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young researchers and scientists up to the agé ah@ their tutors. Young workers are expected to
present the results they had achieved.

The conference is organised by the University d¢ihdi It is the university with about 13 000
graduate and postgraduate students. The univexfédys Bachelor, Master and PhD programmes in
the fields of transport, telecommunications, forengngineering, management operations,
information systems, in mechanical, civil, electfjspecial engineering and in social sciences.
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Abstract. The competitive environment and costumers demdodse the companies optimize their
production processes. Maintaining quality of pradacservice offering brings the need to minimiosts
and settings the supply chain on the high effigieand function model. One of the necessary parts of
rebuilding the logistic processes is logistics audihe logistics audit can help companies increase
competitive environment on the global market antheut lost costumers. The paper is focused on the
characteristic of basic steps in the logistics uwedich could be used by the company, if they nagimize
own logistics chains.

Keywords: Logistics audit, logistic processes, procedurldgistics audit

I ntroduction

Economic trends in globalization are oriented forikbility of goods and providing the
guality of services. Customers are pushing theepratlown and competition innovates the business
processes. If companies want to operate successfullthe market, than have to apply the
optimization and improvement methods. These faots causing movement the logistics from
theoretical and interdisciplinary science to p@e@and provide more possibilities for companids. |
is quite difficult to set the right settings andphagation of logistics steps because we cannot
measure something what we cannot even manage. d$teway to get to know the logistics
processes in the company is the logistics audit.

Characteristic of logistics audit

Logistics audit is the first phase of long-termjpots in the company. Logistics audit is used
for determining the efficiency of logistics processas well if the company establishes a logistics
department or for re-engineering of business psE®s

Logistics audit is standardized and project evamaprocess, which is aimed at the corporate
office logistics management system [1]. It provides only an independent and objective view of
the business operations and logistics managemestérsy but also proposes measures for the
company resulting from the inspection results. ktgs audit is thus an effective tool for
continuous improvement of the components of loggspirocesses.

In practice there are several approaches wherstiogaudit is applied, but main objective is to
optimize the business processes and achieve thesl addue of logistics chains. Figure one shows
the overall progress of logistics audit.
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Fig. 1. Procedure of logistics audit.

Internal or external auditor can realize stepsagfidtics audit in the company. Table one
includes advantages and disadvantages of bothbildsss.

Internal Auditor External Auditor
Advantages » authorized employee is we e amount of experience in
versed in the business a auditing and control of the
knows the environment, ha latest techniques to improye

easier access to the sensit processes,
information of the company, » external auditor is not p
» there are no communicatig member of leadership
barriers between staff ar company, It carries the
auditors questioned, as assumption that his decisions
already know, are acceptable and applied

* internal staff are very familig properly

with the ongoing operations e objective and impartial view qf
the business and know the rig the organization of processgs
associated with these process and operations in the company.

« own employees can reduce t
cost of implementing controls.

Disadvantage * lack of experience in th » relatively higher costs for the

conduct of the audit, company,
« weak skills in  proces e impeded access to relevant
improvement techniques, information because of distrust
« appointed person may have of employees in some cases
relatively low position in the deliberately misleading the
company, which may result le auditor.

from the management authori
and hence lower efficiency (¢
the proposed changes.

Tab. 1. Compare of internal auditor and external auditor.
Deter mination of objectives

The first step for applying the logistics auditasdetermine its objective. The company decides
which part of logistics chain will be solved by istic audit. Optimization can be oriented on the
supply logistics, manufacturing logistics or distriion logistics. All decisions depend on
requirements of company and its current issuethifnphase it is possible to set up the strong and
weak sides of organization.

Analysis of current situation

Analysis collects all relevant information based stated objectives. Based on performed
analysis, it is possible to define the factors finfluence the setting of priorities. Auditor inigh
phase uses observation, communication with empfogad management of the company and thus
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creates an objective view of the physical, finaharal information flows and their mutual relations.
The interaction between external environment asdintpact to business operation has to be
included into comprehensive audit work

For example, by using the logistics audit in pi@etihe organization can define production
plan, inventory management system, techniques esfthological provision of financial flows and
etc.

Status assessment

Logistics audit in this phase evaluates obtaindédrination. Based on this phase, are defined
"bottlenecks” and weak sides of company, which khbe set up more effectively. For a deeper
understanding of the real state of the companyecessary to divide the identified problems into
smaller parts. Each logistics system consists dérdependent and independent material,
information and financial flows and to streamlineecof them influences the others. To further
illustrate the reasons, that caused the curremigms of companies, we can use the tools of quality
management. Example of one of mentioned toolshigdsva’s diagram (figure 2).

Material flow

| Information flow |

ilnaccuracy of
information transfer

speed of delivery

way of

orderin , .
9 inaccurate/incomplete

delivery

unrelated links

\

inaccuracy in determining of
competence

Performance of
the logistics system

time to pay debt

unqualificated
personal

terms of payment of
invoices

| Organization of system |

Fig. 2. Cause and effect diagram.

Suggestions of possible solutions

The proposals of logistics audit have to solveentrsituation in the organization and improve
the business indicators. It is not just the respotts the specific business problems, but also
logistics audit can bring preventive measure. Audshould propose the several measures that can
help the management to simplify the logistics floflsg the financial and technological company
possibilities).

If management of the company receives proposdisgidtics audit it is necessary to set up the
indicators of logistics chains and business opematindicators allow assessing the change of
business performance and efficiency. System a€atdrs depends on the type of company and its
field of business, for example in practice it cobtd

= |evel of customer satisfaction,
= decrease in inventories,
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» increase the overall performance of the logistysdesn,
= increase the performance of business processagduck their time,
= additional possibilities depending on the curréniagion of organization.

Conclusion

To increase the effects from applied logistics twdintinuous monitoring and using the
proposed solutions is required. Then the company abjectively evaluate the benefits of
suggestion measures or rework settings the buspgressesses and logistics system as a whole.

In competitive environment it is necessary for camips to use their strong sides and eliminate
the weak ones. Companies have to define their gtsaes correctly in the first step of logistics
audit and then they can use them effectively. Wadks should be identified, restricted and taken
into measures for their improvement or removing.

This contribution describes only one way to optinthe logistics system, which depends on
the auditor’s skills and his knowledge. Auditor$agse more optimization methods such as: ABC
analysis, Graph theory or Theory of mass operamhmany others.
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Abstract. This paper describes selected issues on the gsaffeshicles equipped with a hydraulic braking
system. The mechanism of the aging factor andakelts of quality control parameters of brake floabed
on glycol were presented. The results obtained fiteentwo devices devoted to test the boiling pointhe
brake fluid on a selected group of vehicles weragared.

Keywords: transport safety, vehicle operation, working mediu

1. Introduction

Transport safety is a very complex and importastiesfor human beings. Whether it is the
transport of passengers, commuting to work, trangellvith a family, leisure, or goods transport [3].
The threat of the road transport demands continumy&lopment of safety-related systems of
vehicles and road infrastructure.

The brake system has a decisive impact on theeacgticle's safety [1]. The purpose of this
system is to reduce speed and effective stoppintpefvehicle. Requirements for vehicle brake
systems were stipulated in the Regulations of Bth United Nations Economic Commission for
Europe (UN ECE) [8]. These requirements concerikibgamotion stability during braking and
reliability of the system. Figure 1 shows the patage of vehicle defects that caused the accident.

Steering
mechanism faults Other faults
5.0% 2.5%

Brake system
faults
22.5%

Lighting faults

Deficiencesin 53.8%
tires
16.2%

Fig. 1. Road accidents due to vehicle disability in 201Patand [5].

The statement shown in Figure 1 points out thal#hb% of the causes of road accidents are
responsible defects occurring in the brake sysidare than half of the 53.8% of road accidents is
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related to deficiencies in the lighting of the \a@&i Other causes of accidents are defects inrdee t
equal to 16.2%, the steering defects — 5% andttiero— 2.5%.

Passive safety refers to the elements and uniththee an impact on reduction of the harmful
effects of accidents for all occupants of the viehj8].

Inner passive safety is responsible for reduciregribk of injury or death of the driver and
passengers, or damage to baggage transportednéxpeassive safety reduces the likelihood of
injury to other road users (e.g. pedestrians) §jch a task is carried out by a vehicle body
structure, crumple zones designed to absorb th@dtmgnergy and reduction of the acceleration
affecting the vehicle occupant. The energy reledsedhe collision is absorbed by the lighter
object, which means a higher risk for pedestriagslists and drivers in smaller vehicles [4].

Construction safety means that the vehicle shounkum the efficient performance of the
systems providing safety: at the desired leveluphout the life of the vehicle, in any weather
conditions and in all road situations [7]. Of gr@aportance are performance of the brake system,
the steering system and the other systems respeifsilihe transport safety.

The concept of active safety means all factorsgesi to minimize the likelihood of a
collision or accident. An important feature of teefety is the fact that it concerns the mechanisms
and devices that allow the driver to take a speaiftion prior to the collision [6].

The article presents selected quality control patans of brake fluid in a selected group of
vehicles. The research results from two measurawicds to test the boiling point of the brake fluid
were compared.

2. Issueson the Wear within the Hydraulic Brake Systems

Like any other technical system, the hydraulic brakstem components subject to wear. The
wear problem concerns not only construction comptmbut also the working medium — the brake
fluid. The complexity of modern hydraulic brake s is mainly due to its links with other
systems supporting the driver. These systems aregrated ABS (Anti-Blocking System), ASR
(Anti Skid Regulation), ESP (Electronic Stabilityogram), BA (Brake Assistant), but also ACC
systems (Adaptive Cruise Control), "Stop & Go",.etc

The essential elements of the braking system af@law/s: the master cylinder with a servo or
ABS pump, steel and flexible wires and executivaarednts and friction elements (i.e. a disc with
blocks or a drum brake and brake shoes), as wellldisional mechatronic systems [2].

For the proper functioning of the entire brake eystare important properties of the working
medium. It is important to maintain an appropri@eel of brake fluid, its frequent inspection and
replenishment or replacement of the fluid when igpgarameters deteriorate. Car manufacturers
recommend replacement of brake fluid every two y@amwhen the course of about 40,000 km.

Cleanness of the fluid is essential for the prdpectioning of the ABS, ESP, etc., technical
properties of the fluid such as low water contemt \zery important. As it is well known glycol-
based brake fluids are hygroscopic and absorb oreisThe best method of determining the water
content is to measure the boiling temperature effitkd.

2.1. Selected Results of the Research

In the conducted research for this purpose are wsedesters for boiling point of brake fluid.
These devices are shown in Figure 2.

Comparative tests of brake fluid control equipmemre conducted in 10 vehicles. Some
measured results of brake fluid on vehicles arbegat in Table 1. The percentage of water in the
fluid was roughly determined by means of the watattent tester. Then the measurements of brake
fluid boiling point were conducted using two typddesters.
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Fig. 2. The brake fluid testers, BOSCH BFT 100 and ATE E&2D.

Vehicle type Year |Mileage [km] Water concentration [%6] Boiling temp. | Boiling temp.
0 1 |2 |3 [4 |BOSCH|[°C] [ATE[°C]
1 | VW Passat Variant| 2007, 216,000 X 228 187
2 | Skoda Fabia 2002| 210,000 X 210 189
3 | Hyundai 130 2009 | 85,800 X 246 264
4 | Nissan Quashquai 2012 5,169 X 267 261
5 | Suzuki SX4 2009 | 42,600 X 204 198
6 | Renault Thalia 2006 | 66,900 X 212 208
7 | Kia Ceed 2009 | 62,000 X 216 244
8 | Kia Carens 2007 | 76,798 X 194 185
9 | KiaCeed 2006 | 186 X 228 227
10 | Citroen C6 2006 | 48,777 X 232 242

Tab. 1. Measured results of brake fluid in the vehicles.

- /7 .
T/ \
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180
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== Boiling point by ATE [°C] Boiling point by BOSCH [°C]

Fig. 3. Comparison chart of the course of the boiling poirthe brake fluid on the base of studies coretlitty means
of two testers.
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As shown in Table 1, there was some differencehenobtained test results. Graph showing

the difference results of the boiling point of th&d obtained by two testers is shown in Figure 3.
In three cases, the differences in the results edsuring the boiling point were greater than 10%.
In other cases, much smaller differences were showrdications of measuring instruments.

3.

Conclusions

In conclusion, it should be remembered that thal fassessment is in the coolant expansion

tank, so that in the actuators at the wheels therneantent can be higher and boiling point of the
liquid lower than the one in the tank. Water get® ithe brake fluid from the surrounding air by
rubber elements (osmosis). The amount of waterrebdadepends on the type of rubber material,
where it was installed in the car (front and ream) the length of the cable.

In 30% of the vehicles tested differences in measent instrument exceed the boiling point of

about 10%. In other cases, much smaller differesbesvn indications of measuring instruments
with less than 5%. The entire population of velsdiested met the requirements for quality of the
brake fluid. Each examined vehicle brake fluid imglpoint was higher than the limit temperature
of 180 °C, made by two gauges, and the water cobsaw 3% (threshold point).
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Abstract. We are interested in optimization where the distion of the population in the plane is important
to know. In this paper, we propose a two-levelgodgosition of spatially large geographical datthaut
aggregating the population into single points, Whi very common tool, but it is not very realistiod it
can influence to the precision. We estimate theufatipn into a plane and consequently, we need high
resolution geographical data. We use OpenStreetidag free source of realistic data. We describe thow
generate the two-levels model which consist of wswspic and microscopic level. Furthermore, we
introduce method for population estimation and dbecrelated problems. Different values of the
aggregation rate are also investigated. This vapmoximately illustrates how close the Two-levaisdel

is to the reality. We believe that this approactspatially large networks might be very useful tbe
operations research and economics communities.

Keywords: Graphs and Networks, Network Design, Optimizapiooblems.

1. Introduction

The main goal of researcher working in optimizati®mo design better models and procedures
for solving problems emerging in everyday life atians. The quality of results provided by the
optimization depends on three basic elements -timfaga, mathematical models and solving
algorithms. In this paper we describe how to prepaput data based on real geographical data. The
source of input data we used is OpenStreetMap.

Typical problem which makes the applicability of deting and optimization difficult is high
level of data aggregation. For illustration, indwal towns are represented only as one point (on a
macroscopic level) and this one point representmiaabitants inhabiting the whole town, but in
reality 20 000 people do not live in one point (aggtion), but they exists in a certain space (on a
microscopic level). Hillmans described aggregagaors in measuring distance between customers
and locating facility [3]. We will show approach iwh minimizes these errors.

The aim of this paper, however, is to demonstraig® describe two-levels data model. The
spatially large microscopic level might be too bg us. The two-levels approach is the tool which
we use for decomposition of microscopic level tocroacopic level while keeping the connection
between them.

The paper is structured as follows. In section 2escribe the OpenStreetMap. Section 3 deals
with two-levels data model. Finally, in sectiorme summarize our conclusions.

2. OpenStreetMap

The project OpenStreetMap(OSM), born at Universiiyllege London in July 2004, was
founded by Steve Coast. OSM is an open source maers All data and added information are
available for free and cover the whole world. Thdata are mainly obtained from land register,
public and government institutions. Similar to wi&dia, everyone can edit and create new data.
OSM contains realistic actual data from the wholaley an allows to get enormous number of
large-scale heterogeneous networks such as raaldgys, shops, restaurants, hospitals, fire/police
stations, etc. You can see [1] for more information
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3. Two-levels data model

In this section we illustrate the problems conasgrihe microscopic level on the example of
the Slovak republic (SR). The problem is that if want to use a microscopic level for the whole
SR it is too big for optimization problems. The rhan of nodes of all roads is 579 257 and the
distance matrix has 335 538 672 049 entries. Weritbeshow to control the size of this graph
using decomposition in first part. In the next pae introduce estimation of population into space
not only into nodes of infrastructure. The reasantliis estimation is allocating people in the plan

3.1. Decomposition procedure

There are several decomposition methods (see [ih]),this article we demonstrate
decomposition to segments according to logical ne¥stbp (cities, towns, states, regions ... ). We
decided to use the landuse of towns and villagdsgasal membership resulting. The result of this
decision is that 2924 nodes at the macroscopid (eee Fig. 1a.) belongs to an 2924 independent
microscopic level segments (see Fig. 1b.). The sunodes of all roads in all segments is 768 787.
This is more than the number of all roads in SRabse some of them are used more than once. The
smallest village “Vysny Skalnik” only has 9 nodewahe biggest town “Nitra” has 6900 nodes.
The sum of all entries in separated matrices ofmsegs is 676 582 467 which is considerably less
than the items in the matrix of SR.

We had to solve this question: How can we go frara microscopic node in any town to any
other node in another microscopic segment? We elgfthe in/out nodes in each town segment,
which you can use as in/out gateways (see Figldg.-

In proposed settings we keep the optimal shortagtspbetween all nodes just like in SR, but
we make the matrix far smaller. This is possibkxduse we aggregate (all nodes into a main node),
but we also keep all in/out nodes. The reason émplng these nodes is that they are used for
connecting the macroscopic level with neighboriegrsents. The same node is an out node for
one, but an in node for his neighbor. We propossuingle way how obtain the shortest path. First,
we know the shortest path to each out node in élgensnt matrix for the starting and target node.
Then at the macroscopic level we have the shop@$ts between all infout nodes that we need.
Afterwards we generate a small temporary graphisting of only all relevant in/out nodes and the
start and target nodes. Finally we use the shopigst algorithm to find the optimal shortest path
between the start and target nodes. This procdastiand we save a 99,8% of space.

(d)
- Zllina

Fig. 1 (a) The macroscopic level consists of segments (landfigewns). Each segment have main node (black
point) at the macroscopic levelb) The separate microscopic level (segment) of citin& Figures(c) and (d)
illustrate infout nodes for two adjacent segmefitse one same node M’ node in Zilina and'out” node in
Lietavska Lika.
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3.2.Estimation of population

Once we have microscopic level segments, we aled teelayout the population. We know the
town population as well as the roads in segmentthErmore, from the OSM we can get buildings
and town residential areas that are situated ih sagment. There are several different ways of
allocating population:

= into all road nodes of segment (+ simple, + withingreasing graph size, - not comparable
with reality, - layout of the land),

= only roads in town residential area (+ simple ,4#heut increasing graph size, + more
comparable with reality, - not all residential axeae in the OSM, - layout of land),
» into buildings of segment (+ simple, + comparabléhweality, - graph increasing in size, -
not all buildings are in the OSM and some townswatieout buildings, +layout of land).
These three ways are simple, but if we want to raat@ze approximation process of town
population, we will not examine every segment. @Qaering every building as a node with people
is not applicable, because we would get a veryelgrgph (plus 1 674 248 (the number of buildings
in SR from OSM) to 579 257 nodes of roads (see Tap, which we cannot easily use for
optimization. Also not every existing building iscluded in the OSM. There are towns and villages
without buildings or residential areas. Becauséh® diversity the process cannot be the same for
every segment. We propose this algorithm:

1. If there are no buildings or residential areas segment, then we put all population into main
segment node and stop. Otherwise we continue todkiestep.
2. We create a spatial grid with items of constarg §&ze is arbitrary = size of square cells).

3. We divide all objects of the segment (buildingssidential areas) into grid cells based on
coordinates.

4. We remove all grid cells that are empty (the resulind which we can consider settled)

5. Afterwards we allocate people into grid cells witgard to the number of buildings and
fractions of residential areas in these cells.

6. Finally we decide the location of main node of grells and we connect them to the road
network.

We called this techniqu&rid Estimation Of PopulatiofGEOP). GEOP allows to create data
models with differenBize Of Square Cel([SOSC), so we can simply calibrate the size af gells
to an estimation that we can solve. In the Figia2t can see results for different values of SOSC.

Va}_&@{ﬁ R N

(b) (©
Fig. 2 The figure of GEOP result for different value @SC such aga)50, (b)300(c)1000, used on the city Zilina.
We can see that if SOSC increase, than numbeilsfased quality of segment layout decrease.

A smaller value of SOSC is closer to reality thargér values. We did some experiments on the
network of SR which we obtained from OSM. The resate in Tab 2.

There exists one more simple possibility how to engkaph even smaller. The fact all nodes
we need are the ones with population (added by GEQ® nodes with degrees 1, 3 or more. We
do not need nodes of degree two, because we careitfilem in the distance matrix, since they do
not have any influence on the length of shortetligpdResults of this reduction are in Tab. 3.
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number of | nodes in Size of square cells (meters)

Component buildings roads Component 100 200 300 400 500 1000
SR 1663 278 579 25¢ SR X X X X X X
allsegments | 1674248 768787 | allsegments| 388145 143486 88173 63922 50520 25p02
Zilina 17 816 6 745 Zilina 2 885 869 446 281 20b 70
Nitra 19 469 6 900 Nitra 2971 978 530 329 243 g6

Tab. 1 The table contains number of buildings  Tab. 2 Experiments results are in number of cells, whieh
and nodes in roads in specific segment such as obtain with GEOP. Zilina and Nitra are examples agof all
Zilina, Nitra and in all segments together and SR. segments.

Component
Size of square cells all segments Zilina Nitra
(meters) N R N R N R
100 1156 932 601 248 9630 5329 9871 5909
200 912 273 335 393 7 614 2812 7 878 3528
300 856 960 261 34§ 7191 2204 7 430 2 965
400 832 709 227 737 7 026 1959 7 229 2678
500 819 307 209 08¢ 6 950 1842 7143 2 563
1000 794 389 174 179 6 815 1644 6 986 2 337

Tab. 3 Results of reduction are in number of graph nodfésere N is without reduction and R is with redustio
Results are for different value of SOSC and spesiigments such as Zilina, Nitra and all segmegsther.

4. Conclusion

In this paper we illustrated the problem of datgragation and its influence on the solution of
optimization problems. We proposed the two-levedtadnodel that consists of the macroscopic
level and microscopic level. This data model waseid by using different values of estimation (size
of grid cells). The results have showed that lowadue gives us finer approximation (subpartion)
nearer to reality, but problem might be that treuleng network becomes too big. However, every
example in Fig. 3 is a better approximation thaty @ame point with the name of the town. The
guestion remains how realistic approximation we twanobtain. Unfortunately there is constraint
from optimization in the size of the network whisle are able to solve. Furthermore, the proposed
data model requires accruate data about the infidgte and buildings. In order to improve
existing OSM data, we are planning to continueregearch focused on acquiring input data from
images [4,5].
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Abstract. In the context of creating safe environment indrdéannels is necessary to limit as much as
possible any potential hazards by careful manageprposal of the tunnel. One of the many hazasds i
wide oversized vehicle too, which, while also rumpistraightforward does not affect the secondary
continuous traffic lane on the freeway or expresswat its circumvention for example by other oveed
vehicle can be classified as dangerous. An enaoatga of road tunnel compounds the hazard. By earl
detecting of such vehicle and monitoring of thdficaflow behind this vehicle, it is possible to a&uate
potential risks associated with maneuver of circemtion of oversized vehicle, which in addition to
reducing safety risk, minimize the probability afhgestion in this area. The basic preconditionefany
detection of arising congestion is built telematrdsastructure - sensors and actors. The aim iedace the
security risks resulting from riding through thedatunnel by such action that inside the tunnailets only
fluent traffic flow with safety margins and safefyeed

Keywords: wide vehicle, circumvention of vehicles, road tehropen road, traffic control, monitoring of
the traffic flow, detection, sensors, variable naggssigns

1. Introduction

This Roads in rural areas are different from urbaeds in cities mainly topologically, what
allowing vehicles to move much faster. Analysesafidents on highways and expressways show
that approximately 50% of fatal accidents are cdumsea delayed reaction of driver to the obstacles
and emergency situations and a further 25% of ¢htegory of accidents are caused by driving
technique inappropriate to the conditions. Desihitefact that in the number of accidents are local
roads leader, accidents on highways and expressa@yslmost always associated with fatal
consequences. Some causes of accidents on motoavelysexpressways can be reduced or
prevented with the use of higher forms of manageraed telematics applications.

Systems are basically divided into two categorebjch differ depending on where is
concentrated decision process: intelligent veharantelligent highway/expressway. In case of
intelligent highway takes the weight of informatioollection and transmission to the driver mainly
infrastructure built along the road. In thisase, freeway or expressway cover the
telecommunications environment that allows you atlect weather, traffic, or other data in any
desired section of the motorway, and after proogssi the center then allows them to distribute to
drivers in the form of verbal information or to iasyle message signs and information signs in the
form of commands.

Information about extraordinary conditions is trait$ed to the driver from the superior traffic
center. The information is obtained by measuringideo surveillance. Great importance, however,
have also received verbal information like policeservice report, or from other drivers.

Unexpected obstacles on the road, but also in nimediate vicinity are often a source of
accidents. The main reason is that the driver osebarrier at the last moment, when it can’t
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safely stop or make an appropriate maneuver. Qaegtsiehicle running in slow lane also be an
obstacle on the road, because his circumventionbeadangerous and this maneuver should be
adequately reviewed in advance. As a consequenag,bm a car accident or the occurrence of
congestion.

2. Road Tunnel Environment

Modern road traffic systems not impose focus onty security but also on ecology and
growing economic needs of passenger and goodsptteng he development of expressways and
highways requires minimizing of the height diffeces and prefer especially in mountainous terrain
systems tunnel - bridge, due to the reduction efsllbpe rising and falling gradients. In such tcaff
system is tunnel one of the main critical pointegve the main risk factor is an accident with ipjur
or death, fire, explosion or leakage of toxic gamed liquids. In contrast to roads or railwaysha t
open country, in the tunnel is user getting intonte that will "force” him investor, respectively
tunnel operator and therefore then they are alsporssible for ensuring that in the case of a
problem the user will have a reasonable chancesziue.

Comparing the statistics of accidents in road tigneis clear that the number of accidents on
1 km of length per a year is significantly loweaththe number of accidents on open road. This is
mainly due to the absence of junctions inside thené¢l and minimal weather impact on traffic
(visibility, slippery roads, snow, frost, etc.). Wever, when we compare consequences of bigger
accidents in the tunnel, they are much higher trathe normal roads, due to the enclosed area of
the tunnel. First of all accidents with fire canvladisastrous consequences often included a
significant number of victims of human life.

In the context of creating safe environment in rdadnels is necessary to limit any potential
hazards as much as possible by careful propodahotl management. This goal can be achieved
by continuous detection of all kinds of hazards agdaking adequate measures, eg. raising the
alarm according to the rules having a priority,deg effective and appropriate messages to users
of the tunnel, when appropriate.

3. Transport of Overloaded and Oversized Vehiclesin Slovakia

Limit dimensions of the heavy vehicles establigjiditive regulations of each country. In our
region is the maximum of height - 4 m, wide - 2.5amd length - 16.5 m with semitrailer and 20
meters with trailer. Exceptions are given for thensport of large and heavy loads that cannot be
reduced due to its construction (reactor, turbibegdings, etc.).

National Motorway Company in Slovakia NDS a.s. ¢des routes and determine the
conditions of excessive and oversized transportatio the roads which belong under their report.
Authorization procedure for special use of roadselgessive and oversized trucks, as well as
process of administrators to determine the conultiare regulated by Methodical instructions
MDVRR SR 1/2008, valid from 1.6.2008.

Statistical data | 2006 2007 2008 2009 2010 2011 2012

for theyear:

Thegreatest 8,30 8,50 8,08 7,50 8,50 7,15 7,50
width [m]

Thegreatest 6,10 7,00 7,20 7,37 8,00 6,00 5,57
height [m]

Thegreatest | 57,00 58,00 58,00 83,53 83,53 75,00 71,0
lenght [m]

Tab. 1. Statistical data about oversized transports (so0@2B SR)
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4. Excessively Wide Vehicles

As excessively wide vehicle can be considered (@xtee Methodical instructions MDVRR
SR 1/2008) any vehicle that exceeds for Slovak bkpspecified maximum width of 2,5 m for
truck, but when it is not wider than 3.0m, whiclsighject of the obligation apply for a permit from
the competent administrative authority.

This vehicle while running straightforward does affect the second ongoing traffic lane on the
freeway or expressway, but circumvention for exanpl the other wider vehicle can be described
as akind of hazard. The hazard is compounded lolosure area of the road tunnel, where
sidewalls are barriers to circumvention with usirfighe hard shoulder what is possible on the open
roads. It is necessary to reduce to minimum angrm@t hazards such as the circumvention of the
excessively wide vehicle on the expressway or hgghleading through the road tunnels.

Appropriate action can be taken in case that swtficle has been detected early enough (in
time before entering the enclosure section of toadel). Subsequently, it is necessary to monitor
traffic flow located behind of this excessively widehicle in the direction of travel, in order to
evaluate the potential risks resulting from thecwmnvention maneuver of this vehicle.
Characteristics and composition of the traffic fldwehind the excessively wide vehicle are
changing in time (faster vehicles change their tpwsi by changing lanes, avoiding slower
vehicles), therefore it is necessary to performibooimg on the minimum three locations before the
road tunnel. Monitored section should be also qupdpwith the action elements of the control
system - variable message signs and variable i@fiiven panels serving to enter commands and
information to the whole traffic flow resp. to sjfexdriver.

Under the monitoring of the traffic flow situatedtnd excessively wide vehicle is necessary to
detect every single individual vehicle - measurkeast its dimensions such as width, height, length
and class of vehicle, but also the average spedideo¥ehicle and, last but not least position of a
vehicle within the traffic flow in monitored secti@and within the traffic lane they moving in.

Monitored vehicles in traffic flow behind the exse®ly wide vehicle can be divided into
categories:

1. personnal car - width upto 2 m

2. truck - widthup to 2,5 m

3. truck - width over the 2,5m up to 3.0 m but whishbt subject of the obligation apply for

a permit from the competent administrative autlyorit

The first category of vehicle can be consideredadsgory with minimum risk and in principle,
it would be enough for drivers of such vehiclesyohighlight (warn) the increased attention in
circumvention maneuver of excessively wide vehariethe open communication, or directly in the
road tunnel. The second category of vehicles ig/dsecause it is the circumvention of excessively
wide vehicle by truck (relatively wide vehicle). @maneuver of circumvention on the open road
should be accompanied by warning to increased taitem circumvention because of danger of
traffic accident. However, circumvention in the do@nnel should be appropriately evaluated by
the control system considering the real width & #xcessively wide vehicle and wide vehicle
behind him and also considering their exact pasiuithin its traffic lane.

In case that circumvention of excessively wide gleghis possible under certain circumstances
(respect of commands), then it may be allowed witnning and continuous monitoring by tunnel
vision system, but if the system will evaluate tbmtumvention is dangerous, fast traffic lane is
closed for heavy vehicles going directly behind theessively wide vehicle with appropriate
information about circumvention ban by heavy vedscbr information about ban for specific
vehicle identified by number plate.

The third category of vehicles can be directly idfeed as hazardous / dangerous.
Circumvention excessively wide vehicles by excesdgiwide vehicle is only possible under certain
circumstances, and only on the open road, circuttwenn the closed section of the road in a
tunnel should be prohibited.
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5. The Emergence of Congestion as a Result of Excessively Wide Vehicle
Moving on the Road

As a result of excessively wide vehicle moving ba highway or expressway may be the
emergence of congestion due to the less experiairoegets don’'t want to circumvent this vehicle
and those which want to circumvent it have to redis speed. There can occur shock waves and
level of service decreasing.

Whereas the traffic flow is described by varialdesh as density, speed and intensity, we can
apply here theory about the spreading of liquicackmg of the discontinuities (shock waves) in
traffic flow is one of the basic problems of trafiengineering. The shock wave can be defined as
the spreading of density or intensity changes iagainst direction of traffic flow. Shock waves are
generated right in places with narrowed road (estwely wide vehicle creating the similar
conditions like narrowed road) at the certain dgnai traffic. In such area, passing vehicles must
reduce their speed to pass along the obstaclke lintensity and density is relatively high, so the
place where the vehicle must reduce their speedusecof the previous vehicle braking, it moves
against the direction of incoming vehicles. In th@nt on the road are created conditions for the
spreading of the shock waves.

The basic precondition for early detection of enmeggongestion, telematics infrastructure has
to be built — sensor part of the traffic controbt®m which provides information such as traffic
volume, density, speed of traffic flow and the fasg level of service, but also it has to be atole
determine the cause of the congestion, in this itasexcessively wide vehicle.

To early harmonization of the traffic flow in caskEexcessively wide vehicle occurrence must
be used emergency traffic lanes on highway or esgpvays, resp. safety bays but still on the open
road, not inside the road tunnel, when by usingariable message signs is driver of detected
excessively wide vehicle prompted to stop at thgeeaf the roadway or in the safety bay, so that
traffic flow accumulated immediately behind thiscegsively wide vehicle can safely avoid this
vehicle. This command is issued either before amgehe road tunnel, or immediately after it. It
depends on the characteristic of the traffic (leMeservice) moving behind this excessively wide
vehicle. If the quality is reduced, it is unaccépeathat we let inside traffic flow in this conditi
with the starting congestion, therefore the appaderaction should be performed before entering
the road tunnel. If the quality of the traffic (Evof service) complies with absolutely fluent fraf
flow and traffic density is not high, it is no nesary to take any action before entering to thd roa
tunnel.

6. Conclusion

The first important thing is to let in to the roaohnel only harmonious and fluent traffic flow
with sufficient distance between vehicles and watimination of all potential hazards resulting
from driving in enclosed area of road tunnel. Oh¢he risk factors that can be early identified by
appropriate sensor equipment and partially or cetepyt removed before entering the road tunnel
with the help of the action elements of telematinfastructure by deploying appropriate
management scenario can also be excessively wideleeanoving on the highway or expressway
while under the Slovak regulations it doesn’'t nemtiave permit for transport but regard to traffic
safety in road tunnels may present a danger asedamth the development of a traffic accident or
congestion. And therefore, in the interest of nmamtfluent traffic flow and safety of its
participants, it is necessary to monitor (not athiig) parameter of vehicles and apply appropriate
control algorithm to the traffic process.
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1. Introduction

Because of large amount of traffic volume in laoifges in present, there is no way how to
effectively control the traffic without the suppat information and communication technologies,
the backbone of which are intelligent transporttays. These systems can be widely used for
example for traffic management (both individual gmablic), for providing traffic information,
charging for using infrastructure sections etcndof ITS in traffic management leads to reduction
of negative traffic impacts and has a positive iotma increasing traffic safety and smoothness.

2. Urban Network Control

From the point of view of traffic control there awo ways of controlling the traffic network in
the urban areas — control of traffic node and abrif traffic network (area). For the control, the
traffic controllers are used. The controllers aseally equipped with detectors, which monitor the
presence of vehicles or pedestrians. Active iteradraffic lights. Controllers can operate isolated
or they can be in coordination or they can be abled by the urban control centre.

2.1. Traffic Nodes Control

Traffic node can be controlled using fixed prograo#-line), where each signal group is
calculated on the basis of historical data, or tteay be controlled using actuated programs (ori-line
traffic response), where signal groups are depepdeclrrent traffic situation. When using traffic
response control, regulatory intervention is calted for momentary traffic situation (phases on
call, prolonged green phase, changed sequencémség).

New methods of managing the traffic nodes are basedpotential of modern traffic
controllers, which are fitted with 32-bit processaasind often use principles of artificial intellige
(methods TRENDS/TRELAN, VS-Plus, FUZZY) [2]

2.2.Traffic Network Control

Single nodes are connected to urban control centngh in the level of area controls and
coordinates operation of nodes. For control ofiitarea are used fixed programs (off-line), traffi
response programs (on-line), on-line control witbtimization, adaptive control method, and
heuristics and expert methods. [1]
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Off-line programs use historical traffic statestioé area. On the basis of this (historical) data,
fixed signal groups are calculated for each tratfmtroller. This signal groups are then used in
traffic control and their change depends on theetohthe day and on the day of the year. When
calculating signal groups, there is taken into aotaptimization of various parameters such as
length of green, cycle period and offset. As amgXa of such method is TRANSYT.

When using Traffic response programs (on-line)esalvsets of signal groups are calculate for
various traffic states on network. The signal gape saved in traffic controllers or in the urban
control centre. When calculating maximum green,leeyand offset, TRANSYT is usually used.
There are strategically located detectors, whichitothe traffic situation. On the basis of théada
from these detectors, there is chosen the segnakgroups, which is the most convenient for the
situation. This type of control we can define adina control without optimizing.

On-line control with optimization uses urban cohtentre, where all the intelligence of the
system is concentrated. There are transmittedadetat traffic and each second there are calculated
with optimizing the lengths of green, cycles” pdsoand offsets. Traffic lights are directly
controlled by this centre. An example of such cointrethods are SCOOT or SCATS.

Adaptive control methods are a combination of tHsvamentioned methods. Traffic
controllers have considerable intelligence, or toatrollers operate in Traffic Response mode.
Control centre every 10-15 minutes optimize regdatalues (maximum length of green, cycle
period and offset). There are several used metisodh as OPAC, PRODYN, UTOPIA, and
especially MOTION method.

Heuristic and expert methods are used in the caserg complicated situation. They work
with the database of predefined conditions andaisimulate the behavior of an expert.

2.3.The Ways of Control when Using Modern Technologies

As an example of traffic control using modern tembgies can be mentioned traffic solution of
the company, which is engaged in the developmantplg, installation and maintenance of
technological equipment for road transport - CR@8S a.s.

Approximate size | Number of traffic | Example of present CROSS technologies
of the town lights, intersections situation Possible solutions 8solutions
Controller CROSS RS 4
) ) . . Vehicle-response isolated LED technology
0-5000 2-3 Fixed time control junctions Traffic detectors (loops, vide
detection...)
. . Controller CROSS RS 4
Vehicle-response isolated LED technolo
5000 - 15 -000 3-10 Low capacity junctions Traffic detectogr)é (loops, vide
Linear or area coordination . ps,
detection...)
. ) Controller CROSS RS 4
Vehicle-response isolated LED technology
Limi_ted options for jqnctions A Traffic detectors (loops, vide
15 000 - 30 000 10 -20 traffic control at Linear or area coordination detection...) ’
night Remote monitoring from a Traffic me;rlmagement center for
central dispatch center .
supervision
. ) Controller CROSS RS 4
Vehicle-response isolated LED technology
Often congestions in Jﬂzgg?gsr area coordination Traffic detectors (loops, vide
30 000 - 100 000 20-50 9 o detection...)
rush hour Remote monitoring from a :

. .| Traffic management center f¢r
central dispatch center Public supervision and fully adaptive
transport preference control
Vehicle-response isolated Controller CROSS RS 4
junctions LED technology

Unbalanced control Linear or area coordination Traffic detectors (loops, vide
More than 100 000 More than 50 during special event*RemOte monitoring from a detection...)
gsp " central dispatch center Public | Traffic management center fgr
transport preference. supervision and fully adaptive
The default path for the IRS control

Tab. 1. Example of proposed traffic solution [3]
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3. London

London with its population of 7,57 million inhahtiz is the Capital of England and also the
biggest city in the European union. The modal dplitLondon is 21% walking, 2% cycling, 19%
bus, 1% light rail, 10% metor, 8% commuter rail¥@¢ar and 1% motorcycle/scooter. The length
of the road network of London is 14,748, of whichlén are urban motorway, 1720 km constitute
the urban primary network (A and B Roads) and temaining 13,003 km are the secondary
network and minor roads. From the intersectionshvgignal control, very few use fixed-time
programs (some MOVA), 900 use fixed-time progranith wontrol updates, approximately 2300
use a dynamic response UTC area and approxima88ly &e vehicle-response isolated junctions. .
For the dynamic response UTC, the SCOOT systeradd.U~or the detection in the dynamic UTC
system, loops are used. London has a dedicatdat ttahtrol center that is operational 24/7, using
more than 1200 CCTV cameras and for traffic contegls 120 variable message signs. The London
Traffic Control Centre is unique among the worlttagfic control centers as it carries out both real
time traffic management, and provides up-to-daéitrinformation. [4] The traffic control centre
does not have a command and control or a decisippost system in place. The London Streets
Traffic Control Centre (LSTCC) is collocated witiet London Buses Control Centre in the Surface
Transport Traffic Operations Centre (STTOC), whatéo housed the Co-ordination Centre for the
Olympic and Paralympic Games in 2012. [4]

London uses the VISSIM, TRANSYT, LINSIG, VISUM ahégion tools to model traffic flow
and pedestrian flows. [4]

4. Heerlen

Heerlen has a population more than 90,000, antetigth of the road network is 418 km. The
exact number of intersections is not known, althotlge number of traffic lights is 31 and the
number of roundabouts is 59. All of the traffichtg react to the traffic-intensities by detectaors i
the road (for motor vehicle’s) and pushbuttons lgioycles and pedestrians). The only information
that is known of Traffic Control Centre is the datdlection. The data are collected from:

- the traffic lights (malfunctions and occasionalbly Eounting motor vehicle’s

- parking guidance system (malfunctions and occupatfdhe garages)

There are no variable message signs. The Parkingmie system is available in the centre of
the city. All (9) public garages are connected® system, showing the number of free parking lots
of each garage. There is one red light runningatieten the town of Heerlen, it is owned and
operated by the police. And there are five locaitor speed cameras in the region, which also are
owned and operated by the police. Three of thenoara regional road, not owned by the city of
Heerlen. The speed cameras circulate between fiieeedit locations in the region. [5]

5. Zilina

The number of inhabitants of the city of Zilinag8i4,303 (31 July 2012) [7]. The length of the
road network is 311,257 km. Road infrastructureZina is characterized by a relative dense
network of roads, but the proportion of the highkisses’ roads is low. The basic communication
system in Zilina is radial-circular. At present &mit is created of main radials and also of three
circuits, and also fourth circuit is about to build

In the Strategic Development Plan of the city dindi, there were identified streets that are of
concern from the point of view of traffic solutiohe mentioned streets are the Kragujevska,
feeder motorway Zilina-Strazov, PriemyseliZavobrezna, Vika Okruzna, Zavodska, Rajecka,
Kvacalova and Hoérecka. According to the Strategic Pliam the point of view of urban structure,
the most problematic part remains to link the wespart of the city and the city center. [9]
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Public transport is operated by Transport entegpoisthe city of Zilina, Ltd. The operation of
urban transport is covered by trolleybuses andetlimsses, which operate on 8 trolleybus lines and
13 bus lines. The length of trolleybuses lines28.3km and the length of bus lines is 270.3 km.

In the town of Zilina, there are 7 roundabouts, tieee of which are located on
VysokosSkolakov Street. There are 21 traffic lightef all are in operation. 17 traffic lights are in
operation, the 10 of which are at signal controilggrsections. Remaining 7 traffic lights ensure
safe pedestrian crossing (green phase for pedestigaon the basis of pushbuttons)

5.1. Traffic Lights at Streets Hri ¢ovsk& and Kragujevska

Kragujevska Street is continuation of &vska Street, it is part of the road /18 and @gat
feeder in the direction of Bratislava. At this sewt there is one pedestrian crossing that is selcur
with traffic lights (call by pressing the pushbutfo Except the pedestrian crossing, there are
another 5 traffic lights (3 intersections + 2 pedas crossings), but they are due to traffic
smoothness out of operation (blinking yellow or gdately off)

5.2.Traffic Lights at KoSick& Street

There are three intersections controlled by trdffjots on this street. First of them is traffic
signal ath the entrance to TESCO (controller VSE-TIBe middle one is intersection at the TESCO
Hypermarket, on the road 1/18 (controller MTC 3Q0Dhis intersection is the only intersection of
the third (speed) traffic circle of the town andalso the busiest intersection of the town. Thedthi
traffic light controls the intersection of the site KoSicka - Pri Celulézke, where ensures left tur
from the KoSicka Street and the right turn from 8teeet Pri Celuldzke.

5.3. Traffic Lights at Velka Okruzna Street

In 2011, the driveways and intersection round thepping centre Aupark were reconstructed.
It concerns the intersections k& Okruzna — Halkova, V.Okruzna — Komenského, Viu2ka —
Aupark, V. Okruzna — Vojtecha Spanyola and V. Okaiz Predmestska — 1. M4ja and pedestrian
crossing next to the “Dom odborov”. The traffichig are fitted with camera detectors, pushbuttons
and CROSS RS4 traffic controllers. Signal groupthefintersections were calculated on the bases
of measuring the intensity by the camera detectwisch lasted approximately 1 month after
reconstruction. Each intersection has four setsigiial groups, of which the length of cycles are
68s, 85s, 91s and 109s and in two different vessiersignal programs without calls and signal
programs with call. Tab. 2 shows timing of the nn@m¢d signal groups. [8]

Mo- Fri Sa, Su, Holyday
time state time state
0:00 yellow 0:00 yellow
6:00 68s 6:00 68s
7:00 91s 19:00 yellow
9:00 85s
13:30 109s
19:00 yellow

Tab. 2. Timing of the signal groups of the Streeti'k& Okruzna

All of these traffic lights are in coordinationr(@ar coordination). The coordination is ensured
by receiving the exact time from satellites, budiwdual traffic controllers are not connected to
each other. In practise it means, that in the o&sealfunction of any traffic controller, remaining
controllers don't react on it and remain operattheaisame programme.
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5.4. Remaining Traffic Lights

There are two more intersection with traffic ligitsZilina. First of them is the intersection of
streets Komenského and Fandlyho (traffic control8F -12) and intersection P.O. Hviezdoslava —
Kélov — Kysucka — Sasinkova (traffic controller BpBoth traffic lights are controlled by fixed
time programs. Remaining traffic lights ensuregstdan crossings and are on call.

5.5.UNICAM Camera System

There are 2 modified camera systems in the ar&liof [6]: speed camerafor detection of
speed on a road section (UnicamVELOCITY), which lasated on the My diel street; anded
light running cameras(Unicam REDLIGHT), which are located at the intmtson of streets
Predmestska, \fka Okruzna and 1. M4ja. These systems are lotladed in the framework of the
Transport Research Centre, specific objective 2tgiision of planned research of advanced
technologies in the field of law enforcement inddensport).

The principle of the system UnicamVELOCITY is bagsedthe time data from detection of
presence of vehicle at two different places, wHitgance between them is fixed (528,4m) Only one
lane is monitored. The offence is recorded thropigbtographs and details of the registration plate
(+ processing of the special software for recognibf registration plate number)

The system UnicamREDLIGHT monitors only one dirkate at the mentioned intersection.
The system uses surveillance and detail camerathelrcase, when surveillance camera detects
motion of a vehicle during red signal, camera sttarttake images of the vehicle at intervals, while
detail camera takes a picture of registration plake registration plate is subsequently recognized
automatically by special software for recognitidnmegistration plate number)

6. Conclusion

This article provides an overview of the possil@stof urban traffic management. Single traffic
management solutions are compromise of many factors the basis of the analysis of
abovementioned three cities we can say, thatdrafflutions depend mostly of the size of the city.
But there are many other criteria which influendfic solutions. One of the most decision criteria
is initial and operational costs. Choosing the triglution can lead to reduction of negative traffi
impacts and to increase of traffic safety and simoesgs.
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1. Introduction

In this article, we would like to suggest some usssolutions of supplying large cities of
Slovakia, whose streetcar lines and trolley linesdeveloped. We think about the use or rather the
formation terminal design near the Gateway of theties and design of distribution / supply
network using the existing lines. This system ha®t@ntial to achieve many synergies in terms of
sustainable mobility. In this article, we focusedtbe mobile part of the City logistics.

1.1. Small containersin City logistics

The main problem of a road freight transport arghhicosts on loadings and joined
consignments orders. Urban freight transport ineslthe supply transportation, which means that
handling units are much smaller than for long dhgyvidistances. Larger handling units and
corresponding intermodal loading units are not va&uitable for collection or distribution along
urban roads from customer to customer living nebam centers.

Therefore, is now the domain of the road freighh$port the cargo transportation designated
for centers allocated on the margin of urban aweas the transport among goods distribution
centers is shifted to the capacity more favourailéage. This means that when separating
consignment the costs are very high so the dingaplg compared to combined transport of urban
centers by semitrailer units for long distanceofiten the most favourable for the distribution
companies.

Smaller containers that correspond to the usualmel of cargo in the supply transport,
represent an opportunity to reduce the financiat ob joined consignments orders, or it would be
better to remove the possibility of joined ordeZ®mpared to today's containers, small containers
meet the requirements for both short-distance ysrwith small cargo units, as well as for long
driving distances with large cargo units. Consiagrihe requirements of urban freight transport
(narrow roads, environmental aspects) is incraageice undesirable.
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Fig.1. Example of small logistics box — on the right aneall containers loaded at railway wagons in Japahon
the right proposed standardization of dimensioedim Europe; on the bottom from left to right —sfralian taxibox
and minibox — also known as mini container (ISCitL@ontainer).

Small containers are containers that generallyespond to the mid 7.45 m long standard swap
body and are used in combined transport. The mimraize corresponds to ISO container pallets.
Current standardized intermodal containers - IS@aners and swap bodies - have the loading
capacity of approximately 40 to 9C°or 15 to 30 tons.

We can assume that these containers are suitabldirerct mail (from the supplier to the
recipient - D2D technology - door to door) of sfrem about 20 mor 10 tons. Smaller shipments
require grouping of items in order to fill wholentainer, and then by distribution needed shipped
directly to the recipient. This can be done whitgping from the supplier to the recipient or by
consignment distribution centers. These activiteee expensive and require a higher time
consumption. At the design stage for standardinagiee two small containers sized as following:
1/2 or 1/4 of the 7.45 m long swap body, in accocgawith CEN standard EN 284, with a loading
capacity of 8 to 9 or 4 EUR — pellets (1200 x 80044 mm). Non-standardized small containers
similar to ¥2-new containers were put into operatiorzZirich (Switzerland). Medium-sized food
distributive company supply small business recisem the remote logistics center fifty kilometers
far from Zirich. For these small containers wasetlgyed frame reloading equipment by which
they can be manipulated onto a small container lgupghicle. Reloading equipment is highly
automated. Vehicle of 3.5 tonnes weigh (lightertaorers) was specially designed in order to lay
the containers on the florr without additional atmice. The subframe would be possible to
transport on a truck, but also on the standardaadedicated to transportation of swap bodies) eve
reloading itself would be possible to carry ouihgsnormal transhipment facilities.

Regarding special advantageous sliding containéts farklift head truck because they allow
easier use of transhipment equipment (medium siaddift truck), which are used by default.
After designing and constructing demonstrations haindling options is only necessary to
technically develop and to test individual compdsefheir suitability for practical use must be
demonstrated by more extensive demonstrationsredftiture users need to be aware of the new
system properly. [2,3]

36



1.2. Manufacturing company supply and waste collection by trams

In the most of the European and world citiesrahis a complex of large-scale transport
infrastructure, for example, where transport capaici certain hours of a day (eg, night hours,
traffic saddle, freight saddle) is not sufficientiiflized. Therefore, there is a possibility of itse to
supply stores in the city center and shopping malthe wider city center or also waste collection
for example waste. The condition is that the splgamodified cargo tram, trolleybus or bus must
not be in car collision. It is necessary to optienthe use of infrastructure for both passenger and
freight traffic. Investments made in the treatmehtinfrastructure and the introduction of the
transport of goods system is set to return in tefiseveral decades, hence this method still reguire
a constant traffic supply.

FIG. 2. Example of Tram Cargo (tram designed for freitgéibsport) in Dresden

Trams supply VW car production with necessaryattthe time from 6:00 to 00:00 and from
Monday to Saturday in 40 min. intervals, what igiagtion of time spaces in the traffic order
service that share the route. The distance amatghdition center and manufacturer is 4.2 km and
atram pass the distance in1l8 minutes. Top spewd ts8 50 km / h and therefore the rail
transportation in the city is not limited. Othecheaical parameters are: gauge of 1450 mm, total
length of vehicle is 59 400 mm, width of the velied 2200 mm, max. loading volume of 214 m3,
weight (tarra tram) 90 t, max. load carrying capa6D t, the total weight of the tram nakladom150
t. Goods are transported on pallets and a traragsiple to unload in 20 minutes.

A cargo tram in a daily operation replace aboutrégks that would otherwise contribute to
congestion in the city center. Freight tram operais profitable for DVB. The Dresden freight
tram represents a specific solution that was desigspecifically for the needs of Volkswagen
(VW). The main obstacle pose common tram infrastmecwith passenger traffic. [1]

FIG. 3. Collection of waste in the streets of Zirich -effrright to left) constant congestion in city coroate
collection of waste by road vehicles, the drawihdGTS container with specially adjusted operab#dlisvto facilitate
emptying, to the far left ACTS container on a spkaiagon

Cargo Tram and E-tramthese two types of fright trams drive in ZuricharG@o Tram
established provider of local public transport campVBZ in collaboration with a local recycling
company ERZ. Trams were introduced in 2003 anditde used mainly for cohesionless garbage,
glass waste and metallic waste. In 2006 was lauhthe E-tram project, which was primarily
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designed to collect old and decommissioned eledtaad electronic components. This step was
favored after an experience with low efficient eotion by garbage automobiles, due to the
exclusion of the city's ring road during peak hatey had to drive almost three runs more round
the city than in different time period of the daye Cargo Tram project appeared by the number of
364-thousand people, representing 100 thousandadionsste a year as a solution that is cheap,
fast, reliable, with low-emission load, without adglay or complication in their delivery services
ordered by other companies.

The city is already 9 stops; in 2003 were therey dntollection points with the total collection
of 272 tons with the utilization of 35 rides. Oneay later, it was 94 rides and 785 tons of coltkcte
and removed waste. The cost of each trip is onvamnage of € 3,200. In 2005, a total savings
represented 5,020 made by a vehicle, which hastdlp reduce CO2 emissions by 4.9 tons. By
now, there is newly created recycling point cexgdicated to the waste processing, collected only
by the tram.

GuterBimlaunched the Austrian Ministry of Transport andawmation in cooperation with the
Vienna transport company (Wiener Linien), the ofmeraf light rail (Wiener Lokalbahnen), Vienna
Consult and Tina Vienna. This project started itwleen 2004 and 2005, and right now is about to
close up and passes further to the run test. Thjeqd is based on the principles of interopergbili
intermodal transport units, telematics supply chaanagement of different companies with the
target to optimize the resources used.
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FIG. 4. The example of a tram and a universal tram wagorying swap-body in Vienna and specially modifigaix
in a trial operation in Amsterdam

City Cargo Amsterdam is oriented to the projecthef first and or the last mile. The origins of
the project date back to 2007, however the progdielr the money issue compilations was the
project stopped.

Project - the cargo tram in Barcelona. This priogearted by the year 2012 and two variants has
been planned. The first variant covers the distitlutask and the second is dedicated to the waste
collection service. Statistical findings suggest Holution as waste collection services in the city
agglomeration of Barcelona where it is about 34%@8inhabitant. While using 328 garbage cars -
this project suppose to save up to 20.5 km by aaggr car, what represents 52,378 km by the
garbage car. That would in total depict 40% cosinggs. But it is necessary to note that this projec
is still at the beginning of the solution. [6,7]
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2. Tramsfor freight in mixed traffic during a day

In the second half of November and December of 2Patis launched a pilot project calline
utilization of trams for freightin 2007 this feasibility study served as the bimsethe research
(which has btw. been running 3 years) and was ocded by Monoprix. The aim of this pilot study
was to schedule the transport of goods into thecahter by rail and tramway from halle de Barca
to the 90 selected stores in 26 different waystHBy action were the emissions reduced by 50 per
cent. However it had to be realized under the dmrdthat cargo trams have to be included into
daily operation of the public passenger transgarns. And so they were incorporated into the T3
lines twice a day between stops Pont du Garigliamd Porte d'lvry. The major initiator for the
project was the Parisian company for planniyguyre (Atelier Parisien d'urbanisme), by this project
they wanted to point out that the tram for freigltuld not have any negative impact on passenger
services on T3 line. During the operation of tlartiwas concluded a survey among residents of the
capital city and tourists who use public transp8&% of respondents said they have not noticed
almost any change, 20% of the tourist noticed feidihce and stated that there is a change from the
usual appearance of the ordinary trams. Up to 84%eople who participated in the survey
considered such project as a very good idea amdséged that it would definitely help the city's
freight transportation. The next stage of the tuad was scheduled to the beginning of this year. |
addition to this, a possibility of usage the undeogd for the cargo trams for freight is also
considered. [6]

PROJET « METRO/ RER »

FIG. 5. Example of freight tram in Paris
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Abstract. The aim of the work is to determine changes ofdiesel engine vibroactivity at the moment of
starting. The vibroactivity in the period of a featations of engine crankshaft in a good condiod with
one of fuel injectors damaged was analyzed. It prased that the noise and vibration level of thierinal
combustion engine, increase in the range of a fet domplete cycle of the engine work and aftet th
stabilizes. As a result of one of fuel injectorsndge there is a slow growth of the rotational spafetthe
engine, the vibration level increases in the transs direction to the axle of the piston movemslightly
decrease the vibrations accordant to the axleeopiston movement and the noise level increases.

Keywords: Combustion engine, nonstationary, noise, vibratbomdition monitoring.

1. Introduction

The internal combustion engines are the units whigtk is connected with the cyclic
repeating fast-changing mechanical and thermodyamphenomena. In these working conditions,
the estimation of the technical condition of theernal combustion engine is a difficult diagnostic
problem.

Currently, the basic estimation of the technicahdibon of the engine assure the on-board
diagnostics OBD [1-3]. These systems have limgs@adiagnose the mechatronic units of the
engine which operation consists mainly in adaptatbthe steering unit of the engine in order to
meet the norms of the fuel toxic elements emissiduaring the normal exploitation there are
damages which detection is possible by lookingléaks, blows and by listening to the engine
[1,2]. In the diagnosis of the engine technicaldibon there are new, more advanced methods of
measure and data analysis. They use registratthartransformation of the vibroacoustic signals,
which is presented in the works [3-12].

One important question connected with the operatiothne internal combustion engine is the
level change of its vibroactivity during the stagipoint, which is disturbed by the damages
occurring in the engine. Non-stationary work of #imgine, in this case may be examined in a few
dimensions, as the processes of the vibroactivitgnges connected with the rotational speed
change, the injector damage and with both theseepses occurring simultaneously.

In the work, the vibroactivity change of the diesehgine during the start up were estimated.
Additionally, the trial of the estimation of thejéction damage influence on the change of
vibroactivity during operation was taken up.

2. Methods of research

The object of the study was the diesel engine afaRkt Master 2.5 DCI with 88 kW and the
mileage 102000 km, equipped with the Common Railesy.

On the test stand there were measures conducteaced with the vibration acceleration in
the transverse direction to the axle of the pistmvement and the direction accordant with the
movement and the noise with the distance of abgutn® from the cover of the engine valve.
During the experiments the referential signal posibf the crankshaft was recorded. The measures
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were conducted with the sampling frequency 25 KHe signal transformation was conducted in
the Matlab-Simulink programme.

The scheme of the piezoelectric transducers layandtthe place of condenser microphone are
presented in figure 1.

Fig. 1. The piezoelectric transducers lay-out and thegptdcondenser microphone

In the study it was assumed that the measures wmrildonducted for the engine in a good
technical condition and with one fuel injector wfiich is simulated its damage.

3. Themeasureresultsand their analysis

In figure 2, there are results of the measure efvibration acceleration in the transverse and
parallel to the axle of the piston movement and #ie level of acoustic pressure in the periodf i
starter and a few first rotations of the crankshaftalysing the measures results a few charaaterist
phases of the engine work can be distinguishedglwlre accompanied with vibration and noise
change:

- | phase — coupling starter with the flywheel toog, significant increase of the vibration and

noise,

- Il phase — accelerate the engine to the norntatiomal speed of the starter; the vibrations and
noise caused only by occurring clearance and tasgelexchange in the cylinders,

- Il phase — rotation of the engine with the noatispeed of the starter together with the first
symptoms of the burning process; vibrations ande@re caused by the clearance in the
engine and the first initiation symptoms of therbng process,

- IV phase - the initiation of the full burning pess, sudden increase of the rotation speed of
the engine, the intensive emission of vibration anie caused by clearance and the full
burning process,

- V phase — the full burning process; the rotatgpeed, vibration and engine noise
stabilization.

The presented phases of the engine work are actowmiigh the phases of the internal
combustion engine starter presented in [13-14yhich the angular velocity of the crankshaft of
the engine and the current intensity received thdbg starter.

In order to characterize the quantitative changesiming in the rotation speed, noise and the
vibration of the engine during the start, the agereotation velocity of the engine was calculated i
the next cycles of its work and the average le¥#¢he signal noise (1) and the average power of the
vibration signal (2) in these cycles, from the dora
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p(t) — the level of the acoustic pressure signal-The length of analysis range,—t the

beginning of the analysis rangeywy — the vibration acceleration signal (w — lengthwise

direction, p — transverse direction), i — the nundfehe analysis range.

The calculation results conducted for the firstcl@les of the engine work are presented in

picture 3.
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Fig. 2. The recorded vibration and noise signals of thérenim a good technical condition, during the measu
where: Signal A — signal of the vibration accelienain the transverse direction to the piston moeeinSignal B -
signal of the vibration acceleration in the palalieection to the piston movement, Noise — sigofahe level of the
acoustic pressure near the engine, |-V — next ghafséhe engine start; red colour — reference sightoe position of
the crankshaft of the engine (the beginning ancetiteof the cycles of the engine work)

a) b)
1000 93
———y.
200
/ rr.—.h.z.s.—._. #2 o
2 I Ve
00 l / a1 ﬁ
g 600 / —
& s00 =4=Engine in good = F
E 400 / condition I ~
e 300 ~—Engine with injector o
damage 88 —4#—Engine in good
200 / condition
100 87 & =#—Engine with injector
0 damage

o1 2 3 4 5 6 7 8 9 101112 13 14 15 1¢
Noof eycle[-]

o1 2 3 4 5 & 7 3 2 1011 12 13 14 13 16
Noof cycle[-]



140 180

- R\
140
100 ﬁh s
l \ 120 —+—Engine in good

—+—Engine in good

condition condition

BY 100
\ —8—Engine with injector , \ —#—Engine with injactor
80 darmage 50 I \ darnage
i \\4 60 4
3’ | /r::‘. :w 40 ?\i—k"%w
20

0 0
o1 2 3 4 5 6 7 8 % 101112 13 14 15 16 o1 2 3 4 5 6 7 & 21011121314 15 16

Noof eycle[-] Noofeycle[-]

Pap[-]
Pawr [-]

Fig. 3. The calculation results of the signals recordedte engine in a good technical condition and witke injector
damage, where: a) average rotation velocity, bjamelevel of the noise signal, c) average poweén@ibration
signal in the transverse direction to the pistorvemeent, d) average power of the vibration signahenparallel
direction to the piston movement

The study results showed that the level of vibragmd noise of the exemplary diesel engine
increases in the range of a few full work cyclegh® engine and then it stabilizes. As a result of
one injector damage occurrence, there is a slon@wnthy of the rotation velocity of the engine,
there is increase in the level of the vibrationha transverse direction to the piston movement, an
the vibrations accordant to the axle of the pistoavement are smaller, and the noise level
increases.
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Abstract. United Nations Development Programme (UNDP), actis an implementing agency of the
Global Environment Facility (GEF) has implementde fproject “Sustainable Mobility in the City of
Bratislava”. One component of the project dealdnaihigher level of priority to Bratislava's trams.

Driving time information from the ITCS of Bratislavpublic transport operator has been evaluated with
Hamburg-Consults software “planfahrt” in order todf obstacles responsible for slowing down tram
operation. Thereafter measures based on bestqaadiutions have been introduced for a fast aliabte
tram operation: “The tram stops at stations only”.

Integral part has been the simulation of publimgport priority at three signalized intersectiorsng
transport modeling software “ptv VISSIM”. The resulprove the effectiveness of the priority. Public
transport waiting times are reduced; the reliabdit public transport operations improves.

Keywords: Public Transport, Tram, Transport Planning, ITO8ying Times, Public Transport Priority

1. Introduction

The transport sector is the third largest pollutkegtor in the Slovak Republic with respect to
the emissions of greenhouse gases, after Energilandfacturing. CO2 emissions from transport
represent 17% of the total national GHG emissianghie Slovak Republic. United Nations
Development Programme (UNDP), acting as an impléimgragency of the Global Environment
Facility (GEF), is implementing the project “Sustable Mobility in the City of Bratislava”
financed by GEF within the umbrella of its Operatib Program 11 and Strategic Program 5
Promoting Sustainable Innovative Systems for Urbaamsport.

This part of the project deals with a higher leokpriority to Bratislava's trams at signalized
intersection in order increase the service spekdditionally to the project title the focus has hee
extended to all components of a modern tram system.

Exemplarily two out of four tram branches have bsemveyed in order to find obstacles
responsible for slowing down tram operation. BotitiBhska and Vajnorska branch have widely
separated alignment from individual transport. Ef@nme priority measures can be realised
comparatively easily. Multiple tram lines serve teamrridor with headways up to 4 minutes
together.

The project has been realized between June 201 Femdiary 2012. First has been evaluated
whether the selected tram corridors comply withiglegrinciples and system parameters of
modern tram operation. By detailed analyses of ITlR&rmodal Transport Control System) data
main bottlenecks have been located. Afterwardsejitd analyses of three intersections have been
carried out. The effectiveness of priority measurage been checked by using a micro-simulation
model.

Stakeholders in this project have been:

= UNDP as the implementing agency represented by URDEslava Regional Centre,

= Energy Centre Bratislava as central project manager

= Hamburg-Consult (HC) providing international expset together with VerkehrsConsult
Dresden-Berlin responsible for the modeling and

= DIC Bratislava as local counterpart.
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At all stages local municipality (namely the Mainamsport Engineer of Bratislava) and local
public transport operator Dopravny Podnik Bratial§pPB) participated and supported the project.

2. Survey of current situation

Beside a comprehensive field survey, main bottlea@nd shortcomings should be assessed in
a quantitative way. Therefore the realized drivimges of Bratislava trams have been evaluated.
Bratislava public transport company DPB providedwith performing data from their operation
control system. Nearly 20,000 trips representing titaffic situation in March 2011 have been
transferred to Hamburg-Consult’s software “planfafihis software used by more than 100 public
transport operators and authorities in Europe isigned for analysing data from Automatic
Passenger Counting systems as well as drivinggumeeys.

E.g. for Ré&ianska branch an average journey time of 24.5 ragbas been calculated. As the
timetable states a driving time of 20 minutes, aerage delay of 4.5 minutes shows the
unreliability of tram operations. Additionally agbretical minimum driving time consisting of the
vehicle performance and station spacing distance been calculated with 12.6 minutes (+3.5
minutes total dwell time at the stations). The bafween the theoretical and realized driving times
represents the potential for tram priority. A totdilization of this potential would increase the
attractiveness of the tram system and would aduitisave 3 vehicles under the conditions of the
current timetable. Following table show the restdtsRaianska branch.

Theoretical Realized

Distance| (shortest) average driving| Deviation| Deviation| Average dwell
Station (m) driving time (s) | time (s) (s) (%) time (s)
R&ianske myto
Ursinyho 502 49 69 21 42% 14
Pionierska 836 73 139 67 91% 15
Riazanska 552 52 84 32 61% 16
Mlada garda 396 41 63 21 52% 16
Nam. Biely kriz 548 52 77 25 48% 13
ZST Vinohrady 456 45 113 68 150% 17
Vozowia Krasiany 349 38 81 43 114% 13
Novy zdhon 347 38 51 14 36% 11
Pekna cesta 639 59 91 32 54% 15
Cernockého 529 51 67 17 33% 13
Heckova 375 40 61 22 54% 17
HybeSova 567 53 80 26 50% 13
Detvianska 516 50 77 27 55% 16
Z&humenice 404 42 95 54 128% 13
Pri vinohradoch 530 51 77 26 52% 10
Komisarky 164 24 28 4 15%
Total 7.710 757 1.254 497 66% 213

Tab. 1. Driving times on Racianska corridor.

Main bottlenecks are located at following sections
= Nam. Biely kriz — ZST Vinohrady: 68 s / 150 %
= Ursiniyho — Pionierska: 67 s/ 91 %
» Detvianska — Zdhumenice: 54 s /128 %
The combination of the driving time evaluation withe field survey demonstrates the
bottlenecks in a very obvious way and allows creptpplicable improvements. The following
figure shows an extract of Banska branch.
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Fig. 1. Realized driving times on Rianska corridor and reasons for interferences afayd.

After the analyses of current situation, measuisg theen introduced in order to realize the

mentioned potential and to ensure a fast and telimhm operation: “The tram stops at stations
only”. All recommendations are based on best pracplutions from state of the art tram systems
consisting of following components:

Alignment separated from other means of transport,

Alignment with low level of constraints becausdratk conditions, curve radii or switches,
Attractive station design with a focus on safe as@nd waiting areas,

Attractive public transport transfer hubs,

Priority at non-signalized intersections,

Priority at pedestrian crossings and

Priority at signalized intersections.

3. Priority at signalized intersections

Integral part of the project has been the simutatod public transport priority at three

signalized intersections using transport modelinfjware “ptv VISSIM”. Beside the tram, busses
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have been considered as well. This can be realigatie usage of TETRA radio communication
between public transport vehicles and the priogguipment on-site instead of fixed way-side
detectors. Two out of three intersections are ket simple junctions with a high degree of
freedom. The third one (R@anska / JaroSovda) is more complicated as theidrhgfht system is
coupled with another intersection and a railwayssnag.

The results prove the effectiveness of the pricaityntersections with a high level of freedom.
The following table shows the results of the opsation at the intersection Vajnorska / Bojnicka
for peak hour traffic conditions.

Access from Lines Current Average Waiting| Average Waiting Time (s)
Time (s) with Priority

East Tram 2 and 4 19 0

South Bus 65 16 4

West Tram 2 and 4 24 1

West Bus 57 43 4

North Bus 65 11 3

Tab. 1. Average waiting times at intersection Vajnorsigojnicka

Not only public transport waiting times are rediiteit also the range of waiting times. This is
crucial for an improved reliability of public tragmsrt operations. The results show additionally that
a sophisticated traffic light control does not hanegative impact on individual transport or the
overall capacity of the intersections. The resoftthe sample intersections can be easily adapted t
other intersections in Bratislava and elsewhere.

4. Conclusions

Following key advises can be extracted from thislgt

= [ntroduction of a priority program at intersectioiss highly recommended. The technical
solution should be identical for tram and bussd® implementation strategy should start at
smaller intersections which usually have more degmf freedom. This ensures reasonable
results with comparatively low investment costs.

= Reconstruction of track sections with poor condisias necessary. Bratislava public transport
company has to be provided with sufficient fundingorder to maintain the infrastructure
regularly before speed reductions appear.

= [ntroduction of tram priority at pedestrian croggns highly recommended.

= Reduction of non-signalized intersections and sings: Remaining intersections should be
equipped with traffic lights ensuring a hard priprior trams — similar like trains on railway
crossings.

= Reconstruction of stations in order to provide safd comfortable waiting and access areas.
An implementation strategy for the construction witerchanging hubs should be
accompanied by a re-design of the public transpernivork. The parallel alignment of trams
and busses — both local and regional — shoulddwecesl to a minimum.

= Updating the track alignment on essential secti@iganging curve radii or the location of
switches and stations in order to increase thevalliospeed.

Within the framework of this UNDP GEF project a sgenimplementation of tram priority will
be realised at two street crossings, namelidRaka / Pekna cesta and Vajnorska / Bojnicka. The
project pushed the idea of public transport piyoint Bratislava successfully. It is recommended to
extend the project’s approach to main bus ancetdolis lines as well. A transfer to other Slovak
and European cities can be realised easily.
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Abstract. Actually, commercial and noncommercial GIS (Gepbia Information Systems) tools were
employed to plan evacuation of people. By applyimgThreeStep Approach of GIS in determination of
mass evacuation routes (TSA), determination ofnagitievacuation routes and organizational issu&Bga
potential volunteered evacuation into consideratioere obtained. The main aim was to describe istiwl
method for planning the mass evacuation of peapferring to a dynamics of crisis situation circtiamses.
TSA is an example of GIS application at the ciafedy engineering field. It could constitute an iepiate
solution for such evacuation transport and orgdioizal problematic aspects as traffic jams on thenm
evacuation roads, necessity of changing evacudtreations, total evacuation time estimation antepbal
volunteered evacuation influence for all evacuagamameters. The approach application could inereas
effectiveness of crisis management owing to moter@b management of evacuation routes.

Keywor ds: evacuation roads, evacuation planning, GIS.

1. Introduction

In crisis situation, evacuation is conducted ineortb displace people from a dangerous place
to safer areas [1]. It is crucial to be done as &aspossible. It is necessary to prepare evaeuatio
plans in order to have a satisfactory response tmsich situation as e.g. floods, hurricanes and
wildfires . The main challenge in developing the@@&vation plan is the determination of effective
distribution of evacuees into the safe areas, lwyddey where and from which road each evacuee
should go.

1.1. Mass evacuation of people modeling examples

Many optimization tools referring to mass evacuabd people have been worked out. Some of
them base on node networks, where particular roessimgs and other characteristic places (e.qg.
gather points, accommodation points) are trackedicates. The optimization process relies on
shorten a traveling time between the nodes [2]. dtiner group of evacuation models connect
evacuation route construction algorithms with taffow assignment algorithms. They constitute
an attempt to create common evacuation-traffic meament models [3]. As some threat
characteristic elements to mathematical approaeahesmplemented, it is an opportunity to use
models containing such elements. Referring to fldadger, there are following examples: The Life
Safety Model, The Integrated Dynamic Traffic Assiggnt Model and The Evacuation Calculator
[4]. Similar situation we will found in case of meld designed for e.g. wildfires [5] and
earthquakes [6].

Ones need to add, that GIS modules are integratbdwany of previously mentioned models.
Unfortunately, mathematical character of the magdeésessity to gain scientific knowledge and
purchase expensive GIS software are the main reasdny are they not popular at local crisis
management field.

As the GIS are implemented to everyday aspects @apgle Earth®, Google Maps®,
Targeo.pl®, www.geoportal.gov.pl), there is a clenoc use noncommercial GIS solutions for
evacuation planning needs. Connection of commesmri@ noncommercial GIS software could
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increase usage of GIS tools in evacuation planbydocal (provincial, district and communal)
authorities, crisis management centers and resuess representatives, in general.

1.2. GISin mass evacuation planning

The GIS integrates hardware, software, and datacémturing, managing, analyzing, and
displaying all forms of geographically referencetbrmation. It allows users to view, understand,
question, interpret, and visualize data in manysaidat reveal relationships, patterns and trends in
the forms of maps, globes, reports and chartsH@tegoing definition is characteristic for such
commercial solution as e.g. ArcGIS Desktop®. Thiks @nvironment example incorporates all
required evacuation plan elements. Taking spatialysis for evacuation of people need into
consideration, it is possible to use many differdata layers. Among most useful ones, road
infrastructure, area boundaries, buildings deploymédanger zone, address points, educational
buildings, hospitals, police stations, fire brigastations and accommodation places should be
mentioned.

In accordance with the article subject, ArcGIS Depl® is appropriate software tool for
marking evacuation roads, distinguishing types adds (national, provincial, district, others —
assumption: national roads are more passable tteinpial ones), estimating evacuation times,
facilitating decision making referring to the detémation of main evacuation directions, taking
danger zones, safe areas, hospitals, schools)sesteinto consideration.

Not only commercial software could be useful durevgcuation planning process. There are
many pay-free computer tools, nowadays. Among thers, Google Earth® and Targeo.pl® are
worth to be mention.

The first one is a powerful GIS tool, available inal In evacuation directions and roads
appointment context, the following functions coblkl helpful [8]:

= Street View (all roads on a map are visible),

= Searching (searching for objects on the map isilple3s

= Marking ( objects important for evacuation mightrbarked),

= Customized Maps Sharing (prepared map might béyestsred with other users),

= Data Export (downloaded data can be edited),

»= Importing GPS Data (GPS data are possible to beriteg to Google Earth®).

The Targeo.pl® is a technological platform desigtednplement digital maps and advanced
geographical functions to any Internet or intraapplications [9]. In accordance with foregoing
considerations, it allows to:

= search places, addresses, characteristic points,

= plan transportation routes (from point to pointdi@s$s to address, point to address, address

to point, with possible use of GPS data),

= visualize traffic situation on the roads (traffams, actual and previous speed of vehicles on

the roads, road blocks),

= find information concerning public transportatigrstem.

As economic aspect is very important, taking naofiporganizations (e.g. government offices,
rescue services commands) functioning into accaouistnot a truism, that the noncommercial GIS
tools have the popularity advantage over their censial equivalents. Nevertheless, local authority
and public services representatives should tak@sst® connect both, commercial and
noncommercial solutions, increasing the usage &8ft@bls at the civil safety engineering field. The
mass evacuation of people could be tracked as afahe field dimensions.

2. Three-step approach of GISin appointment of mass evacuation roads

TSA as a holistic method for planning the mass eaaon of people, referring to dynamism of
crisis situation circumstances, is described. fisgsts of following elements:
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= determination of main evacuation directions andlso@ppointment),
= optimization of the directions and roads (Optimiza,
= verification of the routes basing on particular@etion scenarios (Verification).

TSA and its relation with evacuation planning arsége of particular GIS tools is shown on
Figure 1, below.

1*step | DETERMINATION | > | ArcGIS Desktop
-

2%istep | OPTIMIZATION | <> | GoogleEarth®
[ ]
3step | VERIFICATION | { > Targeo.pl&

v

Evacuation plan

Fig. 1. TSA related to evacuation planning and the uségamicular GIS tools.

Example of application of particular GIS tools dgu¥e 2 is shown.
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Fig. 2. Visualization of ArcGIS Desktop, Google Earth®larargeo.pl® in evacuation roads determination.

2.1. Determination

The T' step of TSA is the determination of the main ewadiom directions and roads. Owing to
a probability of the fact, that traffic conditiomsid vehicles’ velocity at the main roads are better
than in case of the others, it is crucial to matkicl of them are national, provincial and local.
Determination of evacuation roads should base ¢ioma and provincial ones. On the other hand,
ones need to remember about an supporting rolthef coads in evacuation planning process.

Particular types of roads are possible to be gcafiigi distinguished by the use of ArcGIS

Desktop software. The “roads” layer (with attritaiteferring to administration unit affiliation) is
required.

2.2. Optimization

The next step with a necessity of taking into cdesition critical places, that need to be
evacuated (e.g. hospitals, schools, hostels) tegetith potential accommodation points (Fig. 2).
For instance, a hospital evacuation is often a larganizational venture. An involvement of many
rescue resources is required. Moreover, many prwdiie aspects appears in case of school
evacuation. All following elements could determimechange of main evacuation directions and
roads. Complex safety analysis is required. lt@ddnd done by the use of the Google Earth®.

2.3. Veification

All previous considerations with potential evacaa$i scenarios in the verification step are
compared. The volunteered evacuation aspect isitake account. On the one hand, constant
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increase of vehicles (cars, motor bikes, etc.) owng observed. This is the main reason, why
volunteered evacuation is known as the most comeranuation form. On the other point of view,

unmanaged or incorrectly managed volunteered etiacuaould cause traffic jams, decrease
vehicles’ velocity, that may lead to anxiety or eve panic.

In general, volunteered evacuation aspect conssitatnext potential cause of changing basic
evacuation assumptions. The usage of Targeo.pl® dminoticed. The portal allows to check an
actual, prognostic tomorrow and historical (2 dag$ore) traffic situation in the city (e.g. average
car speed on particular roads, traffic jams’ plackesspite of the fact, that Targeo.pl® has noghin
in common with computer simulation (it bases onvesttional observation data only), it seems to
be a very useful source of information for the exdon planning proceeding needs.

3. Conclusion

This paper presents a simple but effective metlwodpipoint evacuation roads, referring to
dynamism of crisis situation circumstances. Thetrdoution of this paper is description of
comparison relating to the use of commercial andcammercial GIS tools (ArcGIS Desktop,
Google Earth® and Targeo.pl®) at the civil safatgiaeering field.

There are many mass evacuation optimization mottslsomplexity and/or high economical
cost of the software is the main reason why thimmater environment is not widely used. The
popularity of pay-free spatial data Internet partsdems to be a solution for this problem.

Google Earth® and Targeo.pl® are examples of widahailable GIS tools. They can
cooperate with commercial equivalents (e.g. ArcGksktop), making all spatial analysis much
more comprehensive. Evacuation routes determin&iworth to discuss.

TSA focuses on determination, optimization andfigaiion of evacuation routes, using basic
functions of both commercial and noncommercial @ids. It is a small step in spatial data based
evacuation planning. This direction seems to be@pjate in keeping abreast of the information
and GIS technology development.
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Abstract. An article is focused on the requirements of dagyagents for information systems in a road
freight transport. Based on their requirementsiridtarmation and services, as well as the costsasious
information systems, one recommended informati@tesy or a combination of information systems were
proposed, which are the most convenient for cagrgigents.
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1. Introduction

Individual information systems offer different fummns and services to carrying agents for
various costs. For carrying agent is therefore irgmb that a concrete information system, which
he buys, offers required features for the reasenedits. It is important to avoid such situatioat th
the purchased information system often connecte high costs, doesn’'t meet carrier's basic
requirements and needed features.

2. Information systems that can be used by Slovak caying agents

In Slovak republic carrying agents can use nawgaslystems and information systems, which
are offered by individual vehicle manufacturers am,the other hand, information systems which
are independent from the vehicle mark and are Bt monitoring of transport and vehicles.
There are also information systems that can't leel iy Slovak carriers, because they are intended
only for selected foreign carrying agents. An exlampr such information system is Frotcom,
which is focused on monitoring of vehicles and $gzort.

2.1.Information systems offered by vehicle manufactures

Information systems (Table n. 1) that are offergdralividual vehicle manufacturers can be
classified together with the subsystems for opemnali control and are designed to monitor
operating parameters of vehicles. A part of sudtsgstem is, for example, a fuel management —
management and control of the fuel consumptions&heformation systems also provide carrying
agents different levels of services which providegety of information and can be focused on the
vehicle, the driver or the transport managementiedth level of service some hardware is needed.
It may be a part of the new vehicle or not. Montldgs are also different according to these levels.
Functions focused on the vehicle

These functions are included in the basic packafesformational systems. For their usage
there is no need for the purchase of a new hardfearthe carrying agent, because it is already
a part of the vehicle. He pays only a monthly feat tis approximately 15 €/ month per each
vehicle. Carrying agent therefore obtain followifuctions: recording of the vehicles journeys

53



(speed, braking, fuel consumption, travelled distdnremote data downloading, failures assistance,
maintenance planning, log book.

Functions focused on the driver

Functions of this level of information systems designed not only to monitor the operating
parameters of vehicles, but also to control thekwadrindividual drivers. For the usage of these
functions, once again, is not necessary to purchaderocure hardware, because it is also the part
of the vehicle. The carrying agent pays a montely from 25 to 30 €/month per each vehicle.
Besides previously mentioned features he also veseiollowing functions: time records — all
information about the working hours of drivers ahd length of their drives, tacho-management —
remote data downloading from the driver cards aadsymemory tachograph.
Functions focused on the transport management

These functions aren’t used by Slovak carrying tggea often as previous ones, because they
require to purchase hardware — GPS module thatagpart of the vehicles and its price including
installation is around 2 500 €. The carrying agesys for the usage of such functions a monthly
fee, which is stated as 35 €/month per each vehiZ&rier receives, in addition to previously
mentioned features, following functions and servigerocessing of messages between the driver
and the control centre, on tack — this functiomalges the dispatcher that the vehicle is clogesto
final destination, navigation, workflow — this feat integrates data about transport with the
navigation, trailer&refeer — information about teai — temperature, disconnection, connection,
geofence — possibility of setting of geographigaka including reporting of exceptions.

2.2.Information technology for monitoring of transport and vehicles in road haulage

Information technologies for monitoring of transp@nd vehicles are designed mainly to
monitor the vehicles movement, control the workhe drivers, record and monitor the operational
status of vehicles. These information Technologresyever, don’t allow navigation. In Slovak
republic the carrying agents can use following tinfation technologies: Commander, DeMoTech,
GENETECH, INFOCAR, TAMEX, EMTEST. In road freightansport is system Commander the
most widely used. For carriers it offers followifghctions and services: on-line monitoring of the
vehicles, visualization of the vehicles on the nmraphe real time, automatic generation of the log
book for tax purposes, unlimited storage of thevelyihistory, automatic calculation of the fuel
consumption according to data about refueling, matec creation of transport orders with their
accounting, monitoring of the operational statugshaf vehicles, the possibility to trace a vehicle
after theft, car service management, the abilitiraok problems on the journey (f. ex. congestions,
accidents, ...) and to inform drivers about the insphte sections, communication with drivers, the
possibility of setting alarm when entering in reeged areas — waypoint function, simple and
accurate report about the service of the vehibke possibility to search for stolen vehicles.

In order to use individual levels of services anddtions, carrying agent needs to have a GPS
unit installed in his vehicle, which is connectedlte bus. The price of this hardware equipment is
547.60 € for each vehicle. Its maturity is aboyeérs. Besides one-time payment for the purchase,
carrying agent also pays a monthly fee of 20 €gaeh vehicle.

2.3.Navigation systems

Information technologies for the navigation sholld distinguished from the information
technologies designed for monitoring vehicles aaddport. Navigation systems are used to search
for the shortest, fastest or the most economicjeyiof transport from the place of loading to the
final destination. Its advantage is mainly a natrayaof the driver in cities, because the driven ca
be fully focused on driving and the voice navigatguides him directly to the place of unloading in
a concrete area. Navigation manufacturers develspedial devices designed for trucks and their

54



price is around 400 €. Navigation systems alsoaatieceiving actual information about the traffic
conditions and in case of impassable sections theysuggest another journey in order to avoid
long delays.

3. Transport companies” requirements for various funcions and information

Carrying agents have different requirements foonmiation systems, their functions and
services. If the carrying agent procures some mébion system, it should meet the most of his
requirements for its functions and the costs shoulde higher than the savings achieved. For
carriers is the most important to know about theatmn of their vehicles during its transport
performance. They put on this feature even greatgrhasis as on the fuel consumption, because in
present time is the biggest importance given onctistomer, delivery deadlines and reducing of
empty runs. Important is also the fuel consumptimcause this cost factor builds up to 40% of all
costs. The problem is that the information systeha can be used by carrying agents in the
Slovakia don’t allow monitoring the fuel consumption-line. Information system Frotcom enables
to monitor the consumption on-line, but it can’tused in the Slovak republic. Other functions and
services that are important for carrying agentstnwag of the dispatcher when the vehicle is
approaching its final destination, information abdbe drivers working hours, remote data
downloading, navigation, which is important maimtythe driver, caution for the dispatcher if the
vehicle is deflecting from the journey or approachihe final destination to a mobile phone (smart
phone), information about the traffic density andngestions, failure assistance. Individual
requirement according to their importance are shawthe following table “Tab. 1” and figure
“Fig. 1”. They are based on the requirement of &3yng agents.

99
Requirements of carrying agents Amount | Percentage §8
Actual vehicle location 58 92,06 EB
Fuel consumption — Online 55 87,3 38
Fuel consumption — Offline 40 63,49 %C8]
Navigation 40 63,49 R o e o
) AT A CHE S S (S o -
Information about the traffic density and & ROFC) & ,500\}%00\)&&@9&@&
congestions 35 55,56 QJ\QU\)@Q & «si\qi\o(‘ & o’ @SV%;#
Information about the drivers working houfs 28| 44,4 \(;\‘-\ 0-:\" 0(\"\ i@?’ @‘*‘GS” S @
n n " - - 0 _'&Qr Lo d 0“ AN
Caution when approaching final destinatiof 15 23,8 > \)é \\2} FE
Information to a mobile phone 6 9,52 }g‘\} A
Failure assistance 5 7,94
Tab. 1. and Fig. 1 Requirements of the carrying agents for information

4. Conclusion

Most of the carrying agents already use navigatod they have it procured before the
individual vehicle manufacturers came out with trensport management function. Based on the
analysis it can be concluded that in the Slovakubép there is no information system, which
allows on-line monitoring of the fuel consumptiddarrying agents receive after the transport in
certain periods if the journey was in the standamhsumption level or above. Receiving
information about vehicles by mobile phone (smdrbre) allows just information system Fleet
Board designed for Mercedes Benz trucks. Individuattions and services of information systems
required by carriers are shown in the followingl¢abTab. 2”. Based on the comparison of
functions and costs “Fig. 2", information systemn@oander can be recommended to carrying
agents to obtain in addition to their navigatioecduse it provides the best balance of functions fo
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carrier with lower costs as a complete package ahagerial functions from different vehicle
manufacturers.

3| o | oo 2 N =
Requirements of carrying agent (§ i ] | og § 2 £ 5| O g 3
al | o |La| o= |§ g | 2
O z
Actual vehicle location X X X X X X
Fuel consumption — online X
Fuel consumption — offline X X X X X X
Navigation X X X X X
Information about the traffic density and congestio X X X
Information about the drivers working hours X X X X X X
Caution when approaching final destination (area) X X X X X
Information to a mobile phone X
Failure assistance X X X X

Tab. 2. Comparison of the requirement of carrying agenth tie information systems functions

To determine costs our calculations are derivednftbe average costs, which arise to the
carriers during operating in road haulage. Codts€lbasic rate — 0.8656 €/km without usage of
any information system) were determined by caleutedf variable and fixed costs. Individual rates
may vary according to the amount of individual dtsins and operational parameters of carriers. In
the figure “Fig. 2” we can see the comparison aftecE/km, when the carrying agent use only
a navigation, navigation and an information systemmmander, navigation and managerial vehicle
and driver functions or complete service of tramsptanagement, which also includes navigation.
Costs that are connected with the usage of navigaind commander system are comparable with
costs of navigation and vehicle and driver mana&rnctions. In the case of the use of managerial
vehicle and driver functions with navigation, therying agent receives failure assistance service,
but he doesn’t get the actual vehicle location fimmcthat is much more important.

0,872
0,871 0,8706G
0,87
0.869
£ 0,8680 0,8680
“j‘- 0,868
w
T 0,86/
o 00,8660
0.866 0,8656 ’
0,865
0,864
0,863
without IS navigation navigation and navigation and functions of
commander managerial vehicle, driver
vehicleand driver and transport
functions management

Fig. 2. Costs €/km when using individual information system
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Abstract. The flexible response to the constantly evolving ahanging customer requirements is one of
the most important keys for competitive railwaynsport. To ensure the sustainability and developragén
market relations in the national and, of coursebal scale is one of that aspects as well. In theket of
services is right important aspect of supply resiiogm to demand the infrastructure capacity. This
contribution provides a new look at the issue @facdty, its identification and provision for railywéransport
undertakings. The article deals with a short present of selected methodologies for railway infnasture
capacity calculation and the modern common trendshis field as well as a preview of some ideas in
research of this scientific area.
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1. Introduction

The problematic of the time table construction aheé railway infrastructure capacity
estimation is very specific. The definition of alway network capacity is one of the key issues of
capacity management. The capacity expresses trastinfcture manager’s business offered by the
allocating of the train paths to the railway undkigs. The most frequently definition says that
practical capacity is so quantum of allocated tyzaths on the track section until it is possible to
manage the traffic on satisfactory qualitative le{&

2. Guiding principlesin determining the capacity in Slovakia compared to
Croatia

_ The methodology of the capacity estimation is idtrwed in the internal Regulation of
Zeleznice Slovenskej republiky (D 24). [2].

2.1. Thetheoretical and practical capacity

The capacity can be in principle divided into:

= theoretical (maximum),

» practical

When calculating the maximum capacity any lossroétis not considering and it is assumed
that the device capacity we determine is used skaly for activities, for which it is intended and
necessary technological blocking times follow ghtly and immediately without any loss of time.

When calculating the practical capacity we consider only the need for maintenance of
equipment or the fact that the equipment is alsedu®r other purposes than for which it is
primarily designed and used, but also the buffeeti

2.2. The capacity of equipment
The capacity we determine at these railway equipmen
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= track line,

= station gridiron (development of switches),

= station tracks.

For determining capacity of track lines can be ugeabhically methodology, analytically
methodology as well as combination of both.

Maximum capacity can be expressed by a formula [2]:

T
Niax :t_ [technological operations / calculation period] (1)
obs
where:
T calculated time (peak time or all the day)n
tobs an average time for realization of the followireghnological operation (train drive,

shunting operation etc.) [min].

If is there calculating a practical (effective) eapy, we could take in consideration the time
for maintenance as well as the reserve time foniehtion of delays, in which are primary traffic
operations not possible. Practical capacity caexdpeessed by a formula [3]:

_ T- (Tvyl + Tstél) . . . i
n= [technological operations / calculation period] (2)
1:obs + tdod + 1:rué,

where:

Tyl total time, in which is the facility out of agdbecause of maintenance, inspection or
revision (time window) [min],

Tstal total time, in which is the facility occupied knother operations, that are not
primary intended for this facility [min],

tobs technological time of facility occupation by onetheological operation [min],

trus average time of probable mutual distortion of typ@m@tions (trains) in the places of

potential threats (simultaneous drives impossiateyued at one technical operation (train) [min],

The capacity is defined as a value of calculatednsr of basic parallel graph (mostly
represented by middle-distance freight trains ortliy most frequent train category) or in an
average trains (average value of time occupatiomappeof the trains according to the sequenced
train layout). On the double track line is the aatyacalculated separately for each track (diregtio

To compare the analytical methodologies, the FaafltTransport and Traffic Science of the
University of Zagreb presented a quite similar rodtilogy in its basic substance [4], that we can
mention from this point of view. The main idea @fpacity is the same, but for the calculation of
particular capacity the coefficient of eliminatios used. There are two different methods for
capacity calculation used. The first method dealh whe maximum capacity in the number of
trains or train pairs (the difference), that are thost frequent on the line and these are used as a
base. By using equivalents they transfer othen ttategories to this basic trains and the cap&ity
calculated such for parallel train diagram as fan-parallel train diagram. Other methods
determine the capacity without isolating the catggof trains and take into consideration the
probability of the influence of mutual relationsa#rtain types of trains [4].

For example, the capacity of the line section (lzbtactional one track line) is presented in the
following formula:

1440-T,
—T—O’ ps  [train pairs / day] 3)
Pg

where:

Tor time of technological downtime [min],

Tog graph period (means for both directional traim)panin],

Qps coefficient of operation reliability [-].
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That means, that capacity is detected for trairsgaupposition for only mutual trains) and the
other circumstances that decrease the value ofcitgpare expressed by the coefficient in
comparing with Slovak methodology that uses matg@naunt of exact values in formula. But the
whole issue is quite difficult and highly professab and slickly elaborated in detail [4].

3. Determination of the basic principles of capacity calculation in research

The world is currently using many methodologies &mtection of railway infrastructure
capacity. In the Europe, the International Union Rdilways (UIC) draw up regulations for
capacity, which aims to unify previously used nadéilomethodologies of each European railway
networks, so that the results of the assessmethieahdividual parts of the corridors are mutually
comparable. Leaflet UIC 406 is not mandatory bubhds a recommendatory character that also
allows infrastructure managers to use also thenatimethodology.

Tackling the issue of capacity of oven systemsrdsifucture equipment, etc.) is a complex
process in which basic rules of traffic operatiomsst be followed while safeguarding the diversity
that exists in this field in different countrieshd basic premise is that practical capacity and
required reliability of transport operations ar@sistent and as much as possible optimized.

The purpose of the new methodology proposal foaciyp detection, respectively providing
appropriate information, is the determination amel éstablishment of a procedure that can flexibly
respond to immediate changes in traffic manageraedtwill be so full auxiliary tool for traffic
planning that can be useful in relation to theway infrastructure managers and railway
undertakings. The basic scheme of the proposedaaieiigy in which the undertaking enters into
the process of selecting a suitable free train [gtfased on the following steps (Figure 1).

| Operator I

!

Route choice V

Basic state of capacity view V

!

Track sections choice V

v

Specifications for allocation of path V

v

Current and planned state view V

v

Confirm, incorporation of requirements V
| I nfrastr uctur e manager l
Figurel. Flow diagram of selection of a suitable routefdanning of shipment Source: [authors]
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4. Conclusion

The problematic of the capacity estimation is hégitdal all above in the connection with the
liberalization of the infrastructure access. Theatity expresses the infrastructure manager’s
business offer by the allocating of the train pdthshe railway undertakings. The pivotal moment
by the capacity estimation is to define the reglgaality of the train traffic in the constructeché
table.

However, to be fully maintained the principle ofnrdiscriminatory access to the infrastructure
for customers, the capacity (and its informatioay to be properly identified and published by
infrastructure manager, which is in its administnatand for which is fully responsible. It is
necessary to find a simple and transparent waydanize the resulting values into a usable format
for marketing activities of infrastructure managerkis methodology may be used for a detailed
determination of railway infrastructure capacitgcarate allocation bottlenecks that reduce the
capacity of rail infrastructure; continuous caldida of available capacity in the allocation of "ad
hoc" paths; operational management and decisionngait operational incidents; educational and
research purposes.

Acknowledgement

The paper is supported by the KEGA Agency by thejdet 012ZU-4/2012 ,Innovation of
teaching methodologies in laboratory training i tRailway transport study program®, that is
solved at Faculty of Operations and Economics @n$port and Communication, University of
Zilina.

References

[1] ARNE HANSEN, I., PACHL, J.Railway timetable and trafficUniversity of Technology Delft, Technische
Universitat Braunschweig 2008, 1. vyd., 228 s.,NSB8-3-7771-0371-6

[2] D 24 - Predpisy pre zibvanie priepustnosti Zelezniych trati.[Internal regulation for estimation of railway
routes capacity]Praha: Nadas, 123 p

[3] GASPARIK, J.; ZITRICKY, V.:Manazment kapacity Zelezngj infrastruktury.EDIS, Zilinska univerzita v
Ziline 2010, 1.vyd., 130 s., ISBN 978-80-5540-241-3

[4] CICAK, M., MLINARI C, T. J., ABRAMOVL, B.: Methods for determining throughput capacity ofwail lines
using coefficient of eliminationn: PROMET - Traffic - Traffico, Vol. 16, No.2, P@, pages 63-69, ISSN 0353-
5320

[5] Leaflet UIC 406 Capacity International Union of Railways (UIC). Paris 2008BN 2-7461-0802-X

[6] MOLKOVA, T. a kol.: Kapacita Zelez@nich trati University of Pardubice 2010, 1. ed., 150 s., NS&78-80-
7395-317-1

[7] SOTEK, K., BACHRA‘I:Y, H.:Vyuzitie simuléneho modelu pre dovanie kvality dopravnej siete stability
dopravného planuln: Zel 2004 zbornik prednasok z medzinarodnejeckd] konferencie, EDIS, Zilinska
univerzita v Ziline, Zilina 2004, ISBN 80-8070-249-

[8] GASPARIK, J., HALAS, M., SCHOBEL, AThe first experience with the tool OpenTRACK atUhéversity of
Zilina. In: Euro-Zel 2012, Proccedings of The 20th Intéioml symposium, Tribun EU 2012, University of
Zilina 2012, ISBN 978-80-263-0242-1

60



TRANSCOM 2013, 24-26 June 2013
University of Zilina, Zilina, Slovak Republic

The Forecasting of Passengers Public Transport Demand

"Lukas Holesa,Stefan Ligak,  Jacek Caban
"University of Zilina, Faculty of Operation and E@mnics of Transport and Communications, Departmént o
Road and Urban Transport, Univerzitna 2, 01026djliSlovakia, stefan.liscak@fpedas.uniza.sk
“Lublin University of Technology, Faculty of Mechaal Engineering, Institute of Transport, Combustion
Engines and Ecology, Nadbystrzycka 36, 20-618 Inylitoland, j.caban@pollub.pl

Abstract. Transport is fundamental in the development ofonal economy. The public transport of people
forms an important part of the transportation aystes whole, and is basically responsible for sigaift
services for the society. The article deals withigsue of mathematical — statistical modellingadsengers
demand for suburban bus transport. We presents gameof mathematical — statistical modelling of
passengers demand using single-dimensional timeesegs with the aim of the most accurate prediction
possible for the future for the public transpodr lpractical reasons a specific for public transjerator
has been selected to contribute necessary datden to elaborate the study on the transport compan

Keywor ds: Modelling, Public transport, Transportation system

1. Introduction

The public transport has a significant role in perfing important functions for inhabited
places and areas. It is important for the provigiblarge transport demands and at the same time it
has no big demands for transport areas, it canigedvetter safety of travelling and has smaller
negative impact on the environment as calculateadpe transported person.

The role of the public transport itself is given kg properties in relation to the satisfaction of
transport needs of the population living in thepesdive area, to environmental impacts and
investment demands for the traffic infrastructure efforts to improve traffic safety, one of the
most import ant elements is cooperation, Excharigaformation and transfer of knowledge [1].
Especially today, in the time of significant growghindividual motorization, we should consider
possibilities for improvement of the public trangpquality. Slovakia has a ratio of the number of
vehicles registered per 1 inhabitant equals t®3).&hich means that for 1citizen of Slovakia there
are about 0,3 cars [2]. Thus, public transpod Egnificant part in the movement of passengers
who do not have own vehicles. The improvement ef plablic transport quality can be realized
through, the technical equipment, technology anchagament organization, on the grounds of
which we can expect beneficial division of transaton labour in favour of the public transport
and increase of passenger demand for it.

The analysis of data associated with the interedityehicle use is applied in the evaluation of a
given transport system [4]. The following contrilomt deals with the issue of mathematical —
statistical modelling of passenger demand usinglsidimensional time sequences with the aim of
the most accurate prediction possible for the &tdris prediction is important for transporters
from the already mentioned point of view of quality

To achieve this objective, which rests in the d¢ogabdbf a short-term prognosis of demand for
the following period of one year with the subsedqexamination of the impact of the non-systemic
part in the proposed model, we have chosen a pkatipublic transport operator. This operator
works in the area of public transport, namely ia fibllowing cities:

= Liptovsky Mikulas,
* Ruzomberok,
* Dolny Kubin.
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Urban transport operator in the districts:
= Ruzomberok,
= Dolny Kubin,
= Namestovo,
= TvrdoSin and public transport in cities Ruzombeaokl Dolny Kubin [7].

The transport company has 228 buses to transpogleen a variety of routes, including
international ones. Land transport infrastructuomsist of engineering structures, enabling the
movement of means of transport in an organizedsiplyssafe and comfortable way [2]. Figure 3
shows the Road Network in Slovakia.

@‘ ‘Road Network in the Slovak Republic‘

S, vz 1:1 600 000
Slovak Republic [8].

Fig. 1. TheRoad Network in

The total length of roads in Slovakia is 18015 Himey include:

= Highways with a length of 419 km,
= Expressways with a length of 229 km,
= Road'’s classes from I to Il with a total lengthlaf367 km.

These last roads have the largest share in tramsgp@eople. Public transport users are mostly
young learners, students and people who commutettic.

The paper focuses on the average journeys rangghtemp to 250 km. This article is an
introduction to issues related to forecasting deahfan public transport passengers. The forecasting
models are presented in details in the work [5]emhauthors based on the data of one of the
transport companies.

2. Problem Definition

A method based on quantitative or mathematicahtissical point of view was chosen for the
elaboration of the prognosis model. Usage of naulterion linear regressive model with artificial,
(0-1) seasonability explaining variables, provedéothe most advantageous for the elaboration of
the prognosis with regard to statistical significarof the whole model (determination coefficient),
as well as individual parameters of the same.

Software program SAS 9.1.3 was used for mathemagxpression of the model. Linear
regression models for determination of point pragmoand interval estimate were created
separately for time sequences of transported pgssdravelling with student fares — (SF) and
separately on full fares. Further models for batte ftypes were created so as including in addition
to trend and seasonal component also random (esidamponents. Based on such additional
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modelling of the residual component and using deuasition approach, the total impact of such
component in the model, as well as impact on ocaigimognoses without it, could be assessed.

In order to choose a suitable type of regressisk & specified in [3], it is necessary to know
the given type of time sequence. Time sequenced usehis contribution are additive time
sequences with linear trend component with mongdgsonability. The chosen multi-criterion
regression task using decomposition approach isdbas the basic structure of short-term single-
dimensional time sequences of additive type, winagesubsequently transformed the model shape
for our needs to:

y:60+61'tk+62X2t+"'+a<xkt+£t (1)
Where:

A

¥ — modelled value of examined indicator [persom®nth],
b, — estimate of initial variable (specifies valuejoh timet = 0),

b, — parameter expressing the constant change of depewariablg’ induced by the increase

of value of respective time variables 1, 2, 3, ....12,
& — random (residual) component,
t« —order number of time period,
Xkt — artificial variables taking into account seasagalf time sequences.
The Fig. 1 shows scheme of the possible divisioregfession model.

j-:' = Eil3 + E'.ll S+ b:x:[ +...+ E]lxlr T &

)\ J
| ¥

trend seasonality rezidual

\ J\
Y |

systematic part unsvstematic
part

Fig. 2. The division of regression model [5].

The regression model can be mathematically divideéd a systemic and non-systemic part. To
determine the number of coefficient of autocorietaiof residues, we applied the autoregression
equation of residues for sequeren the basis of the studies [3] and [6].

3. Conclusion and Recommendationsfor Practice

In developing the forecasts based on the theotiyra sequence, it is very important to have a
sufficiently long time sequence of values (at I&agears of previous development in the case of the
indicator). Nethertheless, we cannot forget thatitifiormation ability of prognosis decreases along
with the increasing number of forecast periods.

If you use the software to create short-term fastc@r forecasts model, it is beneficial to
check the accuracy of the model created by wellmdorecasting available values (ex — post
forecasts). And then make a prediction of the umkméuture value.
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In practice it is good if the transport companyjchhneeds very accurate prognosis of demand

of passengers for a longer period of time, useshi@rcreation of prognosis professional statistical
software and experienced analysts, because analgstzomplete the prognosis created on the
grounds of mathematical — statistical methods aiio their own qualified estimate [5].

The authors have pointed out that it is possibléotecast the passengers demand for public

transport. This allows you to adjust the means rahdport by the transport operator to the
expectations of the population, improving the ecoies of use of vehicle and improves road
safety.
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Abstract. The paper describes present results of the KISDd§ect that are unique in the field of the crisis
management of transport in the middle European. dnethe first stage of the solution of this prajec
methodology was created that has ambition to becamertified methodology for the railway transport
for municipalities with extended competence.

Keywords: Methodology, typified threats, crisis informatisystem, rail transport, Czech Republic.

1. Introduction

In 2012 the solution of the project “Automated Cdexpinformation System for Remote
Management of Crisis Situations in Rail TranspoithwvEmphasis on the Crisis Infrastructure”
with the acronym KISDIS was started. In the firstay a large analysis of available information
from foreign sources was made. Its goal was td Bimilar projects or methods in relevant
European countries. The result was the final staterthat these problems are not being solved
in any of the researched countries.

The overall goal of the KISDIS project is the creatof an expert information system that
would efficiently interconnect the crisis manageimeithe Railway Infrastructure Administration
and that of municipalities with extended competefi¢e existing systems are entirely autonomous
and do not allow efficient and fast sharing of imfi@tion about an incurred extraordinary situation.

The goal of solution in 2012 was the creation afethodology that will apply defined typified
threats to the rail transport of the Czech RepuMliih regard to the overall goal of the projett, i
was necessary to define a real functioning datatlsst will be the base for a future expert
information system.

2. Analysisresultsfor the methodology of typified threatsin rail transport

The basic approach to the work with the methodolfuyythe choice of typified threats lies
in the fact that the railway is considered as aegrated system. For the purpose of the research we
divide the system to particular railway lines andtiens. The lines must be preferably marked
by the number of the line or partial section. Bg tibtaining of the appropriate parameters the lines
(their sections) can be considered typified and oae elaborate a unified documentation that
differs in a particular situation only by the numlaed coordinates. Similarly, if there are 5 tygufi
stations on a typified line, it is enough to elaierthe documentation for one railway station and
to differentiate them by different names.

The work according to the methodology represergdithkt step in the process of the planning
of the measures for the management of crisis siugtand it demands a good knowledge of the
assessed line, terms of traffic, signalling andldouirectives of the Railway Infrastructure
Administration. Methodological processes enable ardy to choose the typified threats from the
menu available by the dispatcher crisis informatsystem KISDIS. The methodology is lined
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logically consistent with the definition of a thtess a description of one risk source. Before the
final determination of the name of the particulgsified threat it unifies the sooner made analyses
into a unified table in the succession that is usete KISDIS software.

2.1. Formulation of basic multipurpose criteria

The assessment of the impacts on the rail subsettbe critical infrastructure will be made
by the comparison of the chosen place and expeaxiadequences. Thus we assess a particular
place of the critical infrastructure and the podisids of the effect of a particular event on the
function of an element of the critical infrastruetu

In case that the place is the same or the effedtsence the function of the critical
infrastructure element, its mark will change (ebg. another colour) and this typified place is
considered as preferred in the area of treatmdre. Multipurposeness of the criteria is researched
in this order of importance:

The place where a threat can occur.

Risk source (what is the possible risk carrier).

Activation (mechanism that activates the risk selurc

Cause (why the risk source activation can occur).

Event (what can occur after the risk source adtwat

Expected effects (what can be caused by the rigice@ctivation).

ogkrwnNE

Risk source are always connected with a partiquisre and risk cause. A very often activation
mechanism is the crossing of railway with othee linfrastructure objects. Relative often causes are
unintentional errors of transport participants,rexte weather influences or technical faults. In the
Fig. 1 a potential risk source is shown — a roadger.

Fig. 1. A crossing of a rail track and a road — an impursurce of risks (photo R. Sousek).

2.2. A general form of the name of typified threats

In general, with effect for the state administrat@nd business sphere, process (set up) the
threat into the name of typified threat in the foofthe sole sentence consisting of four parts —
EVENT — RISK SOURCE ACTIVATION — PLACE — CAUSE ih¢ following shape:

1. ,The name of the EVENT “ due to (in case of thequa event name the point one may be
omitted),

2. ,the name RISK SOURCE ACTIVATION,

3. in ,the name of the PLACE",

4. caused by ,the name of the CAUSE".
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The extent of the proper analytic-synthetic redeaactivity is apparent from the gradual
change of the generated threat names, see Talhey. dre an important part of the proposed
methodology.

No. of elements No. of name variants Name of tgdihames
original new original new original new
Event 4 1
Risk source activation 47 50 12.032 2 800 2 620 615
Place 4 4
Cause 16 14

Tab. 1. Gradual changes in the number of identified thteans.

For the naming of all EVENTS in railway use thefigu (typified) name “change of operation
conditions”. For a more detailed determinationtdd typified event it can be divided with respect
to its characteristics as a process that affettedubstance of railway operation as follows:

= operation closure — a threat can exert so thataihgay transport can not be operated,

timetable change - a threat can exert so thattatbei railway transport can be operated,
however in a limited extent,

technology change - a threat can exert so thatpacts the work system,

change of service extent - a threat can exertaottie infrastructure is not disturbed, but due
to identified causes it comes to a change of thengxf supplied services.

The second important step is the determination he|f hame of the RISK SOURCE
ACTIOVATION that starts from the identification afsk sources. In rail transport they are rail
infrastructure objects, rail constructions, raihiates, operating staff, customers and devicesfen t
railway neighbourhood. During a several months mgrexpert activity, overall 35 activation
mechanisms were defined (e.qg. fire, flood, explosawllision etc.).

The third step is the exploring of the proper PLAGEhe TYPIFIED THREAT. It proceeds
by the linking of activation mechanisms with riskusces. During an extensive professional
discussion overall 50 possible combinations wefeeé that are relevant and relatively probable
in the rail traffic.

The CAUSES were divided into two basic groups (r@dtand human). Another procedure
consisted in their matching to the risk sourcevation. It had been related to a place (line, ctati
construction or train) in the preceding step. Téeticity of such originated combinations must
always be assessed. Unrealistic combinations had bmitted and not used any more. For the
name of a typified threat many causes were cormiddBy their assessment and the consecutive
ordering 14 groups of causes were created accotditigeir common characteristics that are shown
in the Tab. 2. They are used in the name of aiggbthreat under the name specified in the column
“Cause name”.

No. Cause name Content

1 Atmospheric and cosmic storm, other electric phenomena in the atmosphere,
interferences cosmic radiation, magnetic anomalies, meteorite fal

2 Biological extraordinary event overpopulationirdectious insect, overpopulation

of weeds, virus overpopulation, bacteria overpajmha
overpopulation of animal pest, overpopulationfreé
living infected game

3 Mass population frustration ethnic conflicts,iahconflicts, religious conflicts,
breach of social reconciliation (4)

4 Mass unrests mass revolts and escapes of prisginging, disallowed
demonstrations (3)

5 Human factor error fatigue, lapse, inattentimmmunication error,
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No. Cause name Content

organizational shortcomings, inappropriate repair o
maintenance, deviation from determined operational
conditions, operator error, incompliance with work
operation, incompliance with principles of work esgf
and health protection, shut off safety system, alkist
of dangerous materials (12)

Tab. 2. A fragment of the table of particular causes ezldb the cause name.

2.3. Determination of names of typified threatsin the railway

In the research framework it was decided to ingertname of typified threat into a predefined
template, see Tab. 3. The determination of the sashéypified threats was a synthesis of general
criteria that involves all possible combinationseated from EVENT, RISK SOURCE
ACTIVATION, PLACE and CAUSE. The names were sesémtences in this form and sequence:

The name of an EVENT followed by the word “due to”,
the name of the RISK SOURCE ACTIVATION,

= in“ and the name of the PLACE,

,caused by“ the name of the CAUSE.

RISK SOURCE

EVENT ACTIVATION PLACE | CAUSE

Change of operation| _. : : onthe | caused by atmospheric and cosmic
. rail vehicle bombing .

conditions due to track interferences

Change of operation | immobility of tractive in the

conditions due to vehicle train
Tab. 3. A Fragment of the syntax of threat name generatioarding to a created template

caused by human factor error

By the defining of the names of typified threaltsit testing and verification in the cooperation
with rail transport experts and crisis managemepieds on the regional level a summary table
of 615 typified names of relevant and relativelplpable typified names. They will become the
database for the prepared expert information system

3. Conclusion

In this paper the results of the first year of siolu of the KISDIS project were published
for the first time. The versatility of the use betproposed expert information system enables the
expectation of its future formation and use alsmtimer EU countries. The authors of the project
believe that other activities of the project wald to the certification of the created methodology
at the national level. The basic goal of the projedhe improvement of the information support
of the crisis management in two different areas the rail transport and in the crisis management
of municipalities.
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Abstract: A new approach seems to be outlined in the fi¢lthe railway infrastructure development. The
new system is principally based on the eliminatiérbottlenecks, paying particular attention to speed
restrictions and sections with limited capacitym&dern, regular interval timetable structure rebasthree
basic factors: the periodicity, the symmetry ane @verywhere-to-everywhere connection system. én th
first part, the paper presents the principles efdystem; afterwards it defines the role of thestofs in the
identification process of bottlenecks; at the efithe paper will be defined the expected resultthefnew
method.

Public transport in the Central Eastern region ofope currently faces a situation very similar tesférn
European experiences from the 1970ies onwardstht®turrent "curse" can be viewed as a "blessasy"
we are now in a position to select, as a pointeyfadt towards progress, the most suitable, trietitested
method from amongst a number of approaches

Keywords: railway infrastructure development, economic peibBrvice, regular interval timetable.

1. Introduction

Some decades ago most railway companies in WeBtaope — due to the dramatic shift
towards car use — had to face with formidable desgen the passenger transport. The development
of transport infrastructures concentrated on modgsmvhile the rail network has remained more or
less unchanged. As the number of cars increasedttenanotorways spread, public transport
regressed or — in some places — even ceased. Dtiee ttack of competitive innovations and
investments, most state railway companies werd,inet being able to cope up with individual
transport.

Some railway companies developed several solutfonghis problem. However, these
solutions required such expensive infrastructurd eoslling stock investments, that not every
country could afford them, even in Western Europeme others came up with the idea of a
revolutionary new public transport system, whichbased on a symmetric, regular interval
timetable structure. The greatest advantage ohéve system was that it was able to provide new,
attractive passenger services, without requiringeasive investments.

In the first part of the article | introduce theimattributions and the Hungarian experiences
concerning the regular interval timetable. In tbiofving part of the article | describe the pririep
and the mathematical background of the timetabkedanfrastructure development, and | will
present some examples as well as from Hungaryrand dther countries.
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2. Possible approaches

TheFrench Model
Main characteristics:
e Operating only "fully” trains
* Keeping passengers by expensive rolling stock afndstructure developments
* Preferential approach — market segmentation
e Using high speed networks (TGV)
* Procreating hyper-modern suburban system (RER)

The Swiss Model

Main characteristics:

* Since 1982 a regular timetable designed to medt peaod demand is maintained all
day and all week long.

* In 1982 to begin with, the Swiss had some of tleest (but well maintained) rolling
stock in Western Europe.

* Relatively low speed on main lines (80-140 km/h).

* Between 1982 and 1992 only isolated infrastructdeeelopments took place with
minimal costs, geared to service needs in harmatiytive timetable.

* A national transport scheme with broad inter-moctadperation based on the regular
interval timetable which includes bus and city sports.

Mnger-km Jyear] RAILWAY s ROAD

12

L 2
v [EWIMZERLAND FRANCE

Fig.1. Transalpine traffic

3. Thesuggested approach

Being efficient is essential in all fields of lif€he infrastructure investments are one of the
most expensive issues of the national and EU buddgurally it is an essential requirement to
spend the limited sources in the most effected Weym my point of view the best way to plan and
prioritize the infrastructure investments is takimjo consideration the bottlenecks in the line
capacity and the timetable.

The suggested procedure is called timetable badebiructure development thus the Swiss
model. It means that we should focus on those péditsrastructure where it is essential to reduce
some minutes in the running time of the trains. way we should continue the “big projects”,
when a relative long line section going to be fullygraded, but in this case we also have to take
into consideration the needs of the timetable,inagkase the allowed speed, or plan second or third
track where it is required form the timetable pahview.

3.1. Short description of theregular interval timetable system
There are three basic requirements which have @i the regular interval timetable:
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e It has to be symmetric;
e It has to be periodic;
e ltis based on connections;

The fourth main rule is that the running time begwehe junctions has to be less than 30 or
multiple of 30 minutes. This rule is obtainablenfréthe symmetrisation as the arrival to the junction
has to be just before xx:00 or xx:30. When a tnnot fulfill this essential requirement than it
will impossible to ensure the quick connectionstfa passengers.

From my point of view the regular interval timetatsind the timetable based infrastructure
development are the only one chance to reverseuttfiavourable trend of the modal split.
Unfortunately today the tariff of the passengensport is constantly increasing and the quality of
the service is stagnant or decreasing. For thisoreanore and more people use the car instead of
the public transport. The main objective of thiick is to describe one approach solving this
problem, and ensure a quality service by usingttalable sources.

The introduction of the regular interval timetali@es not need a significant extra cost as the
percentage of the fix cost at the railway indussryalmost 90%, so 10% increasing of the traffic
volume costs only 1% more.

From operational point of view there are also madyantages. As the timetable is
symmetric, we do not need to run empty “ghost’nsadn the network. The “spidefstan be only
at xx:00 or xx:30, so the staff in the intermeditatee are not very busy.

From user point of view it is also very comfortathat the trains depart in every hour in the
same minute and the average changing time ishess10 minutes, so the whole journey time can
be reduced significantly.

4. Themain objectivesof theregular interval timetable

The most important aim is to ensure the shortastngy time for the passengers in the
public transport. That means not only the railwaffic but all of the public transport modes. It is
needed to construct several intermodal junctionsughout the country and it is also essential to
harmonize the timetables of all transport modes.tliByse arrangements there will be surely a
competitive public transport.

In a current Hungarian setting even the most clyefuepared and executed reduction of
train services will typically result in a loss chgsengers, though one might suspect an improved
efficiency resulting in a cut in costs to a greartent than causing increased costs elsewhere. A
further loss in passengers is detrimental to Eldsgart policy and principles of sustainability. In
the French Model, in order to gain passengers tthaection of those services which are maintained
must be significantly increased by means of extigroestly development of infrastructure and
rolling stock. The results:

* Rising passenger numbers in the preferred segmepastly to the detriment of traditional
segments (cannibalization)

* Further decrease of the share of the entire aailsfrort within the sector

« Ever more costly railway systems next to an inargpsmeasure of state budget
commitments.

It is interesting to compare transalpine trafficSwitzerland and France (Fig.1) despites, the
model called French here is no longer consisteagiglied on the French railway market, and

! The spider means the encounter of the trains at a station. This name comes from the graphic timetable as the train paths stand out a
picture like a spider in the junctions. The detailed description is given chapter 4.1.
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naturally we meet such demand driven service moelslswhere. SNCF have adopted a regular
interval timetable structure on some of their @duietworks.

Theprinciples

Let we see what is this Regular Interval Timetalld=) anyway? Not more but not even
less than a standard, for organizing effectivetesssportation system. In this section, we will go
through the most important rules and definitiongdesl to build up a modern ITF-system. The
regular interval timetable relies on three maintdexz the periodicity, the symmetry and the
optimized connection-system at the network nodes.

Periodicity
First of all, let's see the explanation of the pdit timetable from the aspect of technology.
In case a term can be found wherein each adjacdttand )e(t)2 path-pairs of the same path type
mask each other by shifting the sami& value, the paths are periodic.

ds, (t
dEEt)=S;t();tDT;DTU,j,Di:>§(t)=sj(tiru) 1)
where:

7 — the validity-term of period-structure

; —the value of periodicity

In case there is a homogeneous line (with only toaie path type), and the headway is
identical between any arbitrary chosen adjacenh-pairs, the line has a periodic timetable,
irrespectively of the value of periodicity. In thiontext, the value ofr; could be as well
37 minutes, 24 hours or any other extremity.

The same principle can be applied to a line wittetogeneous train services, but there have
to be equal; for each train types.

Symmetry

Connections, travelling times and station stop siman be symmetrically built up for the
outward and homeward journey of any connections Theans that if an optimal connection has
been set up for the outward journey, the corresipgniimetable slot can also be filled with a train
path in the reverse direction, as a matter of jplac

This means that in case the system is symmetricandind as symmetry-axis for each path-pair,
which can be calculated as the average of the tlgpdime pairs at any station:

ds () , 85,0

0ig;
H dt dt

=0-st+n)=s(t-0=t, @

where:
ts —the symmetry-axis
r —the duration from/to the symmetry-axis, alongtthe axis

When the complete daily timetable chart is symrodtyia common axis, there is the global
symmetry-axis (typically at about early afternoddpreover, there can be several local symmetry-
axes within every basic period.

2j:==1ton-landj:=2ton
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Spiders
The optimal connections at interchange-stationscaueial for an ITF, since keeping the
connection times low is the cheapest way to sigaifily reduce journey times. This requires that in
a connecting terminal all trains meet always atdame time to enable the passengers to change
between all lines. The name “spider” of such sdplated connection system comes from its
typical graphical representation: if we plot thaffic diagram at an interchange-station, the diagra
resembles the contours of a spider. (Fig.2)

t

»

Fig. 2: Classic interchange-spider with arriving (indexaad departing (index: i) trains from/to statior(iddex: a),
station B (index: b) or station C (index: c) asaypterCity (index: IC) or regional (index: R)

In a station with interchange-spiders at everyqekrirains arrive and depart in the sequence of
their gradient from/to each direction.

For example, before the “spider-time” the slow&&diona) train-types arrive first, which are
followed bylInterRegioandinterCity trains (3).

Direction A:
Bear  Bewic; maxRar(s() o nl) < maxRaisOeaclh
furthermore
ds(t) ea ds()ia-1c - 4. = =
where:

t, —the spider-time axis
Similarly to B and C

It's obvious that at the interchange-station, pdidiby of thet, spider-time axis ig; or nz,
depending on the interconnected periodic schedbkest periodicity.

In case the timetable is not just periodic but sytrio as well, the, spider-time axis has a
definitive position (5), which makes the plannirfgaa ITF system easier.

t,+nr,

t = (5)

T
tsiEr+nrr
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5. Regular interval timetablein Hungary: experiences and potential

The Hungarian regular interval timetable pilot piijwas established in 2004 in the Danube
Bend region north of Budapest, a system of regiandl so-called zonal trains running to a regular
schedule. A 30% performance increase of the egigtiling stock was realized next to a cost
increase of a mere 0,4%.

Due to the great success of the pilot project,@&ITF system was (slightly diluted by the
Ministry of Transportation but at least) adoptedlyd for the north-eastern part of the country as a
first step for extends a regular timetable to thigre country.

Results Other (not itf) lines ITFE lines
Number of passengers -11% -2%
Income +15% +31%

Tab 1. First year results. There was a price rising (8te€ps, together on average 30% rise) during the ye

It was planned the extension for the whole netwbek next year, but unfortunately this step
was adjourned sine die due to political exigencesgricting performance. In 2008 and 2009 on
some additional lines have been introduced the timgtable system (as a part of the yearly
timetable-change procedure), but the needed extaustorganization (like in the north-eastern
part of the network) is still waited for. The netk@ partly developed statement and other external
and internal factors dimmed the positive effectthef Hungarian regular interval railway timetable,
such as a severe rise in ticket prices, a laclegional transport schemes and truly integral inter-
modal timetables etc. Even so, summarized we fahagrosperous way for future by integrating
our public transportation system by the rules ajuter interval timetable in Hungary like in
Switzerland or the Czech Republic.

Presently on a national network level contradictmydencies prevail. While in the Danube
Bend and in other areas a timetable with regulerwals is in force this has not been extended to
the entire network and some hourly services e.date morning were suspended because of the
constraints of cost limitations which is still bmled by some to be basically achieved by
performance restraints. Meanwhile even the avalglolor statistical data clearly shows the results
of several attempts at a performance cutback.

Summing up the aggregated performance functionosfscand revenues in a manner true to
measure we will get the business result (profit)ad the activity of passenger transport. Except f
a few operators working with a regular integratiedetable passenger railway companies operate
with losses throughout Europe, it is therefore oeable to first and above all look at the
performance function of business losses (Fig.4).
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Fig. 3. Total costs (TC) in railway transportation inclugiainly fix costs (FC) and a marginal part of vasaosts
(VC). On the other side it is always much moreidlifit to find new passengers (by increasing pertoroe level) than
lost them (by decreasing performance level). Agatieg costs and incomes (I) we could find the minmimpoint of
deficit by developing regular interval timetablestgm. (Source: Viktor Borza)

At their present level of service a further perfarmoe reduction appears to threaten the very
raison d'étre of basic MAV activities. It is a cahthsk to gain back passengers that railways have
lost or are about to lose, let alone to becomeagtitre to new potential passengers. The goal of a
railway company operating in a rational manner shde to establish the point of minimal losses
and attain it by reaching an optimal level of seegi Regular interval timetable if consequently
applied as “software” for operations appears taardrsuch a level of service, it allows operators t
maintain a level where the value of marginal rexenis in excess of marginal costs.

If looking at the local potential of regular intalvtimetable, companies must take care to
operate the regular interval timetable system ireasonable way given the local infrastructure
situation, as well as mentalities, traditions amdaaizational structures which it is not always
possible or appropriate to change. Neverthelespuvep the questions which transport policy and
corporate measures (legal and institutional baakgtpintegral tariff system) would be suitable and
necessary in order for regular interval timetablexert all its benefits in view of an optimal cost
and size proportionality.

6. Principlesof the timetable based infrastructure development

Take into consideration the spiders, it is esskentiaensure the required journey time
between the hubs. When the running time is mone ithaould be necessary, than the trains have to
wait in the station until the next spider, which38 or 60 minutes later. In this case the regular
interval timetable would cause disapproval from tfavelers as the whole journey time would be
not less moreover sometimes longer than earlieravioad this social tension we have to create an
absolutely clear and transparent system and géyneqratker service than before.
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Fig. 4. Adequate and ineligible running time between thibsh

Not only the quality of the service can be improvsd the described method, but the
following issues can be also enhanced:

» capacity allocation;

» traffic management;

» track and vehicle maintenance;
» rolling stock and staff circulation;

As the first step we should work out a long-termeadepment strategy using the experiences
of the regular interval timetable. After that thetwork should only gradually improved, only where
it is crucial, in a very cost-effective way. In Swarland for example an extremely rational
infrastructural investment was conducted at lowt between 1982 and 1992. More than a decade
later, in 2004, using the synergy of mainly logaprovements, a radical change was implemented
in the basic structure of the timetable. Keeping thles of regular interval timetable, service

quality has been significantly improved. Connectilomes have been reduced, more stations could
be accessible without significant increase of theney time.

In Switzerland the second included capacity inaeas high-speed railway traffic, and
railway infrastructure. The goal is to provide afrastructural network that will be uniquely abde t
enhance the competitiveness of railway transporiafThe long term planning stage, lasting until
2030, allows the government to implement the necgdsinds into the budget.

6.1. Main steps of the new method
Analysis based on operational considerations

* We've made an infrastructure analysis covering \l®le railway network from
operational point of view.

* The base of the analysis was the regular timetsyséem, as it defines the main
bottlenecks of the network.

* The bottleneck analysis absolutely correlated withreal operational needs.

* The operational consideration focuses on the wtestdéory of Hungary, not only on
the core network.

78



* This new business driven approach takes into acdberexpectations of the freight
and the passenger transport as well.

» It leads to a functional reorganisation of the reatwy

Based on the timetable conception we are abledatdothe most crucial bottlenecks. The
aim of the process is to evolve a homogeny netvamdk maintain the cadenced timetable on the
whole network to ensure an attractive passengesp@t by the flexible connections and shortest
journey time. Till now we’ve maintain less than 1RM/year. Continuing this performance the
level of service would be rapidly decreased. ltegiva clear picture with the most crucial
bottlenecks.

Main goals:
» Raising the level of service, elimination of batieks
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Fig. 5. Map of the main nodes in Hungary
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Requirement: functional reorganisation of the network.
> Related to operational consideration
» Limited actions under the frame of operation

> Intervene in every places where in case of ,do ingthscenario the timetable
structure would collapse.

> Pilot project: renewal of Vac — Szob railway line

In Hungary there are several nice examples. Tke"filot project” was established in 2004
the in the northern suburb of Budapest (describethapter 5). There are two lines, one of them is
Budapest — Vac — Szob, and the other van is Butlapésresegyhaz — Vac.
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Fig. 6. Suburban network, pilot project-lines no. 70 did

With reference to the success of the project abeaiele analysis should also be necessary
for the further developments in order to achievelqand resourceful improvement. As the first
step the new system was peaceable using the gxrstimg stock and staff.

During the described suburban pilot project manyeeiences were gained which supported
the forthcoming timetable and infrastructure depelent plans. We used this knowledge not only
in the suburb of Budapest but the new approaclkttnered the whole country.

Connected to the railway line development we hage aorked out a strategy for the
modernization of the hubs, which is called interaictations.
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Fig. 8. Main infrastructure parameters

The figure No. 8 contains only the long distanoedi including Budapest and the capitals of
counties as well as the main centres of regionsepr(®, Nagykanizsa and the area of Lake
Balaton), such as the Trans-European network.

The basic parameters for the timetable based inficiare development plans are the
following:

— hourly cadenced service;

— symmetric regular interval timetable;

— based on the running times between the predetedncimenection terminals;

— it is optimised not only on the travelling time Wween two particular hubs but between any
terminals on the whole network due to the shorheation time.

— the travel time is real, not calculated.

6. Conclusion

The crisis situation typical for this region todasgs faced in Western Europe some 30 years ago.
From amongst the numerous approaches to cure theeprs the Swiss Model appears the most
effective given that regular interval timetable édoperations proved to be the only system for
passenger railway companies to operate withoueoss

Looking at the present macroeconomic performaneeldeof the regional states an important
aspect of the Swiss Model is that with its helpaémost immediate rise in the level of service can
be attained without the need for costly investmeBgsed on Swiss (and partly, Hungarian)
experience, within 1 to 7 years and next to a 4% cwrease, a 10% to 40% rise in revenues can be
attained, improving the situation of companiesietid by losses amounting to billions and that
have to be compensated from time to time by the stadget. Therefore regular interval timetable,
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next to attaining a positive shift in the modalitsgielps to decrease the external costs borne by
society at large.

An regular interval timetable-based system of ofp@ma greatly contributes to creating a viable
conception for efficient infrastructure developmentorities. It also shows which possible
developments isot a priority. It clearly favours efficient human cesces management (this area
still makes up for 45% of MAV's cost structure) adde to its transparent, periodic nature the
amount of planning work can be reduced to a fractibthe previous level, the remaining tasks not
necessarily requiring in-depth railway related kiexige.

As the process of railway liberalization advanae$ine with EU transport policy, track access
for all operators without discrimination is a ardl expectation, in view of which a general
requirement is an objective set of rules basedetatad standards. A regular interval timetable is a
viable setting for that.

In case the system can be extended to the entiveorkeand the other branches of public
transport would be integrated, based on experigmmes not appear an audacious claim that within
a decade rail passenger transport can be madditalpleobusiness in Central Eastern Europe.

Opening the argument | ask a question: Why sho@dnaintain any more expensive and less
efficient system of railway transportation, instedédopting a regular interval timetable?
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Abstract. The article named Approach of Slovak operatorgraposal for new smart recording equipment
deals with new EU proposals on recording equipnrenvad transport. Slovak road transport undertgskin
are required to comply with EU legislation. EU attomany laws that are criticized by Slovak roadspsort
undertakings. Article shows awareness of Slovald rsansport undertakings about new provisions of
recording equipment and also proposal for bettesahination of information on future legislationvieeen
road transport undertakings. The goal of early em@ss of upcoming changes in legislative is tonatlte
road transport undertakings to comment EU proposHie possibility of road transport undertakings
expressing can help to adopt only changes thaisateil for road transport.

Keywords: Smart recording equipment, weighting sensors, Régn No 3821/85, tachograph

1. Introduction

Recording equipments - tachographs in road trabspgresent very important part of
professional drivers work related to rules on drmyvitime and rest periods. Tachographs are also
very useful equipment for enforcement authoritiesaduse they can record information on driving
time and rest periods. Tachographs help to impromad and driver safety as well as fair
competition between road transport companies. Gtiyréhere are two types of tachographs used in
road transport sector — analog and digital taclmitggaThese two types of tachograph are installed
into 6 million vehicles operated in EU what is @ohegligible quantity. Because of this reason and
because the tachograph is very important for dsiy@pfession and enforcement authorities, it is
necessary to ensure high standard of their techpaxameters. Rules of tachographs usage and
their technical parameters in EU are regulated loyrnCil Regulation (EEC) No 3821/85 on
recording equipment in road transport. For ensunigh standard of tachographs the Regulation No
3821/85 has been adapted ten times to technolqgicgtess.

Despite continuous improvement of tachograph te@hnparameters, many infringements
during roadside checks and checks at the premicesdertakings are found by enforcement
officers. There are many cases when drivers drélecle equipped with a manipulated tachograph
or a non-valid card on the trans-European network.

Imperfection in the system of tachoraphs using taatsed breaching the social rules were a
stimulus for adoption of new tachograph regulatabmending Council Regulation (EEC) No
3821/85 on recording equipment in road transportick deals with main changes listed in new
proposal of regulation that can influence businessad transport sector.

2. Proposal for New Regulation on Recor ding Equipment

2.1. New smart recording equipment

Last proposal for a Regulation amending Regulaion3821/85 was adopted by Commission
on 19 July 2011. Very important change relatedetmrding equipment listed in proposal for new
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regulation is that all vehicles shall be fitted lwitecording equipment connected to a global
navigation satellite system (GNSS). Recording emeipt shall be connected to GNSS for
identification of starting and ending place of thaly work period and for control purposes through
remote communication. Remote communication willueasdata transmission and possibility of
enforcement officers to check vehicles remotelyhaiit necessity to stop them.

According to the proposal recording equipmentnemted to GNSS must be installed in all
vehicles put into service for the first time, af@8 months after the entry into force of the new
regulation. Considering that the Regulation woutdee into force in 2013, the new recording
equipment could take place in 2018.[3] Proposalafétegulation was transmitted to the European
Parliament and to the Council and on 2 July 20E2Bbropean Parliament adopted in Plenary its
first reading position on the review of the RegwolatNo 3821/85/EC. [2]

Result of the first reading related to smart res@ydequipment is that European Parliament
requests to equip all vehicles, not just new ones diso old ones with new smart recording
equipmentoy 2020. This would mean that all transport operatorsadoigyatory to retrofit their all
vehicles with new tachographs. According to Europ€ammission this retrofitting will represent
too high costs for transport operators.

Other positions of European Parliament adoptedirst feading that is not mentioned in
Commission proposal but are:

- Including all vehicles over 2,8 t within the scopieRegulations No 3821/8&81d561/2006.

According to this recording equipment will be matwaig not only for vehicles over 3,5 t but
for vehicles weighting over 2,8 t.
- Fitting vehicles with new recording equipment witkighting sensors

2.2. Installation of recording equipment in vehiclesover 2,8t

According to results of the first reading of EPI &thicles over 2,8 t must be fitted with
recording equipment. These vehicles should be ialdaded within the scope of regulation No
3821/85 and Regulation No 561/2006 on the harmbtais®f certain social legislation relating to
road transport. This change will mean that alsweds that carry out goods by vehicles over 2,8 t,
not just over 3,5 t will be required to comply withe rules on driving time and rest periods.
European Commission estimates that this establishm#l affect more than 20 million vehicles
and that it would have a substantial impact in Buntries.[1]

2.3. Weighting sensors

European Parliament calls for all vehicles to beligoed with weighting sensors for
monitoring of vehicle loading and unloading. Momitg of vehicle loading and unloading should
prevent vehicle overloading. According to Europ€ommission it is very important to assess the
impact of such provision especially impact on castoad transport operators.

These and other provisions listed in new regulapoyposal will have and significant impact
on professional drivers and road transport undensk especially related to their costs. This
regulation and its provisions will have impact atsoSlovak road transport undertakings and their
drivers due to the fact that Slovakia is regularMé&mber State. Cause of this fact, it was realezed
guestionnaire survey on the awareness of the upgpehanges in recording equipment in road
transport.

3. Awareness of the upcoming changesin recording equipment in Slovakia

Slovak road transport undertakings and their dsivare requested to comply with EU
legislation as well as transport undertaking andeds from other Member States. Because of this is
new regulation on recording equipment applied als@&Glovak drivers and transport undertakings.
Based on this was realized questionnaire surve§iomak transport undertakings performing road
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transport with vehicles over 3,5 t focused on awess of the upcoming changes in recording
equipment. Questionnaire was realized by phonelgndlectronic form in February and March
2013. Transport undertakings were approached byotiaé number of road transport undertakings
in Slovakia. According to Ministry of Transport, @siruction and Regional Development of the
Slovak Republic 4 083 road transport undertakirggsegistered in Register of Road Transport
Undertakings. Minimal sample size in the case offidence interval of 5 and 95 % confidence
level is 351. Questionnaire was realized in 354drt@nsport undertakings performing road
transport with vehicles over 3,5 t. From everyiosagvere chosen at least 5% of total number of
road transport undertakings in the region. Totahber of road transport undertakings and number
of received questionnaires is listed in table 1.

Region Total number of road | Number of
transport received answers
undertakings

Bratislava 639 48

Trnava 260 49

Nitra 1190 63

PreSov 118 45

Banska Bystrica 354 25

Zilina 1200 61

KoSice 164 29

Trertin 158 34

Total 4083 354

Tab. 1. Number of total and received questionnaires oaramess of the upcoming changes in recording egripm

Source: Author

Questionnaire was focused on awareness of the nepogals and changes in the recording
equipment in road transport. Representatives afl toansport undertakings were asked on these
guestions:

- awareness of proposal to equip all vehicles with amart recording equipment by 2020

- awareness of proposal to equip all vehicles ovt @jith recording equipment

- awareness of proposal to equip vehicles witlglateng sensors

- interest in provision of information on upcomilegislation

- interest in comment on upcoming legislation

4. Resultsof Slovak road transport undertakings awar eness of new recording
equipment

Based on realized questionnaire it can be said tiet most of Slovak road transport
undertakings are not informed about upcoming chamg EU Regulation on recording equipment.
From all received answers only 32% road transpodettakings were informed about proposal to
equip all vehicles with new smart recording equiptrtey 2020. Level of awareness of proposal to
equip all vehicles over 2,8 t with recording equghis only 17% and of proposal to equip vehicles
with weighting sensors only 12 %.

The most informed road transport undertakings apooposal to equip all vehicles with new
smart recording equipment by 2020 are located lim&iregion, where up to 57 % of received
answers from road transport undertakings were nméok. The most informed road transport
undertakings about proposal to equip all vehiclesr @,8 t with recording equipment are located in
Zilina region where up to 33 % of received answimn road transport undertakings were
informed. The most informed road transport undengk about proposal to equip vehicles with
weighting sensors are located in Zilina region, rehep to 25 % of received answers from road
transport undertakings were informed.
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Comparison of awareness of upcoming changes inrdimgp equipment in different Slovak
regions is shown in figure 1.
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Fig. 1. Awareness of upcoming changes in recording equipmeSlovak regions

Source: Author

Most of Slovak road transport undertakings expmdssegative opinion on the proposed
amendments related to recording equipment. Retateetrofitting of all tachographs road transport
undertakings are worried about increased costleif could they would like to comment proposed
changes in legislation and contribute to road fpartsoperation improving.

5. Conclusion

Awareness of legislation that is related to roahgport sector is very important for all road
transport undertakings and their drivers to enguraper performing of road transport services.
According to realized questionnaire survey, Slotrakisport undertakings are not informed about
legislation that is prepared. This information sually available only in English or other foreign
languages and that can represents barrier in gdttiormation. Up to 81% of all road transport
undertakings that were asked would like to getrimfation on upcoming changes in legislation
related to road transport. It is very importantinol a way to inform road transport undertakings o
upcoming changes in legislation and give them godpnity to comment these changes. Proposal
for method and way how to inform road transportarntekings, process comments and transfer of
these comments to competent organs is one pautiobas dissertation thesis.
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Keywords: radio frequency technology, postal sector, pasalices, postal item.

1. Introduction

Radio frequency identification (RFID) technologyused in different fields of activity, above
all in various logistic processes. In the postait@e RFID technology improves the quality of
classical postal services, during the last two desaa significant acceleration, improvement and
modernization of the overall process of postalregp and courier consignments was observed.

The existence of alternative communication forms aath conduced to decrease postal
services use especially by private users. Decrigademand private users is compensated by large
companies which use postal operators for the masbnm of account statements, etc. For this
reason, the postal operators have to continuallgshin technological equipment with the aim to
maintain, at high level continually improve the bjtyeof postal services, because handling of large
volumes of postal items would be unrealistic withproper automation and identification, besides
the goods should be delivered in the shortest &ntkwith the smallest error rate.

2. RFID technology

RFID technology is a form of automatic identificati RFID technology uses electrical or
magnetic fields at specific frequencies, throughclit secures transmission of information. RFID
technology is able to record, store, and providedailye information about the objects in real time.
RFID technology can be adapted to individual aseeh as automotive, security, protection, access
control systems, but also in tracking and deliargtal items[1] [2]

The basic components of RFID system include:
 Tag — consists of chip, which itself consists of aectlic memory circuit, and an
antenna coil and in the case of active tag hasatspower source.
o Dividing tags:

= Active tag - the main advantage of active tag is not onlygitsater
reach, but it is also able to transmit own idegadfion, so it can be used
for active localization.

= Passive tag- uses electromagnetic energy that is taken filoenRFID
reader. It is cheaper, smaller and lighter, butehlmsv power setting.
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= Semi — active tag- is an active tag, which stays in the sleepingleno
unless it is called upon to communication by sigrnah RFID reader.
= Semi — passive tag a passive tag, which is used as the battery, but
doesn’t return signal.

0 Tags can be also divided according to the typeerhory:

= Read only (RO) - tag is stored inside a serial number that hasbe
encoded in its manufacture. It is similar to a bade is read-only and
can’t change it.

» Read Write (RW) - can store large amounts of data such as adiiye t
from 16KB to 2MB. Data written to the tag can basad and rewritten
up a thousand times.

=  Write Once Read Many (WORM) - are read-only. Tag isot already
programmed during production, but only at the deale

* RFID reader - is formed by transmitting / receiving circuitttvia decoder and antenna.
In some cases, the reader may be also equippedtsvdivn operating system.

» Control sofware (middleware) - is designed to manage, filtering, analysis ofada
retrieved from the RFID reader, RFID tag. Its tasko procure communication with
individual readers and process the dg&pg.

3. RFID technology in the postal sector

In the postal sector, RFID technology is appliedréasingly because it provides important
information for postal operators about the quaditypostal services provided by them.

3.1.RFID technology used abroad

RFID technology has been used in the Swiss Posé €d008. For first time the RFID system
was implemented for tracking of 45,000 containgrstages intended for handling packages in the
postal terminals. Swiss Post officers handle anypmabre than 2.3 billion letters. RFID technology
will follow the movement of 70,000 containers trpoging trays with letters on the area of each of
the more than 50 postal hubs located throughoutdhatry. RFID system includes EPC Gen 2 tags
in a hard case, attached to each container, gdte RFID readers and software for tracking
containers and their content and management ohlpmsérations[4]

Spanish Correos post office also uses a RFID tdogpavith UHF EPC GEN 2. It transports
annually around 5 billion postal items. By the instentality of RFID monitors the Spanish post
office their movement within the chain to creat@(® passive tags.

Finnish post office began to apply RFID technoldgytrack containers, to be able to track
them, because the transport companies were lobmgeal 7,000 containers per year.

Postal operators (Saudi Arabia or the United Arahr&tes) tested their chains using RFID
technology and specifically Saudi Arabia planneccteate a network based on the principle of
RFID installation of 10 million mailboxes.

Swedish post office began to use RFID technolog20d@9 in order to reduce the number of
thefts during transportation of packages.

The other post offices which have applied RFID texdbgy are Korea Post and China Post.
They use passive tags, UHF frequency and test@aumels and transport unifg]

3.2.RFID technology in Czech Post

RFID technology is used in the system of intermalgerformance measurement (quality) of
postal operators in the UNEX project. The projectsato help national postal operators, especially
in monitoring and improving the services they pdavio their customers. UNEX system is based
on a network composed of more than 3,000 volunteerd3 participating countries, who are
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selected by an independent organization TNS Rdsdaternational. Activities and benefits of
involved voluntary participants consist of sendamgl receiving of a "test consignments”, according
to a predetermined weekly schedule. The particgpahbuld record the time when they got the
letters at packages in the central computer systerthis system over a half million international
priority mails are dispatched and tracked annudlhe main emphasis is put on aspects of quality
of deliveries, then on quickness and reliabilityrécent years, the objectives of the Czech Post me
over the limit, which in case of quickness is 8&@4l in case of reliabilities is 97 %.

Movement of test postal items is monitored usinglREechnology. On each postal item is
placed RFID tag, which allows to track the currétation of goods, how quickly they were
delivered or on which post offices were held uptaDare sent by information systems using RFID
technology to the global IPC center, where theesystlescribes and analyzes either progress or
delay of trial postal items from the country ofghsch to the country of delivery. UNEX provides
measures on both ends of the international postalark.[5]

Country A Sorting Outhond Country International Inbeund Country Sorting Delivery Country B
Sender Centre Hand-over Point Transport Hand-over Point Centre Office Recelver

0 B 9 & -] o > ©

Fig. 1. The string "end-to-end" in the measuringtsgn UNEX

Source: UNEX™: Measuring International Letter SeeviPerformance through UNEX™hternational Post
Corporation[online]. [cit. 2013-02-14]. Accessible from the:
http://www.ipc.be/en/Services/Technical%20_PlatfeflttNEX.aspx

Condition required for participation in the projeatas the installation of UNEX RFID
technology, which was implemented in 2005 at setb&orting centers ensured foreign postal
service. These were sorting centefediav 120 and Praha 120 in 2012. The planned agtens
the implementation of RFID technology began, nanatlyhe sorting centers Praha 022, Brno 02
and Plz& 02. While they were coming and going postal itehmsugh postal centers Praha 120 or
Breclav 120, yielded only the capture information wthihe postal item and time of takeover and
clearance, so the introduction of RFID technolagyhie context of the other three centers of Czech
Post gets an overview of the catchment area oéciillg transport node (the longer sorting center)
Prague 022, as well as 02 Brno and Plzen 02, thradgch the postal item will probably continue
to carry. Extending the scope of monitoring allowsget detailed information about the served
territory with subsequent quality improvement oé ttransportation process, the processing of
postal items and services. The obtained informatem also serve as background information for
the further implementation of RFID technology withihe major transportation network of the
Czech Post, which represent a partial indicator nwtiee total cost of a full RFID technology
equipment is estimated.
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4. The future of RFID technology in Czech Post

Deployment of RFID technology to track postal iteimsiot the last areas in the Czech Post,
because the problem of precise records (currentoeunoccupancy and the current location) of
their transport units has been solved the longee tyet. Czech Post has about 131 thousand pieces
mailbags, 37 thousand pieces of plastic boxes arnttidusand pieces cages and containers. In most
cases transported units are not marked at all byr marked with a bar code, consequently may
occur the situation when due to lack of informatadyout it is exact quantity and location, same
sorting center has surplus of postal items androtive versa solve the problem of scarcity. As a
result same individual managers of sorting cenbenge to make phone search of missing goods.
This leads of course to additional costs.

The implementation of RFID technology helps to pr@vthese negative situations and to find
the effective tag for managing location and disttikin of transported units between individual
sorting centers. During the implementation of RRHY, it is also important to consider the
environment, where the transported unit will be eeband then decide which type of tag should be
used where and how it should be attached to thepgmted unit, in order to prevent its removal and
at he same time to keep readability at 100%. Famgte in case of containers it would be ideal
place the tag in a plastic case.

The other, but not the least important effect oflRtechnology is the possibility to control the
transported unit delivery. It often happens, thaplyees are not careful enough during handling
of goods. For that reason the costumer may re@idamaged postal item. RFID tag is able to
control shocks and hits during handling of goodse &ctive tags can be used because they consist
an integrated sensor which reacts to shocks, pesta. The Czech post can get an information
which employees are not careful enough during #ralhng of transported units.

5. Conclusion

Suitable combination is undoubtedly the combinatdiRFID technology with GPS, where it
would be possible to track postal items in realetirmto the vehicle of postal course would be
placed a GPS fastened on a container RFID taghanddstal item would be marked by barcode or
QR code.Can’t yet be expected that RFID technology in tbarduture will replace the bar codes
in identification of postal items, because the @toit costs of its implementation are still high. On
the other hand, with a larger use of this technpltige price of RFID tags also reduces, which
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significantly facilitates the development and deptent of RFID technology in new application
areas, such as the postal sector. Postal sectoldshave actual information about the location of
postal items, their postal containers, boxes anses.
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Abstract. Decision making method AHP delivers real resultsellaon selected criteria analysis and solution
variants. As a weighted sum of the output of deadisinalysis determines the order of significancapared
variants. It represents "Base model" for simulatiensitive changes in input data for the decisnaking
process may result in a reordering output of AHRhw@ The simulation model makes it easy to sinaulat
the desired conditions with increasing or redudimg importance of each criterion in relation toizats
percentage change their addictions.

Keywor ds: multicriterial decision, AHP, transport modes, siation.

1. Introduction

Analytical method for multi-level AHP provides afmework fro devising effective decisions in
complex decision-making situations, helping to difgpand accelerate the natural process of
decision making.

For the implementation of decision analysis, important to properly identify:

* objective of decision-making process,

*  criteria,

* version of decision.

Objective decision consists of determining the gpamt department, which is the most suitable
for the transportation of cars, depending on thecsed criteria. For the application of the deaisio
making process, we chose five criteria decisioningtransportation cost, time of delivery,
degree of building infrastructure, transport saetg environmental aspects).

Variants decisions represent transport unions wrewlin the transportation process cars. The
process of decision analysis, we chose the roddna water transport, which is currently involved
in the process of shipping cars. Air transport barexamined solely from the process as it related
to the transport wheeled equipment is not usedsed only in specific cases (for the transportation
of military equipment, which is not subject to rewi).

2. Multicriteria decision making method AHP
In determining the value of comparing various crtebased on the results obtained from

statistical surveys from respondents in the ingesibn area (logistics, government and
professionals). Based on the results to deterntmeown matrix vector "wi" according to the
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horizontal structure of decision-making matrix. Malized vector matrix "vi" is the weight of each
criterion.

Scales of selected criteria
" Kl
m K2
K3
K4
mKS
Fig.1. Evaluation criteria weights
s(i,j) Criteria
Criteria [ K1 K2 K3 K4 K5 ns(ij) | w(i) [ V(i) Ai)
K1 1,00 2,00 6,00 6,00 9,00| | 648,000 2,942| 0,415| 8,910
K2 0,50 1,00 5,00 6,00 9,00| |135,000| 2,265| 0,320| 8,265
K3 0,17 0,20 1,00 3,00 9,00 0,9000| 0,983| 0,139 6,713
K4 0,14 0,17 0,50 1,00 5,00 0,0595| 0,625| 0,088 | 6,216
K5 0,11 0,13 0,14 0,20 1,00 0,0004| 0,271| 0,038| 5,577
Sum 7,086 1,00(35,681

Tab.1. determine the weights of criteria in thegess of shipping cars

The weights of the criteria, and then comparingitivestigated variants using AHP method
may be made final assessment compared transporsriadrelation to the choice of a suitable
transport department for transport vehicles in Skoa.

Variants decisions
Criteria Scale of criteria |Road transport |Rail transport | Water transport
Transport costs 0,415 0,2138 0,2933 0,4929
Time of delivery 0,320 0,5117 0,3402 0,1481
Infrastructure 0,139 0,5095 0,3463 0,1481
Transport safety 0,088 0,1775 0,2770 0,5455
Enviromental aspects 0,038 0,1550 0,2928 0,5522
Sum 0,3446 0,3142 0,3418
Ranking 1 3 2

Tab. 2. The final evaluation of compared variants
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For critical criteria that influenced the outcomiedecision analysis can be time delivery rate
and build infrastructures that are interdependeleixibility, speed and density of the road network
features are compared, transport modes are notabtanpete with the current conditions.

3. Methodological approach for smulation

The simulation consists of a sequence of stepg;hwdmie interlinked and depend on the method
used by decision. Application of AHP method in deti@ing the significance of selected variant t.
J. most appropriate transportation department plewithe basis for simulating the desired
conditions. The basis for the simulation processoigletermine the matrix that compares each
individual criteria and the subsequent calculatbthe normalized vector "vi", which is the weight
of importance of the criteria. To calculate the gi®ed sum - order of importance of each variant is
necessary to apply decision analysis for eachrmiteparticularly in relation to transport modes.
Calculating a weighted sum of the sequence wehgesignificance of transport unions on the basis
of criteria weights. The result of the analysisletision-making is called 'base model'. It forms th
basis for the desired simulation conditions. Precsisnulation is to increase or. reducing the
significance of selected criteria in relation te thansport department. The rate of change is el&fin
as a percentage. The rate of change in the signde criteria in relation to one transport
department has an effect on the change in valukeo$tandard vector "vi", which is the basis for
the calculation of the weighted sum and for finedey of the significance of transport modes.
Percentage change in the significance of eachrieriterelation to variants get "desired model".

4. Simulation of the transport department of the transport vehiclesin Slovakia

Application of simulation model to a specific cotoin consists of a variant selection
criteria decision analysis. As the “base modelhssen outcome AHP multi-criteria analysis.

Simulation process can be devided into 2 phas#eqgfroject:

» Multicriterial decision making method AHP,
* Simulating conditions.

2" phase

Simulation

Fig.2. Phases of project

The importance of simulation lies in the easy asdesinformation about it, what criteria
need to be addressed to create the desired output enodel and how they impact on the overall
change. First phase consists of multi-criteria sleai making method AHP, resulting in the use of
road transport to the most appropriate departmantrénsport vehicles in Slovakia. The second
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phase consists in simulating the significance gateresulting obtain the desired output - the

transport department. Since waterways are not tesgdnsport cars, it is necessary to simulate the
conditions under which it would use to potentialrtiggpants in the transportation process

conveniently. For a starting model simulations §hao. 2) use also called "zero state" i.e., désire

model without changing the significance of indivadiariteria.

Variant |T. T. T. I S(i,j) |w() (i)

Road T. 10,6667 0,2/0,133330,71480,2238 0,00% 0,00%

Rail T. 1,5 1| 0,286/0,428570,8683 0,2718 5,00% 0,00%

Water T. 5 35 1 17,5(1,6113 0,5044 0,00% 0,00%
3,1943

Tab. 3. Simulation of the changes of significanslected request — Transport costs

Variant |T. T. T. ITS(i,j) (w() |v(i)

Road T. 1 3] 75 22,5/1,6802 0,5054 0,00% 0,00%

Rail T. 0,33 1] 5,5/1,833331,1063 0,3328 0,00% 0,00%

Water T. | 0,130,1818 1/0,02424 0,538/0,1618 15,00% 0,00%
3,3245

Tab. 4. Simulation of the changes of significanslected request — Time of delivery

Change of importance of each criteria is autorallyiconverted and applied to the output
of the model, which is a result of the simulatiexdel version). Simulation results is the impact of
changes to the original condition and the resulAbfP method adjusted for the impact of the
significance criteria.

As an example, the simulation can be determined tthe timing of delivery of water
transport and the change in the price of rail fpans Time of delivery in water transport will be
reduced by 15% compared with other transport madesrail transportation costs will increase by
5%. Other values weights remain unchanged. The détnplathe changes can be seen in the table
and shown graphically.

Variants decisions
I Sc_ale_of Rail transport Water
Criteria criteria | Road transport transport
Transport costs 0,415 0,2238 0,2718 0,5044
Time of delivery 0,320 0,5054 0,3328 0,1618
Infrastructure 0,139 0,5094 0,3464 0,1442
Transport safety 0,088 0,1808 0,2759 0,5433
Enviromental aspecst 0,088 0,1552 0,2927 0,5521]
Sum 0,3470 0,3028 0,3502
Ranking 2 3 1
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Table 4: Final evaluation of transport modes

Simulation of changes significance criteria in relation to the
transport department

0,3600
0,3500

0,3400 -

0,3300 -
0,3200 -

W Base model

0,3100 - B Simulation

0,3000 -

0,2900 -
0,2800 -
0,2700 -

Road transport  Rail transport Water transport

5. Conclusion

Information obtained from statistical surveys arskigning weights to each criterion

represent the baseline examination. For credilbhilsition is necessary to work with current data,
as the significance of individual criteria may cbarover time.

Process simulation requested conditions based empdhcentage increase or reducing the

significance criteria in relation to the transpddpartment, under which there are changes in the
results of decision analysis. Changes in the stafuthe significance of individual criteria in
comparison with other transport departments caultrgssignificant changes in the final evaluation
and hence the choice of a suitable transport velficlthe transportation department. Simulation of
changes in the criteria in relation to the transpgepartment can best simulate respectively “ddsire
model”.
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Abstract. The article considers the problem of grouping afvian regions taking in account a variety of
social, economic and infrastructure indicators cifgy the state and development of the regionateyager
transportation. The authors propose the solutioth@fconsidered problem in applying the clusterdyesis
methods:Joining-tree clustering and K-means clusterifige classification of 26 regions of Latvia has
been executed. For the solution of the examinekl itas suggested using STATISTICA package. The
results of the regions’ grouping provide new oppoities for the research of passenger transpomtatio
processes between and within regions of the state.

Key words: passenger transportation, region, grouping, clustatysisclustering variable

1. Introduction

The regional passenger transportation status avelagenent depends on a variety of social,
economic and infrastructure indicators of provinaed regions of the state. Foremost among such
indicators are: population density, labor actiwfythe population, average income per citizen, the
number of companies and enterprises, the numbexdotational institutions, the density and
quality of roads, the number of vehicles of diffé@reategories, etc. An analysis, conducted by the
authors, shows that these parameters differ fdra®@an regions [2], and differentiated approaches
to the development of transport region’s infrasimse must be used. In consideration of the above-
described problem the task of regions’ groupingthsy set ofindicators(regions’ characteristics),
influencing a condition and development of regiopassenger transportation, is quite actual. To
perform such a grouping of regions the authors ggepo use the methods of cluster analysis [3].

2. Stepsof classification

The process of regions classification is dividdd iiive stages considered below.
1. Selection of the clustering variables. When choosing the clustering variables defined by

vector x, ={x",x{",...,x"}, which are the indicators @fth regionaffecting the regional passenger

transportation it is necessary to consider their probable irgpeshdence by calculating the
coefficients of a pair correlation. So, from twoosigly correlating variables (indicators of regipns
only one could be used for classification. Sinogiares’ indicators have different physical nature
and, as a consequence, different units of measutesne orders the process of classification starts
with the standardization of data.

2. Selection of the distance measure. Let us consider the set of regiosThere exist several
definitions of the distance between thé¢h region andj-th region defined by the vectors of
clustering variables; andx; , there included: Euclidean distance, City-blocka(¥attan) distance,

Chebychev distance and others [1, 3]. In the ptessearch we have chosen Euclidean distance
defined as:
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3, =00 - KD+ 08 - )+ (0 - XY (1)
where g, ; is the distance between regions with numbeasdj, i0S, jUS;

x" is the value of théth characteristic of the-th region,l =12,...,n .

The selection of Euclidean distance is explainedhgy following reasons: observations are
taken from the population of data described byntluétidimensional normal law, the components of

the observations vectat”,i 0S being mutually independent and having the samiavee; these

components are uniform in their physical meanind according experts’ assessments all of them
are equally important for solving the problem dereng a region to either this or that class.

3. Selection of the method. The methods of cluster analysis form seven baanmilies:
hierarchical agglomerative methods, hierarchicaistbnal methods, interactive grouping methods,
methods of searching modal meanings of compactfester methods, methods of condensations,
and methods using the theory of graphs. Each groupnethods has its advantages and
disadvantages. The authors have chosen the moglapaopethods, which can be used to solve the
problem of the regions’ grouping — hierarchical laggerative method Joining-tree clustering and
interactive grouping method K-means clustering.

4. Defining the number of clusters. To define the number of clusters it is suggestedpioly
the Joining tree clustering using Ward's minimumarace method [3]. According to the clusters’
joining tree we should choose the number of clgster the example considered below we have
determined that the number of clusters is equdl to

5. Defining the members of each group and evaluation of the quality of grouping. There
exist different evaluation criteria of the clustation quality. One of the most popular criteriaod
clusterization quality is the ratio of the inneustler variance to the inter-cluster variance, wihiak
been used in the present paper.

3. Grouping of Latvian regions using cluster analysis methods

Let us consider the classification of 26 regionsLatvia in accordance with the above-
described process. For the examined task solutisnsuggested using STATISTICA package [5].
According to a survey of experts 18 regions’ atttéds were included in the initial set of
classification variables. Note that some of thesebates are defined per 1000 inhabitants, some
per 1 square kilometer. Pair-correlation matrix wakulated to reduce the dimension of the vector
of clustering variables. Taking in account the fzairrelation matrix 8 attributes of the initial st
classification variables, which have high coeffitgeof pair correlation with other variables, were
excluded from the consideration. As a result, Micators were included in a basic set of clustering

variables used for regions’ grouping, includingpplation densityx,; the unemployment rate,

and the number of working (active) populatignper 1000 inhabitants; the average level of income
capital x, (LVL); the number of companies, per 1000 inhabitants; the number of schaqlgper

1 sq. km; length of paved roads per 1 sq. km; the number of railway statiogsper 1 sq. km; the

number of busesx, and the number of carg, per 1000 inhabitants. Prior to the cluster analysi

all factors were standardized by the method of @r&s [4].

Two methods of grouping have been used: at figibres joining was performed on the basis
of the Joining-tree clustering, and then the resulere précised by K-means clustering. Fig. 1
presents the results of grouping of the initialdfategions by the Joining-tree clustering metHod
determining the distance between clusters Wardt¥hodewas used. As can be seen from Fig. 1, the
regions of Latvia can be grouped into four clusters

So, K-means method of classification has been e¢&ddor four clusters. The obtained clusters
together with their initial values of clusteringriables (regions’ indicators) are presented in &abl
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1. The numbers of clusters are shown in the ldsiwo of the table. Cluster # 1 includes 8 regions;

cluster # 2 —

11 regions, cluster # 3 — 1 re@ind cluster # 4 — 6 regions. Note, that the region

which has the smallest geometrical distance froendéntre of its cluster, is placed on the first

position of the

Linkage Distance

cluster.

Tree Diagram for 26 Cases
Ward s method
Euclidean distances

: -
(il

c19 C_17 c4 C20 CM C2 €9 C18 C2 c14 C12 C.23 C_8

c_10 C_7 C.18 (€15 C6 C2 C13 C3a C24 C22 C5 C21 C.1

Fig. 1. Vertical joining tree of regions

Region o X | X Xy Xs Xs X7 Xg X9 X0 | Cluster
Bauska district 25,10 6b 462 290,25 72 0,049 0,1370,0032| 5,19 495,17 1
Cesis district 16,9( 55 465 277,00 102 0,042 0,0980,0024| 7,54 551,34 1
Dobele district 20,47 81 47p 299,33 62 0,046 0,1250,0074| 5,13 456,69 1
Gulbene district 12,19 72 466 257,00 58 0,033 0,1070,0053| 4,94 472,76 1
Jelgava district 21,49 73 469 333,60 191 0,040 &,21 0,0050{ 6,87 582,31l 1
Ogre district 33,26 43 488 280,25 y8 0,045 0,156 0092 | 4,46 482,27 1
Saldus district 14,63 71 459 261,50 86 0,038 0,1040,0041| 6,20 516,15 1
Tukums district 20,31 5% 44 275,00 88 0,036 0,1650,0037| 5,22 507,85 1
Aizkraukle district| 13,10 71 466 288,00 70 0,029 103, 0,0031 5,06 508,69 2
Aluksne district 9,38 90 448 250,30 85 0,033 0,0870,0018| 5,65 49488 2
Jekabpils district 7,4( 88 426 271,80 144 0,031 7D,0 0,0020{ 6,46 74598 2
Kuldiga district 12,68 82 452 245,33 90 0,030 0,1330,0008| 6,21 506,45 2
Liepaja district 10,70 63 430 239,75 2385 0,027 B,11 00019, 5,38 478,79 2
Limbazi district 12,11 69 458 257,00 91 0,025 0,1420,0004| 4,41 54290 2
Madona district 11,14 81 446 246,80 74 0,026 0,0830,0030| 8,127 49590 2
Talsi district 14,98 63 457 239,25 82 0,029 0,171 ,0005| 6,12] 52357 2
Valka district 10,78 75 466 267,90 T7 0,028 0,142 ,0021| 4,87, 520,58 2
Valmiera district 12,29 64 433 262,67 155 0,039 6Q,1 0,0013 11,35 900,29 2
Ventspils district 4,94 64 44y 368,00 3p4 0,016 26,1 0,0020, 5,18 561,00 2
Riga district 57,04 42 528 338,24 640 0,049 0,263 ,0121| 4,01 445,16 3
Balvi district 9,85 129 43% 246,75 g0 0,081 0,095 ,00@5| 6,27] 491,49 4
D_augavpils | 4
district 13,17 91 408 241,00 1743 0,080 0,156 0,0058,15| 344,95
Kraslava district 11,31 138 444 234,00 44 0,034 29,1 0,0026] 4,41 398,64 4
Ludza district 11,12 157 460 248,00 15 0,028 0,0950,0025| 4,66 425,60 4
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Region XX | X Xy X5 Xe X7 Xg X9 X0 | Cluster
Preili district 17,14 118 447 254,40 65 0,043 0,1150,0034| 3,41 414,28 4

Rezekne district 11,9y 178 455 253,50 108 0,034 13,1 0,0034) 4,98 382,3¢4 4
Tab. 1. Initial statistical data source (year 2011) arslilts of regions clustering

Fig. 2 shows the plot of means for each clusteaiobtl in a 10-dimensional variables space for
standardized data. Using the plot of means we eanribe clusters of regions. It is easy to sed, tha
cluster # 3 has the longest distance from the atheters. This cluster consists of one region —
Riga district, which is included in the metropafitarea of the capital city of Riga and has the
highest socio-economic and infrastructure indicat®&iga district has the best regional passenger
transportation indicators too. Cluster # 4, whicitludes Latgalian regions, has the worst
performance. The authors note that the effortsat¥ibn authorities should be made to improve the
situation in the regions of the cluster # 4.

Plot of Means for Each Cluster

]

5 L

—o— Cluster 1
-0O- Cluster 2

3 : . . . . . . . : - s Cluster 3
¥ W2 ¥3 ¥4 4] ta] kel %3 e #10 — - Cluster 4

Variables

Fig. 2. Plots of means for 4 clusters (groups of regions)

4. Conclusions

In the paper the classification problem of Latwiagions has been considered taking in account
a variety of indicators affecting the state andedepment of the regional passenger transportation.
As a result of the research the distribution ofigeg into 4 groups (clusters) was carried out. The
coordinates of centres of clusters identified fache group describe their features. Performed
regions’ grouping allows more differentiated apmiodo the strategic planning of the passenger
transportation development, which takes into actspacific features of regions’ groups.

The results of the cluster analysis provide newoofpmities for the research of passenger
transportation processes between and within regbtie state.
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Abstract. This article deals with the issue of bus priostyselected signal controlled junction in Zilinay B
using the micro-simulation software two trafficusitions were simulated. The first one presentstinent
situation at selected junction where an averag&anors were calculated. The second one preseats th
situation by using bus priority which was implenashtin the designed model. The results and the
comparisons both of the simulations are mentionetie last chapter of this article.

Keywords: bus priority model, signal controlled junction, agkeduction.

1. Introduction

The requirements of the citizens for transportatinorease along with the rising living
standards. Therefore individual passenger trangjp®t) is becoming much more attractive and
more frequent mode of transport used for movingvbeh the source and the aim of transportation.
This is accompanied by many negative effects si&lmereasing the number of congestion in
central areas of cities and the associated drimergsousness, increasing the noise, making the
exhaust gases, slowing traffic and especially detng safety. One of possible solutions to at least
partially mitigate these negative effects is toateea system that would be able to transport large
numbers of passengers, would be spatially and Iso@eacessible to all categories of travelers,
would provide comparable travel time between thers® and aim against IPT, and would be
reliable and also safe. All of these conditions intbe public transport systems. But nowadays,
when city centers are crowded by passenger vehsalesing extensive congestion, public transport
is not able to provide rapid movement between acgoand an aim. Some foreign literatures
indicate that it is the speed of the transfer ihdhe most important requirement for many travgeler
Increasing travel speed of urban public transpoesd’t mean increasing the bus running speed but
the goal is to reduce the number of stopping atgdeother than public transport stops. A key
instrument, how to achieve noticeable resultsesittroduction of bus priority.

2. Traffic situation at junction Komenského- Surovova-J. Fandlyho

Communication network of the Zilina city consisfsradial-circular system while junction of
streets Komenského-Surovovéa-J. Fandlyho is platédearadial (Fig. 1) which connects the city
center with two large housing estates, Solin&yHliny?. The eight-hour junction survey that was
conducted in April 2012 in time period between 6t6010:00 and 14:00 to 18:00 showed that a
total of 8 126 passenger cars passed the junatidhis period. Junction is loaded mainly in main
directions at the street Komenského whether indihection to the city center or in the direction
from the city center.

! Number of population 13 685, 31.12.2012
2 Number of population 11 771, 31.12.2012
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Fig. 1. Marking the junction of streets Komenského- Sux@val. Fandlyho
Five public transport lines pass the junction ia thain directions at the street Komenského

(Tab.1). These ensure transport services not atlyden the center and the housing estates Solinky
and Hliny but also between other urban areas.

Direction To the center of city Both directions Frorr;ftr;ﬁycente
. Line Lineno.l1| Lineno.14 Lineno.p Line noJ7 Line no. 4
Indicator
Line interval _durlng 60 10 20 30 10
transport peak [min]
Capacity of vehicle [seats] 32 or 29 50 or 44 32%r| 50 or 44 50 or 44

Tab. 1. Public transport lines pass the junction.

2.1.Model of current state at the junction

Two traffic situations were modeled by using miamnagation program Aimsun. The first one
was situation- current state of the junction. Thees modeled one hour during the traffic peak in
time period 15:00 to 16:00. The traffic intensity ach junction approach entered into the model
was used from junction survey mentioned above. &oand timetables for each public transport
line were created according to routes and timesalaie public transport operator in Zilina

(Dopravny podnik mesta Zilina s.r.0.).
r vl

73
T
T

Fig. 2. Model of the current state at the junction credtedhe Aimsun.

Several indicators were evaluated for passengear ammell as for public transport vehicles,
which have been calculated as the average valtlegfrevious ten simulations (Tab. 2).
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indicator Ditie Komensého Surovova Komenského | J. Fandlyho
(approach 1) | (approach 2) | (approach 3) | (approach 4)
Simulated speed for cars [km/h] 15,8 16,1 11,3 4,62
Simulated speed for trolleybusékm/h] 11,4 - 8,5 -
Simulated speed for articulated 9 i 76 )
trolleybug [km/h] '
Simulated travel time for cars [s] 82,0 75,6 107,9 82,1
Simulated travel time for trolleybuses [s 115 - 8w -
Simulated travel time for articulated 130 ) 1258 i
trolleybus [s]
Simulated delay time for cars [s] 64,2 31,4 91,5 153
Simulated delay time for trolleybuses [s 96,1 - 0Bl -
Simulated delay time for articulated 109.9 i 107.4 i
trolleybus [s]

Tab. 2. Evaluation of the current situation model.

2.2.Model with the introduction of bus priority

In the second case, there was modeled situatiom Wwhe priority was introduced. Log-on and
log-off detectors used for send requests for busripyr were placed at the approaches to the
junction from the street Komenského. The principferequesting is as follows: at the time of
passage of the vehicle the detector a requestllfaration of signal "free" for the direction from
which the vehicle comes is sent to the controlégnal "free" is then assigned to the directioma of

vehicle passing the intersection with minimum delay
h .~ -

.‘. s

Fig. 3. Model with bus priority.

The same indicators were evaluated as in modalmoéet state.

Indicator Dition Komensého Surovova Komenského | J. Fandlyho
(approach 1) | (approach 2)| (approach 3) | (approach 4)
Simulated speed for cars [km/h] 17,7 15,9 17,9 8,91
Simulated speed for trolleybuses [km/h] 17,3 - 15,4 -
Simulated speed for articulated trolleybus 12,9 i 14.3 )
[km/h]
Simulated travel time for cars [s] 79,7 79,0 71,6 16,0
Simulated travel time for trolleybuses [s 61,9 - 0,% -
Simulated travel time for articulated 857 i 63.8 )
trolleybus [s]
Simulated delay time for cars [s] 61,8 64,6 55,2 ,287
Simulated delay time for trolleybuses [s 42,3 - A2 -
Simulated delay time for articulated 65.8 i 44.5 )
trolleybus [s]

Tab. 3. Evaluation of the model with bus priority.

% Vehicle with capacity 32 or 29 seats.
* Vehicle with capacity 50 or 44 seats.
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3. Conclusion

There were significantly delays reducing and theesjpincreasing of public transport vehicles
after the introduction of bus priority at the stee&omenského. The delays were reduced by the
value of 53.8 s in the direction to the centerha tity and by the value of 60.6 s in the direction
from the center for the trolleybuses. For articediatrolleybuses, the value of the delays was
reduced by the value of 44.1 s in the directiothtocenter of the city and by the value of 62.8 s i
the opposite direction. This fact is shown in figut through the color change from the initial
orange to yellow.

a)Trolleybuses
Fig. 1. Comparison of public transport vehicles delays.

b) Articulated trolleybus

The introduction of bus priority at all signal cosited junctions would be achieved significant
time savings for public transport vehicles and nguge more competitive against the individual
transport. Beneficial effects would not be onlyw#htime savings but an energy savings, too. And
also the noise and the exhaust gases reductioninamparticular improving safety in case of
passengers transfer from individual transport tolipuransport.
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Abstract. This paper is focused on the comparison of twiclhasthods of distance relevance estimation in
approximate covering approach to lagenedian problems. This approach pays for shorterpcational
time by a loss of solution accuracy. The accuragyedds on suitable determination of so called figid
points which are used for distance approximatidre 3election of dividing points is based on a nencept
which follows the idea that some network distarftesy the customers to possible service center ilmasit
can be considered relevant, and are expected tmdpagb the optimal solution. The outlined notion of
relevance can be formalized in several ways. Hereleyare studying the impact of various expressains
relevance on the effectiveness of presented appedgi approach.

Keywords: Location,p-median problems, covering formulation, approxingiproach, distance relevance

1. Introduction

This paper deals with the problem of designing dp&mal structure of most public service
systems [4], [5], [6], which is often formulated & p-median problem. The particular location-
allocation models are characterized by consideraighynumber of possible service center locations
which can take the value of several thousand [bhd@rning the problem size it is obvious that
attempts at exact solving usually fail due to ermwsncomputational time or memory demands.

The necessity of solving large instances of gheedian problem has led to the approximate
approach based on a radial formulation [3], whigh cause a loss of solution accuracy, but enables
us to solve real-sized instances in admissible tisieg common optimizations software tools [4],
[5]. The accuracy can be improved by a convenietgrdhination of so called dividing points which
are used in the objective function value approxiomatSince the distances are approximated by the
mentioned dividing points, their selection mustdaome very precisely. It is based on the idea that
some distances are considered relevant and thertiey are expected to belong to the optimal
solution. The main goal of this survey is to congpaarious expressions of relevance mainly from
the viewpoint of solution accuracy.

2. Radial Formulation of the p-Median Problem

To formulate thg-median problem, we denote the set of servicedousts byl and the set of
possible facility locations by. It is necessary to determine at mpdocations froml so that the
sum of the network distances from each elemedgttofthe nearest located facility is minimal. The
network distance between the possible locatiand the customgrfrom J is denoted asij. The
general radial model of the-median problem can be formulated by further inticetl decision
variables. The variablg ({0, 1} models the decision about the facility locat at the place [ 1.
The variable takes the value of 1 if the facilgyiocated at, and it takes the value of 0 otherwise.

The keystone of the approximate approach consist m@laxation of the assignment of a
service center to a customer [4]. To this purptserangg0, max{d;: i [ I, j O J}) of all possible
distances of the former location-allocation problerpartitioned intor+1 zones. The zones are
separated by ascending sequebge.. D;, Dy, where 0 =Dy andDy, = max{d;: i O I, j O J}. We
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introduce a numbering of these zones so that the kaorresponds to the intervdDy, Dy.1), the

first zone corresponds to the intervBh(D,) and so on till the-th zone which corresponds to the
interval O, Dy. The width of thek-th interval is denoted bs forj 0 Jandk =0 ... r. In addition

to the variabley; fori [J | we introduce auxiliary zero-one variabdgsfor k=0 ... r. This variable
takes the value of 1 if the distance of the custgnfiem the nearest located center is greater than
Dk and it takes the value of O otherwise. Then thwessionepXjo + €1X1 + €X2 + €3X3 + ... +&Xr
constitutes an upper approximationdhf It means that if the distanci falls to the interval [,
Dy+1), it is estimated by the upper boudg.;. Similarly to the covering model we introduce aoze
one constanzlm-jk for each tripleif, j, Kl O 1 xJx {0 ... r}. The constama”-k is equal to 1 only if the
distanced; < Dy. Otherwise this constam;* takes the value of 0. Then the associated covering
model connected with the upper bound can be fortedlas follows:

Minimize zzr:ekxjk (1)
i k=0

Subject to: Xik+zm:a"li(yi >1 for jO0Jandk=0,..,r 2)
%:yi sp (3)
xjkzo for jO0Jand k=0,..,r (4)
y, 0{01} forildl (5)

The objective function (1) gives the upper boundhs 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 radiuBx from the customej. The constraint (3) limits the number of located
facilities byp. This covering approach is reported in more dgtail4].

3. Sdlection of Dividing Points

Optimal dividing pointsDs, D, ... D, are selected in an exact way - by solving mathieadat
model (6) — (10). Basic idea is very simple: Thengnts of the distance matrig;f form a finite
ordered set of valued < d; < ... <dyn whereDg = dy andDp, = dn,. If there are only different
values betweed, andd,, we could determine the dividing poirilg, D, ... D, so that they would
be equal to these values. Then we can obtain thet elution by solving the covering problem
described by the model (1) - (5). Otherwise thé¢atise between a customer and the nearest located
center can be only estimated knowing that it bedotogthe interval @y, Dy+1) given by a pair of
dividing points. If we were able to anticipate thequencyn, of eachd, in the optimal solution, we
could minimize the deviation using dividing poimtstained by solving the following model:

m t
Minimize > > (d, -d,)n,z, (6)
t=1 h=1
Subjectto:  zy,, <z, fort=2..mandh=2. .1t (7)
> z,=1 forh=12,..,m (8)
t=h
m-1
Z, =T 9)
t=1
z,20 fort=1..,mandh=1..t (10)
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The decision variabla, 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 betweal.; and d; belongs to this interval.
Constraints (8) assure that each distaideelongs to some interval and constraint (9) ersabigy
r dividing points to be chosen. After the problem {§10) is solved, the nonzero valueszpf
indicate the distancek which correspond with the optimal dividing points.

4. Distance Relevance Estimation

Selection of dividing points is related to estinthfeequencyn, of each distancel, in the
resulting solution. Distance relevance expresses e measure of our expectation that the value
dn will be included in the unknown optimal solutioBstimation of eac, can be computed in
several ways. Within this contribution we deal omgh two basic approaches.

4.1. Exponential Approach

The basic idea of exponential computingngicomes from [4]. The main principle consists in
the fact that each distandgis connected with a frequendy of its occurrence in the matrixdg}.
Consider, ifp > 2, then the biggest value from htn column will be never included in the optimal
solution of thep-median problem and therefore we can consider iy + 1 smallest distances of
each matrix column. Estimation of, follows the hypothesis that the frequengyof d, may be
proportional toN, and to some weight which decreases with increagahge ofd,. It means that
smaller distances are expected more than the hagtesr. This suggestion can be formalized by the
following expression (11), where the symBalepresents a positive parameter.

—d,

n, = Nhe T (11)

Obviously, estimated value af does not have to depend only on the sizeff Therefore we
suggested a new ranking approach.

4.2. Ranking method

The ranking method was presented in [5]. In thigho@, we introduce a column ranking

evaluationL(d;) of the distancel; to define the relevana® according to
n. = LtSh = LS(d.
h % %{i ]( |]) (12)

The linear column ranking functidd(d;) is defined as follows: Le&®j(d;j) be the position of
d; in the ascending sequence of fhi column items of the matrixd{} and leta denote the
cardinality ofl. ThenL"(d;) = a+s*(1-Pj(d;)) for Pj(dj)<a+1-t and L(dj) = O otherwise. The
thresholdt influences the number @fl largest distances of theh column, which are not taken
into account, and the stemives the difference between the contributionk-tf andk-1th item of
the ascending sequence of fh column items. The ranking relevance estimatiom loa also
exponencialy reduced. In that case the mathematigakssion takes the form of (13).

~d,

n, =L%eT (13)

5. Computational study

Presented approaches to the distance relevancecaraggared on the pool of benchmarks from
the OR-Lib set [2] enlarged by some problems generated frenrdad network of Slovakia. The
cardinality ofJ is the same as the cardinalityloih all solved instances. The number of dividing
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pointsr was set to 20 an@ = 1. Since the covering model provides only thpeupapproximation
of the original objective function, its real valomst be computed in accordance to (14).

> min{d, :i01, y, =1} (14)

j0J

All experiments were performed using the optimizatsoftware FICO Xpress 7.2 (64-bit,

release 2011). The associated code was run oneg&ped with the Intel® Core™ i7 2630 QM
processor with the parameters: 2.0 GHz and 8 GB RANe experiments were performed for
s=al(a-t). The threshold was set at one quarter and three quarters ofogsilple range, i.e. at
valuest; = (3p+a-1) div 4 andt, = (p+3a-3) div 4. Obtained results for the relevance computed
according to (11), (12) and (13) are reported ibl@d. Quality of the solution is evaluated dmp
which expresses the difference between the obgdtinction value (14) and the exact one in
percentage of the exact solution. The exact salutifoparticular problems was obtained from our
previous research. The computational times vampftato 56 seconds for the largest instance.

Distance 1] 100 | 200 | 300 | 400 | 500 | 800 | 1100 | 1400 | 1700
relevance p 25 50 75 100 | 125 | 200 275 350 425

Thresholdt;| 1.40 | 2.12| 3.79] 5.13 5.02 12.%2 84)0612.41| 133.35

—_ (12) Thresholdt,| 0.16 | 0.34| 1.45 123 221 229 328B1.74| 3147

é Thresholdt;| 9.80 | 6.98| 0.60] 0.29 0.12 0.00 0.00 0.00 0.p0

8 13) Threshold t| 12.22| 6.98 | 0.60| 0.16; 0.12 0.00 0.00 0.00 0.00
(11) 14.11| 8.41 | 2.08| 0.29f 0.12 0.00 0.00 0.00 0.00

Tab. 1. Results of numerical experiments — comparisonaoius approaches to the distance relevance

6. Conclusion

The main goal of this contribution was to compaseaus approaches to the distance relevance
which plays a very important role in the selectmindividing points. The performed numerical
experiments show that the ranking method conssitatpromising way of solving large instances of
thep-median problem, especially when combined withftmmer exponential reduction.
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Abstract. The article is focused on environmental problenfsted to specific types of transport and points
out why it is important to search for possible iolus of emissions reduction in the atmosphereabse of

its continually increasing values. Emissions pradufrom road transport have a negative impact en th
deepening problem of the greenhouse effect.
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1. Introduction

It is undisputed that people are largely respoasibi the increasing value of emissions in the
atmosphere. Massive use of motor vehicles, whieh cancentrated near the residences of the
population, is a reason for developing a greatessure to reduce emissions exactly for this group
of vehicles. In spite of ongoing efforts to redwuissions from road transport, the results are not
satisfactory because the transportation needs @étgoare still increasing. Emissions produced
from road transport have a negative impact on #epdning problem of the greenhouse effect. The
greenhouse effect is responsible for average vali@mospheric temperature which is constantly
increasing. The increase in temperature causesi¢iteng of glaciers and so associated increase in
world sea levels, which can lead to disastrous gbsuof climate and weather on the planet.

1.1. Emissions of Vehicles

The article is focused on the clarification of thsue of vehicle emissions production. Exhaust
gases are composed by a mixture of chemicals, wtoatposition depends on kind of used fuel,
the technical conditions of the engine and the olsequipment to reduce emissions. World
production of exhaust gases emissions is estim@atetO milliard m2 every year. In addition, the
exhaust gases adversely affect human health agcatbe have a negative impact on global climate
changes. All mentioned aspects of exhaust gaseth@neason for highlighting issue analyzed in
presented article.

1.2. Carbon Dioxide (COy)

Carbon dioxide has the largest influence on glabimhate changes. This gas is the most
harmful gas of greenhouse effect. Its participateon the creation of the greenhouse effect is
estimated up to 55 %. Average changes in atmospl® were about 22 molecules of carbon
dioxide per million molecules of air during thetl&l0 000 years. This amount increased by 100
molecules per million molecules of air since thgibeing of industrial revolution dated to the end
of the seventeenth century, however. The combustiame liter of gasoline causes formation of
about 2,5 kg of C® Society currently produces about fourteen thodganes more atmospheric
CQOz than the air is able to purify. If we would like $tabilize actual global temperature, we should
reduce emissions by 60%. Actual values ob@CSlovakia are listed in Graph 1.
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Carbon dioxide emissions (CO2) by
mode of transport (thous. tonnes)
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Graph. 1. Carbon dioxide emissions by mode of transport
Source: author

1.3. Carbon Monoxide (CO)

Carbon monoxide is a colourless and odorlessaugsh is lighter than air. The main reason
of increased level of carbon dioxide emissionsésitmperfect gasoline combustion in the engine.
The negative effect of this process consists indance of supply of oxygen to tissues in living
organisms. High concentrations of this substancg caase death. Catalysts are used to reduce high
values of CO in the exhaust gases. Their influeaagegligible if the engine is running cold and
low engine revs. Actual values of emissions of Q@ last few years are listed in Graph 2.
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Graph. 2. Carbon monoxide emissions by mode of transport
Source: author

1.4. Oxides of Nitrogen (NO2)

Nitrogen is a gas which is the most frequentlyated among all gases at the atmosphere.
Nitrogen oxides are always formed during air heptim fuel combustion. They are created by
vehicles due to high pressure and temperatureeietigine, where the nitrogen reacts with oxygen.
Nitrogen dioxide - N@ is the most important gas of the nitrogen oxidessc This gas is
characterized as an irritant gas. The emission$@fare greenhouse gas which is responsible for
reduction of the ozone layer. Actual values of emiss of NQ are listed in Graph 3.
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Graph. 3. Emissions N@by mode of transport
Source: author
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1.5. Ozone (O3)

This gas usually forms part of stratosphere angdosphere. Ozone has a protective function
and protects us from the adverse effects of ulttaviradiation. However, as the exhaust gas is
undesirable because it is located just above th#h'easurface and adversely affects living
organisms. This phenomenon is called dry smog. ddmeentration of ozone at ground level is
increasing annually by 2%.

1.6. Hydrocar cbons and Organic Substances

About one third of global emissions of hydrocarb@m&l organic substances is produced by
traffic. Benzene as a significant organic substaisc& volatile organic substance that has a
carcinogenic effect. Hydrocarbons are usually ecdtly incomplete combustion but their liberation
to the atmosphere is possible by the leak fronmtahk of car during warm summer days.

1.7. Lead (Plumbum) and Heavy Metals

Heavy metals such as cadmium, arsenic, mercurg,dad zinc, are released to the atmosphere
during combustion. According to the comparison leevmembers of this group of substances, the
emissions of plumb invoke the most serious consezpsefor the human body. These emissions
have been reduced by the use of unleaded gasaldenmainly by the existence of catalytic
converter in vehicles.

1.8. Solid Particles and Sulfur Oxides

Solid particles and sulfur oxides are produced wesiekly by diesel engines. Their size varies
from dust particles up to the particle having & %% 0.1 micron to 1 micron. They contain organic
carbon, primary carbon, small amounts of sulfatesrogen, water and other unidentified
compounds. As mentioned above, particles and thersaxides are particularly produced by the
compression-ignition engines. Production of sulemissions is negligible in terms of total
production of emissions. The content of sulfur iesél fuel is continually declining. Sulfur
emissions produced by vehicles in Slovakia aredish Graph 4.
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Graph. 4. Suplhur dioxide emissions by mode of transport
Source: author

2. The Greenhouse Gases Emissions Produced by Transport

According to the information listed above, it iscassary to constantly deal with the issue of
environmental aspects of transport. Potential gmmbtan arise in developing countries where trend
of cars which are nowadays produced without catslgad with low efficiency of combustion is
increasing. The biggest problem is in countrieg likdia and China, where the price of newly
bought cars is usually no more than € 3 000. Thihe reason for the massive sales of vehicles in
developing countries. There is this type of inexgpem cars dominating over the sales of
environmental friendly hybrid cars which are coesably more expensive.
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Transport emissions are influenced by several facoch as:
 unfavorable development of individual car tran$po
* increasing number of kilometers travelled angbamted increase of fuel consumption,
* use of older vehicles without catalytic convester

3. The Greenhouse Gases Emissions Produced by Transport in the Slovak
Republic

Road transport has a significant impact on the alesmission production of transport.
Individual automobile transport and cargo transpoaduce together up to 87% of total transport
emissions. The degree of motorization and autonzalibn, that still have a growing trend are also
important indicators of the current status quoal etnissions produced by transport in Slovakia are
listed in Graph 5.
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Graph. 5. Total transport emissions
Source: author

4. Conclusion

To preserve the Earth for future generations ofdmkind, at least in so far as we know now, it
is necessary not only to reduce and note the tbfahe greenhouse gases production of large
companies in the transport sector, but also ofiddal users vehicles. Because of this, the paatfol
of vehicles should be renewed by modern vehiclasutilize environmentally friendly engine
design, exhaust gas recirculation, and the threeeatalyst.
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Abstract. The article briefly deals with improving procesk pmstal operators. Specifically we discuss
possibilities of replacement of the existing onmelisional barcode labels by smart labels with RHIe
article deals with the lowest layer of the systéine hardware part, which is primarily consistingR#ID
tags as information carriers. And last but notti¢las format in which the information will be coded the
tag and label. One possibility is to use the forofahe Electronic Product Code, which is assigns imon-
profit organization GS1. Replacing the currentustatould have open new possibilities for the highgers

of the system and the processes in the post.

Keywords: RFID, GS1, smart label, EPC, post

1. Introduction

Postal process can be improved by new technologiesv technologies can offers new
possibilities and advancement into progress ofgb@srvices. It is needed improve current state of
package labeling to new type of labeling, which bamrmore sophisticated. We need to select most
suitable solution for hardware and for type/formgatlata which we will store on the carrier.

2. EPC-Eletronic Product Code

This code uniquely identifies a product, item, roqtace or any object.
It was created in the center of the MIT Auto-Id.réicym EPC itself means electronic product code.
And whole identification is based on electronicnfoiThe identification number is coded and stored
to RFID tag for example. EPC code itself is possiiol store not only on RFID tags but it can be
stored on various carriers (2 dimensional codesyh Wis unique code, we can identify any one
item or product individually and uniquelyhe granting of the identificiations numbers iharge
of the EPC global. EPC global is under non-profigamization GS1. In Slovakia is EPC
organization represents GS1 Slovakia organizat@ithout authorization from the organizations
mentioned above is not possible gain and use EBE.[d

This ensures uniqueness of the numbers. The nuitskedris meaningless without connection
to database. And EPC as a unique key allows tesacdata on a particular product, which are
stored in databases.

EPC structure:

» Head- defines type of EPC code. For each type @ BSRlifferent 8 bit combination.
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 EPC manager number. Prefix of company and assigogter from GS1 — GS1 company
prefix

* Type of item- Type of product, not unique produgt group of products (yogurt, milk)

» Serial number- This number refers to certain progdyeu may find additional information
about the product[1]

Company can gain GS1 prefix only from GS1 orgaimonaand this number contain info about
this organization. GS1 prefix is followed by prefof company and together are creating GS1
company prefix.

3. Current statusin Sovak post

Slovak postal is using one dimensional bar CODE fb2®ack labeling. This code can contain
alphanumeric characters. This barcode consistirid @lphanumeric characters including control
number. First two characters are reserved for addeervice (table 2). This two characters are
followed by 8 character string. This string consamumber and this number is growing in range that
was granted by Slovak postal. Bar CODE128 has thaa@ants. Basic variant can support
alphanumeric characters. CODE128B support alphanarcharacters as well but it can obtain
small alphabet characters, too. The third variamt support longer string up to 19 characters, but
only support numbers. Slovak postal need only laiphabet characters and numbers(table 1),
therefore CODE 128 is sufficient. [2]

9 Bratislava 1
R RS 12 345 678 9 SK

RS 12 345678 9 SK

Fig. 1. Current label [3]

 Bratislava 1> > the delivery post office

— " =

(BN'Y2 345 675 9(8K)
~— \\H\‘_ R

\—> Country code - Slovakia

control number

|||II| ||| — bar CODE 128, minimal height 6 mm

8 characters string

L code of service (table 2)

—— type of shipmet, in this scenario is basic package
Fig. 2. Current label decomposition[4]
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Type of packs Prefix granted from Slovak Postal for labeling
(Consignments)
domestic service International service
package B N,O,P,R,S, T - -
Contract package Z A-N Z 0-Z
Contract package (sub type) X A-N X 0-Z
Insurance letter V N,O,P V N,O,P
Official Consignment U N,O,P - -
Express Consignment E A-CIL,P - -
Express Consignment (sub typq ) C B,Y - -

Table 1. Type of consignments[3]

4. Possibilities of passive RFID technology in the post

RFID (radio frequency identification): RFID techogl is using electromagnetic field for
communication between terminal and electronic e tag is attached to the object, goods or
room about which carriers identification data. Tidisntification data can be easily read by reading
device and store or send for further data procgdsyrsystem. [5]

Binary representation Hexadecimal form Size in bits name

11111111 FF undefined Reserved for  heads
longer than 8 bits

0011 0011 33 96 GRAI-96

0011 0010 32 96 SGLN-96

0011 0100 34 96 GIAI-96

00110110 36 198 SGTIN-198

00110111 37 170 GRAI-170

0011 1000 38 202 GIAI-202

00111001 39 195 SGLN-195

Table 2. Selected types of heads and itsinterpretation[6]

Combinatorics give us 256 possible combinationkezd (28). This value is relatively high
but we can not forget it is limited. Some of condtians are reserved, undefined or already in use.

EPC code is code that exists in various forms amdbe stored on various types of medias. It is
not necessary that the EPC code is stored on th2 R only. Databases can work with EPC code
and it does not matter form where EPC code was. iEEBE stand alone above hardware solution
and RFID tag is one of possibilities to store. [

Elementary forms of EPC code:

* EPC in exact form of GS1 key,

* EPC Pure Identity,

« EPC TAG URI (only in RFID environment),

* EPC Raw URI (usually in case when tag does notato valid EPC code),
* EPC binary form (only in RFID environment). [8]
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4.1. RFID variants

Passive RFIQags are currently the most widely used type. It doesaontain its own power
supply which reduces the production cost at a minim The communication uses a power
capacitor that is charging upon request by thestratter. The transmitter periodically sends a
signal to charge a capacitor tag corresponds libtesk, if the tag is in signal range. If we assume
about RFID in post the most suitable solution Wél use of passive RFID technology (due cost and
variability). We can use RFID tag with combinatiohoptical visible layer for packs labeling. This
combination is called smart label.[5]

4.2. RFID Smart labds

One of the options to replace current postal sydtased on one-dimensional bar code is the
use of smart labels. This is elegant combinatiothefbar code and identification using RFlhe
advantage could be the use of two-dimensional bde avith additional information readable for
humans or optical readers on top layg@nart labels are basically a two-layer tajse top layer is a
layer of printed information for people or barcaéaders. The bottom layer contains an electronic
circuit and antenna-chip RFID taghe label is typically located on the silicon suat, which
sticks to the labeled itemvVhole smart tag is very thin, flexible and behalike an ordinary
stickers and can be delivered and stored in rollghe current system is information printed in
CODE 128. This status can stay and be expand ligmysolution based on RFID tag3t it may
be to review the existing system and we can chamigemation on the visible part of the smart
label. For easy visual identification by human he qust uses the top of the label and he can read
information(printed text). Not always we have aahlé optical or RFID reader, but system has 3
level backup(one is text for humans, second onefasmation for optical readers and third one is
information coded in RFID tag) and chance that vilenet be able read any of this forms are zero.

[9]

Top cover and print layer

iii RFID antenna

AT or e o Sy i

base pad “:ﬁ»'

glue layer

Fig. 1. Smart label [9]

5. Conclusion

One way to improve the postal business processeepgcement of the existing one
dimensional barcode labeling by smart labels witiDR Add value of new system is also main
characteristic feature of RFID system: no needptical reading of RFID tag content. By using
RFID tags we naturally achieve more than a singdifieadinginto RFID tag can be coded much
more information than to the existing one-dimenaldmr codes CODE128 which can hold to 13
characters. If we used the EPC code it would be ahlquely identify the shipment in a central
database, or we can use the structure of EPC oad®le data as required. GS1, as authority for the
allocation of EPC codes, does not allocate codb titad for “pack” or “shipment” or for “post
services”. Therefore, we had to go through a difficult apptomeocess of creating standards for
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postal operatorsThis process would require wider agreement of pagiarators. Promising way
would be to use the existing EPC standards and ttedstructure as we needed.

Grant support

This contribution was undertaken, as parts of #search project VEGA 1/1321/12 Research of
new trends in management in the era of globalinatio

Centre of excellence for systems and servicestelligent transport Il., ITMS 26220120050
supported by the Research & Development Operatraramme funded by the ERDF.

References

[1]
(2]
[3]
[4]

[5]
[6]

[7]
(8]
(9]

EPC[online]. [Cit. 2012-03-09]. Available on interndtttp://www.gs1sk.org/elektronicky-produktovy-kod
[online]. [Cit. 2013-03-04]. Available on interndtttp://bartech.sk/blog/technologia/ciarove-kody/

[online]. [Cit. 2013-03-04]. Available on internethttp://www.posta.sk/subory/36947/technicke-paraeiet
oznacovanie-zasielok.pdf

[online]. [Cit. 2013-03-04]. Own source. Availablen internet: http://www.posta.sk/subory/36947/tecke-

parametre-oznacovanie-zasielok.pdf

GLOVER, B., BHATT, H.:RFID EssentialsO'Reilly Media, USA, 2006. ISBN 978-0596009441.

GS1 EPC Tag Data Standard 1.6. 2011. J[online]. .[CR&012-20-03]. Available on internet:
<http://www.gs1.org/gsmp/kc/epcglobal/tds/tds_1 @iRedStd-20110922.pdf>.

GS1 EPC Tag Data Standard 1.€2011. [online]. 2011. [Cit. 2012-02-03]. Availablen internet:

<http://lwww.gsl.org/gsmp/kc/epcglobal/tds/tds_1 @ifRedStd-20110922.pdf>.

General Questions about the Electronic Product Cd@#C). [online]. [Cit. 2012-01-06]. Available on
internet:<http://www.kentraub.net/tools/tagxlateBAtml>.

Antonin Voj&ek. RFID Smart Label a RFID vsCarovy kod 2007. [online]. [Cit. 2012-20-03]. Available on
internet: <http://automatizace.hw.cz/rfid-smartdkktfid-vs-carkovy-kod>.

121



122



TRANSCOM 2013, 24-26 June 2013
University of Zilina, Zilina, Slovak Republic

The Possibility Reduction of Fuel Consumption and Toxic Emission
on the Example Hybrid City Buses

"Jerzy Merkisz,Maciej Bajerlein,  Pawel Daszkiewicz
" Poznan University of Technology, Institute of Imar Combustion Engines and Transport,
60-965 Poznan, Poland, {Jerzy.Merkisz, Maciej.Bajp}@put.poznan.pl
” Poznan University of Technology, Institute of mi@ Combustion Engines and Transport,
60-965 Poznan, Poland, {Pawel.Daszkiewicz}@dod¢eopat.poznan.pl

Abstract. In the case of city buses, on-going operatingscast critical to the overall cost of purchase and
use of the vehicle. That's why researchers fromlinkttute for Combustion Engines and Transport was
taken in the subject economic balance on the exaofplirban public transport enterprises. For aeaihje
assessment of fuel consumption it is necessanetermine all variables. Therefore, developing @idg
test, having the real use of buses and fixed thgeleimentation of stringent procedures testing and
measurement. The article presents the resultstf ¢arried out to test fuel consumption by putthasport
buses SORT (Standardised On-Road Tests Cycles).

Keywords: Emission, city bus, combustion engine CI DI, lgtius.

1. Introduction

Ecological drivetrains are currently used in boglavy-duty trucks and buses. The latter utilize this

technology mainly in the city municipal transpocity buses). This is related to the fact that the
operating conditions of the vehicles in large agwaations are characterized by frequent stops.
The acceleration and braking phase is realizedhort slistances. Very often the acceleration and
the braking phase are separated by a stop phasefrdduency of these phases is high and it
depends on the factors related to the traffic. S€hean be: time of day, route throughput, traffic
congestions, etc. Under such conditions, with theventional drivetrain the combustion engine
operates within a large range of power output, rngipeed and efficiency. The overall energy
efficiency of the conventional drivetrain is additally reduced by the irreversible change of the
kinetic energy into heat during frequent braking.

In order to comply with the new technology treniis?K in Poznan (local bus operator) was
the first to purchase a hybrid bus. The benefasnfthe use of such an innovative technology are
clearly visible, which is confirmed mainly by themparison of this new purchase with the ones
already used in MPK.

ON-ROAD emission tests were performed under actyedrating conditions in the SORT
driving tests on the runway of the Bednary airstimporder to measure the energy consumption and
the exhaust emissions by a given vehicle or theente of individual vehicle accessories on the
total energy balance it is necessary to determihtha variable factors such as: vehicle speed,
engine load, acceleration, distance covered etc.thi® end driving tests are developed that
characterize the actual vehicle operation and plaes are constructed of the realization of these
tests and of the performance of the measuremeh&sSORT driving tests have been developed by
International Association of Public Transport (UITP) to evaluate the gas mileage of the city buses
compliant with the standard of Euro IV and highEig( 1). Three tests reflecting the following
operating conditions have been distinguished (taple

a) Heavy Urban SORT 1 — exact downtown area otitiye
b) Easy Urban SORT 2 — within the city limits,
C) Suburban SORT 3 — suburban routes.
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Due to the nature of city bus operation duringeghergy consumption tests of the individual

accessories SORT 1 driving tests have been camue(exact downtown area of the city).

SORT 1 SORT 2 SORT 3
Average speed [km/h] 12,6 18,6 26,3
Share of vehicle standstill in the tests [%)] 39,7 3,43 20,1
Constant speed in profile 1 [km/h]/[m] 20/100 20J1( 30/200
Acceleration in profile 1 [mf% 1,03 1,03 0,77
Constant speed in profile 2 [km/h]/[m] 20/200 4022 50/600
Acceleration in profile 2 [mf% 0,77 0,62 0,57
Constant speed in profile 3 40/220 50/600 60/650
[km/h]/[m]
Acceleration in profile 3 [mf% 0,62 0,57 0,46
Stoppage after each profile [s] 20/20/20 20/20/20 0/1@/10
Distance covered in the test [m] 520 92( 1450
Deceleration in the speed profiles [fi/s 0,8 0,8 0,8

Tab. 1. SORT driving tests characteristics.

70

+++ SORT 2 ==SORT 3

==SORT 1
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t [s]
Fig. 1. The course of the SORT test (as a function og}jrk' = f(t).

2. Equipment used in thetests

For the tests the authors used a portable exhenissien analyzer SEMTECH DS (fig. 2 - 3)
manufactured by Sensors Inc. The exhaust samp&es through a probe and supplied by a heated
line maintaining the temperature of 1910C. Subsetiyiethe exhaust gases are filtered out of the
particulate matter (diesel engine only). Then treasurement of the concentration of hydrocarbons
is carried out in the FID (Flame lonization Detegtd he sample is cooled down to the temperature
of 4°C and in the NDUV (Non-Dispersive Ultraviolet) ayeér the measurement of the nitric
monoxides and nitric dioxides is performed and e tNDIR (Non-Dispersive Infrared) the
concentration of carbon monoxide is measured. Téasarement of oxygen is carried out through
an electrochemical sensor. Semtech also recordsneters taken from the vehicle OBD and GPS
(Global Positioning System). The analyzer can batroded by a personal computer and through
a wired or wireless connection.

Fig. 22 SEMTECH DS measurement device. Fig.3. Mass flow meter measuring the exhaust mass flow
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3. Test results

The tests were performed in standardized conditionshe hybrid bus and for the conventional
bus with a regular diesel engine (9,2 dm3 DAF PR) 2éere carried out.

The tests were divided into 3 groups [3]:

* SORT1 - Heavy Urban — city center traffic (averageed 12 km/h),

* SORT2 - Easy Urban — city— combined urban andishan traffic (average speed 17 km/h),

* SORT3 — Suburban — suburban traffic (averagedspéem/h).

The tests results have been presented in figure 4.

O Conwertional Bus O Hyhrid Bus

80 746

36.9

g

[1/100 km]
=

0 T T
SORT1 SORT2 SORT3

Fig. 4. Fuel consumption in the SORT tests.
During the tests in Poznan a test drive on the samt was realized by the hybrid and the

conventional bus (fitted with a diesel engine). Mahicles covered a distance of 61,50 km and
61,42 km respectively. The average and unit fuesamption have been shown in figures 5 and 6.

80 70.94 300+
243,056

— 181,54

150+

=
(=3
2. [¢/kW-h]

T T
O Conwertional Bus O Hybrid Bus O Corvevertional Bus @ Hybrid Bus

Fig. 5. Average fuel consumption Fig. 6. Unit fuel consumption

in the urban traffic in Poznan in the urbanficah Poznan

4. The exhaust emissionsfrom the hybrid bus

Another argument for the application of hybrid teclogy in vehicles is lower exhaust emissions.
This is confirmed by the results of the tests earout in bus on-road tests by the Institute of
Combustion Engines at Poznan University of Techgyld@he comparative test was performed on a
pre-selected route in Poznan.

The on-road exhaust emissions and unit exhaussemgshave been shown in figures 7 and 8.
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Fig. 7. The on-road exhaust emissions Fig. 8. The on-road emission of GO

from the buses from the buses

5. Conclusion

A contemporary hybrid bus is a technologically athed vehicle utilizing modern mechanical
and electronic systems.

The application of hybrid technology in city busesextremely advantageous because in the
city the buses move in a frequent stop and go mrairequent drive-offs and stoppages create
perfect conditions for energy accumulation that esrftom the energy surplus from the engine and
kinetic energy recuperation. Thanks to this featiréne system we can use the accumulated energy
when the vehicle drives off. The hybrid system éemlthe operation of combustion engines at
optimum parameters in the energy-related and emabgspects. This, in turn, contributes to a
significant reduction of the fuel consumption andaust emissions, PM in particular, which is
confirmed by the performed comparative tests indibe traffic. It is noteworthy that the benefits
are heavily dependent on the local conditions antaw the vehicle is operated. In order to obtain
maximum benefits in both areas it is necessaryraxipely adjust the control systems to the
conditions of operation and train the drivers togarly operate such sophisticated vehicles.

The hybrid bus also has a much lower noise emisghrthe speed of 50 km/h the noise
emissions is 61,2 dB(A) in the vicinity of the deis compartment and 73,2 dB(A) in the vicinity
of the rear axle. The vehicle, thus, complies wiie very stringent EU standards set forth in
directive 70/157/EEC [4].

It should also be noted that additional elemengbikting the power of the initial source,
irrespective of the type and value of the extert@hd, enable the application in the
electromechanical systems of engines of lower poswgput as compared to the ones with the
mechanical drive.
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Abstract. Rapid technological advancement, a fresh lookhenecology-related issues and ever-stringent
exhaust emission limits lead to dramatic changabefmage of public transport. One of the veryngirent
changes is the search for more efficient technekg@nd fuels used in public transport. Municipas bu
operators are thus forced to adapt to the changiggirements. The paper discusses the benefits them
new drivetrain technologies and the differencesvben the old and the new technologies are shovan as
comparison between new buses and the alreadyrexties.
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1. Introduction

Ecological drivetrains are currently used in boglavy-duty trucks and buses. The latter utilize this
technology mainly in the city municipal transpocity buses). This is related to the fact that the
operating conditions of the vehicles in large agwaations are characterized by frequent stops.
The acceleration and braking phase is realizedhort slistances. Very often the acceleration and
the braking phase are separated by a stop phasefrdduency of these phases is high and it
depends on the factors related to the traffic. S€hean be: time of day, route throughput, traffic
congestions, etc. Under such conditions, with theventional drivetrain the combustion engine
operates within a large range of power output, rmgipeed and efficiency. The overall energy
efficiency of the conventional drivetrain is additally reduced by the irreversible change of the
kinetic energy into heat during frequent brakingr Ehis reason a city bus is a type of vehicle in
which the advantages of a hybrid system stand acehaf being used to the greatest extent. The
application of such an innovative solution ensirath economic and ecological benefits.

In order to comply with the new technology trenlisgjskie Przedsibiorstwo Komunikacyjne
w Poznaniu (local bus operator) was the first tccpase a hybrid bus. The benefits from the use of
such an innovative technology are clearly visiltajch is confirmed mainly by the comparison of
this new purchase with the ones already used in MPK

2. Helpful Hints

The drivetrain of the hybrid city bus utilizes a&skl engine manufactured by Cummins. The
other element of the hybrid drivetrain at the same its basic component is the Ep50 system (Fig.
4.2) by General Motors. The hybrid drivetrain filsgap between the conventional drivetrain using
a combustion engine and the latest zero emissmmedogies. Buses fitted with this system have
much lower fuel consumption and reduced exhausssars. They also have better acceleration
than the conventional vehicles fitted with diesabiees and they drive off in a much quieter
manner.
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_—— Battery cooling system

Sl

Hybrid technelogy

Combustion engine

Fig. 1. Schematics showing the drivetrain componentsydirid bus [2].

The components of the drivetrain are located in riber part of the bus, similarly to the
conventional vehicles. The engine is fitted veitycan the rear part of the bus and the power is
transferred to the third axle of the bus. The offeets of the hybrid system such as the batterds a
two inverter modules have been installed on thé mebich helped obtain optimum axle loads.

The bus operators are thus free to arrange theants the bus and the passengers do not see
any difference compared to the conventional buSasy the roof design and the much more quiet
bus operation tell that this is an ecological vihic

3. Thedrivetrain

The basic elements of the hybrid system (Ep50 &yt (Fig. 3) used in the hybrid bus are - as
the manufacturer assures — a true study of furatiesmplicity”. The whole system, beside the
engine, is composed of five elements:

* EV Drive™ (drive unit),

* dual power inverter module (DPIM),

* energy storage system (ESS),

* two electronic modules controlling the hybriaver(HCM),

* pushbutton shift selector (PBSS).

BATTERIES CONVERTER. DPIM

«

COMBUSTION ENGINE

CONTROLMODUL

Fig. 2. The Ep50 System™ hybrid system used in the aadlpzus.

The individual system components are located inbih in the following configuration: the
cooling system is above the driver's compartmédrd,liatteries are on the roof of the A section just
before the articulation, DPIM and the cooling abeae the engine tower and the engine, typically
for the Urbino family is fitted askew on the leftis of the body in the B section. The Hrive is
located in the place where a transmission is ugl@dated.

The most important element of the system is th®Eve™ module (Fig. 3) where blending of
the torque of the combustion engine and the etestators takes place (Fig. 4).
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MIXING TORQUE

torque from the electric motor

[torque from the engine

torque from both engines

Fig. 3. The Ep50 System™ hybrid system Fig.4. The EV Drive™ module [1]

used in the analyzed bus.

All the elements of the system co-operate with @nather. The electric generator motors work
as clutches of variable characteristics controltimg engine speed acceleration and deceleration and
blocking of the gears of the planetary gearsetisth&se mechanisms are located concentrically.

The Dual Power Inverter Module (Fig. 5.) is the malectric part of the hybrid system. It is
composed of two AC/DC - DC/AC inverter modules @peg in the range of 430-900 V.

Fig. 5. Dual power inverter module DPIM [2]

The energy storage system of the mass of 437 ktpiosn6 battery packs each of which
contains 40 NiMH batteries. This totals with themier of 240 gel technology batteries in the ESS
system. The batteries are located on both sideseoESS along with other components: control
modules, fuses, and relays inside the system. THodensystem is air-cooled and the rated voltage
is 600V. The system is equipped with appropriat frotection system. The high voltage circuit is
not connected to the vehicle ground and each ob#itery packs is insulated to protect it from
components operating at low voltage.

The period of operation of the 2183mm x 1116mm 8r@d, 410 kg NiMH batteries is
approximately 6 years depending on the driving attaristics of the bus.

The whole ESS system is cooled through a radidiat is located directly near the storage
system and through an air-conditioner of the hyHride battery located in the front of the vehicle.

The Hybrid Control Module HCM (Fig. 6.) is the kmaof the hybrid drive that processes
signals and data from the sensors in the systecosytionents providing information related to the
driver activity.

Fig. 6. The hybrid control modules HCM [2]  Fig. 7. The actual view of the PBSS selector fitted i s [2]
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The HCM is composed of two control modules by Altis1000/2000. The role of the first unit
is the control and management of the operatiom@htybrid drive while the other unit controls the
cooperation of the system with the vehicle subcamepts. These two controllers process
information from the system subcomponents, sendwamas to the actuators and control the drive
to ensure the precision of the drive operationemergy production. The controllers can also realize
diagnostic functions and be reprogrammed.

The Pushbutton Shift Selector PBSS (Fig. 7) costtbe driving direction (forward, idle,
reverse). PBSS is also used to control the operafiohe oil level sensor, flash the error codes an
control the recuperation brake.

4. Conclusion

The exhaust emission limits that become more anck rsivingent as well as the skyrocketing
prices of crude oil forced the engineers to seédrradtive powertrains to adapt to the existing
situation. A purchase of a hybrid bus aims at aicgdn of the fuel consumption and meeting of the
ever-growing ecological requirements.

Based on the performed analysis of the operatimglidons, the results of the performed bus
fuel consumption tests and the discussions on lkered results we may formulate the following
conclusions:

1. The performed fuel consumption tests have shownubea of the hybrid bus in the period
from 2008.11.08 through 2009.02.10 as comparedotoventional vehicles (fitted with
diesel engines) resulted in a reduction of the Gogisumption on the level of 7,75%. The
operation of a hybrid bus thus brings measuralde@uical benefits (fuel consumption).

2. The operation of the hybrid bus on regular Pazhas routes within the testing period
resulted in a reduction of the fuel consumptiornl®f03% and during the Pozn&limate
Change Conference this value was only 2,11 %. Idybrises are very efficient when
operating on regular routes and when the routesireggular (frequent and long stops,
longer distances between the bus stops, low dailgage) their use is not economically
justified.

3. The average reduction of the fuel consumption enléfrel of 11% during the operation on
the bus routes is not as large as that specifiethdyehicle manufacturer (15-25%). This
could be the result of:

* the season of the year when the bus was opefaiater);

* insufficient driver experience in driving hybritlises requiring a different driving style.

4. The fuel economy of the hybrid bus is mostly degernan the type of route on which it is
operated as well as the daily mileage it covers.
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Abstract. This paper proposes a new algorithm for 3D moeebnstruction from two images. At beginning
of the paper there is a brief introduction to tesuies of 3D reconstruction and speed problemsairtinee
applications. The main part of paper describestisuiisses our proposed algorithm.
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1. Introduction

In the intelligent transport systems (ITS) there devices used as input, such as sensors or
cameras. It is possible to gain a 3D model of spatwo cameras are used. They allow us to get an
approximate distance, direction, speed and sizketgfcted objects.

The 3D reconstruction algorithm is the most usednfavigation of mobile robots. In most
cases, it is about using dense geometric approxinfaiRossi and Savatier [1] implemented this
approach to mobile robot using GPU in real-time.

The common first step of 3D reconstruction is teniity feature points which are candidates
for corresponding ones (same place of real poinbramimage has to be corresponded to the same
real point on another image). So they must be fedreh multiple images regardless of the noise,
rotation, translation or other transformations lestwv images. Finding of these points is the most
computationally demanding operation and it is chliefeature finding.

Finding of feature points is not easy. It can bedusuch algorithms as edge detectors, adaptive
window, corner detectors, etc. The main difficultycaused by need of processing all input images
per pixel with focus on neighborhood pixels foriafput images. This must be proceeding, because
each algorithm tries to finding as much featurentmas is possible (the more detected points mean
the more overall quality of reconstructed model. i8) addition this operation has huge
computational complexity.

The 3D reconstruction process itself is basedwpolar geometry. It describes geometrical
relations between multiple projections of the sgromts on them. For example multiple cameras
can see common scene using different angle. Ome pbreal world is reflected on surface of each
camera in different places. These reflected pahtsne real point are called corresponding points
(feature points are candidates for them). The 3fnstruction is projection processing, so it is
necessary to have at least two projection surfasegg known corresponding point on them. Steps
of each 3D reconstruction algorithm can be as ¥alo

1. Image filtering — removal of noise, highlighting of weak areasgluness correction,
color adjusting, etc.

2. Feature points detections on all images — it can be carried out by edge datecorner
detector, combination of detectors, etc.

! Dense geometric approximation means that eveml pikinput images is processed for real point dept
approximation [2].
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3. Finding of the corresponding points — matching of feature point candidates in all
images.
4. Reconstruction of the real detected points.

One of things that extends computing time is homegeas texture area (or area with poor
texture variation). These areas force algorithnsdarch in wider neighborhood for more accurate
feature information of each pixel.

2. Basicprinciplesof proposed algorithm

The most computation time is taken by finding feafooints. Some reduction time can be done
by skipping homogeneous texture areas. Segmentatidndynamic depth of details, and load
balancing to multiple CPU cores can reduce calmrdtme too.

Fig. 1. The box of non-homogenous texture, white lines@né edges, red dots present founded of first paifter
first iteration of algorithm.

The main core of the algorithm is method for eximac of feature points from one image
segment using given number (algorithm does notntid the dense algorithm group [2]). At
beginning the whole image will be as starting segiméhe result of the first iteration is demanded
number of feature points, which can be the eadietscted (fig. 1). These points split segment into
triangle subsegments and will be merged to the global mesh structure.

Each triangle of mesh represents separate imageaande analyzed again so we will get level
of details. Triangle segmentation can be useddorputing on multiple CPU or GPU (like Ruigang
Yang and Marc Pollefeys does in [3]). For evergrigle a describe vector will be created. This
vector obtains information about texture intengitgmogenous or heterogeneous texture) in created
subtriangle area. Homogeneous texture triangldbwiskipped, if the describe vector will be under
specified threshold. In next iteration it can beated new subtriangles with vector description,
again and again, until is reached demanded levéd @il (fig. 2).

The 3D reconstruction can run on low resolutioruin@utput 3D mesh can be applied on high
resolution image. The main benefits of this aldomitwill be:

1. Reduce of computing power and time by its distrdoubn multiple CPU, CPU cores or
GPU for some computations.

2. Ability of the influence quality of final 3D modeith level detail for reduces of
computing power.

3. Skipping of texture-less areas.

4. Ability to use low quality cameras.
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Fig. 2. The red dots are known points from past iteratibight green lines presents edges of triangldmage areas,
and yellow points are auxiliary points for easimating of subtriangles.

3. Conclusion

The paper briefly describes our idea of 3D recaicsion algorithm. The next step in further
research will be developing a method for quick digd@ of demanded number of points from
selected image segment and use of the knowledteegdoint position from first image in second
image. It will be also interesting a test algoritlusing multiple cameras and its comparison to
existing algorithm.
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Abstract. Automatic Incident Detection (AID) in road netwsrgerves as an input for traffic control systems
and systems informing the drivers. The paper dessriglobal traffic state model approach based on
processing of traffic sensors data from particalega. The dimension of multidimensional traffictasais
reduced using Principal Component Analysis (PCA)m@aring field data with a historical model (typica
traffic behavior in the area), it is possible tacanatically detect non-standard traffic situatigascidents).
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1. Introduction

Traffic incidents (congestions and accidents) haggative impact on level of road traffic
service. The Automatic Incident Detection (AID) @lghms like California algorithm, McMaster’s
algorithm, MEX (Tokyo Metropolitan Expressway) oRMMA (Autoregressive Integrated Moving
Average) can help to reduce their negative impag¢t The existing traffic detectors can be
effectively utilized as a data source for impleneeintontrol or telematics systems.

This article describes an innovative method howreate a global model of road traffic in the
observed area (highway section in rural zones ad metwork in urban zones). The conventional
methods are based on evaluation of traffic parametea single profile of communication. The
idea of the global model is a description of tafftate behavior based on historically measured
elementary traffic parameters (flow rate, speeddertsity) at level of the whole observed area.

The preprocessed traffic parameters are conventéaffic states of a state space in a discrete
time intervals. However, with respect to the coointletectors, the state space may have too many
possible states. Therefore the proposed methodidssasdimension reduction using Principal
Component Analysis (PCA). The state space haviggifgantly reduced dimension performs
better from statistical evaluation point of viewat It is also more suitable for computer processing

2. Input Data Description And Preprocessing

The basic measures characterizing the traffic leng fate, speed and density. Flow rgtés
defined as a number of vehiclaspassing through a communication profile in tim&ime mean
speedy is an arithmetical average of instant spegd} of all vehicles passing through the profile
in time unitt. Densityk stands for a number of vehiclagobserved in a unit of lengthin one
moment and as such it is defined as a section meawhich is impossible to be measured in a
particular profile [2]. Information about presenoé vehicles on a communication section is
represented also by time occuparayf a detector (hereinafter considered insteati®@idensity). It
is a ratio of total time when the detector is odedfby vehicles and the total measurement pdriod

The data may come from various traffic sensors iilductive loops, laser sensors or video
detection. The authors used inductive loops datsiged by Road and Motorway Directorate of the
Czech Republic. The data came from 8 detectionlpsodn Czech D1 highway and this set of data
covers almost half a year 2009. The samples repiesdg u andx with 5 minutes aggregation.
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The traffic characteristic database has been sopgpleed with database of accidents registered
on D1 by police. Based on it, the days with an@eai have been excluded from the input data and
not considered in the historical model but theyewased for verification of the algorithm.

3. State Space Modeling Approach

State space as a representation of all possiltiessth a dynamic system is convenient for a
traffic description. Traffic modeling and prediatidhas been discussed in many studies. Crucial
basics and outputs illustration of the usabilitytefapplication for urban or freeway stretch data
shown in text Multivariate state space approachABfhors of similar studies described formation
of method of vectors based on traffic stream maldh and studied chronological time series and
trajectory of vectors in state space [4]. Differeesearches were based on implementation into
STARIMA models, based on detector location andi@iahips between sites in city areas [5].

State space can represent a base algorithm forageafitter traffic state estimator [6] or it can
be for adaptive freeway traffic state estimatordfilized. Finally, state space has been preseaded
part of highly sophisticated application of origiestination estimation [8]. Authors used state-
space model because of its complexity of usinqietlessary variables, such as historical demand
parameters. Investigation of the state space praile shows, that state space is a modern and
convenient method to transform traffic data fromrendetectors into “state” which will represent a
gualitative parameter for further traffic examioati To transform considered discrete slices into a
better evaluable form, it is necessary to use aoiewe reduction approach.

In terms of this article, the traffic state is thetacally expressed as current traffic parameters
values in the observed road network. However, atfice the data are available only at measuring
points (detectors) and for a given aggregationogefie.g. 5 minutes). That means the traffic state i
both space and time discrete. Formally, the traffate is defined as a 3-tuple

5= (G s ke ), (1)
whereg, is a vector of values of flow ratefrom all detectors in the area in timevectors of speed
U, and density_c} are defined by analogy. The state space (SSYirsedeas a 2-tuple
SS = (S, 0), (2)
whereS = {s;}}-, is a set of admissible statesdenotes a total count of admissible states of the

system;©={ 6} is a set of transitions, whilg, = 6, ,(s,) express transition from steggto .

Dimension of the state space follows from a nunabéhe variables describing a single state as

dim(SS) = || + || + |k|. 3)
In case of one detector recording three varigbleandk, the state space dimension isx(5S) = 3
(regular 3D space). For area monitored rbyletectors, the dimensiotim(SS) = 3n(so called
hyperspace). For instance, 7 detectors pose a diarenf 21 with hundreds of possible values on
each axis, which means unacceptable computatioplesity.

The historical model is a set of measured parametad it can be depicted graphically as
traffic parameters space distribution, which isrgiag in time. The model thus bears information
about visit rate of the states, their correspondinge of day and probability of transition into
subsequent states. The Fig. 1 (left chart) showvesdtates in non-reduced state space in particular
time. As the traffic behavior depends on a dayhefweek, a different historical model has to be
created for each week day (e.g. traffic situatioarse is different on typical Monday and Sunday).

4. Principal Component Analysis and I ncident detection algorithm

For a huge amount of traffic data, PCA allows tfamaation of inputs into a smaller spatial
dimension, while preserving the original varialilitt creates new vectors, where each of them is a
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linear combination of the original inputs. Outpusk this reduction algorithm are particularly

principal components, secondarily component scared variances (latent variables). First few
principal components cover the largest variabpigyt of the original data. The correlation valués o
traffic data can be projected in a new dimensiotha 2D views (main component of flow rate,

occupancy or speeds of several detectors), or irdidiension. There are several ways how to
implement PCA and calculate principal componentasiMfrequently used are Singular Value
Decomposition (SVD) or conversions through covaréar correlation matrices [9].
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Fig. 1. In the left chart, there is a spatial distribut@frflow rateq in timet (at 9:35) measured in different dai/é5
successive Saturdays). The curves are linear oitgipns of preprocessed traffic characteristioveein detection
profiles and represent the traffic states. Thetrigffart depicts traffic states transformed intcuct! dimension state
space using PCA. The three first most significaitgipal components correspond to the axis of e BD space.
Coordinates of the blue points * (highlighted by trector from the origin) refer to the traffic sition (nearby
positions mean similar traffic conditions). Theletopoint X is a cluster centroid (i.e. cluster negentative) [authors].

The multidimensional state space historical modetanverted using PCA method into 3D
orthogonal state space. It allows an evaluatiaim@ftates and searching of the differences between
signal of particular day and the average normdficrédehavior. The proposed approach utilizes
simple clustering methods to detect sudden glob#id state deviations caused by traffic incidents

The algorithm has two phases: at first it transfm@ the historical progresses into reduced
state space using PCA and store the transformewribe model back into the database.
Afterwards, the analyzed day (data collected i tie®e) is processed in the same manner and it is
evaluated against the historical model using ctusgealgorithm [10].

During the day, the area traffic assumes diffestates gradually. The algorithm processes all
these states in a loop and transforms them intevastate space with reduced dimension. All the
input vectors are centered by their mean vataed normalized into <-1; 1> interval (although the
original values have been from <@, interval, because centering has shifted someesala
negative numbers). It is important to normalize ¥eetors using single joint constant may()|)
for all detectors in order to obtain comparablaitssacross the whole analyzed area.

The final matrixX entering the PCA reduction algorithm at titieas a form

Qa,c  Ua,t kae
X(t) = : : : , (4)
Qapt  Udp,t de,t
wherex,, , means value of parameteat detector in timet; D is a total number of detectors.

The demanded outcome of the PCA transformation isnatrix containing principal
components. If we select the three most significammiponents we obtain coordinates in the state
space with reduced dimension. The five trafficegatrom the left part of Fig. 1 (only flow rate is
displayed) are transformed into 3D state spacé@srsin Fig. 1 (in the right-hand chart).

When processing the whole day step-by-step, thagdsaof traffic conditions correlates with
the movement of the transformed state and thectajeof the point characterizes daily progress of
the traffic situation. If the input data containssadden change of traffic conditions due to an
incident, it raises a rapid deviation of the tramsfed state. Fig. 2 (left-hand diagram) depicts a
daily course of speadat a particular detector. The right-hand chafig 2 shows the trajectory of
the transformed state, which correlates with aydaibgress of the global traffic state. The state
deviation corresponding to the incident can be teskthere.
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The key idea of the automatic incident detectiobased on a comparison of the transformed
current state (created from the on-line collectedad and the typical daily trajectories of the
historical model. As the historical model does cotain days with accidents, clustering methods
[10] can be used for recognition of the distinettess representing irregular traffic conditions. The
algorithm calculates geometrical center of the dgtpstates (so called centroid) and compares all
states Euclidian distances from it. If the distant@articular state is greater than preset thiesho
(120% of average distance), the conditions areidered as an incident. The further research will
concentrate on application of advanced clusteriethods; especially it will focus on optimization
of detection rate and minimization of false alaater
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Fig. 2. On the left, time progress of mean time speeaatqular detector is shown. A rapid decrease eedpdue to
an incident can be observed between 11:00 and 1Righlighted by the green rectangle). The rigtdartishows a daily
trajectory of the transformed state in the 3D sspi@ce with PCA reduced dimension. The gradual mew from left
to right and back again is causally related toyddélvelopment of the area traffic situation. Theidaleviation
(highlighted by green ellipse) is a result of cheshgonditions due to a traffic incident betweer00land 12:15 .

5. Conclusion

The paper describes a method for transformatidheofjlobal traffic state into new state space
with reduced dimension using PCA. It allows compgsof a historical model describing the
typical traffic behavior in the whole area. Compan of the on-line collected and transformed data
with historical model can serve to detection offitacongestions and accidents, using clustering
methods. The advantage of the proposed approdishpstential to be generalized from application
at line highways also for urban road networks. Saygbroach can be efficiently used as an input for
telematics systems. The approach is designed ier acdutilize existing traffic detectors and its
implementation may help to increase safety and odrof the drivers, with reasonable cost.
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1. Sustainable logistics

The resolution of the European Parliamentt&eper 5, 2007 about freight on transport
logistics in Europe - the key to sustainable mopsays: “Effective and efficient logistics costs a
an integral part of the transport system in the igléssential for the economic performance and
competitiveness, for optimum use of resources,tioreaf jobs and opportunities, protecting the
environment, combating climate change and improtegsafety and security.“[1]

1.1 Thefield of logistics

Logistics is the science concerned with thenping, organizing, managing and coordinating
material, money, and information flow and actistiassociated with them, the aim is to meet the
needs of the customer with the smallest cost. dbahtogistics Management (formerly National
Council of Physical Distribution Management) [2fides logistics as:

"The process of planning, implementation and managéerof an effective flow and storage of
goods, services and related information from thmipof the place to consumption, whose goal is to
satisfy customer’s requiremeri@milarly, they understand and define the logstiand the
European Logistics Association (ELA) [3] and othéds the basis of this it can be concluded that
logistics is viewed mainly as an implementer of enial flows, including material and information
flows within the logistics processes from the padhtdeveloping to the point of consumption in
order to save material resources. At the same titnean be noted that the logistics as a
comprehensive discipline is responsible for proegsd recycling, disposal and reuse of products
and it is therefore necessary to deal with the rsevéogistics under which these processes are
falling. [4] Corporate logistics structure falls tbe following basic areas:s Security Logistics -
provides the necessary amount of production iteevg, materials, auxiliary materials, directly in
the production or for other activities.e Manufaatgy logistics - directs and controls the material
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flows of raw materials and semi-finished productsiny the entire production process up to the
storage of finished products.e Sales logistics eludes building a distribution network, the
management of the distribution activities, plannargd deployment of distribution warehouses,
order fulfillment, and packaging of goods, goodsrage and transport of products to the final
consumer.

1.2 Thedefinition and characteristics of sustainable logistics

Sustainable logistics can be understood asiee@d composed by three aspects of sustainable
development:

* environmental,

e economic,

e ergonomic.

Its aim is in addition to the optimization ofjistics processes in economic terms, the focos is
eliminating the impact of these processes on tve@mment and human beings and, therefore, the
application of ergonomics, increasing work effiadgn

1.3 The environmental aspect of sustainablelogistics

The environmental aspect of sustainable lmgigbcuses on the Elimination of the adverse
effects on the environment, arising from the supplyraw materials, materials, semi-finished
products, in the production process, the distrdyutio the final customer and the subsequent
recycling, disposal and reuse. Environmental ohjest therefore, applied in all logistics processes
of the company, including reverse logistics, whacbhvides the final stage of the logistics chain [2]
The external influences that act on industrial gises are classified into two basic categorig¢s [4
1. Factors affecting by the effect of pressure-push
 environmental disasters,

» currently occurring environmental problems,

* the tightening of legislation in the field of @aranmental protection,

» awareness of environmental needs, not only psairals but also by the general public.

2. Factors affecting by the effect of stroke-pull:

» expansion of consumer requirements for envirortatgrfriendly products,

* growth in demand for such products,

* the impact of customers, who have more stringemironmental requirements on delivery of the
request, for example. certification from suppli&ts,

On the basis of the above external influermesnesses generate their own environmental-
oriented strategy in the field of logistics, therdhlfilling the environmental aspect of sustairabl
logistics company.

Implementation of environmental requirements aveded into three levels [4]:
1. Defensive measures are implemented only underptlessure of laws, authorities, nd if
appropriate, to the public.
2. Offensive - there is a substitution of inputse segregation of waste and implement smaller
changes in logistics processes with a short returninvestment in the long term planning.
3. Preventive - characterized by a constant seanth implementation of more effective and
environmentally better processes, preventing polutin the transportation, transport and
production, training of staff and the promotionoofjanic products. This level of implementation is
characterized by the principle of prevention, card integration.
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1.4 The economic aspect of sustainable logistics

The economic aspect of the logistics deals esiits beginning, because one of the
fundamental objectives of logistics is to minimigests in various areas from security through
production to logistics sales.

For the reduction of logistics costsit it is ne@gsto optimize not only partial but also
complex logistics activities. Due to the fact thagistics costs are not negligible component of the
total cost of the undertaking, optimization teclugg are the center of attention. Of the entire @rou
of formalized approaches are quite often used ingistws, in particular:

* optimization techniques (linear programming, ggeprogramming, dynamic
programming, network analysis, models of inveptbeory, etc.),

« analytical models (models of theory, models @f éisonomic reach of services,
etc.),

* simulation methods (simulation of the supply @sses),

* heuristic techniques (location, move, searclhritigion networks, storage
options, organization of production, etc.). [4]

1.5 The ergonomic aspect of sustainablelogistics

The ergonomic aspect is characterized by tpdcgpion of ergonomic principles in all areas
of logistics in order to enhance the efficiencyfeefiveness and safety of work. International
ergonomic Association [3] defines ergonomics aso¥es: ,Ergonomics is a scientific discipline
that focuses on the definition and understandinthefinteractions among humans and other parts
of the system and also a profession that useshéayt, principles, data and methods focused on
proposals to optimize human well-being and ovesgditem setup As parameters to the evaluation
of the performance of staff in the implementatid®i@onomic solutions, you can choose [5]:

* health,

* the safety,

* hygiene of work,

» the performance of the employee.

The use of ergonomic principles aimed at mising the impact of operating factors of the
work and the working environment has a positiveantpn economic indicators. These are directly
influenced by the reduction of the cost of absestegby reducing the costs associated with the
judicial expenses caused by the actions of empkofaanjuries, reducing the costs associated with
the recruitment, intake, an internship, trainingvremployees, reducing the costs associated with
the production of scrap in production, deteriomatiof materials during handling operations,
increasing efficiency and labour productivity growOn this basis, he finds that achieved economic
effect is directly linked to the health of workefs]

2. Reverseand green logistics

If we are talking about the fact that logistisgshe process of planning, implementation and
management of an effective Executive, the flow atorage of goods, services and related
information from the point of the place of consumpi whose goal is to satisfy customer
requirements, then the definition of reverse lagssincludes all activities that are referred tahe
definition of logistics, the only difference is ththe reverse logistics includes the following
activities retroactively. "It is a process of plamy implementing and controlling the efficient,sto
effective flow of raw materials, intermediates,isiled goods and related information from the
point of consumption on the place of origin for tharposes of recovery or disposal." More
specifically, the reverse logistics is the processoving goods from the typical final distillation
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for the purpose of rehabilitation or liquidation. Jome areas of the business, reverse logistics can
be critical for the company. As a general rule usibess, where the value of the product is high, or
where the ratio of returned products is high, a mgieater effort develops to improve the return
processes. The best example is the automotivetnydd$ie market for car spare parts recovered by
Automotive Parts Rebuilders Association is to eated 36 billion dollars. For example, 90-95% of
the total quantity sold starters and alternatorcdmpensation has been restored. It is impottant
distinguish a reverse logistics and related withréen logistics. Reverse logistics covers allr&dfo

to move products from their typical place of loagim order to obtain the value again. Green
logistics or environmental logistics refers to thederstanding and minimising the environmental
impact of logistics. Green logistics activities lume measuring the impact on the environment of
individual types of transport, the ISO 14000 cexdife, reducing the use of energy, the activities o
the logistics and the reduction of the materialsdug6] Figure 1 shows the loading of containers
from road to rail cars in the area Zelechovice aimatr terminal in the town itself. Containers
carrying goods from Hamburg bringing along the raad then are transferred in railway wagons,
which are distributed to destinations in EuropeisTiorm of transport is more environmentally
friendly. Some of the activities of the Green lbigs can be classified as a reverse logistics
activities. For example, the use of recyclable pgokg and the restart sale are problems as of
reverse as green logistics. There are, howeverymohthe activities of the Green logistics, which
are not related to reverse logistics. For exantpkereduction of energy consumption, or a proposal
for non-returnable containers, they need less mahtéris not a matter of reverse logistics.

2.1 Reverselogistics and environment

Many companies first focused on the problefm®werse logistics due to matters relating to
the environment. Today, some are only interesta@werse logistics, which refers to the return of
the product to suppliers. But in future the envinmmtal aspect will have a greater impact on a few
logistical decisions. For Example:

* The costs of the landfills will raise in the pasid is expected to increase in the future.

» Many products will be able to give to the landbiécause of environmental restrictions.

» Economic and environmental circumstances ararfgrcompanies to make use of reusable
packaging and other materials.

* Ecologically motivated constraints are forcingnganies to take back packaging materials.
* Many companies are forced by law to take back fireducts at the end of their life.[6]

2.2 Futuretrends of reverselogistics

It is clear that in the future there will b@ra firms to devote considerable attention to reeer
logistics. Many companies have realized the impmeaof the reverse logistics and now they still
must recognize its strategic importance. With tine @f reducing the cost of reverse logistics in the
future, the company will have to concentrate onrmemg many aspects of its flows within reverse
logistics :
* Improved technology monitoring of inputs.
* Improved data communication.
* Faster processing/shorter terms of cycles.
* Faster determined.
One of the easiest ways to reduce the castediow of the reverse logistics, is the reductidn
the volume of transported goods. There are two Wmaysto to do it:

- Products that do not belong to the flawast be protected from the entry.

- When the product was put into circulatibmust be deleted away as quickly as
possible. [6]
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Fig. 1: The container docks in Zlin municipality
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1. Introduction

Polish accession to the European Union had theiryence on the type and intensity of
competition in the transport services’ market. Marlopening has resulted in an increased
competition and changes in structure of its spacktaols. Adjustment of many economic sectors,
including transport, to the requirements of the dpean Union and the gradual process of
unification of the rules for actors in the marketvea led to significant changes in perception of
competitiveness of various modes of transport.hie passenger transport market oversupply of
services is additionally caused by the developrméntdividual automotive, which reduces demand
for transport reported in the market.

Observation and analysis on the market show thapetition in passenger transport includes
mainly the following modes of transport:

— Road and rail transport,

- Rail over long distances (between agglomeratjanb)gh-speed transport and air transport,

including interregional transportation,

— Direct car transport and air transport for medudistances, including interregional

transportation.

2. Polish passenger transport market

Passenger transport in Poland has been develogfegedtly during the analyzed period for
each mode. In general the downward trend can beredd. The decline in rail transport was
slightly lower in nominal terms than in road traogpbut proportionally just as large in relatian t
the total traffic of the branch. In the road tram$pdecrease was caused primarily by a huge
increase in the ownership of personal automobilthoigh the advantage of car over rail transport
is still significant, the observed decrease tendsadrease. The importance of air transport has bee
growing. This is mainly a consequence of dissernonatf the "budget airlines" and the increase in
the number of Poles traveling abroad (almost dalile2010 compared to 2005, ie shortly after the
Polish accession to the European Union). Tab. $emts passenger volume during the analyzed
period. It reflects both declining changes in iaffolume changes and changes in traffic structure
a rapid decrease in road transport and much slowail transport.
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Specification 1995 2000 2005 2010
transport of passengers [in thousands. persqgd€§l01089 | 1319972 104693p 838024

including:

rail transport 465901 | 360687 | 258110| 261314
road transpoft 1131593 | 954515 | 782025| 569632
air transport 1847 2880 4637 4990

k Until 2001, freight carried by the Polish StatdlRays, since 2002 also by other entities that haeeived licenses to
railway transport.
" Enterprises employing more than 9 persons; witfreight carried out by the public transport entigs.

Tab. 1. Passenger transport by type of transport [in thods. persons]
Source: Statistical Yearbook of the Polish Central Statéd Office, Warsaw 2011

Tab. 2 presents changes in transport performangassenger transport in Poland.

Specification 1995 [2000 |2005 |2010

Transport performance [in passengéometre] | 65483 | 62055| 56183 47986
including:

rail transport 26635 | 24093| 18157 17921

road transport 34024 | 31735| 29314 21600

air transport 4633 | 6034 | 8504 | 8273

Tab. 2. Transport performance by the mean of transporassenger-kilometre
Sour ce: Statistical Yearbook of the Polish Central Statid Office, Warsaw 2011

The downward trend in in the transport activityoaleflects a decrease the number of
transported passengers. This decline has a slitghtlgr rate, which may be due to longer travel
distances. This is particularly evident in air spart. However, there is an inverse relationship in
the rail transport - increased number of passerayjetgeduced transport performance. It means that
more travelers move on shorter distances, espettaschool and work. The choice of mean of
transport is influenced by the prices of tickeli®, €conomic availability and physical accessipilit

3. Assessment of the use of competition instrumentsin passenger transport

Competition in the passenger transport mainly itetu the following instruments of
competition: price and product (travel time and bemof connections). The scope and way of use
of competition instruments enable to distinguisicgorcompetition (including freight rates and
prices of passes) and non-price competition (cptalé for properties of the services, personnel,
distribution, process and material effect of tramservices, and information, including how to
communicate with the surrounding transport opesator

Means of transport are successively renewed by Ipodor and rail carriers (with the
participation of state and local governments). ffenmore, customer service improves. A new
approach to the perception of competition instruisiean be observed in the air transport using as
an example the low-cost airlines OLT Expres. Tlamdformations taking place in the market has
shown that redefining the product category (fomegke, air transport) appeared as an instrument of
competition. Consumers’ behavior has shown that obthe product is the most important, while
the remaining parts are much less significant. Winatters is the essence of the problem - the flight
and low price. Perhaps this approach is an efféa celatively high price of air transport in
comparison to other modes of transport for passengddis information is important for service
providers operating in different modes of transport

Market analysis shows that in the passenger segthenmain competition instruments are
price, accessibility, immediacy and time. Howevarcomprehensive price comparison on the basis
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of available statistics is impossible, due to thet fthat the individual transport is not taken into
account there.

Tab. 3 shows the number of connections in the uarimodes of transport between Warsaw
and big cities (mostly capitals of the provincesPoland. Regarded as a transport connection were
only these connections which enable reaching tleeisgd city directly by the analyzed mean of
transport. The analysis showed that the majoritgwdible connections has been offered by the road
transport, as it offers widest range of optiondath the time of departure, destination, and ttansi
time.

Route Minimum trave time Number of connections Travel price- the minimum

Lp. Warsaw/selected city | R Road | Air Rail Road | Air Rail Road | Air
transport| transport| transport| transport| transport| transport transport* transport| transport

1 |Biatystok 02:44 | 03:30 | x 10 17 X 37,0 32,5 X
2 | Bydgoszcz 02:59 | 04:30 | 01:00 | 10 24 2 40,5 49,0 197,
3 | Gdaisk 04:53 | 05:30 | 0055 | 9 29 10 58,0 55,0 219,p
4 | Gorzéw Wielkopolsk| 05:38 | 07:15 | X 1 1 X 63,0 75,0 X
5 | Katowice 02:39 | 05:20 | 01:00 | 22 11 2 49,5 45,0 197,
6 |Kielce 03:15 03:05 X 6 23 X 36,7 25,5 X
7 | Krakéw 02:48 | 05:00 | 00:55 | 20 12 5 49,5 48,0 197.%
8 | Lublin 02:15 | 02:30 | x 11 28 X 34,0 29,3 X
9 |Lodz 01:41 02:15 X 26 11 X 28,0 27,0 X
10 | Olsztyn 03:28 03:03 X 4 18 X 15,0 25,0 X
11 | opole 04:55 | 06:05 | x 7 1 X 55,0 50,0 X
12 | pozna 02:29 | 05:10 | 0045 | 20 6 6 49,5 60,0 99,0
13 | Rzeszow 0556 | 04:00 | 01:00 | 2 34 2 55,5 52,0 208,4
14 | szczecin 05:12 | 09:15 | 01:.00 | 7 2 5 63,0 85,0 219,1
15 | Torwa 02:37 | 03:35 | x 8 23 X 40,5 43,0 X
16 | Wroctaw 05:13 | 06:05 | 00:55 | 14 11 10 60,0 50,0 219,p
17 | Zielona Géra 05:16 10:09 | x 2 2 X 63,0 75,0 X

Tab. 3. Comparison of the time, the number of connectimd travel prices by each mean of transport oectsd

domestic routes. In air transport - only directrection between the cities of the day 11.09.20fi2ep of connections
a week before departure. Road transport - withatg,dncluded were only coaches, buses and vaitgesRf railway

transport were given by the "information point'tla¢ station.

Sour ce: own

Tab. 3 compares the travel time variant minimumgdiom@ and maximum between Warsaw
and selected cities in Poland. Since the analyisdrates are large, definitely the fastest means of
transportation is plane. The fastest option in laadsport over long distances is traveling byntrai
Bus transport is slower at basically all analyzeates. The main reason for that are the speedslimit
on the roads, the need for pit stops, and morestops. This is an important factor in competition
for customers. The analysis showed that considettigy instrument of competition, the most
competitive is the rail transport [1].

Tab. 3 compares the prices by various means o$pah on selected routes. The analysis of
this instrument of competition shows that the pige@n important criterion for decision-making.
Price competition for a short distance focuses pain passenger road and rail transport. Costs of
journey over a similar distance is often on the esdevel and show differences in selected
relationships in favor of one or the other moddrahsport. Apart from this, various promotional
activities can be seen which differ prices esp#scial rail and air transport (which is not cost
competitive to other modes of transport).
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4. Conclusion

The rationality of the decision made by the cust@me an effect of the comprehensive
evaluation of the offer in terms of number of coctians, travel time, prices, as well as other such
as security, reliability, availability, and more.

The used instruments of competition, strategies direttions of development of intermodal
competition are influenced by the regulations & tharket and submarkets (it's segments). It can
be expected that the model of competition in theketaof transport services will be evolving in the

following directions [2].
1. Competition model will change from "price war" intbe qualitative competition combined

with the need to maintain cost discipline.
2. More significant will be the ability to innovategtérmined by the level of staff education and

access to the finance.
3. New environmental requirements will became impdrtgarticularly reduced emissions of

exhaust into the atmosphere.
4. Providing the necessary social conditions for stadfking in the various modes of transport
will become even more important (eg car drivergjntrdrivers, railway workers, airports

workers, etc.).
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1. Analysis of the the number of road accidents invoimg buses in the cities of
Lublin and Zilina

In road accidents have become almost daily eventghich we are accustomed to the extent
that they do not have on our experience [4]. Thtesdf road safety information provides detailed
analysis of past accidents, their causes, effeaxdscansequences of the risk [3]. Assessment of the
number of occurrence of road accidents can determia direct way the security situation in urban
traffic. The authors of this article conducted #mealysis for public transport vehicles which are
trolleybuses. The analysis of data associated thi¢ghintensity of vehicle use is applied in the
evaluation of a given transport system [6]. Datguared it from the Municipal Transport Company
in Lublin and Urban Transport Enterprises in Zilin&tudy the relationship between the
development of number and structure of vehicleSlavakia and the development of infrastructure
and partly the impact on the environment and didetors [7].

Public Transport in Lublin uses 246 buses, of whiedre are 64 vehicles Jelcz art, modern bus
Solaris Urbino, and newest Mercedes autos. Thereemly are 50 lines of Lublin. Transport
Company (DPMZ) supports public transport lines ifin&, including 10 daily bus lines with a
length of routes of about 8 km. Tabor Karosa bramskes are most frequently produced in the years
1986-2006, and the type Irisbus buses were manu&thfter 2006.

Figure 1 shows the graph of the number of roaddaats involving vehicles MPK in 2008-
2012. It may be noted that for the whole periodrthmber of incidents of road is on the same level.
Where at least 393 events took place in 2008. 092the number of events increased by 54 (2009-
447). Most road accidents occurred in 2010 (551fh whe next year in 2011 amounted to 431
incidents in 2012 and a slight decrease of 10 ev@@12-421).
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Figure 2 Share of DPMZ in road accidents in they@805 - 2012 [2]

In Figure 2 is a graph of the number of road acu®lénvolving trolley in Zilina in the
period from 2008 to 2012. In comparison with thenber of events MPK Lublin road vehicles can
be seen that the number is much lower. The largesber of road accidents accounted for in 2010,
where he was 64th respectively During the perioduastion it is worth noting that the number of
road accidents has an irregular character. Thereirmpewym period (2008) the number of events
is 44, then increases (2009 - 52), where in 20&0ntimber of events increases again (2010 - 64),
after falling slightly as in 2011 and 2012.
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Figure 2 Share of DPMZ in road accidents in they@805 - 2012 [2]

Because of the different number of used vehiclesreded the number of road accidents per
one bus. Figure 3 shows the rate of participatiothe event on the road an average of one bus,
with a separate service for each year (2008-20dr2)dth analyzed transport companies. It is worth
noting that the participation rate throughout tleeiqd under consideration is the highest in the cas
of MPK Lublin. MPK Lublin for the smallest value diie index falls in 2008 (1.59), followed by
two years of 2009 and 2010 respectively increaagd was 1.82 and 2.24. In 2010, Next drank the
biggest indication. In the last two years of thediperiod decreased value amounting to 1.75 and
1.71. If DPMZ in Zilina character incidence ratdéd dot show significant variations. The lowest
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level of the indicator falls in 2008 (1.04), thenthe next two years there was an increase to 1.23
and 1.52. In 2011 and 2012 the value of the indés.f
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Figure 3 Summary of participation in the eventficgber one bus [1, 2].

2. Conclusion

The presented the safety analysis shows that purhhisport compared to private vehicles safer
and it occurs in fewer road accidents and aboveeakr casualties his paper presents a statistical
analysis of road accidents in the City Bus Trans@ompany in Lublin and Enterprise Transport in
Zilina. The analysis includes the years 2008-2012.

The analysis shows that the least number of actsdénoughout the relevant period falls on
DPMZ in Zilina. Significantly lower rate of the nurer of vehicles registered per 1 inhabitant in
Slovakia (0.323) than in Poland (0.469) and fewsads have a major impact on the level of
security [5]. This may explain the smaller numbérr@ad accidents involving public transport
vehicles in the city Zilina.

The analysis also includes the participation ratthe event the road an average of one bus
for both analyzed transport companies. The shatkeofested interval is the highest in the case of
MPK Lublin.
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Abstract. The paper presents the problem of limited vidipitiaused by not wiped off part of the windshield
in the aspect of road safety. Discusses disadvestafj the windshield wiping system and shows road
situations in which this problem has the greategiortance.
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1. Introduction

In order to improve road safety it is more oftequieed an installation of intelligent driver
assistance systems. The driver should have a Hidityao observe the surroundings and the
construction of the vehicle should provide the hpestsible visibility from the inside. Bad weather
conditions such as snow or rain reduce road safietlydriving the vehicle becomes more difficult.
A major problem is the window wiping system, whigdbes not completely wipe the windshield,
resulting in the formation of visibility limitation

2. Description of the problem

Cars must have a windshield wiping system. It uneed that wipers cleans at least 80%
of the windscreen [1]. Unfortunately, the remainia@% may include a critical part of the
windshield next to the A-pillar of a car. When dretroad are very poor weather conditions
limiting visibility, such as heavy snow, the wipaage not able to work in full swing due to the
lingering snow. Remaining snow limits the field\a§ion and driving becomes less secure. The
most commonly used solutions are two wipers workaogcurrently Fig. 1la or working in
opposite directions Fig. 1b performing the movemaloing part of the circle. While you can
adjust the maximum swing of the wipers, it's veften found cars with wipers so set, that they
does not reach a critical part of windshield nexthe A-pillar. One of the improvements of the
windshield wiping system is the reversible engimesuring full working area. In order to protect
wipers drive mechanism from damage, an additiogstiesn of automatic position adjustment of
the wiper arm was developed. It task is to detbstaxles located in the windshield, for example
in the form of lingering snow or ice, and automallig narrow down the area of work, which
unfortunately also reduces the driver's field o$imn [2]. In some vehicles a single wiper
performing the movement along part of the circlesed Fig. 1c. The advantage of this design is
simplicity, but the optimal cleaning is when thediti is twice of the height of the windshield and
even in this case, there will be large areas of upper corners uncleaned. One of the most
complicated system is one wiper with eccentric naesdm Fig. 1d. This mechanism is
complicated and mostly used in expensive cars. Aredhiere the blade of the wiper of this type
does not reach, are very small and for these reidserone of the most excellent wiper cleaning
system, in terms of cleaning effectiveness. Anothigrer system used in buses is the mechanism
which maintain wiper blades vertical Fig. 1le. Tise wf such wiper system minimizes uncleaned
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areas, especially in the case of windshield simitarthe shape of a rectangle. For large
windshields it is sometimes necessary to use systigmthree wipers Figure 1f.

NS R S I S R

/ "K\ e) '_""-T""f_:!wf)

Fig. 1. Examples of wiper systems. a) two wipers workingaurrently, b) two wipers working in opposite
directions, c¢) one wiper moving along a part ofirale, d) one wiper with an eccentric mechanismtve)
wipers mechanism maintaining wiper blades verycd)ithree wipers [3].

The driver with limited field of vision should rede speed of the vehicle. Thanks to this will gain
more time to react in case of an emergency [4]telbeht matter is, when you consider a rally car
that moves with significant speed. Routes for raldys often take place in mountainous areas,
where there is a large number of turns, climbs @manhill rides. In this area it is preferable not
to have dirty windshield. Rally driver while crosgi such a route is often forced to analyze
further driving line looking only through the padf the windscreen cleaned by wipers.
The remaining part covers view, what in many casesh as when climbing hills, greatly reduces
the possibility of identifying terrain and givestetime for the driver to assess the situation.

Another big problem is the possibility of not deteg of oncoming vehicle from the left
side. In Figure 2 is presented T-shaped road wharebe seen, how much area is invisible
because of lingering snow on windshield and theilkspfrom position of the driver.

Fig. 2. The view from the car cab with the area not reddhea wiper blade.

Even worse is the situation with the cyclist. Dgrimad weather conditions it is difficult to see the
cyclist, which is often unlit and takes up a loddespace on the road than a car. It may happen
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such a situation, that the driver approaching taagor road would not see moving on this road
cyclist, because he would be covered by lingeringws on the windshield and the A-pillar of
a car. Application of the system, which would wippe entire windshield would reduce the area
invisible to the driver and therefore road safetyuld increase.

3. Conclusion

This paper presents drawbacks of the windshieldngigystem. The road traffic safety is
composed of a man, the vehicle and the surroundimgronment. By increasing the vehicle's
active safety, by providing better visibility, theverall safety on the road increases.
The considerations shows that there is a need faewa mechanism wiping the windshield
entirety.
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Abstract. Penumatic solar-powered motors ensure extremelyclosts, wide availability, and care for the
natural environment. The idea is to create a cesgmd air station system powered by solar enebdgy ta
meet the needs of vehicles with pneumatic motdns. 8im is to demonstrate the advantages of thiersys
over existing solutions, while maintaining the emmy of such solution. Advantages of vehicles poddrg
compressed air, this lightweight design, no bateand no emissions and silent operation. Thislevis
merely an indication of the direction of developmenh urban transport systems using simple methods
combined with innovative solutions.

Keywords: Copressed air, Stirling engine, PowerDish modslipercapacitors.

1. Introduction

The idea starts with the invention of the prior lykars prepared by the Polish engineer -
Ludwik Mgkarski, who was the founder of experimental tranedi Pole in 1870, constructed in
France tram powered by compressed air. It was to&esengine - the air before reaching the
cylinder was passed through a hot water tank ierai@increase the strength of gas expansion, and,
after the work escaping directly to the atmosph&netanks filled with compressors installed at bus
stops. The largest tramdiarski network system functioned in Nantes in 18#&al 39 km of tram
lines - during the 34 years of its operation itriea about 12 million passengers. A similar lineswa
also built in Paris and New York operate like tratmgt driven by a motor built in 1882 by Robert
Hardy and operating under the same conditions @a®mlgine of a Polish engineer. As air motors
they never gets warm and will not produce spatkes,slightly modified locomotives were used in
the U.S. HK Porter Company, we have successfully somines susceptible to firedamp example.
Pneumatic locomotives and trams disappeared 8@ of the twentieth century superseded by
improved internal combustion engines and eleck@. several years, the idea of vehicles powered
by compressed air returns. The company MDI of Luxeang has developed a few years ago, a
prototype of such a car, and now it is already galacn the market, and the price does not exceed
10.000 USD. Of course, in addition to the standaystem, only compressed air supply company
also offers a hybrid power Hybrid Air, which thiggr also demonstrated min. PSA (Peugeot-
Citroen group), which may indicate the potentiad &nture of such a solution.

When there is information about the vehicles on ma@wssed air, journalists often put
allegations that, while not burn fuel, but stiletenergy needed to drive the compressor comes from
power plants burning fossil fuels, as if they hawt heard about solar panels, windmills and other
unconventional sources energy. Firms, markets, lwkndl use these types of vehicles can be
mounted on the roofs of their buildings, solar pareg put a windmill. The air so collected in
stationary pressure tanks can also be used ateaviinen there is no wind or sun, that in calm
weather or at night. Such a solution could be usedublic transport using buses powered by
compressed air. So the prevalence of this typeeticle will foster the development of power
plants based on alternative sources of energy. @mdpto electric cars (and gas), these vehicles
are lighter (weight of batteries). have a longegeathan most produced electric cars, refueling the
station takes only three minutes, and using artredatoutlet 4 hours, which is also less than half

157



the electric vehicle (but is not silent). Reachkd &nd of the car does not have to worry about
disposal of batteries, in which there are a varatgangerous lead compounds, electrolytes, etc.,
which, with the mass production of electric vehsct®uld become a big problem. The disadvantage
is, high pressure air tanks, which in the casenodecident such as a truck would have ended their
explosive, but the same defect may vehicles onligasor hydrogen, which are also flammable
substances. However, these vehicles can have wighef especially in a urban solution. Research
shows that compressed air solution or a hybrid-praic are currently the best choice
economically and environmentally. However, the jeobis always to power of these vehicles. We
always need the electricity, diesel or petrol. €anrs with compressed air to produce a voltage there
is necessary to compress the air. The proposeti@ois based on the compressed air powered by
solar energy. While the prototype air vehicle medek already available, the solar air station does
not have a solution at the moment. Such stationldvbe independent of the existing energy
infrastructure, and completely self-sufficient. Trhain components of the station are as belows.

2. Solar Disk Focusing Sun Beam

One of the first solutions of this kind is the Angan system PowerDish provided by Inifinia
company, combining energy generation with solargromith a solution based on a Stirling engine.
Infinia's PowerDish is an innovative grid intercected solar power-generating module That
converts the sun's heat into electricity. The P®as#r couples, low-cost and maintenance-free
Stirling generator with a dish-style solar concatdr to create electric grid-ready solar power. The
PowerDish is an automatic, self-contained systeit phoduces clean, AC power without the use
of water. PowerDish generates more electricityighlsolar insolation conditions, for less capital
and installed within a smaller footprint than cortipg technologies. The PowerDish is the world's
first solar power generation system suitable faioenotive-scale manufacturing and deployment
ranging from small-scale arrays distribution tousands of units deployed in utility-scale solar
power plants.
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Fig. 1. Shield for solar energy conversion PowerDish.

3. Solar Energy Conversion Module

The module is a modern design based on a Stirligine patented by Infinia. One of the most
important parts of the system, because it is resptnfor energy requirements. The efficiency of
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conversion of the engine in a such configuratiaxgceeds 40%, i.a. by using hydrogen as the
working gas warming to a temperature 720 Celciggeks. The core of Infinia's success lies in its
proprietary free-piston Stirling generator techggloThese generators have been Demonstrated in
critical power applications That require quiet aggem, High Reliability, and very long, low-
maintenance service lives. Engines are distinch fneore widely publicized That kinematic Stirling
engines have inherent life and more reliabilityitations Imposed by Their lubricated mechanical
system and sliding seals. Infinia's technology Dasnonstrated a collective total of more than
2,000,000 hours of engine operation, Including @Q00,hours free of maintenance, degradation free
operation on a single engine. From solar poweriegpbns to remote installations, Infinia's Stigin
generators are designed to deliver energy in a tay is quiet, long-lasting, economical,
environmentally-friendly and exceptionally low-m#gnance.

HOW A STIRLING ENGINE WORKS

COOLING

.
/"
ENERGY CONVERSION \_ HEATIN

Fig. 2. Breakthrough Stirling engine as a power conversioalule.

4. High Capacity Supercapacitors

An important element of the system is a set of stggacitors that are able to accumulate
surplus of unused energy, giving back if it's neeeg The advantage of supercapacitors is their
relatively low price, ease of production, high aapaand efficiency, also no need for utilization.
Supercapacitors have the highest available capaeitaalues per unit volume and the greatest
energy density of all capacitors. Supercapacitorsigbs the gap between capacitors and
rechargeable batteries. In terms of specific eneagywell as in terms of specific power, this gap
covers several orders of magnitude. However, bestetill have advantage in the capacity. While
existing supercapacitors that have energy densdresapproximately 10% of a conventional
battery, their power density is generally 10 to 1i@fes as great. Combines power density energy
density with the speed at which the energy can dwated to the load. This makes charge and
discharge cycles of supercapacitors conducts masterf than in batteries. Additionally, they will
tolerate many more charge and discharge cyclestitheries. The use of additional energy sources
is important during cloudy days and at night, whiere is no sunlight.
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Fig. 3. Supercapacitors advantage over other energy source

5. Compressor Tank Pressurewith the User Interface

Obtained in the previous step energy would sendrite the air compressor to the subsequent
high pressure into custody. The best solution seenise the use of a rotary vane compressor,
which has a simple design, maintenance-free operatow noise and high efficiency. Some
existing structures such as Hydrovane achievehigtiarow 100.000 hours., which with reduced
energy demand by about 50% is of extreme importaAgeVehicles would be refueled as in a
normal gas station, of course, with appropriatetyagtandards.

6. Conclusion

Summing up, the transportation system based on i@@®@d air and solar energy as a power
source, it can be an interesting solution to the éuisis and environmental protection. Through the
use of simple but innovative connections of manghtelogies we can build a cheap, quiet,
economical and environmentally friendly transpaotaisystem. After all it works perfectly both in
urban as well as inside and outside, because buylaof solar energy is everywhere. The only
drawback there may be the safety consideratiomseckiwith air tank transporting on a car board
under extreme pressure over 300 bar. However,rsihéae has been no case of a major failure of
any vehicle with pneumatic drive. Same vehiclessargle in its design and cheap to operate. The
solution in the form of a Stirling engine and vawenpressors are also reliable, after all, guarantee
reliability goes back 12 years. It therefore rersaio be hoped that the invention from several
decades will be rediscovered once again, with afiterfor all.
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Abstract. These paper discussion of automotive rear-viewecanfor obstacle detection in ADAS systems.
Briefly characteristics and compare the detectiensers of information perception module. Defines th

basic properties of ADAS systems. This paper dsonmsof methods for rear-view cameras and their
advantages. The conclusions suggest further paterse for rear-view camera.
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1. Introduction

Road traffic accidents are one of the main heattk problems. Globally, as the number of
vehicles of the vehicles on the road increasesaaoes the number of fatalities and injuries. As a
consequence of road accidents, every year apprtedyna,3 million people are killed and the
almost 50 million disabled or injured. Injury ass@ent data from the World Health Organization
(WHO) has shown that in the year 2000, 23 perceh#dl deaths in the world have resulted from
road traffic accident related injuries making ire tmain cause of mortality amongst other death
related injuries ,Fig. 1“. Future predictions showat the number of deaths and casualties due to
traffic accidents will increase to 65 percents hg tyear 2030 worldwide [1]. According to the
statistics (NFTSA), in U.S., 31 percents of vehiateidents are due to rear-end collision. Vehicle
accident statistic disclose that the main threaiswer is facing from other vehicles. Consequently
developing on-board automotive driver assistancesys aiming to alert a driver about driving
environments and possible collision with other eds is attracted.
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Fig. 1. Distribution of global injury mortality by cause
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2. Obstacles and Objects Detection Sensors

With respect to various driving situations, the sses should be capable of evaluating driver
commands (steer angle, blacking, lane changingingran overtaking a vehicle) and relative
vehicle’s velocity and traffic flow (low or dens@he combination of these parameters will used to
reflect a proper driving situation encountered iy driver. So we need an optimal sensor selection
to monitor all these three factors [3].

Infrared LIDAR RADAR Ultrasonic Cameravision
Cost Low High Medium Low Medium
Computation
overhead Low High Medium Low High
Range 30m 1,5-80 m 1-150 m 3m Line of sight

Distance, Distance, speed,
Detection Distance, speed, Distance, speed, cross  Distance geometry, object
capabilities presence| geometry section class data
Clear visibility

Operating Clear for 80 m, 55m| Normal to heavy rain or
Conditions visibility in fog Snow Clear visibility | Clear visibility

Tab. 1. Sensors comparison.

Image sensors as cameras have some drawbacksasuolv ability of sensing depth and
advantage of higher ability of discrimination thaliDAR and RADAR. Besides, the data may be
corrupted by noise and distortions. Such corrugticame from variations such as weather, shading,
lighting, magnetic fields and electric noise, moeets, bad calibrations, motion blur and
compression artifacts after image capture. Givesdldaunting challenges, we need to utilize some
complementary sensors to obtain additional consnowledge to cope with limitations imposed
on visual sensors. RADAR shows limited lateral spabformation because it is not available at
all, the field of view is narrow, or the resolutimreduced at large distances. Prior to sensarfus
decision on selecting a proper set of object-detgcsensors should be made based on the
capability of available sensors and real-time digutondition [4].

RADAR and LIDAR sensors are ideal to measure deggrom any moving and static object
around the vehicle. The RADAR sensors are availabteo types according to its frequency (long
and short range radar). Laser scanner has a wieleing angle. But they are highly degraded by
weather conditions such as dirt, snow or mud orb#ek of target vehicle.

Infrared Laser (IR) is used for large distance raeament. For automotive systems are
applicable only sensors based on refractive efgdct

3. Adaptive Driving Assistance Systems (ADAYS)

Information from a single sensor is not enough dodriver assistance and safety system to
manage high level tasks in dense traffic environsieADAS systems use a combination of
previous mentioned sensors.

Adaptive driving assistance systems (ADAS) is aboard vehicle device focused on the
driving process. One of the main objectives of tteshnology has been to increases driver
awareness by providing useful information. Traddiél adaptive driving assistance systems
(ADAS) is composed of three parts. The informatmerception module, the decision strategy
module and the display and control mechanism modthe relationship between three parts is
shown ,Fig. 2“. With information perception modul&he information such as the motion
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characteristics of car, the lane and traffic signd other traffic objects surrounding the car can b
collected and then be processed fast and effigi¢sitl Information perception module is composite
from sensors. The results will be transferred tcigien strategy module. This module simulate the
program to control vehicle in human brain.

Information
percepticn

Display and
control
mechanism

Decision
strategy

Fig. 1. General structure of Adaptive Driving Assistangst8ms (ADAS)

4. Comparison of Monocular and Stereo Camera of Rear-View System

4.1. Stereo Camera System

Stereo methods make use of the disparity fieldhterithe depth of image features. This allow
for detection of the ground plane and the deteaioobstacles as any feature off the ground plane.
Stereo-vision systems have the advantage that nmmis required between the vehicle and the
scene in order to recover 3D structure. Also, tdeynot require strict constraints on the ground
surface and are preferred for autonomous navigabonundulated terrain. Well calibrated stereo
systems can achieve impressive results, but aver sest both financially, which is problem the
adoption of these systems to market products.

4.2. Monocular Camera System

Monocular systems operate at a reduced cost amireddtle maintenance, but lack the depth
perception of stereo systems.
Monocular systems form three broad classes:

Appearance-based methods use color and shape cues to differentiate imagjems belonging
to the ground from regions belonging to obstaclé® advantage of appearance-based methods is
speed, simplicity and ability to detect very snastacles. However, they suffer from underlying
assumptions.

» Obstacle detection can only occur if obstaclesdifi appearance from the ground

» Obstacles can't occupy the area near the vehislareed to be ground, otherwise their
appearance gets incorporated into the ground model

* Obstacle distance can only be estimated if theaglesis detected at its base.

All of these assumptions are often violated in ekip@ scenario.

Motion-based methods are complimentary to appearance-based methodsatnthiey largely
ignore colour and shape but rely heavily on theiomobf image features. Some rely on external
sensors to measure vehicle motion while othelismatt vehicle motion directly from the image.
The ground, assumed to be planar, is expected te@ maertain way on the image. A parametric
model is constructed to capture the essence ohtbt®on. The ground motion is observed, with or
without the help of external sensors, and parametethe motion model are estimated. Regions of
the image that agree with this model are considgrednd,, and the rest are considered obstacles.
The strength of motion- based methods is the ghititdetect obstacles based on scene structure
without an explicit 3D recovery of the scene. Timsthods do not provide a direct estimate of the
obstacle distance.
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Structure-based methods detect obstacles by an explicit 3D reconstructminthe scene. For
this to be possible with a single camera. The camaust be in motion. The images of the scene
may be taken from different poses. Obstacles aextdzl from image features that lie above ground
plane in the 3D model. Reconstruction-based mettawdsmore complex and computationally
expensive, but offer a direct estimate of the atdetalocation in space [6].

Stereo vision based methods achieve good perfoenddat they need two cameras, which
require extra costs and space. Monocular systemavide camera. Then its need use distortion
correction. For parking assistant applications sied of moving car is usually less than 20 km/h.
The basic systems used rear-view cameras are:

* Rear-end collision warning system

* Rear-view obstacle detection

5. Conclusion

There are more and more car, which have parkingecasnas standard equipment of vehicle.
This cameras are mounted only as monitoring reat-cameras. We assume that it is advantageous
to develop monocular rear-view camera system. Thas®ra systems can play a functional part of
ADAS systems to become more mature.
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Abstract. The aim of this contribution is to describe thepiementation of Poka-yoke and JIS (Just-In-
Sequence) checking project in modern automotivatpla Slovakia. It outlines basic requirements from
customer, simplified solution design, and desariptiand overview of basic project functions. The
implementation took place in early 2013, thereftrere are no valid statistical data to analyze gutoj
success rate.
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1. Introduction

Poka-yoke is fool proofing technique for avoidingdaeliminating mistakes. It is the basis of
the ZQC (Zero Quality Control) approach. Generdhis technique is used in manufacturing
processes, but has much wider uses. Common imptatitets are in offices - order and invoice
processing, hospitals - drug dispensing, aircradtntenance - particularly with processes having
the potential of inducing catastrophic in-servicersrios. The technique is often understood as part
of an organization’s Value Stream Analysis or RGatise Analysis program.

The term Poka-yoke is Japanese. It can be rougimglated as a mistake or fool proofing.
It is derived from word ‘Poka’ - inadvertent misegkand a word ‘yoke’ meaning avoidance. The
concept of fool proofing processes has been ardandnany years, but it was the Japanese
Matsushita Industrial Engineer Dr. Shigeo Shingoowtas probably the most prominent and
influential person in developing it into a techrequde turned an idea into an approach — approach
for eliminating mistakes and achieving zero defelbts Shingo in his works used the phrase "error
avoidance". He recognized that people, specificilyanese workers, may take offence at the term
fool, particularly when associated with mistakesisTapproach is especially important when
considering that the technique requires the woskexttive participation in the error cause
avoidance.

Dr. Shingo is the author of the book "Zero Quaftyntrol: Source Inspection and the Poka-
yoke system" published in late 1986. This publmatis defined as the basic approach definition
and idea description. However, the technique has lextensively developed since that time. Dr.
Shingo suggested that the statistical process kdifyoke is fool-proofing.

Poka-yoke can be used wherever something canbbpsg wrong or a mistake can be
made. It is a technique, a tool that can be appbeany type of process in manufacturing or the
service industry. There are several types of erttoas can possibly occur. Processing error means
an operation missed or being not performed duriagdard operating procedure/cycle. Setup error
is caused by using wrong tooling or setting macladgistments incorrectly. Missing part error
occurs whenever not all parts are included in tsembly, welding, or any other manufacturing
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process. Improper part/item error is caused by gimart being used in the manufacturing process.
Operations error carries out an operation donerractly; having supplied the incorrect version of

the specification. Measurement error occurs dueinppropriate machine adjustment, test

measurement or dimensions of a part coming in fsupplier.

1.1. Customer Requirements

As based on requests from Automotive Plant Assgitd@am, there was a solution supplied
to address issues in JIS parts delivery to thendsigeline, and to address issue of wrong part
specification installation as a result of humaritfaupart selection phase.

The project addressed the issues of

. Mixed or shifted JIS delivery to the Assemblyd]
. Wrong part specification assembly into the vighic
Simple analysis shown that these issues were ligsteaised by
. Wrong JIS delivery from supplier as a resulhofman failure or communication
issue,
. Confusion in line operator working procedureidgrpart assembly process.
The aim of the project was to:
. Decrease the likelihood of wrong part instatiatin case of confused sequence,
. Avoid wrong part specification being installeda the vehicle,
. Improve working conditions of operators on Asbinline by addressing ergonomic

issues of working process.

1.2. Theproject idea

The project was based on ideas of man-in-the-middbhitecture. Its functionalities added
additional working comfort to Assembly line opematowithout special need to change their
working procedures or specific habits. In other dgpithe system adapted to working procedures of
line operators, it helped them to avoid mistakestarmake their work more comfortable.

2. Project description

The system from the hardware point of view con$tene server, one dedicated automation
controller and one application specific rack. Thever is located in MES (Manufacturing
Execution System) CCR (Computer Control Room) asdactual physical location and actual
network configuration is in responsibility of commgalT (Information Technologies) team. The
automation controller is located under Assemblg lim dedicated 18U (Unit) rack. The application
specific rack equipped with a bunch of sensorslmind/sound indicators is located directly in the
Assembly line in working area of line operators.

The server is standard 1U HP ProLiant DL servehwitindows Server 2008 OS (Operating
System). Its network configuration is in resporgipbf company IT team. The software necessary
for this project consist of

- Interfacer application responsible for databaseess, bar code scanners access and

communication with Presenter application,

- Presenter application - the decision making cdrthis project, communicates with Interfacer

application on one side and automation core hamelea the other side,

- Web interface based on XAMP open source freeweteibution with its application specific

content,

- OCR (Optical Character Recognition) module fdreladata recognition, BAR-Code module

for bar code recognition,

- Sick SOPAS software - needed only for configaratichanges in bar code readers

configurations.
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2.1. The Poka-yoke implementation

Reliable detection of operator's hands inside tte feeding rack is very important for overall
project behavior. This issue is addressed by coatioim of PIR (Passive Infra-Red) detectors with
integrated MW (Micro Wave) Radars and standalonen8ay NVR (Network Video Recorder)
detection engine installed inside of the HouseMartofation Core. For motion detection,
proprietary Panasonic VMD (Video Motion Detectiondtion detection engine is used.

Diffusion light sensors are used to detect thegaes of part feed stack inside the feeding rack.
There is one diffusion sensor per each of threk pasitions. These devices are standard Lanbao
light diffusion detectors with simple PNP outpugilo

Bar-Code scanners are used to read specificaticodae for each JIS supplied part. Due to
variable location of code label sticker, there b scanners with oscillating mirrors used to
improve reading reliability. Scanner laser beantriggered wisely (with specific delay for each
reader) using ultrasonic detector sensing JISgams$ing over bar-code scanners.

The HouseMar PLC (Programmable Logical Controliedpcated in dedicated rack under line
conveyor system. The PLC runs application spefiificware for Poka-yoke project what concerns
its 1/0 (Input Output) operations filtering and Round-Robin communication stacks. In general,
this PLC runs in dummy mode and all decisions amedn dedicated software running on server.
The PLC accessed through serial interface is egdippth CPU (Central Processing Unit) board,
Digital Input board (40xDI), Digital Output boarddxDO), Connection board and chassis.

There are three independent power sources uselisirptoject with common ground. The
sources labeled ,Alpha“ and ,Beta" are standardubtdal Grade DIN (Deutsches Institut far
Normung) power sources 12V/4A. The ,Gamma“ powarrse is standard Industrial Grade DIN
power source 24V/2A.

The Relay Rail is equipped with 32 standard reR$s12 Tracon for switching currents up to
8A with both - electrical and mechanical lifetineeo 1.000.000 cycles.

There are two dummy Ethernet switches inside tbk.r@ne of them is standard L2 Cisco 8-
port 10/100mbps FastEthernet switch. The otheryiseell 8-port GbE (Giga-bit Ethernet) switch
with PoE (Power over Ethernet) on first four peftsupplying power to IP cameras.

There is a dedicated Fuse-box inside the roof sphdbe rack for each 12V low voltage
circuit. Fuses are standard Car-type fuses forr@AZA currents.

3. Poka-yoke system and JI S checking system behavior

The system functionality can be roughly dividedimivo separate function parts — indicative
part for Poka-yoke implementation and checking/wegtiunctionalities for JIS checking.

3.1. Poka-yoke indication and system parameterization

The system functionality can be roughly dividedbittvo separate function parts — indicative
part for Poka-yoke implementation and checking/vaytfiunctionalities for JIS checking.

The indicative part of the system consists of dned green indication lights based on LED
(Light Emitting Diode) stripes around parts feediragks. Green color navigates the operator to
pick specific part based on current car specifocegi Blinking blue color indicates empty rack after
20 correct picks without re-filling. Steady blught indicates rack with no feeding box inside.

System checks the JIS part specification compdrarecodes to MES specifications. The result
is indicated on lighthouse on the top of part fagdiack — steady green light means correct JIS part

The checking/warning part of the system shows stead light on the lighthouse indicator
with audible sound alert if current JIS part is otispecification. Red LED stripe around specific
rack lights in case of operator’'s pick part froncdrrect part feeding rack. Blue indication on
lighthouse indicates possible sequence shift irdél&ery.

167



The system administrator can log on to Poka-yokeeseand set system firmware parameters
to fit specific needs. Such changes alter overatesn behavior. When accessing the server, the
area of JIS part frame allows the administratantalify system behavior in case of wrong JIS part
specification situation. The checkbox “JIS parte8irenables/disables the audible sound alert in
case of wrong JIS part specification situationeml) detected. Attached numeric value represents
the timer of siren activity in seconds. The checkB@/rong JIS Pick Light” enables audible
warning in cases when operator’'s hand is deteatsile of any rack while/after wrong JIS
specification situation is indicated. Attached trmvalue sets the time-out of this feature measured
in seconds from the moment of wrong JIS specificatias been detected. The checkbox “System
Ignored indication” sets the system protection @gfaignorance from line operators. In case of
successive no-pick-ups are detected (specified atrtoube set in attached text box), large green
flashing LED indication around upper part of thekravill activate. The checkbox “High Sensitivity
Pick Detect” allows system to combine signals frBR/Radar detectors and Motion Detection
cameras to recognize operator's hands. If thiscgele is unchecked, camera motion detection
engine won't be used.

There are several energy consumption optimizatientns running in system background.
Depending on system activity, processor utilizateamd communication frequency with MES
network and PLC is reduced. There is also an autorslautdown feature that turns off all lights in
the rack in case of there is no activity detectdeQvhetwork.

3.2. JI S checking system behavior

Wrong JIS part Specification detection is indicatedase when the bar-code sticker on the top
of the JIS part does not meet the specificatiomfMES data. The indication is performed based on
system administrator settings described aboveaduat standard — lighthouse indicates red light and
rack perimeter LED stripe indicates red. Audibleirsd alarm sounds for two seconds. In cases
when operator puts his hands into the tray whileongrJIS Specification is indicated, audible
sound alarm sounds and the tray perimeter sigrsafizet. In such cases, it is necessary to visually
check the JIS part specification and compare itisplayed MES data. Common issues are —
switched JIS trolleys, wrong stickers on JIS partsvrong JIS part specification in the trolley. In
any case, the line supervisor should be informegdte®n returns to normal state after correct JIS
part is detected or after indication times out.

Correct JIS Specification detected is indicatedny of the bar-code readers reads a bar code
that is valid when compared to MES specs. The tstaias indicated as “Good JIS Specification”.

In such cases, the signal lighthouse indicatesngileecases when none of bar code scanners is able
to read JIS part bar-code, part is treated as dprbeit the signal lighthouse does not show any
indication. In such cases, the position and orteriaof bar-code stickers should be checked.

4. Conclusion

The implementation of Poka-yoke and JIS checkingjegt in an automotive plant is an
important step in achieving Zero Quality Contr@rstards. The improvements are noticeable from
the first moments mainly in work procedure ergonzsran the Assembly line, however there are no
valid statistical data to analyze project succeds yet. Anyhow measureable improvements in
assembly quality are expected from customer pditeov.
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Abstract. This article presents an application of artificreural networks in modeling aircraft landing.
To determine the network were used data recordedrblgoard flight recorders. For each of the flight
created a separate network, which was due to thable parameters and duration of flight operatidrise
results obtained, the accuracy of mapping flightsugh the network, are presented in tables. Exaghihe
impact of network structure on the accuracy of niagpircraft landing. This will provide a simulatio
model and an assessment of the flight course.

Keywords: mathematical modeling, artificial neural networascraft landing.

1. Introduction

In recent years, the world can be seen increagetkst in air transport. This clearly connects
with the growing number of pilots, which in turnatis to an increase in air traffic. In addition,
growing technology air forces to meet the safegumements and the economics of transportation.
This is why it becomes important problem of mathecah modeling of the high degree
of precision mapping of the actual flight by a neattatical model for this in the form of artificial
neural networks. In this study, in order to obteémy good accuracy of the mapping actual flight,
have been used to study the results of the actatal, avhich originated in the on-board flight
recorder.

2. Dataon board flight recorder

The data used for modeling came from the recordblatk boxes" Embrear 170th aircraft It is
a passenger plane, jet manufactured by Brazilimnpamy Empresa Brasileira de Aeronautica SA
from 19 February 2002.

Based on the analysis could determine the fligigtments. Examples of segment boundaries
are shown in Table 1.

Segment Segment borders
number

— hide the chassis

— flaps in position "0";

— significant changes in the angle of inclination

— large increase in real speed;

— stabilization of thanagnetic course

I — the angle in the range 0

— a significant reduction in the value of the inclirmati
angle

— the angle in the range 0

0l — stabilized magnetic course
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— constant value of growth rateal speed,;

— angle reaches its lowest vajue

— real speed value falls slightly

— vertical speed stability

— reaching cruising altitude constant

Tab. 1. The boundaries of segments determined on the bidata from on-board data recorders.

v

3. Artificial neural networ k

The prototype of all neural networks is of course human brain. A neural network is a very
simplified model of the brain. It consists of agarnumber (several hundred to tens of thousands)
information processing elements. These elementsedeered to as neurons, although in relation
to the actual function of the nerve cells are ergly simplified, not to say - primitive. Neuronsar
connected to the network via connections with patans (so-called weights) modified during the
so-called learning process. The topology of conarstand their parameters are the program of the
network, and the signals that appear on its outprgsponse to specific signals are output solstion
against her tasks.

Most recently built and used in a neural networls lzalayered structure, wherein, due
to availability during the learning process thedisyare distinguished: input, output, and so-called
hidden layer [4-5].

In the present paper input signals are storedviector:

XT=[t,5V, 5, V4]
where:
t - time [s]
S - segment [-]
Vi - the speed at i-2 [kt]
Vi1 - the speed at i-1 [kt]

The output of the speed of flight while at the tifne(vi). Before the neural network will be

built to the data from the on-board recorders lamdsdrdization, which includes N data. In this
particular neuron neural network is used as inirEdu
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Neuron 1,2

The first neurcn of the second phase
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|

Function of the activation
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Fig. 1. Neuron used in the modeling of neural networksidion of the activation

The output neuron used with one input neuron isthm of X1, o1, ..., X1, multiplied by the weight
W°11, Wy, ..., W1 and constant's
The output signal of the neuron in questiofpssas follows:

s5y, = 24(1,1) - wy(1,1) + s

where:
X1 = [Xllé e A
W1 = [W 11y ==ey V\PL;L].
In addition to the development of aircraft landpitase was used as the activation function:
1

1+exp (—2 )

The essence of the development of the network isetdfixed weights and using the results
of the registration board flights. Its algorithmused to create moments backpropagation method,
in which the variables are constant learnirgndn momentum.

Assessment of the accuracy of the mapping is detedrby the sum of squared differences
between the model and the real object and the nuaflpositive events. The next step is to test the
accuracy of the determination of the network tsatampared to the input and output signals of the

2.

4. Conclusion

This section presents the results of mathematicadeling using artificial neural network.
Table 2 shows the results obtained landing phadedas an assessment of the accuracy of the
mapping of the model in the form of imitation okthctual network speed during the landing phase
of flight.

The results are shown for different neural netwsirkctures such as the number of neurons in
the input layer and the output is always the samspectively, 4 and 1, and the change in the
number of hidden layers, and one occurring in thmlmer of neurons.
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Structure of the neural network
Number . . Number NL_J_mber of 2
of inputs Number of neurons in the hidden layers of outputs positive events X av
(%]

1 2 3 4 5 6
4 2 0 1 100 0,5106010°
4 3 0 1 100 0,4172210°
4 4 0 1 100 0,29450 - 10°
4 5 0 1 100 0,4112210°
4 6 0 1 100 0,4435210°
4 2 2 1 100 0,5334710°
4 3 2 1 100 0,5256210°
4 4 2 1 100 0,5135410°
4 5 2 1 100 0,5122510°
4 2 4 1 100 0,4982210°
4 3 4 1 100 0,4018510°
4 4 4 1 100 0,3959010°
4 5 4 1 100 0,3995910°

Table 2 Accuracy of mapping the actual landing phase efANN with different structures.

The network structure presented shows 100% of thaber of positive events. Network
structure 441 (4 inputs, 1 hidden layer with 4 pesrand 1 output)’ay gives the lowest value,
which means that the selected structures is thssrbplicates the real flight.

During the study, the influence of constant leagnemd the accuracy of the momentum
mapping landing speed over the network. Figure éhpaves the velocity waveforms of the
registration board aircraft and artificial neuratwork with the best and worst of the structure.

1,0
V[-]

0,8 \
\

\

0,4

X2r_s = 0,29450. 102

0,2 11z,,. = 100%

=0,53347-1073

Vior
Vesn-s
Zpas = 100% — Vesn-w

Nav—w

0,0

0 50 100 150 200 t[s] 250

Fig. 2. Comparing the speed of the aircraft passes thstration board and the artificial neural networithithe best
and worst of the structure.
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Landing phase lasted 190 s, of coursg shows that the artificial neural network in théiat
phase of the landing stage very well reproducesdnstruction of the aircraft. In the final phage o
the landing stage, or at times when the airplangrussing altitude, we get worse representation;
however, the average deviation between the spgets negligible. It can be said that the resulting
network of well-mapped landing phase of flight.

The results of mapping the actual landing by theralemodel can be considered satisfactory,
which confirms that the neural network can be usednathematical modeling of an aircraft. So
developed model can be used to create a simulatiothel used to study air traffic, as well as
training simulators. Unfortunately the drawbackttwé method is very time-consuming, high data
associated with the preparation and testing oh#te/ork.
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Abstract. Roller performance dynamometer is not only desigtee measure the actual performance of
vehicles. It is a useful tool for measuring fuehsomption in different operating conditions. Duritihgse
measurements, we can simulate the different stditeshicle (e.g.: engine failure, environmentalushces,
the effects of the driver). These types of measargshave many advantages including especiallykquic
reproducibility and stable ambient conditions.
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1. Introduction

Consumption is quite extensive concept. The issueax vehicles represents the amount of
the used (consumed) fuel for their operations. gneeleased by the combustion of the fuel is used
to ensure the operation of main and support funstiaf the vehicle necessary to perform the tasks
for which the vehicle is used.

The fuel consumption can be expressed in diffetamts. It is not strictly defined a unit
expressing fuel consumption, because the varietly imability of performance vehicles is great.
Therefore, the several units are used, dependinghentype of vehicle performance or the
measurement methods. We can use the absolute sigored fuel consumption in volume and
mass units (dfiy m, I, g, kg), but the higher informative value hate relative statements related
to vehicle performance.

It is therefore a fraction, the numerator represehé amount of the consumed fuel. It can be
given in units of volume or weight, according te thethod of measurement.

dm®,l,g,kg
kmt,tkm (1)

The denominator is a unit expressing the vehigle'dormance, depending on the type of
vehicle, current use, meaningful, suitability falculation and similar. In transport, it is mosteof
the traveled distance, time of operation, the arhofigoods transported (km, mth, t, ks, pkm, tkm)
and the like.

In conditions of our laboratories we express corion in the two most widely used relative
terms. The first is the fuel consumption in freenng expressed in I/h. During operation of the
vehicle we express the fuel consumption in /100 kmthe next two parts of the article there are
explained two most important technical features fogasuring fuel consumption in conditions
laboratories of the Department of road and urbamsjport.

Fuel consumption=

2. Roller Performance Dynamometer Maha L PS 2000

Roller test performance is generally a device wimseose is to identify key performance
parameters of examined vehicle (especially motargspmotor torque, acceleration of the vehicle).
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This type of workplace must be equipped with:

* roller performance dynamometer (test cylindersmiunication desk to operate the
equipment, printer)

* Cooling fan

» Exhaust gas equipment

* Fixing straps

Options for measuring on the roller performanceatyometer Maha LPS 2000 can be divided
into the following parts:

» Performance measurement of the vehicle

» Performance simulation

* Measurement of acceleration

* Check the tachometer

Measuring the performance of the vehicle can besidened as the main type of measurement
on the roller performance dynamometer. The taskhisf measurement is to detect the external
speed characteristics of the engine. Measuringpénirmance of the vehicle can be considered as
the main type of measurement roller test perforrmai@sk of this measurement is to detect the
external characteristics of the engine speed. Rpdgormance dynamometer also defines the level
of losses, which is the difference of performanebiele on wheels and performance of the engine
itself.

Simulation performance is a kind of measurement, which the roller performance
dynamometer allows to measure performance parasebeder various operating conditions.
Examples of these types of measurements are tolagamdriving of the vehicle in a defined
gradient, or driving at a constant speed, or arsiant fastness.

Measurement of acceleration of the vehicle is & toavhich you can measure the length of
time set the initial and final speed.

The aim of the control tachometer is to determinigergnce between the given and the
measured speed values. The purpose is to detedsiriations of actual vehicle speed from the
vehicle speed indicator.

Fig. 1. Roller performance dynamometer Maha LPS 2000

3. Volume Flowmeter Flowtronic 205

For the accurate measurement of fuel consumptia@loitles in operation are most commonly
used thevolume flowmeters. In this method of measurement is necessary theflow sensor
mounted in the fuel system of the study vehicle.
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Volume flowmeter Flowtronic 205 is a device thahsists of:

1. The sensor works on the principle of extrusion fuel and ins@sts of 4 radially mounted
pistons, crank mechanism and the body with the ectimg and transfer channels. Pistons are set in
movement by the fuel pressure. Fuel is the entrgmpe brought into the space of the crank
mechanism. Fuel also provides lubrication of trenkrmechanism. Fuel which is in the area of the
crank mechanism does pressure on the piston, whi@t the moment at the top dead center,
pushing it to the bottom dead center and overghatfuel that is in the space above the piston
opposite. The speed of crankshaft is sensing Wwethcbntactless magnetic sensor and the signal is
transmitted to the evaluation unit.

1. piston
2. connecting rod
3. crankshatft

Fig. 2. Volume flowmeter Flowtronic 205

2. The evaluation member is the electronic calculator, which processes itm@ulses
transmitted from the sensor. Each pulse represergsotation crank mechanism. The amount of
fuel that flows through the sensor during one romatof crank mechanism is called the "unit
measurement” and it is the sum of swept volumée#gll piston sensor.

4. Methods of Measuring Fuel Consumption in Laboratory Conditions

Consumption measurement in laboratory conditionscusrently performed mainly by
calculation from the amount of produced gas ofvitleicle under defined conditions.

Directive 70/220/EU describes the procedure acogrdo which are approved vehicles with
regard to emission profile. This is identical witie regulation ,,EHK OSN 83or approval of a
vehicle with regard to emissions. Driving cycleaiccordance with this regulation consists of urban
cycle, which is also known as ECE-15, and the extban cycle marked EUDC (European Urban
Driving Cycle). The composition of the driving cgciwhich consists of four ECE-15 and then one
EUDC is called the NEDC (New European Driving Cycle
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Fig. 3. New European Driving Cycle
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In laboratory conditions of the Department of r@al urban transport can be carried out only
consumption measurements in the steady speeds.ptesof output from these measurements are
given below.

5. Examplesof Measurement of Fuel Consumption

In the mentioned workplace there is measured tbedonsumption at constant speed. There
are examined particularly the following effectstbe fuel consumption of vehicles:
* impact of settings the engine control unit
e impact of selected engine components (fault sirmant
» impact of the operating conditions
* impact of the driver
» impact of vehicle technical condition
* impact of the type of fuel
Methodology of measurement is the measurementeoful and the distance of the vehicle
and subsequent calculation

Example 1
Fuel consumption of Kia Ceed 1.6 CVVT in the sintiola of speed 90 km/h and ignition
failure on one cylinder.

t =60 [s] Flowtronic Volume Distance Fuel .
consumption
Number of [cm¥min] [V/min] (i [/100km]
measurement
1 134,792 0134792 1500 8,086
2 138,784 0,138784 1500 9,252
3 136,784 0,136784 1500 9,119

Tab. 1. Fuel consumption at steady speed 90 Km.h

Example 2

There was examined the effect of setting the velsicéngine control unit Skoda Fabia 1.4
MPI. On the vehicle, there were realized four migdiions of the program of the engine control
unit. Fuel consumption was measured at enginegdis well as at 4 steady speeds. Summary
results are listed in the Tab. 2.

ldle Steady speed

speed | 30 km.h! 50 km.h* | 90 km.K' | 120 km.R*

(LhY | (1.100kmY) | (1.100kmiY) | (1.100kmi%) | (1.100kmi%)
Original
software 1,0080 8,5390 5,7927 6,0778 7,6526
1. modification| 0,9801 8,2070 5,5776 6,0114 7,6038
2. modification| 0,9601 8,1008 5,5537 5,9981 7,6038
3. modification| 0,9362 7,9680 5,5378 5,9671 7,6038
4. modification| 0,9442 7,9946 5,5298 6,0070 7,6038

Tab. 2. Fuel consumption
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6. Conclusion

Measuring of fuel consumption is one of the mogpontiant operating characteristics of road
vehicles. Its measurement is essential in detengitihe impact of affecting fuel consumption.
Measuring of fuel consumption in laboratory corahis with the use volumetric flow meter is
suitable for this purpose method ensuring accurgmyed and accuracy.

References

[1] GONDZAR, A.- GONDZAR, K.: Automobily a spotreba pal. Nakladatelstvi dopravy a spoju, Praha, 1989.
ISBN 80-7030-085-X.

[2] DENTON, T. Advance automotive fault diagnosis, klee Oxford, 2006|SBN-10: 0-75-066991-8

[3] KAMBLE, H.S.- MATHEW, V.T.- SHARMA, G.K.: Developmat of real- world driving cycle. Central institubé
road transport. Pune, 2005.

[4] GONCALVES, G.A.- FARIAS, T.L.: On-road measurememts emissions and fuel consumption of gasoline
fuelled light duty vehicles. Instituto Superior T, Lisbon.

179



180



TRANSCOM 2013, 24-26 June 2013
University of Zilina, Zilina, Slovak Republic

The Evaluation of Services Quality in Road Freight Transport and
Forwarding

“Ivana Simkova, Vladimir Koneny,
"University of Zilina, Faculty of Operation and Eamnics of Transport and Communications, Departmént o
Road and Urban Transport, Univerzitna 1, 01026djliSlovak Republic, {Vladimir.Konecny,
Ivana.Simkova}@fpedas.uniza.sk

Abstract. This paper deals with transport and forwardingliguassessment. First of all, we need to know
what the quality exactly means and then we are tabtiefine the quality in transport and forwardireid.
There are two different conditions of quality: gtyafor public urban transport and freight trandpdthese
kinds of transport have different type of qualityacacters. It is important to evaluate these charsdor
future of organizations, and also to know how t@riave their services and products and have a stable
position in the transport and forwarding business.
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1. Introduction

The meaning of the word "Quality" is used like ngadK excellence of services and goods in
community without knowledge in this field. It isa&uation of the services or goods. The quality is
a sum of subjective opinions at the object. Thdityuia expressed in quality characteristics and he
level is expressed through a measured or assigaad.v

There are a lot of definitions of the word "qudlitfvery sector or department understands
something different under the term.

In the norm STN EN ISO 9000: 2009 Quality managdnsstems- Fundamentals and
vocabulary, the quality is defined like "degree hwiwhich a set of own characteristics fulfills
requirements”

2. The Quality in Road Freight Transport and Forwarding

Requirements are not much different in freight &omvarding services. The differences may
be caused by different defining priorities with pest to final destination. This priority can be
transformed to the mathematical formulation of gyavaluation.

The external quality is the quality what a customer sees. This quaityainly in places of
contact with a customer.

In the internal quality, from a transport operator perspective, the prscemportant for
provision of services quality or higher level ohdees quality. From a technological perspective,
the emphasis is mainly on the operation of the mimgdion and ensuring the economical, safety and
environmentally friendly method of the transpodatiprocess technology. The suitability of
technological process may be shown also in themaitgquality of services.

The most important quality criteria in forwardingga

= reliability, = delivery time,

= accuracy, = politeness of employees,

= safety, = qualification of employees,

= speed, = technical condition and appearance of
= protection of shipments, the vehicle,
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= communication, = flexibility
= credibility, = planning.

The most important quality criteria in freight tsgoort are:
= reliability of carrier - compliance with delivetymes, places of loading and unloading,
= transportation of intact shipment from door to door
= minimal time from the order of the transport tiletrealization,
= speed of delivery,
= price corresponding of customers” ideas and sexjuality,
= suitable capacity (chance to select vehicle)
= exact information about the services offered,
= adaptation activities of carrier to the customezdse

The perception of the quality movement is charaterby two views: external and internal
quality.

3. ThelImportance of M easurement and Quality Assessment

The quality evaluation and measurement representsfdr objectification and quantification
of quality services level, which are provided. Thest important economic reason for measurement
and evaluation of quality is checking of the regments at quality of transport services.

The organization can establish its own methodsvafuation, adopt or edit method that was
adopted by importance of selected requirementsrelTaee two methods for measurement and
evaluation of quality criteria: one-criteria and Itrariteria.

In theone-criteria evaluation of quality, the result is a quality value based on monitoand
measurement of one from the selected quality chenatics.

The advantage of this method is simplicity in monitg only one characteristic, which was
selected.

The disadvantages are:

= showing a lower meaning of quality service chanmacte
= possibility of obtaining positive results of theadwation also for non-compliance certain
quality requirements (hidden poor quality).

The result of the multi-criteria evaluation of gtylis a value based on monitoring and
measurement of a group of quality characteristidsich are characteristic for freight transport
quality.

This method shows us more clearly characteristidsaosport quality. Monitoring of criteria
group allows complex view at the transport servigessided. It respects interrelationships among
selected characteristics.

Each of importance values must respect prioritfeadividual criterion. The total evaluation of
importance is measured based on arranged pairghwdre importance value of the specific
criterion and level of requirements fulfillment fibre specific criterion.

n
HKZZ'UL'.SL' 1
= (1)
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Where: HK is total value of quality,

v; is value of importance; i- quality criterion,

s is level of requirements fulfillment; i- qualityiterion from supplier perspective.

Evaluator sets the importance value of criterias Ipossible to specify those values by many

ways, which are defined in publication [1]. Thefifithent level of the specific quality criteria is
measured based on real measured a fulfilment orfuifillment of criteria directly in services
provision process. Evaluator determinates the levklfulfilment. Technical resources or
measurement by a supervisor can be used for measoteof level fulfillment. Because of
objectification of supplier quality assessment, kehthe suppliers provide services in different
range, it is appropriate to calculate the levelfudfillment by relative way for positive quality
criteria.

S

m
Sl Xn ( )
For negative quality criteria (failure to complytivihe delivery time, damage shipments etc.):
Where X, is number of shipments, which were done positively quality criteria during
the evaluation period,
Xn is total number of shipments during the evaluagieriod.

3)

Where X, is number of shipments, which were done negatiwelyquality criteria during
the evaluation period.
For designing methods of measuring and evaluatiagjuality, it needs to be solve also issues

= time interval realization of measurement and evaunaquality,

= the number of quality criteria included in the noath

= the ways of measuring,

= persons trained and responsible for the measuresnenevaluation,

= purpose of the use of the results and its distiobuty the rated entity.

The goal of the methods is to ensure the requieedce quality, selection of quality suppliers
and elimination of low-quality suppliers of transpservices. The unified methods and their results
can be used in future by associations of carriedsshippers to compile objectively supplier charts
of transport services in terms of services quality.

4. Conclusion

The service quality in transport and forwardingaiso significant determinant of demand. In
the competitive environment, it is an importantl e customer retention and also it has affects on
the performance and economic results of the orgéiniz. When you have a competitive advantage,
it means to satisfy customer requirements but &dsovercome their expectations. Dissatisfied
customers are able to say their bad experienceshwdan affect the attitude of other customers.
Dissatisfied customer means a loss of revenue,dbssissed opportunity and in the end loss of
customers.

The future of each organization depends on custobedravior. Increasing the level of
satisfaction must be one of the main objectivesaah organization.
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Abstract. This paper deals with the implementation of Fiometl Airspace Blocks (FABSs) in Europe. It
focuses on the main activities of stakeholdersciuewve objectives of Single European Sky’s Framé&wor
Regulation. The current status indicates that theofiean airspace requires increased capacity, highe
flexibility and improved efficiencyFor achievement of these objectives FABs were ddfifthe paper is
structured into three main parts. First, the iniitbn contains background of scoped area. Nedtstribes
individual requirements and phases of developmadt fanally, conclusions. The aim of the paper is to
introduce the key issues associated with the psese®f establishing sustainable European airspace.

Keywords: Functional Airspace Block, Single European SkyREMCONTROL.

1. Introduction

European airspace is characterized by high fragmient which is divided into 60 control
centers in 27 national air traffic control syster@sirrently aircraft fly 42km longer than necessary
due to configuration of airspace, causing longghfitime, delays, extra fuel burn and emissions,
estimated to cost users an additional €5 billiochegear, according to the Performance Review
Body analysis of en route and terminal air navatservices costs published in 2010. [1] Every
time when an aircraft enters into the airspace dfleanber State is controlled by different Air
Navigation Services Provider (ANSP) under differemies and operational requirements. Each
ANSP operates tailored equipment and most maini&in own training organizations and all other
support functions. This fragmentation impacts detyalimits capacity, and above all, adds to cost.
If this does not change, it can significantly résuh an increasing congestion, given by the
expected growth of air traffic. The key to improvespacity and efficiency, increased safety and
lower costs of air traffic control is through enhad collaboration and integration across borders. |
represents the establishment of Functional Airsfgloeks (FABS) which is crucial mechanism for
the Single European Sky (SES). The framework enguincreased cooperation and integration
leading to a more rational organization of airspeegardless of state boundaries in the European
Union. It also means that civil-military coordinati in air traffic control. The provision of air
navigation services must be performance-driven @uttmized. FABs will be drivers for change
and the power of the national ATM services andilt be an invaluable tool in achieving ANSP
binding performance targets.

2. Theprocessof establishing FABs

2.1. Background

The main strategy to increase European airspacacitgps to reorganize the airspace from
sixty fragmented areas according to national bard@o nine FABs designed for better utilization
of air traffic flow management (see Fig. 1). Theswonfiguration aims at achieving more integrated
management of the airspace. It is based on opeshti;equirements, regardless of existing
boundaries. This means, in particular, that thégdesf routes and the service provision should not
be constrained by the national boundaries. Establseffective partnerships among ANSPs is key
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to improving the efficiency of the European ATM w&s. The full list of FABs are: UK-Ireland
FAB, Danish-Swedish FAB, Baltic FAB, BLUE MED FABanube FAB, FAB CE, FABEC and
South West FAB.

(ENOB) = -
REYKIAVIK B %’ rd

o
e P
¥
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UK-reland
FAB

South
West FAB

Fig. 1. Fragmentation of European airspace and Functidingpace Blocks [4]

2.2. Regulatory requirements

Building on the achievements of the internal makedl the need to cope with air transport
growth and congestion, the European Commission (&@@)ched in 1999 the Single European Sky
(SES) initiative. The 1999 Communication underlinegarticular that the European Union (EU)
could not maintain frontiers in the sky where thed been removed on the ground. The SES
objective is to reform the architecture of air fia€ontrol in the EU in order to meet future capac
and safety needs. It would do this through imprgvihe overall performance of air traffic
management (ATM) and air navigation services (AN&{h the aim of:

* increasing airspace capacity threefold, so redudéigys;
= improving safety performance tenfold;

= reducing environmental impact by 10%; and

= reducing ATM costs by 50% [2]

2.3. Framework regulations

The requirements for the establishment of Functidirapace Blocks (FAB) are defined in the
EUROCONTROL Report on the European Commission’s ddéa on the subject. It identifies
improvements in flight-efficiency within each FABhweh provides significant opportunities for
savings to operators and benefits for the enviranimAccording to EUROCONTROL, one quarter
of European route extension issues can only beeda@eross FABs and Europe-wide, a strong and
effective network management and design functidéuabpean level is necessary.
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The concept of FABs was defined in the 1st legigapackage (2004) of the SES and further
developed in the 2nd legislative package (2009¢ dreation of FABs is one of the cornerstones of
the SES. [3]

2.4. FAB initiatives

The service provision Regulation (EC) 550/2004 mersded by Regulation (EU) 1070/2009
requires that FABs shall respect the following deads:

» be supported by a safety case

= enable optimum use of airspace, taking into accairtaffic flows

= be justified by their overall added value, incluglioptimal use of technical and human
resources, on the basis of cost-benefit analyses

= ensure a fluent and flexible transfer of respotigifor air traffic control between air traffic
service units

= ensure compatibility between the configurationsigber and lower airspace

= comply with conditions stemming from regional agnesats concluded within the ICAO

= respect regional agreements in existence on theafatntry into force of this Regulation,
in particular those involving European third coiggr

» facilitate consistency with EU-wide performancegts [4]

2.5. Development of FABs

The European Commission (EC) appointed EUROCONTR®hetwork manager, supported
by a Network Management Board (NMB), in 2011 taskath improving the European ATM
performance and developing an efficient and satdermetwork design, the aim is to promote
cooperation and defragmentation among Europe’'s ANSBoard members comprise
representatives of ANSPs, airspace users, airppdrators, civil and military operational
stakeholders.

Massimo Garbini (Chairman of NMB) explains reprdaéxes on the Board are limited to only
one per FAB in order to encourage ANSPs to workectiely. “In addition to that, only four
voting rights, out of the total number 12 distrigditto the operational stakeholders, are recognised
to the ANSPs. this arrangement further pushes ANSR®operate not only within the FAB but
also between the FABs and more in general to sadkgrship with other stakeholders, to ensure
decisions at Board level can be built with largasensus.” the governance of the network function
is designed around the concept of cooperative idecieaking. The working model has to ensure
that all interested parties are involved and densiare taken based on the active contribution of
those parties. It is a two-way process in which stekeholders have to ensure the measures
implemented at local level are compatible with thaslopted at network level. Sultana says there
has been no disagreement on the Board yet, and thelnetwork Manager has no power to impose
a network solution, there is now a direct pathwaytiie NMB to the European Commission, that
has entrusted EUROCONTROL. [4]

2.6. Current phase

Many European Union Member States are lagging lbebimd not yet fully comply with the
requirements. Signatories failed to meet a Decembdeadline to establish operating FABs as
required by SES regulations dating to March 2004stribed this delay in accordance to lengthy
upon completion institutional issues and inadequateection of national interests. European
Commission also served notification that it wilgioeinfringement proceedings against the Member
States whose not comply requirements. Some coandie still working at SES from the first
period. Their debt remains in the second, for whiatget setting will be decisive. European
Commission responded and sent a strong politicakage on the feelings of frustration at the slow
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pace of implementation FABs. It can resulted intringement procedures against the Member
States to reflect on ideas for an EU legislative.

2.7. Future air space design

European Commission anticipated a network commidiABs responsible for European
airspace, in place of multiple ANSPs. Next yeat b critical for the credibility of SES by raising
capacity of European airspace, improving safety euiting costs. Another Goal is to reach less
than 0.4 minute average delay per flight. This latEC wants and the Performance review Board
is overseeing to achieve this. The Board has aso lactively engaged in setting the framework for
more stringent targets. The network Strategy Riar2®13-2019 includes the Network Performance
Plan, while the European network improvement Ptmiifies some of the issues to be addressed
including far wider use of collaborative decisioraking. The issues are not really operational.
There are examples of improvements, FABEC States ligentified and run real-time simulations
on important projects which have yet to be impletedras they are very complex. But no FAB will
operate successfully should the participating Stated ANSPs continue to focus on national
interests. This is why EC welcomes initiatives okgibly going for FAB targets in the future as a
means of overcoming this national focus. [5]

3. Conclusion

The fact is that at present there is little guigaimcthe legislation that describes the proceds tha
must be followed by Member States to establish lmenge FAB. Although the Regulations
designate general principles for the modificatidnFABs, these have not yet been prepared. It
should be noted that Member States want to maimtaximum flexibility in the development. The
SES study identified that the introduction of FABas an ambitious project, and would be as a
political commitment. The Single European Sky Psmn Regulation requires that Member States
shall take all necessary measures to achieve thieedecapacity and efficiency of Air Traffic
Management network and maintaining a high levelsafety and reduce the impact on the
environment.

Despite continuing problems with implementations tbroject is one of the crucial in the SES,
which is increasingly recognized by stakeholdetse Biggest barrier to this activity are national
requirements, but the initiative of the Europearm@ussion should significantly speed up the
process and to solve implications mentioned in plajser.
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Abstract. Evacuation can be performed effectively only uralgood evacuation plan. The evacuation plan
design requires solving the vehicle assignmentlprol{VVAP). This problem is hard to solve but hadéo
solved in a short computational time in order te #vacuation plan can be completed promptly. Ia thi
paper, the min-max approach is shown for solving phnoblem where reduced VAP is solved in the each
iteration. We propose to use the genetic algoritbraolve the reduced problem. Moreover, we progpose
improve efficiency of the algorithm by using thepagpriate selection and crossover operators. Hengby
study the impact of the proposed algorithm on tiaity of results.
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1. Introduction

Evacuation is an activity which serves for protetof human life and health. When some
natural disasters or other emergencies occur theuation allows minimising the consequences of
such emergencies. The evacuation can be doneeetficionly under a good evacuation plan which
allows evacuating people from the endangered dwgefliaces to the safety places in minimal time.
Such plan has to contain the route for each vehtlieh will be used during the evacuation. The
vehicle assignment problem [5] (VAP) has to be edlin order to these routes can be determined.

2. Vehicle Assignment Problem

In the transportation network, there are two $etsdJ. The setl is the set of the endangered
municipalities where each municipaljtyJ is characterised by a numb#rof inhabitants who have
to be moved to the pre-assigned refuge. In the se¢re are the fleets where each fleé#tcontains
Ni vehicles with the same capacity. The objective/AP is to assign an appropriate number of
vehicles from the fleets to the municipalities battthe evacuation can be done in minimal time.
Because of a presumption that each vehicle casdigreed to one municipality at most, the route of
a vehicle is given when the vehicle is assignea naunicipality [2].

21. lterative Method

VAP leads to nonlinear mathematical model. The ineakity was successfully mastered in [1]
using the special iterative method where the séparduced VAP is solved in the particular
iterations for the fixed timeT(™). Although, the reduced vehicle assignment probiedmear it
still represents a hard combinatorial problem.

2.2. Reduced Vehicle Assignment Problem

The objective of the reduced vehicle assignmenblpro (RVAP) is to assign an appropriate
number of vehicles from the fleets to the munictped so that the evacuation can be performed in
the predetermined time T™ If the following values are known (the vehiclgaaities, the tim@™
and the travelling times between the fleets, mpaidies and refuges) then the coefficieajsor
idl, jO0J can be determined. The coefficiemf represents the number of people who can be
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evacuated from the municipalifyoy one vehicle from the fleétup to the timél™. Let us define
the following sets to make the problem model smallae set(j) is the set of the fleet&ll where
a; > 0 and the sel(i) is the set of the municipalitigg§lJ wherea; > 0. We introduce the variables
q;0Zo" for i0l, jO0J(i) which denote the number of vehicles from thetfle@hich are assigned to
the municipalityj. The objective of RVAP is to find a feasible sauat which satisfies the
constraints (1)-(3) or to prove that such solutioes not exist.

> g, <N, for i O (1)
j03)

> a;q; b, for jOJ )
i0r)
qiing for id1, jOJ(>) (3)

The set of constraints (1) ensures that only vehiglhich are in the fleets will be used for
evacuation. The constraints (2) ensure that everguitant from every municipality is evacuated.

3. Genetic Algorithm

We used the genetic algorithm (GA) to solve RVARha previous research in [5], where we
focused on appropriate setting of these controbhmpaters: number of populationslof) and
number of individualsNol) in each population. The analysis of experimestits showed that it is
convenient to set the parametBiaP andNol rather to values lower than 300 than to highenesl
Although we lose some accuracy, we achieved coraitke computational time saving. In this
paper we focus on an improvement of the efficieotBA for these lower values. We propose to
test selected operators of selection and crossmethen to choose the best combinations of them.

We suggest using these two selection operatorsothiette wheel selection with linear ranking
(RWS+R) as in [6] and the tournament selection (TBe advantage of RWS+R selection scheme
is that it can be done @(1) time [3]. In TS,7individuals attend the tournament and the besti®ne
chosen (the value of the parametés adjustable).

Further, we propose using the following crossovegrators: the partially mapped crossover
(PMX) and the adapted uniform crossover (UX). Botlthem are used for non-linear crossover,
because we use non-linear encoding of individusdscifically the individual is represented by a
permutation of numbers [5]. The operator PMX opesads follows: number of crossover points
(NoCP) is chosen uniformly and the sections between lesugpf these points define an interchange
mapping which is applied on the respective indigidu At UX, the 0-1 mask is generated, where
the genes corresponding to 1 are copied from odwittual and those that corresponds to O are
taken in the order they appear from the secondvishalal in order to fill the gaps [3]. We set the
probability that the mask element has the valuethé value 0.5 according to [4].

4. Numerical Experiments

We performed numerical experiments on a personalpater which is equipped with Intel
Pentium D with parameters 3 GHz CPU and 1 GB RAMstirdy the suggested approach. We
solved twenty benchmarks of the vehicle assignmemtblem which are created on the
transportation network of Slovakia. In the previaesearch in [5] the following selection and
crossover operators were used: PMX(2) and RWS+Bofdmg to [3]NoCP was set to the value
two). In this paper, we experimentally tested alinbinations of the suggested selection operators
RWS+R and TS{) and crossover operators PMIGCP) and UX. Based on the results in [5], we
tested this approach for the following (low) cowgptef NoP-Nol: NoP = Nol = 50, 100, 150, and
200.
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First, we tested the couple PMX and RWS+R. We lsetparameteNoCP in PMX to the
values 0, 1, 2, ... , 10 successively. We solvedldechmarks for several times (in order to
suppress the impact of a random process) and cechple average values of the cost function and
the computational time. Based on the average valfiese cost function and best known lower
bounds we computed the gaps between these valhesavierage values of the gaps (a) and the
average values of the computational time (b) fahealue ofNoCP are shown on the charts on the
Fig. 1.
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Fig. 1 Relation between the parameaCP and quality of results (a) and computational tiime

The experiments showed that the even valuddoGiP from the intervak2; 8 are good and
they give similar good results. The even valu®o€P always closes the section which defines an
interchange mapping in PMX. The computational tiswowest for the value two so this value is
the best one faloCP in PMX.

In the next experiments we tested also the UX(@i8) the RWS+R operator for the selected
NoP-Nol couples. No additional parameters were set iretb&periments.

In the next two experiments we tested the seledmerator TS{) with the crossover operators
PMX(2) and UX(0.5) successively. We tested seveafles of the parameter(7 represents the
number of individuals which attend the tournaméat)chosenNoP-Nol couples. We set to the
values 1, 2, 3, ..., 10 successively and again coedpilhe average values of the gaps. The charts
on theFig. 2 show relations between the values of the paranteted the average values of the
gaps when TSj was used with PMX(2) (a) and with UX(0.5) (b).
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Fig. 2 Relation betweemin TS and quality of results for PMX (a) and UX (b

The experiments obviously show that the best vafube parameterin TS is 2. For this value
the best results were obtained with both crossepmrators PMX and UX for each selected
NoP-Nol couple.

Finally, we compared the results of the experimentich we had obtained for each
combination of the tested selection and crossoperators. The charts on tleg. 3 show the
average gaps (a) and average computational timésr(bach combination of the tested operators.

The experiments show that the crossover operatoisuXore efficient than PMX. Although,
UX requires little bit more computational time thBMX, the difference is small and therefore we
recommend to use the operator UX in the futurearese
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Fig. 3 Comparison of eﬁicigar?cy (a) and computationaletith) for the selection argg)crossover operators

A Dbrief analysis of the experiment shows that tfiieiency of the selection operators RWS+R
and TS(2) is nearly the same. This is becausehag write in [3], TS withr=2 has similar
property to the linear ranking when its some patammnverges to zero and we used RWS+R with
such property. Based on the advice in [3], wheey lecommend to use rather TS than RWS, we
determined the best combination of selection andstver operators in GA as TS(2) and UX.

5. Conclusion

These days the evacuation plan design problem mctral topic. In order to the evacuation
plan can be completed VAP has to be solved. In paiger, we briefly showed the min-max
approach for solving this problem where RVAP habdaolved in the each iteration. We used GA
to solve the problem. We focused on an improvernoémfficiency of the algorithm by using the
suitable selection and crossover operators withiggate setting of their parameters. We studied
the impact of the individual operators on the gyaif results and chose the best combination of the
selection and crossover operators for GA.
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Abstract. This paper deals with the issue of videoconferameis an alternative to in-person business trips
made by air travel. With the technology ever adimmnand the costs of acquiring such a technolotinéa
gradually it is only logical to consider such aniop. Paper discusses main advantages and disagdesnof
both videoconferencing and business trips. It gaesnswer to a question why the videoconferenkas)
still not overwhelmed the costly and time consumibgsiness air travel. Research shows that
videoconferencing plays only a supporting role irsihess undertaking and is used mainly after thialin
contract has been successfully arranged.

Keywords: business air travel, videoconferencing, telecomoation technologies

1. Introduction

Personal meetings have long been acknowledgedeandbt effective way of doing business,
key elements being the capacity to transmit equv@dormation, produce immediate feedback
and build a personal and authentic atmosphereTli¢se are qualities considered important in
business life and have proved hard to replace witbrmation and communications technology
(ICT), including videoconferencing. However, recemars have seen a rapid change in
videoconferencing technology. Manufacturers of smnferencing equipment now offer flexible
communication services for conference rooms, deskémd mobile terminals for different groups
and usage situations.

This transformation is likely to shape the waysvimch videoconferencing will affect business
communication as new forms of collaboration aneériamttion are enabled. Travel substitution has
been a key assumption of videoconferencing eveesis introduction in the 1960s. Now the topic
is more relevant than ever in light of the highuwok and growth in air traffic contributing to
increased CO2 emissions. Moreover, stricter sgcpaticies at airports emerging as a response to
the threat of terrorism put constraints on the mess traveller [2].

A few years ago there were four million air passFageach day and 1.9 billion air journeys
each year. Work-related travel globally counts dbout 20% of all international travel. 48% of
intra-EU air travel was for business purposes [Bpreover, some forecasts have predicted faster
growth in business than in leisure air travel. B¢ same time, the market for videoconferencing
shows strong growth rates. In 1991, the global@gent market was estimated at USD 210 million
[4]. Fifteen years later, estimates indicate thaltmarket at USD 1.06 billion (source: Tandberg),
i.e. five times larger than in 1991.

Despite the growing acceptance of videoconferencingodern organizations, documentation
is sporadic and analysis of use inadequate, p&atlgicompared to that on travelling and face-to-
face meetings. Furthermore, the literature on partation has generally considered
videoconferencing as a uniform communication tetiong while paying little attention to the fact
that it comprises a wide range of technologicatfpiens each providing unigue communication
opportunities and potentially different interfacesh travel.
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2. Videoconferencing - Business Communication Tool

The possibility of simultaneous audio and visuamownication by electronic means has a
long history, starting with experimental tests @atrout as early as the late 1930s [5]. However, it
took almost 30 years before the first commerciaeui telephony system (Picturephone) was
demonstrated by AT&T in 1964. Picturephone waschrielogical success, and one of very few
that made the transition from field trials into aoercial service. Picturephone and other
incarnations of videoconferencing were still bettyeloped into the 1970s, although technical and
cost constraints hampered their mass market agfgalhe new digital technologies provided
much more efficient bit rates for video and audi@nsmission that greatly benefited
videoconferencing services. Yet, usage was stitlyfanodest. Most systems shared important
disadvantages that slowed diffusion, including hogst, high (perceived) user threshold, low
bandwidth and mediocre quality of service. Thereeweported no differences in problem-solving
skills between groups that could see and hear edlcr and groups that only had audio
communicationThe video element of videoconferencing did notlyepitovide extra value for the
user; its value was incremental or even negatije [7

However, recent years have seen a large increasel@oconferencing sales and use. The
single most important factor contributing to thigvdlopment has been the integration of
videoconferencing with PCs and computer applicatiover computer networks. New technologies
offer more flexibility, in terms of range of seres and modes of communication, than traditional
conference room facilities. In turn, this has broiugbout more varied and less clear cut concepts of
what videoconferencing constitutes. Important fezguof modern business practice are project
organization and collaboration and the processimbasnotating of digital material and content.

Today’s integrated videoconferencing systems hava targe degree accommodated these
practices, starting with the need for live disptdypresentation material, developing into the need
for live and collective processing of data fileslanformation. This has now evolved even further
with the integration of web conferences, projeabpmration tools, chat, access to archived work
material, databases, and so on.

Desktop systems have made videoconferencing pessibPCs or notebooks, thus taking the
videoconference out of the dedicated conferencenroo

An important technical development within teleconmication in recent years has been the
opportunity to set up voice communication and rmiilia sessions over Internet Protocol (IP)
networks. Voice over IP service providers, suchSagpe and Vonage, offer free calls, instant
messaging, file transferring and videoconferenoesntyone who subscribes to their services. These
services have made videoconferencing much cheaplemare readily available to both consumers
and business customers.

3. Business Travel and Videoconferencing

The relationship between ICT and travel has gelyetsen described as comprising four
possible effects:

0] Substitution;

(i)  Complementarity;

(i)  Modification;

(iv)  Neutrality [8].

Early research on the videoconferencing-businesgltrelationship reflected overwhelming
optimism in respect of travel substitution. Duriting 1970s it was widely held that the traditional
way of doing business, would gradually be repldaganore time-efficient virtual communication.
The potential for substituting business travel wssumed to be substantial, up to 66% in a German
estimate from 1974/75 [9]. Likewise, refers to adst released by the US Department of
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Transportation in 1978 claiming that videoconferegc could reduce company travel by
approximately 50% over the following decade [10].

However, at the end of the 1980s, videoconferenkadystill not had any noticeable impact on
business traffic, signifying that there was no denpne-to-one ratio between face-to-face contact
and teleconferencing. Succeeding studies presaigadicantly lower estimates of the possibilities
of ICT being substituted for business travel, tgflicranging from 2% to 5% [11]. More recentty
has beersuggested that business trips would decline by 89@T capabilities achieved the most
optimistic forecast and if the associated costse#sed significantly [12].

Significance of relationships in business life wiai that people who became acquainted
through telecommunication would inevitably wantn@et in person, and, as a result, that travel
would increase. Likewise, videoconferencing extespans of collaboration, and this too would
generate more travel than videoconferencing couwdsiply replace. Frequent travellers were
among those who most favoured virtual meetingsgssiting complementarity), although they also
reported that people involved in sales and procargmwvhose travel frequency was the highest,
were reluctant to use videoconferencing owing &rthigh degree of external contacts [13].

The studies referred to above suggest that fatee meetings have features that are difficult
to replicate in electronic meetings, at least dor@ader scale. Significant number of face-to-face
meetings is negotiations involving informal and tmnstured contact, while videoconferences have
less complex contentMeeting content is the key factor that influences tthoice between
videoconferencing and face-to-face contact (byrairel) [14].

Several studies of communication and businessItrexee confirmed that regular face-to-face
interaction is required to ensure developmentustirreciprocity and mutual understanding. There
are five areas, where face-to-face interactiomiigal in transnational corporations:

(1) Transnational operation: Face-to-face allowstli@ securing of establishments of new

businesses and completion of projects across ruttiganizational sites.

(2) Transnational control: Regular face-to-face tings are needed to convince workers to

implement strategic plans.

(3) Knowledge practices: Face-to-face interact®meeded to develop and share common

knowledge.

(4) Innovation: Face-to-face allows for new andative ways of working and for the

development of new services.

(5) Coherence: Face-to-face is needed to devedtyareed organizational culture [15].

In addition to these key benefits, business tripd #ace-to-face interactions may give
benefits for the traveller related to opportunitfes visiting novel or desirable locations, visgin
friends/relatives, escape from stress at homefmeoiacquisition of frequent-flyer miles and more.
Hence, even though mediated communication hasrésathat to some extent are comparable to
face-to-face meetings, videoconferencing still doetsmeet many of the key advantages of genuine
face-to-face contact.

Business trips are particularly indicated for maegtpersons for the first time, for presentations,
conferences, exceptional meetings, training andneeroial activities in foreign countries. The
main advantages of business trips are: a more marsmntact; a better understanding of the
environment within which the persons operate; aition of new knowledge; more efficient
demonstrations of new products; prestige; a cettairistic aspect, and customer loyalty programs.

The most important disadvantages of business éngsabsence from the office which results
in additional efforts upon return and a loss oftooinover employees and projects; costs; fatigue
because of long working hours; and the inconvemigrassociated with airplane trips (i.e. time
wasted on ground transportation, waiting in airpolack of space in planes, lack of flexibility of
schedules, delays, cancellations, and impossilafitysing cellular phones aboard and the very high
costs of using phone services provided on plandsleoconferences also have advantages and
disadvantages. The advantages include: videocordesebring a visual dimension to meetings and
allow participants to rely on non-verbal languai@e savings: videoconferences require less time
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than business trips avoiding air traveling timegugrd transportation and waiting time in airports;
participants discipline: participants are more ghkiged, go straight to the point and show more
respect for the agenda; savings; not only in tinué they also allow more people to attend;
possibility to link many sites, and quality of imeghich is improving

Finally, in comparison with business trips, theldwaling disadvantages were put forward:
colder contacts; difficulty to present certain prot$ well; prestige associated with business trips,
and loss of certain privileges such as loyalty paots.

4. Conclusion

Although the research showed that there are pewdiptebelieve some of their travel could be
replaced by video-meetings, videoconferencing wilt have substantial impacts on business air
travel unless green taxes or other environmensdfuments leading to large increases in air fares
are introduced. Business travel develops in linth Wwusiness cycles, and the main driving force in
this market is economic growth. Historically, slawehs in the economy have triggered tighter
control of travel budgets and more focus on alt&reavays of communicating, but these effects
have to a large extent remained temporary. Modeonk Wife is organized around different
networks where travel and face-to-face contacteuxeial. Virtual communication systems have an
advantage over physical travel when the working tess a high degree of formality. However,
business travel very often includes an informalmget that is difficult to recreate in virtual
meetings. As shown in the present data, and elgewfece-to-face contact and networking are
embedded parts of business practice.
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Abstract. In order to find out requirements and needs oftiearpost offices’ customers we made
a quantitative marketing research on using Papast office services by citizens of villages, inigththere

is a Partner post office. We used personal andreféc questioning for collecting necessary infotima
We analyzed the collected data and we found outain@ost 95 % respondents use services of the étartn
post office in their village, more postal servidthan banking services. Strong majority of resporsién
satisfied with Partner post office employees whigerimg banking products. More than a half of thexuld
welcome extended offer of Postal Bank products iy by Partner post offices, namely savings aad lo
products. Based on the research results we camadbat in villages, in which there is a Partnestifice,
there is a potential for extended banking prodpotsfolio offered by Partner post offices.

Keywords: primary marketing research, questioning, Partost pffices, Postal Bank products.

1. Introduction

The goal of the primary marketing research we madday 2012 was to find out how many
citizens of villages with a Partner post office utseservices, what Postal Bank products are used
the most frequently and what products are missmthe banking products offer at Partner post
offices according to their customers. We also ednb know if citizens of villages involved in the
research are satisfied or dissatisfied with praxgdPostal Bank products and services by employees
of Partner post offices.[1]

1.1.Methods and Techniques of Data Collection

For collecting necessary data we used questiomhg;h is considered to be the basic and the
most frequently used method for quick collectioractfual data from the market. We used two types
of questioning, namely personal questioning andstieing via email. Personal questioning was
conducted in the village afi¢many. Questioning via email was used to addressilkdbes with
a Partner post office, whose email address isdlistehe Internet site www.e-obce.sk (it related to
about 46 villages).

In the village ofCi¢many (Zilina district), in which personal questiogiwas conducted, 80
inhabitants answered the questionnaire, what repted 48 % of the total number of its inhabitants
(as of 31 December 2011 tl&cmany village had 167 inhabitants according to thatiSical
Office of the Slovak Republic). 6 villages out aflages to which the questionnaire was send
electronically answered it, what represented 13f% @ total number of addressed villages. They
were these villages:

Village District Number of inhabitants as of 31. 12. 2011
Nova Vieska Nové Zamky 736

Jatov Nové Zamky 776

MatiaSovce KeZmarok 798

Bad’an Banska Stiavnica 213

Dolna Poruba Tratin 807
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| Prestaviky | Ziar nad Hronom | 658 |

Tab. 1. Basic information about villages involved in quesing via email

The total number of respondents was 147, of it@4®were females and 55,10 % were males.
80 respondents were questioned in person and @bmdents via email. The average age of
respondents was 50 years.[2]

1.2.Research Sample Size
We calculated the sample size using the followorgiula:

2 2
n:Z 1—;/22DS (1)

where 4., is the required confidence interval that we chioskbe 95% and its value from the
tables is 1,96, H is acceptable error rate, i.imam estimation error that we chose to be 5% and
S is the standard deviation calculated using thevitng formula:

S=p0d-p) (2)
where p represents the share of respondents using Padseoffice services.
The sample size thus calculated should be minim@me3gpondents.

2. Research Evaluation

The questionnaire results presented in the seottere prepared also according to the
identification question — age of respondents amdidlentification question — economic activity of
respondents.

2.1.Evaluation of the Question Do You Use Partner Pogdffice Services in Your Village?

More than 94,5% respondents stated that they usdadPgost office services in their village.
Inhabitants at the age of 51 years and more (9B,ba@nd all students and professionals (100%) use
Partner post office services the most.

5,44%

94,56%

uses Partner post office services ®doesnotuse Partner post office services

Fig. 1.Evaluation of Partner post office usage

2.2.Evaluation of the Question What Partner Post OfficeServices Do You Use More Often?
Out of 139 respondents to this question strong ritgj@lmost 72 %) use postal services.
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15,83%

12,23%

71,94%

—

uses postalservices more B uses banking services more Buses postaland bankingservices

Fig. 2.Evaluation of services provided by Partner posteff

2.3.Evaluation of the Question What Banking Products ad Services Do You Use Most at the
Partner Post Office?

The most used banking products according to inhatstof villages with a Partner post office
are payment of cheques (48 %), cash deposits mtonéthdrawals from a current account (21 %)
and acceptance of money orders (16 %) regardlessgd or economic activity of respondents.

™~ personal/ busine
2,72% currentaccount
opening

24,49%

m cash depositsand

56,46%
withdrawals

Epaymentordel
(statementorders
2,24% including)

= deposits into savings
books

- 3,40% acceptance of money

orders

18,37%

paymentof cheques

Fig. 3.Evaluation of using services provided at Partnest pffices

2.4.Evaluation of the Question How Are You Satisfied vth Providing Banking Products by
Partner Post Offices' Employees?

We considered responses “very satisfied” and ‘Batisas “satisfied” and "little satisfied” and
“dissatisfied” as “dissatisfied”. Then almost 90d¥arespondents are satisfied and only 10,79 % are
dissatisfied with employees of Partner post officHse most satisfied customers of Partner post
offices are respondents at the age above 50 yeaose(than 94 %) and professionals and
unemployed (100 %).

6.47% 4,32%

25,18%

64,03%

very satisfied satisfied H little satisfied | dissatisfied

Fig. 4.Evaluation of satisfaction with Partner post officemployees when providing banking products

2.5.Evaluation of the Question Would You Welcome if thdPartner Post Office in Your
Village Offers More Postal Bank Products and Servies?
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Out of 141 respondents who answered this questiorip 68,03 % would welcome extended
offer of banking products provided by Partner paffites, mainly the youngest respondents at the
age of 17 to 30 years and in terms of economiwiacprofessionals and employed respondents.

29,08%

70,92%

would welcome banking product offer extension atifRer post offices

® would not welcome banking product offer extensio Partner post office

Fig. 5.Evaluation of whether respondents would like maeKking products at their Partner post offices dr no
2.6. Evaluation of the Question What Postal Bank Produa and Services Would You Like to
Use at Your Partner Post Office?

More than three quarters of respondents would titkkeise savings products (term deposits,
savings and investment products). Respondentdsrénderesting consumer loans (31,78%).[2]

6,54%
4,67%

79,44%

savings products Hconsumerloans m mortgage loans mothers

Fig. 6.Evaluation of what banking products respondentslavlike to use at their Partner post offices

3. Conclusion

According to the primary marketing research reswiéscan state that inhabitants of villages
with a Partner post office use its services, marstgd than banking and they are satisfied with
employees of their Partner post offices. On theeiottand they consider the offer of Postal Bank
products insufficient and they would prefer hawngder offer of banking products and services.

Based on the research results we can assume thidages, in which there is a Partner post
office, there is certain sales potential for Po€ahk products, mainly savings products and
consumer loans.
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Abstract. This paper presents a method for the section sestation in the road sections. The method
uses the advantageous properties of smoothingespiar the heterogeneous traffic data sourcesrfu3ioe
main data source is a large corporate vehicle #eglipped with GPS receivers, which is not oridynal
intended to monitor the traffic flow. FCD are fuseih fixed detector data using the presented ntbthal
verified by ALPR system output.

The research goal is to present a universal pertaigthod which will significantly improve the abjlito
monitor the quality of transport services on highsvan real time, using the currently available vas
sources of traffic data.

Keywords: Section speed estimation, smoothing splines, F&lE5, ALPR, outliers

1. Thelntroduction

Speed, travel time, and delay are the related messcommonly used as performance
indicators for traffic facilities [1]. Travel timand delay are very easy to understand by the najori
of drivers. Most of the early studies mainly usedd based detectors as the only source of traffic
data, but the range of these detectors is verydai].

Since GPS receivers became more common, somestatties have introduced methods for
integration of both, induction loop (video) datalgrobe vehicle data [3].

This paper presents a method primarily using data fa large commercial fleet and results are
verified by the automatic license-plate recognitidbPR) system. The proposed method is capable
of integration various data sources both floatimgscdata (FCD) and fixed infrastructure data
(inductive loop and/or video detectors). Unfortwhgatthe video detectors within the testing sita di
not have spot speed data available at that time.

2. Source data description and testing road location

The proposed method mainly uses FCD, concretelg ftatm a commercial fleet of 15 000
vehicles were used as the input for section speoh&or. These data are not originally intended
for the traffic stream monitoring purpose, thereftrere is no additional cost to obtain them.

Each data record contains GPS coordinates, cudantand time, the speed and, finally, the
flag determining the vehicle type (personal or kjud@he in-house and precise map was measured
by a GPS receiver in order to reduce the dimensibithe present floating vehicle position
following way. The origin was chosen in the samacpl where the first (initial) ALPR system
camera is placed (the green flag). The locatiothefeach vehicle is reduced from GPS coordinates
(3 variables) to the distance from the origin (tialsle). The map is later used to determine the
direction of each probe vehicle from the data res@mquence.
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Fig. 1. The link arterial in Prague (Jizni Spojka) with RR system (flags) and fixed detectors position

The testing road also contains 3 video detectorishwmeasure the flow and occupancy in 5-
minute time intervals (numbers in blue bubbles).@arage, only 1/3 of all vehicles will pass the
whole road section, the rest will exit or join thead after the first ALPR camera. This was
determined by the comparison of the flow from vidietectors and ALPR system.

3. The Proposed method

The cubic spline [4] functio is a piecewise polynomial function defined on santerval
[a, b], wherea < p; < -+ < p, < b, if two conditions are satisfied: polynomial piedé& together
at the pointg; in such a way tha itself and its first and second derivatives aneticmous at each
data point; and on each subinterval the functims a cubic polynomial.

LetS(g) be the penalized sum of squares in form

n b
S@) = Y - g0V +a [ {g" 0, ®
i=1 p

where {p;,¥;} are data pairsg > 0 is the smoothing parameter afg'’(x)}* is the roughness
penalty. Fore = 0 only the left side is valid antl(g) becomes an interpolation spline. feor oo
the left side has no effect afdg) is a straight line, which minimizes the sum of aes.

In [5] a method called Generalized Cross ValidaiG€V) was introduced. It automatically
determines the smoothing parameter The proposed method uses the weighted case of the
smoothing spline and GCV, where each data pairasagned time weigh¥;, which determines
how old each GPS data record is and, additionaltyguld use the second weight [6] to determine
and eliminate outliers in the following form:

u.
|f 0 if| _1>1

4,685 —
W?"i = 4 2\ 2
1~ (7am) ) O lagesl <
L 4,685 4,685

The complex definition of Studentized residuglis in [6]. The final weight is a product of
both mentioned weights as followd: = W, W,.. The weight is used for exponential forgetting and
for outliers handling in robust version.

In the following Fig. 2 you can see the final reégthhe smoothing spline) based on FCD using
only time weight. The weight of each data pairictyred by both color and size. In this particular
case data were processed in 5-minute intervals fortpetting parametep, = 0.65 and all data
records with time weight below 0.04 were erasediider to maintain sustainable size of the
computational spare data matrix. The time intertrad, forgetting parameter and erasing parameter
are 3 variables determining the exponential fonggttdata matrix size and finally the final spline
behavior. Exponential forgetting weight was usethmfollowing form:W, = W,_, - py.
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Fig. 2. The smoothing spline determines speed/locatioracheristics on arterial road

4. The experiment

FCD data were rigorously filtered and sorted ineprtb compare the results from the proposed
method with the aggregated section speed values &bPR system in the same time interval
(step) as the spline. ALPR system monitored akdhlanes on the testing road, but we cannot
distinguish the lane in which the floating vehielas present from GPS records. ALPR section
speeds were also combined by weighted mean to centpa results with smoothing spline
outcome (all vehicle types) in following way:

Vau = Z?ane: 1(Ulane ' qlane)/Z?ane: 11ane: 3

whereq,q,. 1S @ vehicle volume for the given lane, ang,. is the average section speed for the
given lane. On the other hand, all GPS records wded into the vehicle categories and patrtial
results were calculated only based on the one Mehategory at a time. Finally, the trucks were
compared to the right lane aggregated result assgnger vehicles to the left and middle lane.

The following Tab. 1 summarizes differences betw@&®R section speed mean values or
50% percentile in desired time interval (5 minsigl éhe smoothing spline / robust smoothing spline
method (deals with outliers) based on FCD only.

Section speed difference [km/h]| Section speed difference [%]

left | middle | right all left | middle| right all

lane lane lane | lanes | lane lane lane | lanes
50% percentile 9,0 1,0 0,8 40| 8,1%| -0,8%| -1,1%| 3,8%
50% percentile robust 8,5 0,5 0,4 3,7 7,5%| -1,3%| -1,6%| 3,5%
Mean 7,7 -0,1 0,2 2,8 6,6%| -2,4%| -1,7%| 2,0%
Mean robust 7,2 -0,7 -0,2 2,5/ 6,0%| -3,0%| -2,2%| 1,8%

Tab. 1. Experiment results

203



The closest to zero difference was the middle lAh®R, compared to passenger vehicles
FCD. A more detailed result is depicted in thedwaiing Fig. 3. Three colored areas denote 1, 2
and ¥ areas, and dashed lines denote mean (black) adidm@reen). Approximatelyt5 km/h
error for s means approxt10 sec error for design and expected speed= 80 km/h.
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Fig. 3. Histogram of result speed difference for middleelavith 3 areas

5. Conclusion

The presented method enables to estimate travestusing raw FCD with the minimum delay.
The first results show very promising performaneerewithout using another data source.

Next research will be focused on the heavily-usddhigjhway in the Czech Republic, where
(due to absent ALPR system) data from Electronie Eellection (EFC) will be used as reference
speed data. It is expected, due to the ECF datmen@dnly trucks present), that another data source
will be required in order to validate left and mlieltane.
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