd aruation with malfunction, stolen or lost

cards.
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Conclusion

In Europe digital tachograph cards are issued by&® issuing authorities. In consecutive
years of functiong of digital tachograph systemftiiowing number of cards were issued (table 1)
and percentage participation of malfunctioned careie (table 1).

Y ear Issued cards M alfunction cards
2005 233087 0,32%
2006 1278954 0,42%
2007 1666613 0,55%
2008 1443636 0,85%
2009 4002033 0,84
2010 4736122 0,91

Table 1. Number of issued and malfunction cardZ®5 to 2010

References
[1] Commission Regulation (EC) No 1360/2002 of 13 J2d@2 adapting for the seventh time to technicabfass

Council Regulation (EEC) No 3821/85 on recordingipment in road transport.
[2] Documents of EU-MIDT.

188



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Methods and Tools of the Sequential Supply of Automobile
Manufacturers

"Marian Sedliak, Marian Sulgan
"University of Zilina, Faculty of Operation and Ea@mnics of Transport and Communications,
Department of Road and Urban Transport, Univer8@#5/1, 010 26 Zilina, Slovakia,
{marian.sedliak, marian.sulgan}@fpedas.uniza.sk

Abstract. The paper gives an insight into the sequentigblsupf automobile manufacturers. It describes the
components, that are suitable for supply underJtis-in-sequence and possible methods to deliveseth
supplies. It also describes the requirements formmation systems providing the process of sequenci
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1. Introduction

During their development the automobile manufacturieave overtaken each other in the
offered scale of manufactured vehicles. The sibmatiame to the state where it is virtually possible
to assemble a customer specific car. There iseztsah of a wide range of colours, engines as well
as other elements of interior and exterior vehiateessories and equipment. For example,
according to the manufacturer Skoda, the modelv@xctsas more than 50 thousand real and more
than 8 billion of theoretical assembly variants. [Bther sources say about over 130 millions of
possible modifications for configuration of the Medes Benz C-Class [2].

Developments in automotive design have obviousty &duge influence on the development
of automotive logistics. The technology Just-ingiifdIT) is not sufficient to enable delivering of
operational units or modules produced in the hugreven thousands of variants. Therefore, the
model of Just-in-sequence (JIS) supplies was dpedloSuppliers under JIS regulate its own
production plans so as to be able to deliver thmducts at the right time, in right quantity, et
right place, and in a specific order - the sequence

2. TheMain Reasonsfor Sequencing and its Benefits

It is obvious that the sequencing of the modules @arts with plenty of production variants
such as dashboards means to achieve:
= elimination of capital blocked in stock of a widenge of relatively expensive products,
= reduction of the storage space and associatedtmeats,
= reduction of the material handling,
= minimisation of errors and thus the risk of stogpihe assembly line.
Besides products with plenty of modifications, #Sused in the supply of another product
category — bulky components such as exhaust sgseohfuel or additional tanks. The reasons are
similar to previous product group, but the key ozais to reduce storage space.
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3. Methodsfor Execution of Sequential Supply

In practice, primary input for car production andlidery of car parts under the JIS is
information coming from customers, such as autotealealers and companies. The information is
processed by analytical department of the autormofribnufacturer and transformed into the
production plan [4]. The production plan determities order of vehicle production. Information
about this order goes to the automobile productsnwell as to the suppliers of the components.
The information for suppliers is generated autooadly in the form of sequential impulses, which
are also automatically sent usually via electrafata intercharge (EDI).

Sequential impulses define the sequence in whictutes should be deliver and are usually
sent to the supplier a few days before the finakawbly of the car. It is necessary to respect the
time required to produce the items ordered and tifibe consignment delivering.

It should be noted that after sending sequentiglise, there is still a possibility of error or
failure in the welding shop, paint shop or engif®ps of car manufacturer. There are two
fundamentally different ways of solving this sitioat by manufacturers:

1. The vehicle is removed from the sequence and retarthe assembly line after solving the
error. The sequence of delivered modules is alsogdd, so the final (changed) impulse is
often received by the supplier after vehicle leabespaint shop. It puts on the supplier high
time demands and requirements on correct sequérstepped modules. It is obvious that a
precondition for working of such supply system isetatively short distance between the
supplier and assembly plant (approximately up téra).

2. Another possibility is the application of so callieced sequentional impulses. The vehicle is
also removed from the sequence, but after cormed¢tie modul is delivered from the car
manufacturer’s safety stock. This means that tiginat sequential impulses are changeless
and therefore there is not so strong pressure erfléixible respond to changes as in the
previous possibility. This way, this method helpsricrease the range of potential suppliers,
while the condition of short distance to assemliypis not relevant any more.

By the choice of sequential method, automobile rfesturer must compare the cost of the
above two alternatives — increasing financial regqaents of the supplier associated with the
growing demand of supply securing and amount oitaldipeld in manufacturer’s own safety stock.

In view of the common supply operation, it is pbsito execute the process of sequencing in
two basic forms:

= supplier delivers components under JIT to a locatiear or within the assembly plant, the
components are from this place sequenced to tleenddg line,
= supplier delivers pre-sequenced items directiyhéeassembly line.

In the first case, complex services of third pdayistics providers (3PLs) are often used. In
addition to transportation they perform the seqgaémiarehouse operation icluding the process of
sequencing. After receiving the sequential listrfrthe client, the 3PL repackages the products in
the correct order in the special containers, whittst be on time and again in the correct order sent
to the assembly line. The sequential warehouse beaywned by the car manufacturer or directly
by logistics company, which operates it.

In the second case, supplier inserts componentiset@pecial containers in accordance with
required sequence, and then these containerssar@laced to semi-trailer with respect to the arder
At defined time the supplier delivers the consigntnetops the semi-trailer vehicle at the concrete
place of unloading and assembly line is suppliedatly from the semi-trailer. After emptying the
trailer, it is filled with empty containers whichmeadelivered back to the supplier. The supplier may
also hire a 3PL for all these activities.
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4. Information Support for the Process of sequencing

Considering the accuracy that is required for delivunder JIS and revelance of adverse
impacts arising from its breach, it is obvious thla¢ whole process of sequencing must be
supported by an efficient information system. Ifgegnce of human factor means an increase in the
risk of errors, and so must be reduced to a minimthe transfer of the sequential impulses is
carried out exclusively by electronic means, eithbrough EDI or by accesing the car
manufacturer’s information system (so called indesgequential suppliers). An important feature,
which should be taken into account by the seleabioan information system, is its configurability.
It is the rate with which the system can be moditie@ meet the future requirements. Therefore, it is
profitable to use systems based on a modular steitihat allows individual processes (represented
by the modules) to be modified, replaced, relocatecteate entirely new processes.

Relatively high demands are placed on the suppliaformation system. The contractor must
be able to accept sequential impulses, process, teen check for eventual errors (duplication of
sequence numbers, missing sequences, etc.). Irtformaystem also automatically gives the
impulse for printing of the sequential labels feesy component. Each label contains information
about particular component and identifies the Mehighich is a component intended for.

If the suppliers decide to fully synchronize th@ioduction with the automobile manufacturer’s
assembly, the information system can be also usertrol their own sequential assembly. The
system can convert incoming sequential impulsepréaluction schedule and shipping schedule
automatically. It also automatically generate a kpag list and delivery notes which are
electronically transmitted back to the car manuwfemt In addition, information system
significantly simplifies invoicing for delivered ogponents.

5. Conclusion

JIS technology is already being used for more th@éinyears. Currently, the share of
components supplied in this mode reaches almost 80%ll imported parts by some car
manufacturers. Components, which were initiallyssdared not suitable for JIS, such as parts with
few decades of variants or parts from distant sapplsometimes further than 800 km), are also
successfully sequenced today. There are also ti@naglening the range of companies which use
JIS supplies within their inbound logistics, pautarly among suppliers of automotive
manufacturers.
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Abstract. This paper speaks about seriousness of aircraiiextts caused by controlled flight into terrain.
The first part describes possible situations legtiincontrolled flight into terrain, their sever@nd causes of
occurrence. Another part of this paper deals withsfble precautions to prevent such accidents. &s w
already mentioned in the paper itself, one of thesjble measures for avoiding this type of sevecidants

is thorough controlled flights into terrain awarssie
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1. Introduction

Accidents have been closely connected to aviaiimreghe very first flight. Although accident
or incident is always an unpleasant occasion, we @ accept a fact that both aviation incidents
and accidents are and will still be an integrak pmir transport. Our goal is to eliminate negati
effects leading to such situations. The basic ntetedo analyse the primary cause of the aviation
accidents and define further steps and actionettaken. These days, a long line of the primary
causes exists. Due to the rapid expansion of @ansport in almost all spheres, accidents caused by
aviation technique are being minimized. The proadsmproving the aviation technical standards
leads to higher and higher complexity of variougatwn systems and navigation instruments in
particular. This poses more demanding claims onfliglet crew. That reveals the human factor
related problems that represent the weakest elepfetite air transport system. Human factor
failure is the cause of most of both aviation aenid and incidents. This means that accidents
caused by the human factor are increasing lineAdgidents caused by the human factor amount
75% of all aviation accidents worldwide. So cali@antrolled Flight into Terrain (CFIT) belongs to
a category of the most critical aviation accidents.

2. WhatisCFIT?

The Controlled Flight into Terrain (CFIT) is a gewceterm for accidents when an aircraft
capable for the particular flight, without any tais, is fully under control and is unintentionally
guided to a terrain, water area or an obstacles Tdérm was created at the end of 1970’s by the
Boeing engineers who participated in inspectiongwétion accidents. Due to their conclusions
based on evaluation of particular accidents, thB @&ave caused approximately 9,000 deaths since
the introduction of commercial transport. Despite fact that there are many reasons which could
contribute to the CFIT, such as bad weather or rgdélgeradio navigational failures, the flying
technique is the main reason of the CFIT. Even mepeed pilots can easily cause the CFIT due to
exhaustion, loss of situation awareness or distaiem. The CFIT are considered as a form of areal
disorientation when a position, orientation or agppeace of a terrain is incorrectly perceived by a
pilot or a flight crew. Of course, risk of aviatiaccidents connected with the CFIT increases
mostly in mountainous terrain during conditions flaghts conducted under IFR (Instrument Flight
Rules) or during lowered visibility. Such kind o¥iation accident has a similar process and
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conditions. The most frequent place of these aotsdes the vicinity of the airport, during a final
approach phase or approach. The CFIT can alsorbeected with a negligible instrument error. In
case when a navigation failure occurs but is nt#aled or is not correctly understood by a pilot, i
can lead to the aerial disorientation and the mlothe flight crew can, despite next information
from the correctly working instruments and faadgi or even referred to a visual contact,
unknowingly continue in the CFIT. This behavioumralodel can be classified as a “tunnel
perception”. To be more specific, a crew focusesm@rmation from only one source which can be
easily influenced, whereas ignores other availaffltamation and sources. Alerting danger in case
of the CFIT is that the terrain is noticed in tlegwlast moment when there is no time to react.

A typical example is accident of Flight 801 fronh 8tugust 1997. Korean Air flew from Soul
to Agana, Guama. Based on the conclusion of thel@acinspection, condition of the aircraft
Boeing 747-3B5 was not the cause of the accideatl dlse instruments, including the navigational
ones, were working correctly at time of the acctdénwas a night approach for runway 06L in
Guama. The Flight 801 was descending 800 feet uheegiven path when it crashed to the Nimitz
Mountain at altitude of 650 feet. The top of thanidz Mountain is at altitude of 709 feet. The
aircraft subsequently felt to a jungle in the wallghere it broke up and flamed out. Totally, 206
passengers and 22 crew members died. Further immpeevealed captain’s failure in calculation
of the approach and the first officer’s insuffidienonitoring role. Factors contributing to thisdiat
accident were also captain’s exhaustion and ir@afft training of the Korean Air crew.

It is important to depict fact that not only theradit causes of the aviation accidents are
executed but also a flight phase. It is generabpvin that 50% of all accidents occur during
approach and landing, this represent only 4% ddl thhight time. Next 27% of accidents occur
during take-off and initial climb, which is only 2% the total flight time. By a basic calculatian i
given result that more than % of the total aviatamtidents occurs during these relatively short
flight phases. The statistics from 2009 shows thaing the recent 10 years, by average 34% of all
aviation accidents were caused by the CFIT. Thiessts from the given graph indicate that a
significant part of the CFIT is caused by privaits in general aviation. Next are commercial
pilots and finally trade pilots. [7], [8]

Causes:
* Loss of situation awareness

* Aerial disorientation

Facility error

Bad weather conditions
¢ Non-standard instrument approach

Especially the non-standard approach or deviatiam ftrained procedures can cause a
deviation from a designed route and a descendl@ra&fimost 60% of accidents in this category
happen during a non precision approach where tiser® strict vertical guidance (horizontal)
during approach or flight. Fact is that the noncmien approach is one of the most difficult
approaches and it also requires a significant kadge of standards, areal perception, flying skills,
and it is not as frequent as precision approagbgs.

3. Prevention

Prevention against the CFIT is focused into bagleeses. The first sphere is GPWS (Ground
Proximity Warning System) equipment. These areesystinstalled into aircraft and which enable
flight crew warning by an acoustic form — a synithgbice warning against an eventual approach to
the terrain. These days, there are many standamsding which aircraft with TOM (Take Off
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Mass) over 150 000 kg must be equipped with the SGPWhe GPWS installation on aircraft
between 5 700 kg and 150 000 kg is mandatory anbase they are certificated to carry more than
30 persons on board. Presently, the GPWS is widedy as an augmentation of GPS with map
documentation and also enable visual warning agapgroaching into terrain. It takes into
consideration also the given flight trajectory. [9]

Second sphere is crew training and certificatioariy this phase, flight crews are provided
with a suitable training. After it the crews wikkfamiliar with the danger of the CFIT and theylwil
be also well-prepared for recognizing such situmtend will know how to face the areal
disorientation. Information about the CFIT is implented into the whole training process,
especially during the IFR training, MCC (Multi Cre@ooperation) and particular line trainings.
The studies demonstrate that a risk of the CFImush higher during the non precision approach,
as mentioned hereinbefore. To the category of menigion approach belong mainly VOR-DME,
NDB and NDB-GPS approaches. Despite the fact tleapproach process is not dangerous at all,
it is important to count with a probability of ngation facility failures. Hence it is not
recommended. Operators should emphasise this tskgl training to lower probability of
neglecting. They should also implement standardsvéstical guidance when executing a non
standard approach. The operators typically useobtieree possible techniques of vertical guidance
for the non precision approach. Among these teclmsiga CDFA (Continuous Descent Final
Approach) is preferred. Whenever possible, theaipes should use it to decrease pilots’ workload
and consequence probability of mistakes. Many eatitrg states require usage of the CDFA
technique or require higher visibility or RVR pareters in case the CDFA is not available. When
this technique is used, a pilot keeps a constaatafadescent when the vertical navigation is eithe
calculated or enabled by onboard instruments. Spéeatbscending is chosen in order to get a
constant descending to the point approximately 1&@nft) from the runway threshold where the
pilot should flare the aircraft. Descending has&calculated and performed in order to ensure
descending in or above minimum altitude at any fpdfmo visual references required for landing
are available when reaching MDAH (minimum descétitude/height), the vertical part (climb) of
a missed approach procedure is initiated in the NHDA his manoeuvre is sufficient to ensure the
required minima. The aircraft does not level offemtapproaching the MDA/H. Any turn must not
be initiated before MAPt is reached. It is alsoessary to depict that there are only two optioms fo
the flight crew while approaching the MDA/H as imetcase of precision approach procedures:
continue in descending under MDA/H to land withghef particular visual references or to proceed
according to missed approach procedures. The C[ZEAntque eases the final segment of the
instrument approach as it includes procedures aind ones used during precision approach or
APV (Approaches with Vertical Guidance). The CDF&chnique improves pilot's situation
awareness and fully corresponds to criteria ofdifiseed approach”. Disregarding the fact if air¢raf
operator accepts the CDFA techniques, the spdddiilcing is necessary. [3]

Next important sphere of prevention against CFITflight documentation. The flight
documentation includes approach, en-route and otfegy documents. Airlines and pilots must
always have actual maps for a given flight. Thes@srare one of the tools which contribute to the
situation awareness and can be used to ensurgedcaife minimum altitude in the case of loss of
situation awareness or emergency. This informaiooimplemented and published in AIPs by
particular state organs. Standards are being chdang®map documentation, as well. Non precision
approach maps are made to be as similar to thesfme@pproach maps as possible. Moreover, non
precision approach maps only include procedurestiEw down approach. Despite the fact that all
information published in AlPs are mandatory foraderators and have a legal form, every airline is
allowed to implement its own flight documentatiosmsbd on the published procedures in the AlP.
The specific flight documentation can be createdHeyparticular airline or the responsibility for
their creation can be shifted to a relevant compa&@ych an institution can be for example
JEPPESEN which has the biggest experience in phisre and most airlines fly in accordance with
its maps. On the other hand, it is important to leasgse that such “improved” maps might be more

195



transparent to some pilots but they have no legsisb In other words, it means that inspection of
any aviation incident or accident is based on mfron published in AIP and not according to
information published in maps created by JEPPESEN.
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Fig. 1. Instrument Approach NDB — LZZI - Continuous DescEinal Approach. [1]
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Fig. 2. Instrument Approach NDB — LZZI — AD2-LZZI-7-1.]2

4. Conclusion

There are more tools preventing from the CFIT ommwee such as ATC training or reduction of

maximum daily workload for personnel. Despite dlltloese methods and tools, being informed
about the eventual CFIT risks is still the mostog#ht one. This can help in early detection of the
common signs and take the right action. It is viemnprobable that era without any incidents or
accidents will ever appear in aviation but we canimise the risk using the defined mitigating
steps and actions.
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1. Introduction

This paper represents a part survey of knowledgessary to solving topic of the author’s
PhD thesis that deals withlse of formal and semiformal methods in safety-related system
assessment. At first the importance of functional specificatiae briefly presented from the
standardization point of view. The main attentisnpaid to Event-B formal method suitable for
producing functional specification of safety-rethtmntrol systems with proofs of their consistency.
There is given a practical example to show how HBwent-B method can be use for writing
specification of the axle counter system in thearerailway systems.

2. Functional system specification

During the life span of a system, one of the moslicdte steps to be accomplished is
translation of needs and requirements into spetifins. The drafting of specifications is very
important, in particular for safety-related systemlistakes made during specification phases are
often detectable as late as during the integratsis. If errors remain undetected, they become
potential sources of dangerous faults during systgmration. Different types of specification
languages may be distinguished: specification emittby ordinary language, semi-formal
specification and formal specification. Generallyatural languages and similar non-formal
notations are said to have many disadvantages wexh for technical descriptions, it is generally
incomplete, incoherent, ambiguous, contradictoryd agrroneous. Therefore standards for
developing safety-related systems (for exampleaiimvay industry there are EN 50126, EN 50128,
EN 50129) highly recommend formal and semi-formafmods for development of software in a
way that is based on mathematics (this includemdbidesign and formal coding techniques) and
their use for writing specifications and for verify the safety.

3. Examplein Event-B formal method

3.1. Event-B method

Event-B [1] is a formal method for building and Bzéng a model at system level. Event-B is
based on the set theory. Its key features areuyost for formal refinement, which allows systems
to be described at different levels of abstractiewvent-B models are built using top-down stepwise
refinement. After each step a series of Proof @Qitilbgns (PO) is generated if necessary. These POs
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represent properties of the model that need toalisfied for the refinement, called the concrete

model, to preserve the properties defined in tlezquing abstract models. This enforces correct-
by-construction refinement with properties beinggarved from the most abstract down to the most
concrete model. Practically it is shown in the nehdpters.

3.2. Non-formal specification of axle counter system

Although in this example the formal specificati@nproduced, we have to begin with the non-
formal specification of the desired function, instltase for the axle counter system. Important
characteristics of the system are marked by idergifin brackets. Identifiers allow tracing of
important characteristics easy in the developmestgss.

(FUN1) Axle Counter is a system determined to detaidway vehicle axels and to evaluate
track section occupancy. (EQP1) Each track sedsialiefined by counting points. Counting points
are located in every possible input or output plat¢he track section. (EQP2) Counting points
towards the start of the track line are markeddabpwints, towards the end of the track line asieve
points. (FUN2) Counting points detect the axleshef passing train vehicles. The system evaluates
number of detected axles presented in a trackasedfrUN3) Axles of a train passed through the
odd counting point in the odd direction are countedand vice versa in the even direction are
counted out of the track section. (FUN4) Axles afaan passed through the even counting point in
the even direction are counted in, and vice vansineé odd direction are counted out of the track
section. (FUN5) Section clear indication will be saly if the number of the axels is zero. (SAF1)
After restart the system occupancy of the trackiseds indicated. Graphical representation is
shown in Fig 1.

pO———» Track Section (TS) pE ¢——
start of the track . . end of the track
cp_O cp_E

Fig. 1. Graphical representation of the axle counter gyste

Track section is bordered by odd counting point (@pand by even counting point (cp_E). Arrows
indicate the direction of crossing through countomgnt in the odd direction (pO) and in the even
direction (pE).

3.3. Initial Event-B model

The Event-B model is developed in an incrementaimea It is no purpose to create a model
of the system which we want to construct in alld&tails in one step. We create a series of more
and more accurate models of the system with theugitaaddition of details (refining), thus
approaching a reality. The initial model is usualgry abstract. We do not consider all the various
pieces of equipment; they will be introduced inseduent refinements.

The first Event-B model is made up of a single afalen, which denotes the actual number of
axes in the section. This is simply written as shamwthe boxes in Fig. 1. Variabkeis defined by
mean of one condition, which is called the invatigkn invariant is a constraint on the allowed
values of the variables which must hold on all hednte states of a model. The invariant (inv0_1)
declare that this variable belongs to the set tfrahnumbers, thus it is not negative. The vagabl
is initialized to O at the beginning. At this stagee can observe two events in the system. They
correspond to axis entering the track section avitey it. An event has a name: here KU_out and
KU_in. Event contains an action (statements) wluah be read as followsn*becomes equal to
n+ 1”. It is important to notice that in writing the actions we are not programming. We are just
formally representing what can be observed in discevolutions of our system. We are giving a
formal representation to our observation.
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variable: n | inv0 :ne N init TS_in TS_out
— begin begin begin
n:=0 n=n+1 n:=n-1
end end end

Fig. 2. Representation of initial Event-B model

At this level of abstraction we are not interestedvhich counting point is affected by axle in
which direction of passing through, we model no endemand than FUN2. When the event TS in
occurs, system status is changed in such a masnereationed in the action of this event, thus
adding one axle to track section (TS). If the evE&Bt out occurs number of axes in a TS is
decremented.

3.4. Proof of consistency of theinitial model

After creating a model, we have to perform a praddrder to verify consistency of our initial
model. We are required to show that the behavidwr system is compatible with the properties
given by invariant. In our case, to verify consmtg means to show, that invariant holds for initial
states, and the invariant is preserved by all evdntuitively, we can see, that action of the @¢ven
TS _out is not consistent with the invariant invdnlcase ofn<l. This causes, that the invariant
preservation proof fails. A failed proof revealdag. We create inconsistent specification and we
are notified about this by the tool. It is neceggarmention, that invariant preservation is onheo
of the various Event-B proof obligations, sometinaso called verification conditions. Formal
definitions of all proof obligations are given ih][ Many of the proof obligations in the Event-Rar
produced automatically by a Rodin Platform tool ¢a]led a Proof Obligation Generator. This tool
static checks texts of the models and decides et is to be proved. We figure out that proving
has the same effect as debugging.

3.5. Improving theinitial model

In order to correct the deficiencies we have disced while carrying out the proof, we have to
add guards to our events. These guards denotesttessary conditions for an event to be enabled.
More precisely, when an event is enabled, it me¢hasthe transition corresponding to the event
can take place. Event TS_out after correctioriustilated in Fig.3.

TS out
when
n>0
begin
n:=n-1
end

Fig. 3. Correct form of TS_out event from the initial mbde

3.6. First Refinement

A refinement is a more precise model than theahibne; which should not contradict the
initial model. In first refinement, we introduceetifiurther details about counting axles in or out of
the TS. Counting axles in or out TS depends on kvHicection are the counting points passed by
wheel, as is specified in FUN3 and FUN4 of non-farspecification. Counting point for this level
of abstraction may be influenced by passing in da direction (pO), in the even direction (pE) or
unaffected (pU). It may also be affected incorge@pll). This set of information we label as EP and
it is introduced into the model. We introduce twewn variables, namely cp_O (counting
point_Odd) and cp_E (counting point_Even). New afalgs carry information about how is each
counting point passed (take their values from #teEEP). Next we supplement the original events
TS in and TS_out by the conditions which specifdemwhat circumstances it is possible to add
axles into the TS. For example TS_in event occursnithe odd counting point is passed in an odd
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direction (FUN3) or even counting point is passedhie even direction (FUN-4). This is indicated

by the first guard condition. Also at the same timmne of counting points may be affected

incorrectly as is indicated by the second guardditmm. After refinement tool turn generates a

series of evidence of internal consistency refimmgdel and its compliance with the more abstract
(initial) model.

set: EP variable: n,cp_O, cp E || init KU_in KU_out
constants: pO, pE, pU, pl begin when when

- n:=0 cp_O=pO Vv cp_E=pE n>0

!nvl_l: ne N cp_0:=0 cp_O=pl A cp Ezpl cp_O=pE Vv cp_E=pO
axml_L: EP = {pO, pE, pU, pij| | '"V1-2-cp O EP cp_E:=0 || begin cp_Ompl A cp_E=pl

invl 3:cp E€e EP end n=n+1 begin

end n:=n-1
end

Fig. 4. Representation of Event-B model after the firfinesment.

In a manner outlined in the first refinement, it necessary to include further details of the
functional specification. For example, accordinghe desired function, the axle counter system is
supposed to evaluate track section occupancy (FaAmMLFUNS), not only count number of axles.

Due to limited size of the paper the following nefments of our model are not presented. But,
practically, the final phase of refinements corssiatperforming the various hardware or software
automatic code generation.

4. Conclusion

Formal methods are one of the ways of increasimgiadence in computer systems in area of
safety systems. The design and verification ofesystbased on formal or semiformal methods give
a chance to check functional correctness just befogating the system itself. This approach to a
system design is in accordance with requirementth@fEuropean standards. Simply writing a
formal text is insufficient, though, to achieve @esification of high quality. The Event-B method
offers the serious way to analyze a system spatific, to reason about it and proving it in a
mathematically rigorous way that all required pmties are satisfied. The modelling language is
easy to understand and assumes not so high leveslumfation in formal logic and an appropriate
suitable computer tool for industrial use is avaia
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Abstract. The paper deals with the characteristics of aeréaipects of intermodal transport, intermodal
terminals and logistics parks in the Slovak republihe purpose of this paper is also to specifypthaned
intermodal terminal in the city of Zilina, to deteine the assumed operational necessity of handknices

in this terminal and presents the effects, whighrgalization of this project could bring. The maljective

of this article is to inform readers about the biend effects which may be in the consequencelafhiped
construction of an intermodal terminal in the Ziliregion caused.
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1. Introduction

Intermodal transport is an energy-effective ando atnvironmentally friendly system
concerning the transport of goods in logistics ohaf freight transport. In the transportation of
goods it effectively uses advantages of differeamigport modes. Thus intermodal transport reduces
the overall burden of environment by harmful enussi and noise. Energy consumption in
comparison with direct long-distance road transgolower and in the case of the use of combined
transport block trains either the price for cargasgportation is lower. In terms of transports over
long distance intermodal transport has realistguagptions to become the best quality transport
system, mainly for that reason that it minimizes tlisadvantages of participating transport modes
and at full blast it takes advantages of theimgjties.

2. Intermodal terminals and logistics parks in Slovaka

In this section are briefly specified intermodalntierals and follow-up logistics parks in the
Slovak republic and here are also their shortcoming

2.1.Aspects of intermodal terminals in Slovakia at presnt

An intermodal terminal is generally the place wharehange of transport modes during the
manipulation with intermodal transport units is madNowadays there are in operation eight
intermodal terminals in Slovakia. These are: Blais - Central freight station, Bratislava
Palenisko port — only trimodal terminal in Slovgkilina, Terminal IT Dobra, Dunajska Streda I,
Sladkovtovo, KoSice and Vi&a Ida. The main weaknesses of these terminalef¢xbe terminal
in Dunajska Streda) are:

= [nsufficient length of transshipment line,

» Unsatisfactory handling devices in terms of thewmiber, load capacity, speed of
manipulation and possibility to handle with alliofermodal transport units,

= Impossibility to widen the transship centre becaafd@eir improper placement,

= Insufficient size of warehouse space in the terimina
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These shortcomings result in the fact that foreatgments of logistics chain do not accept
Slovak point of intermodal transport nodes as gppate locations for initial respectively final
consignments transportations of intermodal trartspor

2.2.Some aspects of logistics parks in Slovakia at prest

Logistics parks are created especially in ordeintoease quality and efficiency of transport,
services and ensuring the organizing of the calgw.fThey can be characterized as an object,
where independently transport companies, freigiwdoders, warehouse keepers and other entities
active in the logistics chain operate. They comhna#fic flows and in some cases also different
types of freight transport and thus they facilithte cooperation between individual carriers. Thus
they are built in places of major transport nodd emplaces of great economic concentration. The
logistics park is an important element that caratlyeelieve the already overloaded road transport
with the link of various types of freight transport

The primary specific feature of many logistics @adurrently in operation in Slovakia is
monomodality. Compared with foreign logistics cestevhich use several transport modes, they
allow only the connection to roads, but one-sidemi$ on road transport appears to be a significant
disadvantage. In the grounds of these logistickspéne additional building of private railway
sidings is often difficult to achieve because d@itlposition in an already built locality

There are currently in operation about twenty puldgistics parks and warehouses with a total
usable area of the associated space 20 300 Biovakia. The term public means that these parks
are built with the financial support from the Slaw&public and also they are open for the general
business community. The biggest logistics parksSiovakia are: PreSov CTPark, Beta - Car
Pezinok, Senec Logistics Centre Goodman, ProLogrk Bratislava, Senec ProLogis, CTPark
Trergin, ProLogis Park Galanta etc.

3. Construction of the planned intermodal terminal in Zilina

The proposed terminal in Zilina will be locatedweén the railway track Zilina - Vratky and
Vodné dielo Zilina, near the unfinished marshalliggrd Tepléka nad Vahom. Within the
designing of the terminal it is assumes that theshadling yard will already be operational. The
terminal will serve to transship intermodal transpmits (ITU) between road and rail transport and
for their storage. Attraction circuit of the terralrwith 80 km range would allow serving the entire
Zilina County, northern districts of Tr&im County, Ostrava County in the Czech Republic and
southern part of the Katowice Voivodeship in Polatwd also the terminal in Zilina could become
the input and connecting terminal for transportaio all directions and in the future it would de
part of a logistics center for the north Slovakia.

Technical specifications of the terminal [2]:

= 2 gantry cranes with crane runway length 750 m wilifting capacity to tow of 45 tons,

= 1 additional handling device, which would operdie $pace beyond the reach of cranes and it
would be designed especially for handling with gmpt)’s,

= 5 handling tracks with a minimum length of 750 nhere 4 of them would be operated by
cranes,

= ROLA line,

= Deposit areas within the range of cranes 31 587tanstore empty ITU's 23 817%mand to
deposit damaged ITU’s 8 877 m

= Areas for storing swap bodies with a capacity o588ts,

= The road for ensuring of mutual access to the radhaint ramps for loading and unloading of
road trains in the system ROLA.

Individual elements of the terminal are designeth\ai sufficient margin with the possibility of
their extension. Terminal arrangement also provilespossibility of its extension by the logistics
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center. The number of handled ITUs is expecte@@Dper year at the beginning, but this number
might be increased up to 70 000 per year latereEbgal completion of the terminal construction is
in 2012. For the construction of this terminal alecated total financial resources in amount 41,5
million €, where it is only public resources argiftom EU resources and from the state budget of
Slovakia in proportion 85%: 15%.

Calculation of expected operational necessity ofesaype handling devices (gantry cranes)
used for the handling with ITU’s in the plannedeinmtodal terminal Zilina is determined by the

following equation [3]:
Z - NLO kvo tIo *[1_,_ r j (1)

C (T -T)*a, 100

where:

Z, Total number of gantry cranes

N Average number of incoming and outgoing ITU’s pay,dvhich is determined by the
sum of loadings, unloadings and transshipmentsaafming and outgoing ITU’s,

Ky Coefficient of depositing that expresses thareslof transshipments through storage
area, the direct transshipment has a value of trenbtbading or unloading has a value
of 2,

K, Coefficient of ancillary operations of the gantmane which are not directly related to
the transshipment of ITU’s,

t, Average duration of one loading operation with IT{lbading, unloading,

transshipment), it is dependent on the selectedhamezation device,
T Daily working time,

T, Legitimate and necessary technology breaks at,work

a,, Coefficient of operational use of gantry cranéshharacterizes whether the device
actually works all the time during the shift,

r Reserve for the planned scheduled maintenanceplanded repairs of gantry crane,

which are determined by producer to ensure the éxigtence of devices.
Sample calculation:

Value N, is greatly influenced by the coefficient of dejpiog, because it essentially
multiplies the number actually incoming and outgpitiTU’s. Therefore k, must be set

appropriately, which is different for each categofyTU’s. For the purposes of calculating 1,4 will
be the appropriate value (actual values are betdegeand 1,6). In determining, several factors

are operated, which are taken into account. Thesspeeed of handling device in an empty / loaded
condition, the distance that must be overcomenibthod of handling and stacking. The value 4

minutes is chosen for gantry cranes. Coefficienamdillary operationk, = 1,1. Daily working
time is on average T = 12 hours (720 minutes) aidevT, is determined on 60 minute$ (T =
660 minutes). Coefficient of operational ugge,= 0,8 and reserve for planned repairs and

maintenance is 15 %. In the calculations an avedagg number of incoming and outgoing ITU’s
280 pieces will be considered (70 000 ITU s/ye2B0 days = 280 ITU s/day).
The total number of handled ITU’s per day:

N, o =280*14=392ITU’s (2)
Calculation of gantry cranes necessity:

392*11*4 15
=———— —*1+— |= 376=4 gantry cranes
¢ 660*08 ( lOOj o ©
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The calculation shows that within the expected ahmumber of handled ITU’s 30 000, the
planned number of 2 gantry cranes and 1 additibaatlling device would be sufficient. However,
if the annual number of handled ITU’s were incrdase 70 000 pieces, it would be necessary to
increase the number of gantry cranes to 4, resgdgtto 3 and the additional handling device
would be also available.

4. Conclusion

The main assumed benefit of building modern intetahderminals and intermodal logistics
parks is expected transfer of transportations pé&dsn the direct road transport to more
environmentally-friendly rail and waterways trangpdhis would bring a relief of road network
and also the number of road accidents would becestiuDeveloped infrastructure together with
logistics parks built near of intermodal terminalso creates better opportunities to use logistics
services. Planned intermodal terminal is desigrsed bBimodal, it means it connects two modes of
transport within a single complex. For that reagois destined to yield the desired effect in the
form of acceleration and improvement of transperviee of the Zilina County and improvement of
logistics processes in companies, which will uggises of planned public intermodal terminal in
Zilina.

Acknowledgement

This contribution/publication is the result of theject implementation:

Centre of excellence for systems and services otefligent transport, ITMS 26220120028
supported by the Research & Development Operatirajramme funded by the ERDF.
L
“lsath ™

N\
A Operacny program N
s 1_VYSKUM a VYvoJ
Eurdpska tnia * 2 A

Eurtipsiy fond regiondineho roovoi '

"We support research activities in Slovakia / fingject is co-financed by EU funds"

Agentura

Ministerstva Skolstva, vedy, vyskumu a Sportu SR

PN pre strukturalne fondy EU

&
K

References

[1] STOPKA, O. SULGAN, M.Analysis of establishment and construction possésl of logistics centers and
logistics parks in the Slovak Republin: LOGI 2010: 11th international scientific cordace, November 19th,
2010 in Harmony Club Hotel, Pardubice, Czech RepubBrno: Tribun EU, 2010. pages: 177-191. ISBR8B0-
7399-205-7.

[2] PROCHAC, E.Terminal intermodéalnej prepravy Zilinaln: Zbornik prispevkov konferencie Infrastruktdra
intermodalnej prepravy, 18.3.2010, pages: 99-10%ailAble In: < http://www.intermodal.sk/infrastruks-
intermodalnej-prepravy-2010/313s>.

[3] STOPKA, 0., SULGAN, M.Determination the optimal number of devices useanfovement with handling units
In: Perner’s Contacts: e-magazine, number: 4, vellnDate of edition: December 2010, pages: 265-8SSN
1801-674X.

[4] Jagetdk, J.: Balenie a upevnenie nakladu pre paletizpvetvezpény naklad prepravovany cestnou, Zelénou a
namornou dopravou In: Doprava a spoje [elektronizdkoj] : internetovigasopis. - ISSN 1336-7676. - 2010.-1
(2010), s. 107-114http://www.fpedas.uniza.sk/dopravaaspoje/2010/&izak. pdf

204



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Technical Standardsfor Modernization Main Railwaysin Poland

*Andrzej Surowiecki
*Wroctaw University of Environmental and Life Scees, Department of Building, pl. Grunwaldzki 24,
50-363 Wroctaw, Poland, andrzej.surowiecki@up.wgbc

Abstract. There were specified tasks for the PKP in the lmfhprovisions of the EU. There were described
selected provisions developed by the Ministry dfdstructure, the technical conditions to be metthoy
railway facilities in the construction, modernizati and maintenance. There were presented Technical
Standards developed by the Centre for Scientifid @nchnical. Document provides detailed technical
specifications for the modernization of internatibmportance (assuming a speed of 160 kmph.)deraio
adapt to conditions resulting from the EU Direct®@4/50/EC and 2001/16EC and records of the Teahni
Specifications for Interoperability of the convemial rail (TSI CR).
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1. Tasksfor PKP S.A. in thelight of provisions of the EU

PKP S.A. (Polish Railway Lines) consistently immpknt the provisions of the European
Union, as contained in the "European railway magten for high-speed", adopted in 1990. The
plan pointed out the necessity of speeding up waorkuilding high-speed lines in the countries of
Central and Eastern Europe. Poland's four railidars pass PAN (belonging to the railway
network of ten Pan-European corridors) [1]. Theerev marked with numbers and relationships
were:

I. Helsinki-Tallinn-Riga-Warsaw branch of Riga-Ggk (velocity 200-250 kmph)

Il. Berlin-Warsaw-Minsk-Moscow-New Novgorod (v> 3@énph)

[ll. Berlin / Dresden-Wroclaw-Lvov-Kiev (v = 200-B3kmph)

IV. Gdansk-Warsaw-Katowice-Zilina-Budapest (v = 200-300 kmp

Transport corridors designated in 1997 at a conferen Helsinki, with the implementation of
this plan is expected in 2015. These corridorsuiehel20 thousand km of railway lines, 18 thousand
km of road, 38 airports and 48 inland waterways9fi]. In the corridors |, 11, 1ll, IV, on Polish
territory operates five international flow of triaff which is expected to speed: 120, 160, 250, 300
and 300 kmph. These were the following strings [1]:

1) E20: Berlin-Kunowice-Poznan-Warsaw-Moscow-Teosp

2) E30 Dresden-Zgorzelec-Wroclaw-Krakow-PrzemysiviKiev, with a branch C30, / 1 by
Nowy Sacz-Muszyna to Presov,

3) E59: Stockholm-Swinoujscie-Poznan-Wroclaw-Ogode-Vienna, with a branch C59 / 1
(the Zgorzelec-Zawidow) and C59 / 2 (byddzylesie) in the direction of Prague,

4) E65: Helsinki-Gdynia-Warszwa-Katowice-Zebrzydo#Prague,

5) E26: Wroctaw-Piotrkow Tryb.-ldzikowice-Warsawdbystok-St. Petersburg

Adjustment program of rail lines designed to speetdudes time horizons: 2005-2015 and
2015-2030, [1], which provides for the modernizatind construction of new railway lines. By
2015, PKP decided to upgrade 1900 km of railwagdiand build 330 km of new lines. During the
year 2015-2030 is anticipated construction of newed of high-performance service that allow
driving at a velocity v> 300 kmph, were intended solely for passengerictafne of these rail
lines will be the relationship Kunowice-Poaraddz-Warsaw-Terespol, which is part of the
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corridor, London-Paris-Berlin-Moscow. In connectiwith the provisions of the EU and taking into
account the need to improve the quality of the isesvoffered Polish Railway Lines and the
Ministry of Infrastructure is developing new tectati conditions to be met by railway structures in
the construction, modernization and maintenances@ttonditions are contained in the documents
include:

- 1d-1 (D-1), 2005, Technical maintenance and traiffic, lines of classification, and diagnosis
of geometric surfaces [2];

- D-2, 2005, the technical conditions for railwaggaeering structures (bridges, viaducts,
culverts, tunnels, footbridges and other) [3];

- 1d-3, 2009, Technical maintain the subgrade g dhea of technical requirements, drainage,
maintenance and repair, inspection and acceptdneerks [4];

However, Center for Scientific and Technical hathlelsshed a Technical Standards, which are
detailed technical specifications for the modertidza of international importance (assuming a
speed of 160 kmph) in order to adapt to conditi@ssilting from the EU Directive 2004/50/EC and
2001/16EC and records of the Technical Specifioatior Interoperability of the conventional rail
(TSI CR) [8].

2. 1d-1(D-1) Technical conditions for maintenance of the surface of railway
lines[2]

Figure 1 shown a cross section of the track dotralek line and first on the main straight
section [2]. If the min railway was anticipated #hye Guidelines for 1d-1 (D-1) maximum speed of
passenger trains at 200 kmph goods trains at 12Phknwhich was consistent with the
recommendations of the UIC.Compensation for cormgetthe requirements as natural

environmental decision permits for the implemeptabf investments [4]

: 11,00{ 11,50) L W praskapte
"E E 3,50 4,00 [4,50) - 3,50 i i
\ 2,70 270 5
50,45 : 260 T 2,60 : 0,455
''''' Iy e T — GRS ~'§-|'_
1= L% i % b BN~

Fig. 1. Cross section of double track main and first classon a straight stretch [2] '

Technical conditions for the maintenance of surfige# (D-1) [2] refer to the standard gauge
railway tracks and lay down requirements for thentemance of surface to ensure safe operating
conditions of the technical and exploitation partereset for the line. Conditions of Id-1 (D-1)
contain the main part (eight chapters) informatimmcerning: the technical requirements for the
maintenance of surface,, the technical conditidngeometrical track surface diagnostics, track the
welfare of non-contact conditions for the exercidfetrackwork and safety conditions while
maintaining surface . For the main part of thechtal 17 annexes, including but not limited to:
pavement design standards, pavement design elenkatsechnical characteristics of the rails;
types of sleepers, ballast specifications, opegationditions of the track-contact, traffic signs,
pavement condition evaluation criteria, principbésvork acceptance procedures.
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3. Specific technical conditionsfor modernization of the international line for
velocity Vimax = 160 kmph [8]

Study carried out by the Centre for Scientific anechnical provides technical norms and
standards and detailed requirements for the markgron of railway lines covered by the AGC and
AGTC (European Agreement on International Combifehsport Lines and Related Installations)
adapted to the velocitymax = 160 km/h [16]. Takes into account circumstanaasing from the
Directive 2001/16/EC of the European Union andgiavisions of the Technical Specifications for
Interoperability of Conventional Rail (TSI CR). Thentent of the paper was divided into modules,
including requirements for: superstructure, sulaostme, gauge, intersections, facilities engineering
enclosed structures, platforms, canopies, scramusid insulation, smaller sports facilities and bus
passenger stations, equipment power supply, codgwlces signaling, radio communications,
systems and devices wired telecommunications, teghdiagnostics of vehicles, environmental
elements of visual information. Each module endé&t @ list of related documents. A discussion
of selected issues of engineering requirements

The content of the requirements is divided intgptéies containing guidelines for:
- construction of bridges, viaducts and culverisvay
- the surface on the object and its approach roads.

Engineering objects may be released to service r&herbishment works when:

- their condition is at least good, which is onemhich the technical parameters of the facility
are consistent with the design and there is no neaeéduce the projected operating conditions
(speed, axle load, gauge);

- meet the requirements specified in the relevectirtical conditions [D2].

Among the requirements of design deserve spedaitain:

- new bridges and viaducts should be designedtétbridge plate of closed construction

- in bridges and viaducts new or upgraded shockrabkss should be used with transferring
large braking force directly to the wall of the post,

- on bridges, viaducts and culverts should be wg@oisolation and drainage systems

- noise barriers installed on civil engineeringistures must be firmly attached to the beams or
bridges to span load-bearing elements,

- when the modernized railway viaduct bridge otiaigy is located or the state road, to protect
traffic against falling dirt from the bridges, &ltidges should be carried out as a sidewalk full of
and barriers to the Solid web site;

- retaining walls along the tracks in excavatioowdt be at a distance of at least 4.0 m from the
track,

- on new bridges and viaducts with a length of ntben 15 m should be separated sidewalks
on both sides missions with a minimum width 0.75prgtected from the edge of a bay barrier
height of 1.10 m;

- supports construction of new bridges and flyoversst be designed solely as a monolithic,
- all structures shall be protected against coorosn such a way as to the durability of this
protection is at least 15 years;

- when designing new bridges and viaducts are regemded span of a mountain ride on the
design:

a) slab of reinforced concrete or compressed,

b) with steel concrete girders,

c) slab-beam reinforced concrete or compressed,

d) the composite steel-concrete (steel sectionb@aam or a box)

e) plate with the steel bed to surface on ballast,
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f) for the design of new construction is recommehder multi-span continuous regimes,
instead of simply supported.

Among the requirements for the surface on the olged its approach roads are distinguished
as follows:

- track on bridges and viaducts with spans spagsréticall; = 30 m should be placed in each
bay with bilateral decrease in the longitudinakdiron from the center of the span. For buildings
with spans spank < 30 m from the track can be installed in accoréamth the longitudinal
profile of the railway line,

- the bridges do not use the classic rail jointse Tirst contact rail can be placed at a distance
of at least 10 m from the rear wall of the bridgatheThe same rule applies just the beginning or
end of the track-contact and turnout;

- allows the use of bridges of welded rail jointg électro-resistive or termite welded the
requirements specified in the relevant standardgjstructions and guidelines,

- compensatory instruments and rails for civil éegring structures to be used in accordance with
the principles laid down in the technical condigpn

- in areas adjacent to the use of engineering ddsigllow for a gradual change in stiffness of
the substrate (for example, the transitional board)

4. |Interoperability and technical standards for high-speed rail

Interoperability according to directive 96/48/ECté European Parliament and Council of the
EU means the ability of trans-european railway eaystto enable the safe and uninterrupted
movement of trains, ensuring the required sizénefgerformance (speed, etc.) [6]. Interoperability
requires that technical and organizational cond#ioTo specify these conditions, the railway
system was divided into subsystems, for which thguirements are included in the technical
specifications for interoperability (TSI) [6]. TSlsontain the essential requirements for the
subsystems [6]: infrastructure (railway), energgdction power), traffic control systems (ETCS and
GSM-R drive safely control the transmission of kr&ehicle), rolling stock, traffic management
and telematics applications

The technical specifications for interoperabilitgne appointed to European standards, which
were contained details necessary technical stasd&atch TSI wre based on the state of the art
review of an existing subsystem and indicate thalfsolution, which can be achieved gradually in
a reasonable timeframe. It was noteworthy thatHigh-speed rail specifications apply to the
currently selected which relate to one and therathe: conventional and high speed. This could be
the TSls of safety in tunnels.

Currently, the EU railway managements are workingle gradual development of common
methodologies to ensure the safety of railway itaiffhese methods were based on the principles
laid down in Directive 2004/49/EC on safety in rasnsport. Entering this system into practice
based on joint ventures, characterized [6]:

- CSl safety indicators (number of accidents, wisti etc.)

- the safety objectives of CST, formulated in rielato the risks

- methods to ensure the safety of the CSM

5. Conclusion

Against the background of the tasks for the PdRslilways Lines in the light of the EU were
presented, inter alia, technical standards devdldpethe Centre for Scientific and Technical.
Document provides detailed technical specificatidos the modernization of international
importance (assuming a speed of 160 kmph) in daledapt to conditions resulting from the EU
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Directive 2004/50/EC and 2001/16EC and records lé {Technical Specifications for
Interoperability of the conventional rail (TSI CR).

The Polish railway documents increasingly appeansegiuire more speed, which in turn is a
measure of modernity [5, 6, 7, 9, 10]. In thesehhexal Conditions of Id-1 (D-1) introduced a
speed of 200 kmph. Velocity 300 kmph was a challenge in developed in 2005hbyGentre for
Scientific and Technical pre-feasibility study #railway line Wroclaw / Poznan-London-Warsaw
[5, 7]. This means that the PKP SA properly trbatgrovisions of the UIC.

Construction of high-speed railways in Poland mustpreceded by the development of an
appropriate system standardization, based on leggllations [6]. In that regard, it is an
opportunity to benefit from the experience of EUWetries, which for many years exploited the
high speed rail. In Poland, the Office has beeminghfor High-Speed Train (BLDP) [6], which is
currently preparing the national legislative systémearing in mind the existing EU ETS) and
internal control system for future high-speed iaifrastructure manager. Measurable effect of
BLDP operation will be consistent set of requiretsefior high-speed rail in the Polish conditions

[6].
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Abstract. Article discusses the possibility of internal diagtics devices using for other tasks (eg driving
test). The control unit processes information frarmaariety of sensors in the vehicle, which it netxgs
operate. With connecting of suitable techniquéhtodontrol unit we can monitor these values. Inescases
these values can be also recorded and then ewéludstues from the vehicle control unit and value
measured with external device were compared byrgrpatal measurements.
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1. Introduction

On-board diagnostics refers to the systems on #ecke carrying out some form of self-
monitoring. The more complex automobiles become,gieater the number of electronic systems
and the more difficult it is to register the actwaindition in case of a defect. Many connecting
cables and adapters are required to achieve this @bout the different systems and their working
together is needed to allow a system specific disign Modern electronics with self-diagnosis
supports the technician by registering actual \@lgemparing them with the nominal values, and
diagnosing faults that are stored for repair puesos

2. Self-diagnostic (On-board diagnostic)

The term on board diagnostics refers to the selfptlbsing capabilities that are carried in the
computers on the vehicle, and the aids that areiged to make the diagnostic data available to
authorized users. Off-board diagnostics is equifragoh as scan tools, oscilloscopes and other test
equipment. In most cases both types of equipmentequired for vehicle repair work. To date
(January 2000) there have been two versions of ORD,0OBD | and OBD II. Both apply to the
USA, but introduction of similar legislation for Eape is imminent.

2.1.0BD I

This required vehicles produced from 1988 onwamsbé equipped with electronically
(computer) controlled systems that were capablenohitoring themselves. Any malfunction
(defect) that affected exhaust emissions must Bplalied on a warning lamp, known as the
malfunction indicator lamp (MIL), on the dashboafthe malfunction must be stored in the ECM’s
memory and it must be readable with the aid ofdoard’ facilities, e.g. a flash code on a lamp.

2.2.0BD Il

OBD Il strengthens the requirements of OBD | oniglels of model year 1994 and afterwards.
OBD Il applies to spark-ignition cars and light garmand from 1996 onwards to diesel-engined
vehicles. The main features are that the followengssions related systems must be continuously
monitored:

* combustion

e catalytic convertor
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* oxygen (lambda) sensors

e secondary air system

» fuel evaporative control system

» exhaust gas recirculation system

3. Toolsand equipments

As the complexity of the modern vehicle continuesnicrease, developments in suitable test
equipment must follow. Many mechanical and elegtr@ystems now have ECUs, that contain
self-diagnosis circuits.

The test equipment on the market can be subdividedwo main categories:

e hand-held or portable instruments;

e stationary equipment.

Hand-held instruments are commonly used for theérobof engine functions like ignition or
fuel injection and the request of error codes fthm ECUs. Stationary test equipment may be able
to cover the whole range of function and perforneacicecks of the engine, gear, brakes, chassis,
and exhaust monitoring. Most of the common tesiezsused for diagnosing engine faults.

Currently, there are many diagnostic systems tieainstalled using the CD or DVD directly to
the PC (usually a laptop). The advantage of thasiitfes is their possible use in driving testsl an
recording of different values to the PC and thebsequent evaluation.

3.1. Toolsfunction

In general, diagnostics device contains the follmpeatures:

* Read identification- Displays complete identificati of control unit, e.g. part number,
software/hardware version, manufacturer, etc.

* Read fault codes- Displays all stored and pendang todes with complete description (e.g.
"Rail pressure - too low pressure"). Program suggp@port printing or copy to clipboard.

* Clear fault codes- This function clears all storkdilt codes and other diagnostic
information.

» Auto-scan (complete car test)- Detects all ECUsctebnic control units) installed in car
and reads all diagnostic fault codes.

 Measured Values- Program displays live data likgiren speed, battery voltage, oxygen
sensor, coolant temperature, etc. Logging to 8lealso supported, which allows offline
analysis.

» Actuator test- Actuator test activates particuletuator (e.g. turn on fuel pump, lock/unlock
wheel, lock/unlock doors, cut off fuel, etc.)

* Programming functions/Adaptation- This feature fsgoeat importance in all vehicles
because systems like engine control units, immat, airbags, alarms, body control units,
and some others, require you to perform reset@grpmming procedures after car repair is
done, or even configuration after replacing brokentrol unit.

Measure values is very useful feature of diagndstits. For example, the diagnostic program

Lexia allows to measure and record 6 parametergesdtparameters are divided into vehicle
systems. Figure 2 illustrates the engine speedrgection time in the time scale.
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Fig. 1. Diagnostic software Lexia

4. Measuring

For measuring we used diagnostic technique Lexended for Citreon and Peugeot. The aim
was to compare the speed of the vehicle engine&itC6 measured with Lexia and with external
engine speed Brain Bee MGT 300 / R. Recording sp@nseconds and the engine speed was
gradually increasing according to Table 1. Thedatuntains the values only range from 40 to 60
seconds because of the large scale of data. Cargigph of engine speed is on the Figure 2.

Time (sec.) 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50
Lexia (1/min) 2600 | 2840 | 2960 | 3000 | 3000 | 3000 | 3000 | 3000 | 2960 | 3000
MGT 300 (1/min) {2320 2670 | 2950|3010 | 3030 | 3040 | 3030 | 3030 | 3030 | 3010
Time (sec.) 51 | 52 | 53 | 54 | 55 | 56 57 58 59 60
Lexia (1/min) 3240|3960 | 4160 | 3920 | 4080 | 4080 | 4040 | 4080 | 4080 | 4120
MGT 300 (1/min) | 3030|3510 | 4020 | 4070|4050 | 4130|4100 | 4090|4110 4170

Tab. 1. Values of engine speed in range from 40 to 60rskco
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Fig. 2. Engine speed
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On the graph we can see that data from Lexia andlf M@0 are almost identical. Small
differences are only in the sudden increase ore@dser of engine speed. It is caused by different
sampling frequency of these two devices. In thadsteengine speed, difference is very small.

5. Conclusion

Diagnostic software enables us to read data francdmtrol unit. In the case of software Lexia
we can view maximum 6 parameters, which can berdecoand then evaluated. During the driving
test can be very useful data from the control wgt, on vehicle speed, engine speed and others.
They can be used as supplementary or expandingrotasts like:

* measurement of fuel consumption
* measurement of braking deceleration
* measuring the acceleration of the vehicle
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Abstract. This paper deals with evacuation plan design. plam is needed for efficient perform of
evacuation. Here is shown min-max approach forisghevacuation vehicle assignment problem. This
problem comprises a key part of evacuation prolfiemm operational research point of view. Branch and
bound method is used for finding integer solutidhe paper also deals with improvement which reduces
amount of computational time which is required kg imethod.
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1. Introduction

In case of emergency when people who are locatadyrgeographical area are endangered by
some thread (natural disaster or industrial ac¢)deracuation must be performed. The evacuation
allows us to prevent death toll and to minimize badsequences of that emergencies. In order to
evacuation can be performed it is needed to cr@atevacuation plan for particular emergency in
the shortest time as possible. The time includas for creating input data and computational time
which is needed for solving the problem. One wagalfing the evacuation problem is to create
linear model which describes the problem. The mwblcan be subsequently solved by some
general optimization software. This kind of infortica decision support systems are often used for
solving many types of problem [1] [2] [3] [4] an8][ But they are not suitable for people who do
not have operational research knowledge and arepraatical for common using because they
require special input data preparation which cansame a lot of time. Other way is to create
specialized decision support system given for sglvinentioned problem. That system requires
specialized algorithm for its completion. The alton which we deal with in this paper is based on
the min-max approach for solving the evacuationiclehassignment problem. This problem
comprises key part of evacuation problem from dpanal research point of view. The object of
evacuation problem is to minimise total evacuatiore.

2. Problem Formulation and M odel Building

Let us assume a sé@tof municipalities which are created by dividingdangered dwelling
places into the parts which contain less numbelinbibitants. These municipalities can be
evacuated independently. Each municipglibhas populatioiy; inhabitants who must be evacuated
to the refuge. The refuge is pre-assigned to mpaiity in advance. Let us also assume al st
homogenous fleets where each fleebntains numbe; vehicles and each vehicle has capakity
Symbolt; denotes the time which a vehicle from fleateeds to traverse to municipalityand
symbols denotes the time which a vehicle needs to traveesgeen municipality and the refuge
which was pre-assigned to the municipality. Letlasote with symbad;; number of vehicles from
fleeti assigned to municipality We require satisfaction of next preconditionsdime vehicle is
assigned to municipalitythen the vehicle can not be assigned to anotheiapality j [0J, | #j .

A vehicle assigned to municipality can visit thisimcipality more than one time (s€€g. 1). The
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objective of the evacuation vehicle assignment lerakis to assign appropriate number of vehicles
from fleetsi /1 to municipalitieg[]J so that every inhabitant from all municipalitisssaved and the
total time of evacuation is minimal. Authors in [Bleated complex model which is, however,
nonlinear. They showed way how to transform the ehdal linear one, but the computational time
required for solving the problem is still too big.

Fig. 1 Route of a vehicle from fleétwith two visits in municipality

We transform the complex vehicle assignment prolitethe reduced problem. In this problem
we just try to perform evacuation into the maxirpa¢determine time which let us denote with
symbol T™ Solving of this reduced problem for suitable esluof the timesI™® comprises
iterative process [1] [6] [7] for optimal solving the complex vehicle assignment problem with
demanded accuracy. If the maximal evacuation tiifi& is given we can determine value of
coefficientP;(T™®) which represents total number of visits for aigkehfrom fleeti in municipality
j into the timeT™ accordingly to (1).

R (T™) = max{O:L(Tma“Sj - )/ZSjJ} (1)
Vehicle from fleet is able to evacuatg (T™®) = P;(T"®)K; inhabitants from municipalityinto the
time T™® Symbola;(T™®) depends on the timE " but it is convenient to omit the symbal'™

and just to writeg;. The objective for the time-constrained reducesbf@m of vehicle assignment
(2)-(4) is to find feasible solution or prove timait exists.

> g, <N, for i O @)
i0d
> 3,0, =b, for jOJ 3)
idl
q,0z; foridl, jOd 4)

3. BB-Search for Time-Constraint Feasible Solution

We reformulate the existence problem (2)-(4) toimimation problem (5)-(10) by following
way. We introduce fictive municipality and artificial fleets and slack variableg; for il and
artificial variablesgs; for j[1J. Model of the minimization problem is

Minimise )" g (5)
0

Subjectto) q; +q, =N, foriOl (6)

i0J
Zaij q; +dy=b, for jOJ (7)

idl

g, <S; foriOl, jOJd (8)
q; 0z, foridl, jOJd (9)
dy, G, 20 forill, jOJ. (10)
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Coefficient §; represents reasonable upper bound of vejuérhe problem (2)-(4) has feasible
solution if and only if the problem (5)-(10) hagtiopal solution with value of the objective function
(5) equals to zero.

Let us assume non-integer solutio@;f of the LP relaxed problem (5)-(10). One of thenno
integer valuegyw from {Q;} must be chosen for branching. The first brancloisned by integer
solutions of (5)-(10) which additionally satisfyl({l Integer solutions of the second branch have to
additionally satisfy (12).

O S =[O | (11)

G 2Ry, =[G, | (12)

As concerns the second branch, the following t@nsdtion for pair ¢, w) is needed in order to the
model (5)-(10) can be applied. The valudg b, and S,, must be reduced according to these
formulaesN, := N\-Ruw , by := max{0, b,-anRn}, Sw = SR

In the original approach the solving process startis the “empty” solution where the values
gj are equal to zero fodll, jJJ and only the valueg, andqs; are equal to valulj for ilJl andb;
for j0JJ respectively. The alternative approach which sth@alve required computational time uses
non-integer solution®;} which was obtained just before branching. Theenitance of non-integer
solution is used only during down progress in tharshing tree. But its combination with depth
searching tree scheme gives memory undemandingoiveympress of computational time which
is required for finding a feasible solution.

An initial non-integer solution for the first bramcwhere the constrain (11) is added to the
model (5)-(10), can be created by the followingnséfarmation of {J;}:
Ovr := Qur + OhwSiw; Qsw = avvv(qvvv'S/w) andc]vw::va-

An initial non-integer solution for the second kehnwhere the constrain (12) is added to the
model (5)-(10), can by created by the followinghs®rmation of {Q;}:

1. Setqg:=Rw 0w

2. Setu:=min{q, d,}; g:=q-u andgy:=qy-u

3. While g>0 do

for kZO{w} wherea, >0 do
u:=min{q, gu}; 9:=0-U; Quk.=qvk-U andgsk.=aU.

After reduction of the coefficients,, b, andS,, the value oy, is set to zero. This transformation
can be applied only under assumption tdat g, whereq is the value calculated in step 1. In the
opposite case the branch has no feasible solution.

4. Numerical Experiments

To verify the suggested way of computational timmenpression were performed experiments
on a personal computer equipped with Intel Penduwith parameters 2.41 GHz and 1 GB RAM.
Five instances of evacuation problem formulate®dmvakia transportation network were solved in
two series. The computational time needed for figdion-integer solution was measured during
the solving process. The instances were solvedowitinheritance of non-integer solution in the
first series and with suggested inheritance of mbeger solution in the second series. The results
of performed numerical experiments are presentéichin 1 whereFleetsmeans number of fleets,
Munic. means number of municipalitieBepth means depth in searching tree in the branch and
bound method where was observed the biggest nuaibeheritance of non-integer solution. The
depth is given by intervdfrom-To (root of the tree has depth equals to zevéigh. avg. comp.
time means weighted average computational time reqéimefinding non-integer solution in depth
of searching tree which is given by the inter@pth Percentage comp. time savimgsaving of
the computational time given in percents which aelsieved by using the principle of inheritance
of non-integer solutions.
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As can be observed ifab. 1, the suggested way of computational time compredsas saved
the computational time required for finding noneiger solution. When we consider that the solving
process of branch and bound method may explorenbigber of searching tree nodes and that
exploring of a searching tree node requires fodifig a non-integer solution, we can obtain
considerable computational time saving. Moreoves,duggested way is not memory demanding if
it is used with the depth searching tree scheme.

Depth Weigh. avg. comp. time [millisecond] Percentage comp.
Instance,  Fleets ~ Munit. From To | Without inheritance  With inheritange tlme[o/so?vmg
04 7 16 28 43 0.195 0.088 54.83
08 10 16 25 39 0.117 0.049 57.69
09 10 17 35 54 0.374 0.061 83.77
16 10 24 36 51 0.125 0.061 51.22
19 4 15 21 48 0.047 0.018 62.07

Tab. 1 Results of numerical experiments

5. Conclusion

We have suggested the approach which can be usedofeing the evacuation vehicle
assignment problem with min-max criterion. Essenfciis approach is the iterative process which
searches for such vehicle assignment so the tetauation time is minimal. In every step of the
process is searched the time-constrained feastbgian of the reduced problem by branch and
bound method. The method searches for a non-intmation in every searching tree node. We
have suggested and tested the approach which nisestance of non-integer solution obtained
before branching for faster searching for non-iategolution in the descendant branch. This
approach seems to be promising way of computatiimal saving.
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Abstract. Nowadays, Kia Motors Slovakia Corporation utilizbsee types of logistics technologies: JIT, JIS

and combined transportation. Each technology meatiois specific one. It has its advantages and
disadvantages, uses its own technology strate@amificant factor while choosing the strategy is

represented by expenditure on: transportation,ag&rorder processing, information system and store
maintanance.

Keywords: logistics technology, JIT, JIS, combined transgtioh

1. Introduction

Kia Motors Slovakia Corporation (KMSC) belongs to the corporations employing ltgs
technology JIT that has not been used in Korea Sfeivakia has the status of the first country
which has adopted mentioned technology. Despitésittamplementing itself was hard enough and
required enormous financial investments, managenoénthe corporation agrees it has been
profitable. One year represents minimum time neosgs® implement JIT, JIS (Just in Sequence)
and SAP (planning, finance, employees) technol&gfore the JIT technology was implemented,
the Kanban technology had been used and is stitl newadays. Kia Motors Slovakia Corporation
deals with logistics planning by means of JIT, JIS.

2. Works

JIS realization is based on the sequences, it mesath vehicle goes through automatic
scanner- bar code (every bar code is specific angccordance with it the order is forwarded).
When certain number of sequences (1 till 12 segshenidownloaded, automobile is dispatched to
import required components. Certain means the nurabéems which can be delivered in one
vehicle. Purchase order is arranged according deér(iam in order it was downloading, based on
coloured and specific layout). To make this tratiea¢ provider is given about one hour. Provider
has to load and deliver demand in required amoundt tane. Therefore the JIS providers are
situated around the factory. Johnson Control (dlalbzersified corporation operating in building
and automobile industry) and Pactra Logistics cohthe JIS technology for Kia Motors Slovakia.
Contractor carries out everything involving consigon and installation (preparing, loading,
distributing, unloading, carrying to assembly line)

Components can be considered as the property of Mdtors Slovakia since they were
installed into certain vehicle. Since the corpanativas established, it has never had any diffiesilti
with bar codes.

Kia Motors Slovakia employs so- called CKD compdsenhich are distributed by combined
transport technology to factory storehouse in adegmmport is from other states- the USA, China,
Turkey, Korea).

Peugeot company functionates alike principle. Boakemploys JIT, JIS and Combined
Transport technology.
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For the respected approach in order to deal wittswmer's demands, there are two ways of
production and delivery realization. Its profit sitdbbe counted over and considered its conduct and
organization expenditure. It is so-called:

= synchronizing and
* emancipatory strategy JIT.

If the provider decides to carry out synchronizetgategy JIT, his function is to produce and
dispatch immediately the precise amount in agresgliency. The results of this strategy are:

= |ower expenditure on storage
» higher expenditure on lesser amount production
= higher expenditure on amount transportation.

If the provider chooses emancipatory strategy dfTpfoduction and delivery services, then it
produces some amount at once with lesser produettpenditure. Provider stores the produced
amount in its own place and dispatches it in foacdito the consumer. The process is done in
agreed amount and frequency. The results are folgpw

» higher expenditure on storage
= |esser production expenditure
= provider's flexibility in case of fluctuation of ntsumer’'s consumption

Based on stated options and revealed facts we fiam dohnson Control Company employs
emancipatory strategy JIT.

2.1. Contributions from implementing technology JIT

Technology JIT usually brings pull system into prodon process, i.e. to adjust production to
pre- known demand. Contributions of JIT systemfalfewing:
= considerable supply decrease,
= significant shortening of the material flow period,
= reduction of the space needed in production process
= productivity enhancement and better level of manaant,
= marked enhancement of stock turn.

JIT system emplementing in Kia Motors Slovakia @ogtion has cut down distribution and
transportation expenses. It has also increaseddmos product quality and decreased number of
providers and carrying agents.

In Sixt's and Maat's literature [1] it is said that the similar sass in implementing
technology JIT was reached by Rank Xerox Manufaojur(Nederlands) and Ford Motor
Company. Rank Xerox Manufacturing, common compdmoerican firm Xerox Corporation and
British one Rank Corporation, which is the biggestt of the Xerox concern outside the USA. It
produces and refurbishes copy machines that anébdigd all over the world. This company was
implementing JIT technology almost entire perié@@s.

Another function of JIT technology was to instalt@matic operating system and inforamtion
processing system. At the same time productionguhaes were also modified. In consequence of
implementing JIT technology and other system chafpnk Xerox has achieved these results:

= provider's number has been reduced down from 3930 t

= 98% of supplies were distributed on time, in whi¢d% of the material was
delivered in one hour from the time when demand evasred

= store supply amount was reduced down from 3-mouabaitire to half-month one

= the whole expenses on material were reduced dowa than 40%

= most control points for product take over couldchesed since quality of delivered
material has increased markedly

= percentage of returned material (defective or |¢tassx) was reduced down from 17%
to 0,8%
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= 40 pre-packing positions could be cancelled becatasedardized criteria for
material packing was used instead.

= costs of delivering material to the company wereta4l0 %

= consignment output on time to the company increabedit 28%

2.2. Problemsrelated with implementing of JIT technology

No technology is ideal, therefore JIT technologyntremed has its problematic areas. Among
negative consequences and problems in assertirtgchinology belong:
= fact, that especially in our conditions it makes mads overcrowded by lorries, vans
and their capacity is run out quicklier
= negative exhalation effect from exhaust fumes,eaisd accidents caused by bigger
number of vehicles on the roads , life and headthalnd, environmental pollution
= emerging problems when timetable is followed byssnog some borders in heavy
traffic of urban concentration
These problems can be summarized into three caésgor
= factory production planning
= provider production plans
= provider's placement

Kia Motors Slovakia Corporation utilizes combinednisportation within delivery of CKD
(Complete Knock Down) components from Korea tondli The main characteristic feature is
long-term delivery.

2.4. Forms of CKD componentstransportation from Korea

1) Ship Transport

Pusan (Korea)- Koper (Slovenia)- Zilina (Slovakiaysential capacity of transportation CKD
components from Korea to KMSC. Transport time (Rugaper ) is 25- 27 days.

Transport of material Koper- Zilina is realizedwo ways:
= rail transport (Koper- Zilina or Koper- Dunajskééla- Zilina),
= road transport (directly Koper- Zilina).

Pusan (Korea)- Bremerhaven (Germany)- Zilina (8kis)- extraordinary circumstances only
Transport time is approximately 30 days. Materi@nsport from Bremerhaven to Zilina is
accomplished either by railway or road. Pusan (Kprélamburg (Germany)- Zilina (Slovakia)-
extraordinary circumstances only. Transport timagproximately 30 days. Material transport from
Hamburg to Zilina is accomplished again either dijway or road.

2) Air Transport
Seoul, Incheon (Korea)- Vienna (Austria)- Zilindd@kia)
- air transport is accomplished in urgent casesimmavhen KMSC production is at risk
Air transport is combined with road transport. Ttiansport change is conducted at Vienna
terminals. Transport of material from Vienna toitZal is accomplished by road transport (trucks). It
is carried out by agreement corporations suchadr&Logistics.

2.5. Costsrelated with utilization of logistics technology in chosen companies

Logistics with minimal total expenses is such agghavhen the total amount of logistics costs
is minimalized as the level of scheduled customeevise is achieved. For successful implementing
analysis of the commitment cost, relevant data apatticular costs have to be available to the
management. Management should not establish pafcamount and turn-over of supplies
arbitrary, but based on good quality knowledge &buaintenance costs, total cost of logistics
system and strategy necessary for customer service.
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Marketing goal is to allocate resources within marketing mix way to minimalize long-term
company profitability.

Logistics goal is to minimalize total costs when we reach requisel of customer service
while i tis stated that total costs= transport sesinventory costs+ purchasing services and
information systems costs+ quantitative costs+ lsupintenance costs

Transportation costs are represented by activities referring to produmbsportation. These
costs are changeable according to:
= consignment capacity
= consignment weight
= transportation distance
= initial and final destination

Important factor which determines transportatiosteds chosen way of transportation.

Inventory costs emerges in store and store away process. Thegiedaeemined by choice of
production capacity and store place. They inclualegosts arising from number and store place
changes. Most companies use storehouses to achielewest total logistics costs and along with
that to quarantee scheduled level of customer smrviherefore we need to consider all
commitment costs.

Purchasing services and infor mation system costs comprise group including costs connected
with following functions:
= purchasing service
= |ogistics communication
= demand forecasting

Purchasing costs are related to functions such ader handover, order entry into system,
order processing, delivery notification to carrysgents and customers.

Nowadays a lot of carrying agents invest considerfibancial means into improvement of
their information systems in order to provide stethnologies as: [2]
= EDI (electronic data interchange)
» satellite data interchange
= bar code use and its scanning

Automation and integration of order process is egped by the fact that it saves time, reduce
probability of information delay, help managementegrate logistics system and reduce costs
(reduce supplies, transportation tariffs...). Comioation system is key factor in effort to
minimalize total logistics costs.

Quantitative costs have their origin in amounts of purchase or préiducprocess. They are
costs realted to changes in purchase amount addgiron. It involves following entries:
» preparation costs
= capacity losses caused by dropout errors
» material manipulation, planning and despatching
= price differences incurred by purchase of variausant
= order costs associated with demand of various atnoun

222



It is not possible to look at these costs separaglthey can affect other costs. Therefore i tis
essential to investigate impact of one type of tmstnother ones.

Store maintenance costs have direct impact not only on number of storehsushich the
company maintains, but also on other logisticstatyias, including store depletion and also
customer service costs. JIT implementation in petida and business corporations has direct
impact on particular logistics sections as welk@sage area.

Since store reduction and more flexible logistigstems in JIT systems are emphasised, there
are higher requests for storage in means of itsieficy and capacity value. Among these higher
requests we can integrate:

JIT insists on higher requestsfor storage and material manipulation

» Maximal emphasis on qualitystore workers have to carry out their tasks ctestly in
input and output store operations at the levelireduy customers

» Reduced amount of production serideems are packed in smaller amounts, storage
consignments are generally smaller and they aredia various amounts

= Elimination of activities which do not add valusll redundant and inefficient activities in
physical motions and product manipulation are idiedtand consequently eliminated. The
result is seen in improved storage organization arudease of effectivity in storage
operations.

» Fast motion/ material flow. JIT stresses low or zero-rated supplies so notptioeuct
storage but the function of combination and prodrastsfer prevail.

3. Conclusions

Logistics with minimal total expenses is such agghavhen the total amount of logistics costs
is minimalized as the level of scheduled customeevise is achieved. For successful implementing
analysis of the commitment cost, relevant data tapatticular costs have to be available to the
management. Management should not establish pafcyamount and turn-over of supplies
arbitrary, but based on good quality knowledge &buaintenance costs, total cost of logistics
system and strategy necessary for customer service.
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Abstract. For seamless operation of the company carrier spestd a certain amount of money. They are
represented by cost. Important place in a calaratormula of transport company the tire costs have
Minimize these costs can by achieved by appropriaé@ner of recovery tires, which has the effect of
reducing the overall costs and thereby to incré@seompetitiveness of the transport company.
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1. Introduction

Currently, the road freight due to high competitithve position of the carrier's very difficult to
remain on the market. Offer price, based on theketais therefore only possible if the
implementation of high performance, which may bedi costs allocated over the high mileage, or
look for possible reserves to reduce costs inadt components.

In practice today says most of the cost of fuel,costs for using the road network are
significantly higher mainly in domestic traffic. laddition to these cost items that make up the
largest share of total costs, can optimize thescottother cost items, which include the cost of
tires.

2. Selection of suitable housing for specific operatmactivities

In the matter of what kind of activities carriedtday individual carriers, would be collected
and used tires to their vehicles. In the event ithigta carrier engaged in international roaddingi
transport should choose gowns that have a longniiée or less resistance rolling, which is also
reflected in lower fuel consumption. Converselyw# take into account the carrier, which carries
regional traffic, implement and freight on the umpa road, it is preferable for such carrier to use
the cheapest tires, because the results is gitéagiinood of mechanical damage to the tire tham th
tire tread wear [2].

Taking into account the life of plastic used onteagle, which is published by the company
Matador, Table 1, and these values considered mo@el example, where the case of a vehicle
carrying road freight transport, we can calculaee ¢ost per kilometer of traveled distance witls thi
vehicle.

Mode of transport Steering axle Driving axle Trailing axle
[ths km] [ths km] [ths km]
Haulage 140 - 180 150 - 190 180 — 280
Regional transport 90 - 130 120 - 160 *
Mixed transport 60 — 120 80 — 140 *
Urban transport 80 — 140 * *

Tab. 1. Lifetime of tires by mode of transport and locatif tires (Matador)
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3. Model example for the calculation of unit costs

3.1.Buying new tires

. Number of The average price of new Average life of the tire
Vehicle / axle ; .
tires [pc] tire [€ / tyre] [km]

Towing vehicle

Steering axle 2 384 160 000

Driving axle 4 394 170 000

Semi-trailer

1. trailing axle 2 366 230 000

2. trailing axle 2 366 230 000

3. trailing axle 2 366 230 000

Tab. 2. Average price and average life of tires (Souroathar)
Vehicle / axle N_umber of The average price of new Average life of the tire
tires [pc] tire [€ / tyre] [km]

Towing vehicle

Steering axle 2 0,00240 0,00480

Driving axle 4 0,00232 0,00928

Semi-trailer

1. trailing axle 2 0,00159 0,00318

2. trailing axle 2 0,00159 0,00318

3. trailing axle 2 0,00159 0,00318

Tab. 3. Unit cost of new tires (Source: Author)

3.2.Extension of tire life

With the improving of the life of tires in kilometg the unit cost of the tire, expressed in euros
per kilometer is the lower. Tire life extensiompisssible by the cutting of, or retreading.

Based on an analysis survey conducted a techregainar "Current issues in road transport
business in 2003" among 8 bus carriers who opevite1628 buses and 39 freight carriers, with
496 vehicles, it is possible to maintain the foliogvinformation:

» tires at cutting of, their lifetime is extensionpapximately about 30%

> for retreading tires we can extend that theirilifiet will be extension about 70%.

Despite the claim of several producers of retreaties, tire retreading, that amounts to
lifetime again as a new tire, the survey resultsasdd that the retreaded tires to reduce tire fifeti

by an average of 70%. The survey also found thgttdrilifetime achieve retreaded tires in the bus
transport than in road haulage.

Determination of unit costs in € / km deepen tread

Retreading can also be combined with cutting ofictviis deepening the tread, the sidewall of
the tire must be REGROOVABLE inscription. If we stater that the network Pneubox tire service
is the price of one eruption groove 22,5-inch ihe € 8,5 and these tires have 4 to 5 slots pgunin
to, eruption one tire price is € 34 to € 42,5.

As it was mentioned above, the cutting of the earcan increase lifetime by up to 30%. Tires
on the steering axle to which the author probe® Hagrooves that can prune. Price eruption of one
such tire is € 34. It follows that a 30% lifetimestcarrier pays only about 8.9% of the price ofof
new tire. More than half of the tires on the drasde to which the author thinking has 5 slots, Whic
can be cut, therefore the calculations it is cargd that the slit can be 5 slots and cutting poice
one tire is therefore € 42.5. It is clear that @@of the life of tire on his tractor driving axtarrier
will pay only 10.8% of the price of new tire. Sianily, it is also the trailing axle. Majority of &s,
has 4 slots, we are thinking of cutting of the felats. This cutting the carrier in one tire to @y
34, which constitutes approximately 9.3% of the@f a new 22.5 "tire.

226



Axle 30% life of the tire | Price of cutting | The unit cost of atire [E|  Unit cost of axle [€/
[km] [€] / km] km]
Steering axle 48 000 34 0,00071 0,00142
Driving axle 51 000 42,5 0,00083 0,00332
Trailing axle 69 000 34 0,00049 0,00294

Tab. 4. Unit cost of cutting tires (Source: Author)

Determination of unit costs in € / km for retreadirg tires

A survey of the Department of road and urban trarisip year 2003 between 8 bus service
organizations and 39 organizations freight transpowas found that carriers use retreaded tives t
about 90% of their vehicles. In the model example, can calculate the unit cost of tires per
kilometer of distance traveled [1].

ARS company operates approximately 20 years ollineak market and one of its activities is
also retreading tires. Table 5 shows the priceewéading tires in the matter from the tread used
and the dimensions necessary to calculate for achmdmple. For comparison, the prices also
finished a protectorate, which offers a firm AR8c®s are current as of August 2010.

Tire size Price of retreading in € without VAT
315/80R 22,5 172 + 259
385/65R 22,5 205 + 251

Tire size Price protector in € without VAT by the type of skdeton
Michelin Other Matador, Barum
315/80R 22,5 275 + 362 263 + 350 215 + 302
385/65R 22,5 305 + 351 276 +~ 322 244 + 290

Tab. 5. Prices of retreading and the protectorate forifipetimensions (Source: Author)

Table 6 contains a 70 percent lifetime of tiresgdu®n each tractor and trailer axles. It is
calculated in the table and the price of one kiltanef distance traveled on a tire and one axle.

Axle Life of the tire | The average price of | The unit cost of a tire Unit cost of axles
[km] retreading [€] [€/km] [€/km]
Steering 112 000 2155 0,00192 0,00384
Driving 119 000 2155 0,00181 0,00724
Trailing 161 000 228 0,00142 0,00852

Tab. 6. Unit cost of retreaded tires (Source: Author)

Axle UC of new UC of cutting | UC of retreading | UC of retreading UC renewed tire
tires [€ / km] [€/ km] 1. time [€ / km] 2. time [€ / km] [€/ km]

Steering 0,00480 0,00142 0,00384 0,00384 0,00342

Driving 0,00928 0,00332 0,00724 0,00724 0,00655

Trailing 0,00954 0,00294 0,00852 0,00852 0,00752

py 0,02362 0,00768 0,0196 0,0196 0,01749

Tab. 7. Overview of unit costs for individual axles an@ tombination on the new and renewed tires (Sodrator)

The unit cost of each axle and the total for therercombination of vehicles are shown in
Table 7 The table of unit costs (UC) divided irftcee basic categories. Unit cost of:

» new tires

» cutting tires

» retreaded tires
In the last column of the table are calculated codt for renewed tire, thus cutting of and

subsequently retrieved retreading [3].
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4. Conclusion

The carrier has two options when buying tires:

» always buy new tires

> or use the possibility of renewal tires.

In terms of reducing the tire costs it is more ahig to use the possibility of using the renewal
tires, because the unit cost per kilometer with rixeewal tires is lower than the unit cost per
kilometer with the new tires. The saved costs camsed for partially finance the purchase of the
new tires, or it may offers the discounts from tifa@sport.
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1. Introduction

Incompatibility between the interlocking systemghivi railway transport in Europe can be
changed with using ETCS (European Train Controkeé®y¥ which is developed in Europe as part
of international project ERTMS (European Rail TiafManagement System) [1]. The aim of
ERTMS is to create standardized European systenailmvay, common for all countries of EU
(European Union), which allows transport of tramigh ETCS equipment in all European railway
lines. EU legislation deals with integration ofglsiystem in the European countries. Slovak republic
starts with building first layer of ETCS, whichiis testing operation. In Slovak railway strategy is
also build higher levels of ETCS in the future afterresponding analysis.

2. European Train Control System

According to equipment of track side of ERTMS/ET@® can differ the three basic
application levels L1, L2 a L3 [2]. For ETCS L2 ah8 the necessary part of solution is system
GSM-R (Global System for Mobile Communications —ilWay), which realizes the radio
transmission between stationary and mobile parEST@S system via safety cryptography protocol.

In ERTMS/ETCS L2 OBU (On-board unit) in the traindaRBC (Radio Block Central) with
connection of interlocking equipments change infation among each other’s using cryptography
protocol Euroradio [3]. The protocol presents tladetyy communication across un-trusted open
transmission system GSM-R (Global System ManagenfentRailway). If OBU wants to
communicate with given RBC must be able to verifyethher the communication with this RBC is
valid or no and oppositely. This procedure is basedoncrete cryptography techniques, which are
implemented in safety layers of Euroradio protauud used secret keys. It is necessary to underline
that these procedures do not offer the tools fgptography keys generation, distribution and
actualization of key, so called KMS (Key Managem@ystem).

In the present development of key management systethe principle of off-line and on-line
KMS with using symmetric and asymmetric cryptognaps in the process in many European
countries [4], [5], [6], [7]. Nowdays to suggesetplobal solution of KMS realization is impossible
by reason of using different types of interlockisgstems in different counties. On the Fig. 1 is
illustrated the basic principle of ERTMS/ETCS La&m.
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Fig. 1. Principle of ERTMS/ETCS application layer L2.

Information about train position, etc., which itngeed to operation of ETCS L2 is obtained
from classic station and track interlocking equipteéOn the base of this information RBC with
using Euroradio and communication network GSM-Rgnaits the driving authorization.

Euroradio is perspective multiple purpose commuioasystem which will create in the
future universal connection of stationary centraisthe track with all mobile units each other and
according to requirement between mobile units tawalizations of Euroradio safety layer within
ETCS system is illustrated in the Figure 2.

Euroradio Euroradio
RBC layer of safety [ GSM-R — layer of safety [
communication communication

ERTMS
mobile
part

Fig. 2. Location of Euroradio SL within ETCS.

3. Safety layers of EURORADIO protocol

Communication between system components of ETAssed on layer principle and meets
standardized demands for safety-related commuait48]. Additional safety-related layer, added
to standard layers of the Open System IntercormedRieference Model (RM OSI) is formed by
two sub-layers:

» Euroradio Safety Layer (Euroradio SL) [9];

» Safety Application Interface (SAI) [10].

Within the RM OSI they are integrated above tramisfayer, having an adaptation layer between
them.

Euroradio Safety Layer is responsible for secur@a di@nsmission which implies protection
against threats such as corruption, masking ortingea message, establishment and release of
secure communication link together with error hargll Among secure procedures of the layer
there are procedures ensuring message authenticaiob integrity during transmission. They are
realized with the help of the cryptographic tecluedMAC (Message Authentication Code) which
is a function of the messafe and the shared kd§c, when applying operation of cipheri@g The
formal notation of MAC calculation is:

MAC=C, _(M). (1)

MAC is calculated both at the side of transmittérickh adds it to the message being sent, and
the side of receiver which verifies coincidenceexfeived and self-calculated authentication codes.
If the codes are equivalent it may be assumed thesage has not been corrupted (message
integrity), and the message has been sent by igearsender because no one else shares the
secret key. To increase safety of procedure for M&ulation in Euroradio Safety Layer the
chained mode of Cipher Block Chaining MAC (CBC-MA®)used together with the algorithm
Triple-DES in EDE mode (Encryption — Decryption ndgyption), also known as a Triple Data
Encryption Algorithm (TDEA) defined in ANSI X9.5211]. Another safety procedure of the
Euroradio SL is procedure for peer entity autheniton, which also uses the algorithms CBC-MAC
and Triple-DES.
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A DES key consists of 64 binary digits ("0"s or $1'6f which 56 bits are randomly generated
and used directly by the algorithm. The other 8,bithich are not used by the algorithm, may be
used for error detection. The 8 error detecting ait set to make the parity of each 8-bit bytief
key odd, i.e., there is an odd number of "1"s icheB:bit byte. A Triple Data Encryption Algorithm
(TDEA) key consists of three DES keys, which asoaleferred to as a key bundle. Authorized
users of encrypted computer data must have thehatywas used to encipher the data in order to
decrypt it. The cryptographic of the data dependsthe security provided for the key used to
encipher and decipher the data. The safety of DEED&S is possible to increase with application
one of recommended mode of operation. Accordingnnéwr railway application [8] is more
preferred CBC (Cipher Block Chaining) mode in congzn of ECB (Elecronic Code Book).

The CBC mode is a mode whose encryption processrésathe combining (“chaining”) of the
plaintext blocks with the previous cipher text lec The CBC mode requires an initialization
vector (IV) to combine with the first plaintext lola The IV need not be secret, but it must be
unpredictable. The CBC is defined foe encryptiod decryption as follows:

C,=E((ROIV), 2)

C, =E(P,OP,),for j=2..n"

R =Dy (C. OIV), (3)
P, =D« (C,0C,,),for | :2,...,n.'

In CBC encryption, the first input block is formég exclusive-ORing the first block of the
plaintext with the IV. The forward cipher functiaa applied to the first input block, and the
resulting output block is the first block of thelser ext. This output block is also exclusive - QRe
with the second plaintext data block to produce gsheond input block, and the forward cipher
function is applied to produce the second outpothl And so on.

In the present several well-known cryptanalysishods can be used against block cipher in
ECB and CBC modes. In this chapter the summarizaifadhree groups of cryptanalytic methods
based on cipher text only attack, known plaintétecks and side channel attacks is mentioned.

4. Cryptoanalysis methods

Most of informations have been published on thetmgnalysis of DES than any other block
cipher. Most practical attack to date is still atbrforce approach. There are three attacks known
that can break the full sixteen rounds of DES wébks complexity than a brute-force search:
differential cryptoanalysis (DC), linear cryptoaysé (LC), and Davies’ attack. However, these
attacks are theoretical and are not feasible toninou practice. Differential cryptoanalysis was
introduced in the late 1980s by Eli Biham and Abda®ir. To break the full 16 rounds, differential
cryptoanalysis requires'2chosen plaintexts. Although it is a theoreticaakthrough, this attack is
not practical because of both the large data rements and the difficulty of mounting a chosen
plaintext attack. DES was designed to be resistaDC.

Linear cryptanalysis was discovered by Mitsuru Matand needs“? known plaintexts. The
first experimental cryptoanalysis of DES was susfidly achieved in an attack requiring 50 days
on 12 HP 9735 workstations. However, this attadkilsimpractical.

While linear and differential cryptoanalysis arengeal techniques and can be applied to a
number of schemes, Davies’ attack is a specialiegednique for DES, first suggested by Donald
Davies [12] in the eighties, and improved by Bihana Biryukov [13]. The most powerful form of
the attack requires"2known plaintexts, with a computational complexfy2>°, and 51% success
rate.
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The best attack known on 3-key TDES requires ardfikknown plaintexts, 2° steps, &
single DES encryptions, and®2memory. This is not currently practical. If theaaker seeks to
discover any one of many cryptographic keys, ther@ memory efficient attack which will
discover one of 2 keys, given a handful of chosen plaintexts per &egt around % encryption
operations.

TDES is slowly disappearing from use, largely repthby its natural successor, the Advanced
Encryption Standard (AES). One large-scale exceggowithin the electronic payments industry,
which still uses 2TDES extensively and continueddwelop and promulgate standards based upon
it (e.g. EMV(Europay, MasterCard and Visa)). Thisamantees that TDES will remain an active
cryptographic standard well into the future. TDESfers from slow performance in software; on
modern processors, AES was designed to the higiwlaae and software performance so it tends to
be much faster than TDES.

In addition to linear and differential cryptoanasysthere is a growing catalog of attacks:
truncated differential cryptoanalysis, partial dréntial cryptoanalysis, integral cryptoanalysis,
which contains square and integral attacks, sliti@clkes, boomerang attacks, the XSL attacks,
impossible differential cryptoanalysis and algebattacks.

5. Conclusion

TDES with 112 bit key need almost three-times lorajeack by brute force on text than DES
with 56 bit key according to experimental tests.CCBode of block ciphers gives slightly higher
attack times, which means that they are more ielidhan ECB mode of block ciphers.
Experiments showing that breaking TDES in CBC mioéed most of time, so we can assume that
it is most reliable from choosed algorithms.

There are also much more attacks on these cipivbish are more sophisticated and quicker
than brute force attack.

We can decrease amount of risks for example bygthgrkey every possible time. Another
option is using AES (Advanced Encrytion StandaMIST says, that to break AES, we need 324
times more time to break it, than to T-DES. Caltotatime for ciphering and deciphering is
approximately the same in hardware and softwardicabions so it tends to be much faster than
TDES.
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Abstract. Recent inventions and development in the fieldnédrmation and communication technologies
get also into transport processes. Broadband comeation technologies were successfully implemeimed
several modes of transportation. In order to brfogure economic growth, the adoption of robust
communication infrastructure in transportation e @f the requisitions to be fulfilled. Communiceis are
nowadays important needs for mariners for routiperations and for safety purposes. As a resuleérsl
research projects, the EU officially defined thenaapt of River Information Services (RIS) in 19%8is
defined as a concept of harmonized informationisesvto support traffic and transport management in
inland navigation. This concept includes interfaces other modes of transport. The European
Telecommunications Standards Institute (ETSI) ésrésponsible person for technical standards grattee
concerning radio equipment and systems for maritinegkinland-navigation in EU.

Keywords: broadband access, data communication, River Irgbom Services, inland navigation, maritime
navigation.

1. Introduction

Information and communication technologies duriagtdew years completely changed the
scope of international business. Adequate intereciion between fast business flows and the
transportation became essential. The effort togoaidvantages of information and communication
technologies into transport processes is a wagdohr new equilibrium.

In the field of communications, new broadband tetbgies based on copper-wire, fiber-
glass and wireless transmission media were designedidress this issue covering all modes of
transport. There are important differences in tetdgical needs for transport appliances operating
on the ground, in the air or on the water-line. Séhdifferences make the technological coherence
of transmission technologies very intermittent.

The technological level of communication envirominevailable for mobile transport
appliances can indirectly affect balancing of thedal shares of transport systems. Suitable
communication infrastructure is one of the pre-rgitjons to be fulfilled in order to fully utilize
existing infrastructure capacity and to bring ferteconomic growth in the future.

2. Data communication in Water Transportation

Communications are essential needs for marinersbémh safety purposes and routine
operations. The European Telecommunications Stdadastitute (ETSI) is the responsible person
for technical standards and reports concerningoradjuipment and systems for maritime and
inland-navigation in EU.

What concerns the communication solution desigelfjta number of international and
European requirements have to be taken in accdtwet.cooperation between ETSI, International
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Maritime Organization (IMO), European CommissiorCjeand several other organizations ensures
that the final design would be in accordance witthsconventions and regulations.

The International Convention on Safety of Life @aSOLAS) issued by IMO obliges flag
states to establish national responsible persorentsure that relevant ships carry specified
equipment on board. Flag states are required ty cart type approval of such devices to ensure
that it meets the appropriate safety requirements.

The IMO introduced in 1988 the Global Maritime Désts and Safety System (GMDSS) as a part of
the SOLAS Convention. The GMDSS is based on prapagaf electromagnetic waves - radio
communication. It is used to alert search and esrganizations and ships in the vicinity in the
case of an emergency. The GMDSS is mainly usedigtress communications, but it also provides
some basic general maritime safety information l{sag navigational and meteorological warnings
and urgent information to ships). Unified frequertiands for maritime communication and for
distress/safety services are generally allocated @n global basis by International
Telecommunications Union (ITU) Radio Regulations.

The River Information Services Directive (2004/4@)Bwvas a successful EC initiative to
harmonize river traffic information services onantl waterways within the EC. In 1998, based on
the results of various research projects the Eligiaffy defined the concept of River Information
Services (RIS) as a concept of harmonized infolmnagervices to support traffic and transport
management in inland navigation. This concept @misluded interfaces to other modes of transport

The RIS uses information services for optimal plagnand management of traffic
operations. Further development of RIS requiredicoaus research to update the concepts and
technologies in use. By implementing RIS onto $fléeéroadband communication infrastructure,
traffic safety will be even more improved. Also tleavironmental protection and security of
transport operations will be increased. The watgrusers and important administrative authorities
will receive direct benefits from such operatiomaiprovements by implementation broadband
communication capabilities. Water transport wikegart in modern logistic systems in Europe in
the 21st century.

3. Water Transport in EU Transport System

Maritime and inland waterway transport is relialdepnomical, and eco-friendly mode of
transport. The aim of River Information Servicesasreate conditions for further development of
the sector. Its future development requires modenctepts, technologies and solutions to be able
to adapt to future market needs. The implementatidninformation and communication
technologies in water transport provides an opmpartuto reliably transfer containers and other
sensitive cargo in just-in-time mode.

Europe has over 30,000 km of canals and rivers lihlattogether hundreds of industrial
areas. The backbone of this waterway network isiraly composed of major rivers. Many
important canals interconnect smaller industriahtees and towns. A number of ports on the
network provide links with other modes of transport

The way to increase operational efficiency andtgatkeimplementation of communication
and information technologies into processes ofspart. The information exchange could be in
such case easily optimized. Modern logistics rexguintensive and reliable information exchange
between partners in supply chains.

4. Broadband Solution Design in Water Transport
ETSI constantly monitors development in the fielfd nearitime and inland navigation

communication. Based on this, it creates new stalsgdéechnical specifications, reports and guides
for maritime and inland waterways radio equipmemd @ommunication systems. According to
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international requirements, such documents incegiépment and systems for promotion of safety
of life, radio communication, location and navigatiequipment and the maritime correspondence
providing radio access to terrestrial telecommuiocanetworks. ETSI Maritime Electro-Magnetic
Compatibility (EMC) standards are also based ongéeeral requirements for navigational and
radio equipment found in the International Ele@obinical Commission (IEC) standard IEC 60945.
The European Standards for communications equiprfehtwithin the scope of the Marine
Equipment Directive and the River Information Seed Directive.

5. Conclusion

The technological level of communication environmewvailable for mobile transport
appliances can indirectly affect balancing of thedal shares of transport systems. The way to
increase operational efficiency and safety is im@etation of communication and information
technologies into processes of transport. Suitablfemunication infrastructure is one of the pre-
requisitions to be fulfilled in order to fully uide existing infrastructure capacity and to bring
further economic growth in the future.
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Department of the railway transport assigns education of the shaped disciplinesudy field
Transport, with focus on theRailway transport (in all forms of study), as well as selected
disciplines for other study fields dfaculty of Operation and Economics of Transport and
Communications at University of Zilina. These disciplines are mainly focusedtechnologies,
management and economics of traffic-transporting activities of railway transport.

Department of the railway transport in his own scientific-research activities is mgifibcus on
organization and operation of technological proesssn railway and combined transport,
optimization and development of freight and passengansport, effectiveness of investment
projects, processes of railway companies transfiiomatc. For example:

- cooperation with organizations of transport sectioncreation of developing projects and
legislative norms

- lecture activities in managerial and other prof@sai courses for employees of transport
section as well as in the framework of professional’ements (conferences, seminars) with
monothematic issues

+ solving the topical problems of transport praciicehe framework of research activities of
department

Department is equipped with own modern outlineaffic laboratory with the extensive model
yard (total length of tracks is 100 m). Except ludtt the department provides computer classroom
with LAN connected to the internet, in which is igeed education about multimedia and
simulative applications for supporting of traffiocatransport operation processes.

Web site of department of the railway transporitp:hfpedas.utc.sk/~kzd/index.php?lang=english
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Abstract. Post office is a basic structural unit of the pbaetwork. Here the traditional type of post ddfis
described, where a permanent establishment is foseéde provision of postal service, and comparéith w
franchises in the postal sector, where variousiofdshops and retail outlets are used to provattgb or
complete postal service. The final section death waiternative approaches addressing the organizatd
functioning of post offices in the future. The peted models are based on statistical data of Stedi
Slovakian and Slovenian postal operators.
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1. Introduction

The postal sector is one of the oldest network strikes. Postal retail and distribution networks
have continued to grow over centuries, driven lotdiss such as commerce, population growth,
nation building and expanding government services.

However, while access to postal services remaiksyaelement of government policies, the
nature of the postal business and their networkshasnging rapidly. Eroding mail volumes,
increasing package volumes and alternative meansoofmunications, usually based on the
electronic principles, are in their own way puttiatyains on the traditional model of the post
offices.

We present the summary of several types and pessins of organizing the post offices.

1.1. Traditional Post Offices

Traditional post office is known for each user wias ever sent postal items. It represents the
most common type of organization of postal operetim a particular place, as for example postal
network in Slovakia.

Post office is usually a building designed exclagnfor the provision of postal services and
contact with customers. The size and structuremtkpa several factors as:

e size of the territory served,

* number of customers related to the catchment drpatential post office,
* population density per square kilometer,

» expected profitability of the installation in thelfl,

* importance and size of hardware devices,

* size of available space in the proposed area,

» functions and processes to be performed in theqibse,

e number of performed operations,

* level of postal network, on which the facility wile located,

* requirements for different specialized services.

For the purpose of the paper we consider the baga of postal network, involving contact
with customers and directly provided services.
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The following figure shows the general matrix ok thost office structure. The individual
components making up the matrix are based on raleri Slovenia Post, but are not significantly
different from Slovakia Post.

MATRIX OF THE STRUCTURE

Equipment/HUB Items of equipment

_——\
) N S A G

A B C bDE F GH I J K L MN O P

X

Functions of the
equipment a

Fig. 1. General matrix of the post office structure. ($euiGRACIN, J., STIPET, A.: Designing Postal Network
Units, In: Promet — Traffic & Transportation, Unigéy of Zagreb, Zagreb, 2009, page 400)

Overall structure of the mail facility can be digdlinto four main parts, marked with Arabic
numerals in the matrix:

1. user premises comprising vestibule (A), post oftioanter area (B) and space for
customer service (C);

2. postal worker’s living quarters divided into contpaents (D), outlining the main cash
office space (E) and parcel compartment (F);

3. mail processing facilities whose layout allows tlee processing of mail (G),
preparation of service (H) and dispatch of mail (I)

4. administrative areas where agency director of pespaipment (J), archive (K), social
space (L), postmen spaces (M), packages reposaorg (N), facilities maintenance
room (O) and department of electronic transact{®)sre located [1].

In terms of functions and technological proces$#} jerformed by facility, these processes
can be divided into three groups, known as sergecontrol (Y) and management (Z).

Services (X) imply postal services (a), telecommations (b) and electronic transactions (c).
Control (Y) consists of checking the documents (lag, operational control (e) and enforcement of
guidelines (f). The last group includes the manag@n{Z) consisting of controlling process (g),
cash management transactions (h) and service naeagand maintenance (i) [1].

Thus the matrix represents the general schemeeqgbdbkt office structure which is possible to
apply with smaller or larger restrictions in anysta network based on traditional post offices.
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1.2. Post Offices Based on Privatized and Contracted Counter Services

Another possible organization of the network oftpaffices is based on franchises rather than
traditional post offices. In this case postal ssgvprovider utilizes the networks of the other
distributors, respectively retail outlets. The maplvantage of this solution is good knowledge of
local markets and also the cost reduction on runtieir own operations. The most commonly
used networks are, for example, groceries, tobakops, petrol stations, souvenir shops, etc.

An example of this postal network can be seen ired®m. The Swedish postal market
underwent series of changes after the market liraton in 1993. One of the most sweeping
changes was decision of Swedish national postaiatgre(Posten AB) to replace traditional post
offices with a nationwide network of representativensisting of shops and service establishments.
Restructuring was initiated during the summer dd2@nd concluded a year later, when the new
service network had been implemented throughoutdbatry [4].

The main reason for closing down the old networkpobt offices was the high cost of
premises. Customers mainly visited post officesmiike and receive payments, not to utilize postal
services. The post offices were deemed inflexiblé @ot able to adapt to current consumer habits,
due to new methods of payment, for instance by laawkpostal giro or by the internet [3].

The number of post offices gradually declined silitoeralization in 1993, but as we can see in
Table 1, the significant jJump came after the redtming of the postal network.

Year Numbe_r of post Number of agents Total
offices

1988 2110 0 2110
1989 2075 94 2169
1990 1934 123 2057
1991 1882 150 2032
1992 1773 179 1952
1993 1473 419 1892

1994 1341 537 1878
1995 1289 564 1853
1996 1177 640 1817
1997 1095 730 1825
1998 1020 781 1801
1999 922 853 1775
2000 851 890 1741
2001 840 900 1740
2002 433 1800 2233

2003 440 1800 2240
2004 420 1818 2238
2005 422 1812 2234
2006 382 1801 2183
2007 370 1821 2191

Tab. 1. Number of post offices and agents operating ind&ren the years 1988 - 2007 (Source: A reporufdi
Global Union; What has Postal Liberalization daled? The Case of Sweden, Posten AB, August 2009).

Another significant decrease is also seen in tlae geSwedish postal market liberalization.

From the consumer perspective several aspectsldesre improved. The major improvement
can be seen of how quickly are consumers able t@iropostal services. Consumers also perceive
an improvement in clarity in terms of who to tumih order to purchase stamps, send parcels as
well as collect parcels and letters. Further acwged are the availability of postal outlets,
prolonged opening hours and also shorter queumesti[4].

1.3. Post Offices Based on Electronic Principles

The last option worthy of mention is complete replaent of traditional post offices by
electronic communication. At present this conceptunder development, but there are some
indications of such possibilities. The last newanfrpostal sector in Sweden inform, that buying
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and paying for stamps could be replaced by shogsage service (SMS). In the future all postal
services and financial transactions would be grigliraplemented. Consumer requirements would
be handled through SMS or the internet, and thezdftere would not need to visit the post office.
Similar principles but in a limited scale can beeatly seen in the hybrid mail. The following figure
shows the possible solution.

! CONSUMER i
\ ------------ -.‘ --------------
\\ delivery :' ‘.’.'~
~ “ 2 H ".‘.’
\\ \k\ :: ‘.v‘

RRIER

delivery

,TsTs S
NN

Fig. 2. Diagram of a possible future solution of the oiigation of the post offices.

2. Conclusion

The article presents existing organizational moaélpost offices. The most frequently used
type of organization, a traditional post office atedtypical structure is described. This tradiabn
model of post office is compared to the modifiedetyof organization based on franchises using
different retail outlets. In the future, a new ceptof electronic communication utilized in postal
sector will be of importance and the first stepsaal this direction are already visible in several
countries, e.g., in Sweden.
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Abstract. The paper covers the identification of qualitatifectors in international freight railway
transportation. There are specified at all the naxztt and technological factors that influences gbevices
and the satisfaction of customer.
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1. Introduction

Determination of main quality factor of internatedrnrailway transport is difficult process.
Individual requirements and demands of costumenmsternational railway transportation make the
determination of main quality factors more diffigul Also the main indicator of quality of the
transport process can include the satisfactionosfurners. From the satisfaction of costumers we
can deduced the next important quality factors. Jédgger gives a basic view on the processes in the
international railway transport and mentioned theassity of monitoring this processes

2. Quality of international railway transport

A choice of transport mode depends on the quafigeovices, which are offered to customers.

In assessing the quality of international rail sort is needed to identify the factors that affect
The factors are derived from the requirements ef ¢hstomer (carrier) for transport. The key
factors that most affect the quality of internatibrail transport include [7]:

= moving speed of consignment (time of transport)

= quality of transport processes on the track

= quality of transport processes in the border statio

= quality of transport processes in the sending astimation station

= quality of transport processes in the intermeds&bes.

241
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(time tabling)

Change of transportation
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Track gauge

| Interoperability

Custom clearance

Technology in border
stations

Fig.1. Technical factors affecting transportation ancdeshpef international rail transport

3. Selected quality factors in international railway ransport

3.1. Transportation time

On of the main quality factor of international vealy transport is speed of moving the
consignment. Detailed analysis of transport praeesd the wagon loads by crossing the border
involves two main fields of activities. First isethinternational transport policy and second are the
technological processes in border stations. Attt follows the identification of processes that
have the largest influence on the dwell time ofngan the border station. Transportation time
(delivery time) is result of presence of severaltdes, but it does not prevent us consider them

separately.

The transportation process in international railvii@nsport is influenced by several factors
that interlock each other. They affect the quatifyservices provided by railway undertakings in
international transport. Quality factors of theeimational railway transport have an influence on
the speed of moving (delivery time) in the transgion processes. Fig. 1 shows the complex of
factors that are crucial in determining the delviéme as well as their compliance.
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Relation form of international railway transportatidepends on the customer’s decision. All
the next factors are part of international transpamlicy in railway transport and of the internal
organization of train service by railway undertajsn Currently, in most cases, international rail
connection between two countries uses the diréatioa form. The indirect relation form is used
only to change transport regimes (SMGS/CIM and wieesa). On the territory of COTIF can
railway undertakings and its costumers make a agggrdeal about conditions of transport. In
case of using SMGS regime is not possible makeraegha deal about of transport conditions,
because railway undertakings and costumers are stragly obligation of SMGS agreement.

Transportation time is affected by external envinent too, i.e. economical environment,
political arrangement and technical interoperabbiétween different national railways systems.

3.2.Schengen area

European Union's Schengen area has a significgraaton the speed of international railway
transport. Due the cancellation of implementingtaaa in internal borders of EU has subsequently
also been removed the control activities in bostations by participating railway undertakings on
international railway transport. Regulation andaiiés of EU member countries participating in
the Schengen Agreement are based on the Convdmipd@menting the Schengen Agreement.

Basic terms of the Implementing Convention are [6]:

= internal borders: shall mean the common land berdethe contracting parties, their airports
for internal flights and their sea ports for regularry connections exclusively from or to
other ports within the territories of the contragtiparties and not calling at any ports outside
those territories.

= external borders: shall mean the contracting psirtéand and sea borders and their airports
and sea ports, provided that they are not intdroalers.

Implementing the Convention contains provisions dobsequent transport and movement of
goods (Title V of the Convention) [6]:

= The contracting parties shall jointly ensure thairt laws, regulations or administrative
provisions do not unjustifiably impede the movemagoods at internal borders.

= The contracting parties shall facilitate the movetnef goods across internal borders by
carrying out formalities relating to prohibitionsich restrictions when goods are cleared
through costume for home use. Such customs cleanaray, at the discretion of the Party
concerned, be conducted either within the countrgtdhe internal borders. The contracting
parties shall endeavor to encourage customs clearaithin the country.

= |n accordance with Community law, the contractirgties shall waive, for certain types of
plant and plant products, the plant health inspastiand presentation of plant health
certificates required under Community law.

= The contracting parties shall step up their codpmrawith a view to ensuring the safe
transportation of hazardous goods and undertakbatmonize their national provisions
adopted pursuant to international Conventions iogo

4. Quality of transportation processes

4.1.Change of transport regime and the diversity of rditrack

Transport regime usage has a significant impathéooverall quality of international railway
transportation. Growth in the volume of trade betweEU Member States and the Russian
Federation, respectively Asia (especially Chinkyo &reates the potential for growth in the volume
of traffic transferred between transportation mo@#s1/SMGS. At the contact points of these
transportation regimes is a need to change theaawntf carriage from CIM to SMGS. Railway
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undertakings and his costumer currently can useptbduct of international transport committee
(CIT) — consignment note CIM/SMGS. This consignmewote compress time of processing
attended documents on the border station and resrtbeerisk of error, which would be created by
the rewrite consignment notes by changing of thegportation regime.

Second field of quality factors by the crossingdwuris different rail gauge. At the meet point
of track lines of Schengens area and east cour(fBierus, Ukraine and Russia) uses the EU
countries the normal gauge 1435 mm (except fori@atiuntries and Finland) and east countries
uses wide gauge 1520 mm. The first possibilitymeroome the technical problem due different rail
gauge is reloading of goods from normal gauges wadgavide gauges wagon or vice versa. The
second possibility is interlacing of rail bogiesffdét of these activities, reloading goods or
interlacing of rail bogies, is extending the movimiggoods from sender to consignee and delivery
time.

4.2.Technology in border station

Technological process of border station has an rtapb impact to international railway
transport. Technology determines the follow-up\aiiéis concerned wagon loads by crossing the
border and railway undertakings are exchangingekponsibility for transportation. Technological
steps must be established and follow the guidintcjpies:

= maximum parallel running of the activities

= ensure the coordination of the personnel

= continuously introducing the new technologies auhhiques to operational processes
= eliminate unnecessary dwell times, more efficiesg af resources, facilities, staff, etc.

Technological steps in border stations are notsdiae for each station. Their development
depends on:

= number of railway undertakings, which use the bostiation
= volume of international freight railway transport

= track gauge

= relation form of international railway transport

= geographical location of border station within Suen area.

5. Quality of traffic processes

Traffic processes are created on the requirememh firansportation processes. From the
network-wide are important train formation probleand capacity of track, station and other
facilities.

5.1.Train formation problematic

Train formation problematic depends on several ipdges and needs of railway undertakings
and his costumers. In the international train fdramais need to define:

= full train loads (logistics trains)
= single wagon loads.

Problematic of logistic train is much simpler as #ingle wagon loads. Logistics train does not
travel during the marshalling yards, therefore gea of transportation route is oriented to the
fastest route from sender station to forwarding@ta

Direction on network of single wagon loads in intional railway transport requires usage of
several marshalling yards for consignments trartapon. The international transportation process
of single wagon loads is too complicated and tHezealowdown. There is not common solution
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for train formation problem (unit to participate ROn international railway transport).
Rationalization of international train formatioe¢hnology) requires:
= restrict the shunting with international wagon Isad
= concentrate the shunting with international wagmeds from border stations to marshalling
yards intended for international train formation
= concentrate the tariff points for acceptation oo shipments in international transport to
certain railway stations
= create conditions for better capacity utilizatidiaad normative for trains
= running the trains according to the time table
= comply the reciprocity of manipulated wagons onlibsis of agreements.

5.2. Capacity of railway station and track lines

Railway infrastructure capacity is expressed byribeber of the trains or of the couple of
trains, which is sustained and regularly manageabl¢he given track in the certain time period
regarding the permanent technical and traffic emeipts, type of rail vehicles and the way of the
traffic organization. [5] There is need to defihe theoretical and the effective (practical) catyaci

To ensure the maximum speed of international rangport is there necessary to redirect the
consignments flow to the Trans-European rail comsd Limiting factor can be the capacity of the
track sections, so it is necessary to know theipitises of railway infrastructure capacity andeth
track capacity in border stations.

6. Conclusion

Railway undertakings that have a high level of guaif services can achieve higher market
share in rail transport. The most important quditgtors in international transportation are these
factors: techniques, technological and economical.

Traffic and transportation processes have an imporicontribution to the quality of
international railway transport. These processdsciafdelivery times, speed of movement and
timeliness of wagon loads delivery.
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