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workers are expected to present the results they had achieved.

The conference is organised by the University of Zilina. It is the university with about 13 000
graduate and postgraduate students. The university offers Bachelor, Master and PhD programmes in
the fields of transport, telecommunications, forensic engineering, management operations,
information systems, in mechanical, civil, electrical, special engineering and in social sciences incl.
natural sciences.
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Research on Ecological Parameters of Combustion Eimgs
in Non-road Vehicles

" Jacek Caban, Michal Geca,” Jacek Hunicz, Dariusz Kasperek
"University of Life Sciences in Lublin, Faculty ofd@uction Engineering,

Department of Transporting and Agricultural Machinéicboka Street 28, 20-612 Lublin, Poland
”Lublin University of Technology, Mechanical Enginieg Faculty, Institute of Transport, Combustion
Engines and Ecology, Nadbystrzycka Street 36, Btéblin, Poland, j.hunicz@pollub.pl
" Ursus S.A., Frezeréw Street 7, 20-209 Lublin, Pd)atariusz.kasperek@ursus.com

Abstract. The problem of emission of toxic compounds exh@ast generated by non-road vehicles with
internal combustion engines, took on a hew meatfiagks to the entry into force on 1 January 2014 ye
Stage4 standards. The paper presents the studshafig aftertreatment systems for medium poweretlies
engine coming from the agricultural tractor. Thetsevere performed using AVL BOOST software.

Keywords: means of transport, combustion engines, ecology.

1. Introduction

Global emission limits for mobile heavy-duty dieselgines are becoming increasingly rigid
with government emission requirements ultimatetyureng never, more sophisticated technologies
to meet or exceed regulations [5]. The exhaustgyds®/e negative impact on human health, as
well as on global climate change [6, 8]. The exh@ases are a mixture of chemical compounds,
which are dependent on the type of fuel, enginalitmm and the equipment applied to reduce the
emission [8]. Presently used piston IC engines nhestable to generate as small harmful
environmental effects as possible, which meansrteatl to produce low exhaust toxicity and noise
[1]. Requirements posed for internal combustionireegy make it necessary to search for different
technical solutions to reduce exhaust emissiored, dansumption and to improve engine traction
properties [2, 9]. The new solutions will requireiategrated approach that involves an engine fuel
injection system, exhaust after-treatment and gmercontrol unit system (ECU).

The article addresses the issue of exhaust emssdiom non-road vehicles powered by
internal combustion engines, which must comply wli# requirements of the standard Stage 4, for
example, agricultural tractors powered by diesdirm medium power. The research team is
involved in the adjustment of exhaust gas cleasyggem for agricultural tractor engines adapted to
burn petroleum fuels and biofuels. This paper prissa computer simulation study of functioning
depollution standard with an aftertreatment systi@sel engine using AVL BOOST software.

1.1.New ecological standards

Nitrogen oxides (NOx), hydrocarbons (HC), partitellmatter (PM) and carbon dioxide (CO2)
are most important regulated diesel emissions coens. The legislation is driving for the use of
renewable fuels in combustion engines but all thpacts of those on emission control technology
are not clear yet. One of the challenges in dieegines is the simultaneous removal of NOx and
PM, because the technique for reducing one companag lead to an increase in another. One
solution is to use selective catalytic reductio®€F3 technology and to optimize the combustion
conditions in the engine in such a way that leadthé reduction of particle emissions and fuel
consumption [5]. In the SCR technology a large amad NOx emissions are reduced by using a
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catalytic converter and urea solution. Conventilgniad the SCR applications for both stationary
and transient emission sources vanadium-based/stalre used [3] and [4].

Figure 1 shows the applicable emission standandado-road vehicles due to the achievable
power of diesel combustion engines.

Bistage A [ Stage HIB Stage IV

2010 | 2011 2015 [ 2016 2017 2018

{24-48)

37-56  (49-T4) (4.1175.0/0.026

13.3/0.19/5.0/0.025 In.4 /0.19 /5.0 / 0.025

(75-173)

(174-751) 2.0/0.19/ 3.4/ 0.025 0.40 /0.18 / 3.5/ 0.025

NOWHC2/CO/PM (okW-hr)  (NOx+NMHCKCO/PM (gkW-hr)  [Conversion: {a/KW-hr) x 0.7457 = g/bhp-hr]

Fig. 1. The applicable emission standards for non-roadtiesh[10].

2. Research object

2.1.Test stand

In order to identify opportunities to reduce thecamt of toxic gases emitted by the diesel
combustion engine were carried out tests on thempmeter stand. The object of the study was
the engine PERKINS 1104D-44TA installed in agriatdl tractors URSUS brand. This engine has
a maximum power of 83 kW at crankshaft speed 2pdf it is also equipped with a turbocharger
and intercooler. Basic technical parameters oktigine are presented in Table no. 1.

General data Data
Displacement 4.4 liters
Bore 105 mm
Stroke 127 mm
Compression ratio 16,2:1
Power/rotational speed 83 kw/2200 rpm
Peak Torque at rotational speed 418 Nm at 1400 rpm
Combustion system Direct injection
Aspiration Turbocharged (air-to-air charge cooled)
Fuel ON

Tab. 1. PERKINS 1104D-44TA engine specification [7].

The control of fuel dosages in test engine is dmeehanically. This engine does not have an
exhaust aftertreatment system. In order to perfor@asurements of toxicity of exhaust the engine
has been installed on dynamometric test bench eldbtro-vortex brake Schenck 130W. Detailed
analysis of the composition of the exhaust gas aased out by Fourier Transform Spectrometer
(FTIR).

2.2.AVL modeling system of diesel engine exhaust emisss

In the first phase of research was estimated the éharacteristics of engine being the object of
tests. Measurements were carried out for five tergalues at crankshaft speed of 2200 rpm.
Simultaneously was carried out measurement ofdaersumption and emissions. The results of the
research were used for modelling using AVL BOOSTivwsre. BOOST is an advanced and fully
integrated "Virtual Engine Simulation Tool" with\aahced models for accurately predicting engine
performance, acoustics and the effectiveness dadiestigas after treatment devices [11].
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With the assistance of Boost software has beenettéhe emission control system consisting
of two modules: diesel oxidation catalyst DOC aathlyst with selective catalytic reduction SCR.
The scheme of this model was shown in figure 2.

Engine

DOC SCR

1
ATB1 ATB2

Fig. 2. Model of aftertreatment system; ATB1, ATB2 — boandconditions; DOC — diesel oxidation catalyst;
SCR - catalyst with selective catalytic reduction.

The degree of conversion was calculated from thadda:

Nbefore™ Nafter
a= [100%. (1)

nbefore

where:

a — degree of conversion;

Npetore— the initial amount of substance (before catlyst

Natter— the final amount of substance (after catalyst).

Figure 3 shows an influence of change of the exagssatio on load and the specific fuel
consumption.

700 350
e
Z 600 N — / 300
=)
5 500 \ / 250 -
g 400 200 &
2 \ / ot
S 300 2 150 €
S 200 100
o N ——
§ 100 ~—— 50
UJ O 1 L 1 O

1 2 3 5

Al

Fig. 3. Specific fuel consumption and Torque with respedir excess ratio\j.

Minimum specific fuel consumption achieved withaefficient ofA= 1,57.

The exhaust temperature and exhaust stream wipleceto air excess ratid) was shown in
figure 4.
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Fig. 4. Exhaust temperature and exhaust stream with regpaa excess ratio\}.

Important figures from the point of view of emissioontrol system is the flow of the exhaust
gases and their temperature. Optimum operating deatyre of SCR system shall be within
approximately from 250 to 500°C. When measuringtémeperature of the gases obtained from 215
to 538 °C, and thus obtained optimal conditions.

Figure 5 shows emissions of oxides of nitrogen {N@btained during the test bench (blue) and
the results of the calculations of the reduced simis after the implementation of SCR system
(red).

350
= before exhaust aftertreatment systems
= after exhaust aftertreatment systems
300
52,8%) : 20.1%

200

625% 55,1%)
150 : /
% /
100 \ § /
50 7

O L] T L]
1 2 3 4 5

Al]

Fig. 5. NOy emissions with respect to air excess ratio (

(NOx) [ppm]

By analysing the results obtained, it can be oleskmhat most efficiently modelled emission
control system operates at medium rates of exaesBa A = 2,33 was obtained the reduction of
NOyx from the value of 247 ppm to approx. 25 ppm. feev loads and low temperature of exhaust
gases were obtained low values of the conversivel.ldt should be noted that such a work of
selective emission control system can be linked gignificant ammonia emissions. In the engine
power rating also there was a significant decr@aslee catalytic efficiency. In this rating has hee
observed an interesting phenomenon involving theelyetion of oxides of nitrogen by oxidation
reactor.

In the figure 6 presents HC emissions with respmeeir excess ratio\].

-10 -
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A
Fig. 6. HC emissions with respect to air excess ratjo (
Hydrocarbon conversion efficiency strongly deperms the load on the engine, and thus,

exhaust gas temperature. At the maximum test lodd\a= 1.57 conversion of hydrocarbons was
93,4 %. It is to be noted that the observed comagahs of hydrocarbons were extremely small.

The figure 7 presents CO emissions with respeairtexcess ratio\).

500
— before exhaust aftertreatment systems
\ = after exhaust aftertreatment systems
400 \
T 300 \
o H
ke 99,9%
O 200 :
9 H
100 - e
: . N— .
1199,9% i
5 99,9% [99,9% 99,9%
0 s —= —
1 2 4 5

3
Al
Fig. 7. CO emissions with respect to air excess rat)o (

Because the temperature light-off (50 % of conwersof carbon monoxide is much lower than
temperature of hydrocarbons conversion, even atldas is obtained almost complete oxidation

of CO.

3. Conclusion

From 1 January 2015 are in force new standardsstage 4 concerning emissions toxic
compounds by non-roads vehicles including agricaltiractors fuelled with diesel combustion
engines. Legislative changes in new areas of egpion including non-road vehicles, require from
the constructors searching for ways to adapt andenmise selective catalytic reduction system in

-11 -
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combustion engines of these machines. In this p#perauthors have focused on model and
experimental research of combustion engine in rmagiawer agricultural tractor.

As a conclusion, the use of the SCR converter dsethe number of particles in general but
increased the number of the nanoparticles. Thetfyoesdd have a great impact on the number and
chemical composition of particles emitted from tien-road vehicle with diesel engine. For this
reasons the new solutions will require an integraigproach that involves an engine fuel injection
system, exhaust after-treatment and an ECU, etc.
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Abstract. The start-up of the combustion engine is necesgarthe occurrence of other phases of its
operation occurring when its crankshaft rotate®réfore the engine start-up seems to be the mqsirtemt
functional state in engine operation. This papersents the studies on the wear during start-upnengi
process and some results of investigation its wear.

Keywords: Combustion engine, start-up, wear of liner cylmnde

1. Introduction

Start-up of the engine is necessary to the occoereh other phases of operation of internal
combustion vehicle engine occurring when its craaksrotates. The start-up of the car engine is a
process, during which the engine is taken from test state of independent action by providing
energy from the outside and forcing its internatkvprocesses [3,6]. Therefore the engine start-up
seems to be the most important functional staté&simoperation. Due to unfavorable physical
processes that take place during engine startigpe are an increased emission of toxic compounds
of exhaust gas and the high noise level and thelaads in the vehicle electric power system
[8,12]. We can also observe many negative tribalmgprocesses in selected tribological engine
units. The extent of such negative processes depaméngine start-up parameters: the temperature
and the time of the engine start-up, the valuauofent consumed by a starter etc. [3].

The scope of problems concerning the diesel engine start-up is very extensive and
complex. This paper presents the studies on the wear dwt@g-up engine process and some
results of investigation its wear.

2. Friction and wear processes during diesel engine start-up

Transition from the standstill to the movementhed tomponents and units of the diesel engine
demands delivery of external mechanical energyireduo overcome static friction forces during
its start-up. These forces counteract the moveroktite surface elements that contact with each
other. When external forces are applied then o¢ceuith no slippage in macroscopic scale, shift
(micro-slip) within the contact surface. This iscampanied by elastic-plastic deformation of the
surface layers of elements [9]. Transition at thgie start-up from the standstill to the movement
of the diesel engine causes that the value of tissreed engine start-up anti-torque decreases
significantly with respect to the resistance torgeeved from the static friction [11].

Boundary friction occurs at the beginning of engsatart-up. This friction is the result of the
lack of sufficient amount of engine oil and occngitoo low relative speed of the moving surfaces
of the tribological pairs [1,3,9,11], causing b tlubricant film having a thickness from a few to
several tens of molecules covering surfaces of e@iimg elements.
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This lack of sufficient amount of engine oil is sad primarily by inertia of the engine
lubrication system. The figure 1 presents a coafsganges in the engine oil pressure measured on
the main oil line during 4CT90 diesel engine stgrtat the temperature 15 °C.
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Fig. 1. The course of lubricating oil pressure changesaadkshaft angular velocity at 4CT90 diesel engtaet-up
at 15 °C; a — the course of oil pressure, b — glatlt angular velocity [4].

For the engine start-ups above in the temperatut€ @aster increase and greater value of
"stable” lubricating oil pressure are observed [Pdr the diesel engine start-ups below 0 °C the
time when the lubricating oil pressure reachesallstvalue in the main oil line increases along
with drop in temperature values.

This is due to the high value of oil viscosity gocipitation of sludge in the engine sump
(effects of impacts of water contained in oil), ahiby blocking oil engine lines, increases
additionally resistance. The water accumulatechexsump also causes coagulation and hydrolysis
of the lubricating oil inhibitors aggravating itgrication properties [3,9].

A systematic loss of engine oil boundary film oe Burfaces of kinematic elements pairs occur
during long standstill in engine operation. Thenp@nent boundary oil engine film on cylinder liner
sliding surface lasts approximately 48 hours fréw@ time when engine is stopped [3]. This border
film disappearance in connection with the lack aoffisient lubrication oil contributes to the
possibility of appearance of dry fiction at the ioegng of start-up, and therefore to increase the
engine start-up anti-torque.

During the start-up, as engine oil flows to tribgital parts, observed border friction starts to
transform into mixed friction. This contributes #o fall in the value of start-up anti-torque.
However, only achievement of a sufficient relatispeed, with the appropriate amount of oll
lubrication, between moving surfaces of kinematarg causes favourable conditions to occur
liquid friction [9,11].

The transition from the boundary friction (in extre cases of dry friction) to mixed friction
with a small percentage of fluid friction contribstto the fact that adhesive, abrasive corrosive
wear occur in tribological pairs of PRC (pistongsacylinder) system at the start-up [1,5,7].
Therefore the values wear of PRC system elementsgiatart-up are several times greater those
observed during engine operating in vehicle orcgtasts [3,5].
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The cylinder liner start-up wear of diesel engiseequal to the sum of two consecutive wear
processes, as shown in the diagram in Figure 2.

Wear at_start-up

Corrosive Adhesive
Corrosive wear wear
wear

before
start-up

Fig. 2. The diagram of wear of PRC system at start-up [4].

The first process is associated with corrosive vagar it occurs during engine standstill after
the engine is stopped. The second process occ@®R@hsystem during the engine start-up and it is
a sum of three wear types: corrosion, adhesionadmndsion. The corrosion of PRC system wear
[3,10] observed at the start-up of diesel enginpaigicularly acute in low ambient temperatures.
This is due to the presence of suitable conditfonshe condensation of water vapour on the cold
surfaces of combustion chamber due to the increasalue of its temperature during the load
compression process.

The incomplete and non-complete combustion of wei-mixture at the beginning of start-up
conducts to form sulphur dioxide, which is absorbgda thin film of oil present on the cylinder
walls. As a result of combination of sulphur dioxidnd condensed water vapour is formed
sulphuric acid. As good electrolyte it causes etettemical corrosion of cylinders surfaces.

Second type of observed wear in diesel engine-sfaid an adhesive wear. This type of wear is
caused by breaking existing micro butt joints oferolayers at the beginning of relative motion.
Additionally, adhesive wear can occur in the subseg part of start-up at a low angular velocity of
the crankshaft and high surface pressures in donditof insufficient lubrication of PRC system
elements [3,9].

Abrasive wear occurring during start-up is causgddivect contact between the mating
surfaces of PRC system elements, and the preséncese abrasive particles. These particles are
the products of corrosive wear, the initial adheswear, as well as contaminants getting into
combustion chamber with insufficiently filtered §9.

The intensity of wear of PRC system elements deeeand sets at a subsidiary level of
combustion engine operation [9]. The stabilizat@inwear speed value comes after removal of
micro roughness of mating surfaces. The procesgeaf rate changing of PRC system elements is
called run-in engine after start-up [9,10].

The wear of cylinder liner sliding surface at om&tsup of diesel engine is the bigger that the
general maintenance wear. Exampling figure 3 (bamedwn research) presents the wear of
cylinder liner sliding surface of a diesel enginbtaned in the course of maintenance and
laboratory research [3,5].
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Analyzing the figure 3 we can say that the averag@valent start-up wear of cylinder liner
after 1000 start-ups at 18 °C corresponds witlaverage wear after 200 hours of engine operation
on laboratory tests. The average liner start-upr\aéar 1000 start-ups at 35 °C corresponds to the
average wear after vehicle mileage of approxim&t@lp00 kilometers.
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Fig. 3. The categorized graphs of 4CT90 engine liner wiepending on the type of research; 1 — series $G06ups
at 18 °C, 2 — series 1000 start-ups at 35 °C, &ies1000 start-ups at 55 °C, 4 — series 1006 garat 75 °C, 5 — 200
hours engine work on test rig, 5 — 10 thousand kieage [5].

3. Conclusion

Based on the analysis shown in this paper thevimhig conclusions can be drawn:
1. Wear, which occurred during engines start-up, iy ¢emplex process.
2. We can observe three types of wear: corrosion,sagdand abrasive.
3. The wear at one start-up of diesel engine is fr&¥ 10 75% of the general maintenance wear.
4. We must conduct tribological research during diesgline start-up.
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Abstract. Providing stability and security plays an impottesle while transporting motorcycles. Solutions
available on the market do not satisfy such requérs in all situations, as well as the requirenfi@nguick
assembly and disassembly of the motorcycle. Thdyguesents an original fastening system solutan f
motorcycles during transport.

Keywords: motorcycle fastening, motorcycle transport.

1. Introduction

In the past few years, sales of motorcycles in fbldoth in the primary and secondary
market, increased by several percent. It also adrdewith the development of motorsports in our
country. Therefore, there is a need for the trarispomotorcycles. Manufacturers of motorcycle
accessories, meeting the demand of the marketemredifferent methods of securing the
motorcycle during transport. The optimal methodiastening a motorcycle saves valuable time and
energy of the user. At the same time a fasteningt secure a motorcycle, in a way that allows easy
transport.

Transporting brand new as well used motorcycles;osnected with meeting some basic
conditions associated also with the type of a noyte. A basic problem is the stability because
the motorcycle cannot move or tilt in either dirent during transport. It is not practicable to
transport the motorcycle in a different positiomrthnatural. By the natural position one should
understand positions in which a motorcycle is stapdipright on the wheels, or is vertically
secured in the respective holders.

The concept of stability is related to securityeTiode of transport must not threaten other
road users, the other transported motorcycles, elsag the bike itself. Damage of load is not
permissible during transport. An additional regoiemt that must be met in transporting a
motorcycle is:

- protection against weather conditions,

- preventing damage to the motorcycle traction comepts (tires, wheels, suspension system,
frame),

- protection of the environment against adverseotsf of operating fluid, such as engine oil,
fuel or coolant,

- time, energy, and the number of people needsddare the motorcycle during transport.

The solutions used for the transportation of magtoles can be divided into transporting brand
new and used motorcycles. Additionally, one sh@ay attention to the nature and purpose of the
motorcycle - this makes it possible to select thbtrsecurity system.

Brand new motorcycles, during transport from thetdey to the dealer, are protected by the
manufacturer. It is a special structure framewanktal box. Inside there are special holders and a
rack for the motorcycle. The purpose of this paekagto protect the goods against damage and
movement.

During individual transport of used motorcycles,npdifferent solutions for the fastening of a
motorcycle may be used. A common solution is fasteroy means of transport straps. A
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motorcycle must be set in a natural position. Aeothiay to quickly fasten the motorcycle is to use
a special rack, which consists of a gutter enctpsirtire of the front wheel. Risk Racing promotes
Lock-n-Load solution. It is designed to transporto$3/Enduro motorcycles. In this case
components of the motorcycle were used - the dsifeot - as the direct element by which a
motorcycle is fastened [1].

2. Motorcyclefastening system

The existing transport systems for motorcycles domeet all the requirements of the users.
Creating a new fastening, basic needs of users ideentified, which include:

- quick fastening of the motorcycle,

- fastening the motorcycle by just one person,

- simple design and low energy consumption wheusi

Developed fastening [2] meets the overriding fesdusuch as stability or safety of a
motorcycle and other road users. The fastening doésequire additional motorcycle fastening
means. The need of using special guiding guttedstla® use of handles stabilising the front wheel
is eliminated. As a result, the product can be wmedny plane (commercial vehicle floor, trailer
platform, etc.) on which we intend to transport thetorcycle. Proposed technical solution of the
fastening is shown in Figures 1 and 2.

Fig. 1. Fastening type designed using CAD software [2]
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Fig. 2.The view on different planes [2]

A target group for using a new type of fastenings @ross/Enduro motorcycles and their
derivatives. They are characterized by high groaledrance and long suspension stroke. These
characteristics were taken into account while desgthe fastening. Suspension elements of these
motorcycles, although they work in extreme condgio(rapid and strong deformations), they
require care during transport. Long term, deep ensipn travel, caused for example by fastening a
motorcycle using a transport strap may lead to damage of internal components. The new
fastening minimises this risk because it does raise such high suspension loads. It uses the
resilience of these systems, but to a much lessene

Based on the developed CAD model of the fastenisgletailed strength calculations were
performed, empirically assuming the forces exedada motorbike during transport as well as
ultimate strength calculations in extreme situajol.g. in the case of a traffic collision. Fig. 3.
shows example analysed dangerous sections. Thg [@udhows that all strength assumptions in
dangerous sections were met.

Fig. 3. Example dangerous sections [2]

Fastening presented in the study were implememit@dproduction. Trade name of the ready-
made fastening is BikePort.

Focusing on manufacturing technology, all the cms&lements were designed using CAD
software group. Thus prepared digital models weseduin the treatment of metal and plastic.
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Manufacturing technology provides powder coatingaif components, allowing for a durable,
coating resistant to scratches and cracking.
Fig. 4. shows ready-made solution for fasteningotoncycle.

a)

b)

Fig. 4. Ready-made system for fastening a motorcycle BikePo

3. Conclusions

Ensuring safety during transport and the possynaftquick fastening of sports motorcycles on
trailers play a significant role during their traonst. The motorcycle fastening system developed
under the discussed project meets both these esgeits and the additional requirement of
fastening the motorcycle by one person only. Theigieand calculation works, as well as the
functionality and strength tests performed on & f&stening system for sports motorcycles allow
drawing positive conclusions as to high usefulri#gtbe developed solution.
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Abstract. The postal services market operates under a stemiglative, competitive and social pressure.
This situation results from the liberalization diet postal services market within the European Union
communication revolution, e-commerce market develmmp and gradual change in perceiving traditional
postal services by the society due to the e-seswiddch enter as a substitution within that scdpge new
situation causes that the postal operators diyettsdir services portfolio with particular attentipaid to the
segments of fast-growing markets: new technolodgi&s?, TSL. Origin and directions of such changes ar
the subject of this article.
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1. Introduction

A decrease of revenues from traditional postal famehcial services has been noticed on the
postal services market in the countries, in whathhology and economy are at a high level and
dynamically develop [see 5, page 33-44is caused due to optimization of costs byiingonal
clients (B2B, B2¢) and individual clients (C2C, CZBby provision of alternative and cheaper
substituting services provided by electronic comitation and so-called e-substitution of postal
and financial services. In case of public post&rafors, it is caused also by the policy implemente
in terms of liberalization of the postal sectorhwitthe European Union in the public postal sewvice
segment. In case of traditional financial services (e.@nmy orders, payments to bank accounts,
cash payments for services at cash counters,ieis.glue to popularization of non-cash payments,
payment cards, credit cards, Internet banking aoblilea payments.

The result of the presented situation is that th&tgd operators adapt to the changes, taking into
account in their strategies [see 15] entering thi fast-growing market of KEP consignments,
carriage of goods and provision of additional ssion TSL market [7, p. 418] and they develop
new services for the needs of recipients of bankimgjinsurance postal e-services (e.g. the Internet
Platform - Envelo Poczta Polska - http://www.enveliprzewodnik.html [24] [see 14].

! poth in the business-business relation (B2B) anihbss-client relation (B2C).

2 both in the client-client relation (C2C) and clintsiness relation (C2B).

% The subject changes constitute a purposeful stiredlevolution which mainly results from the EUdeegulations, i.e. |, Il and
IIl Postal Directive and their implementation iretfegal system of Member States. The third of theveamentioned directives
specified the procedures for the complete libeasilin of the postal market and determined the deadbr the complete opening of
the common market on December 31, 2010 with a pitisgito postpone the date by Member States tcetibof 2012 [1,2,3].
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2. Analysisof the situation on the postal market - selected issues

The current situation on the global market of plos¢avices, including the European Union
and Poland entails the necessity to re-definedleeand place of designated state postal operators.
The changing operating conditions make it necessacarry out a thorough restructuring not only
in terms of the role of the national postal opaataut in the entire postal sector. This procest is
various advancement stages, depending on the defjtiee postal market liberalizatiband access
to new technologies for the society. The advancénerel within these fields determines the
intensity of adaptation actions which conditionomd-term “survival” and give a possibility of
further development. Changes and their dynamicesensive and multifaceted, and their strong
influence is visible and affects the functioningpaiblic postal operators.

An analysis of relevant literature, reports andieag proves that in recent years, the postal
services market is under strong pressure and dynahmnges can be noticed. The available
information shows that various countries have dsifié approach to the functioning of the postal
services market and national operators. A gradpahimg of the postal market started in 1989 in
developed states of EU, first for parcels and tletters, and the process completed within the EU
states at the end of 2012. An example may constthe full liberalization of the postal services
market in 1993 ofSweden Posand privatization of posts in the 20th century afjong others:
Germany -Deutsche Postthe Netherlands PostNL and Austria -Osterreichische PostSome
countries considered as liberal followed a différpath: the United States and Canada, e.g. state
post -United States Postal Services - USBy¥rates up to the present day as a governmentyggen
it has still ensured a partial monopoly for transifg letters [12], the post in Canada operatesund
similar conditions up to the present dayanada Post.

In Poland, the liberalization process was implerénh several stages [16] according to the
legislation applicable in EU, the 3-year transitfmriod ends in 202%nd the Office of Electronic
Communications (OE€)according to the competences, has announced artendrealization of
public services by the operator designated fop#reod of 10 years [see 33].

In order to specify data which are relevant frora gerspective of analyses of changes in the
postal services market, a declining number of tiaakl letter mail and growing number of parcel
and express mail should be taken into considerakan 1 shows the changes in the structure of
performed postal services.

Parcel & express

Letter post

0% 10% 20% 30% 40% 50% 60%

2011 m2007

4 The establishment of the internal postal servivasket within the EU Member States has been coegplgbm a legal point of
view in 2008. At the same time, the recommendedllsguctures were implemented in the Member Stasewell as a gradual
liberalization of postal services, a complete répgthin that scope available [[35].

® The European Parliament established the date eofcdimplete opening of the postal market and aceghyi it implemented

transitional regulations which were available upoibmitting relevant applications to the European @@sion with justification,

which was mostly used to adjust the national legdér and to complete the restructuring processaté-owned operators.

5 OEC - the Office of Electronic Communication, thestdent of the Office of Electronic Communicatiomigegulatory authority

in Poland in telecommunication and postal activitgre [34].

-23 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Fig. 1 European sector of postal services comparison @7-2011
Source:Main Developments in the Postal Sector (2010-208®)dy for the EuropeanDirectorate General for Internal
Market and Services Commission WIK-Consult Bad HdgnAugust 2013., p. 163.

Comparing to 2007, the value of the postal servinasket declined in 2011 from 94 to 91
billion Euro [8, p.163]. During this period, an nease could be noticed in the area of parcel and
express mail services and decrease can be noticsse of letter mail, however it is uneven across
EU (Fig. 2).

In Lh
Joelolee] 1 ol selur 11 holcH{cxe | urlerlaclczeelmlul L7 ]pi ol si s
Wester countres | Souther counriss Eastern countries
12007 w2011

Fig. 2 Domestic letter mail per capita in 2007 and 2011
Source:Main Developments in the Postal Sector (2010-208®)dy for the EuropeanDirectorate General for Internal
Market and Services Commission WIK-Consult Bad HdgnAugust 2013., p. 167.

It results from the detailed data specified in g that the most letter mail per capita fails
in the countries of the Western Europe and in 20&llargest decrease in demand for this type of
services was noticed in comparison to 2007. A simiéndency, however with a lower intensity
occurs in the Southern (Central) Europe and Ea$ferope. The exception is Poland, a detailed
analysis has been presented in the report aboupdbtal market condition available on OEC
website [13]. On the basis of data concerning thlende of postal matter presented on Table 1, it
can be concluded that the letter mail market i§ gtowing and the data presented in the report
shows a gradual decrease in the share of Poczs#aadP8lA. in this sector of services in favour of
private operators [36].

Postal matter Volume (millions of items)

2006 2007 2008 2009 2010 2011 2012 2013
with 50905 | 5193.3| 5410.7/ 55360 55974 5749.8 ®9a% 4876.9
unaddressed ad
mail
without 18021 | 1994.3| 20025 2011.3 2018/8 2018.700128 | 2 085.7
unaddressed ad
mail

Table 1 Number of postal matter in domestic and intermetidrade in Poland between 2006-2013
Source:Raport 0 stanie rynku pocztowego za rok 2013 [Reporthe state of the postal market for the yeat320
Office of Electronic Communications, Warsaw, 204436

The available data concerning the development gndrdic growth of the global market of e-
commerce B2C sale is presented on Figure 3. anhb/ses presented in the available reports [23]
show that the growth of the market in particulaurtnies depends on the level of economic
development.
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2010 2011 2012 2013 2014(f) 2015(f)

Figure 3 Global data concerning sales of goods and seraicghe e-commerce B2C market and the expecteddsirec
for 2014/2015.
Source: http://www.ecommerce-europe.eu/facts-figiavailable on March 24, 2015);

The presented analysis of data related to the wlohietter mail with a simultaneous reverse
tendency on the e-commerce market proves thatdhditions on the postal services market are
changing dynamically. It has been proved basecherahalysis of the postal services market that
the reason for such changes is liberalization efrifarket within the EU by purposeful changes in
legal conditions causing an increase of competitd®@trease of the volume of letters, noticeable
particularly in the highly developed countries mnoection with the e-substitution in the sector of
traditional letter mail. An important parameter girérequisite of e-substitution of postal services
and e-commerce market development is an accesgital ihfrastructure which closely correlates
in terms of a decrease on the market of traditipasgkal services and e-substitution in the form of
an increase in the sales of products and serviceth® e-commerce market. The presented
tendencies and the connection of the availabilitgligital infrastructure with the postal market and
development of online sales explains also the asgen demand on the parcel and express mail
market presented in Figure 1 due to the need taiggdhe customer with goods bought on the e-
commerce marketThe described dependencies have been preserfteglie 4.

Digital infrastructure Internet users and e-shoppers

2007 2008 2009 2010 2011 2012 2013 2007 2008 2009 2010 2011 2012 2013
Intemet access  mBroadband aceess Internetusers  me-shoppers

wik -

CONSULT

Figure 4 Digital infrastructure and the use of the Interimetpurchases in the EU-28 between 2004-2013
Source: Main Developments in the Postal Sector@2i13). Study for the European, Directorate Galrfer Internal
Market and Services Commission WIK-Consult Bad HdgnAugust 2013., p. 167.

To sum up, the competition in the field of e-sulogitbn of postal services, liberalization of
postal services within the EU and dynamic develapnoé the e-commerce market have a direct
influence on the behaviour of customers and it titutes the major determinant of changes.
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3. Adapting the new portfolio to the services of Poczta Polska S.A. to the
changing environment

Each environmental factor, reducing the compangfzability to obtain necessary resources or
produce and implement its services on the markatoptmes a hindering factor and also a force
which triggers a certain change affecting the waygl@ing business and managing the company.
The changes can be implemented by the companyystmwguickly. Slow changes of the company
are easier to be controlled and implemented, aeyl dfso allow a better use of resources and costs
over time. However, their effects may be negligiae slow, and their implementation may cause
that the supply of the company becomes outdatedh®mther hand, the fast changes disturb the
balance, create new quality of labour conditiond eefations, require high mobility of forces and
resources, hinder their acceptance and enhancetarete to implement them. Nevertheless, they
allow for a rapid improvement of the condition diet company and strengthening of its
competitiveness [10, p. 95].

Fast changes shall be significantly important i dlotivities of public postal operators in terms
of transformations within the European sector ofktpb services. The rate of reaction and
performance of necessary activities should be @ifaf the highest importance for the companies
which have to adapt to the changing environmenpglément innovations and compete in these
areas of a business activity which bring the mesigfits. The ability to quickly and simultaneously
implement numerous and various changes is crumighe maintenance of a significant position of
a public postal operator on the market.

However, the implemented changes should be plansgiject to public acceptance and
dimensioned in terms of obtained benefits overratetime and what is the most important is that
they should be innovative. A lot of authors consid@ovations as an introduction of any new idea
and new technical inventions or improvements whatdbw for an increase of the quantity and
quality of the implemented serviced, increase bbla productivity and investment level [11, p. 9].

The response of the Management Board of Poczt&#®&8s. to the changes observed on the
postal services market was the development anceimmgahtation of the Strategy of Poczta Polska up
to 2015 [15]. The presented solutions are contislyomplemented and they have been included in
the currently developed and presented strategy aw@®20 [19]. The strategy assumes a
diversification of the ongoing postal services angradual replacement of declining services with
the services tending to increase. This assumptomdlustrated in Figure 5 and they fit in witteth
tendencies presented in the part focused on thketnanalysis.

USLUG| BANKOWE t USLUGI KEP t
= E-USLUG t ¥ T
+5% NG i F’ +7%
5 +11,5% & 5 +7,5%
USEUGI LISTOWE ‘
k F ¥ - CORE BUSINESS N )
Synergia sieci ? Operator wyznaczony Synergia sieci
placowek 3 logistycznej
e -r!-'i.‘:;,""h.i-r:i
UStUGI UBEZPIECZENIOWE t USLUGI LOGISTYCZNE t
-~

W +11% - Wazrost rynku a?-i \ +8%
W' - +10% - Rentownas¢ rynku “@"‘5%
Fig. 5. Areasfor development of Poczta Polska Group
Source:S. Skafynski, NowaPoczt@, Magazyn Poczta Polska, No. 6(819)/ June 24, 2013;

The main area of the company’s growth in the sgna®#015-2020 will include parcels, courier
mail and the entire value chain for e-commerce zRoPolska wants to achieve in this sector the
revenue of 1,5 billion of Polish Zloty, that is P@0increase. The new strategy is to enable the
company to effectively carry out the activity of @perator designated after a positive settlement of
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the tender carried out by OEC and to increase éhe\of the Group before IPO in future [2The
assumptions of the new strategy include the dewedop directions which have already been
performed in the previous strategy and which réfethe development of the services and new
areas, the selected elements of such actions, woimcterms of this article:

= parcels and express courier mail for the compaopesating within the e-commerce sector,

= services provided for TSL market in terms of trawsand storage of pallets on the domestic

and international market.

= postal as well as banking and insurance servicteeidigital sector.

The technological and organizational innovationgehthe most significant meaning for the
development of mail in the current market condsionTechnological innovations include the
changes related to the implementation of new sesvand process innovations. The first consist in
the change of the performance of existing servicegeation of completely new services [9 p. 59].
On the other hand, the process innovations ar@dlemethods of implementation or distribution
of services [10 p. 146]. Significant and strateggansformations should be made in the logistic
system in order to carry out the process. Whetbasprganizational innovations relate only, among
others, the structures in terms of the organizadiotine logistics chain and the ownership structure
of the links of this chain, that is the involvedigas. A proper development and innovations should
provide an integration of its elements with thatggy and company’s development directions.

The implemented and planned investments in theepted groups of services constitute an
answer of the operator to the changes on the mafkststal services and their advancement level
is different in the European Union countries. Tima af the presented directions of changes in the
services portfolio of postal operators is the ansdwehe changes and development of new needs of
society and business. The type of actions takerage of Poczta Polska S.A. results also from the
conditions in the country, the nature of which ndéfer from the situation of other postal operators
in the European Union [see 8].

From the group of development conditions of Pod2tdska S.A. strategy presented in the
reports on the operation of the postal market ilfband European Union results that the fastest
growing is the e-commerce services market direeligted with the services provided by the postal
operators from KEP and TSL group [17 p. 418].

Diversification of the portfolio of Poczta PolskaASservices is achieved by the introduction of
the service including domestic road transport dfepashipments in 2009 and also storage and
warehouse services in subsequent years [26, 2ig]ifiportant that the operations of the logistics
process were and are the main business area pb#tal operators which in case of Poczta Polska
S.A, were developed and performed for the intenesds of the company in 2009 [6 p. 43-50].
Currently, the logistics postal chain and warehosisgce have been made available for external
shipments [18 p. 313]. The traditional postal ssrgiare directly connected with TSL market and
from KEP group, they are provided for the neede-cbmmerce market - the postal parcel and
courier mail. It results from the analysis of KERrket in Poland [13] and in the world [20] that it
is the fastest growing segment of the postal sesvibarket. Poczta Polska S.A. indicated in its
offer the unlimited possibilities within this scopad develops individual offers for the needs of ke
customers of this industry [31].

Another group of services which are subject to dyeamic change are traditional postal
services, where the changes result from their stgubon and have also been used by Poczta
Polska by creating an innovative platform for aefi@nd safe communication directed to private
persons, companies and public institutions. Envelmympany of Poczta Polska S.A., uses the latest
Internet communication channels and thus, it presid convenient access to postal services by
mobile and stationery devices [32]. An importargneént of digitization of postal services are
applications supporting e-services: e-sender, etorimg, e-forms, e-info and mobile applications
[28].

The nature of financial services provided by Po&aiska is similar to other companies which
offer banking and insurance services. These sexwmdude typical postal services, such as: postal
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order and payment services [29] as well as speséiwices having complex cash logistics nature
[25].

It can be concluded from the presented analysieetelected portfolio of postal services that
the offer is adjusted to the needs of customerscaadges in the postal market. Traditional postal
services have their counterparts in e-servicestlamgost increases its presence in TSL market and
also recovers the position in KEP market. Finansabices constitute an important pillar of the
development of the capital group7 operating undertrand of Poczta Polska S.A.

4. Conclusion

Based on the presented analysis of selected elsnuénthe postal market, the potential,
dynamic of the market especially in the contexths operation within the e-commerce market
should be emphasized. The strategic element ofctimapetitive advantage of public postal
operators is their long-term presence and expegi@naviding services to individual customers as
well as the communication links network adjustedtfos purpose and covering the whole country
along with the connected logistics points infrastiiwe. The e-substitution of traditional postal
services which is described in this article andeesly the changes and technological innovations
cause that the competitive advantage of state Ipogkrators constitutes an important asset,
however it is not sufficient for the operator toekethe position in the market. Maintaining the
competitive advantage and position in the markdit depend of the strategic decision, mainly in
terms of e-substitution of traditional postal seed and customer service in KEP and TSL market.
The presented and implemented strategy concernuggsdication of revenues of Poczta Polska
S.A. by diversification and change of services fotid in the context of keeping the market
position depends mainly on the innovative technegdigitization of the offer and they should be
assessed from the perspective of the answer abgbeator to its own and global situation in the
postal market. Moreover, the analysis shows thay tare a necessary condition to keep the
position. Nowadays, the changes will help in theglterm perspective, the development of the
target model as well as the social function whibbusd be provided by the postal operators by
reducing the distance between the quality standaittie provided traditional postal services and
the size of digital communication.
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Abstract. The paper presents a proprietary software thatlesdhe following energy efficiency indicators
and indexes for ship power systems to be calculgiedormance, Energy Efficiency Operational Index
(EEOQI), energy consumption per a tonne of tranggbfteight, vessel operational costs. The calauati
methods have been developed on the grounds ddtliter data, the requirements of classificationedims
and the International Maritime Organization (IMO).

Data necessary for the calculation and analysgathered in a database which is an integral pathef
software. The required technical and operationéh @ae: technical specification of a ship, machiaed
equipment of the power system, the results of paystems’ operational tests, operational conditions
which the tests were carried out, the type andmaelof transported freight, distance travelled dedship’s
speed.

The calculation results regarding each energy ieffay indicator and index may be used for current
assessment of the energy efficiency, operatiorgtb@nd an impact of the operated ship on the @mwient,
taking into consideration various ambient condsi@nd freight volume. The developed software may be
also applied during modernization and design works.

The paper includes an example of the software egu@in for the Polish fishing fleet.

Keywords: ship power systems, fishing cutters, energy &fficy.

1. Introduction

Previously, the term of energy performance has bmenmonly used to determine the
energy efficiency of ship power systems as the oreasf a conversion degree for the chemical
energy of fuel used in a marine power plant. Ineoitd mitigate environment pollution, especially
by CQO, emission, IMO entered into force, commencing ShJanuary 2013, the requirement
regarding the Energy Efficiency Design Index (EEMich is developed and mandatory for new
ships, and the Energy Efficiency Operational Ing€kOI), obligatory for the ships in operation.
The two indexes relate fuel consumption and, @dission. EEOI is essential during drawing up
Ship Energy Efficiency Managment Plan (SEEMP). #lips, both new-built and in operation, are
subject to SEEMP, which provides optimal ship operain terms of energy consumption and
hazards to the environment [3,4,5,9].

The reduction of energy consumption by the energstesn may be obtained due to a
comprehensive approach to the problem, executiagdlowing tasks: developing a concept and
designing the system, selecting energy-saving andament-friendly machines and equipment,
drawing up and implementing procedures for energpagement and calculating energy efficiency
indicators and indexes for the design power systems

The calculation results of the energy efficiencgi@ators and indexes for ship power systems,
such as performance, Energy Efficiency Operatitmdéx (EEOI), energy consumption per a tonne
of transported freight, are needed to determinp sperational costs and the impact of the ship
operation on the environment.
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In order to make calculations it is required to @lep calculation methods on the grounds of
literature data, the provisions of classificatiatisties and the International Maritime Organizatio
(IMO), and to gather large amounts of data obtath@thg the operational tests on ships.

The paper refers to the calculation software depezlofor a specific type of ships such as
fishing cutters. Giving the power systems’ struetaf fishing cutters and their intended operational
tasks, the software includes the calculation methfadt the following indicators and indexes:
energy performance, EEOI, the indicator of enemgysamption per a tonne of fish caught and the
operational costs. An integral part of the softwiara database allowing to collect technical déta o
fishing cutters and their power systems, operati@umditions and the data obtained during
operational tests used during the calculations.

2. Softwar e specification

The developed software is for modeling logical tieless between the real physical
phenomena and mathematical relations dedicated fihring vessels [1,2,6,7,10,11]. The
calculations may be carried out using the dataildtaduring the operational tests on fishing
cutters in order to obtain actual energy indicatnd indexes for the vessel, as well as new power
systems may be configured for fishing cutters amgirtenergy indicators and indexes may be
calculated.

The key tasks for the system a part of which isstbfévare are as follows:

» providing the possibility of the acquisition of nse@aement and technical data on fishing
vessels;

» providing the possibility to store data regardimghing vessels on an independent server
accessible from any PC connected to the Internet;

» performing calculations based on the technical@etational data of the analyzed vessels;

» developing new solutions for power systems andutaing their energy indicators and
indexes;

» storing information concerning existing and modefealver systems, technical data of
fishing cutters and calculation results;

* printing reports including the results of calcutas and power systems’ diagrams.

The database system has been developed in 2¢latemture due to the expected limited a one-
time number of users and the amount of data stodedlitionally, in that case, the two-tier
architecture will be easier to restore the systémfailure occurs.

The database for storing the calculation resuéishrtical specifications and power systems’
diagrams has been created on an external servandén to manage the data on the server
(a relational database server), the softwarBastgreSQL GLOBAL DEVELOPMENT GROUP -
PostgreSQL 9.3.1. has been applied.

The developed software enables to calculate thewwlg energy efficiency indicators and
indexes for fishing cutters: energy systems’perfamoe, EEOI, the indicator of energy
consumption per a tonne of fish caught and theatjperal costs.

The indicators and indexes have been selected dmisy the specificity of the fishing
cutters’ energy systems’ structure, operationdsand the requirements of fishing cutters’ owners.

The paper presents two, the most important caloalaodulars, incorporated in the developed
software, enabling to determine the performancets0I for the power systems of fishing cutters.

3. Calculation of power system perfor mance

A performance calculation modular allows to detexenthe performance for the existing
power systems, the diagrams of which are in thabdete, simple power systems (with one main
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internal-combustion engine) developed by a userfandomplex power systems developed by a
user (with more than one internal-combustion engiAeorint-screen of a calculation of the power
system performance is presented in Fig.1.
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Fig. 1. Modular architecture to calculate power systenfquarance.

Units presenting particular elements of a powetesgsallow for the construction of a power
systems in any configuration and upon enteringdtéita obtained during the operational tests [8,12]
or theoretical data, the performance values arepoteal.

4. EEOI calculation

The modular architecture to calculate EEOI is presin Fig.2
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Fig. 2. Modular architecture to calculate EEOI for a frghcutter .
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The software allows to calculate EEOI for everyragienal tasks (free sailing and trawling), as
well as for the entire travel. The calculated EE@ues allow to determine the G@mission from
internal-combustion engines and oil-fired boilansthie power system while the operational tasks
are carried out.

5. Conclusion

The aim of the software is to facilitate and ac@kethe calculation process in the scope of
the energy efficiency indicators and indexes ferpower systems of fishing cutters.

The software brought the complex and complicatécutation methods to one easy-to-use
software, which is so accessible and simple thag¢raon who does not work using a PC on daily
basis would cope easily with an analysis of therggnefficiency of a vessel. Additionally, the
calculation modules for power consumption per anéoof fish caught or the maintenance costs will
allow fishing cutters’ owners to determine the sastd operating profitability.

Another advantage of the software is a possibilityanalyze as well as to simulate the
energy indicators and indexes and the costs petrign@ne operational task or a series of trips.

The possibility to construct new power systems ng aonfiguration allows to perform a
numerical simulation of energy effects and operatiacosts for fishing cutters. The results of the
simulation allow a decision on power system modeatndon to be made or to develop guidelines for
a design of new fishing vessels’ type.

The software is evolving and upon consultations dne to the suggestions from the users it
will be modernised as well as new, useful functiolh be implemented.
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Abstract. The energy efficiency indicators, adopted by thtermational Maritime Organization (IMO),
including the Energy Efficiency Operational Indima(EEQI), apply to vessels operating in merctikaats
(containerships, bulk carriers, tankers) and reféhe cargo mass carried.

Giving the protected zones in which the Polishifighfleet operates at the Baltic Sea, the adopgiod
implementation of more restrictive regulations mwvieonment protection and taking into consideratioe
interest of shipowners in improving the operatiosificiency of their cutters, it should be expecthdt the
IMO regulations and provisions regarding fishingsels will be adopted.

Taking into account the specificity of the operatiof fishing vessels for which operational taske ar
applicable (the most important are inter alia fsading and trawling) the possibility to adopt EEOI this
type of vessels should be analized and examined.

The paper presents the results of an analysis diegathe said possibilities based on the outcome of
operational tests carried out on a selected fishirtter and giving the IMO requirements in the scap
determining EEOI..

Keywords: fishing cutters, energy efficiency operationaliaadors.

1. Introduction

EEOI, developed by IMO and entered into force om January 2013, allowing for the
assessment of the vessel energy efficiency onmubeasis, may be calculated as follows [3,4,5,8]:

Z FC,Cy,
EEOI=—"\—— [gCQy/t Nm] (1)
argoD
where:
FC; — all fuel consumed by main and auxiliary engimetuding boilers for work done
J —fuel type,
Cr — the fuel mass to G@nass conversion factor for fyel
Meargo — IS Cargo carried (tonnes) or work done (numiérElJ or passengers) or gross tonnes
for passenger ships;
D — the distance in nautical miles correspondmtié cargo carried or work done

The application of the formula 1 requires to knoyc@nversion factor the values of which for
various fuel types used in shipbuilding is preseémmteTable 1.

During an analysis of the formula 1 components ayrbe stated that the aim of the formula
was to determine the impact of the volume of thasfifjvarious types) combusted on ships on the
environment pollution through the G@&mission

In order to calculate EEOI it is required to praichrgo mass or the number of passengers on a
ship depending on the transport work. In the cdsksbing vessels, during a certain operational
task (work done) e.g. during a voyage to a fislveingn no catching has been performed or during
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changing a fishery following unsuccessful fishinigjs not possible to determine EEOI using
formula 1.

F
Type of fuel Reference Carbon conte -CO2/t-Fuel)
Diesel/Gas Qil ISO 8217 DMX do DMC 0,875 3,206000
Light Fuel Oil (LFO)| ISO 8217 RMA do RMD 0,86 3,150
LPG Propane 0,819 3,000000
Butane 0,827 3,030000
LNG 0,75 2,750000

Tab. 1. C-conversion factor values for fuels [8].

The solution of the issue regarding EEOI calculafior fishing cutters requires an analysis of
indicator values for particular operational task®rks done). Therefore, it is required to carry out
operational tests on a cutter.

2. Operational tests performed on a selected fishingutter

The operational tests have been carried out oshanfj cutter with the following technical
parameters [1,2,12] :
e total length - I=17,6 m;
e total deadweight - B=42 BRT;
» operational speed - 8,5 kn;
* engine type — PUCK SW 680;
* engine nominal power —N=167 kW,
* nominal rotational speed +2000 RPM,;
» fuel conversion factor — ¢ 3,20600.

The vessel executed five operational tasks (workisg. tests showed that the cutter sailed
the distance of 198 nm within 31h, consuming 0,88¥e of fuel and catching 7 tonnes of fish
[1,2,6].

The detailed measurement data obtained duringicenfzerational tasks (works done) and
calculated EEOI are presented in Fig.1.
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Fig. 1. Print-screen of EEOI calculation for fishing vdsse
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Taking into consideration the differences of catedl EEOI values, more detailed analysis is
required in order to apply the indicator for fishivessels.

For the purpose of the EEOI calculation a propretsoftware was applied. It allows to
calculate EEOI for every operational task (work epand in relation to the weight of fish caught.
During the tests, the vessel performed 5 operdtitasks (Fig.1, Tab.2): voyage to a fishery,
trawling 1, change of fishery, trawling 2, returoyage to the port. While 3 tasks were carried out,
the fishing cutter did not perform any fishing aittes. Hence, there is no possibility to determine

EEOQI.

However, giving that there were fish onboard whigre caught during the performance of the
previous tasks (works), EEOI was calculated inti@heto the transported cargo.

3. EEOI calculation method - proposition

In order to analyze in detailed the issue regar@B@I calculation for fishing vessels, the data

from Fig. 1 was used. The data is included in Table

Task Time Fuel No. of | Fish | Distance| EEOI for the task EEOI for
(work done) consumption| catch | mass (work done) cargo
[h] [ka] [t] [t] [nm] [tCO yftcargM] [tCO/tcargNM]
Voyage to | 10 304 0 0 70 No fishing No fishing
fishery
Trawling 1 4 78 3 3 16 0,00520975 0,00520975
Change of | 2 63 0 3 14 No fishing 0,004809
fishery
Trawling 2 3 21 4 7 12 0,00140263 0,000801p
Return 12 402 0 7 86 No fishing 0,00214088
voyage to
port
Total 31 868 7 7 198

Tab. 2. Measurement data and EEOI calculation for examaugigr

The data provided in Table 1 present EEOI valuésutaed for the particular operational tasks
(works done) performed by the vessel. It shouldubderlined that EEOI value for the particular
operational tasks (works done) is not determinegdte following operational tasks: voyage to a
fishery, change of fishery, return voyage to thd,mnce the cutter did not catch fish at thatetim

In the case of determining EEOI in relation to flsh caught and kept onboard, only in the
case of one operational task (voyage to a fishdryas impossible to calculate the indicator.

The following EEOI that was calculated is an inticareferring to the entire voyage. During
the calculation the following numbers were takeo iconsideration: the mass of the fish brought to
a port, the mass of fuel consumed during the voyage the entire distance sailed during one
voyage. The value of the indicator equaled to 0Q0FB0 [tCQ/tcargdiM] (See Fig.1).

The EEOI values, determined for the examined cattelrfor all operational tasks (works done)
during one voyage are presented in Fig.2.
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Fig. 2. EEOI for the examined cutter.

Regardless to the operational task (work done), IEE&ches the highest values in relation to
the mass of fish caught. Whereas the lowest valuelated to the entire voyage.

4. Conclusion

The presented method for calculation and interpogtaof EEOI allows for better
assessment of the energy efficiency for fishingeratduring particular operational tasks (work
done).

It has been proven that the EEOI values differpfanticular operational tasks (works done).
The indicators calculated for the task such as-$ekng (voyage to a fishery, position change,
return voyage to the port) are of the highest valueneans that there is the greatest risk for the
environment due to the G@mission.

The calculated indicators, referred to one tonngsbf caught, make their value conditional
only on the volume of the consumed fuel and distanaveled. The desire to improve the energy
efficiency of fishing cutters means the EEOI valbese to be minimized. It may be obtained by
installing internal-combustion engines on fishingters, the performance of which is high, and by
changing and improving hull shape in order to redagdrodynamic resistance values, and by
voyage planning [5,6,7,9,10,11].

EEOIs determined for a number of subsequent voyagearious weather conditions allow
to assess how operational conditions affect the IB&Des.

Using the developed software a numerical experimeay be carried out. The aim of it is to
optimize the EOI value depending on installed ma&icombustion engines of various volumes of
consumed fuel as well as the power of the engiregaan impact on cutter speed.

In relation to fishing cutters it is advisable taglement to determine EEIO for operational
tasks performed by a cutter and for the entire geya

References

[1] BEHRENDT, C. (redakcja i wspotautor), Raport z izadji projektu nr 00017-61535-OR1600006/06 w ramac
Sektorowego Programu Operacyjnego Rybotéwstwo ietrarstwo Ryb 2004-06, dziatanie 4.6: Dziatania
innowacyjne i inne ptOpracowanie wytycznych do modernizacji jednostddaciich w aspekcie zmniejszenia
naktadow energetycznych i oddzialywaniasradowisko.Szczecin 2008, str.1300,

-38 -



(2]
(3]
[4]
[5]
[6]
[7]

[8]
[9]

TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

BEHRENDT, C.Analysis of Fishing Cutter of the Polish Fishinge&l and Structure of Their Power Systems,
DEMaT’13 Conference, Rostock 2013, conference rizdsepp. 253 -261,

http://shippingefficiency.org/eedi-methodology (ess 27.02.2014),
IMO, Guidance for the Development of a Ship Efficienendjement PlanMEPC.1/Circ. 683, London 2009,

Key Challenges to Promote the Energy EfficiencyFigsheries From a Research and Innovation Perspectiv
Report from workshop about energy efficiency orgadiby the European Fisheries Technology Platfdeadgrid
2012,

KLYUS, O. The Results of Experimental Works on Increasingfective and Lowering of Toxic Parameters in
Diesel EnginesZeszyty Naukowe Akademia Morska w Szczecinied{i@1)/ 2012, Szczecin 2012, str. 63-69,

KRAUSE, P., BEHRENDT, C.Possibilities of Maximizing the Operational Efficey of Fishing Vessels,
Horyzonty Dopravy 5/200&,ilina, Slovakia 2008, pp. 56-61,

MEPC 1/circ. 684Guidelines for Voluntary Use of the Ship Enerdficiency Operationalndicator,

NOTTI, E., BUGLIONI, G., SALA, A.An Energy Audit Tool for Increasing Fishing Effiegy, International
Symposium on Fishing Vessel Energy Efficiency, ERifig, Vigo, Spain 2012,

[10]JRAJEWSKI, P., BEHRENDT, CThe Structure of Main Engine Power Installed oni$tolFishing Vessel

Operating from Polish PortProblemy Eksploatacji 1/ 2008 (68), Radom 2008,1¢7-156,

[11]SZCZEPANEK, M., KAMINSKI, W. Test Methodology Assumptions for Energy Test diiffigsFleet Cutters

Conference DEMaT’13, Rostock 2013, Materials pi8-280,

[12]SZCZEPANEK, M.Struktura polskiej floty rybackigfechnicka Diagnostika, z 1/2013, Ostrava 201t339-40.

-39 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Effects of Autonomous Vehicles on Road Safety

*Jan Kapusta, FubomirCernicky

*University of Zilina in Zilina, Faculty of Operain and Economics of Transport and Communications,
Department of Road and Urban Transport, UniverZitn@l0 26, Zilina, Slovakia,
jan.kapusta@fpedas.uniza.sk, lubomir.cernicky@fpentéza.sk

Abstract. This paper deals with the effects of autonomousclehon the safety of all road users. They offer
many noticeable benefits such as fewer trafficigiolhs and congestions. First part provides anviaer of

the situation on the roads in the recent years. idunof accidents, especially fatal ones, is a geaféty
indicator.Next chapter consists of a brief characteristiawtbnomous vehicle technology. Few of the main
hardware and software components are also preseévited implementation issues that need to be solved
before these vehicles can become a part of everjday are introduced in the last chapter.
Keywords: autonomous vehicle, road safety, fatal accidentglédmentation issues.

1. Introduction

A driverless car is an automobile that has anplatiosystem allowing it to safely move from
one place to another without help from a humanedriideally, the only role of a human in such a
vehicle would be indicating the destination. Theplementation of driverless cars could
theoretically lead to many improvements in transggam, including a reduction in car accidents,
more efficient transportation, and an increaseoadrcapacity. There are, however, many obstacles
to successfully implementing the driverless caa asmmon and effective method of transportation.
This is especially true in situations in which adrless car would need to safely navigate aloregsid
normal cars directed by human drivers. To be usefdlriverless car must be able to navigate to a
given destination based on passenger-providedutigins, avoid environmental obstacles, and
safely avoid other vehicles [1].

Over 95% of road accidents involve some degreerivedbehavior combined with some
other factors. Usually the primary cause of anda is the behavior of the driver. Most of the
collisions are caused by excessive speed or agggedsver behavior. Despite this fact, drivers
always try to blame road conditions, equipmentufailor other aspects [2].

2. Road accidents

Conventional driving imposes not only costs for tdever (e.g., fuel, depreciation,
insurance), but also substantial negative extareslon other people. For example, every additional
driver increases congestion for all other drivemd &ncreases the chance that another driver will
have an accident. While the frequency of crashesldeen gradually declining, such incidents
remain a major public health problem. AV technolan dramatically reduce the frequency of
crashes. [3].

Road accidents are caused mainly by humans whgm#gect or refuse to follow laid down
rules, signs and regulations concerning the useaafs. Human factors in vehicle collisions include
all factors related to drivers and other road useas may contribute to a collision. Examples of
such factors include driver behavior, visual andlitamy acuity, decision making ability and
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reaction time. Driver impairment describes factiwat prevent drivers from driving at their normal
level of skill. Common impairments are for exampleohol, physical impairments such as poor
eyesight, age, fatigue (sleep deprivation), drug aad distraction such as conversations and
operating a mobile phone while driving.

As can be seen in Figure 1, the number of repoatEzidents in the USA has unstable
characteristics. There is no trend, because theesalary in this period of four years from 2009 til
2012. On the other hand, there is a noticeablargeni number of accidents in EU and in Slovakia
during the same years. Only around 1% of all th& faccidents in EU take place in Slovakia. This
type of accidents includes all the victims who dighin 30 days of the accident as a result of
injuries sustained.

Total number of fatal accidents

USA EU Slovakia
40000
35000 39362 32999 32367 33561
30 000 33 883 31508 30686
25000 28126
20000
15 000
10 000
> 000 347 345 324 296
0
2009 2010 2011 2012

Fig. 1. Total number of fatal accidents
Source: processed by authorsbased on[7, 8, and 9]

The Insurance Institute for Highway Safety (IIHS}imated that if all vehicles had forward
collision and lane departure warning systems, seeyblind spot) assist, and adaptive headlights,
nearly a third of crashes and fatalities could evented. Automatic braking when the car detects
an obstacle will also likely reduce a significantmiber of rear-end collisions. The overall social
welfare benefits of vehicles that crash less fratjyeare globally significant and many of these
benefits will go to the buyers of autonomous vedsc[3].

3. Autonomous vehicles

Autonomous vehicle (AV) technology offers the pbdigy of fundamentally changing
transportation. Equipping all of the vehicles withis technology will likely reduce number of
crashes, energy consumption, pollution and redue&dsts of congestion. This technology is most
easily conceptualized using a five-part continuusspnted by the National Highway Traffic Safety
Administration (NHTSA), with different benefits ehe technology realized at different levels of
automation:

* Level O (no automation):The driver is in complete control of the primashicle functions
(brake, steering, throttle, and motive power) &tiades, and is solely responsible for monitoring
the roadway and for safe vehicle operation.

 Level 1 (function-specific automation):One function is automated. If multiple functions
are automated, they operate independently of eten.o

-41 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

* Level 2 (combined-function automation): More than one function is automated at the
same time (e.g., steering and acceleration). Tlserdis still responsible for monitoring the
roadway and safe operation, and is expected tovaidable for control at all times and on short
notice.

* Level 3 (limited self-driving automation): The driving functions are sufficiently
automated that the driver can safely engage irr @ittevities.

* Level 4 (full self-driving automation): The vehicle is designed to perform all driving
functions and monitor roadway conditions for arirerttip. Such a design anticipates that the driver
will provide destination or navigation input, bt mot expected to be available for control at any
time during the trip. [3].

Fig. 2 Autonomous vehicle
Source: [10]

The hardware and software needed for autonomouangriis maturing and vehicle
manufacturers and Tier 1 suppliers are edging closgeries production of their products. Some of
the main components of autonomous vehicles are:

* Sensor technologiesre developing a holistic solution that generatexct positioning and a
complete 360° view of the car’s surroundings. Tiiachieved by a combination of multiple radars,
cameras and laser sensors. Precise positioningsedbon this surround information together with
GPS and a high definition 3D digital map that isittouously updated with real-time data. The
system is reliable enough to work without requirdttyer supervision.

 Combined radar and cameraplaced in the windscreen reads traffic signs dedroad’s
curvature and can detect objects on the road suokhar road users.

e Surround radars behind the front and rear bumpers (one on eadtecaf the car) are able
to locate objects in all directions. By sweepinghbleft and right, transmitting waves that bounce
off signs, poles, and tunnels, they monitor a 360° around the car.

e 360° surround vision cameras monitor objects in close proximity to Wedicle. Two are
under the outer rear-view mirrors, one is in tharrbumper and one is in the grille. Besides
detecting objects at close range, these cameraganéane markings. The cameras have a high
dynamic range and can handle very quick changdghining conditions, e.g. when entering a
tunnel.

e Multiple beam laser scanneris placed in the front of the vehicle, below theigtake. The
scanner can identify objects in front of the cad @nsures very high angle resolution. It can also
distinguish between objects. The unique laser sema® a range of 150 metres for vehicles and
covers a 140° field of view. On the other hand, tiffecal camera can spot suddenly appearing
pedestrians and other unexpected road hazards.

e Ultrasonic sensorsaround the car are used to identify objects clos¢he vehicle and
support autonomous drive at low speeds.The semserbased on the technology used for current
park assist functions enhanced with advanced sigrmlessing. A typical example of when this
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technology is useful is for detecting unexpectddagions, such as pedestrians or hazards on the
road close to the car.

* High performance positioningis one part of the positioning control that is @anted by a
combination of an advanced GPS, a 3-degrees oftldmeaccelerometer and a 3-degrees of
freedom gyro. By matching the 36iinage created by the multitude of sensors withnthe image,
the car will get the information about its positiorrelation to the surroundings. [5].

:_EZ((«%

Fig. 3: Working principle of autonomous vehicle composent
Source: [11]

4. Implementation issues

It seems that all the ingredients are availablgplarnomputing power, state-of-the-art sensors
and widespread digitization. The simple premisehat a processor can act in milliseconds to
provide inputs to the vehicle systems, whereasnaamy even if paying full attention is not capable
of acting in such ashort time. Experts offer a dvaf warning for the automotive industry
regarding a reliance on autonomous vehicles. Autimgahe wrong way can increase system
complexity what means a higher risk of unexpectsdies. What will happen when the driver is
taken further out of the loop, and how to transfamtrol between driver and the vehicle still have t
be considered. It is not that easy and a close haskio be taken at these issues.

The important parts of the Vienna Convention the¢chto be clarified or even altered are
Article 8, Paragraph 5, which states that ‘Everivelr shall at all times be able to control his
vehicle’, and Article 13, Paragraph 1, which staté&svery driver of a vehicle shall in all
circumstances have his vehicle under control 40 &g able to exercise due and proper care and to
be at all times in a position to perform all manenswrequired of him'. A driver of an autonomous
vehicle would be in contravention of these stateasgdne of the hurdles to revising the convention
is that member countries of the European Union hdifferent ideas of the best way forward.
Currently there is no firm agreement on the re-wagdand that doesn’t look likely to change in the
short term. [4].

Volvo, one of the most active manufacturers of aatoous vehicles, will test 100 of its
autonomous cars on public roads driven in nornadfier by members of the public by 2017. The
car manufacturer announced a collaboration with dtstelegislators and transport authorities to
test the cars on 30 miles of roads around Gothgnbyr2017. Participants in the trial will have to
be sober and competent to take over controls atiar@y The system should be capable of handling
a range of driving conditions including smooth coatimg to heavy traffic and emergency
situations, although its test roads will be withpatestrians, cyclists or on-coming traffic. [6].
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5. Conclusion

Careful policymaking will be necessary to maximike social benefits that this technology
will enable, while minimizing the disadvantages.t Y®licymakers are only beginning to think
about the challenges and opportunities this tecgyoposes. There are ongoing discussions about
insurance, injuries and fiscal damage of the camesof the manufacturers talk about taking
responsibility if the system malfunctions, but atheay that they are willing to do so only if there
are some logging problems.

AV technology has the potential to substantiallfeetf safety, congestion, energy use and,
ultimately, land use. There are many potential athges to using a driverless car instead of a
traditional human-controlled vehicle. Achieving thln of zero deaths on the roads is possible
only through the integration of automated technglo§echnologies that permit the car to be
primarily responsible for driving (Level 4) willkdely further reduce crash statistics because driver
error makes up for a large proportion of crashes.

Some experts believe that autonomous vehiclesbwith regular thing by 2025 and basically
a monopoly by 2030. | do not think that there Wil a time when 100 percent of all vehicles on the
road will be driverless. Drivers will have to bevalys ready to take over the vehicle if and when the
software crashes. The technology may be advancedhére are still many hurdles to jump before
autonomous vehicles become a common sight.

References

[1] Conjecture Corporation. What is adriverless car? Conjecture Corporation, 2015, Available at:
<http://lwww.wisegeek.com/what-is-a-driverless-cam#icomments >,

[2] SmartMotorist. What  Causes Car  Accidents?  SmartMotorist.com, 2008, Available at:
<http://www.smartmotorist.com/traffic-and-safetyideline/what-causes-car-accidents.html>.

[3] ANDERSON, JAMES M. et al, Btonomous Vehicle Technology: A Guide for Policymakers. RAND Corporation,
2014, 214 p., ISBN 978-08-3308-398-2.

[4] CHALLEN, J.,  Courtroom  drama. Vision Zero International, 2014, Available at:
<http://viewer.zmags.com/publication/32ccd0e8#/8Re8/4>.

[5] Volvo Car GroupVolvo Cars presents a unique system solution for integrating self-driving cars into real traffic.
Volvo Car Group, 2015, Available at: <https://wwvedia.volvocars.com/global/en-
gb/media/pressreleases/158276/volvo-cars-presemggae-system-solution-for-integrating-self-drighears-into-
real-traffic>.

[6] GIBBS, S.,Volvo to test autonomous cars with ordinary drivers on public roads by 2017, The Guardian, 2015,
Available at: <http://www.theguardian.com/technolif15/feb/24/volvo-test-autonomous-cars-ordinatyets-
public-roads-by-2017>.

[7] European CommissiorRoad safety evolution in EU. European Commission / Directorate General Energy an
Transport, 2014, Available at: <http://ec.européransport/road_safety/pdf/observatory/historieabl.pdf>.

[8] MV SR (2014). Celkovy pocet evidovanych vozidiel v SR. Ministerstvo vnutra Slovenskej republiky, 2014,
Available at: <http://www.minv.sk/?celkovy-pocetigdovanych-vozidiel-v-sr>.

[9] NHTSA (2014). Traffic Safety Facts: 2012 Data. Washington: U.S. Department of Transportation Nwtlo
Highway Traffic Safety Administration, 2014, Avdile at: <http://www-nrd.nhtsa.dot.gov/Pubs/811868>p

[10]CARTER, M., Volvo claims road magnets are safer than cameras and gps systems for self-driving cars,
Inhabitat.com, 2015, Available at: <http://inhabitam/volvo-claims-road-magnets-are-safer-than-casiand-
gps-systems-for-self-driving-cars/>.

[11]The New York TimesHow an autonomous car gets around, The New York Times Company, 2012, Available at:
<http://www.nytimes.com/interactive/2012/10/28/autibiles/how-an-autonomous-car-gets-around.html|?>.r=0

-44 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Factor s Affecting the Road Safety

" Lenka Komakova,  Milos Poliak
"University of Zilina, Faculty of Operation and Emonics of Transport and Communications, Department
of Road and Urban Transport, Univerzitna 1, 0108i6&, Slovak Republic,
milos.poliak@fpedas.uniza.sk; lenka.komackova@fpeoéza.sk

Abstract: This document deals with road safety issues actria that influence the road safety. The first
part elaborates the importance of road safety avedldpment of accidents in selected countries.sErend
part of document describes various factors thdtiénice the road safety. The factors are divideal thntee
groups: the infrastructure, the vehicle and theedriThe document specifically dedicated to theedrgroup

is deemed a significant factor that influences reafetty. It offers another view of increases indreafety by
promoting the public transport.

Keywords: safety, road traffic, accident, driver

1. Introduction

Road safety represents a society issue not onthanEU countries but also in the non-EU
states [1]. The number of fatalities per 100.000population represents more than 2 persons
annually depending on the member state [2]. Petlel. @nalyse the statistics of road fatalities
worldwide [3]. Subramanian emphasizes the sevefitgroblem [4], as road accidents in the US
play the main role in deaths of children, youth addlts below the age of 34. Many authors such as
Koornstra et al. [5] Wegman and Oppe [6] confirra gustainable improvement in road safety as
the number of fatalities in road traffic has gatexreasing tendency. On the other hand though, the
number of accidents and mainly the number of faalistill reflect a significantly higher numbers
than the EU strategic targets [7]. It is therefoexessary to seek another solution in order to
increase the road safety. Due to the fact, the gbdahis document is to analyse factors that
influence the road safety and to identify anoth@utsons that would lead to the increased road
safety.

2. Accident Statisticsin Selected EU Countries

According to the statistics from 1970 to 2012 [8)] the number of fatalities per 100.000 of
population in road accidents we can state thanhduD years, there had been a significant decrease
in road fatalities (see Table 1). For example, ha Czech Republic the rate of fatalities had
decreased from 20.2 in 1970 to 7.1 persons in 2@1the Great Britain the ratio had decreased to
2.8 killed persons per 100.000 of population angudh the Slovak Republic the number of
fatalities reach 5.5 persons per 100.000 of pojman 2012. To understand the change in road
safety it is necessary to identify factors thaluehce it.
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Country / year 1970 1980 1990 2000 2010 2012
Czech Republic 20,2 12,2 12,5 14,5 7,6 7,1
Germany 14,2 9,1 45 4.4
France 32,5 25,4 19,8 13,7 6,4 5,8
Slovak Republic 11,7 6,4 5,5
United Kingdom 14 11 9,4 6,1 3,1 2,8
Norway 14,5 8,9 7,8 7,6 4,3 2,9

Tab. 1. Number of fatalities per 100.000 of populatiomraad accidents between 1970 - 2012

3. Analysisof Factors Affecting Road Safety

According to Oster and Strong [9], factors thatuahce the road safety can be divided into
three groups:
» road and traffic environment and engineering,
 vehicle characteristics and performance,
 driver's behaviour and performance.

Significant improvements contributing to the in@ed road safety would have been made
mainly in the road network quality, especially thgb the construction of superior road networks
known as motorways. In vehicles, innovative methadd tools have been deployed to prevent
from accidents [10]. These changes have signifigacdntributed to the increased road safety.
According to Evans [11], all three groups are desnmeportant even though he trusts the main
factor influencing the accidents occurrence beihg driver's behaviour and performance.
According to Shinara (2007) [12] the driver's beioav and performance are the core factors
influencing the road safety. These statements carddmonstrated through statistics of road
accidents in the below diagram 1. Based on theysisabf road accidents, over 63 % of all road
accidents were caused by drivers’ behaviours.

breach of the driver's obligations
prohibited speed
do not give the right of the way at the intersection

wrong driving style

wrong overtaking

others

Fig. 1. Root causes of road accidents in the Slovak Repub2012
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As per the above and i.e. by Elvik et al. [13]sitpossible to proclaim the road safety to be
influenced by:
» compliance with risk key factors,
* use of restrictive and protective devices,
* impaired driving skills and distractions of driver,
* speed,
» alcohol and drugs,
» use of mobile devices while driving and so on.

The driver's achieved education level has a smmgdhct on road safety. The cases where safety
classes have been taken by persons seem to hatigghpeffected the road safety. According to
Evans (2004) [14] passing the driver’'s test hasiced the risk of accidents among young drivers.
According to a study processed in the US [15], bie¢ter understanding and increased legal
enforcements for intoxicated drivers have incredbedoad safety, too.

If we assumed a lower probability of road acciddontbe caused by professional drivers, we
would indirectly increase the road safety through support of public transport. The higher safety
standards performed by professional drivers opegdtie buses have been confirmed in the surveys
led by Chimba et al. or Blower et al.

4. New Suggestionsto | mprove Road Safety

Current practices on the road safety improvemergsaaned at the quality upgrades of road
infrastructure and the regulated road traffic itiesi residential areas. Improvements in the road
infrastructure quality significantly contribute tbe increased road safety. On the other hand, it
increases the attractiveness of individual roadisjpart [18]. The increasing number of vehicles and
the traffic intensity increase the risk of accide& new view to improve the road safety being via
the stabilized or increased number of passenggusbiic transport. The global problem, above all
in the economically developed countries being tbetinuous decrease of passengers in public
transport reflected in the number of carried pageen[19]. This is caused by the increase in
individual automobile transport which both direatiypacts the road traffic flows and increases the
probability of road accidents. In the effort to irope the road safety and to persuade public to
migrate to the public transport from their carsistnecessary to find feasible remedies. By
supporting the use of public transport operatecexyyerienced drivers which directly lowers the
number of road accidents. Additionally, the roafic intensity will reduce, leading to the higher
road safety. It is obvious that the intense suppbpublic transport use has a multiplied impact on
the overall road safety.
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Abstract. Warehousing significantly contribute to creatidnutlity value of time and place. It enables the
product to be produced and preserved for laterwzopson. It is fit to warehouse the product near pltace
of consequent consumption or near the place wheréotlowing transport will start. Activities concied to
warehousing are related to designing, planninglayout of storehouses, decision-making about starsd
ownership, automation, staff training and othenare
In this article, the warehousing in the Slovak R#gu(SR) will be analysed on the basis of follogin
criteria:

» division of warehouses in the SR according to autowus regions,

» division of warehouses in the SR according to gi®m@apacity,

» analysis of public warehouses from the using infron technologies viewpoint (as for

example RFID, WMS or bar codes are).

Keywords: Public warehouse, Self-governing region, analysay, information technologies, storage area.

1. Public warehouses in the Slovak Republic

In the market economy, in which liberalization isirig enforced increasingly, a constant
verification of transport options and new transportites is taking place. It's not only caused lgy th
impact of increasing competition in the global @y market, but also by many other effects
related to individual states which are under tresgure of internal, political or economic problems.
With the development of new transportation systemg)ementation of intermodal transport and
the application of logistic principles, the role wénsport is increasing not only in the transport
process but in the world economy as well.

Along with the gradual increase of internationade, global revenue resulting from it and
from activities associated with it are growing tdodividual countries are involved and they
support international trade. They use instrumemtaabional economic policy for an immediate
exertion on international trade, which leads terggthening of the competitiveness and productivity
of the given country, which allows them to imprawe living standards of the population and in
some countries even public safety as a responsecdaoomic sanctions of political-economic
groupings.

In case of goods, the export and import from an i@ country is associated with its
movement, i.e. with international transport. Thethmd and quality of transport may have a
significant overall affect on the effect of the d@n trade operation, not only by increasing the
prices of goods depending on transport costs. [1-3]
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2. Analysis of the current state of EU economy

Public warehouse is operated as independent eisterpthich supplies services for fix or
variable charges. These services have usually atdizéd character. We distinguish five types of
public warehouses, in concrete the commercial gogdsehouse, the chilled or frozen goods
warehouse, the special commodity warehouse, bon@dedhouse and household equipment and
furniture warehouse. These differ in the way of ipalation with material of goods and
warehousing systems. [5]

The server www.skladuj.sk, which offer the overviewthe area of warehousing, warehouse
lease of warehouses and logistic centers equipragigter 404 public warehousing premises in the
Slovak Republic and in addition 37 warehouses desigby property developers. Spatial
distribution of these warehouses according to arwus regions you can see in the following
table 1 and picturel. [4]

Table and Picture No. 1: Division of warehousesin the SR according to autonomous regions

. Number of Diision of warehouses in the SR according to antou

Region warehouseg Percentage regions
BR (Bratislava) 165 40,64
BBR (Banska "R
Bystrica) 26 6,9

H BBR
KR (KoSice) 25 6,16 R
NR (Nitra) 31 7,88 B AR
PR (PreSov) 11 2,71 B PR
TNR (Tren&in) 25 6,16 ™

TIR

TTR (Trnava) 96 23,4 =
7SR (Zilina) 25 6,15
Altogether 404 100

Source: www.skladuj.sk

It is clear from the table and Picture 1 that douisof warehouses in the SR is uneven. Most of
public warehouses (40,64 %) we can find in the iBlata region. On the second place is Trnava
region with 23,4 % share. Other regions have apprately the same percentage, in concrete it is
6-7 %. The PreSov region is on the last place withimum warehouses which may be caused by
low economic activity in this region.

Public warehouses were analysed also accordingtage capacity. Outputs and results of this
analysis you can find below in the table 2. [4]
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Table and Picture No. 2: Division of warehousesin the SR according to storage capacity

Without
More than | 5 000 —9 999 1 000 - 4 999 information

Region 10 000 M m? m2 0-999 M | about area | Altogether
BR 25 12 49 72 7 165
BBR 2 4 9 10 1 26
KR 3 3 7 8 4 25
NR 2 1 14 8 6 31
PR 1 3 2 3 2 11
TNR 9 2 7 4 3 25
TTR 13 8 31 29 15 96
ZR 5 0 4 10 6 25
Altogether 60 33 123 144 44 404

400

350

300

250

® 0-999 n?
200 =
1,000 - 4 999 n?
150] W 5000 -9 999 n?
100 | B nad 10 000 n?
50 N
0- 2 = B - = =
S &£ & & & & Qo €
S RS ?\&O%é

Source: www.skladuj.sk

Surprising is the fact that capacity of most of pheblic warehouses is less than 999 m2, in
concrete the deal of these warehouses is 35,6 & pliblic warehouses in the Slovak Republic
(this assertion is not valid in the independeniaed\itra). Equipment of these warehouses is on
the common level. It is adapted on common goodsdbanot require any special equipment of the
public warehouse. [4]

3. Using of information technologies in public warehoses

The analysis showed that not one of 25 enterpiisdee independent area Bratislava operating
the warehouse with capacity over 10 00buse the RFID technology, only one warehouse i thi
area use the WMS system (Warehouse Managementngysted only 4 enterprises use for
warehousing the bar codes. Only one of all develppaects planned in the Bratislava region is
going to use the RFID technology although usingRR¢D technology is in present the trendy and
one of ways how to speed up warehousing operat@mmsther trend is to use the WMS system).
This information is really alarming. Warehousingrgmanies using the bar codes technology are
only in above mentioned Bratislava region, Trnaegion (where it includes two existing
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companies and two in the phase of developer pjogetd one company in Nitra region. We can
state that it is only a tiny percentage of all wangsing companies with storage capacity over
10 000 M (0 % of companies use the RFID technology, 1,23 %sa the WMS system and 1,17
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% use the bar codes technology)

If we take into account all warehousing areas we see the usage of above mentioned

technologies in the table 3 below.

Table 3: Usage of information technologies in public warehousesin SR

Number of

warehouses using

RFID according to

Number of warehouses
using bar codes
according to storage

Number of warehouses

Region storage capacit capacity using the WMS system
0 - 999 nf 1 0 - 999 nf 3 0 - 999 nf 0
1000-4999m | 2| 1000-4999m | 8/ 1000-4999r | 7
5000-9999m | 1| 5000-9999H | 4| 5000-9999m | 3
BR over 10000 rh | O| over 10 000 rh 4| over 10 000 rh 1
Altogether BR 4 19 11
0 - 999 nf 0 0 - 999 nf 0 0 - 999 nf 0
1000-4999m | 0| 1000-4999fm | O] 1000-4999r | O
5000-9999m | 1| 5000-9999r | 2| 5000-9999m | 1
BBR over 10000 rh | O| over 10 000 0| over 10000 rh 0
Altogether
BBR 1 2 1
Altogether KR 0 0 0
0 - 999 nf 0 0 - 999 nf 0 0 - 999 nf 0
1000-4999m | 0| 1000-4999m | 3| 1000-4999rm | 1
5000-9999m | 0/ 5000-9999rm | O] 5000-9999m | O
NR over 10000 rh | O| over 10 000 rh 1| over 10 000 rh 1
Altogether NR 0 4 2
Altogether PR 0 0 0
Altogether
TNR 0O/ 1000-4999rm | 1 0-999 m2 1
0 - 999 nf 0 0 - 999 nf 0 0 - 999 nf 0
1000-4999 | 0| 1000-4999m | 2| 1000-4999r | 1
5000-9999m | O/ 5000-9999rm | 1| 5000-9999m | 1
TTR over 10000 rh | O| over 10 000 2| over 10 000 rh 3
Altogether
TTR 0 5 5
Altogether ZR 0 0 0
ALTOGETHER
SR 5 31 20

Public warehousing companies in three regions Kasice region, in PreSov region and in
Zilina region are not equipped with any informatidéechnology designated for speed up
identification of goods and for making the awarsnabout goods in warehouses clearer. It is
necessary to point out that warehouses which usthéevidence about goods the WMS system
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must be also equipped by the bar code technologyttzarefore these are duplicately included in
both criteria of segmentation of warehouse comzaifyi

If we would focus in the analysis on warehousingaarover 10 000 Trithe statistic of using
information technologies would be following:
» The RFID technology use five warehousing compambgh makes 1,24 % of all 404
warehouse companies,
» The bar codes technology use 31 public warehoungpanies which makes 7,67 % of all
404 warehouse companies,
» The WMS system use 20 of 404 warehouse companiieh wiakes 4,95 %,
From the warehousing area viewpoint we can statethie most use information technologies
warehouse companies with total area between 1 00@ 899 .

4. Conclusion

Trends in this area are mostly made by westeresstatth strong economy and states as for
example the Slovak Republic is can choose. Thesesither find their own way or join the other
states. Change of present state in the Slovak Reprdnsists in focusing on fast modernization
and completion of infrastructure. In European ceihtbe Slovak Republic has logistic potential
what we can prove by the force of numerous researand expert opinions. Arrival of investors
and their subcontractors made a flying start oletitgyment of logistics in the Slovak Republic. It is
necessary to search for opportunities for creadiocompetitive advantage in each region in order
to help logistics to increase and not to stop as@nt quality level. The support of the government
by developing the infrastructure, cultivating inetlogistics area or motivating carriers to use
multimodal resolution of their needs are only exbBsphow can government and the state
contribute to logistics.

In west Europe logistics hits capacity and spacedra in large industrial agglomerations and
in addition environmental impacts of all activitibecomes more and more important factor for
supplying companies. Mentioned capacity barriersedhis sector to geographic decentralization
of all activities towards east and simultaneousbnaentration of all activities to reach the
economies of scale. Impacts of the world economisisctogether with drift towards incessant
increasing of competitiveness cause the effect arket concentration, forced company merger or
different forms of near international cooperati@uoperation and perspectives of new occasions in
the logistics area bring also new technologies. @amication of different systems and platforms
require standardization of given information. Fuitroduction of RFID in the world can bring
considerable finance and environmental savings.

Another important theme in given area may be theeld@ment of supply chains in the Slovak
Republic and its specifics so as possibilities ofexkification of logistics services provider
activities in the Slovak Republic. [1-3]
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Abstract. Political development and economic sanctions tiegufrom it constantly creates new challenges
in the area of business logistics. Internationgidiic companies with global reach can be succkssid
provide logistic solutions for their customers lstturbulent environment. International trade &ogistics
form an indivisible unit.

Keywor ds: geopolitical changes, logistics, transport of good

1. Introduction

In the market economy, in which liberalization isirig enforced increasingly, a constant
verification of transport options and new transportites is taking place. It's not only caused lgy th
impact of increasing competition in the global @y market, but also by many other effects
related to individual states which are under tresgure of internal, political or economic problems.
With the development of new transportation systemg)ementation of intermodal transport and
the application of logistic principles, the role wénsport is increasing not only in the transport
process but in the world economy as well.

Along with the gradual increase of internationad#, global revenue resulting from it and
from activities associated with it are growing tdodividual countries are involved and they
support international trade. They use instrumemtaabional economic policy for an immediate
exertion on international trade, which leads terggthening of the competitiveness and productivity
of the given country, which allows them to imprawe living standards of the population and in
some countries even public safety as a responsecdaoomic sanctions of political-economic
groupings.

In case of goods, the export and import from an i@ country is associated with its
movement, i.e. with international transport. Thethmd and quality of transport may have a
significant overall affect on the effect of the d@n trade operation, not only by increasing the
prices of goods depending on transport costs.

2. Analysisof the current state of EU economy

The global economic development has also an efiethe economic development of the EU.
Countries of EU are amongst the most important codity exporters in the world. The overall
share of EU countries on world export of goodsusently around 32 % (data for the year 2012
from the World Trade Organization, hereinafter WTIDe separate internal and external trade of
the EU, then the share of EU countries on worldoexpf goods is around 12%. Countries of the
EU 27 exported in the years 2010-2012 goods andicesr in worth about 17 billion USD.
However, the total import into the countries of #lg 27 represented in the years 2010 to 2012 the
amount of 17.6 billion USD.
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The share of European countries on the global tedb % and the EU 27 itself is 32 %,
import into Europe constitutes 36 % and the EUS233 %.

More than two-thirds of export do not leave the Ebout 63 %), it is the trade within the
Member States, approximately 8 % of export goes Narth America, 6 % of the export into other
European countries, 3.7 % of export into the Comityuof Independent States/ CIS, especially
Russia representing a share of 2.7 %, 9.9 % of ¥idre goes to Asia, 3.3 % to Africa and 2.7 %
exports to the Middle East. The EU export to Chm2012 represented an amount of 184 billion
USD. On the other hand, China's export into ther&tesents an amount of 411.36 billion USD in
2012, i.e. that China's export into the EU coustrgetwice as big.

The commodity structure of the international tradeEU is composed of mainly processing
products (about 80 % of the turnover of the redlib@de exchange), of which about 80 % is
directed for export and 70 % for import. Trade witw materials including oil and natural gas
represents about 15 % of the overall amount. EUstig is characterized by high consumption of
raw materials, fuel and energy, while domestic pobidn cannot meet the ever increasing demand.
Trade with agricultural production is relatively aip about 10 % of the global trade, but its rae i
indispensable in every economy of the world. Ittdbates to the stability of the global economy
and ensures the sustained growth of the humantgo€iee EU is a major exporter and importer of
the commercially provided services, globally. THé BBember states are involved in the turnover of
the global trade in commercial services, about 43r24ransport services the EU exports about 43
% of global export and imports about 35 % of thebgl import, based on the published data of
WTO.

Due to the decreased protection of individual miarlend the subsequent transfer of a large
part of the production capacity from developed #weloping countries, the situation changed in
favor of developing countries. The share of devielgountries (not only BRICS) on foreign trade
has been constantly increasing for the past tweedys. Currently, the most significant increase in
the share on the global export is in Asia.

The global economic development affects also then@mic development of the EU.
According to available data for 2011, the EU GD& growth increased by 1.5 %. The average rate
of growth in developed countries should increasenf..3 % in 2013 to 2.4 % in 2016. Related to
that, the forecast of global economy in 2014, alsd due to the continuing economic growth of
China, positive. The World Bank stated this inlégest report on the development of the global
economy (Global Economic Prospects).

The GDP indicator of developing and transition does, which has increased by 4.8 % in
2013 according to the World Bank, will rise by 847 in 2016. However, the tempo is slowing
down compared to the huge expansion in years 2003-ZExperts from the World Bank predict a
GDP increase of 1.1 % in the EU 27 this year, enftilowing year 2015 an increase of 1.4 % and
in 2016 an increase of 1.5 %.

The analysis shows that the development of the Edh@my is heavily influenced by the
development in a world markets, especially econagiubalization. The main foreign trade partners
are (and will be continued) Russia, China and tlgAUHowever, in the context of the current
political development there are significant chanigethe development of foreign trade between the
EU and Russia. Economic sanctions significantlyngeacorporate logistics of European exporters.

On 3F'July 2014 the European Union adopted the Counetligion 2014/512 / CFSP and the
Council Regulation 833/2014 concerning restrictveeasures regarding Russia's actions that
destabilize the situation in Ukraine. These newrictsye measures focus on four areas: goods and
dual-use technologies for military use or militaepd-user; sensitive technologies for the oil
industry and related industries; import and expbrms and related materiel and access to capital
markets.

The mentioned sanctions began to be applied frdmubust 2014. Their implementation will
be monitored continuously and according to theasibm they may be revised or extended.
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The second quarter 2014 showed a fall in the G4 in the three largest economies of the
EU i.e. in Germany, France and ltaly.

On 7" August 2014 a measure of the Russian Federativergment came into force by the
government decree restricting imports of food agdcaltural products from countries that have
introduced economic sanctions against Russia. Rugsiedia reported that the embargo would
regard products, constituting 10 % of food impaotRussia in a total amount of four billion USD
annually. According to published Russian sourcgsomed food and agricultural products worth 43
billion USD are being imported to the Russian Fatlen annually. Russia banned the import of
fruit, vegetables, meat, fish, milk and dairy progufrom the United States, European Union,
Australia, Canada and Norway.

The following Table 1. shows the categories of faogorted to the Russian Federation from
the EU in 2013.

No. Cathegory Amount in mil. EUR
1. Fruit 1,070
2. Cheese 985

3. pork 969

4. Vegetables 769

5. Spirits 752

6. Wine 597

7. Bakery products and pasta 575
8. Other unspecified food 496
9. Food for pets 483
10. other meat kinds 460

Tab. 1. Ten biggest food category, which are being expoideRussia from the EU (20180urce: European
Commission

According to Sergei Jusino, head of the executw@rittee of the National Association of
Russian meat processing industry, only 10 % of tppuheat is imported (out of which 2/3 are
hams from the USA). Key suppliers of pork and beéd the Russian Federation are Brazil,
Paraguay and Canada.

In 2013, meat worth 6.7 billion USD that was imgorinto the Russian Federation. Out of the
countries affected by Russian sanctions, the bigggsort was especially from Denmark (6.6 % of
the total), Germany (6.4 %), the USA (5.3 %) and&ia (3.8 %).

The Russian Federation can have a big problem th@hsupply of cheese. According to the
USDA (United States Department of Agriculture) vilas cheese consumption last year in Russia at
the level of 794 thousand tons, while imports wé%4Most often they imported from the EU.

Based on the calculations of economists the Russtdrargo on food import from Europe will
cost the European suppliers of € 6.7 billion inhcd3ue to the sanctions 130 thousand Europeans
will lose their jobs. Poland will suffer the mosdt lasing of jobs. In France, Spain and Italy an
average of 10,000 people may lose their jobs.
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The Countries Hardest Hit By Russia’'s Trade Ban

Value of sanctioned food exports to Russia by country (in million U.S. dollars)
Poland mem $1,117.29m
Norway ghes $1,103.00m"

I, ¢ 250.95m

Netherlands

Spain

ol
A
~J
O
N
o
O
3

United States

I 5ccs.25m

Germany ™= I <3 1.68m

Denmark s NI :s22.ccm
France I I [N :::3.70m A
canada I+l I ::71.67m .
Finland — [N ::c7.36m

* Seafood products only

@ Sources: The Wall Street Journal, Russian Federal Customs Service
@statistaCharts International Trade Centre

Picture 1: Countries most hit by Russia's trade ban (in @ilUSA)

Based on the current situation exporters (farnfers] producers) are looking for new ways of
logistics security for their sales despite an iaseeof the logistics costs. European companies are
changing logistics chains, looking for a way tacaimvent the Russian embargo on import of fruit
and vegetables, meat, fish and dairy products fileenEuropean Union and Norway, which also
apply to the production in Canada, USA and Ausirali

Solutions are based on the fact that sanctionth@fRussian Federation formally apply
specifically to the EU and Norway. Therefore, ndd-Eountries may continue to trade with the
Russian Federation. This will change the logidtevf transport routes and external trade between
countries. This applies to Switzerland, Icelandechtenstein, Turkey, Cyprus, Serbia and the
Danish Faroe Islands that are not the member stdtédse EU. Another group are neighboring
countries such as Belarus and Kazakhstan, whiclfoarethe Russian Federation Customs Union.
The fact is proven, that in August 2014 Belarus atiter Eastern European countries increased
their interest in goods from the EU and Europegpmogers are now considering how to meet the
new demand. However, based on the developmentaséstof logistics companies, there still are
logistic companies such as Deutsche Post and Kéihdagel who are carefully giving uncertain
demand and the fact that sanctions will be in fantky temporarily or they can change.

The reason of this may also be the fact that theere disputes between the Russian Federation
and Belarus about the violation of the FTA in tlstowvhich may also caused this situation.

On the other hand, the re-import of food throughaBes may be a measure of the Russian
Federation to mitigate the inflation growth. In ttiestomer "basket” of the Russian Federation food
represents the share of 36.5 %. Meat, milk, daiogpcts and pasta represent the share of 19 % .
Goldman Sachs assumes that food prices will risarbgverage of 10 % and another 1.2 - 1.5 %
will be necessary to add because of the inflatfotarge proportion of food is imported, and e.g.
the prices of apples are 50 % higher due to thedmaimport from the EU. Another possibility for
the Russian Federation is the export of food fraheiocountries. They launched negotiations with
Argentina, Brazil and Ecuador to ensure the immdrisanctioned commodities to the Russian
Federation.

In case the Russian Federation and the EU willicoatin sanctions, both parties must have an
investment plan prepared - for agriculture, buieesaly for logistics.
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Russian logistic experts estimate that if they wednib build logistic centers linked to local
agriculture, the construction of a single logistiosnter would cost about 250 million EUR.
Investments in private sector are questionableusecthe sanctions may lapse.

However, economic benefits of current developmeméy exporters and logistics companies
have from countries outside the sanctions, sucBvetzerland and Turkey. Switzerland rejected
attempts of food companies from EU Member Statesglanned to avoid sanctions of the Russian
Federation on food import for the EU member st#tesugh is exported from the country. Swiss
Federal Office for Agriculture rejected the applioa of European producers, on the ground that
Switzerland has to certificate all food that is estpd from the country. The certificates cannot be
issued in case of the food that is produced outsidavitzerland.

As an example is the cheese which is Switzerlamd'st important agricultural product. Swiss
cheese producers export about 430 tons of che648)(f the Russian Federation, which is only a
fraction of their export worldwide (63,000 tons)hi3 raises the possibility of Swiss cheese
producers to replace the export from Italy and hetherlands with the export to the Russian
Federation. Italy, as the producer of mozzarelththe Netherlands and its Gouda and Eidam are in
fact among the countries that are prohibited toarnpertain food into the Russian Federation.

In 2013 Switzerland exported over 20 tons of Irttegse into the Russian Federation.
Therefore the Russian- EU sanctions create morglplises for Switzerland export to the Russian
market.

Turkey is another country having advantage of twecsons. In 2013 Turkey was the fifth
largest importer of food into the Russian Federa{fh26 billion EUR). The export of Turkey into
the Russian Federation is increasing since thetisasagainst EU countries, USA and others came
into force. Especially growth of the export of pioyland seafood has been recorded. Turkey is also
prepared to meet the increased demand for fruitvagdtables.

Political development and economic sanctions tegulfrom it constantly creates new
challenges in the area of business logistics. hatt@ynal logistic companies with global reach can
be successful and provide logistic solutions fagirttcustomers in this turbulent environment.
International trade and logistics form an indivisinit.
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Abstract. Service quality has a large number of criterias kb significantly subjective opinion of customer.
It is associated with fulfilment or default of thastomers’ requirements (or expectations). Theireoents
of customer are changing in the time, they are igdiyestrict. These requirements are different g af
individual customers because it is difference & gassenger is child, student or pensioner. Bue tisea
question if the customers’ requirements are diffegccording to geographical location, i.e. acaggdio
where the passenger is living. This question isstitgect of this article. Why are we dealing witratity of
serviceBecause the service quality is important determinhdemand for public passenger transport.

Keywords: Quality criteria, customer, requirements, servieylic transport.

1 Introduction

We can describe the service quality of public tpamswith criteria which are achieving the
certain level i.e. to determine the qualitativeitsywhich public service provideService quality is
most often associated with fulfilment or defaultrefjuirements and expectation the customigrs.
overall quality of public passenger transport corstea lot of criteria. The criteria represent the
customer view of the provided service.

The operator, and public authority should identifgse requirements of passengers and should
meet these requirements with regard to the sustisitgeof passenger demand for public transport
services. The reason for the fulfillment of the uiegments isthat passenger demand for public
transport is significantly affected with serviceatjty.

It is important to say that, the quality requirenseare constantly changing (mostly getting
more tighten). Therefore it is necessary to reviesse requirements after a certain time.

The structure of passengers changes as well asetjurements of passengers. There is an
assumption that different group of passengers lifferent quality requirements. There will be
another importance for example in criterion “acdesmternet” for passenger in the age 16-19 and
another for passenger over 65 years.

The subject of this article is to detect whether guality requirements change with respect to
geographical locationThe aim is to determine whether the quality requests are different
according to the part of Slovakia where the passelinges or regularly travels. The importance of
customer quality requirements is reviewed on buassliin 5 self-governing regions in Slovak
Republic. The research continues on other self+gvg regions of Slovakia, as well as for greater
number of respondents.

2 Legislation in the area of quality in public passeger transport in Slovakia

Quality in public passenger transport solvest No 56/2012 Coll. on Road Transport
Regulation (EC) No 1370/2007 on public passengamgport services by rail and bigad (taken
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from European law) and two European standards applgyhe all EU: STN EN 13816
Transportation. Logistics and services. Public @ager transport. Service quality definition,
targeting and measuremeartd STN EN 15140 Public passenger transport — basic requirements
and recommendations for systems that measure dedigervice quality.

2.1 Quality requirements in Act No 56/2012 Coll. on Rod Transport

In 821 (Service contract) in article 1 of this Atates that the purpose of the service contract is
to ensure the public safety, effectiveness andityuafl services for determined basic tariff and in
adequate performance based on needs the transpadesbility of region. It is also necessary to
consider the social and environmental factors dred dbjectives of regional development. The
service contract is concluded between the publibaaity and the operator of transport services in
regular transport for transport services which dperator would not provide at all because their
economic disadvantages or which he would not pewddetermined range or in quality or for
determined basic tariff. The service contract igpamant because these transport services are
necessary for transport serviceability of region.

Article 9 of this Act adds that part of this comrare the requirements for quality (i.e. STN EN
13816 and STN EN 15140) and security standardsaflar transport in public interest as well as
technical standards relating to transport of pagsenwith disabilities and reduced mobility, and
requirements for age, equipment and technical levbuses.

2.2 Quality requirements in Regulation (EC) No 1370/20D on public passenger transport
services by rail and by road

The purpose of this Regulation is to define howaatcordance with the rules of Community
law, competent authorities may act in the field pofblic passenger transport to guarantee the
provision of services of general interest which among other things more numerous, safer, of a
higher quality or provided at lower cost than thtsst market forces alone would have allowed.

The Regulation lays down the conditions under witimmpetent authorities, when imposing or
contracting for public service obligations, compaspublic service operators for costs incurred
and/or grant exclusive rights in return for thectisrge of public service obligations.

2.3 STN EN 13816 - Transportation. Logistics and serve&s. Public passenger transport.
Service quality definition, targeting and measuremst

This standard defines 8 quality criteria:

» availability: extend of the service offered in terms of geogyapime, frequency and
transport mode;

« accessibility:access to the PPT (Public Passenger Transpoténsyscluding interface
with other transport modes;

» information: systematic provision of knowledge about a PPTesgsto assist the
planning and execution of journeys;

e time:aspects of time relevant to the planning and ex@twof journeys;

* customer care:service elements introduced to effect the clogeatticable match
between the standard service and the requireméatsyondividual customer;

» comfort: service elements introduced for the purpose ofingaRPT journeys relaxing
and leasurable;

» security:sense of personal protection experienced by cus®rderived from the actual
measures implemented and from activity designexhsure that customers are aware of
those measures;

* environmental impacteffect on the environment resulting from the pransof a PPT
service.
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Service quality loop

The quality system can be described with serviaityuloop (Figure 1) which evaluates the
delivered service from the customer view as welirasn service operator view. Individual aspects
of quality are closely related. The objective isnonimize differences between expected and
provided quality.

service quality service quality
/' sanght M tergeted \
measurement of measurement
the customer of the
satisfaction performance
d
service quality service quality
percetved 4 delivered
service beneficiaries: SEIVICE partners:
customers and the community operators, authorities, police, road transport.

Fig. 1. Service quality loop

2.4 Strategy of development of public passenger transpioand non-motorized transport of
Slovakia 2020

Strategy of development of public passenger tramgpa non-motorized transport of Slovakia
2020is strategic document which deals with quality’®T in the Slovak Republic. This document
was published by the Ministry of Transport, Constikn and Regional Development in June 2014.
It includes Annex A Strategy of development of public passenger tramspoSR 2020 which
deals with the quality and quality standardizatioin public transport services in the Slovak
Republic. The objective of the Strategy is to aehidigher ratio in the modal split in public
passenger transport and in non-motorized transport.

3 Identification of customer quality requirements in suburban bus transport in
Slovak Republic

It is an expected quality level. The indicator say®out the level of customer requirements
which should be on the basis of their legitimacpalyzes were made on the basis of the weighted
arithmetic average. In the table below (Tab. 1)cah be seen the selected customer quality
requirements by bus lines in self-governing region$lovakia regardless of age the customers.
These requirements are arranged in descending.yZewlof individual bus lines by age of
customers did not fit into the scope in this agticThe questionnaire was created for verificatibn o
ability or suitability the research. The questianmavas used for the sample of 1 880 people.
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Zilina Banska Bystrica Trendin Bratislava KoSice
punctuality punctuality punctuality punctuality pinality
actual, available
and readable time¢ behavior of staff frequency behavior of staff cantty
table
information continuity speed transport frequency eacliness of bus

identification of

climate/ heating in

actual, available

driving technique

of driver

bus the bus and readable time of driver information
table
driving technique speed transport behavior of staffd'mate/ heating in frequency

the bus

climate/ heating in

the possibility to sit

the possibility to

actual, available
and readable time

actual, available
and readable time

of driver

the bus in the bus sit in the bus
table table
sﬂtetlltnegr ?r:?r?ealr;gs frequenc identification of | the possibility to sit driving technique
stop q y bus in the bus of driver
o . cleanliness of bug . climate/ heating in
continuity cleanliness of bus cleanliness of bus
stop the bus
- . sitting area and
frequency driving technique cleanliness of bug shelter in the bus| access to interne

stop

behavior of staff

actual, available
and readable time

sitting area and
shelter in the bus

access to internet

internal light in the

table stop bus
cleanliness of bug  access to internet continuity eedpransport the_ p_033|b|llty to
sit in the bus
internal light in thg identification of | climate/ heating in cleanliness of bug identification of
bus bus the bus stop bus

impact on the

sitting area and
shelter in the bus

driving technique

identification of

behavior of staff

stop

environment

environment of driver bus
stop
the possibility to | cleanliness of bus . impact on the | cleanliness of bug
o access to interne ;
sit in the bus stop environment stop
cleanliness of bug impact on the sitting area and
) information b continuity shelter in the bus

stop

access to interne

t

internal light in the
bus

information

internal light in the
bus

speed transport

speed transport

impact on the
environment

internal light in the
bus

information

impact on the
environment

Tab. 1.Importance of selected customer quality requirembutself-governing region in Slovakia regardlelsage the
customers which are arranged descending

In the graph below (Fig. 2), it can be seen thdarusr quality requirements from table 1
which are arranged by individual quality criteria.
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o . readable time table
sitting area and shelterin ¢ g

the bus stop
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environment

cleanliness of bus
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driving technique of driver frequency

behavior of staff information

speed transport climate/ heating in the bus

the possibility to sitin the

access to internet
bus

punctuality continuity

identilication ol bus intemal lightin the bus

Fig. 2. Importance of selected customer requirements bfygsekerning region in Slovakia regardless of age th
customers

This graph shows 17 quality criteria. As it candeen, the importance of individual quality
criteria is almost the same in self-governing ragioCustomers in Bratislava a Zilina self-
governing regions had the strictest quality requists (in the 5 points). The lowest importance of
the quality criteria had self-governing region Kasi

The quality criteria “speed transport”, “frequencyimpact on the environment”, “internal
light in the bus” and “behavior of staff” had thégdpest difference in importance of customer
requirements. The quality criteria “cleanlinessbofs” and “continuity” had the biggest unity in
importance of customer requirements.

4 Conclusion

Demand for public passenger transport is affeciethb quality of service. Service quality is
most often associated with requirements and expectaf customersThe main goal of operator
should to identify the requirements of passengers then, with regard to the sustainability of
passenger demand for public transport servicest these requirements the best he knows. It is
important to research the passenger requirementageyof passengers because there are the
differences in the passenger requirements by thge. The geographical location has not the
influence on the customer requirements. As we e&nirs the research of bus lines in the Slovak
Republic, passengers ascribe more or less the sapugtance for individual quality criteria. The
guality requirements are constantly changing. Tioeeeve have to constantly review them.

But it is important to remember that the custoneguirements are not the only factor witch
determine the quality standard. It is importantake account legal, political, technical, financial
and other restrictions.
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Abstract. The paper presents a relational database alloiwiman analysis of the current technical condition
of offshore industry objects on an example of fighivessels. Vessels' technical and operational, data
entered into the base, with an option of updatingurrent basis, may be used to generate any guemik
reports in order to use them to perform a stadibtar optimization analysis and an assessment ef th
technical condition and determination of modernaratirection.

Keywords: ship power systems, fishing cutters, energy efficy.

1. Introduction

The provisions of the Montreal Protocol developedl agreed in 1987 by the United
Nations Environmental Programme implement the meguent that the refrigerating substances
which deplete the ozone layer should be withdrawwmfuse and production. The Protocol imposes
simultaneously a requirement that alternative gefiants should be introduced.

Fishing vessels, with particular emphasis on refagon systems that are currently in
operation, require thorough modernization due t rtieed to use refrigerants with lower ozone
depletion potential (ODP). In particular, the felimg should be changed: refrigeration compressors
due to the failure to adjust the power, pipelinage tb other physical and chemical properties of
new refrigerants types, instrumentation elemenéstduhe change of the pitch range.

Simultaneously, the results of the internationaksech have shown that the most important
impact on the environment has greenhouse gas emssshAs a result of the research was the
adoption and implementation of Kyoto Protocol in91I9which includes recommendations to
minimize and reduce greenhouse gas emissions tatthesphere (inter alia carbon dioxide).
Refrigeration systems are responsible for geneyatiwbon dioxide and for refrigerants leaks
during their operation. A result of estimating condal effects of different types of emissions on the
global warming, during the entire life of the systels the TEWI indicator. The most important
parameter of the indicator is so called energy el@mrherefore, it is essential to specify the powe
required by refrigeration equipment in the balaotcthe whole power plant.

A complex assessment of technical conditions dfirfig vessels, which are currently in
operation, is a primary goal as well as the deteation of the scope of the required modernization
based on the assessment.

A large number of vessels operating in the Poiishirig fleet necessitated the need to create
an interactive system, allowing a user to obtafarmation helping to make a decisions on potential
modernisation.
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2. Data collection method

The data collected and entered into the base redemsore than 900 fishing vessels which
are operated in Poland. The catalogue includesdradil fishing cutters, 4 m long, fishing boats of
the length of 20-25m, and big trawlers [1,2,6].

Measuring teams, delegated to a particular vesaglied out its inventory, collecting every
possible technical and operational data. The inébion was grouped in a several categories.

The data was completed as a result of obtainingnmdtion from shipowners and vessels’
operators and repair companies. The information pvagided in the form of filled questionnaires
and interviews performed on the selected vessealsadso on the grounds of an analysis of the
operational documentation for each vessel seleatelliding inspections, maintenance and current
repairs in 2007-2014. For each vessel a recordwasddeveloped with an individual number. The
information collected by that means was entered ithte base. In case of potential vessel
modernisation, the administrator may modify theadat

Due to the cooperation between the Maritime Unigrshe Maritime Office in Szczecin,
shipowners of fishing vessels, repair companiegainticular with the shipyards in Kotobrzeg and
Ustka, the database in updated on a regular HBSIS].

3. Interactive database

An application developed in the form of a relatibdatabase is dedicated for detailed
inventory and for an analysis of the existing fighfleet in terms of the requirements imposed by
the European Union, especially both constructiod eperational parameters (inter alia technical
condition of refrigeration systems which currenthigical condition differs from the theoretical
one) [4,5,7,8].

The system is composed of two modules created jectbriented programming system
JAVA (Fig.1):

* server — data management system;
client — enters data, edits and processes d#te ibase

System bazodanowy klient - serwer

Fig. 1. Application lock diagram client-server model .

The developed system is a PostgreSQL databasersytteadvantages are:

» Possibility to install it on any hardware platfomithout the need to update the operational
system.

» There is no requirement to purchase a server kcens

* There is no requirement to purchase a client lieens

* Unlimited number of users.

* Multiplatform — it is possible to install it on viaus operational systems and equipment.
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Due to JAVA the client’s software may use any haoplatforms and operational systems, at
minimum equipment configuration, and the base nwa@gssed from any computer that is connected
to the Internet. However, it requires granting pesins (establishing an account) by a system
administrator.

The system may be operated:

* On a single workstation.

* On a server in the network with local access.

* On a server with an access of selected departments.

* On the ends with periodical data updates.

The application is characterised by:

* Low implementation costs.

* Immediate response to the required changes inyters.

* The product is Polish in its entirety.

» All advantages of a PostgreSQL database motor .

The software is an interactive application, comroating with a user through a number of
various information windows. This significantly faiates its operation. Additionally, context-
sensitive help was implemented into the softwaree main window is modeled on Windows. The
user may find three basic modules the basic funstaf which are activated depending on the user
granted permissions:

* main menu — allows for using all available softwhnections (Fig. 2);

ETKMRyhak 1.0.6 :: rybak
Rybak | Statek  Raport  Pomog

Moy skatek Kopioj skatek Kwerenda Crrukoj

Fig.2. Main menu.

* atree presenting catalogued vessels — allowsi$ptaying all or selected vessels using any
guery, sorting according to a selected filter slgpowner name or registration number.
Selecting a vessel with the cursor causes thatett@rd of that vessel is downloaded from
the base and every field in the information windiewilled. The tree has a context menu
(Fig. 3) allowing for adding or removing technicglecifications and descriptions of vessels
and sorting and creating queries

B 1kMRybak 1.0.6:rybak
Rybak  Statek  Raport  Por

Biowy statek Kopiuj statek  Kyeren

——— Schemat energstyczny ', Opis

[ odeviex | Statek ' vymiary " [SInk]", Sruba ' Przektadnia | Predkosé | Elekirownia ' Instalacis chlodnicza '\ Windy '\ Narzedzia polowowe ' Zdiecia ',
== TKM Rybak. - =
~{7] [00011DZI- 15
{7 [oo0z]oz1-3
[ [0003] TRE -1 Producent URSUS Sp. 2 0.0,
[ (00041 TRE - 47
[ [ooos] ozl - 18 Rok produkeji 1978
[ [0006] WaR - 15
[ [ooo7] 021 - 6 IMoc nominalna [kw] 22,40
[ [ooos]DzI-S5
-] [0009] WSG -9 Moc eksploatacyina [kw]
3 tootoozr - 106 ~
[ (00111 WaR -8 Predkost obrotowea neminalna [1fmin] 3 500,00

[ (00121 WAR -5 ”
e Pradkasc obrotowa eksploatacyina [1/min]

Typ sinka ctéwnego S5 312C

[ [0014] KRS -5
[ (00151 KRS - 16
-] [0016]FRZ - 21
-] [0017]SWI-3
[ [oo18] 5T - 1
M [001915TL -9
{7 [0020]15Tt - 10
l0021] 5T+ - 32

Liczha suwéws brak danych
Liczba cylindréw 2

Maksymalny moment obrotowy [Mm]

] [2] n - Jednostkowe zuzyeie palivea [o/kwh]
[ [oozsjusm-2
~{] [0024] P1A - 54
[ [oozs]Pra -2
[ [0026]1PTA -6
M [00271PIA -7
) [0028]1PIA - 10
[ [0029] T4 - 19
[ [0o30] PIA - 24 -~

Gadzinowe 2uzycie paliwa [kafh] 6,02
Rodzaj stosowanega paliva (dostawca) ON

Rodzaj komory spalania brak darych

Topal (71
904 i 204 T FE)
o, [*%] -

Fig.2. Main window

* Information window (Fig. 4) — consisting of 13 therabs representing the following vessel
characteristics:

-67 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

» Basic information (ship name, shipowner, homepsittpyard, construction year, shipyard
designation)

» Dimensions (length, width, load capacity);

» Technical data of engine, propeller, gear and pgohaatt;

* Information on speed in various sailing states;

» Refrigeration system specification;

» Trawl winches, anchor capstan winches, mooring hesat the vessel;
* Fishing gear;

* Energy block diagram;

* Images;

* Notes and comments.

The data referring directly to the refrigeratiorsteyn include (Fig. 4.):
» Type of refrigeration system,
» Refrigerant,
» Compressor type,
* Producer,
* Production year,
* Input power,
* Cooling capacity.

| %] TKMRybak 107 = rybak =8 %

Bybak  Statek Raport Pomog

Mowy statek Kopiuj statek  Kwerenda  Drukuj

: ‘W| Statek\W\tmiary\Si\nik\éruba\Przek{adma\Prgdkos’é\Elektrawma " Instalacja chlodnicza \Wmdy\ Narzgdzia polowowe \Zdjgc\a \ Schemat enevgetyczny\Opis\

[ {0104 UNI- 8 j Il Nazwa

~[] [0105] UNI- 11
-] [0106] UNI- 28
[ 10207 UNI- 29
[} [ow08] KoL - 5 Rodzaj instalacji
SR [0109] KOt - 8
D 101107 KO - 10 Czynnik chiodniczy R12
[ mo1tay kot - 14
-] (01121 KOk - 20
-[ (o113 Kok - 32
[ 14 koe - 40
~[] (0115 KOL - 41
-[] [0116] KO - 46
-[ [0117) KOt - 58 Moc [KW] 150
[ o118y kot - 53
~[] (0119 KOL - 73 - Mot chiodnicza

Instalacja chiodnicza

Status |oryginalna

Typ sprezarki PI3000
Producent PRESTCOLD

Rok produkcji 1392

914 / 914

Uzytk ki Waldemar i

Fig.2. Information window — information on the refrigaat systenon the particular fishing vessel

The software includes also autonomous modules @idleating restricted information on
personal data regarding shipowners and produdersy svith contact data:

* Shipowners’ management,

* Producers’ management.

It allows for fast and efficient database updaté, ah possible, for performing additional
research as per a shipowner’s request.
Depending on the permissions granted the applicaiiows also for:
» Entering and editing data, in particular addingebanits, their modification and deletion,
and importing images.
* Obtaining information from the software using gesrand report and their print out. It is
possible to analyze entered units due to develgpedy mechanism. However, the queries
implemented into the software are: sorting, coodél and result queries

-68 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

4. Conclusion

It was managed to create an application in the fofra relational database which allowed
for developing a catalogue of all fishing vessel$’bland. The module of “client” type allows for
connecting with the base from any PC having a catmmeto the Internet, including security system
implemented to the base preventing unauthorizedsadd.,2,3].

The database system is an interactive software idifebtional information exchange
between a PC and the user. The dialog is condussaty various information windows and
messages. The data obtained due to queries, edporlDF and txt format, may be consequently
used for statistic analysis and for optimizatiomgadures (e.g. selection of optimum operation
parameters for refrigeration system), and in paldicthey may become an integral part of an expert
system determining an optimal direction in the scopa vessel modernisation.

On the grounds of all the information in the datsbé@ncluding vessel size, fishing area,
fishing gear, information on the main engine, wieland power plant), a decision may be made in
terms of partial modernisation or total changetnfctural issues of refrigeration system takingoont
consideration power required by refrigeration eqept in the entire power plant. The parameter is
significant when TEWI indicator is assessed in otdecompare how various refrigeration systems
affect global warming.

The demand for power and a supply method to theesydetermine the value of so called
energy element, which will be crucial when refrey@r has zero potential impact on the global
warming or the system is totally leakproof and filsng and recovery methods eliminate all and
any leaks to the atmosphere.

Recommendations regarding the modernsation of éissel, with particular attention to its
refrigeration system, suggested upon the analysassaurrent condition, may be entered into the
database in the form of comments dedicated fop#récular vessel. Then, upon the verification
process of the comments’ introduction, they arereatinto the database as an update.

Similar databases may be created for any type ef dfishore industry objects with
modifications including the characteristic of thefiructure and operational tasks.
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Abstract. In the transport process, it is necessary to coenseveral strategic goals to provide transport
services according to its users’ needs. Increasirsgfety on the roads is process which tries tigate the
negative impacts of traffic accidents. The appigabf Intelligent Transport Systems is importamkeep a
sustainable development and to increase traffietgaivhich is based on collecting, processing, uaitiig
and distributing the traffic information. Informati and communication technologies create the bése o
transport telematics systems, which include infdiomaabout the transport process and transporsusée
decrease of traffic accident rates can be achidwednforming drivers and other users of transport
sufficiently.

Keywords: Intelligent Transport Systems, Questionnaire syr¥eaffic management

1. Introduction

The drivers’ voluntary acceptance of informationingoortant for traffic management, using
Advanced Traveler Information Systems and becadséhis fact the credibility of provided
information is very important. With Intelligent Traport Systems, it is possible to reduce traffic
accident rates and to contribute drivers’ comfating travel. [1, 2]

The White Paper on Transport- Roadmap to a singledean transport area- towards a
competitive and resource-efficient transport systelaces particular attention to road safety issues
The European Commission has set the reductionaf tansport fatalities by 50% compared to
2010 for the years 2011 to 2020 as a priority. W#n aim of the Slovak transport policy is to
reduce the number of traffic accidents and to imseeroad safety. The National plan of the Slovak
republic for road safety should create a suppartrémsport policy to meet the aim of period 2011-
2020. A part of this plan is also the applicatidirgelligent Transport Systems in road transport.
Figure 1 shows the decrease in the number of ¢raffcidents in the Slovak republic over the last
ten years. [4]

Number of traffic accidents

2005 2008 2009 2010 2011 2012 2013 2014

Years

Fig. 1. Number of traffic accidents in the Slovak republic
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2. Analysis of drivers’ perception of Intelligent Transport Systems

In general, Slovak drivers are not informed sudfintly about the possibilities of obtaining
traffic information and using ITS. It is necessamat ITS will become to known to the general
public. Since to the aim of this research is tal fout how drivers perceive the establishment and
the development of Intelligent Transport Systengu@stionnaire survey has been performed. [3]

The minimum sample was determined with help ofanfle size calculator”, which is used to
determine how many people you need to intervievoriter to get results that reflect the target
population as precisely as needed. This calcuiatavailable at the internet. For this survey the
confidence level was 95 %, the confidence intewa$ 5% and population was 98787 of drivers
registered in the city of Zilina; the result of seoparameters is that minimum 383 samples are
needed, as shown in figure 2.

Determine Sample Size

Confidence Level: 2959, |_199%

Confidence Interval: &

Population: 98787

Calculate

Sample size needed: 383

Fig. 2. Sample size calculator to calculate minimum sample

In the survey 519 respondents were participatedijding 192 women and 327 men, so the
results better reflect the target population.

Each driver, when choosing her/his route, prefeesdne which best suits her/his needs and
criteria. The basic criteria for selecting the magpropriate route are fuel consumption, traveetim
to destination, distance between origin and destinarisk of traffic accidents, etc. Table 1 shows
the weighted arithmetic averages of the importapicendividual criteria which are also shown
graphically in figure 3. The most important cniger for men is quality of road infrastructure. For
women the most important criterion is travel timalestination.

Criteria Men 18-26/ Men 27-65 Women 18-A8omen 27-65
Fuel consumption 3,59 3,52 3,10 3,75
Travel time to destination 3,79 3,95 3,96 4,13
glgteirtlizztki);t]ween an origin and 3.27 3.39 3.40 3.75
Quality of a road infrastructure 3,80 3,97 3,90 34,1
Risk of a congestion 3,48 3,66 3,42 3,50
Risk of a traffic accident 3,23 2,71 3,52 3,69
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Fuel
consumption

5,0
4,0
Risk of a traffic - .
id 3,.0/ — Travel time
accident : - —8—Men 1826
2,0
Men 27-65
1,0
Women 18-26
Distance
Risk of a bhetween an Women 27-65
congeslion originand a
destination

Qualily ol & road
infrastructure

Fig.3. Criteria evaluation for choosing route

When planning trip, it is useful to have actuafficainformation which the driver can obtain
before travel or during the travel, through infotioa technologies. The most frequently reported
way to obtain traffic information according the wey is radio, which is used by 48% of
respondents and internet, which is used by 24%sgondents (fig.4.).

M |nternet

HGPS
m'Waze
Radio
Facebook
VM5
RD5-TMC

)

Fig. 4. Ways of obtaining traffic information

The next question was related to whether driverslavexpect Intelligent Transport Systems to
alert them about a possible danger and which ofel@nthey assign as the most important ones.
The importance of warning to various danger traffitmations from both the women’s and also
from the men’s point of view was analysed. The surghows that women consider as the most
important to be aware of a black ice and the ledish blind road. Men consider as the most
important to be aware of a traffic accident andazlice and the least of a blind road and a one-
way road (Tab.2). The survey’s results are presegitaphically in Fig. 5.
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Traffic situations Men 18-26 Men 27-65 Women 18t¥8omen 27-65
Blind intersection 3,01 2,97 3,33 3,38
One- way road 2,69 2,89 3,06 3,06
Changes in traffic 356 387 262 419
organlsatlon
Sharp bend 2,99 3,08 3,35 3,13
Blind road 2,35 2,71 3,69 2,75
Traffic accident 4,20 4,37 4,04 4,25
Congestion 3,96 4,24 3,71 4,63
Black ice 4,18 4,53 4,29 4,94
Fog 3,17 3,61 3,83 4,69
Strong wind 2,76 3,42 3,40 4,44
Heavy rain/ snow 3,15 3,68 3,83 4,50
Tab. 2. The evaluation of warnings’ importance of trafituations
Blind intersection
5,0
Heavy rain/ snow 45 One- way road
40
35
Strong wind Changesin traffic
8 \- organisation === [\len 18-26
7 ............ Men 27-65
Fog Sharp bend Women 18-26
Women 27-65
Black ice \.\ | Blind road
Congestion Traffic accident

Fig.5. The evaluation of warnings’ importance of dangerwafiic situations according to gender and age of
respondents

The overall analysis of the questionnaire shows dhiaers are open to the new possibilities of
ITS use, especially to increase their own safetynditravel.

3. Conclusion

An increase of individual vehicle transport is atveel on the roads in Slovakia. The result is
that traffic volumes in the cities and also outstte cities are still increasing, which leads to
congestions and traffic accidents. The main godblofvakia’s transport policy is to decrease the
number of traffic accidents and to increase roddtgdevels. The National Plan of the Slovak
republic for road safety in period 2011 — 2020 d$thicuelp to achieve this goal. The Plan also
includes the application of Intelligent Transpoyist&ms in road transport. The Slovak republic is
still at the beginning in the field of ITS use, qoaned to other countries. [2]
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Abstract. This paper deals with the optimal resource locatimblems used for emergency service systems
designing. Due to limited budget or other resourpasticular mathematical models usually take trenfof

the weightedp-median problem. To obtain the optimal solution stfidied problems, the universal
optimization environment XPRESS-IVE can be usead. lHrge instance is described by a location-atiosa
model, then the model size often exceeds any aagleplimit for available optimization software. The&in
goal of this study is to present and compare tferdint modelling strategies. The first one follotus idea
that only one nearest located service center caaksn as a source of individual user’s disutilitythe
second strategy more centers are considered. Bygloaches are based on a radial formulation of the
problem, which was developed for effective solviridarge instances.

Keywords: Location, weighteg-median problem, radial formulation, generalizesutility, XPRESS

1. Introduction

Large instances of the weightpemedian problem and associated solving approadres &
background of many public service system desigmlpros where the quality criterion takes into
account the average distance, or generally sonme &@rdisutility, between served users and the
nearest source of provided service [2], [4]. Paléiclocation-allocation models of these problems
are characterized by big number of possible serv@der locations which can take the value of
several thousand [1]. Concerning the problem sizis iobbvious that attempts at exact solving
usually fail due to enormous computational timen@mory demands. To avoid difficulties with the
solvability of real instances, a radial formulatibas been introduced [4], [6]. This approach is
based on a specific model reformulation, which roayse a little loss of solution accuracy, but it
enables us to solve real instances in admissile tising common optimizations software tools.

When a real public service system, like an adnmatisin system, is designed using means of
mathematical programming, it is mostly assumed, ¢laah user is serviced by the nearest located
service center. This assumption is commonly uselderwthe weightedp-median problem is
formulated. Nevertheless, this simplification does$ hold when an emergency system is designed
due to stochastic character of real system. Thexdfwo different modelling strategies are studied
and compared in this paper. The first of them fefidhe idea that only one nearest located service
center can be taken as a source of individual sigksutility. In the second strategy more service
providing centers are considered [5], [9]. The mgaal of this study is to compare the resulting
system designs for different number of service liog centers for each user and try to find out,
whether the difference between particular solutiensignificant or negligible. The comparison is
performed for real data obtained from the road nétwf Slovakia.

2. Basic Radial Model of the Weighted p-Median Problem

To formulate the basic weightgdmedian problem with the first studied modellingagtgy,
we denote the set of serviced user locationd d&nyd the set of possible service center locatigris b
The number of individual users located at the imEationj [J J is denoted ak;. The disutility for a
user at the locatiopfollowing from the possible center locatiors given byd;. Under assumption
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that the user’s disutility originates only from thearest located service center, the problem can be
stated as follows: determine at mpdocations from the sétso that the sum of the disutility values
from each user to the nearest located service rcsnmanimal.

The radial model can be formulated by further idtrced variables. The variabyeO {0, 1}
models the decision about the service center locati the place] I. The variable takes the value
of 1 if the center is located gtand it takes the value of O otherwise. The radihulation is based
on the idea of upper or lower approximation ofitidividual user’s disutility. To obtain an upper or
a lower bound of the original objective functiohgetrange do, d] of all possiblem+1 disutility
valuesdp < d; <...<dy, from the matrix {i;} is partitioned intov+1 zones. The zones are separated
by a finite ascending sequence of so-catladding points D4, D, ... D, chosen from the sequence
do < dj <...<dm, where 0 =dy = Dy < D; and alsd, < Dy+1 = dm. The zones corresponds with the
interval Os, Ds1]. The length of thes-th interval is denoted bg for s = 0 ... v. In addition,
auxiliary zero-one variablegsfor s= 0 ... v are introduced. The varialkg takes the value of 1, if
the disutility of the user located ptl J from the nearest located center is greater aand it
takes the value of O otherwise. Then the expresmign+ eX1 + eX2 + ... + 68Xy constitutes an
upper approximation of the disutilitg- from the user location to the nearest located service
center If the disutility di~ belongs to the intervaDg, Ds:q], then the value oDs.1 is the upper
estimation ofdj-. Let us introduce a zero-one constayitfor each triplei] j, s] 01 x J x {0 ... v}.
The constang;®is equal to 1, if the disutilitg between the user locatigrand the possible center
locationi is less or equal tBs, otherwisea;® is equal to 0. Then the radial-type weighted ciongr
model can be formulated according to [6] as follows

Minimize ijzv“esxjs (1)
i0)  s=0

Subject to: X, +ZD|:a§yi >1 for jOJ,s=01,...,v 2)

%:yi =p (3)

X, 20 for jOJ, s=01,...,v (4)

y, 0{0,1} forildl (5)

The objective function (1) gives the upper boundhaf sum of original disutility values. The
constraints (2) ensure that the variablgsire allowed to take the value of 0, if there iseast one
center located in radiu3s from the user locatiop The constraint (3) puts a linpton the number
of located facilities. Even though the variablgscan take only the value O or 1, the integrality
property of the model enables the constraintsd4etin such form.

3. Radial Modd with Generalized Disutility

As we have mentioned in the Section 1, presentedein(@) — (5) can be used, if the structure
of a public administration system is designed, thgt assumption of only one service providing
center for each user does not hold, when an emeygaarvice system is designed due to random
occurrence of the demand for service and limitgplacay of the service centers. Therefore, we
have studied another modelling strategy, whichaiseld on the following idea: At the time of the
current demand for service, the nearest serviceecemy be occupied by some other user. When
this situation occurs, the last demand is usuatyed from the second nearest center or from the
third nearest center, if the second one is alsomed. Thus it is obvious that the user may get the
service from more than one nearest located seceinter with different values of disutility [5], [9]
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Generally, we use the symbolo denote the number of service centers, whichridare to the
total system disutility of any user € p). Furthermore, to formulate the general modehefuser’s
disutility, we need to introduce the functidn R — R", which maps tha-tuple X of real values
(X1, X2 ... Xy) on then-tuple of the same real values ordered increasifidlys the componeudt;(X)
represents the smallest valuexef x, ... X,. Based on these assumptions, we can define thke tot
system disutilityDU; of the user located gccording to the formula (6).

DU, (1) = Y4 (d, :i01,) ©)

In the expression (6), the symbgldenotes the set of located service centelis @ subset df,
where at mosp indexesi from | are included) and the constafjtrepresents the disutility of the
user located gtcoming from the service center located @tl.

Since we assume that the user can be served fromtiman one nearest located service center,
the model (1) — (5) requires some changes. Instéadriablesxs for each user locatignand each
zones we introduce here a triple-indexed variaklg for each j, s, k] 0J x {0 ... v} x {1 ... r}.

The variablexy takes the value of 1, if theth approximated disutility of the user jat] J from
some located service center is greater tbarand it takes the value of 0 otherwise. Then the
expressioregXok + €1X1x + X2k + ... + X constitutes an upper approximation of the distytdh-*
from the user locatiopto thek-th most suitable located service center. Notd, tea total system
disutility for any user is defined according to @ a sum of partial disutility values from some
located service centers. After this adjustmentcareformulate the radial model as follows.

Minimize  >'b, ) e X (7)
j0J  s=0 k=1
Subjectto: D X +Y &y, 2r for jO0J, s=01,..,v (8)
k=1 idl
Yisp
2 ©
X 20 for jOJ, s=01,...,v, k=121 (10)
y, 0{0,1} foriOl (11)

The objective function (7) gives the upper boundhef total individual users” disutility values.
The constraint (9) puts a limit on the number of located facilities. The const=a(i8) ensure that
the sum of variablegy overk expresses the number of the service centers irathesDs from the
user location, which remains to the number

As we have mentioned, the radial formulation of Weightedp-median problem is based on
the upper or lower disutility approximation a thttgs approach causes a little loss of the solution
accuracy. Is must be realized, that the solutiocui@cy directly depends on the way of zone
arrangement. The accuracy can be improved by aecioent determination afividing points which
are used in the disutility approximation and defime zones.

4. Selection of Dividing Points

The optimal dividing pointd,, D, ... D, are selected by solving the model (12) — (16)
minimizing the total deviation between the realutligy values and their approximations. The
elements of the disutility matrixdfj} form a finite set of valuedy <d; < ... <dy whereDg = dy and
Dy+1 = dm. If there are only different values betweety andd,, we can determine the dividing
pointsD;, D, ... Dy so that they are equal to these values. Then wsnothe exact solution by
solving the problem (1) - (5). Otherwise, the uselisutility can be only estimated knowing that it
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belongs to the intervabg, Ds.1] given by a pair of dividing points. If we werelatio anticipate the
frequencyn, of eachdy in the optimal solution, we could minimize the @#wn using dividing
points obtained by solving the following model.

m t

Minimize > > (d, -d,)n,z, (12)
t=1 h=1

Subjectto:  zy,, <z, fort=2..mandh=2. .1t (13)
> z,=1 forh=12..m (14)
t=h
m-1

2. =v (15)

t=1
z,20 fort=1. . mandh=1..t (16)

The decision variabla, takes the value of 1 if the disutility belongs to the interval which
ends by the dividing poirti. The link-up constraints (13) ensure that thetiisudy.; can belong to
the interval ending withd; only if each disutility betweeml,; and d; belongs to this interval.
Constraint (14) assures that each disutdifypelongs to some interval and constraint (15) essabl
only v dividing points to be chosen. After the probler)(1(16) is solved, the nonzero valuespf
indicate the disutility valued; which correspond with the optimal dividing point$he constantby,
represents the relevance of the disutility vatlye which means the expected frequency of this
disutility value in the unknown optimal solutiorudted in [7], [8]. Based on our previous research
aimed at proper estimation of, the most suitable proved to be the expressio) (itere the value
of N represents the frequencyadyfin the matrix f}.

n, =N,g(h) for h=0,1,...,m a7

The functiong(h) used in the expression (17) is equal to 1 fohdwss h.i; and it is defined by

the formula (18) foh > hgit.
_h=herit
gh)y=e T (18)

The constant3 andhgi; are parameters of the approac€hs the shaping parameter amg; is
the critical value, which can be determined aceaydp (19). Based on our previous experiments
described in [1], the most appropriate settingr o the value of 1. Therefore we used this value
also in all the numerical experiments reportecis paper.

J/pa
hcmzmin{hDZ*:Zh:Nuz I pZNt (19)

u=0 p t=0

5. Computational Study

Presented modelling strategies to emergency syd¢sign defined on the radial formulation of
the weighteg-median problem have been studied from many poiwgew. The basic comparison
was performed on computational times. Furthermitre resulting system designs were compared.
To evaluate the difference between two vectorooétion variabley;, theHamming distance was
used. If we have two vecto¥& = (y*, ¥% ... ¥?) andY® = ("1, y ... yP.) of the same cardinality,
then theHamming distance can be computed according to (20).

2

HD(Y,v) =" (ve - v?) (20)
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In all performed experiments, the result of the gidd) — (5) was taken as a referential design,
to which the other designs obtained by the model- (A1) were compared. The comparison of the
system designs only by the location vectors issudtable as it can lead to misleading conclusions.
It is theoretically possible to get very differdotation patterns that are much closed when it Gome
to the objective function value [3]. Therefore, ngase suggested also another comparison.

For each system design given by the values of bl@sg;, the objective functio®bjF, was
computed by (21). In this expression, the valweas set to 1 and 2, even though the models were
solved for different values. If the objective fuioct values were not computed in the same way for
each system design, the results would not be mytcainparable.

ObjF, => > @ (d; :iOl,y, =1 (21)
j0J k=1

All experiments were performed using the optimizatsoftware FICO Xpress 7.7 (64-bit,
release 2014). The associated code was run oneg&@ped with the Intel® Core™ i7 2630 QM
processor with the parameters: 2.0 GHz and 8 GB RAM approaches were tested on the pool of
benchmarks obtained from the road network of SloRakublic. The instances are organized so
that they correspond to the administrative orgdimneaof Slovakia. For each self-governing region
(Bratislava - BA, Banska Bystrica - BB, KoSice - KHEitra - NR, PreSov - PO, Trém - TN,
Trnava - TT and Zilina - ZA) all cities and villagavith corresponding number of inhabitabts
were taken. The coefficients are rounded to hundreds. The number of possilikeceecenter
locations || is the same as the number of user locatigiris pll solved instances and the network
distance from a user location to the nearest ldceg@ter was taken as a user’s disutility.

The obtained results are reported in the Tablehg. domputational time in seconds is given in
columns denoted b§T. The value of the parametémused in the expression (18) was set to 1. The
numberv of dividing points was set to the value of 20.

Model Model (7) — (11) Model (7) — (11)
Region @ |I| i p (1) = (5) r=2 r=3

CT  ObjF, ObjF, | CT . ObjF, ObjF, HD | CT | ObjF; ObjF, HD
BA 87 9 | 0.23 20743 79151 0.26 26952 736544 0.25: 33337 8108C 8
BB 515: 52| 1.63 17293 98169 1.65 23004 7368148 | 1.82; 28425 82462 62
KE 460: 46 | 1.85; 20242 91216 2.68 26191 7582834 | 1.97: 31788: 86726 46
NR 350; 35| 1.29 22651 110878 1.3 27813 89827 30 | 1.2 31160 97784 40
PO 664 67 | 2.66, 20025 94934 2.78 25234 8141060 | 2.77, 28991 88463 70
TN 276 28 | 0.91 15863: 77799 0.97 19985 6322324 | 0.88; 21907: 66802 30
TT 249 25| 0.99 18873 91544 1.05 25195 6999224 | 0.98; 29438 82015 28
ZA 315 32| 1.11 21018 1024871.08 27189 81360 30 | 1.11 32507 92124 34

Tab. 1. Results of numerical experiments

The results of numerical experiments show thatwtecompared modelling strategies differ a
lot. The model concerning more than one servicerignog center for each user brings a totally
different solution as concerns the values of lacatiariables;. On the other hand, this information
tells nothing about the design as concerns tota dscomfort. Comparing the objective function
valuesObjF; for r = 1 andObjF, for r = 2 computed for each system design, we can obstrat
the resulting solutions significantly differ notlgnn the service center locations, but also in the
objective functions values. Thus we can conclutat the simplification with only one service
center for each user does not hold for emergensycgesystem designing due to stochastic features
of real system, which should be considered in thg @f system modelling. As far as computational
time is concerned, the approaches are very siniadial formulation of the weightgatmedian
problem constitutes a promising approach to lamgdesl problem instances, which have been
resisted to recent attempts to their solving.
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6. Conclusion

The main goal of this study was to present and esenpnvo different modelling strategies to
design an emergency service system using the vegigiitmedian problem. The first strategy
follows the idea that only one nearest locatedisergenter can be taken as a source of individual
user’s disutility. In the second one more centeescansidered. Both approaches are based on a
radial formulation of the problem, which was desd for effective solving of large instances. The
performed numerical experiments show that the nurabservice providing centers for each user
significantly impacts the resulting system desigmd @herefore it is necessary to choose an
appropriate modelling technique, which would madtielreal system as precisely as possible.

Finally, it would be relevant and interesting targeare the performance characteristics of the
system proposed by different models using simutaggperiments. This will be a topic of our
future research in this field.
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Abstract. The role of the EU transport system is to provideigh degree of mobility where necessary, to
increase its performance in terms of speed, coméot safety. Achieving a consistent, integrated| a
efficient transport system currently requires catio@s linking all transport modes. The most impaott
criteria from the point of view of passengers & rieachability of the destination and frequendyis paper
assesses the quality of rail services by consigetia supply of connections on the network. It psgs a
methodology for evaluating the constructed timetabi passenger traffic for the assessment of the
achievability of tariff points. We also present sorasults of a case study of a Slovakian railwawoek.

Keywords: relation, transfers, speed, quality, network.

1. Introduction

The EU pays systematic attention to the qualitypaksenger transport [1]. Quality is
perceived differently by users and transportatenvise providers or organizers of transport as well
as by society. The needs and expectations of cestoare met by establishing procedures under
the provisions of the Regulation of the Europeani&aent and Council Regulation (EC) No.
1371/2007 on rail passengers’ rights and obligat{Gh

The cornerstone of transport services is to protideel opportunities by creating links and
connections. Often, after the introduction of tlesvrtimetable under discussion whether it is better
or worse, each approach is evaluated in a subgectanner. The authors solved some partially
problematic of rail passenger quality services M]present, there is no methodology for assessing
train timetables from the transportation point @w as a whole. We evaluate specific trains and
connections in the stations only, but not the dyali the connection from point A to point B.

The aim of this paper is to introduce a new methmglofor the assessment of timetables in
terms of passenger traffic focused on connectmigt linking. From the passenger’s point of view,
it is necessary to assess the availability of tianeopportunities between selected points on the
rail network. The travel offer from A to B is inipciple affected by travel time, number of transfer
(changing the transport means), and number of ltigweortunities. Connectivity and linking also
affect several factors. This is an outcome fortirsgtof draft criteria for connection evaluatior [7
and [8].

Introduced study is designed in purview of theuget tool for an objective evaluation of the
quality of public transport service. Specificaltiie aspects of availability and time of the tramspo
services in selected geographical area are closdrtStandard EN 13816 [2].

2. Selecting a set of tariff pointsfor evaluation

The aim of the proposed methodology is the comm&ikie evaluation of the whole timetable in
terms of train passenger services. An ideal cagedsaluate all existing relations between alfttar
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points for passenger transport on the railway neéwlb the rail network contains tariff points for
passenger transportation, then the number of sestide examined s:

m=nx*xn-1) (1)

For the assessment of connection quality betwestioss and stops, it is necessary to select a
set of representative tariff points which ensunaality assessment on a network-wide scale. For the
selection of stations and stops for this samplés dppropriate to identify specific process steps.
Following the individual steps of the proposed pare, we select tariff points according to the
following evaluation criteria:

Demographic and geographic criteria (populatiotedon, meaning places of importance in

public administration and local government),

Criterion of railway geography (location and im@onte of stations on the rail network -

crossroads, junction stations),

Criterion of tourist destinations (the inclusionspations with significant potential inflows of

passengers).

3. Proposed procedur e of connection assessment

The proposed methodology aims to comprehensivelhgrcthe possibility of achieving any
pair of tariff points by passenger trains on a el rail network in order to assess the quality of
the travel opportunities in this area by using celé indicators [5].

The methodology is based on the evaluation of ddficriteria for connectivity between the
selected tariff points on the network. Based on thethodology, we evaluate a particular
connection. It is necessary to determine whethectmnection is evaluated during the working day
or at the weekend. It is also possible to evaloate selected working day, Saturday, or Sunday.
Consequently, we evaluate the summarizing indisaftor services in terms of particular relations
within the examined networks [7].

3.1. Connection evaluation

For assessing the connectivity and quality of catiaes in an examined relation (session),
we identify the following factors, some of them aroduced in literature [6]:

Number of connections Ns during the reporting day, direct connections a#i a@nnections

with changing (transfers).

Average waiting time of passenger W. This is the time that the passenger has to weait f

connection to a point of departure, possibly agf@npoint. It is defined as half of the time

between the departure of two successive connections

W, = (tivs—ti) [A] )

2
where:

t; departure time of train at the boarding statmmaf rated connection
t;+1  departure time of the next train at the boarditagion of the next connection

Distance route of relation L;. This is the travel distance by vehicles creathg connection.
This criterion is important to calculate transpbaia speed and the rate of achievement.

Type and number of trains creating the connection. This factor reflects theality of
transport services on the connection. In termsSR Zthe types of trains are EC - EuroCity,
IC - InterCity, Ex - Express trains, R - fast tgiZr - semi fast trains, and Os - passenger
trains.
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Transportation time T,. Time between the departure from the boardingostain the route
and disembarking the train at the destination @station (tariff point).

Number of transfers (changing transport mean). This is the absolute number of changes
of transport vehicles (trains) before reachingttirget station.

Transfer time T,,. This is the total time that passengers spendngaibr connections at the
transfer station (by changing transport means) wisémg a particular connection:

T, = Z(tiZdep - tilarr) [min] (3)
where:
tizaep 1S the departure time of the connecting train attthnsfer station during
i changing

tiiar~ 1S the arrival time of the train to the trans&ation during i changing

Achieving time Tp. This is the time from embarking when the travig begins, to the arrival
of the train at the destination railway station.idtcalculated as the sum of the average
waiting time and transportation time:

Tp = W; +Tp [h] (4)
Transportation speed Vp. This is given as a proportion of the distancedliad and time of
transfer:
Vo= 2 [km.h~1] (5)
Tp
where:
L; distance route of relatidikm]

Tp transportation timéh]

Achieving start-stop speed Vp. This is given as a proportion of the length & thlation and
achieving time:

Vv, = TL—D [km.h™1] (6)

Transportation speed and achieving speed are iamgataluation criteria for the quality of a
particular connection relation. They are conveniedicators for comparing public transport link
connections with individual transport [7] and [8].

3.2. Relation evaluation

After processing connections within single relasioit is necessary to evaluate the relation
between tariff points on the network. For each ti@ta average values are calculated for all
connections: number of transfers, transfer timangportation speed, and achieving speed. It is also
appropriate to verbally assess and justify theltesdi the calculations. The sample of evaluatibn o
relation is introduced in Table 1.

-83 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Connec- Sation Sation | Average | Con- Trans- | Trans- | Number | Total Sart-stop Travel Sart-stop
tion Bratisava | Rimavska | waiting | nect. port port of chan- | achieving speed achieving
Nr. hl.st. Sobota time dis- means time |transfers| ging time speed

- tance time
dep. arr. Wi Li Tp Np Tw To Ve Vo
[hh:min] | [hh:min] [h] [km] [h] [min] [h] [km.h"] [km.h"]
1 6:01 11:58 7.00 318| R,0s,09 5/95 2 27 12.95 53.45 24.56
2 8:01 12:58 1.00 318/ R,Os 405 1 5 5.95 64.24 53.45
3 10:01 15:58 1.00 318| R, Os,0Op 5|95 2 27 6.95 53.45 45.76
4 12:01 16:58 1.00 318| R,Os 405 1 5 5.95 64.24 53.45
5 14:01 19:54 1.00 318| R,O0s,0qg 5[88 2 27 6.88 54.05 46.20
6 16:01 20:58 1.00 318 R,Os 405 1 5 5.95 64.24 53.45
7 23:49 5:20 3.90 318/ R,Os 5B5 1 19 9.25 59.63 34.38
Average per connection: 1.43 16.43 7.70 59.02 44.46

Tab. 1. Sample of connection assessment on the Bratisld&ianavska Sobota relation (Friday)

4. Case Study

The research team elaborates on the case studrify the proposed methodology. It was
applied on connections on the railway network aivdk Railways (ZSR). We selected relations
from the Bratislava main station to selected tardints on the ZSR network (see Fig. 1). According
to the proposed methodology and selection crites@, identified 59 tariff points on the ZSR
network. For the representative set of stations siods, we selected first county centres, district
towns over 20,000 inhabitants, junctions, and raylstations according to the criteria of geography
and subsequently tourism centres so that eachedfdbk lines in a set has at least one tariff poin
The selected day of the week for the examinatios kraday.

Fig. 1. Network map of ZSR showing the selected tarififp®ifor assessing the quality of rail connections

In the timetable for 2015 and under the proposethou®logy, we retrieved for each relation
all connections. For each connection, we set thgeviactors of the number of connections during
the reporting day, the average waiting tie of passengers, the distance route of relatign
transportation timel,, number of transfers, transfer tinig;, achieving timeTp;, transportation
speedVp;, and achieving speéd.

Subsequently, we evaluated the relations. The nmopbrtant evaluation criteria for the
relations are listed in Table 2 that shows excerpbf the start-stop achieving speed, average
waiting time per relation, and average travel speedrelation. The listed factors characterises the
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transport service and are provided as outcome aibgective analyse of the offered connections
according to the time table.

From Average travel From Start-stop From Average
Bratidava speed per Bratidava achieving Bratidava transfer
to relation to speed to time
destination Vp degtination Vo destination Tw
[km.h1] [km.h1] [min]
Kuty 92.07 Turcianske Teplice 67.17 Dunajska Stredg 0.00
Sturovo 91.06 Trencin 65.21 Poprad 0.00
Piestany 88.73 Kuty 61.47 Sturovo 0.00
Trencin 84.18 Poprad 60.01 Trencin 0.21
Nemsova 82.89 Nove Zamky 57.03 Levice 0.25
Martin 78.38 Sturovo 56.66 Kosice 0.63
Kremnica 44.09 Vranov n. Toplou 29.77 Bardejov 83.2
Handlova 40.96 Bardejov 27.80 Humene 33.57
Utekac 39.34 Stara Lubovna 26.03 Vranov n. Toplqu 0.0@
Vranov n. Toplou 39.13 Makov 25.55 Zlate Moravce .000
Makov 36.87 Zahorska Ves 25.33 Makov 40.43
Bardejov 36.56 Zlate Moravce 18.56 Kremnica 46.60
Aver age per 60.21 Aver_age per 4322 Aver age per 1735
relation relation relation

Tab. 2. Results of the evaluation of connections on refetifrom the Bratislava main station according ‘erage
transportation speed, start-stop achieving speetlaserage number of transfers (changing)

On the ZSR network, the highest average speed aemized track lines from Bratislava to
Trencin were direct connections. The start-stopedpe&as the highest on direct relations too,
namely from Bratislava to Turcianske Teplice, TiandKuty, and Poprad. Just as quick are
connections to Makov, Zahorska Ves, and Zlate Mogavindicating a slow connection in
combination with long waiting times because of #mall number of connections. The rate of
average transfer time confirms this fact. The |@hgeverage waiting times is in the relations
Bratislava—Kremnica, Bratislava—Makov, and BratiglaZlate Moravce.

5. Conclusion

The issue of connectivity evaluation has not yetnbsufficiently elaborated in the literature
and is not used in practice where the connectioois fone station only are rated. This paper
introduced the idea of a new evaluation methodolagg included a case study on the network
connection from the Bratislava main station to wiedi tariff points.

The proposed methodology covers the possibilitadifieving any pair of tariff points in a
selected railway network comprehensively. It ndiy@ffers an evaluation of the connectivity on a
particular relation, but also objectively assesbesavailability of connections between two seldcte
tariff points based on quality indicators such asrage number of transfers, average waiting time,
average transportation speed, and average achispe®g. This enables us to evaluate the quality
of the travel opportunities in this area by usirgjested indicators. Subsequently, using MCA
allows us to evaluate the degree of customer aatish with selected quality attributes based on
their importance. Ultimately, it is possible to exae the statistical dependence of the number of
transported rail passengers by examining the guaditnection on the network.

This methodology synthesizes knowledge from therthef passenger transport and provides
an evaluation of the connectivity and quality ohstvucted timetables for the entire rail network or
only on selected rail networks.

It should be noted that the character of the curran network loses due to gradual
liberalization. Therefore, the significance of thiethodology in the future will increase. The
proposed methodology will be helpful for ministried transport, regional public transport
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authorities, and other transport ordering bodiesvel for integrated transport coordinators. The
most important benefit of the proposal is thatelialuation is carried out in terms of the interedts
passengers as users of a transport system thate®giirect and fast connections. The resulting
methodology can be applied in subsequent layoutsngport networks for public transport.

The proposal will contribute to the creation ofanpetitive transport system that efficiently
uses system resources. That is the plan of a Sigiepean Transport Area within the purview of
the White Paper "Roadmap to a Single European paah#rea - Towards a competitive and
resource efficient transport system”. This aimshat realization of an efficient and integrated
system of mobility. The importance of the qualagcessibility, and reliability of transport sensce
in the coming years may be even more important.
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Abstract. The article is focused on the exploration and ymiglof passive safety as part of the construction
and operation of road vehicles. Pressure on theldement of new technologies is very high. Many
consumers when purchasing a vehicle just consigigétin degree of vehicle safety. It is associatetth wi
increased degree of motorization and the increasingber of fatalities wishing to avoid vehicle wsser

Keywords: passive safety of vehicle, crash-test, new trefdafety

1. Introduction

It can prevent equipment failure driver, or it isclinologically limited injuries vehicle
occupants in an accident? This is a very importamstion that must be taken into account prie
vehicle designs manufacturers. Vehicle safety s @inthe most important issues addressed by the
customer when buying a vehicle. Cars are equippéd warious technological security elements,
which in the case of an accident can save lives.skfe driving are not only important technical
solutions and equipment of cars. Compliance wittlusgy regulations of speed but also appropriate
behavior on the roads significantly affect the antoof road accidents. Also play a great role
capability of the driver. Some overestimate thawprs and abilities, as well as the possibility of
his car.

Development is subject to market demand for newartelogies introduced into the vehicle
from the high density of traffic and the lack ofrastructure, which can not actually handle such a
burden. If you experience this problem, pleaseattlstress during rush hour, it is more than likely
a traffic accident. | therefore drivers who useirtivehicle proactive approach to the safety of the
car very strongly. Yet no one wants to buy a cahito in critical situations not protect against
injury or death. The same applies to the secufith® whole crew. Many systems are built directly
from the vehicle registration, many you need to bugar, and some also needs to be purchased
outside the vehicle distribution (eg. Child seats.)

The main purpose of this work is to issue the dpmraand use of technical means, which are
applied in road transport in order to increaseséiety of the crew vehicles. In the second part of
the work is devoted to study the possibility of fpeming tests of vehicles, as well as the safety
analysis of four specific vehicles that such braagsamong the most popular among users.

1.1. Safety systemsof road traffic

It is now possible to observe a high degree of adement of technology solutions in cars and
trucks. Each of the automakers trying to gain angtrposition in the market. Due to the density of
the road network and the accident is definitelyrargy indicator and safety of each vehicle. It is a
combination of technological features, the cost @ediormance of individual vehicles. Some
automakers have convoluted security systems, bodimal conditions have a major effect. This is
especially the lower economic class cars that ax@enwith cheap imitations of the security systems
of higher class vehicles. These systems shouldfeetige only to a limited extent. In general, we
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can divide the safety systems in the vehicle in tategories: active and passive safety car. Active
safety car includes those technological solutionat tare designed to protect and promote
uncollision car handling. Passive safety of roats$port is a concept that consists of a set ofjdesi
and technological solutions that are designed aitigate the consequences of a collision.

1.2. Passive safety of road vehicle

This is a practical application of design, condiarg equipment and regulation technologies in
order to minimize loss of life and injury in an a&Ent. These security systems protect not only
vehicle occupants but also pedestrians who are usads. This form of technology is called
passive, precisely because of its efficiency ocatithe moment of the accident (ie during normal
operation of the car is a passive activity). F@s gector is characterized by innovation and rigero
testing functionality. New car it is possible tosebve a close connection between elements of
active, passive safety and telematics technologies.

Active safety ' Pasive safety
E

.M-
by
i

L

[ )
E [ @ NCAP Program ]
Obr.1: Views the efficiency of active and passive safety

Explanations for this picture:

A - prevention of hazards

B - detection of potential hazard

C - avoidance of accidents

D - hazard mitigation

E - alleviating the consequences of an accident
F - moment undiversion accident

G - moment of accident

Individual actions and situations are expressedhm timeline. For designing and testing
technology is important consider each of the o@nee and consequences of an accident. In the
event of a traffic accident occurs putting intog@s safety. The kinetic energy of the vehicle khal
be in an accident absorbed so that passengersitedist danger. Therefore, the vehicle body
extends over the three parts. A passenger is placiéw middle, and is defined as a safety cell of
the entire car. Front and rear are placed so. @ofihple zones. The safety body structure is
achieved by a special structure, the critical miot the body, is the use of rigid and strong
longitudinal and transverse beams and are reinfioraed the pillars to obtain the best possible
protection. When an impact is then deformed body alpsorbs much of the energy to keep the
passenger compartment without significant changes.

The basic passive safety systems of cars include:

e airbags
* belt tensioners / seat belts,

-88 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

» active seats and head restraints,
e crumple zones,
* laminated glass and polycarbonate.

1.2.1. Airbags and construction

Airbag is a bag of lightweight and breathable matemwhich in the event of an accident
inflated before passengers or next to him and d@aleock his body. It might be argued that at
present it is standard equipment on new cars. Bagade of thin fabric mounted in the steering
wheel, instrument panel, seats, doors and the 8keh a design is designed such that when the
module are activated, wherein the temperature ithenrange of 150-200 ° C, did not cause the
explosion of the element.

Brains airbag control, the control unit ACU (originairbag control unit). The design of this
unit is a simple design. This is the type of contmit, which by the acceleration sensor, lateral
pressure sensors, brake pressure sensor stoclitsy seel speed sensors and gyros. The signals
of these units are sent to the unit, which one thetermines the angle of incidence, severity, and
the power accident. Depending on the outcome dfetloalculations and air bag unit can activate
various additional restraints such as seat beltstlwgr types of airbags. Each detained system is
usually activated with one or more pyrotechnic desi

In the past, leading to unnecessary activationirtiags. Therefore, today, in vehicles fitted
complicated triggering algorithms are much more gl@x These kinds of algorithms can take into
account such factors as the weight of a passemgers occupied, the use of seat belts, and even
evaluate whether the seat fitting child seats.

Among the most popular manufacturers of airbagidec AUTOLIV, Siemens, TRW, Bosch,
TEMIC, NALDEC and VDO.

In terms of construction and design can be divaeébllows airbags. :

« front airbags,
« side airbags,
* knee airbag,
e rear-mounted airbags.

New trendsin the construction of airbags

External airbags - this is a new trend in the amesion and use of airbags, which began using
automaker Volvo in their vehicles. The performantoek place at the Geneva Motor Show (2012)
to protect pedestrians in a collision. The syste@sua sensor that detects pedestrians in the path o
the car and when it detects that a collision ivitable, it activates the external airbag andthi#
hood to lessen its impact.

Motorcycle airbag - due to the increasing amounttraffic accidents motorcyclists, the
designers try and protect these road users. Itnowatlists are very vulnerable during an accident,
because at high speed can replace them in anathale;, wall or pavement. For this reason, many
manufacturers produce so. airbag suit, which wagldped in order to protect riders Grand Prix.
However, very successfully extended the normalsid® motorbikes. The airbag is not part of the
vehicle, but it is a suit that is connected to bleaf a motorcycle and for disconnection activatio
occurs in the belt part, for better protectionhs spine, motorcycle on impact.

1.2.2. Belt tensioners and seat belts

Seat respectively. Seat belts are the most the wmsimon, easiest and least expensive
component of passive vehicle safety and at the sameeis among the most effective element of
vehicle safety. The automotive industry is the noashmonly installed a traditional three-point seat
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belt. In the automotive industry are also used 4 point safety harness, which shall apply in the
racing sector. The primary role of the safety meds of a very simple form. You should avoid the
force of inertia may fall through the passengerdsimeld or bump on the dashboard of the vehicle.
This task this satisfies today. In normal structubands find itself strap attached to a winding
mechanism using spiral strings applied rotationetd, which in turn pulls the belt to the body.

We know the mechanical switches and pyrotechnid¢ tegisioners. Mechanical tensioner
Otherwise the inertia impact. Mechanical prestresseatbelt is activated in a frontal or near-
frontal collision at a speed exceeding 12 km /e Belt must passengers in an accident as soon as
possible to capture and firmly pull. Due to certkinds of clothes (Material used) there is full
functionality retractors device. This effect isledla loose belt. Belt tensioners that are activaie
pyrotechnic, offset loose belts so that on imp&et bbelt tightened. Tensioners are activated gas
generator through the airbag control unit. In dase the belt tensioners have a lower threshold for
its activation, as the front airbags. This meangpriactice that is also activated in the accident,
which still requires the intervention of the airb&ghen released, the seat belt pretensioner tighten
Due to the fact that the seat belt adheres tigiatlthe body, passengers are exposed to a strong
deceleration of the vehicle and body burden is veistributed throughout the process captured
body => decreases the risk of injury.

9 \

o ,_--: : 'I‘\I

1.2.3. Active seats and head restraints

The impact is as dangerous and body movement tonréd the seat. Kickback body with a
sharp head tilt backwards. It was therefore deedprther additional system security, active front
seats. Already during a crash into obstacles @ dolwn the backrest backwards, reducing the load
on the spine mainly passenger. Another forward nmar# is then captured by safety belts steering
wheel and knee airbag.

Active Protection System heads are built into tloatf seat and in the event of impact moves
head restraints slightly forward. Thanks to thedseaf passengers and more efficiently capture and
reduce the risk of more serious the advice.

2. Testing of passive safety system

New vehicles marketed undergoing various testss aspassive safety including. Hoc these
tests are not currently required, nearly all canufacturers these tests are conducted. Both irnsterm
of security and a good name in the market andrmgef the presentation of the vehicle itself and
support its sales. The most common and best kn@sh drash tests are designed primarily
specialists in order to accurately simulate certgpes of real impact. These shocks are simulated
on the basis of long-standing investigation of dent records.

The methodology of examining the effectivenessassive safety:

1. Preparation for the test - Preparation of test,caennequins, cameras, measuring devices,

then calculations, measurements and preparatian atttessories

2. Implementation of the crash test

3. Analysis of the measurement and recording of infdrom and its subsequent evaluation.
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2.1. Criteriafor evaluation

The overall result of these tests is expressedhéyntumber of stars, with 5 stars is the best in
safety, which gradually decreases with shrinkiray.stVith the development of the requirements
placed on the market in the automotive industryiaceeasing and evaluation criteria. The public
car even spread rumors also buying "stars". It'sletstandable, because this is the best
advertisement for the vehicle. As mentioned abdtive,stars are awarded on the basis of tests in
four test groups. To obtain individual stars smafjuire a minimum assessment in the following
table:

5* rating 4* rating 3* rating
The overall average 80 % 70 % 60 %
Adult occupant 80 % 70 % 40 %
protection
Protecting children 75 % 60 % 30 %
Pedestrian protection 60 % 50 % 25 %
Assistance systems 60% 40 % 25 %

Tab. 1. Minimum criteria for obtaining assessment Euro NICA

3. Conclusion

The article analyzed the basic elements of passadety in vehicles and their impact on the
vehicle occupants during an accident. Each of teésments has to some extent reduce the risk of
injury or loss of life, any subscriber accident. @trse, different technical embodiments as well as
their efficiency may vary depending on the manufest and also the class of the vehicle in which
the system is mounted. Generally, many say thahidiiger class vehicles are equipped with better
technical features and therefore should be evesr.ddiodern design trends are bringing the active
safety features in vehicles and lower classeswyfoch similar things are not specific. However, the
safety of the individual vehicles of the same catggnay vary significantly. It can not be clearly
determined that the vehicle is so. safest. Eaclchels specific to different transferring elemenft
the safety and hence the protection of individwkegories of participants. If the vehicle offers a
high level of protection for adult passengers ia ffont seat, it's usually at the expense of foot
passengers. Almost all vehicles produced today hiaeebiggest problem with just this category.
The most critical vehicles for pedestrians are SUMsch in turn are in most cases highly specific
protection of adult occupants of the front seatsusl the huge structure in this case their main
advantages and "Achilles’ heel". Designers areetbex seeking to combine all four categories of
security so that they can protect all road user$aiaas possible.
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Abstract.

This paper describes troubles with localizatiorenfergency vehicles. The warning siren is the owly-n
visible device alerting motorists of an approachamgergency vehicle. An auditory warning signal,obef
being heard by a motorist, must go through seveaatiers, which attenuate it. In order to define
effectiveness of auditory warning signals, noisgugtion of a typical passenger vehicle was measaned
compared with most common used sirens. Also atetgptmproving the auditory signals, by adding new
siren tones, are described. In the last sectioraradges and disadvantages of the vehicular conuaiomn
systems are discussed.

Keywords: auditory warning signals, siren, vehicular comngation system.

1. Introduction

Every driver someday experienced such a situagion:hear a siren of an emergency vehicle
and after a long period of time you are able taaliaze the sound source. Moreover, there are
situations that motorists suddenly notice an enmargerehicle on a road, but still cannot hear it.
That happens because they are occupied by drividgage not expecting to hear a siren. That
happens because the sound pressure level insideathis not high enough to draw attention of
motorist [1,2].

An auditory warning signal from an emergency vehitiust reach and inform road users early
enough to give them time for reaction. Drivers dtidue able to quick localize source of a signal
and react in proper way. Unfortunately sometimes ‘“thake-effect” occurs. It is when drivers
localizes emergency vehicle too late and try teegiay as quick as possible, raising the risk of an
accident [3].

The key issue is the audibility of the warning sikid emergency vehicles. However, simply
increasing the loudness of the sirens is inappat@ribecause most of them are operating at
maximum permitted levels, in terms of noise podatin cities and noise induced hearing loss of
emergency vehicle drivers [1].

2. Passenger vehicle noisereduction

Noise reduction of a passenger vehicle is a functb manufacturers efforts to reduce the
interior noise, the vehicle structure, its interimindows and seals. An experiment was conducted
to measure the average noise reduction of a typiassenger vehicle. The vehicle tested was a
2001 Renault Clio. The measurements took plac@emarea, far from reflecting surfaces and with
low background noise. Three loudspeakers weretsduat a distance of 5m at front, left side and
rear of a vehicle, in order to measure the vemdise reduction for sounds coming from different
sides and thus by different barriers. The doors wamttlows were closed for the tests. The
experiment was conducted by placing a microphosiglénthe vehicle at the driver’'s head position
and in the same place but without vehicle. The $pedkers emitted pink noise to ensure broad
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frequency range [4]. The noise reduction (NR) is dhifference between the sound pressure level
outside and inside the vehicle:

NR=L, —-L, 1)

Lpo— SPL outside the vehicle
Lpi— SPL inside the vehicle

Figure 1. shows the average noise reduction vdtres passenger vehicle in 1/3 octave bands from
100 Hz to 10 kHz.
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]

100
125
160
200
250
315
400
500
630
800
1000
1250
1600
2000
2500
3150
4000
5000
6300
8000
10000

1/3rd octave center band frequency [Hz]

Fig. 1. Average noise reduction values for a pagserehicle in 1/3 octave bands from 100 Hz to H@.k

The results shows that tested passenger vehicla pasr noise reduction at low frequencies
and high attenuation at high frequencies. Alsodlteeps can be seen, around 300, 1000 and 4000
Hz, which corresponds with work of A. BalasteguiRdmeu, A. Clot and S.R. Martin.

Analyzing these characteristic it can be concluthed sirens should emit low frequencies, up
to 500 Hz. However, low frequencies alone do natndour attention and thus should be combined
with high frequencies and have short repetitioretih,5]. The shorter the repetition of the sound
source, the higher the perceived urgency [2]. Sirailso cannot be annoying, which affect
especially citizens near the fire departments, i@ispand ambulance stations.

3. Improvement of auditory warning signals

In every European country there are different ragoihs of maximum and minimum sound
pressure levels of emergency vehicle sirens. Aaltbfly, different frequencies are used to
discriminate the type of service. However, theierage A-weighted sound pressure level is 121 dB
[2]. In table 1, list of most common used sirene®are presented.

Tone Frequency [HZ] Repetition [cyclesmin]
1 Standard Walil 600-1200 12
2 Standard Yelp 600-1200 180
3 Standard Two-tones slow 450 and 60( 33
4 Standard Two-tones fagt 450 and 60( 68

Tab.1.List of most common used siren tones [1].

Scientists from University of California conducteesearch on effectiveness of emergency
vehicle siren. They defined four detectability erid from C1 to C4, in order to grant detection,
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which specifies number of tones and their loudradxs/e the masked hearing threshold in different
1/3 octave bands. They found an possibility to invprdetecability distances of emergency vehicles
and proposed new tones for sirens. Considering th@ycar noise reduction, they achieved good
results in improving the detectability distancesowever, taking into account more restricted
criteria, like increased interior background nogs®l population with higher hearing threshold, it
appears that there are situations in which it tpessible to detect an emergency vehicle even from
close distance.

Figure 2 presents hearing threshold as a functi@ye. We can see that we lose ability to hear
high frequency sounds and thus our hearing thrdsimsss.

120

Age Groups
® 10-21 yrs (n=84)
® 22-35yrs (n=101)
® 36-45 yrs (n=53)
® 46-55 yrs (n=62)
56-65 yrs (n=52)
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40

r T T T

100 200 500 1000 2000 5000 10000 20000
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Fig. 2. Hearing threshold as a function of age [6].

4. Vehicular communication systems

Auditory warning signals are necessary not onlynform drivers but also other road users.
However, in order to improve driving comfort, veleis become more soundproof and thereby more
isolated from the surroundings. So it worth to edesthe vehicle-to-vehicl@/2V) and vehicle-to-
infrastructure (V21) communication systems. Thogstams enable a range of applications to
enhance transportation safety and efficiency, a$ agequick information. For example they can
send warnings of road conditions, traffic congestod also of an approaching emergency vehicles
and give instructions how to react, e.g. creatifiga corridor — the “blue wave”.

Main drawback of those systems is ensuring therggcand privacy of data exchange, to
prevent from illegitimately send of an warning neegs, e.g. to gain a driving advantage. An
necessary condition for system to function prope&slg large number of transmitter/receiver units.
It involves construction of a network of stationdargnsmitter/receiver units along the road and
concentrated near intersections and mounting additi devices in private vehicles. However,
despite the enormous scope of work, V2V and V2tesys develop increasingly dynamic and in
the coming years we can expect new usable protatypkcations [7,8,9,10].

Conclusion

Analysis of auditory warning signals and conduaggeriment suggests that those signals are
ineffective, despite the attempts to improving th@ime problem of masking the warning signal by
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inner vehicle noise is still unsolved. But, perhdps impossible. Therefore, in order to be stinaf
all road user will be warned of an approaching @®ecy vehicle, the vehicular communication
systems should be put into action.
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Abstract. In this paper range of services provided by ontheftransport companies having their registered
office in Szczecin have been characterized. Themalso presents the profile of the company. Methufd
realization the customer's complaints are also rimst A number of complaints reported during the
company's activities and their character is shovéd.following study describes the company strataggn

to reduce the number of lodged complaints by claima

Keywor ds: transportation, transport company, quality of s@ryvcomplaints.

1. Introduction

Trucking is characterized by high availability, atménk s to its extensive dense network of
road, goods may be delivered directly to the daitn. During the implementation of the transport
process, however, unforeseen problems may occurhwiniay cause lodging a complaint to the
transport company [1, 5].

Assessment of complaint of implementation the farisservices quality is performed on
exemplified Run-Trans company from Szczecin.

Run-Trans Company is a private company operatinguational transport (Poland) and
international since 1997. An initial profile of theompany was mainly based on transport of
aggregates. Then the company focused its activitesransport of food by specialized cisterns.
Run-Trans company's offer includes the latest modar kits consisting of a tractor of Man and
Mercedes-Benz brand, as well as HOBUR cisternigdBender and others. Liquids and granular
and bulk materials can be transported using cistenade of aluminum and stainless steel. The
company is engaged in national and internatiomalsiport, such as food products fruit juices, fruit
puree, glucose, molasses, wine, milk, cream, ¢éts, glycerine, chocolate, cocoa butter, etc.

For monitoring the quality of provided serviceg ttompany allows to lodge a complaint or
claim about the quality of transport process. Clamp may be lodged within 7 days from the date
of realization or the anticipated date of implenagion of the transport service. Complaints shall be
dealt within 14 working days of receive a correctympleted complaint form. Complaint should be
submitted at the company's headquarters in penseia email.

2. Characteristics of complaints service

The most important features of lodging a complarthe reason, and the detailed description
of the situation. The reason for customer dissattgin and lodging a complaint may be: failure to
perform services, delays in execution of the servjartial damage to goods, the total damage of
goods, loss of goods, customer service qualiti3[2)].
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In the described manufacturing company no transpuoality system functions. The study
confirmed that the company has developed its ovatesy of receiving and processing customer
complaints.

After recording, the claim is verified whether stfully justified, and next the employees shall
inform the client about decision: if the claim issjified, the company provides “compensation” to
the client's proposal; if the complaint is not auted, the customer receives the reasons for the
decision.

Number of complaints from 1997 to 2014 is showfim 1.

number of complaints

N 00 OO O + o < 1D O N 0 o O N n <
o 9 9 o o 9Q O 0 Q@ © 0 © d 9 o d o
a O oo © O O O © © o © © © o o o ©
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Fig. 1. Company Run—Trans - number of received complaintise years 1997-2014.

During many years of the company's activities etiorded complaints were considered by the
company, and claimant received compensation. Inntegly 17 years of business, the company
recorded 67 complaints. This is a relatively langenber, but in relation to the number of orders
executed transports it is not too much. The avenageber of complaints per year is less than four
complaints. The largest increase in the numbeoafpaints was recorded in the years 2004-2007
and 2010-2011. The largest number of complaintsrejasrted in 2011 - 7 complaints. In 1997 and
2003, the company has not recorded any of the cinipl

Tab. 1 shows the character of complaints in 201D426nd the company comments (reason of
customer dissatisfaction) and the methods of cosgi@n (solving the problem) by the transport
company.

Tab. 1. Complaints made by company's customers in 20104201

Date Complaints Comments Solve the problem
2010 delay delivery poor weather conditions distamanother service
2010 delay delivery poor weather conditions distan another service
2010 quality of customer service incompetence gfleyee | discount on another service
2010 quality of customer service impolite custosmEwice discount on another service
2010 delay delivery poor weather conditions distamanother service
2010 delay delivery poor work organization permarniscount
2011 goods damage poor weather conditions| fiahnompensation
2011 delay delivery poor weather conditions permadescount
2011 delay delivery poor work organization discoomtanother service
2011 quality of customer service impolite custosewvice discount on another service
2011 delay delivery poor weather conditions permadescount
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2011 quality of customer service incompetence gfleyee | discount on another service
2011 quality of customer service impolite custoseEwice discount on another service
2012 delay delivery poor weather conditions distcamanother service
2012 delay delivery poor weather conditions permadescount

2012 delay delivery poor weather conditions permadescount

2012 quality of customer service incompetence gfleyee | discount on another service
2013 delay delivery poor weather conditions distcamanother service
2013 delay delivery poor work organization discoomtanother service
2013 quality of customer service impolite custosEwice discount on another service
2014 delay delivery poor weather conditions dis¢camanother service
2014 delay delivery poor weather conditions permadescount

2014 quality of customer service impolite custosEwice discount on another service
2014 delay delivery poor weather conditions dis¢camanother service

Most complaints made by Run-Trans’s customers k022014 was caused by delay in delivery
(62.5% of complaints). Customers also have objastio the quality of customer service (33.3% of
complaints). More than half (54.2%) of complaintasndue to poor weather conditions, 20.8% -
impolite customer service, and poor work organaattoncerned 12.5% of complaints. Similarly,
as to the competence of employees - 12.5%. Ovendie five years, the company solved the
problem in three different ways of compensatione Tiost commonly used method is to grant the
discount on another service (70.8%), permanenbdigcwas offered to 6 customers (accounting
for 25% of compensation). Only 1 customer receiaefthancial compensation (complaints about
goods damage).

In fig. 2 the reasons for lodging complaints in #®ve-described period are summarized.

H delay delivery

B quality of customer

service
goods damage

Fig. 2. Reasons for lodging complaints on services pexvioy the company.

The company operating on the international marketukl consider the implementation of
guality management systems in transport based emetijuirements of PN-EN 1SO 9001 [6]. The
basis for the organization of proper quality mamaguet system for companies operating in Poland
should be two standards: 1. PN-EN 12507 [7] comigiguidelines for solving problems that can
cause the introduction of a quality managementesysh accordance with PN-EN ISO 9001. The
guidelines presented in the standard have beenagpeeeas an aid in solving problems by reference
to the provisions of PN-EN ISO 9001, the use ofolhmay be different and to be taken in order to
ensure the effective application of the adoptedityumanagement system; 2. Standard PN EN
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12798 [8], which is in addition to the requiremesisecified in the PN-EN ISO 9001 quality
management regarding the transportation of dangegoads.

3. Conclusion

In order to reduce the number of complaints andatisfaction of their customers, in the last

few years, the company Run-Trans has taken a nuofilobianges in its transport operations:
- only liquid products used in the food industry aessported;
- limit the area of transportation: primarily on tlwaute: Poland - Benelux (Netherlands, Belgium,

Luxembourg);

- long-term contracts with customers.

This strategy results in higher requirements (kmgythe company customers should be able to
anticipate their needs and provide the appropletel of service quality). However, this makes it
easier to work with customers (employees know thgular customers requirements and
knowledge about how to meet their needs). Very igmands are placed on the transport of food
- the company must meet the technical and legalire@ments [3, 4].

The company's operations in the international ntaskiéforce adoption of quality management
systems in the nearest future. As transport qualiypagement system is an addition to the general
requirements for quality management system of pranisi\g company, the condition of transport
certification of the quality system is the earlieertified quality management system or
simultaneous certification with the transport giyalmanagement system according to PN-EN
12798.
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Abstract. The traffic congestion is a problem for many aiti€he citizens complain about stucking in traffic
jams and irritate because of wasting their time amshey. This situation can cause irritability and
unpredictable driver behaviour, leading to collisoand road accidents. Driving in a traffic jam sz
frequent use of the accelerator and braking pédealeasing fuel consumption and air pollution. Tdim

of this paper is to analyze driver behaviour inmas traffic condition.

Keywords: peak hours, driver behaviour,

I ntroduction

The researchers attempt to assess the impact ohgslyysical condition of the driver, road
conditions and traffic flow on driver behaviour.affic situation can elicit specific emotional state
of the driver and impose him to unpredictable béhay such as increasing a speed within settled
areas or in bad visibility conditions, making akyisovertaking maneuver or lacking of proper
interval to preceding vehicles [1,2,4]. The conmgestreduces the traffic flow and frustrate the
millions of drivers. To people who experience éffic congestion is irritating because of the time
they lose sitting in traffic jams and the frustoatiof crawling along instead of moving at expected
speed. To society as a whole traffic congestionundesirable because it misallocates scarce
resources and causes economic inefficiency anchpfygical stress [3].

The aim of the paper is an analysis of the drivardviour in various traffic condition. Some
tests were conducted during morning peak hoursmidday hours between morning and afternoon
peak hours, at an hour of very beginning of aftempeak hours and during the afternoon peak
hour.

Test procedure

The test route was about 18.8 km long and the teste conducted under various traffic flow
conditions. The route was passed five times aeufit parts of the day:

1. mornings peak hours at 7:25,

2. midday hours at 11:10,

3. afternoon at 14:07,

4. begin of afternoons peak hours at 15:09,

5. afternoons peak hours at 16:05.

The examined distance (Fig. 1) begins and endeamorthern district of Kielce @rowa,
Warszawska Str., Radomska Str.) and includes tigeeenter Zelazna Str.Zytnia Str., Ogrodowa
Str., Seminaryjska Strzrodtowa Str.).

The test vehicle was Ford Transit F6 (engine tgpoE98cm3, 125 HP, 92 kW) equipped with:

- CDS- GPS Data Logger — lightweight data logger farious vehicle dynamics testing

applications Kistler®;
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- optical sensor S-350 Corrsys Datron ® for slip freeasurement of longitudinal and
transversal dynamics (Fig. 2a);

- UEEP 12 Corrsys Datron® high - performance dataiiaitgpn and evaluation system for
mobile vehicle testing applications. with the taltentroller and software ARMS® (Fig.
2b);

- navigational sensor TANS for dynamic yaw rate measent (simultaneous up to 6 axes:
3 axis gyro and 3 axis accelerometer);

- WIRE POT D8 potentiometer winding sensors for maagudisplacement of control
pedals: acceleration pedal, service brake to daterthe movement of each pedal - in order
to determine the driver's behaviour (Fig. 2c).
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Fig. 1. Movement tréjectory of the test vehicle registevgdslobtrak®

Fig. 2. The test vehicle equipment

The test equipment allows to analyze the diffemnting conditions in the prescribed city
districts, including:

- average velocity of vehicle,

- displacement of accelerator and brake pedal,

- travelled distance,

- trajectory move of the vehicle, with position (tatle and longitude) and height,

- fuel consumption.

Results an verification

Fig. 3 presents differences in velocity values mess by S-350 sensor and GPS Data Logger.
Both measurement methods have achieved convergénoeasured values.
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Fig. 4. presents instantaneous velocity measuradgiaach of five passages. The values were

diverse. The average speed values of each passage different and depended on the time
of a day. For the first passage the highest avespged (29.82 km/h) was recorded.
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The average velocity values calculated floe subsequent passages webe36 km/h, 26.34
km/h, 21.62 km/h and 23.44 km/h. The significarffedences were observed for the stationary
movement of the vehicle. The difference betweBradd %' passage time was about 11 minutes.
The driving time measured for th& passage was approximately the same as the tisteding.

Displacements of the accelerator pedal are presesmea Fig. 5. The driver pressed the
accelerator pedal (displacement of above 90%) médiduring ¥ passage, 33 times durin§?2
passage and 21 times during passage. The fuel consumption calculated for eddhis three
passages was about 1.9dfafter recalculating 10.1 dhper 100km). During the™passage the
driver pressed the accelerator pedal 10 times.nQuhis passage the lowest fuel consumption was
recorded: 1,6 dfh (8.5 dni/100km). During the § passage the driver pressed the accelerator pedal
40 times. It caused the highest fuel consumpti®®-dn? (15.2 dni/100km).
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Fig. 5. A movements of the accelerator pedal
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Fig. 6. shows a movement of brake pedal. The tintesn the braking pedal is in use for
each passages occur successively: 16min 52secn Parsec, 19min 58sec, 26min 21sec and 24min
27sec.
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Fig. 6. Displacements of the brake pedal registered duhiedests

Conclusion

The results of the tests confirm the predictionse Towest values of average velocity were
recorded during passages conducted in peak holesdifver was imposed to frequent usage of the
acceleration and brake pedals. The traffic congestause the driving time and stopping
substantially longer. The traffic jams could be etved mainly in the city center. The driver could
shorten time of journey driving more aggressivaitioe entry streets.
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The researches allows us to explore the prevditaf§ic conditions in Kielce and introduction
to further studies. The next step of our work iscteate a driving cycle for the Kielce and
consideration of implementing the alternative piefmn in public transport vehicles.
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Abstract. The article deals with the issue of illuminatidw troad vehicles and its impact of individual light
sources positioned in the vehicle headlamps tanilhate the road in the corridor of movement of the
vehicle. The first section provides a descriptibrihe specific light sources in headlamps and atiarazes
their illumination distance and sight distance. Téwcond part presents the results of experimental
measurements, whose aim was to measure the illtionindistance and sight distance using differegtttli
sources.

Keywords: illumination distance, sight distance, halogerbbdischarge bulb

1. Introduction

Lighting and lamp signaling significantly affectetlactive and passive vehicle safety in road
traffic. Light vehicle device is a device desigrtedlluminate the road or to emit a light signal to
other users of the roads. Headlamps have to shkitteeadriver the most disseminate the visible area
in front of the vehicle, with the least glare farooming traffic.

Lighting technology is one of the basic conditidos the operation of vehicles on the road. The
primary task of vehicle is illuminate the road, tthever of road vehicle seen and was viewed.
Depending on the light source in the headlamp, gbarthe distance of illumination the road.

Although the headlamps of vehicle illuminate thaddt does not mean it is illuminated effectively.

The distance of effectively illuminate area thed@all sight distance and on this distance is the
driver able to detect possible object on the ground

1.1. Light sources

The current road vehicles use a various differégitt|sources operating on different
principles. A common light source for electricadugpment of road vehicle is light bulb,
conventional tungsten filament in a vacuum envirentrwith halogen iodine or bromine couple or
latest incandescent light. Their voltage is detaadiby basic source of voltage the road vehicle (6
V, 12V, 24V). [1]

1.2. Standard Light Bulb

The basic source of light in the road vehicle endard light bulb with tungsten filament.
The operating life of the lamp is given by currenmeggsten filament, that during operation slowly
evaporated and the molecules of metal are depositdtie inner surface of the flask whereby are
worsen the optical properties. This appearance festniitself blackish bulb. Operating life the
standard light bulb is three times smaller compdcetialogen bulbs. The bulb emits of the heat
energy 90% and about 10-12% of the light energye fidsult is that the luminous efficiency of
standard light bulb is relatively low. [2]
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1.3. Halogen bulb

Compared to standard light bulbs vary the compwsiof filing in bulbs. Contain in addition
to inert gas some of hall elements, most oftenniedind bromine optionally. It is used in them
iodine cycle. Tungsten release from the fibersgit kemperature (evaporation temperature) gets on
the glass inner sheath, where the temperaturemMerlorhere combines with iodine and produces
iodide tungsten. lodide gets to the molten fiberclwttovers the components, wherein the tungsten
is deposited on the fiber and iodide is releasdd the cartridge. It means that the tungsten
cyclically released from the fiber and again botmthe fiber. [1]

Fig. 1. Halogen bulb H4 [9]

Bulb of the halogen bulb has a very small sizeg@ble in the operation warm up to approximately
300°C. The evaporated tungsten particles wereethout through a chemical process and settle
again on the hottest place of filament. The tuslgglvaporated does not settle on the bulb, the bulb
remains clean. [1]

Halogen bulbs have double luminous flux at the saatage than the standard bulb, better colour
performance and using appropriate reflectors aelsidetter uniformity od illumination of the road
surface ahead the vehicle shown in Figure2.

Fig. 2. Efficacy of headlamp with standard bulb and hatogalb [3]

Another advantage of halogen bulbs are better gutigs in terms of adaptation of the eye the
driver on the change brightness when switching faigth low beam of headlamps, which reduces
the effects of glare and visual fatigue during highiving. Halogen bulbs used in vehicles are
manufactured in various designs. The most commpestare mainly H1, H4 and H7, which shown
Figure 3.

1.4. Discharge Lamp

Discharge lamp is a high performance light souliceonsists of the glass sealed with the
electrode, which is filled with an inert gas. Timelb is made of pure silica glass. In the field of
electric shock is bulb about the size of a pea.pJapark between leads to ionization gas tank and
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creates an electric arc that starts to burn anatiogea light source. The environment in which the
arc is burning (xenon, steam and alkali metal paletermines the colour of the bulb light in the
range of 4106-8000. The colour of the resulting electric arduehces the composition of the use
of inert gas. [4]

Fig. 3. Discharge bulb [4]

Figure 3 shows the discharge bulb. The intensityestilting light is twice higher compared with
halogen bulb and light spectrum comparable to daylilt has a five times higher service operation
life, of about 2500 hours and one-third less consion. Discharge bulbs are fitted only to the low
beam and high beam is halogen, in mode of high bi@mow beam discharge bulbs remains lit
and the halogen high beam switched only. Dischdrgadlamp is therefore a combination of
discharge bulb and halogen bulb. Standard dischiaegdlamps are just as low beam, high beam
procured classic halogen bulb.

Fig. 4. Comparison of the efficacy the xenon bulb and ¢etobulb [5]

At the figure 4 is a comparison the intensity aintination the road by headlamps with discharge
bulbs and halogen bulbs places in mode of low beam.

2. Illumination Distance and Sight Distance

lllumination distance and sight distance in frofttee vehicle are not the same distances.
Although the headlamps of vehicle illuminate thadonly a part of this distance is illuminate
effectively.
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2.1. Illumination Distance

lllumination distance of road means in case of thglam the distance, when the driver of
road vehicle recognize objects on the road or slewuln mode of low beam it is the distance the
low beam illuminate road, respectively distance mgthtée interface is lit and unlit section of road.
[6]
Maximum illumination distance of headlamps from fhent of the vehicle provides satisfactory
adjustment of headlamps. Incorrect adjustment afilznps leads to dazzle drivers of oncoming
traffic and thereby to endanger road safety. Ilhetion distance of headlamps on the road is
limited by the angle prescribed by the manufactiwerthe basic setting of the headlamps, which
must be met for the whole range of the load.
For vehicles with halogen bulbs the setting andleeadlamps is carried out manually, usually the
dial located on the instrument panel. For vehielggipped with discharge headlamps is the angle of
headlamps carried out automatically by a systeautdmatic level control. [7]

2.2. Sight Distance

The sight distance is the distance ahead vehicletooh is the road efficient illuminated.
On this distance is the driver able to observeddiject on the road and evaluate it more. This
distance is not a constant value, but it changesgithe driving. When vehicles are traveling a th
night the effective illumination of the road ensureadlamps of the vehicle. Space effectively
illuminate the road is bordered by isolux curvdsla space where the light intensity is greatanth
1, 50 lux. It should be known that the object isi@ied at the distance of illumination limit in the
plane of the road, has illuminated only the lowages at the point of contact with the ground wire
and it can be not observed. The object can be wbdamly when is effectively illuminated about
the high 0, 40 to 0, 50 m above the ground leal. |

) |

B

Fig. 5. Sight distance and illumination distance [8]

Figure 5 shows the illuminated distance ahead ef wbhicle in the plane of the road as the
illumination distance (distance B) and effectivétyarea ahead of the vehicle as the sight distance
(distance A).

3. Experimental Measurement

The aim of the measurement was to determine theesabf illumination intensity in
different parts of the body helper depending ongecific light sources and also to determine the
maximum illumination distance selected headlampdu®s the intensity was measured in the area
heel of pedestrian, approximately 2 cm about tloeigd plane. Measurements were made on three
vehicles.

The first car was the BMW E46 330xd where the moidieigh beam operates halogen bulb H1 and
mode of low beam discharge bulb DS1. Second carAuds A4Avant 1.9 TDI where the mode of
high beam operates halogen bulb H7 and mode ofdeam halogen bulb H7 with the angle
prescribed by the manufacturer 1%. Third vehicle Walkswagen Passat where the mode of high
beam operates halogen bulb H7 a mode of low bedomgdra bulb H7 with the angle prescribed by
the manufacturer 1 %.

In Figure 6 is the graphically pictured trend irg#y of illumination depending on the distance
pedestrian from the vehicle in mode of high beanthenheel of pedestrian. Obviously, from all of
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three vehicles reach the longest distance of ithatidn of road vehicle BMW with halogen bulb
H1.

Intensity of illumination in area of heel the pedestrian
180 -
160 -
140 -

120 - —BMW
100 - —Audi
30 - Passat
60
40
20
0 T T T — =
I I (P

Fig. 6. Intensity of illumination the pedestrian in moden@h beam in area of heel

Illumination intensity (Ix )

120 140 160 180

lllumination distance of the Audi A4 and VolkswagPassat with halogen bulb H7 achieved in
mode of high and low beam the same distance. Tgeehkt values of illumination intensity were
measured at the distance of 20 meters in fronb@fvehicle. At least intense illumination produce
headlamps the vehicle Volkswagen Passat in modiegbfbeam and a value of 36 lux in the heel
area at a distance 10 m from the vehicle.

The values intensity of illumination measured inda®f low beam for all tree vehicles are
shown graphically in figure 7. Halogen bulbs H7gels in headlamps of the vehicle Audi A4 and
Volkswagen Passat achieved compared with discHauliein headlamps of the vehicle BMW far
lower intensity of illumination.

Intensity of illumination in area of heel the pedestrian

120

\ ——BMW
50 N\ \ Audi
N\ Passat

IMumination intensity (Ix )
(=)}
[}

0 10 20 30 40 .. 50 60 70 80 90 100
Distance (m)

Fig. 7. Intensity of illumination the pedestrian in moddaw beam in area of heel

The measured value of intensity 10 m in front dfiele with discharge bulb reaches 111lux
at a height of about 2 cm above ground level. Whthvehicle Audi A4 is the value of intensity 54
Ix and Volkswagen Passat only 34 Ix. Thus, halobalbs achieve less than half intensity of
illumination compared with xenon bulbs. llluminatialistance with xenon bulbs DS1 is 90 m in
mode of low beam and with halogen bulbs is 60 fodtit vehicles, a difference of 30 m.
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3.1. Comparison Illumination Distance and Sight Distance

Based on the measured values intensity of illunonatas determined illumination distance
of each headlamps. In practice, the concept illatndm distance is sometimes identified with the
term sight distance. From the measured valuesvuod that the illumination distance and sight
distance are not identical and are significantedédhces among them. The smallest difference of
these distances is in mode of high beam the veBiRIg/ with halogen bulb H1 and this 10 m. In
mode of low beam with discharge DS1 is the diffeeenp to 50 m. Low beam illuminate the road
to a distance 90 m, but only 40 m of this sect®iluminated effectively, thus the value of 1,54l
a certain height of the road.

Illumination distance and sight distance
illuminated area  m effectively illuminated area

| 1 1 |
= low beam e — -‘40| /60
w
7
=
& high beam 1180 /(100
I I
z low beam ﬁﬁ’_l_‘ﬁu
=
= - !
=  high beam W&] 100
low beam 40 490
Sf— ]

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
Distance (m)
Fig. 8. lllumination distance and sight distance

lllumination distance in mode of high beam the etds AudiA4 and Volkswagen Passat
using halogen bulbs H7 is the same. Corridor ferwéhicle is illuminated at a distance of 100 m;
80 m of this distance is illuminated effectiveljflumination distance in mode of low beam is for
both vehicle 60 m. The difference is in sight aistes, where Audi A4 is 30 m and Volkswagen
Passat is it a distance 40 m. The smallest difterdmetween sight distance and illumination
distance of headlamps is in mode of high beam hatlogen bulb the vehicle BMW, itis 10 m and
the biggest difference is in mode of low beam wiiktcharge bulbs up to distance 50 m.

4. Conclusion

Measurements show that the using of halogen bulbeldéhed headlamps of vehicle BMW
the greatest illumination distance 170 m and usihgischarge bulb DS1 in mode of low beam
reached 100 m. Headlamps of the Audi A4 and VolkemaPassat achieved the illumination
distance 100 m in mode of high beam with halogdb bly and in mode of low beam the distance
60 m with halogen bulb H7. It is important to realithat between illumination distance and sight
distance is difference. It follows even if is iroft of vehicle illuminated area only part of this
distance is illuminated effectively.
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The Analysisof the Motor Vehicle Electrical Parametersand the
I nter pretation of the Electronic Systems Data in order to Deter mine
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Abstract. The article presents the analysis of electrigatals and system reports of motor vehicles in which
the mileage counter indication has been questiamelkr service conditions as compared to the vehicle
mechanical wear and tear. The essence of the afot@mned deliberations is an attempt at determittieg
universal procedures allowing for obtaining datamcaning the actual vehicle mileage. Search for the
intended method results from many factors functigron the used motor vehicles market. The majdofac

is the uncontrolled safety level on the roads antbegoad users and, equally important, financelds in

the area of motor vehicles sales, as well as whicbst estimation by the insurance companies. The
following material provides an excellent startingjri for the creation of systematic research orighee.

Keywords: vehicle mileage, technical condition, mechanicaamand tear

1. Introduction

According to the data collected by the company tvegporter', involved in the technical
expertise of the used motor vehicles all over #émgtory of Poland, the 2014 summary presents the
proportions described below. During the year aldgQ00,000.00 transactions were registered on
the used motor vehicles market, among which 23%tdated domestic origin vehicles and 77%
were the imported vehicles. The relation of tratieas between private persons and dealers was
32% and 68% for second-hand car dealers and deailarkets. The percentage of Poles purchasing
motor vehicles from car dealers is minor, nevegbg| it is worthwhile to state, that majority o€ th
cars purchased by Polish people is 4 - 8 yearg5d&o of all inspected vehicles). For the purpose
of comparing, the percentage of inspected vehidied 1990 - 1995 was only 3%. Cars dated
2011 and newer constituted 15% of all inspectedomethicles. Last year the station wagon type
of vehicles prevailed, and the most popular engias Diesel (increase from 60% to 72%). The
mileage of the inspected vehicle is a curiositye Tdgreatest number of vehicles, among the
inspected ones, constitute those dated 2006 - 20&0also know that imported vehicles constitute
the majority. According to the statistics, an Ewap annually drives about 30,000.00 km.
Relatively, it means the mileage between 120,00@u6® 240,000.00 km. Among the inspected
vehicles the declared mileage usually was betwé&dn000.00 and 150,000.00 km. The mileage
exceeding 200,000.00 km was very rare (6% of tepanted cars), and if we would like to follow
the statistics, it should possibly occur regulaliynas been also confirmed by the reports prepared
by the company experts, informing that over 35%tleé inspected vehicles had ‘fraudulent’
indications of the mileage counter. The data abpresent that the procedure of lowering the
mileage counter indication, in spite of being ilégs commonly employed, which in turn means
the overestimation of the vehicle value and dragtidine of the safety level.
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2. The Analysis of the Internal Combustion Unit Signals

The implementation of the continuously increasioglegical requirements has forced the motor
vehicles manufacturers to exceptionally developegmrds the internal combustion unit metering
and the permanent supervision over its operatimgnpaters. The technological advancement and
the toxic substances emission limits have alsoexhibe complete alteration of the diagnostic
procedures applied for the contemporary vehicldge fMecessity of applying modern diagnostic
tools such as diagnoscopes dedicated to car bramdshiversal tools, allow for the real-time
viewing of the unit operation parameters, by meahshe serial diagnostics method, with the
application of the CAN bus. The limited life spah marticular combustion unit components
resulting from their precisely calculated numbemadrk cycles in order to maintain the correct
ecological parameters, is a perfect tool to makatsempt at deducing the actual vehicle mileage. It
is applicable to the spark-ignition engines as aslto the compression-ignition engines. One of the
elements which is directly connected to the milesgthe dust saturation of the diesel particulate
filter in compression ignition engines (Picture 1).

@ Diagnoza szeregowa

Citroen C5 R @ Silnik 1.6HDI ® Bosch EDC16C34 (DVAATED4) @ 9HZ @ 1/2004.

=
CDRIE)/2

Fitr czastek stalych -
? Filtr czastek - réznica ciéniefi na wejsciu/wyjsciu 0 Pa
= = |Tlos¢ dodatku pozostatego w zbiorniku 3000 ml
| Masa dodatku w FAP 77.65¢9
4 | Obciazenie filtra czastek statych 48.36 %

2 | Pofozenie przepustnicy - bypass -99.45 %
_‘ = = Predkos¢ obrotowa silnika 0 RPM
Predkos¢ pojazdu 0 km/h
g Przebieg od ostatniej regeneracji 205.459 km

='|| $redni przebieg miedzy 5 ostatnimi regeneracjami filtra 256.824 km

¢ || Temperatura chtodziwa 6 °C

Temperatura powietrza - czujnik w kolektorze 59

Temperatura powietrza - czujnik w przeptywomierzu 141°C

Temperatura za katalizatorem 87.843 °C

Wydatek powietrza 0 kg/h

Wydatek wtrysku 35.672 mg/cykl

PN -

m Identyfikacja| = Usterki "Parametry[ Aktywacje| ~ Adaptacje| ~ Opcje

Fig. 1. CDIF2 Diagnostic Program window — diesel partitelfilter saturation and the regeneration process
regularity of the PSA Group vehicle readout [authowwn material]

This parameter informs the diagnostician not ordgw the environment in which the vehicle
was driving, but also about the number of succéssfyeneration processes, therefore, what the
approximate vehicle mileage is. Nominal DPF/FAPetfitter is prepared for the maintenance-free
mileage of about 350,000.00 km. For example, ferkl® TDI unit, engine code BLS, power 105
km, VW Group, the foregoing mileage means the dastent at the level of 60 g (Picture 2).
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Volkswagen Passat (3C) 2005-.... ® Silnik 1.9TDI-A @ VAG 03G-906-021-NG ® BLS (77kW) @ 1/2005..

| J
% Wspétczynnik obciazenia filtra czastek statych 0.789 %
= |Zawarto$¢ pytéw 35
i |Zawartos¢ pylow - wartos¢ adaptadji 0%
]
=
-5
e
b
=
- -
(— —_—
|— H | Identyfikacja|” Usterki |™ Parametry[ " Aktywacje| " Opcje

Fig. 2. CDIF2 Diagnostic Program window — dust contemapaeter for the PSA Group vehicle readout
[author's own material]

What is more, the significant element indicating ttondition of the system for cleaning fumes
from the carbon particles is the regeneration feeqy and regeneration intervals factor. In case of
an attempt at the mechanical disposal of dust,ethvafl remain information in the control
concerning the interval between burning. Anoth@mant, which directly influences the vehicle
mileage is determination of the vehicle injectigrstem condition - compression-ignition engine.
The example of such a case is the fuel injectianection parameters readout on the particular fuel
injection valve. At the moment the parameters,nathe Picture 3 are obtained, which means the
significant discrepancy on the single injectiorglsgtate means the system damage and breakdown.

[ Przesse ot

" Wykres| *

Fig .3. CDIF2 Diagnostic Program window — graphic vissation of the fuel injection correction for vehi¢ieat
1.9 JTD [author's own material]

Another case is to identify the state of even badaof the significant injection dose corrections
(value of about +/- 1 mg). Such a state means ke @ear and tear of the fuel injection valves,
which in turn means the significant vehicle mileagbe example of the balanced readout of the
injection dose correction parameters is presemtethe Picture 4, which shows the data of VW
Group vehicle, 1.9TDI unit, BXE code with the migaof 165,000.00 km.
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Volkswagen Passat () 2008-.... » Sk 1.9T01A @ VAG 030-906-021-NO @ BLS (77KW) @ 1/2008.

013 - Grupa parametréw -

Stabilizacja wydatku wtrysku na biegu jatowym - cylinder 1 0.071 mg/cykl
Stabilizacja wydatku wtrysku na biegu jatowym - cylinder 2 -0.306 mg/cykl
Stabilizacja wydatku wtrysku na biegu jatowym - cylinder 3 0.165 mg/cykl
Stabilizacja wydatku wtrysku na biegu jalowym - cylinder 4 0.047 mg/cykl

" Wykres “'" Lista

Fig.4. CDIF2 Diagnostic Program window — fuel injectidose stabilisation parameters readout
[author's own material]

In case of the attempt at the mileage identificatiocase of the spark-ignition engine vehicle, it
is crucial to try to determine the catalyst syst@gar and tear and inertia condition of the oxygen
controlling sensors (lambda probes). Similarlyhe tiesel particulate filter, the three-way catalys
system efficiency is scheduled for a particular bamof cycles equals to the mileage of about
180,000.00 - 250,000.00 km. The voltage or cursggal (Picture 5) is the parameter indicating
the catalyst wear and tear, depending on the oxggesor type - lambda probe.

13:56

Diagnoza szeregowa m u

Parametry Roztacz

Wszystioe a ]

o Prad sondy lambda, rzad 1, sonda 1 127,787 mA *
% Prad sondy lambda, rzad 1, sonda 1 - wartoé¢ lambda 0,998
Predko$¢ obrotowa silnika 696 RPM
i Predkos¢ obrotowa walka rozrzadu 348 RPM
£4 Predkos¢ obrotowa walu korbowego 1408 RPM
‘; Predkos¢ pojazdu 0 km/h
Ml Przebieg pojazdu 128437 km
§] Przebieg przebyty z wiaczona kontrolka silnika 0 km
FY Przebieg sterownika 128092,117 km
LBl Przedostajace sie powietrze 4 kg/h
Przelaczanie skoku zaworu AVS z duzego na maly 0
Przelaczanie skoku zaworu AVS z malego na duzy 0
Przeplyw powietrza - warto$¢ rzeczywista 2,39/s
Przestawianie watka rozrzadu strony ssacej, rzad 1 - sterowanie 6,25 %
Przestawianie watka rozrzadu, rzad 1 - warto$¢ rzeczywista 28,438 °

Przestawianie watka rozrzadu, rzad 1 - warto$¢ wymagana

Przyczyna przerwy

Przyporzadkowanie sondy lambda - rzad 1, sonda 1

Przyporzadkowanie sondy lambda - rzad 1, sonda 2

Przyporzadkowanie sondy lambda - rzad 1, sonda 3
Identyfikacia Usteria Parametry

28°
0
Tak
Tak
Nie |-

Fig. 5. CDIF3 Diagnostic Program window — lambda probeskiwg parameters [author's own material]

The window above constitutes the presentation®ttirrent scale of broad band oxygen sensors
in the VW Group car with the spark-ignition engingh the direct injection of the TFSI type fuel.
It is worth to note that the value of the actuahiete mileage is among the parameters connected
with the fumes cleaning system. It corroborates thke concerning the dispersion of data
concerning mileage in various system modules. Hewetis issue is going to be analyzed in more
detail in the subsequent chapter. Picture 6 canssitthe presentation of the registered breakdowns
connected with functioning of the catalyst systemd Emmbda probes.
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Volkswagen Polo (6N/6N2) 1994-2002 e Silnik 1.0 @ VAG 030-906-032-CE e AUC (37kW) e 1-1994...1-2002

Bank1, Diugoterminowa korekta mieszanki 17560
Bank1, Dlugoterminowa korekta mieszanki 17573

Fig.6. CDIF2 Diagnostic Program window — reaction tirxeeeded failure of the lambda probe
[author's own material]

The exceeding of the probe voltage maximum mayheesign of the fuel injection system
damage as well as the wear and tear resulting ftben exceeded operation cycles. The
complementing inspection is the visualisation @ gnobe voltage signal on the diagnoscope. If the
obtained chart does not reach the time amplitudteab& second with 2000 revolutions per minute

of the internal combustion unit, it will mean tlest inertia of the oxygen sensor, resulting frosn it
wear and tear.

3. Consistency of the Systems Data Readouts with the Vehicle Mileage

The already mentioned in the first chapter miledgpersal system, ensures the possibility of
obtaining access to the vehicle mileage readoutaious electronic modules. Apart from the
mileage indication in the vehicle mileage counters placed in the following components: key
(picture 7), engine driver, power steering modaleconditioning, or xenon lights driver.

e . L X1
racamery
ESL: Sdetka 4 Aktywna -
ESL: Sdezka 5 Aktywna
ESL: Sdetka 6 Aktywna
P ESL: Scietka 7 Aktywna
B4 ESL: Scietka 8 Aktywna
il Kucz lub $ciezka ostatnio uzyta 1
Klucz lub $diezka przed ostatnio uzyta 2
b Kluz w pozydji HO' Tak
B Kluz wiozony Tak
Rl Licznik kilometréw 213043,2 km
Ucznik sterownika EIS 0
Licznik sterownika ESL 0
Napiede zasilania 14,039V
Obwdd 15 Aktywny
Obwod 15R Aktywny
Obwéd 50 Nieaktywny
Sterownik EIS Seryjny
Sterownik EIS aktywny Tak

Sterownik EIS spersonalizowany Ta
Sterownik EIS zainicjowany Ta
Sterownik EIS zezwala na przekrecenie Kuczyka Ta
P TR Parametry Opie.

* x x

Fig .7 . CDIF3 Diagnostic Program window — Actual parametarthe key module readout vehicle MB W211
[author's own material]

Such dispersal of the mileage information has thedives. First of all, the vehicle mileage
parameter is, indeed, an important informationtf@ module functioning, e.g. in the key, since it
registers precise date and course of the damagerizrin the vehicle to be data carrier for the
service purposes. Functioning information conceyrime vehicle mileage in the lights module
allows for the active control over the light sousgear in order to maintain the optimum safety
level. Registration of the mileage parameter inghe/er steering module is done by means of the
hours of operation registration. That is why, faample in the vehicle where the operation of the
electric and hydraulic power steering amounted 8801hours (Picture 8), in order to obtain the

-117 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

approximate vehicle mileage, you have to multilg hours of operation by average local roads
driving speed. In Poland this value is assumedttattihe level of 45 km/h.

Diagnoza szeregowa

** Wybor " Wykres[*~

Fig. 8. - CDIF3 Diagnostic Program window — hoof®peration in the power steering system readditGroup
vehicle [author's own material]

The obtained value should be close +/- 5% to tHeage counter indications. Of course the extend
of the problem, not only in Poland but also in Eagpis so high, that there are first diagnoscopes
available on the market with the function of thdeage readout from the engine module, e.g.
EDC16 and comparing it to the mileage counter iaiibn. Even though many discrepancies could
be seen only on the basis of this example, the adsgn of two modules is still not enough. The
proper certainty level as to the mileage could h&ueed by the tester allowing for the comparison
of the mileage data taken from all available in tiedicle modules and the tester assessing the
consistency of such indications.

4. Conclusion

In this work, the main sources of readout of theckical data directly connected with the
vehicle mileage have been indicated on the basmarfy cars manufacturers. The analysis of the
aforementioned data allows for proposing a thelsé there is a possibility of defining quite
precisely the actual vehicle wear level on the dasithe interpretation of the actual parameters
connected with the driving unit and the remainiggtem modules functioning within the vehicle. It
seems to be reasonable to make an attempt atrefiommon directions and procedures allowing
for straightforward and consistent description bé tvehicle mileage, in order to reduce the
wheedling of money from the insurance companiestamicrease the Polish roads safety.
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Abstract. This contribution deals with the issue of car lomgk particularly with the one of M1 category.
Braking deceleration measurement of the vehicledda MPS by the declerograph XL MétéPro was
carried out. The main aim of the contribution wadnvestigate the process of braking deceleratiothe
vehicle Mazda 3 MPS. The test took place at thaerRaairfield, the airstrip in a small village negrthe
town of Zilina. The last part of this paper presefihe results, evaluation and comparison of the
measurements carried out.

Keywords: braking deceleration, braking time, braking disgrdecelograph XL Met8f Pro

1. Introduction

Road traffic safety regulation require vehicle t® dble to stop within distance. The reaction
pathway depends on the driver’s speed of reactimmgentration, experience and immediate mental
a physical condition. The driver does not changeation or speed of a vehicle during the phase
from noticing obstacle to the stopping of the vehicThe stopping distance of a vehicle is
determined by several factors which affect tirgpgsuch as weather conditions (e.g. rain, fog,
lighting conditions), geography (e.g. slope trageptane), speed, quality and type of tire. The
driver scope is influenced by density of transglosv, the driver’'s view of traffic flow (e.g. sadall
peak), topography and environment. [3]

Indeed, the detection of the real value reachethguntense vehicle braking is one of the key
factors in the process of accident investigati@h. [

2. Test vehicle

Mazda 3 MPS 2,3 MZR DISI model year 03/2011 waslusethe test vehicle (Fig. 1). It was
loaded with one person (a driver) at the momentheftests. The tires of Pirelli brand were of
205/50/R17 93 dimension with the 5.1 mm tread detthe front tires and 5.7 mm of the rear
ones.

Fig. 1. Mazda 3 MPS 2,3 MZR DISI
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The safety systems effecting the braking forcealtest in the vehicle include: ABS (Anti-lock
Braking System), EBD (Electronic Brakeforce Distttion), EBA (Electronic Brake Assist), DSC
(Dynamic Stability Control), TCS (Traction Contr8lystem), LSD (Limited Slip Differencial),
active seat belt tensioners, EBS (Emergency Brighke-System).

3. Measurement devices - decelograpf Inventure XL Met™ Pro

Measurement device XL Meté&t Pro of the 3rd generation was used for measufiigy 8). It
is a universal accelero/decelerometer with theapimercid LCD display. It serves to measure and
evaluate vehicle acceleration and the state afeitgice brakes; it’s easy to operate as it usgs3donl
buttons placed at the top of the device box, ed¢hem being of a different colour (black, green,
red) and therefore of a different function. [6]

The device is powered by a battery but it can dlsa@onnected via an external source. From
the technical point of view, it consists of threaimparts: electronics, a vacuum suction cupule and
an articulated arm which allows customizable mawntiXL Metef™ Pro is easy to attach to the
desired location on the surface of the vehicle wimeld or any other smooth surface and it can be
fixed to the surface by turning the lever of thewam suction cupule. The device is built-in into an
aluminium box which is purpose-designed to provedesy controlability and installation. The
articulated arm allows zero point calibration whideing installed on the vehicle windshield by
means of the vacuum suction cupule.

There are two slots at the back panel; nine-pinUB-®onnector RS-232 allows connection
with the computer and it may also be used to canthecbrake pedal sensor as well as output signal
control and the round slot is used to power theagdefvom the external source (CC-in adapter). [4]

The 14-bit measuring technology has been improwethé process of new HL Mef& Pro
development. Thanks to its increased storage dgpacs now possible to realise 8 measurements
without the necessity to transfer data directlp iatcomputer. The new functions of synchronisation
and remote control enable easier and more comfertaage. The modular architecture makes XL
Meter™ Pro the ultimate device either for speeduprake performance tests. [5]

The electronic system of the device continuoustprés values of output signal voltage during
the measurement, with the sampling rate of 200i.dzthe values are measured and recorded every
5 ms. There is an automatic off position recognituilt-in in the device, so the precise zero poin
setting is not that necessary. The device recdrdscourse of acceleration within a span of 40
seconds from the moment of being turned on. Aftermheasurement is over, the screen displays the
value of mean fully developed deceleration (MFDDE braking distance (s the initial velocity
(Vo), and the intensive braking time)t [4]

Mean fully developed deceleration (MFDD) is on Hasis of norm EHK 13 calculated as the
mean deceleration regarding the distances travalildéite interval from yto v in accordance with
the formula [1] Individual parameters appearing in the formula loaralso represented graphically
(Fig. 2).

2 2
MEDD = b Ve (1)
2592((s, -3,

where:

MFDD — mean fully development deceleration [fi,s
Vo — initial vehicle speed [kmH,

Vp — vehicle speed at 0,8 fkm.h7],

Ve — vehicle speed at 0,1 fkm.h],

S — distance travelled betweegary, [m],

s —distance travelled betweepa/ . [m]
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Fig. 2. Dependence of vehicle speed, distance travellddeaking deceleration for the calculation of MFDD

4. Measurement and measurement method

The experiment was carried out on 30 November 28tlthe Rosina airfield. The surface
conditions were: dry asphalt runway with the estedeaadhesion factor of range 0.80-0.90 and the
runway temperature was of 6 °C. The temperatuaarddient air was 3 °C with low speed wind so
we could ignore its impact on the measurement. THmgth of the experimental track was
approximately of 250m. Certain measurement inacyungas caused by the surface gratient
estimated at 2%.

Measurement device XL Metét PROwas installed on the insiddazda 3 MPS 2,3 MZR
DISI windshield by means of the vacuum suction d¢eifEig. 3).

The decelerograph was fixed by means of the vacugtion cupule on the inside windshield
during the measurement. The device was positiomednay so that its measuring axis was parallel
to the drive direction and so its controls werehimitreach of operation.

The device switches into calibration mode aftenfeawitched on and successful completion
of the automatic system control. The mode thenlayspcurrent value of measured acceleration. If
a vehicle stands still on the horizontal surfahe,displayed value is to be of 0 i.€\ny deviation
can be rectified by manipulating the devices” huige so its measuring axis is in the closest
possible horizontal position. [4]

Fig. 3. Location of XL Metef" Pro in the vehicle

System sampling rate was set to 200 Hz, i.e. we2@@ddata per second available. The target
process to be observed was braking with the fullgliad service brake while the vehicle was
equipped with ABS. The driver set the vehicle intioo to the desired speed. By activating speed
limiter function we achieved the desired speed toobe exceeded. Then at the moment of the
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desired steady speed the driver violently pushex gbrvice brake pedal. Braking was being
conducted until the vehicle reached zero speed.

All data were being recorded and were available complete file at the end of the experiment.
It was necessary to stop data recording when thieleereached the zero speed by pushing the off
button. The experiment measurement was repeatedaashort break.

5. Processing of measured data

5.1. XL Vision™ Pro

All data measured by XL MetBf Pro can be saved and evaluated later offlineviddal data
are stored in the permanent memory so they aressibée even after the device is off but unly until
being rewritten. The device enables 8 different sneaments to be stored in its memory. It is also
possible to transfer all the recorded data intobyGneans of serial RS-232 cable or by standard
USB cable. Communication and transfer of the measdata between a PC and the XL Meter™
Pro device and its sequential evaluation is praViole the freeware XL Visidit Pro (Fig. 4). Data
transfer is available only in the calibration madal in the display mode at the end of the display
cycle.

XL Vision™ Pro includes ever-increasing number of functidiige aim of the ever-increasing
program facilities is to offer the professional$uth computer evaluation of accelerations and
decelerations of different vehicles such as passerays, commercial vehicles, trucks, coaches, etc.
The program also enables very easy documentatidraghiving of measured data. Measurement
results are possible to be printed in the form @&asurement protocol which contains all the
important data and information. [4]

B R meter XL November 201312

b e T T AR R AR e PO AR Mot o1 —
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B Moguy———
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7 e e sy, 7 e e e, s P e o e e W e s £ Freva z<n\am-h
: ik, I‘\,‘VD= 79,40 km/h /
L e ! \\ = -
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N 7567 e

325
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Fig. 4. SW XL Vision™ Pro

6. Evaluation and comparison of the obtained data

The following tab. 1 shows the speeds at the bégynof fully braking deceleration, calculated
average values for fully braking deceleration ahd tlata about time and distance the vehicle
passed during this section, having various speeds.

Obtained data
Measurement no.
VIkmh? | vims'] | s[m] | b[m.s? | t[s]
7 96.80 26.89 50.10 7.93 3.53
6 84.96 23.60 39.29 8.03 3.13
5 79.51 22.09 33.07 7.89 2.91
4 59.01 16.39 18.43 7.92 2.13
3 56.41 15.67 16.75 8.22 2.02
2 41.66 11.57 9.35 7.71 1.56
1 20.89 5.80 2.52 8.08 0.84

Tab. 1. All experiment results were obtained by XL MétePro device and processed by XL VisioRro freeware
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Summary of mean fully developed deceleration byMéter™ Pro:

Obtained values
- maximum braking deceleration XL Met¥rPro: 8.22 m 3 (trial 3),
- minimum braking deceleration XL Met& Pro: 7.71 m3§ (trial 2),
- average magnitude braking deceleration XL M&tdtro: 7.97 m3,
- standard deviation of braking deceleration XL &&f Pro: 0.149 m:é

Comparison of ¥ — s dependence

We decided to use the ,braking distance — initedesi“ dependence for the final comparison of
the obtained data (Fig. 5). The red curve represém course of the results obtained by XL
Meter™ Pro. The curve is described by the regressiontigua/ariabley equals to the 2nd order
polynomial regression. Variabl’ shows the equation of the regression reliabilliye value is
extremely high what verifies correctness of thesgmoregression type.

60

y = 0,0054x" - 0,0047x__

50 _
R?=0,9994 /'

40 /

30 /

20 /

’ /

O T T T T T
0 20 40 60 80 100 120

v [km/h]

% [m]

= Polynomial trend (XL Meter Pro)

Fig. 5. Comparison of the data obtained by SW XL VistoRro

7. Conclusion

The mentioned braking deceleration measurementakiaed on seven exams. The value of
density data per 1 second is 200. The use of deoeéter is user-friendlier. It is sufficient to ial
the measurement device in the vehicle, to caliitated to activate it (switch on mode) just before
the drive. The device starts automatic data rengreithin 40 seconds. After measurements are
over, it is only necessary to connect it to thed?@ to obtain all the numerical and graphical data
by means of XL Visioft" Pro freeware.

An important contribution of this experiment is tpeactical measurement of the braking
behavior of the vehicle Mazda 3 MPS 2.3 MZR DI8&lparticular focus on the average full braking
deceleration. This value is very important for tRead Traffic Experts when elaborating the
Forensic Expert's Reports of traffic accidents, ighie represents the core entry value of braking
behavior of the respective vehicle; or alternativiel other areas, where the measured results can
help to achieve the solution.
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Abstract. Electric bicycles in series production are assenhloh various versions about fifteen years. This
paper describes assembly technology in the faetidhyan annual production of about 25,000 elediikes.
The paper subsequently describes the divisionssérably technology. Emphasis is placed on supply of
assembly hall and sections of assembly componBiete. section describes part of proposals, by wkheh
selected sections of the assembly are rising imdesf quality or productivity. To conduct the resa
methods there were used analysis, summarizing digams and tabulating. Consequent implementation
into practice was carried out after a general agese with the management of the company.

Keywords: electric bicycle, assembly, quality

1. Introduction

The productivity and quality of assembly is in mamynpanies considered as a priority pillars.
As the relationship between the outcome and the tweded to achieve this result in terms of
management seen as crucial to securing the sericEompany operations. By assembly of the
electric bicycles is divided into about 170 diffeteoperations. These operations requiring a
different manual dexterity. Required time for opnas is also different and therefore it is
necessary to proper distribution. Prerequisite dovooth installation is timely supply of parts.
Assembly of electric bicycles in the enterpriseaalized in seven sections, none of which is fully
automated and is more or less dependent on mamu&kerg. Each section has its own factory
foreman who organizes the work performance of warkensuring the maintenance department
and assume responsibility for their work. In thenpany is 55 full-time employees, of which 42 are
assembly workers. Supply sections of productionraedized by warehousemen who contracting
out parts specified by the production plan. Daitpduction is usualy from 70 to 120 pieces of
electric bikes. Working time is 480 minutes with id@hutes pause. Operation of the company runs
weekdays from 6:00 a.m. to 2:30 p.m.. Ancillary ksr(assembly fenders, etc.) are partly
implemented during overtime ended after normal waykours. At this time, it is also carried out
for cleaning the hall.

Assembly process is controlled by the producti@npivhich is published at about 3 months in
advance and the order of production series is satjusccording to actual requirements, for about
two days in advance. Components are usually reddiroen nineteen suppliers, of which nine are
from China and ten from the European Union. Interimwventory management system is
ellectronically. The main person responsible fa@ implementation of the production plan is Head
of Assembly. Individual sections of the assemblgerees lists of components and their required
number. In addition to the frames and unsprungsfevkich are surface treated powder coating, the
parts are ready for immediate installation. Theléza of the sections also reporting any problems to
the Head of Assembly.
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1.1. Warehouse of components

In this warehouse are received and sorted compsrfemn various suppliers. They are on
pallets (European suppliers), containers (suppfrera China) or in holy bulk (tires). Each package
of components is provided with identification infwaitions, including code, according to stock
cards in the internal software. The exact numb&oaiponents is controlled only by the data on the
packaging. The control system presents problempitking components to produce, since gaps
(bad codes, number of components etc.) are deteatgdluring assembly. The resulting problems
can usually necessitate a change in the plan aggemb

1.2. Paintshop

Paintshop works on the basis of electrostatic powdating. There are finishing the surfaces
of frames and unsprung forks. In one part of thatphop is also machine for sanding of the frames
and workplaces, where they are applied to eletikes frames decorative decals. Application of
colors is performed in two stages - paint applaratnd after application of decals and clearcoat in
semiautomatic cabin into which the components arereyed on the chain conveyor. Supplying of
paintshop is managed by a specific production pdrmgse meaning lies in the need to minimize
changes colour of powder paint. It is also necgsgasupply a specified number of assembly the
coated components, so as to prevent it unnecesssinctions. Among the major shortcomings of
this work include a lack of labor force skills. Dteedifferent types of frames and forks are often
applied color other than desired. Identification frdmes is made by the remeasurement and
comparison with the drawings. This process is leygind very complicated in practice paint shop
operations.

1.3. Whee assembly

In this workplace are assembling wheels and tinesluding installation of the clamping
mechanism. The actual string is performed on senuraatic machines, centering is done
automatically. Completed wheels are then storedoalfets and stacked. If the wheel includes
engine, entangled in the front or rear wheel, threast be strunged manually. This poses problems
in terms of late delivery completed wheels to thextnassembly. As regards the supply of
components strung, it is driven by the productitanpTires and tubes are before assembly stored
outdoors under cover. As a big disadvantage of tyye of storage has been identified the
possibility of degradation due to weathering arsb dhe fact that the individual stacks of plassic i
not always taken the oldest tires.

1.4. Workplace for mounting of handlebars and seats
In this section production is gradually assembledtimls and safety features on the handlebars
and seats. On the whole workplace is carried otlt thie help of hand tools.

1.5. Assembly of forks and brakes

In this section are assembled not only forks, betféted bottom bracket parts, brake system
and electrical wiring kits. Due to various typedadks, brake systems and wires, this installatson
unevenly busy. Workers in this section are involirethe production of all types of operations and
balance so uneven work performance. Supplyingsédsion is carried out on pallets.

1.6. Title, Authors, Affiliation and Headings

Completing on the line is a last part of assemiyere forcompleted components of electric
bicycles are compiled into one whole. After thagytlare packed into boxes and prepared for storing
in the warehouse. The outputs at the assembly diree uneven. Regarding the supply of

- 126 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

components, assembly line workers to receive therpatiets. Subsequently, each worker removes
the components for his work..

1.7. Warehouse for finished products

In this warehouse therea are storing finished etedticycles. Evidence is controlled by
computer based on reports from Head od Assembipénwarehouse are boxes with electric
bicycles stored on pallets. The expedition is edrout according to release notes.

SWOT analysisof the current state
For greater clarity was created SWOT analysis, weiammarizes the key points identified:

Strengths

- Assembly in one place

- Good handling and IT techonologies

- Ability to quickly communicate with all levels aiperation

- Regular meetings with management

- The use of external suppliers for production apdration (option complaints etc.).

- Cooperation with development
Weaknesses

- Fast handling of complaints

- Staff qualifications (eg disadvantage. In chavfjthe tools and equipment)

- Organisation of assembly (eg. Underload employeaest unified overview of the tasks they

can perform)

- Problems to the introduction of sandblasting emalting line
Opportunities

- Meaningful use of working time to improve produity

- Improving the quality of production by reducingap and junk products assembly

- Increasing accountability for work done by indival employees - non-fulfillment of the plan
assembly
Threats

- Leaving of skilled workers to better salary

- The high number of complaints (wrong company namie market), with regards to detect
errors

- Financial losses associated with the economiesson, currency fluctuations, political
situation, etc.

2. Proposalsfor new elementsin the organization of production following the
analysis of the current state

In agreement with management of the company has éstablished that in the future will be
invested into improving the logistics supply assBmtomponents to streamline production.
Analysis was created bottlenecks in the assembvlythe basis of which were selected following
critical sections. Here were designed following miodtions:

Organizational support for thework of all sections of assembly

For all sections of the assembly was introducedlsicycle of the lists of parts, which receives
each partition assembly according to plan. These tapturing all non-standard events, as well as
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the date, time of assembly of the series etc. Tiaetanent of list of parts further signs storekeepe
and the section foreman, confirming receipt of &t assembly.

War ehouse of components
In this section have been designed and implemenitss receiving shipments, which are

controlled by receipts. The boxes are checked mspaf at least one package from one entry.
Further positions were created and stock invergofter non-standard output were created forms of
registration sheets. In the storage components beee designed and implemented clearer picking
components for the individual sections of instadiat These sections will receive the components
on pallets labeled with a list of parts. The lisfsparts will be after the assembly passed the
following section foreman or Head of Assembly.

Wheel assembly

As already mentioned, bicycle tires and tubes tmed outdoors under cover. Due to possible
degradation at prolonged storage is necessarytablist a new storage system so that they are
always taken the oldest batch. This was accommlighe performing inventory, sorting and
subsequent disclosure shelves with access on ek, svith the stacking occurs on one side and
removing from the other side. As a long-term measuas intended to build a warehouse tires and
tubes in a cool dark place.

Workplace for mounting of handlebars and seats

On this site were proposed minor changes in tha fafrthe use of electric and pneumatic hand
tools. Calculation was determined that this wilhiawe higher productivity. Supplying parts of this
department was transformed into a partial interitoragye facility, because it is a standard
component. Delivered only the controls on the helpalls and seat cushions for the seat, the other
parts are stored right there.

3. Conclusion

Rationalization of production logistics in a fagtpengaged in assembling electric bikes, was based
on the author's experience and studying of therekperature[1][2][3][4]. Its practical

implementation was preceded by extensive consoiftgirocess. In practice, labor productivity in

the primary stage (immediately after implementgtiooreased by an average of 5%, is expected to
be a further increase after the introduction okottroposals. The company management has
decided to devote the saved resources to the geveltt of other assembly technologies, which
gives space for creative employees. In this conteas introduced as a bonus scheme for other
suggestions, whose applications will further strigaenthe installation.
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Abstract. An international standard GMP+ was revised frorh®0anuary °L This standard is focused on
the product quality and the quality of animal fegidtribution chain. The importance of monitoringe th
quality of animal feed has increased particuladyconnection with a number of food scares when in
foodstuffs of animal origin (for human table) digeced antibiotics, steroids, disease, even poisths.
standard has been tightened and unusually divided Tdocuments". The specific conditions for
transportation, distribution and storage are priesdr

Keywords: GMP+, feed transport, safety of feed, feed suppbin, quality of feed, distribution of feeds.

1. Introduction

Already in 1992, the Dutch feed industry has intreet rules of GMP (Good Manufacturing
Practice) in response to various more or lesssgigases of contamination of feed materials. Later
the standard mark GMP was changed to GMP + to rted® standard in quality control of feed
materials different from the same called standarthe pharmaceutical industry. GMP +, although
it was first developed for the national conditiafsinland practice, has become the international
system, which is managed by the organization GMRBternational in collaboration with various
international bodies.

For standard module For standard module
GMP+ Feed Safety Assurance (GMP+ FSA) GMP+ Feed Responsibility Assurance (GMP;
fulfilling FRA) fulfilling

Feed
Responsibility

FRA

Assurance

Fig. 1. GMP+ modules official logos (Source: www.gmpplug)o

Currently is the standard preferentially requinedhie market for feed from all candidates who
would like to participate in the supply of compoufeked, standard conditions include the
requirements for assistance on activities of trartsgnd logistics.

In 2013 passed the standard of substantial motditavhere it began to emphasize the
individual responsibility of the participating etnds. To that reason, there were two modules
created (logos, based on the current form can sigrted where the requirements are fulfilled, are
shown in Fig. 1):
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1. GMP + Feed Safety Assurance (with regard tortheagement of feed safety) and
2. GMP + Feed Responsibility Assurance (focusetebable feed).

2. GMP+ standard’s framework

Currently, the standard is extended also by incowntry; it is particularly required by supply
chains interested in the comprehensive quality mament (TQM). GMP + is currently the
complete module of standards to ensure qualityutjitout the supply chain of feed for livestock
production.

Based on the needs of practice, more of the addacm®ponents from the food chain, such as
feed safety management system, the application ACEP system approach, requirements
management, monitoring, preparation and risk managé systems, have been incorporated into
the standard. The international organization adsponds to reactions from participants in the GMP
+ standard treatment. Since the quality of thelffoad production is highly dependent from the
compound feed and feed, this sector is constarmhfronted with increased requirements for
reliability and responsibility.

The current wording of the standard has undergoodifioations in response to changes in the
international standard ISO 9001 and is valid frodafiuary 2015. Also the parts regulating logistic
processes and services have undergone minor changes

GMP+ consists of the so-called Document A - D (€ab)l. By the specific requirements for the
transportation, packaging, storage and distributieals with part B.

Category Documents
A General treatment, logos, definitions and shisduits, dispute resolution
B Production, trade, services, transport (road, istsd waterway, rail), the principle

of testing requirements for the composition of feashtrol and geographical notes
C Certification bodies and assessment proceduneskists

D Manuals, explanatory documents, statements, ministamdards for the value of
certain additives

Tab. 1. Documentation of GMP+ standard (Source: Own warkhe basis of: www. gmpplus.org)

In terms of the standard the part B may be consideghe most important part, which consists
of various individual standards referred to GMP %-BGMP + B10, annexes referred to as GMP +
BA1 - GMP + BA13 and notes relating to certain lazion (Table 2).

3. Current rules for the transport

3.1. Significant changes

The first change of section B.4 - Transport (Tramgpis directly related to changes in ISO
9001. While the application range of this part lha&en often defined to ensure the quality of
transport by road, waterway, sea and rail transjaod in this range include all relevant activities
including ordering, selection, acceptance of casgace, control, administration, ...), fronl' 1
January 2015 GMP + emphasizes inclusion in thigpeaoof the activities carried out by third
companies such as brokers or commission (also titketco-operators™ ), acting as intermediaries
between shippers and carriers, regardless of whitaghysical transport and auxiliary processes.

The term "packaged product” cannot be understodgaskaged goods”, but any product in a
sealed container or enclosed cargo space, whiotit ige property of the carrier. The carrier i®als
not responsible for cleaning and filling of the g@ararea. For "packaged product” shall also be
concluded bags, "big bags".
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Category Document Document title
GMP+ B1 Production, Trade and Services
GMP+ B1.2 Production, Trade and Services
GMP+ B2 Production of Feed ingredients
GMP+ B3 trade, Collection and Storage and Transaigm
GMP+ B3.2 Trade to Livestock Farms
GMP+ B4 Transport
B Standards GMP+ B4.1 Roaoll Transport -
GMP+ B4.2 Affreightment of Short Sea Shipping antiihd Waterway Transport
GMP+ B4.3 Short Sea Shipping and Inland Waterwags3port
GMP+ B4.4 Sea Transport Affreightment
GMP+ B4.5 Rail Transport Affreightment
GMP+ B6 Feed Materials Cultivation
GMP+ B8 Production of and Trade in Pet Foods
GMP+ B10 Laboratory testing
GMP+ BA1l Specific feed safety limits
GMP+ BA2 Control of residues
GMP+ BA3 Minimum Requirements for Sampling and Arsid
BA Appendices GMP+ BA4 M?n?mum Requ?rements for Sampling and Amaet
GMP+ BA5S Minimum Requirements EWS (Early Warningst&yn)
GMP+ BA6 Minimum Requirements Labelling and Deliyer
GMP+ BA10 Minimum Requirements for Purchasing
GMP+ BA13 Minimum Requirement for Sampling

GMP+ BCN-CEE central and Eastern Europe

GMP+ BCN-CN1 Supplier Assurance for China
GMP+ BCN-NL1 Antibiotics free feed
GMP+ BCN-NL2 Dioxin monitoring in laying hens (ré=g) feeds

BCN Country Note

Tab. 2. Documents B of GMP+ standard (updatédian 2015). (Source: Own work from www. gmpplus)org

3.2.Conditions for road feed transport

For the road transport GMP+ currently provides fokowing requirements management
system feed safety. The chain - in this case, pleeator - to set the feed safety management system
so that it is aligned with the requirements of GM&a&ndard with regard to the effectiveness of
continuous improvement.

3. 2. 1. Obligations of operator in the feed safety management system
The operator has to:
a) Establish and record the scope of the feed safatyagement system. The range must include
the entire shipment for which the carrier is ligla the basis of the following set of rules:
1) The operator is responsible for transport.
2) The operator must specify the entire carriage feed.
3) The operator shall indicate all the places of bessn of which operates in the safety
management system of feed.
4) The operator shall describe all other activitiebjolr means to describe activities which do
not fall within the scope of the GMP + standardd &m ensure that these activities do not
have to feed safety no negative impact.
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5) The operator should control all transport actigititalling under its own feed safety
management system in accordance with the requitsnoéiGMP+ standard. This applies to
transport feed its own production and foreign padaun, packaged or unpackaged feed their
own transportation. The standard allows the useexternal operators. If the chain
contractually provides services other than its oivmust ensure that the transport meets the
requirements of GMP+. Within the road may thus @eitonly operator who is under the
GMP+ certified. An exception is cases where it xslesively the transport of packaged
goods including freight containers, road when tiperator is not necessarily the GMP+
certified.

6) If the road carrying plant food, subject to the@glecondition that the operator is certified
by HACCP, such feed can be transported under tihe sanditions as the transport of food.

b) Create such working methods in order to perforracie transportation.

c) Make available the resources and information nesal@érform carriage.

d) Monitor and evaluate the working methods.

e) Implement measures that are necessary to achiameqa results and continuous improvement
of services.

3. 2. 2. Limitations of market access

These working methods must be controlled link i ¢hain to the requirements of GMP +.

The standard further strengthens the requirementinks in the chain, operating in one place
and carry out activities covered by GMP + standaath firm must be certified for this activity.
Here it is clearly laid down very strict conditiofa the penetration of the market for compound
feed and feed when this system in one area maywe@wmly the approved bodies.

3. 2. 3. Documentation

The need for documentation of the safety managesystem feed puts traditional emphasis on
documenting according to basic standards ISO 99Bith requires the determination of policy and
objectives of feed safety, documenting processderu@MP +, further has the part of chain also to
submit the evidence of successful effective plagnimplementation and control of traffic, records
and authorization under the legislation concernfagd. The operator has to, under current
arrangements GMP +, lead even further records:

a. documentation related to the transport and controls

b. the operator should have a documented system fourtiag bottlenecks in the transport
process and the development and implementationalftyg control plan,

c. the operator must archive the results of the chetkshese documents must be kept so that it
is possible to monitor the transport of feed irharstime period and, when it comes to a claim
under them determine responsibility.

3. 2. 4. Staff in the transport of feed

In addition to the essential general rules accgrtiniSO 9001 asked the personnel of operator
(personnel must be professionally educated, traislaled and experienced, properly qualified for
the transport of feed, an organizational structhe¢ captures the responsibilities of staff havbdo
created and this must be available for inspectrahedc.) are in the GMP+ standard for transport of
feed and set specific requirements.
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Staff involved in the transport must be clearlyommied of their roles, responsibilities and
status in written form, which must also containtiastions for cases of changes to achieve the
desired product quality.

Excepting to these rules, the operator must comly additional requirements of staff:

a) To determine the necessary knowledge and skillpéosonnel performing activities affecting

the safety of the transport of feed,

b) To provide training or take other actions necesgarpchieving of these properties,

c) To evaluate the effectiveness of the activitiesauntaken,

d) To ensure that its staff is aware of the importanteheir activities with respect to food
security and how it contributes to the achievenoénihe objectives in this area,

e) To maintain a record of personal education, trgnkmowledge and experience.

The standard does not set the exact format of @werds or confirmation of the staff
assessment.

3. 2. 5. Requirements for conditions of transport
The operator must ensure that the container orespac

a) Is made of suitable materials that are easy tonchea prevent contamination of the feed. This
condition applies in particular to surface and maltg that come into direct contact with food.

b) isin good condition,

c) are suitable for this purpose and function,

d) enable the maintenance of hygiene product / process

e) Is purified from the outside, including the chask@n the visible remains of the previous
cargos.

To the above requirements serves a form accompgulyegncargo being carried to the breeding
establishment.

4. Conclusion

Exposed food scandals in recent times have createt of pressure on suppliers of food of
animal origin. These foods are in a great paruariced by the quality of food that animals were.
Create a tightening of standards GMP+ was diretrdieehsure the quality of the supply chain of
food of animal origin.

GMP+ standard currently has a non-traditional fafmiwo modules, which consist of several
standards. Transport and logistics activities wratéd separately in specific standards.

Simultaneously, the current form of the GMP+ staddan response to changes in the
international standard ISO 9001 very lightly perthi¢ use of external services and their entry into
the supply chain of transport of feed and foraderetjuires that all entities have undergone
complex, and let's face it even financially demagdtertification. On the other hand, it provides
for carriers to take precedence over other cangsd@at participation.
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Abstract. The disadvantage of transport ticket validationchyrier's employee (usually conductor) is
that this system requires higher staff costs inomparison with the Self-Service system that puts
responsibility of transport ticket validation onsganger (using marking machine itself). This cootion
describes options of marking machines locationaisecof Self-Service system creating. One optidicket
markers placed in railway station and next optisrticket markers placed in vehicle. The methodology
provides for the calculation of ticker markers ghicles.

Keywords: Self-Service system, transport ticket validatioarking machine

1. Introduction

The transport system is a set of activities, wigiaesenger transport is performed by [1]. At the
beginning of passenger transport process the neeedlazation is required. As the second it is
important to become familiar with transport reguas, to find suitable connection, to buy required
transport ticket and, of course, to validate it.

One form of transport ticket validation is to erss@n empowered employee by the carrier.
Other form of transport ticket validation can beeating and building up the
Self-Service system. To passengers, this systamliknown from the urban public transport.

The disadvantage of transport ticket validationchyrier's employee (usually conductor) is
that this system requires higher staff costs in mamson with the Self-Service system that puts
responsibility of transport ticket validation onsganger (using marking machine itself).

2. Self-Service System

Railway lines and vehicles with Self-Service systenuse are identified by special symbol
(Fig.1). The Passengers must buy transport ticken ebefore the boarding vehicle on. For
passenger it is compulsory to validate transpoketi by marking machine as soon as possible.

Fig. 1. — Pictogram of Self-Service system Source: [2]
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If the train is equipped with the marking machiitas required to validate transport ticket in
this marker by passenger, unless it is startednetbe. Flow diagram (Fig. 2) describes the Self-
Service system functionality.

Entering the system

HaveI got
the ticket
transport?

yes

Where can I

Railway station buy transport Train

ticket? Validation of
transport ticket
—> Ticket Office Ticket vending machine |G
—> Ticket vending machine The train staff <
Fig 2. — The Self-Service system functionality Sourcetlars]

2.1. Ticket markersplaced in railway station

Train stations are places where the passengersd limavehicle (train) on or off. One of the
possibilities how transport tickets to be validatedocating of marking machines in this place.
Those locations are affected by various factors:

* location of station building,

» commercial distribution within the railway stati@oifice),

» passengers flow distribution (entrances, exitseypakses etc.),
» station tracks layout,

» platforms structural design,

* interconnection with the other urban infrastrucsure

2.2. Ticket markersplaced in vehicle

The most common way of markers locating is to pldwm into the train (vehicle). The
passengers usually know this system from the upldtic transport. The sum of marking machines
is affected by these factors:

» type of the vehicle doors,
» train consist structure,
* number of train sets.
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3. Thenumber calculation of theticket markersused in vehicles

3.1. Typesof vehicledoors

Type of vehicle doors affect the number of usedkmgrmachines because the structure can be
different depending on the transport purpose, anttie vehicle is supposed to be used for.
Technical solution of used doors can be divided:
* single door (Fig. 3 left) — simple wing with bag¢standard) width,
* one and half size — simple wing (wider single dpors
» double doors (Fig. 3 right) — usually double wingth double width.

Fig. 3. — Example of vehicle doors Source: [authors]

In case of single wing door there is usually placeé of the markers where passengers can
validate their transport tickets. Design of the dpbysically does not allow more passengers to
board on at the same time, so they are in a ronbgrene. Technical solution of one and half size
doors brings faster boarding for passengers byt gtik can board on only one by one, so the use
(number) of markers does not change. Double wings dllow boarding of more passengers at the
same time, so that it is necessary to place twkensiuinto these doors.

3.2. Thevehicleconsist of train set

On the given railway line section the carrier isligited to ensure traffic and transport
performance with its vehicle under the transportise orders.

Traffic performance is determined on the basisraintkilometers (ordering unit) [3]. The
formula for its calculation is following:

n
Ntrain.km = Z Ntri * Li [train. km] (1)
i=1
where:
Nirainkm train-kilometers,
N, amount of trains [train],

Li travelled distance [km].
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The transport performance is determined on thesldseat-kilometers [3]. The formula for its
calculation is following:

n
Nseatkm = Z Nseati * L; [seat.km]

(2)
=1
where:
Ngeat.km seat-kilometers,
Ngeqt, amount of passenger seat [seat],
Li travelled distance [km].

The proportion of these indicators determines aowarhof seats in the train (train set consist).

This indicator is important for resulting amount wfarkers. The formula for seats quantity
calculation is following:

Nq) seat __ Nseat.km

hushiria [seat. train™!]

a Ntrain.km (3)
where:
NEeat averageseat in the train,
Ngeat km amount of passenger seat-kilometers [seat.km],
Nirainkm amount of train-kilometers [train.km].

3.3.  Number of trainsets

Another factor that affect number of ticket markersa vehicle is the number of train consists
(train sets), that carrier has available to ensaféic operation on given railway line section.

At first, it is necessary to determine the trairutsothat specify what is the time period of
serviced activity in conditions of selected linetsan performance. Calculation formula is:

N. .
T, = —LUK e hin. hours™1] 4)
Vo
where:
Th train hors
Nirainkm train—kilometers [train.km],
Vo the rate of turnover vehicles [knTh

Turnover rate of railway vehicles depends on tmgtle of line section, travel time and well
time in the station. In terminal station (terminitsy needed to calculate with an additional tiofie

operational preparation of vehicle (cleaning, hefy of water, etc.) and the waiting time for the
next performance (fig. 4).

Tl (A-B) Top (B) Wl (B)

A

—

Tl (B-A) T()p (A) ! Wl (A)

| Fig4. — The train set turnover period Source: [authors

Formula for calculating the rate of turnover fol&w
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Vo

2+L
= [km.R7
(trld—Bl T (ar:m + “::51) ttsttopm t W::sn) + (tr:s—m + (“r:sl + a; .’AI) &t tpa t Wr:m) Cg)

where:

L distance [km],

t travel time [min],

a, az margin to start and stop [min],

ts the time of stay in train station [min],

Top the time of operational preparation of vehicle [fin
We the waiting time for the next performance [min].

Turnover rate of railway vehicles can also be dated using a traveling speed. However, in
this case, the time of operational preparationaffiele and waiting times is not considered. At the
beginning of calculation it is necessary to presahite proportion of travel time, cleaning time and
the waiting time for the next performance. Consetjyethe cruising (traveling) speed is multiplied
with this factor that results in a turnover ratdrain sets. The following formulas are:

L
V. = km.h~1 6
“ ti+(a +ay) +t [em ] 6)
tet ity W |
e t; )
— -1
Vo=Verg,, lmh™l ®)

The total amount of vehicles is set as the ratitheftrain hours and operating time on the line

section. It is very important to take in considee reserve of value 15% in case of disturbances
(disorders, reparations etc.) The formula is:

T
N, = Th * R [total amount of vehicle]

9)
where:
Ny, total amount of vehicle,
Th train hours [train hours],
t operation time [hour],
R reserve [%].
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Total number of ticket marker in vehicle it is pided on the base number of vehicle (train
consist structure), number of doors, coefficiemtrdand total amount of vehicle. The formula is:

@ seat
¢ train  __ train .
Ng wagon = O seat [number of vehicle]
wagon
where:
@ train .
N3 wagon number of vehicle
Np seat average seat in the train
NDseat average seat in the wagon

Nirainkm

Nseat.km Vool
T, = (2Xmankm , N« Kp |« | —IL &« R | [number of ticket marker]
m — NO seat d D

wagon t

where:

Tn number of ticket marker  [number],

Na number of doors in wagon [number],

Kp coefficient of doors single doopk= 1

one and half sized=1
double doors K= 2

4. Conclusion

The problematic of the ticket marker location ighiactual theme of the Self-Service system.
The ticket markers should ensure quickly and cotalibe ticket transport validation.

On the basis of this methodology it is possibled&termine the required number of ticket
markers for railway vehicles in Self-Service tram$psystem. Numbers of ticket markers are
depend on type of the vehicle doors, train corsdisicture, number of train.
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Abstract. Article highlights the important position of sezgs in the reverse logistics. The system is ndt bui
only on the recycling of waste as well as optimigirandling and transport operations. In this isseds to
be appropriate to adjust the deployment of entiptpdnto the system, as well as downstream praugss
points, in order to streamline the system and mizerthe cost.

Keywords: reverse logistic, localization, optimization, wastfficiency of transport services

1. Introduction

Waste accompanies humanity since its inception ranthins a track by successive leaves
future generations. Waste arising from any humadivigG in production in the consumer sector.
Their formation and accumulation represents a Sagmt intervention in the environment. Wastes
containing substances that pollute all elementshef environment, ie, quality of air and soil.
Penetrate into the plant via the food chain andaegdr the health of animals and human
populations. Slovakia, thanks to its strategic fp@siin Central Europe and a favorable politicatl an
legislative conditions become interesting area reaaoreign investors who are entering into
production and trade. This trend has brought withe need for more dealing with the logistics.

Today relevance and use of logistics can be urmmisas a result of international trade,
coupled with the exchange of goods, services amhtation of these enterprises in the area of
quality and customer satisfaction. It is a verydat@cope that largely affects the living standaifds
the company and currently receives a large degfeattention. In the logistics planning and
management is also necessary to reflect on thdidfummng of the reflux material and its use. The
need for the deployment and operation of reversgstics is both from an environmental
perspective, since the production resources aiigelinand wastes constitute a significant burden on
the environment, economic reasons. The use of taterrals may be for companies to deliver
economic and competitive advantages. Eco by inkglyiou build a brand and thus form customer
loyalty.

Reverse logistics is increasing and reinforcinghdralue to the steady increase in waste
production. This issue is the need to focus alsmabee the increase recycling. | soaring internet
business requires a solution of theoretical andtfwal problems, which covers this area.

In 2004, the Slovak Republic joined the EU and efere in many areas we have to adapt to
European legislation. However, we have the oppdstua apply the considerable funds that we can
help to fulfill the requirements of EU legislatioBuropean Union in tackling waste management
has a clear policy, which is pushing for the MemBé&ates to 2020 used 50% of urban garbage
produced. Currently, this value is between 6-8%y#n predicts that after 2020 the EU will want to
increase the share of municipal waste. That is Mvisynecessary as soon as possible introduction of
an optimized model, resulting in a more consistepiementation of reverse logistics activities and
hence converge towards this objective.
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Theory of reverse logistics is based on findingwaars to basic questions about the operation
of the system:

1. What systems exist, and the recovery of producisiponents and materials?

2. Who should carry out activities related to the kexg?

3. How can carry out these activities?

4. It is possible to implement reverse logistics atés in the classic enterprise logistics?

5. What is the efficiency and operating costs of regelogistics from an economic and

environmental point of view? What is the ratio loé¢ {performance of the system?

1.1. Reverselogisticsin the context of corporatethinking

In terms of corporate thinking and planning, thérenssue of reverse logistics build on three
pillars, which in principle affect the entire ma&flow within the waste management.

Business Planning (corporate philosophy) is the primary indicatorre¥erse logistics. During
the planning of future product needs to be adddegsestions about the future and usability of the
product. Enterprise addresses the question of miagérial will made the product, what will be its
usefulness and durability. An important aspectaw land whether they can extend the life of the
product, whether due to moral and technical weaostMmanufacturing companies, however,
produces their products so that their lifetime flyiexceeded the statutory warranty period. In
doing so, the product structure is designed sm as/oid a simple replacement of the component.
Thus, the repair of the product would be more egpenthan buying a new product. They provide a
way is constant demand for their production.

Material Engineering should be set to allow easy interchangeabilityhefparts of the product.

In cases where it is not possible to go furthethie operation of the product should be provided
easy separation of individual components and tleseparated materials that can serve as material
input for further manufacturing process.

Shipping and handling - should allow to easily be able to separate lo@tvarious components
of the waste without specific interventions to veaand to minimize the need for handling and
sorting. The whole model should take into accohatéfficiency of services, ie. that optimizes the
distribution of collection points and their opecatj sorting and assembly points, processing and
liquidation points as well as landfilling sites. gtovides the ability to transport sector savings
means a complete system of reverse logistics, aatbo a key achievement of the goals set by the
national authorities and the European Union.

1.2. Organization of reverselogistics

Repackaging and resale

These are activities that are related to repackagihich customer returned as non-use. A
typical example of buying through an online stofde customer buys the goods which it is
delivered by mail or courier. Because the custoaot able to physically examine the goods, has
by law no. 108/2000 Coll Section 12 of the Consuimtection Act in respect of doorstep and
distance selling. Under this Act, shall be entitteda refund of the goods within 7 working days
without giving a reason. The seller shall thennmetus purchase value of the goods within 15 days.

Returned goods are re-distributed in specializdd 8abusiness cases to less demanding
markets. In this case, the system of reverse logibsts built marketing management and results in
economic goals of the company. Our markets ardmstway of handling goods widespread and
offer him only a few online stores. Conservatisrade to decreased consumer demand for such
products hoc their price is significantly lower qoaned unopened product.
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Material recycling

If the goods can not be used again in the originalition, there is a rework or their removal.
The material, which becomes redundant enter thgcliag system. These processes have lead to a
reduction in the dependence of the material prodnaif new products. Due to resource constraints
and the ever increasing price of this way of thmgkis very important enterprise. It is this method
of waste management can be put into practice

Organization of recovery of old products

The previous paragraph shows the need to optinheenmanagement processes of waste
management by the use of the possibility of recpewemponents and materials consumed goods.
This includes in particular the activities of rewimg, repairing eventual dismantling the subsequent
use of the products. These activities require npdeaning and knowledge needed legislation and
technical base. Therefore, this process is dona thyrd party using outsourcing. This method of
treatment is typical for business. Their use can ardinary consumers.

Based on the identified knowledge can be arguedtiigafield of reverse logistics is directed
mainly to the business area.

Summary of activities of reverse logistics frontrategic point of view:
« setting goals and strategies,

» The prevention reflows

* network design,

« determining the financial rules

« search for potential markets,

« assess the performance of reverse logistics.

1.3. Reverselogisticsin the context of urban waste management

Another view of the reverse logistics is the mamaget of waste within the urban
management. In this species is more difficult tganize due to the fact that it is difficult to irwhu
or encourage waste producers to engage in the westagement system. In many cases, ignorance
of or low level of awareness. The result is tha mhajority of domestic waste is produced in the
mixed container. This fact complicates the orgaiopaof optimal functioning of reverse logistics,
respectively. creates unnecessary need certairatopes from the processor waste. All operations
should be carried out in addition, with respectwaste management costs increase both the
processor technology, as well as operation. Of smuthese items are then invoiced at customer
service - a city or town that they reflected in ghiee of waste disposal (waste tax).

131 Management of waste collection

Within the overall waste management, to a compangraup of urban waste collection is an
important part of planning. Municipal waste managatrs mainly engaged in:

« the amount of waste produced,

* the composition of waste

* possibilities for waste collection,

* transport of waste

* waste recovery

* waste disposal.

Within the production and disposal of waste are mhest important indicators of waste
produced per capita per year, collecting networkisdg and efficiency of the installed
infrastructure. Statistically examines and composibf generated municipal waste, or the quantity
of waste for selected sites. Most importantly, hesvethe indicator at the landfill, which defines
how much waste is recovered and the number whistored without further manipulation.
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Based on the data collected, it is therefore ptessibsay that in our conditions, the disposal of
goods primarily designed landfill, which constitsiteabout 74% of the municipal waste
management. Treatment of waste re-use way, ie eegaf material, energy or composting forms
for each area of approximately 8% of the total amaf waste. The remaining 2% of waste is
disposed of by other means or incinerated. Due hate@ver environment it is appropriate that
separate waste incineration, without any use iy 6% of municipal waste produced on the
territory of the Slovak Republic in 2013.

The pressure of the European Union to improve theaatson in this field too. The Slovak
Republic has set up a system of waste manageneiiiasin 2020, 50% of produced municipal
waste disposed of through recycling. That is I&sstseven years to contribute to an increase in
material recovery more than 8-fold against theentrvalue of the process. Year on year there is a
reduction of municipal waste, and increase itsse-u

2013 2012 2011

Municipal waste 1 744 4428,7 1750 775,3] 1766 990,5

Material

65 861,9 102 991,0 76 035,0
recovery

Energy recovery 173 660,3 164 093,3 181 547,6

Composting 1144817 | 122 759.3 99 8417
recovery

Recovered by ;51 9057 571125 65 099.7
other means

Landfilling 12019057 12974795 1320 730)2
Incinerated

without energy 38394 3952,2
recovery

Disposed — of .4 43 789.6 91881
other means

Accumulation 28 822.7 17107 11 253.0

Fig.1: Production and waste management in Slovak republic

The examination is taken into account only matedalenergy recovery from waste and
composting. There are three basic ways of handlegwaste, which can be considered a full-
fledged business reflux and reuse of waste. Otlaisvare treated as other waste, which include,
for example, landfilling or incineration. As shown Figure 10, the development of waste
management is held approximately the same leva. possible to argue that there is much room
for the introduction of waste recovery at the e)geeaf other waste management.

Within an acceptable environmental policy is pughime European Union to its Member States
to 2020 recovered 50% of the production of municipaste. The current situation is no indication
that the Slovak Republic in this period was ablenteet this requirement fully optionally for the
goal to even closer. For better results you neeath@ange the system collection and waste
management, as well as thinking producers of wiadtee direction of environmental involvement.

The average production of municipal waste per eitinf the Slovak Republic is 323.57 kg /
year, with material recovery is only 18.71 kg ofsteaper year. Waste production is generally
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impossible to minimize (if so, only in very limiteguantities). On the other hand, it is possible to
encourage waste producers to implement consisteparation of waste and placing, in primary
point of reverse logistics. In case of successtelcation of this step could be a more efficient use
of comprehensive waste management system, andaeautcomes would be much easier to read.

Indicator The situation in SRThe situation in EU
Municipal waste [kg/people./year] 323,57 515,31
Separable waste [kg/people./year] 18,71 46,17

The rate of landfill [%)] 74,11 39,87
Recovery rate [%] 24,52 38,54

Fig.2: Comparison of selected indicators of the stateasdtesmanagement in Slovakia and the EU

Based on the data obtained it can be argued that mmunicipal waste consists of
biodegradable waste. It is mainly uneaten leftavengs waste is mostly in urban areas reprocessed.
For other known commaodities that make up a songdloald waste are the main representatives of
the paper, glass and plastic.

2. Conclusion

To optimize the processes within the reverse lmgiss an appropriate use of mathematical
methods of quantification. Based on the experienith their help we can create an optimized
process. In the case of landfilling of points iswdifficult to change their location. It would fze
big hit in nature and neighboring areas. Howeverisipossible to optimize the primary and
secondary reverse points. Collecting vessels shuelldeployed to a distance which is proportional
to the entrance (50m) to the local building resdri@ such containers to prevent the image e.g.
parking vehicles. However, these containers mustelaglily accessible to employees groupage.
When deployment must take into account the pogs#silto collecting waste, thus to avoid
unnecessary without entering the vehicle or vebitdehave sufficient room for maneuver in space.
The last criterion should be that of the impacttba continuity and security of the network.
Placement secondary reverse points is also caouean the basis of quantitative methods. The
advantage of the system is that within the largees; it is possible to use these areas for old
abandoned industrial enterprises or cooperativedelnr objects. These objects tend to have
connections to utilities and their use for the restouction not only need to build a new building.
However portraits examination of the implicatiorfssach a placement in that facility and for the
site (impact on the surrounding road network onetmronment, but also the population).

Considering the fact that this system can not b®diced without further examination, it is
appropriate to plan the location of reverse pooatsfront and simulation model transport services
tasks and optimizing the transport routes. Aftdrieding positive results in both areas can be such
a solution is considered effective and benefigratam for reverse logistics.
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Abstract. The paper deals with procedure for procurememublic passenger transport in the SR. The first
part of the paper analyses conditions of curreatigding public transport in the SR. Next part déses in
detail individual steps that should be done in prement process for ensuring service quality oflipub
transport in an effective manner.
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1. Introduction

Public passenger transport has an irreplaceat#damalrhole European Union (EU). It is one of
the assumptions to meet basic human needs as svdthraproper functioning of the national
economy. Under current conditions in terms of gaheconomic interest, the public passenger
transport services cannot be always provided onnaneercial basis. Therefore, the mechanisms
arise by which the services in public transport @i@vided in order to ensure the access to basic
population’s needs such as work, health, and eduncparticularly in the time of low demand. At
present, the following mechanisms are used:

= the award of exclusive rights to public servicerapars and
= the grant of financial compensation to public seswoperators.

The mentioned principles are also incorporated W IEgislation — Regulation (EC) No
1370/2007 on public passenger transport servicesibyand by road. The regulation came into
force in 2009 and it has brought the restrictioasgtipularly in area of direct awarding of public
service contracts. It was also adopted in ordegrtsure that financial support is transparent and
efficient. The regulation requires the public auites to ensure provision of public transport
services in an effective manner.

Currently, the need for funding public passengangport is constantly growing, and therefore,
it is necessary to use appropriate mechanismsafardaof contracts and implement proper elements
into contractual relationships. The elements shoubtivate the public service operators to efficient
and economical provision of transport servicespanticular to reducing costs, increasing service
quality and thereby the increasing interest in uishnsport from passengers’ side.

The procurement process could represent a to@daieving higher economic efficiency of the
funds spent in providing public transport servicHse value obtained from the funds spent includes
obtaining the maximum economic, social and envirental benefits from a realized activity at the
lowest possible total costs associated with plagjyrdesigning, acquisition, and operation.

2. Analysisof Current Providing Public Transport in the SR
Provision of transport services by public bus sarvs ordered and funded from the position of

public authorities — cities or self-governing reggoArea of financing public rail transport is virth
the competence of state despite the efforts tstearsome competence to self-governing regions.
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Majority of public authorities in the Slovak Repith(SR) has contracted with public service

operators for 10 years before the Regulation cameeforce in 2009 (Tab. 1). This means that the
Regulation will be fully applied in the SR condit®between the years 2018 — 2019. Currently, the
transport serviceability in road and rail transperprovided based on the direct award of contract

(usually through gross-cost contracts).

Public authority Bus service oper ator Contract duration Reas_onable
profit [%]
Zilina self-governing SAD Zilina, a.s.
region SAD LIORBUS, a.s 01.12.2009 —29.11.2019 3
Pregov self-governin SAD Humenné, a.s.
SOV governing SAD Poprad, a.s. 01.04.2009 — 31.12.2018 3
region
Bus Karpaty spol. s.r.o.
Banska Bystrica SAD Likenec, a.s. koef. of
self-governing region SAD Zvolen, a.s. 01.01.2009 - 31.12.2018 inflation + 3
Nitra self-governing region SAD Nove Zamky, a.s. .0P12010 — 31.12.2015 3.5
Kosice self-governing Eurobu_s, a.s. 01.01.2009 — 08.12.2017 4
region SAD Michalovce, a.s.
rBergit(')Sr:a"a self-governing | g, ak Lines, a.s. 01.01.2009 — 31.07.2017 4

Tab. 1. Overview of public transport contracts concludedsieburban bus service in the SR

According to existing contracts, the authority aggarthe exclusive rights to a particular
operator and this enables the operator to providdigtransport services. Moreover, the authority
grants a financial compensation to the operatathécase that fare revenue does not cover the
operator’s costs. In addition to reimbursementasitg, the operator is entitled to a reasonabletprof
(Tab. 1). A similar system of contracts exists alsmther countries of Central Europe (e.g. the
Czech Republic, Hungary, and Poland).

The authorities are obligated to assume all ecocaliyijustified costs calculated by operators.
However, it is problematic for authorities to catteligibility of individual cost items. Under
contractual relationship, the operator is entitiethe reasonable profit in addition to cost recgve
However, the determination of reasonable profiegsercentage of the costs is not economically
correct procedure because such determined pradg dot motivate operators to decrease their costs
[4].

Public passenger services in each of eight regminshe SR are provided at level of
approximately 25 million kilometres per year. Tinslicates that after expiration of the currently
used public service contracts, the next provisibtransport services will be ensured through a
competitive tendering [4].

3. Processfor Ensuring Public Transport

Properly concluded contractual relationship alldlaes creation of a strong partnership through
which the authorities can pursue their policy otyas. Such a partnership should prevent from
neglecting fulfilment of the tasks or abusing positof one from parties. The key factor for
providing public transport services is an adequedgilatory framework and contracting conditions
that should be set to support the competitive beavof bidders — service providers. The
regulatory framework consists of three levels:

= strategic (setting basic objectives to be achievednsport policy, public budgets,
intermodality, and etc.),

= tactical (emphasis mainly on design of services famds, requirements for staff, vehicles,
additional services),

= operational (ensuring the service provision in tharket according to objectives: sale
activities, information for the public, deploymeaftvehicles, maintenance) [3].
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The process of public service procurement is coratel consists of several procedural steps
which must be done from authorities’ position. Teesis of each process should be a sufficient
preparation. A good preparation can bring qualitgeérvices provided and effective use of public
funds. Therefore, this part of the procurement @ssccannot be underestimated from the position
of a public authority. In the first step, it is ®ssary to set the basic strategic objectives based
identified requirements of the public.

3.1. Identification of Objectivesand Analysisof L ocal Constraints

Good service quality can be achieved through tharbt defined objectives. At strategic level,
these objectives can be economic (maximize thectefBness and efficiency of resource use in
providing services), environmental (reduce the tiegampacts of transport on the environment),
social (ensure that all people have the opportwfityobility regardless of their personal situajion
governmental (give people the opportunity to infloe the travel policy and thus to ensure
responsible planning and the process of servideatg) [8].

Subsequently, the objectives should be confrontéti the existing local conditions and
constraints. The following local constraints sholld analysed and taken into account: legal
restrictions (e.g. Regulation (EC) No 1370/2007¢oremical constraints (public budgets),
restrictions of the existing transport system @sfructure, vehicle fleet age).

3.2. The Plan of Transport Serviceability

Processing a transport serviceability plan is tb&t rstep following the stage where public
needs and strategic objectives were identifiedelation to the local constraints. Optimization of
transport services of a territory by public passerigansport means effective creation of the offer
of transport performance in public passenger tramspespecially in terms of satisfying the
transportation needs of people living in the seraexh by effective spending of public resources.

Preparation of the plan of transport serviceabdhpuld be the first step of public authorities in
the process of ensuring transport services in #se ©f the direct award of contract as well as
competitive tendering. Plans of transport servidgglshould include: list of lines (routes) or the
parts on which it is intended to perform publicnsport in general interest, frequency of links,
requirements for a reasonable scope of servicethaaef solving concurrent transport, and etc.
[5].

After processing the transport serviceability plpablic authorities must decide on scope of
public service contracts they want to conclude, #rey should estimate the value of transport
services to be provided.

In terms of the scope of the contract, the puhliharity can decide on:

= route contracts — used for a specific bus line ar mclude a group of shorter bus lines
located close to each other,

= network contracts — these contracts cover wholg teitritory and network of city public
transport or they are related to more transporteaatich as metro, bus, and tram,

= sub-network contracts — related only to a certairt pf city (e.g. suburb of city) and only one
mode of transport [9].

3.3. Deciding on Procedure of Awarding

When deciding on procedure of awarding, Regulafe@) No 1370/2007 must be taken into
account. Direct award of public service contraabnéy possible when the average annual value of
the services provided is estimated to be less 1h@A0 000 € or services in relation with public
interest are provided in the range of less than km per year. The limit of 1 000 000 €
increases up to 2 000 000 € per year and the dh800 000 km increases up to 600 000 km in the
case of direct award of public service contracsntall or medium-sized enterprise that does not
operate more than 23 vehicles. Otherwise, a cotheetiendering must be employed. Basic
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principles in procurement are non-discriminatiomportionality, transparency and equal treatment.
For both cases (direct award and competitive tenglgra preliminary information notice must be
published in Official Journal of EU at least onaybefore beginning of awarding procedure.

3.4. Evaluation Criteria and Qualifying Conditions

The submitted bids can be evaluated based on thestoprice or the economically most
advantageous bid. To deliver higher quality in sgw the criterion of the economically most
advantageous bid appears to be more suitable.

Public authorities must determine the evaluatiateica which reflect the expectations that is to
be achieved through public transport services. 8&fauation criteria can be distinguished in terms
of type and kind. Individual types and kinds of lexaion criteria with stated examples are
presented in Tab. 4.

Types of evaluation Kinds of evaluation

L Lo Examples
criteria criteria
the lowest offer price
repairs and maintenance
cost

operating costs

return on investment

technical level

guantitative - -
utility technical parameters

environmental impact

interchanges
time continuity
travel time
qualitative quality safety and comfort

Tab. 2. Types and kinds of evaluation criteria

In order to determine to what extent the featureguadlity is fulfilled, it is necessary to find a
way to measure particular feature of quality. Tfamsation of qualitative criteria into quantitative
criteria is performed due to the measurability oawgtitative criteria. The intensity of quality cbha
measured, for example, by using ten-point scaléenlal of scoring is compiled from the
unsatisfactory quality up to the perfectly satisbag quality.

Besides evaluation criteria, it is also necessadetermine qualifying conditions that tenderers
must meet and demonstrate in order to participategompetitive tendering. They can be asked to
demonstrate their financial and economic statusyga quality certificate, and etc.

3.5. Drafting a Public Service Contract

Basically, the forms of individual contracts diffier an allocation of risks between contractual
parties and the resulting structure of payments. ddntract forms are as follows:

* management contract, where an operator bears kjacdst and revenue risk are borne by an
authority,

= gross cost contract, where an operator bears st the risk from difference between
anticipated and actual costs in the end of perinod an authority bears the risk from
difference between anticipated and actual revenue

= net cost contract, where an operator bears costesetiue risk. In this case the operator bears
the risk from difference between anticipated andiaaosts/revenue, which are identified in
the end of contract period. The authority pays ardypensation which is agreed before
realized performance to the operator. This meaausttte authority bears no risk [4].
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Certain flexibility should be also incorporated ¢ontracts because of changes in external
factors, political aims or passenger needs. leisessary to note that the longer the contract gerio
the more increases the need for flexibility of ttwmtract. It is necessary to note that determined
qgualifying conditions for tenderers, evaluation hoet of bids as well as the framework service
contract should be included in tender documentatiditer documentation is completed, the
authority can publish notice of tender and calllfwis.

3.6. Evaluation Process of Bids

First of all, the qualifying conditions of tendesesre assessed. In case that some of tenderers
does not meet the mentioned conditions, he is asesupplement the missing information,
otherwise he can be excluded from competition.

Only bids that were submitted by the deadline fobmsission of bids can be evaluated,
otherwise they are excluded from competitive teimderFor evaluation of the bids, a contracting
authority (public authority) compiles an evaluatioommittee. Committee members must have
professional education and practice correspondmdhé subject of the contract. Contracting
authority may also appoint additional members ® dommittee, but without the right to evaluate
bids, in order to ensure transparency. The restiltsnder must be published and also must sent the
successful tenderer as well as all unsuccessfdeters.

3.7. Monitoring during the Contract Period

The award of the contract cannot be the last sfepublic authorities in public service
provision. Control of compliance with obligationarcbe done through the use of self-fulfilling
contractual features such as incentives or by mong systems (classical control of services
provided).

Incentives can be used to utilise the profit maging aims of operators to achieve the policy
aims of the authority instead of just writing dowres and prohibitions into the contract, as these
need to be thoroughly monitored by the authoritpeceffective. They might be used to compensate
for reduced or difficult monitoring to create salffilling contractual features. They are an
instrument to secure the quality level [9].

4. Conclusion

The need for funding public passenger transportdastantly growing. Therefore, it is
necessary to implement proper elements into cao@baelationships. The Regulation (EC)
1370/2007 have brought the changes mainly in afedirect awarding of contracts in providing
transport services. Competitive tendering appesianaappropriate mechanism, the introduction of
which brought cost savings. Thanks to the costgmvit might be possible to release funds for the
provision of any additional services or expanding &rea of interest. The process of public service
procurement is very complex and consists of seyan@tedural steps. The basis of each process
should be sufficient preparation. Only good pragan can bring quality in services provided and
effective use of public funds. Preparation of precwent process cannot be underestimated from
the position of public authorities, because a prigpncluded contractual relationship can prevent
from neglecting fulfilment of the tasks or abuspusgition of one from parties.
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Abstract. Ship Energy Efficiency Management Plan (SEEMPa ipart of Annex VI of the MARPOL
Convention. The requirement has been applicablaltehips (both new and existing ones) of 400 gross
tonnage or above commencing on January 1st, 203 plan is intended to be a practical measure
supporting ship-owners and crew in the managementssel environmental performance. However, the
main goal of SEEMP is to improve ship operatiorifitiency. It means the reduction of fuel consurapti
maintenance costs and emission volume, reducingtdta¢ cost of operation. The implementation of
SEEMP is not obligatory for small vessels. Howewenergy audits, being a part of SEEMP, provide
fishermen with possibilities in the scope of enegdficiency improvement for their vessels. The Geti
presents analysis of energy loss in the propulsystem in terms of identification of energy saviomjential
letters.

Keywords: fishing vessels, modernization of fishing cuttemrsergy saving

1. Introduction

Ship Energy Efficiency Management Plan (SEEMP) za& of Annex VI of the MARPOL
Convention. The requirement has been applicab#dl tehips (both new and existing ones) of 400
gross tonnage or above commencing on January A%8. ZEEMP should be onboard of every
ship. The Polish small fishing vessels, operatimgnf the ports located on the Polish coast,
constitute a numerous group of 881 registeredyaatéssels. The craft varies in age and, with an
average service of 29 years, they are one of hesofleets on the Baltic Sea[5]. The vessels, also
varying in size and technological standards, hawe af the lowest power ratios among the fishing
vessels operating on the Baltic Sea. The techicmadlition of vessels and power ratio to a large
degree affect fuel consumption, one of the mairmel#s used in assessing their economic
effectiveness and environmental impact[1].

2. Energy loss

Usually four-stroke self-ignition engines are usedhe ship propulsion system. They are
relatively low effective energy machines. Theiri@éncy does not exceed 45%. Due to a number
of losses occurring in the entire propulsion systenty 10-15% of the chemical energy provided in
fuel is transferred into useful energy for vessedpplling, which is presented in fig. 2. The
remaining energy is the loss of the engine, gdaaftdine, hull and the propeller. Due to the
specific structures of a propulsion systems fdnifig vessels, certain losses may be omitted in the
process of energy efficiency assessment becausieenfsmall share in total losses, while high
investment costs are essential in order to theihéw reduction [1].
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radiation and convection loss
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Fig. 1. Elements of propulsion system losses presentdteifBankey diagram indicated for use in modernézesigy
audit sheets (based on [3]).
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The results of the audits carried out for the m@aiopulsion system of the selected vessels'
group indicate the desirability of seeking the sohs in terms of propulsion system loss reduction
by the means of:

- the loss reduction of wave resistance by imprgvire underwater hull's structure;

- the loss reduction in the engines and gearseoptbpulsion system;

- the loss reduction of flow around the propeller

- heat recovery from exhaust gases and coolingrigene cylinders (1 and 2 in fig. 2)

The results of this part of the audit presentefigure 3, regarding the hull technical condition
maintenance, show that the most of the vesselsnelotaround 60 out of 100 possible points. The
result points to good technical condition and \ahy to the lack non-investment opportunities to
reduce energy losses in the areas related withmthevement of hull technical condition. Energy
consumption may be significantly reduced by huluaiure modernisation. The solutionisrelated
with high investment costs.

90 1
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20 4
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Fishing vessels subjectte audit

Fig. 2. Technical condition assessment for the hull basethe audit results.

The highest rating was obtained for the propeblehhical condition. The average rating was
78 out of 100 points possible to obtain for tenseds subject to the audit (Figure. 4). It is a itesiu
both the complex propulsion system modernisatiocjuding the propeller, and the fact that
fishermen understood and appreciated that the peopechnical conditions affects the fuel
consumption. In most cases, the propellers hadldses optimized to the fishing gear used and
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were polished, and the propeller technical conditi@s assessed as very good. Practically, there is
no possibility to improve the energy efficiency aut investing in that area.
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Fig. 3. Propeller technical condition assessment base¢tenanergy audit results

The improvement in the scope of the propeller mayobtained only by implementing
propeller structural amendments. However, thilated with high investment costs to be incurred.
A practical assessment of the existing propulsigstesn should consist in a development of
standard characteristics for relative fuel consuompper a unit of distance traveled in the speed
function :

gs=f(v) . (1)
where:
Os - fuel consumption per a unit of distance travgl&dm].

The characteristics may be developed on the groahflel consumption measurement, during
free sailing and trawling, using mobile devicestixfor further research on the propulsion system.
The characteristics of the relative fuel consumpper a distance unit allow for making a decision
on the selection of optimal sailing speed. Modangines with the electronic control system of fuel
injection are equipped, as a standard, in tempaadyhourly fuel consumption meters. Coupling
them with navigational devices, which provide pardar signals on the vessel speed and distance
traveled, require low financial investments, ankbvalfor the current control of fuel efficiency
changes related with the technical condition otaggment of fishing gear. The comparison of the
current fuel characteristics with the standard ale¥eloped for the best technical condition, allows
for detecting problems affecting the vessel eneffjgiency. An increase of fuel consumption per a
distance unit usually indicates that the techrmeoaldition and the surface quality of the hull ahe t
propeller should be controlled [4].

One of the main goals of the engine useful loadyaisaand economical aspects arising
therefrom in the form of fuel consumption is to etetine the most appropriate selection of a
propulsion system engine to the conditions in whick operated.

The data from the vessels, gathered for the purpb#ee energy audit, served for preparing a
useful load analysis of the engines which weregihesi for a specific task.

For the purpose of the paper, the data creatingt applied for the analysis was defined and
registered. It includes the following values:

Sw- the relative pitch propeller; a ratio of operaadb pitch propeller value to nominal pitch
propeller expressed as a percentage,

hw- the relative position of the fuel link; a ratid operational shift of the fuel link,
corresponding to the operational fuel doze to tmé& sorresponding to the fuel dose for
nominal power, expressed as a percentage,
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Pel-the power of shaft generator

Pelp- the relative power of shaft generator, the poaegoressed as a ratio of operational
power to its nominal power.

Bv- average fuel consumption by the main engine, aredsy a volumetric flow meter

The data was registered during operating a shipcamdrs: pitch propeller, location of the fuel
link, the power of shaft generator and fuel constiomp Out of the above number of samples, a part
was selected. It covered the following operaticstates: sea voyage and trawling. Thus, loads of
the propulsion system may be treated over a lopgeod of time as constant, and then the sample
of propulsion system load, related thereto, magdmmed as satisfactory and representative for the
time period.

The respective research methodology is in compdiamith the IMO requirements (Annex IV
of Marpol Convention 73/78), which is based on rdguirements of ISO 8178. The measurements
covered the specific operational states of tharfgshessels:

- Stay at a port.

- Free sailing (to fishing areas).

- Maneuvering (port, roadstead, providing and gatlgeof trawls).

- Trawling.

The route of B-25 vessel during the measuremermgeesented in figure 1 on which the route to
fishing areas and a diagram of speed measuredhinoreto the sea bottom are shown.

§ /)=
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| | | |
T T T
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Fig. 4. . Vessel route and travel speed during operatiorasurements (carried out on the grounds of [2])
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Fig. 6. . Propulsion characteristics for free sailing &nagvling. (based on [2])

The data collected during the energy audit inde#bat there is a possibility to reduce energy
losses in the area of the improvement of the magine and gear technical condition (figure 9)
among the others by organisational activities &#sgsthe propulsion system energy efficiency
during a normal operation of the vessel. In ordaild so it is essential to monitor fuel consumption
and engine power. The monitoring should be condeetth the optimisation function.

3. Conclusion

A current analysis of the measurement of relativel tonsumption and a distance traveled
allow for making decisions aimed at the reductibnttoe relative fuel consumption per a route unit
up to 10% as correctly used measure of fuel conomp

- supports decisions related with the change orification of operational customs affecting

fuel consumption

- provides information on the impact of ballast mfp@ and operational trim on the vessel

energy efficiency

- provides information on the impact of changeisiihg gear on the vessel energy efficiency

- provides information on the impact of hull fodirand weather conditions on the vessel

energy efficiency.
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Abstract. The number of people who reside and work in Kiglesas increases. A spatial growth of suburbs
settlements lead to an increase in the need foilitgoore and more people are choosing to mowarth
own cars and consequently more vehicles occupyhegcity streets. A lower traffic flow is especially
evident in the mornings and afternoons hours, whigh so-called peak hours. The aim of the papto is
show the differences in driving in peak hours aetiileen peak hours.

Keywords: congestion, peak hours,

1. Introduction

Plenty of people decide to move their own carsyingl their own convenience and comfort.
This resulted increasing number of passenger carshé cities during peak hour. Kielce
is a medium-sized city, so the congestion phenomescbserved mainly on the entry streets
(eg. Sandomierska Str., Tarnowska Str., Krakowska, $06dzka Str.) and a city center
(eg. Ogrodowa Str., Seminaryjska Shyfnia Str.). The drivers should take into accounet bbower
traffic flow and possibility to spend more timethreir cars.

The typical driving in city conditions consists @f complicated series of accelerations,
decelerations and frequent stops. It leads to w@eriomplications for emissions and fuel
consumption. During the start-up phase the motedsenore power to accelerate the vehicle than
during driving with a constant speed. The powergsded to overcome the track resistance and to
increase the kinetic energy of the vehicle. In egoence the emissions and fuel consumption
increase.

The aim of this article is to investigate vehiclrgmeters and fuel consumption while driving
along selected streets of the city during peak$iand between peak hours.

2. Experiment procedure

The test route includes the entrance street anditheenter (Fig. 1). This overall distance is
equal to 18,8 km for the urban area. The routepaased five times at different parts of the day:

1. mornings peak hours at 7:25,

2. midday hours at 11:10,

3. afternoon at 14:07,

4. begin of afternoons peak hours at 15:09,

5. afternoon peak hours at 16:05.

The route led through the streets of various wafénsity. The test was conducted by the entry
streets and the city center, where the congestasfarmed.
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Fig. 1. h'i'rajectory of movement and the test vehicle

The test vehicle was Ford Transit F6 (Fig.1.) egegwith:

- CDS- GPS Data Logger — lightweight data logger farious vehicle dynamics testing
applications by Kistler® (Fig. 2),

- vehicle tracking and fleet management system by (Ei&®.
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Fig. 2. GPS data logger with accessories

The measurement equipment allowed analyzing théerdift driving conditions in the
prescribed city districts, including:

- average velocity of vehicle,

- longitudinal acceleration,

- travelled distance,

- movement trajectory of the vehicle, including piosit(latitude and longitude) and height

above sea level,
- fuel consumption.
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3. Verification

The time in which the testing route had been tiadevas shown in Tab. 1. The time was
measured by the Globtrack system and a stopwatwhtravelled time were different for different
times of a day. The first passage (at morning pgemaks) took the least time. The longest passage
of the same route was extend for almost 10 minfalesut 30% longer). As had been noted during
the tests, the peak hours were not significantlgcééd by the rate of movement of vehicles in the

city center.
Passage Time distance, km average velocity, km/h
1 37'47" 18.78 29,82
2 44°34” 18.84 25,36
3 40'55” 17.96 26,34
4 51'50” 18.68 21,62
5 48'40” 19.01 23,44

Tab. 1. The parameters obtained during passages

Basing on the observations one could assumed hleatdangestion mainly slowed down
traffic on the entry streets of the city. The timtfecomposed similarly at streets in the city eent
A value of average speed at the measuring distaasgecorded by the GPS Globtrak® system and
was presented at a Fig. 3. The values of averaggdspere different for various part of a day. The
lowest average velocity were recorded during thertfo and fifth passages. It was caused by
increase of traffic during the afternoon peak hours
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Fig. 3. The value of the average velocity recorded by G&{® system
The important vehicle performance parameter wat daasumption. Fig. 4 presents the

amount of fuel consumed during each passage aenehdf fuel in test vehicle’s tank. As it can be
observed, the travel time and the amount of fuekamption undergo considerable variations.
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Fig. 4. The fuel consumption during the passage

Passages marked on the Fig. 5.%32Y and & caused fuel consumption on the 1.9°devel,
which corresponded approximately 10.1%dper 100km. It was the surprise that during tife 4
passage value of fuel consumption decreased tdr®8.5 dni per 100km). During this passage
the lowest average velocity was also recorddxd fifth passage took the longest time and ocdurre
the highest fuel consumption — 2.9 Yiwhich gave nearly 15.2 drper 100km.

The terrain in Kielce is formed by a number of$illThe estimate terrain elevation above sea
level is 271 meters. A difference in altitude betwehe highest and the lowest point along the test
route was 75 m. A driver should be prepared foglsteep climbs and long descents.
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Fig. 5. The altitude of testing route measured by CDS-Datgger

Fig. 6 presents velocity logs for all passages.imuthe £, 2" and ¥ passages a number of
the vehicle deceleration to stops was accordingly2l and 19 times. The time of the stops (when
the vehicle was not moving) was respectively: 1118509 and 13.07 minutes during the whole
passage. This may prove relatively similar drivitges and lower traffic flow. During thé"4and
5" passages the car stopped 32 and 30 times. Thelev@ds not moving for 17.53 min during the
4™ passage and 22.42 min during tHepAissage. This was caused by the afternoon pea&. hou
During all passages some series of frequent andessive stops repeating in the area
8-13 kilometers were observed. This area includexddity center, th&elazna Str.Zytnia Str.,
Ogrodowa Str., Seminaryjska S#rodtowa Str. and Tysclecia P.P. Avenue.
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4. Conclusions

The modernization of city infrastructure in Kielbas brought expected results. The travelled
time measured was different for various part obg. A difference between driving at midday and
during peak hours was estimated on the 30% level.i@vestigation confirmed, that traffic jams
formed mainly in the city center. The series ofjfrent and successive stops, which repeated during
all passages were observed in this area.

The researches allows us to explore the prevaitaffjc conditions in Kielce and introduction
to further studies. The next step of our work iscteate a driving cycle for the Kielce and
consideration of implementing the alternative piefmn in public transport vehicles.
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Abstract. The paper deals with the problem of service guadjtiantification of the quality and evaluation of
service quality in freight road transport companiaghe paper will be also exanimated the relalietween
performance indicators and quality (QMS) in freigbad transport.

Keywords: Quality, performance, road, transport, evaluation

1. Introduction

The level of criteria impact on service quality Mok expressed. The growth of the quality level
affects behaviour of customers and can stimulate ttemand for service, which in turn promotes
the growth performance and competitiveness.

Implementation of the EN ISO 9000 defined as agquality standards that are determined as
being necessary for manufacturers and service ma#ns to be effective competitors can be used
by management of the companies to improve perfoceand higher quality output.

Quality Management System (QMS) by STN EN ISO 9 86fles should be a guarantee of
quality. The QMS specifies the requirements forligpiananagement system in companies. The
QMS specifies the requirements for quality managemsgstem in companies which want to and
need to show ability to provide products in accama with the relevant regulations and
requirements of customers. Basic requirement: implg, document and maintain the quality
management system and continually improve it.

More about benefits of implementing QMS is defimegublication [3].

2. Transport KPIs

There are many different KPIs that can be used ¢asure the performance in a freight
transport operation and it can be difficult to knatvich ones might be right for enterprises. A KPI
should be relevant and SMART - Specific, Measurabtdievable, Realistic and Timed, as well.

KPIs should be specific, simple to use and easynderstand. Complicated statistics and
formulae can lead to the confusion and uncertaafilyut what is actually being measured in the
first place. If KPIs are specific and kept simpleey can be easily communicated across the
business and there is no need for staff to have-depth knowledge of the area being measured.

KPIs can show changes in performance over time. thisr to happen, it is inevitable to
compare like-with-like data.

The size, type and management structure of a coyripdikely to influence the range and type
of KPIs that might be used. KPIs can be used tp h&nagers develop strategy, plan and make
decisions, while at the operational level they show clearly the areas that need improvement, or a
change in approach [2].
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The transport KPIs are designed to be relevantagpdopriate to small and medium — sized
operations and focus on the most important aspsctise vehicle operation. The transport KPIs
cover six core areas:

= COsts,

= operational,

= service,

= compliance,

= maintenance,
= environmental.

There were found three studies abroad that estihi@®ds in freight transport area. The KPIs
were compared and made intersection of all the KFlse transport KPIs were used for
examination of the quality impact on the perfornmeaicfreight road transport.

3. QM SImpact on the Performancein Freight Road Transport

For purpose of examination of QMS impact on thdgearance in freight road transport was
created questionnaire. Objective of the survey wadetermine an effect of QMS on performance
indicators but also to determine the time whichasessary to see a QMS impact.

The effect of QMS was measured with Likert scalikett scale is able very easy way to
express and measure opinion of respondents. Lskale assumes that the sthehgt
intensity of experience is linear, i.e. on a comtim from strongly agree to strongly disagree, and
makes the assumption that attitudes can be meadResgondents may be offered a choice of five
to seven or even nine pre - coded responses véthehtral point being neither agree nor disagree.

The Likert scale is used to allow the individualexpress how much they agree or disagree
with a particular statement. [8]

The questionnaire is divided to the following parts

= general information about company,
= structural indicators,

= operational indicators,

= indicators of quality and service,

= economic indicators,

= indicators of effectiveness and time.

The questionnaire was sent to companies which ltavificate EN 1SO 9001. Based on
ERRU, association of road transport operators efStovak RepublicQESMAD) and European
databank more than 3 000 companies of road trans@s checked. The results showed that only
31 companies have QMS and only half of them havtificate EN ISO 9001.

The survey was attended in total 33 organizations:

= 6 micro companies (up to 19 employees),

= 2 small companies (from 20 up to 49 employees),

= 22 medium company (from 50 up to 249 employees),
= 1 big company (more than 250 employees).

3.1. The Effect of QM S on Performance I ndicators

The performance indicators were measured by Likeate that means it is needed to transfer
the scale to numbers (table 1).

D

The range of Likert scal
From Up to
Very significant decreasg  _3 251

Likert scale

Significant decrease 25 -1,51

-164 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Slight decrease 15 0,51
No change 0,5 0,49
Slight increase 0,5 1,49
Significant increase 15 2.49
Very significant increase 25 3
Tab. 1. The range of Likert scale
Indicators Value Transfer State Likert scale
Indicators of customers 0,55 0,55 Positive Slight increase
1 number of new customers 0,8 0,8 Positive Slight increase
from abroad
2 Number of orders from 0,6 0,6 Positive Slight increase
abroad
3 number of new customers 0,5 0,5 Positive Slight increase
from domestic country
4 N“mbef of orders from 0,3 0,3 Positive No chance
domestic country
_Opgeratmnal Sl RN ES 0,02 0,46 Positive No chance
indicators
5 Transport Performance 0,89 0,89 Positive No chance
[tons/ km]
6 Total number of km run by 0,44 0,44 Positive No chance
your fleet
Number of transportation
7 | with payload / total number| 0,33 0,33 Positive No chance
of transportation
8 ]I:”ercentage average vehicle 0 0 Positive No chance
9 | Average fuel efficiency -0,33 0,33 Positive No chance
10 | Total empty run -0,33 0,33 Positive No chance
11 E)?;(I:entage empty running -0,89 0,89 Positive Slight decrease
Costsindicators 0,04 0,19 Negative No chance
12 | Average driver cost 0,38 0,38 Negative No chance
13 | Average standing cost 0,25 0,25 Negative No chance
14 gﬁt?ge cost of removing 0,17 0,17 Negative No chance
15 | Average running cost 0 0 Negative No chance
16 Average costs per unit -0,25 0,25 Positive No chance
delivered
17 | Average cost of fees -0,25 0,25 Positive No ckan
Ind_|cat_0rsof fulfillment of the 085 085 Positive Slight decr
legidation
18 | Total number of overloads -0,38 -0,38 Positive No chance
19 TOt"’.‘l r.‘““?bef of vehicle -0,75 -0,75 Positive Slight decrease
traffic infringements
20 Total number of traffic -1 -1 Positive Slight decrease
accidents
21 | Improper fixation of load -1 -1 Positive Slight decrease
22 Number qf |nf_r|ngements of -1,13 -1,13 Positive Slight decrease
social legislation
M aintenance indicators -0,43 -0,43 Positive No chance
Percentage of failed or
23 | overdue safety inspections -0,43 -0,43 Positive No chance
for you fleet [%]
Quality indicators 0 0,37 Positive No chance
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24 Number of satisfied 0,44 0,44 Positive No chance
customers

25 | Timeliness 0,33 0,33 Positive No chance

26 | Safeness of work 0,33 0,33 Positive No chance

27 Simpler / cle_arer 0 0 Positive No chance
documentation

28 Number of damages on -0,33 0,33 Positive No chance
transported goods

29 | Number of complaints -0,78 0,78 Positive Slight decrease

Tab. 2. The results of survey in road transport companies

For better imagination of the performance indicattinere is a figure 1. In the figure are shown
all performance indicators that were measured.
The performance indicators that increased are shalvave major axis and the performance

indicators that decreased are shown under majer axi
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Fig. 1. Average values of the performance indicators

The largest decline was recorded in the variablamiver of infringements of social
legislation”, while the largest increase occurrethie variable "transport performance”.

Almost all the indicators where was expected deseahe decrease were occurred. The
increase was only in the average standing cosiaaarhge running cost. The increase in costs can
be linked with the cost of introducing QMS andrtaintenance.

Almost all the indicators where was expected inmeeahe increase were occurred. The
increase was not only in the “percentage averabelhefill and simpler / clearer documentation”.

At the end of the questionnaire was question: “\ti@sintroduction of the QMS a benefit for
your company?” The result of the question is showthe figure 2.
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Fig. 2. Benefits from QMS in transport companies

The average value of the QMS benefit is 1,5 thatgeificant benefit. It can be said that QMS
implementation has a positive effect in companies.

4. Conclusion

The article confirmed that there exists an imp&€&@MS on performance in company. It can be
said that QMS has a positive effect at road trarisgmmpanies. In the example was shown which
indicators are affected by QMS the most. The QMS tie greatest effect on Indicators of
fulfillment of the legislation and the weakest etfen cost indicators.

The quality management system did not have anyirbadct on the performance indicators.
Based on this fact quality management system by &DI 9001 can be recommended to the road
transport companies.
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The Influence of Beginning of Railway Routes of Pavdic
Timetable Introduced into the Line 031 in the Sectin Pardubice hl. n.
— Hradec Kralové hl. n. upon the Rail Capacity
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Abstract. This article deals with the influence of periodalway timetable introduction upon the line
capacity. The line selected was the line 031 betwe® regional centers, Pardubice and Hradec Kélov
where the implementation of the periodic timetablgkes sense. The simulation program SimuT, opegratin
with the double-track line between the stationdBié - Opatovice nad Labem — Pebaka, was used for
solution. Some capacity indicators were countedetheon the regulation SZDCD) D24. Consequently
some interesting conclusions were chosen and asepied in this article.

Keywords. Capacity, interstation section, periodic timetalohilway routes.

1. Introduction

The influence of periodic railway timetable intraga upon the line capacity is one of difficult
problems to solve for capacity optimization. Exaalefined routes of periodic timetable (PTT)
cause difficulties due to crossing on single troés as same as overtaking on double track lines.

2. Infrastructure and the Method of Calculation

At the beginning, the infrastructure must be defias well as the method of calculation must
be explained.

2.1.Infrastructure

There are 5 stations and 4 block sections on tlee0B1 in the section Pardubice hl. n. — Hradec
Kralové hl. n. The stations are Pardubice hlavmirai&i, Pardubice - Rosice nad Labem, Stéblova,
Opatovice nad Labem - Pidbaka and Hradec Kralové hlavni nadrazi. Between th#oss
Stéblova and Opatovice nad Labem - ieblaka the double track line with the line speed 160 kp
(now under construction) is being reconstructedywben other stations there is only an old single
railway line with the line speed 100 kph maximum.

Pardubice hl.n. a/4

P.-Rosice n.L.

Stéblova

Opatovice n.L.

Hr. Krélové hl.n. '5/5

Fig. 1. The scheme of the line 031

- 169 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

2.2.Method of Calculation

In this simulation, there are three types of trabperated on the infrastructure in the PTT.
Regional trains (RT), which stop in every station the route, fast trains (FT) and regional
expresses (RE), which stop only in three statioms Pardubice hlavni nadrazi, Pardubice — Rosice
nad Labem (due to the connection with the line 288) Hradec Kralové hlavni nadrazi. The
difference between the fast train and the regierpless is the travelling time and the destinations
Regional expresses terminate in regional centeRPardubice and Hradec Kralové and their
travelling time is less. The fast trains continadhte third regional center - Liberec (line 030heT
trains travelling times are displayed in the Talndl Tab. 2.

Type of train
Railway station RT RE FT

A D A D A D
Pardubice hl. n. X.0 X. 20 X. 40
Pardubice — Rosice n. L. X.03 X. 04X. 23| X.24]| X. 43 X. 45
Stéblova X. 120 X. 13 X. 30 X.51
Opatovice n. L. — Pahbaka | X. 20| X.21 X. 36 X. 57
Hradec Kralové hl. n. X. 27 X. 48 (X+1). 04
Total traveling time 27 min 23 min 24 min

Tab. 1. Train routing of the PTT Pardubice hl. n. - Hraé@élové hl. n.

Type of train
Railway station RT RE FT

A D A D A D
Hradec Kralové hl. n. X. 09 X. 20 X. 40
Opatovice n. L. - Pdebaka | X. 04| X. 05 X. 24 X. 46
Stéblova X. 12 X. 13 X. 30 X. 53
Pardubice - Rosice n. L. X.20 X.231X.36| X.37] X.58 X. 59
Pardubice hl. n. X. 24 X. 40 (X+1). 02
Total traveling time 24 min 20 min 22 min

Tab. 2. Train routing of the PTT Hradec Kréalové hl. n.ar8ubice hl. n.

The program SimuT [1] was used for the calculatd®TT with the period 20 min from 5 am
to 9 pm. was created, containing in total 96 tram860 min. To make it easy, freight trains were
eliminated. However, between the stations Pardutlice. and Pardubice - Rosice nad Labem there
are some operated trains, which then continue enlitte 238 in the direction of Chrudim and
Havlickav Brod. In this common interstation section, thewgation of the track by these trains
must be taken into account. The number of thegestigas taken from the 2014 timetable, 32 trains
in total, 16 in each direction (from 5 am to 9 pi&))

Individual routes of PTT were moved with a stefbahin, e g. the beginning of RT routes then
were X.00, X. 05, X. 10, X. 15. This move was apglon both directions — in total 16 variants then
had to be solved. The step of X. 20 and more wesamived — the route of RT was similar to the
route of RE within this period.

The difference of beginning of railway routes frdoath directions is especially important.
During the simulation there was found that capaicitjcators are the same for variant X. 00, X. 00
and variant X. 05, X. 05. The capacity indicators the same for every variant with the same
differenceof beginning of railway routes from each directidinis then enough to count 7 basic
variants. In each of the following tables there displayed the interstation section, number ofkrac
(TK), amount of trains (N) and then capacity intita Toce toce Do andAD,.. These capacity
indicators are based on the regulation SZB0D)(D24 [3]. Tocc means total time of occupation of
an interstation sectiong.t average time of occupation, Iheans degree of occupation of railway
equipmentAD, is total average delay increment, calculated asstiare of difference of delay on
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output and input of the system and the numberaifigr In program SimuT there was set a random
input delay of trains based on exponential distidsuof probability. For each variant 365 runs of

simulation were carried out - for each day of iheetable.

3. Variants of Beginning of Railway Routes of PeriodicTimetable

Seven basic tables with different routes are dygaldere - Tab. 3 - 9.

Interstation section TK | N ;rr%i;) ;rr%i;) Do | ADyg
Pardubice hl. n. — Pardubice — Rosice n. L. 1 1286, 2,94 | 0,39
Pardubice — Rosice n. L. — Stéblova 1 96 6995 7|2973
Stéblova — Opatovice n. L. — Rebaka 1 48 | 171, 3,56| 0,181,86 min/train
Stéblova — Opatovice n. L. — Rebaka 2 48 | 157, 3,28/ 0,16
Opatovice n. L. — Pakbaka — Hradec Kralové hl. n. 1 9 553,7 5,717 0,58
Tab. 3. Capacity indicators — simulation screenplay X.X000.
Interstation section TK | N Toce | Tocc D AD.~
(min) | (min) | ~° AG
Pardubice hl. n. — Pardubice — Rosice n. L. 1 1283,8] 2,91 | 0,39
Pardubice — Rosice n. L. — Stéblova 1 96 6995 7|2973
Stéblova — Opatovice n. L. — Rebaka 1 48 | 171, 3,56| 0,180,92 min/train
Stéblova — Opatovice n. L. — Rebaka 2 48 | 157, 3,28| 0,16
Opatovice n. L. — Pakbaka — Hradec Krélové hl. n. 1 9§ 5595 583 0,58
Tab. 4. Capacity indicators — simulation screenplay X.X005.
Interstation section TK | N | Teee | Tece | AD,
(min) | (min) | ~° AG
Pardubice hl. n. — Pardubice — Rosice n. L. 1 1283,8] 2,91 | 0,39
Pardubice — Rosice n. L. — Stéblova 1 96 6995 7|2973
Stéblova — Opatovice n. L. — Rebaka 1 48 | 171, 3,56] 0,181,30 min/train
Stéblova — Opatovice n. L. — Rebaka 2 48 | 157,94 3,28] 0,16
Opatovice n. L. — Pdhbaka — Hradec Kralové hl. n. 1 9§ 559,5 5,83 0,58
Tab. 5. Capacity indicators — simulation screenplay X.X010.
Interstation section TK [N | Toee | Toee | p AD,
(min) | (min) | ~° AG
Pardubice hl. n. — Pardubice — Rosice n. L. 1 1283,8| 2,91 | 0,39
Pardubice — Rosice n. L. — Stéblova 1 96 700,1 729,73
Stéblova — Opatovice n. L. — Rebaka 1 48 | 167,4 3,49| 0,172,28 min/train
Stéblova — Opatovice n. L. — Rebaka 2 48 | 157, 3,28/ 0,16
Opatovice n. L. — Pakbaka — Hradec Krélové hl. n. 1 9§ 5515 574 0,57
Tab. 6. Capacity indicators — simulation screenplay X.X015.
Interstation section TK | N | Teee | Tece | AD,
(min) | (min) | ~° AG
Pardubice hl. n. — Pardubice — Rosice n. L. 1 1289,8| 2,96 | 0,39
Pardubice — Rosice n. L. — Stéblova 1 96 7075 730,74
Stéblova — Opatovice n. L. — Rebaka 1 48 | 171, 3,56| 0,182,17 min/train
Stéblova — Opatovice n. L. — Rebaka 2 48 | 157,94 3,28] 0,16
Opatovice n. L. — Pdhbaka — Hradec Kralové hl. n. 1 9§ 553,7 5,47 0,58

Tab. 7. Capacity indicators — simulation screenplay X.X500.
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Interstation section TK | N ;rr%i;) ;rr%i;) D, ADyq

Pardubice hl. n. — Pardubice — Rosice n. L. 1 1289, 2,96 | 0,39

Pardubice — Rosice n. L. — Stéblova 1 96 6995 7|2973

Stéblova — Opatovice n. L. — Rebaka 1 48 | 171, 3,56| 0,181,60 min/train

Stéblova — Opatovice n. L. — Rebaka 2 48 | 154,2 3,21| 0,16

Opatovice n. L. — Pakbaka — Hradec Kréalové hl. n. 1 9 547,8 571 0,57

Tab. 8. Capacity indicators — simulation screenplay X.4000.

Interstation section TK | N | Teee | Tece | AD,
(min) | (min) | ~° AG

Pardubice hl. n. — Pardubice — Rosice n. L. 1 1289,B| 2,96 | 0,39

Pardubice — Rosice n. L. — Stéblova 1 96 699,5 7|29,73

Stéblova — Opatovice n. L. — Rebaka 1 48 | 171, 3,56] 0,181,10 min/train

Stéblova — Opatovice n. L. — Rebaka 2 48 | 154,42 3,21 0,16

Opatovice n. L. — Pdhbaka — Hradec Kralové hl. n. 1 9§ 547,8 5,41 0,57

Tab. 9. Capacity indicators — simulation screenplay X.4500.

Values of capacity indicators are the same or amil the tables - capacity indicators were
counted for range 5 am - 9 pm and with the movih@feginning of the railway route some routes
exceeded the 9 pm. The total average delay increfep; is distinctly different for each table.
The least, it means the best, is the capacity atdicfor the variant X. 00, X. 05 (0,92 min/train),
then for the variant X. 15, X. 00 (1,10 min/traand then, on the third place, for the variant X. 00
X. 10 (1,30 min/train). The worst is the capacitgicator for the variant X. 00, X. 15 (2,28
min/train). The difference between the worst arallibst variant is 1,36 min/train, that means in the
amount of 128 trains totally 174,08 min, it mealmast 3 hours (of delay). This demonstrates the
routing is for efficient use of PTT very important.

4. Conclusion

The beginning of railway routes in terms of PTTllseanfluences the amount of capacity,
especially on single railway linek this specific case, on the line 031 in the isacPardubice hl.

n. - Hradec Kralové hl. n., the best variant (tbast total average delay incremadl,;) is the
variant with the routing + 5 min from Hradec Krééokl. n., it means variants X. 00, X. 05; X. 05,
X. 10 or X. 10, X. 15.

The influence of beginning of railway routes innbsrof PTT upon the rail capacity is possible
to find out for more lines, but in the case of n$éntegrated periodic timetable the problem cause
different optimal beginnings of routes for partieulines. In this case it must be found the optimum
for whole railway network and some solutions ory déne line could be abandoned.
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Abstract. National postal operators are usually obligedrmvigle services at certain quality to all citizens
regardless the generated costs. Therefore they toeBdd a way to lower the costs by modifying thei
activities. One option is to optimize the transpwtwork. The article focuses on creation of postaisport
network based on existing railway infrastructureghie Slovak republic. The research approach addpted
this article relies on methods of graph theorydiwes problems of locating facilities. The p-medallocation
model is applied on underlying network infrastruetuwhich abstracts the existing railway connedion
between relevant cities. Findings of this reseaegresents only basic solution for optimization,ichhis
affected by input values. More thorough analysig&fastructure need to be performed in order tpriowe
the solution.

Keywords: Optimization. P-median. Infrastructure. Postaivwek

1. Introduction

The main business activity of postal operator Imlée and regular delivery of postal items.
Customer demands the guaranteed delivery time wloital operators (such as any other business
entities) seek to maintain this parameter at mihiocoats. Apart from the processing technology,
transport itself is a critical factor for time andst. It is affected by the location of postal liieis
and connections among them [1]. The number anditwcaf postal processing centers in the postal
transport network is determined mainly by logidtianctions of the entire postal system. The
decision how many highest level nodes and wheredate them can be considered as strategic.
Therefore it needs to be made based on the reduhe optimization process.

2. Allocation models for network optimizing

The graph theory is widely used in optimizationtr@insport networks. It enables to describe
and to abstract these networks and formulate diftetasks to solve [2]. One of these tasks is
finding the optimal location of facilities. Very Ipdul in this case are thallocation modelsThe
role of such mathematical models is to find ansueisey questions. We need to decide how many
facilities to locate, their locations and how matgmands to be covered by individual facility [3].
Allocation problems differ in type of objective fation (calculating the sub-optimal output value)
and model of the environment in which they are asisied. In our case, the model of environment is
the transport network abstracted into a completghted graphG = (V, E, ¢, w) V is the set of
nodes (vertices) representing possible facilityatmms. E is the set of edges representing
connections between nodes. Lalkét) of edgee € E is its value (length, time distance, etc.).
Weightw(v) of nodev €V represents the importance of node in solved syptém

To find the location of postal transport networkiegs, it is convenient to use discrete network
allocation models. One of the basic parameterss@iving problems of such type is the very
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distance between nodes. From this point of views possible to subdivide allocation models into
two categories — models based on maximum distamten@dels based on average distance [5]
Models based on the average (or covering) distaeeen to be the most appropriate for issue
addressed in this article. When locating facilititsese models do not take into account the
maximum distance between the facility and demardknbut consider the total/average distance
between the facilities and all demands. They endwaiethe average distance between any node and
facility location will be minimum possible [5]. Waecided to use the p-median allocation model.

2.1. P-median allocation mode

The objective of this model is to find location®humber of facilities in the network, ensuring
to cover all of demands and the average transpmtisdo be minimal [6]. These costs can be
determined by multiplying the demands of networklen@and the distance between a node and the
closest facility serving its demands. P-median raaeks with the following variables [3]:

Input variables

| — set of nodes with demands to be served,

J — set of candidate nodes for facility location,

hi — demand at node

dj — distance between demand noded candidate node

P — number of facilities to locate.

Decision variables

X; — has the value 1, if we locate facility at cadédnodg; has the value O, if not

Y;j — has the value 1, if demands at nbdee served by facility at nogiehas the value 0, if not
The p-median problem can be formulated as follows:

To minimize: > > hd, 1)
i=1 j=1
Subject to: dY, =1 ool 2)
j=1
> X, =P ©)
j=1
Y, <X, Oi0l1,jod (4)
XY, 0{og oior,jod (5)

The objective function (1) minimizes the total demaveighted distance between each
demand node and the nearest facility. Constraintg@uires each demand nad® be assigned to
exactly one facilityj. Constraint (3) states that exactly P facilities #@ be located. Constraint (4)
states that demands at nadmn only be assigned to a facility at locatioha facility is located at
nodej. Constraints (5) are standard integrality condgi{s].

The basic and simplest heuristic algorithm for sgvthe p-median allocation problem is
myopic algorithmlt belongs to a group of construction algorithmhkjch involves finding an initial
solution by successive selection of optimal logadidor 1-median problem. The improvement
algorithms are built upon construction algorithibeir goal is to find the optimal or sub-optimal
location for facility. This group includes neighbood search algorithm and exchange algorithm
[5]. Since the myopic algorithm finds the very fiegppropriate solution and does not try to optimize
it, we use th@eighborhood search algorith(fig. 1).

3. Allocation of postal facilitieson railway networ k

The knowledge of the environment is essential toabke to design and create the postal
network; especially its demographic and geographrameters or administrative subdivisions. The

-175 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

most important is the underlying infrastructureed$ype of transport in the postal sector depends
entirely on the nature of postal items and trartspion requirements. Is also influenced by thelleve
of development of infrastructure, potentially udedibr postal item transportation in each country.

[7]

Input:
Any set of P facility sites

¢

Find:
"| Neighbarhoods far each site

'

Find:
Optimal 1-median in each
neighborhood

Did any facility sites
change?

Find:
Neighborhoods for each site

Did any
neighborhoods
change?

Fig. 1. Neighborhood search algorithm [3]

3.1. Underlying network

We are dealing with the idea of creating a new petywbased on the existing transport
infrastructure. The basic model of the environmentomplete weighted grapgh = (V, H, c, w).
The graph is built upon the basic territory adntmaisve division of the Slovak Republic to the
districts. The Slovak Republic is divided into 78tdcts. This number was reduced by merging city
districts of largest cities, since they have oneniacstrative center. Nodes are placed in the
administrative centers of districts — district t@wvmhe resulting number of vertices is 71. They
were placed to the blank map of Slovakia in ordemmaintain the similarity with their exact
geographic location. The population of each distepresents the number of demands to serve, and
thus determines the weight of the node.

Next step is to determine the set of edges and weight for a graph representing railway
infrastructure. To find the existing railway contiens and its lengths we used the software
solution for the calculation of charges for the o$eailway infrastructure. All existing lines were
taken into account, regardless to used tractionqaadity category of the lines. We found out, that
some nodes are pendant, since there is no exisilvgay connection to the rest of the network.
Diagram of created graph is in the figure belovg(R).

3.2. Application of p-median allocation model on railway infrastructure

After analysis and abstracting of existing infrasture into a graph, it is necessary to
determine the optimal location of highest leveltpbprocessing centers. Random selection on large
networks would be difficult and inaccurate, therefohe allocation model is used to solve this
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issue. Although there are known algorithms for jali results, in complex networks it is time-
consuming and complex computing solution. To obtasults faster, we used the software created
by Professor Mark S. Daskin call&iITATION

Fig. 2. Underlying graph representing the railway infrastare in the Slovak republic (Authors).

In order to use p-median allocation model, otheapeters need to be identified. Important is
a variable describing the coverage of demand bgrgivode — the covering distance. Its value
reflects the maximum distance required for thedpant of postal items from superior node (facility
we want to locate) to subordinate node and vicearddue to the size of Slovakia and the results of
the infrastructure analysis we determined the dogedistance of 100, 150 and 200 km. Since we
discovered that some nodes are not connected ttetivork, we decided to assign the requirements
of such nodes to the nearest road connected nedesh belong to the railway network. We
assume that demands of not connected nodes wouwsdrised by nearest nodes via transshipment
from rail to road transport. The exact number afliidges is searched until all demands (all nodes)
are covered. To obtain the solution we use thadlyrenentioned neighborhood search algorithm.

To avoid gradually adding more facilities and céting the result of solution of p-median
allocation problem for each variant (from one te first optimal number of facilities), we can
estimate the number of required facilities by cupfecovering distance, which is also called
p-median curve (Fig. 3). Estimation is confirmddhe subsequent calculation accomplish to cover
all demands of nodes.

400
350

300

3
%]
=]

Covering distance [km]
"
L=
L=}

o 2 4 6 B 10 12 14 16 18 20

Number of facilities

Fig. 3. Dependence between covering distance and numiadioohted facilities
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P-median curve descend until allocating seven ifi@s] then it changes only for certain
number of facilities. Based on the curve we estatidhe number of facilities for chosen covering
distance. The estimation was confirmed by the appbn of the neighborhood search algorithm.
We obtained the optimal number and location of litees considering all chosen variants of
covering distance. We also found the average andnmuan distance from the facility to the nodes
that this certain facility covers (Tab. 1).

Covering Number of Facility location Average Maximum
distance facilities [Node number] distance distance
= [P] 1,9, 16, 21, 23, 29, 34, 44, 48, 52, §7 = =
100 14 65, 68, 70 21.6 89
150 4 7,29, 44, 57 55.1 150
200 3 7, 36, 57 64.1 168

Tab. 1. Solution of p-median allocation problem on railwafrastructure (Authors).

lllustration (Fig. 4) shows the covering regions fbe result of allocating three facilities.
Numbers of served demands are almost equal foegibns. Most demands are served by facility
located at node no. 7 (west region), since thigoremcludes the capital city and three other large
administration centers. It's up to 39.7 % of alhdads (2 149 700 citizens).

Fig. 4. Covering regions when allocating facilities foveoing distance of 200 km (Authors).

Real situations demands to locate as little nunmiddefacilities as possible. The P-median
allocation model can calculate the average and mamxi distance from the facility to served nodes.
The distance depends entirely on the number otatkal facilities. Since the available model and
software requires to specify the value of covermmgance, it is essential to use distance between
the outermost nodes (605 km), ensuring that allat&ts are covered. The result are shown in
below table (Tab. 2)

Number of facilities | Facility location | Averagedistance | Maximum distance
[P] [Node number] [km] [km]

1 36 167.0 360

2 9, 68 108.4 233

Tab. 2. The obtained solution to the allocation problerthvei minimal number of facilities

4. Conclusion

Using the P-median, we were able to allocate nwilirgy centers on railway infrastructure
while minimizing the average distance between #mlifies and individual network nodes. The
results can serve to understand the issue of orieection between creating of postal network and
the use of allocation theory for its optimizatidrhe obtained solution is insufficient for the real
system, due to the limited analysis of the undedyinfrastructure. Further research will be
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necessary to obtain detailed information so thégdesl network could simulate real conditions in
more detail. It is essential to take into accowttanly the metric distance, but also other quiita
parameters, such as transportation time betweessn@haracteristic are also changes in the power
supply traction of lines, which significantly aftethe time and cost of transport. The ideal
conditions are also suppressed by a complex systesnganization of the transport on rail itself.
However, the railway transport has a great poteatid may be beneficial for the postal sector in
the future. But there will be always need for sgyewith road transport to ensure appropriate
territorial serviceability.
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Abstract. The paper deals with providing fare-reduction inblpu passenger transport — specifically
suburban bus transport and railway transport, whighoperated on the basis of public service cotstra
First part provides overview about provided farguetion in suburban bus transport. Comparison amnafun
fare-reduction between suburban bus transport aihday transport is in next chapter. And also thisre
comparison among categories of passenger withtriesport after 17.11.2015 in both of transport.
Keywords: suburban bus transport, railway transport, reddiaes

1. Introduction

Suburban bus transport (SBT) and railway transp@toperated on the basis of public service
contracts. It means, that maximum price of faré idetermined by transporter but it is determined
by authority. Not only maximum price of fare bus@lamount of fare-reduction for individual
categories of passenger are determined by authdwithorities of suburban bus transport are self-
government regions (Slovakia has eight self-govemtmregions), in condition of Slovakia.
Authority of railway transport (not only of regidnhut also of national railway transport) is
Ministry of transport, construction and regionavelepment of the Slovak republic. Such a high
number of authorities of public services transpmaises different price of fare but also different
amount of fare-reduction for individual categoredpassenger.

2. Providing reduced fare

Basic task of authority is ensuring of transpomveeability for reasonable fare, at whole
territory of Slovakia. For this reason, authorigtermines not only maximum price of basic fare,
which is “no reduced”, but also amount of fare-retchn, which are designed for different
categories of passenger, for example pupils ubtgehrs, students up to 26 years, people over 70
years etc.

Amount of basic fare is determined on the basidistiance tariff, in suburban bus transport.
Table 1 shows overview of amount of fare in €,ifalvidual self-government regions. Amount of
fare isn’t the same for all self-government regiddemparison of the shortest distance (up to 4km),
difference between highest (0,70 € - BA) and low@b0 € - PO, KE) fare is 40% (0,20€).
Comparison of the longest distance (91-100km),pdreentage different is lower in amount 11%
and it is between highest (4,90€ - BB) and the kiwé,40€ - NT) fare. However, in absolute term
it is 0,40 € for one-way journey.
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Tariff distance BA ZA BB TN TT NT PO KE
km € € € € € € € €

up to 4 0,70 0,65 0,60 0,60 0,55 0,55 0,50 0,50
5-7 0,80 0,75 0,70 0,70 0,60 0,60 0,60 0,60
8-10 0,90 0,80 0,75 0,80 0,75 0,70 0,75 0,75
11-13 1,10 1,00 0,95 0,90 0,90 0,85 0,90 0,90
14-17 1,15 1,10 1,05 1,05 1,05 1,00 1,10 1,10
18-20 1,25 1,20 1,20 1,15 1,15 1,10 1,30 1,30
21-25 1,50 1,50 1,50 1,35 1,35 1,30 1,50 1,50
26-30 1,80 1,80 1,85 1,65 1,70 1,55 1,70 1,70
31-35 2,00 2,00 2,10 1,90 1,95 1,80 1,90 1,90
36-40 2,05 2,15 2,30 2,00 2,10 1,95 2,10 2,10
41-45 2,20 2,30 2,40 2,30 2,25 2,05 2,35 2,35
46-50 2,45 2,60 2,75 2,55 2,50 2,35 2,60 2,60
51-55 2,70 2,80 3,00 2,80 2,75 2,60 2,85 2,85
56-60 2,85 2,90 3,10 3,00 2,95 2,75 3,10 3,10
61-70 3,20 3,30 3,45 3,40 3,30 3,10 3,40 3,40
71-80 3,60 3,70 3,90 3,90 3,70 3,45 3,80 3,80
81-90 4,10 4,20 4,45 4,30 4,30 4,05 4,30 4,30

91-100 4,50 4,60 4,90 4,75 4,70 4,40 4,85 4,85

Table 1, Source: authors’ processing on the base of dates {2-10]
Self-governing region: BA — Bratislava, ZA — ZilirgB — Banska Bystrica, TN — Te#n, NT — Nitra, PO — PreSov, KE
- Kosice

Also amount of fare is dependent on traveled dcgam railway transport. In comparison with
suburban bus transport, tariff isn’'t divided intmgjer intervals (for example 18-20 km), but it is
divided on intervals with value a kilometer. Foiisttreason it isn’'t possible to make exact
comparison of fare between suburban bus transpdrtalway transport.

Length of link, which is financially supported fropublic finance (it is part of public services
contract), is maximum 100 km. On the other handksli of railway transport are financially
supported regardless this travel distance (100 knmeans, that student travels from Bratislava to
Kosice (442 km) for reduced fare (with subsidy),rayway transport. Bus carrier hasn’t subsidy, at
this same transport of student.

Also amount of provided fare-reduction is dependamtthe way of purchasing travel ticket.
Next chapter deals with only one-way tickets, whglpossible to purchase at driver (suburban bus
transport), at sales points (railway transport ually at the railway stations) or at guide (if sale
points aren’t at boarding places). Second optiguishasing tickets by contactless smart card. This
option is only in suburban bus transport.

3. Payment by cash

This chapter deals with comparison of percentageuans of fare-reduction for all passenger
categories between suburban bus transport andasail@nsport. Payment for tickets is by cash.
Comparison has been done for one-way tickets, widcpossible to use only one time. The
comparison is graphically shown in figure no. led-ipublic transport (fare-reduction 100%) is
provided in suburban bus transport and railwaysypar for categories, which are shown in table 2.
Change occurred 17.11.2014. Since this date, nuwibpassenger categories with free transport
extended to next categories — pupils, studentgpandioner (people over 62 years).
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Passenger category Free transport
ZSSK SBT
Pushchair of holdefZP aTzP-S v v
Wheelchair of holdeTZP aTzP-S v v
Guide dog of holdefzZP aTzP-S v v
!Baggage, which isn't oversize v v
Members of parliament (NR SR) and judges v only in region
constitutional court of SR (BA, KE, NT, TT)
A pair of skis or snowboard v only in region (BA, KE, TN)
Pushchair with child v except region (PO, TT, NT
2People over 70 years v manipulation fe&
Pensioners (people over 62 years) v X
Children up to 6 years v X
Pupils up to 15 years v X
Student up to 26 years v X
Guide of the holder of ZP-S v X

Table 2, Source: authors’ processing on the base of dates {2-10]
ZSSK — Zeleztmé spol@nog’ Slovensko, a. s. — railway transport (public seevcontract), NR SR — National council
of the Slovak republic/ZP — severely disabledZP-S — severely disabled — guide.

This free transport is provided only in railwayrtsport. This change doesn’t apply to suburban
bus transport. Railway transport in comparison V8T provides free transport for guides of
holdersTZP-S (SAT - 40% reduction) and for children up to 6 years dguof child - 0%).
Suburban bus transport provides transport for odmldip to 6 years for manipulation fee, in regions
BB (0,5€/25 km), TN (0,10€), and in ZA (0,5€/25knjverage amount of reduction is 43% in
other regions. But SAT provides average reducti8¥ 4or guide of child up to 6 years (railway
transport— 0%). Except regions with manipulation fees, theneduction 0%.

In case of one-way tickets in railway transporg g&mount of fare-reduction is 60% for holders
of TZP andTzZP-S and amount of fare reduce is 50% for paremtsch go to visit of disabled
children, which are placed in health facilitiesnBieners up to 70 years haven’t any fare-reduction
in suburban bus transport. Pupils up to 15 yetugests up to 26 years, holdersi@P andi'zP-S,
guide of holderTZP-S, parents, which visit disabled child in hedhiility, have average fare-
reduction in value 40%

1 - Oversize baggage is bigger than 30x40x60 ctmdsr shape over 150 cm long and average over 28kaped
plates over 5x90x100 cm

2 - Region BA BB KE NT PO TN TT ZA
Fee €/km 0,25/25| 0,30/25 0,30/2% 0,30/25 0,20/50 0,50€ /M@A=2R() 0,35/2
€/1km 0,01 0,012 0,012 0,012 0,004 - 0,008 0,014
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Percentage comparison amount of fare-reduction inwburban
bus transport and railway transport (cash payment)
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Fig. 1. Percentage comparison amount of fare-reductiorsuburban bus transport and railway transport (cash
payment) Source: authors’ processing on the base of dataw {2-10]

4. Conclusion

Differences among amount of provided fare-reduction public passenger transport —
concretely in suburban bus transport and railwaggport, have been found out by analysis. This
difference has been found out not only betweerwesil and suburban bus transport but also
differences have been found out in SBT — amongiddal regions of SR.

Marked differences among fare-reduction in rail@nsport and SBT arose after 17.11.2014.
Since this date, government of SR has set downtfegsport for students and pensioner only in
railway transport (in spite of fact, that both bese transports are provided within public services
contracts). Due to this fact, SBT isn’'t able to gate with railway transport. Also number of
passenger in SBT has decreased, because passesgy@ysree transport in railway transport.

This fact discriminates citizens, which have cldorfree transport but they haven't access to
rail network. Within SR there are four district it rail network (Sobrance, Stropkov, Svidnik a
Namestovo) and three district without regular pagse transport (Krupina, Leva and Vé&ky
Krtis) — there is rail network but passenger tramnsign’t operated. In this cases citizens haves®
only suburban bus transport, which isn’t free tpams
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Abstract. This article describes the Polish Courier servibesket. Currently there are over 250 enterprises
existing on the market, which offer express sewiicEéhese companies are of both international and
European range. They are competing with each dtheshortening of delivery time, reducing the cofkt o
delivery and introducing new services.

Keywords: TSL sector, KEP sector, courier company, counekér.

1. Introduction

TSL (in polish: Transport- Forwarding- Logistic) a&e of the fastest improving branches in
Polish economy. It happens because of increasédfr@nic commerce (e-commerce). More and
more people, in different age range, are persuadedo online shopping. By Public Opinion
Research Centre (PORC) in the middle of 2014 it ma@sd that 47% of Poles do shopping in the
Internet. [1] Intensive growth of e-commerce caubes we can notice the increase in demand for
courier services. Companies from CEP sector (Cqutepress Parcel), which is the part of TSL
sector, outdo with each other by developing newe aewer, more convincing and innovated
solutions, and in this way they apply for wider gpoof customers. Shortening of delivery time,
reduction the cost of delivery and introductionmnefv services are the main activities in improving
of quality. These processes could make compangasangly competitive on the market, where we
can observe appearance of subsequent courier egmommpanies. All of these actions give great
benefits for clients, which have a wide range d¢i&d services to choose.

For some time now there are also courier brokeistiag on the Polish market. This entity
mediate between the giants of CEP services andithdil senders in the process of delivering.
They don’t possess own operational network, butalgwse the networks of national courier
companies and postal operators. Broker’s role mctpuire customer, accept the order and hand on
do CEP operator, and finally- to establish the payts. His offer allows to reduce the costs of
delivering by 50% in relation to the amount of mpnehich must be paid in case of directly
gaining the offers proposed by traditional deliagricompany. [2] However CEP operators don’t
waste on such solution, because of selling mondcgsy. Despite of necessity to limit the margin
they still earn money, because the cost of indizidwstomer handling decreases. Broker running a
profitable business is able to ensure lower costen¥ices incurred by customers. Currently over
250 enterprises are offering the express servamapanies are both of international and European
range [2]. They are competing with each other mdy @n the national but also on the foreign
markets. It is predicted that in the coming yedi$ imexhaustible potential of courier services
branch will achieve turnover similar to turnoversebved in western European companies. This
article is presenting the analysis of actual patistrier services market.
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2. Polish courier services market

Among the companies providing their activity in tivbole world, and the same time the most
significant companies on the polish market, we detinguish UPS (United Parcel Services). In
Poland it started activity on 29th of April in 200% transaction of purchase the Messenger Service
Stolica S.A. Currently Messenger Service Stolida Sas corporation dependent of UPS, has one of
the largest line-haul system, which allows to canigre than 50 000 parcels to their 42 branches in
the whole country. Company employs more than 2&ple including 1500 couriers [3].

The next company providing services in Poland KLDwhich is the part of the leading
corporation in the field of postal items and logist Deutche Post DHL Group. The company exists
in Poland since 1991 under the name DHL Expressmftloys above 5000 workers, comprises 4
sorting plants, 6 flights sorting plants, fleet ®faircrafts and 2300 courier routes. In case of
international deliveries, subject to customs cleega DHL guarantees full service in this range too.
The ability to confer various parcels (if it contesweight of parcels, dimensions, shapes) causes
that DHL is one of the most flexible couriers oe ftolish market [4].

The next company is TNT, which exists on the Pohsarket for more than 20 years. It
specializes in express reception and distributiotlogcuments, parcels and freights. In Europe TNT
has integrated network of connections among 44 toesn This company can be proud of having
the largest infrastructure when talking about delivg by air and road transport in system “from
door to door”. TNT Express belongs to leaders wiieoomes to courier services market for
institutional clients [5].

Company FedEx (Federal Express) is the nextgoreompany, which works on the Polish
territory. That's an American company involved Ire ttransport of consignments and in logistics,
mainly by planes. FedEx as the first company sfar@nsportation of air express consignments to
Russia and other former socialist countries in Easbpe. In Poland it launched on 14th of June
2012 by purchasing another, famous courier comp@BEK, which existed on the Polish market
since 1994 [6].

Company owned by one of the leading courier carserving the entire Europe is DPD
(Dynamic Parcel Distribution), forwarding compangskd in Germany. DPD Poland (formerly
Masterlink Express) was established in 1991 asmapany, which was founded in one hundred
percent of Polish capital. Currently, the main shatder of DPD Poland is the Swedish Post, the
company specializes in delivering of items withfeliént range- not only in Poland but also abroad.
In addition it offers logistics, freight forwardingnd customs services. In Poland, there are more
than 50 regional branches in which DPD Poland egsplapproximately 5500 employees and
associates, and has a fleet of almost 3,000 vaHic]e

Another leading pan-European company operatirigoland is the GLS (General Logistics
System). It runs on courier freight market sinc®d%s part of the Royal Mail (UK company
registered mail). In Poland, it provides servidesaigh GLS Poland sp. z.0.0., whose headquarters
are in Gluchow. The company has 30 subsidiariezutfitrout the country. Central sorting plant is
located in Strykow and is used as an internatitoeding point. GLS Poland has 1,000 points of
GLS Parcel Shop, which represent an alternativeetgladdresses enabling the recipient to receive
the package in a situation when he or she is neggot in the house during the first attempt of
delivery. Further the sender can also take an ddgarof shipping options through ParcelvVan, by
contacting the GLS Poland and asking to arrangeipeof the package by courier within the
service Parcelvan [8].

Among the foreign companies that operate on theslPGQEP market is also K-EX. It provides
services in transport and general cargo expreseisawith delivering to the next working day after
posting. In Poland there are 28 regional officebjctv are systematically developed. Shipments
ordering system is one of the simplest and most#tffe on the market. K-EX supports currently 7
270 companies and institutions [9].
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Speaking about the courier consignments it sholsldl lae mentioned about another European
company providing services in Poland. It is foundedthe Netherlands, Raben Group, which
specializes primarily in shipments of heavy anddasize consignments.

It is one of the most important players on the $toforwarding market due to a large fleet of
its own, a good knowledge of the industry and profeilities in the form of the contract fleet,
which is managed, but not administered by the @ripp is extremely convenient for broadcasters
of transport services because Raben has extengeeience and is flexible in negotiating transport
contracts. Moreover, it provides subcontractordite service of used fleet and purchase of the
fuel, which reduces the cost of activities andasithe efficiency of its operations [10].

However, the beginnings of a courier services ifai are attributed to the postal operator-
the Polish Post Office. It works in the industrywc@ 1995 offering both support for domestic
(Pocztex) and foreign (EMS) shipments [11]. The pany is characterized by high dynamics of
growth of courier services. According to data frewlish Post Office in the first 9 months of 2014
there was 40% more postal courier compared to dneesperiod last year [12The following
graphs show results of studies on the number dhpitems registered in Poland in the period from
2004 to 2013 [13], detailing the types of consigntagexpress, ordinary and insured items). Each
one of those analysis includes both of domesticiatginational items divided into dispatches and
receipts. Not all data are available to the pulditthe graphs it is “0”.
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Fig.1. Graph I- the number of domestic express consigisriarthe period 2005-2013 [13]

The first graph show the number of express consagrtsncarried out in Poland. From 2005 to
2012 it oscillated around 2 millions of items. Téexwas observed a sharp increase in 2013 (in
comparison with the 2005- almost a twofold incr@¢adé happens because of tremendous
development of e-commerce sector and hence thetlgiowdemand for courier services.
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Fig.2. Graph II- the number of domestic ordinary consignts in the period 2004-2013 [13]
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The similar situation is when it comes to the damesrdinary items (showing on the second
graph). From 2004 to 2012 the number of consignsnerhained at a level of approx. 20 millions,
while in 2013 there was observed more than a twlafarease in comparison with the previous year.
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Fig.3. Graph llI- the number of international expresssignments in the period 2005-2013 (The data aboutber of
items registered in the period 2005-2010 applidg wNEMS items) [13]

The third graph illustrates the number of the imé#ional express consignments. From 2007 it
began to decrease gradually. This happened duenttrireg the Polish market and intensive
development of courier companies offering intenadi services. Growing number of these
companies and their competitive offers contributed decline in the number of foreign shipments
supported by the Polish Post.
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Fig.4. Graph IV- the number of international ordinary sigmments in the period 2004-2013 [13]

The fourth graph shows the opposite trend for @dinnternational shipments when the time
of delivery is not as important as for customelagiexpress services, but the most important is the
low cost of delivery.
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Another independent postal operator operating ilriRbsince 2006 is InPost. It offers both
traditional and non-standard postal services taviddal clients, businesses and public sector
institutions. Since the liberalization of the péstaarket (ie. From 01.01.2013r) InPost steadily
increases its market share at the expense of thgehHRost. The most famous InPost service are
Packstations that allow transmission and recemfoshipments 7 days a week, 24 hours a day, no
gueues, and in convenient location. Packstationsbst are already present in 20 international
markets, including Great Britain, Italy, Saudi Ai@bAustralia, Slovakia, and Ukraine. Currently,
the company has offices in 18 Polish cities throagtetwork of 800 points of customer service. In
2013, the company delivered 240 million packagd$.[1

Table 1 shows the number of establishments of seleCEP industry operators in Poland
based on own analysis. By analyzing the data ifeTabt is clear that the number of branches of
the Polish Post exceeds the total number of otperators. This is because of its more than 455-
year tradition.

Name of company Number of establishments
(in Poland) [-]
UPS 46
DHL 61
TNT 23
FedEx 4
DPD 49
GLS 26
K-EX No data
Raben Group No data
Polish Post 8075
InPost 618
OPEK 40
Siodemka 33

Tab.1. Number of outlets and the number of items deliddrg selected courier companies [15].

Analysing the opinions of 454 673 customers andsuspineo.pl (representing Poland's largest
platform collecting opinions on goods and servicegbsite kurierem.pl prepared the ranking of
companies from CEP branch which is presented ineTabAnalysing the data in Table 2 should be
noted that differences in interpretation betweenfttst and eighth place are 1.3 points, reflecting
the large courier companies care about the qualitlyeir services.

The place Name of company Number of Overall rating
in ranking opinions (on a scale 1-10; 1-lowest rating, 10-
highest rating)
1 UPS 55826 9,1
2 DHL 55528 8,9
3 DPD 68100 8,8
4 GLS 25327 8,8
5 FedEx 2134 8,4
6 Opek (belonging to FedEXx) 5005 8,2
7 TNT 306 8,2
8 Pocztex 3800 7,8

Tab.2. Ranking of couriers (2015) [16].
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According to the statistics of the Polish Postriest important factors influencing the choice
of supplier of shipments are: timely delivery (41%8vourable prices of services (34%) and lack of
damage (22%). In addition to these three factarstomers appreciate the lack of disappearances of
the consignments (20%), In addition to these tHeesors, customers appreciate the lack of
disappearances of mail (20%), high efficiency smrvio individuals (18%), the ability to track
shipments (16%), short waiting time to receive ¢hasignment (15%), or a flexible offer tailored
to individual needs (12%) [12]. As you can seet@u®ers require courier companies to meet a
variety of factors, forcing their development, dhds increase the quality of services offered.

3. Conclusion

CEP industry in Poland is growing rapidly for maggars. Continuous development of
logistics and transportation technology offers gieaway courier service providers in introducing
new services, thereby adapting to the constanttyeasing demands of customers. Courier
companies systematically enrich the scope of ng@es in order to gain more and more customers.
To meet the expectations of the courier servicesooners when it comes to quality and lowering
their cost, a new entity developed in the CEP itrgusvhich is a courier broker. But the most
important factor increasing the dynamics of PoltsfP industry development is the development of
electronic commerce.
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Abstract. The paper presents the basic rules of postal tgperfunctioning on the territory of Ukraine. It
also gives a brief description of organization afional postal operator "Ukrposhta”. The basicguaEpost
transportation by road, air and rail are considénede.

Keywords: Post servicegpost transportation.

1. Introduction

Post service is an integral part of the developraedtfunctioning of the state. Its organization
and operation has its own characteristics in eammtcy. Ukrainian state enterprise of postal
communication "Ukrposhta” is a state postal operat®Jkraine and is governed by the Ministry of
Infrastructure of Ukraine. It is the national pdstperator in Ukraine according to the Decree ef th
Cabinet of Ministers of Ukraine dated January 1@M)2 being a member of the Universal Postal
Union since 1947 [1].

2. The someinformation about Ukraine postal operator

2.1 Basicindicators of enterprise work

"Ukrposhta" has about 11,800 post offices throughbe country. The company employs
85,500 workers, who process and deliver more théh million consumers post annually, 16
million parcels and sendings with agreed valuepmilion transfers, deliver more than 83 million
pensions. Direct post delivery is carried out udBomillion mailboxes. It delivers 10 thousand of
periodical titles, or more than 700 million copi@s/ear to subscribed customers and in retail. It
transports about 30 thousand tons of subscrippens/ear with the total mileage of vehicles more
than 86 million kilometers. Law of Ukraine "On PalService" regulates the activity of postal
operators, including issues relating post trangpiort, as well as vehicles that perform them.

The main indicator of the postal operator efficierscthe amount of postal dispatches. Tab. 2.1
presents the numerical values of dispatches frod® 20 2012 [2].

Type of dispatch 2009 2010 2011 2012
Dispatch of newspapers and 1204000000 1089000000 1006000000 1019000000
magazines

Dispatch of letters 301000000 311000000 320000000 87030000
Dispatch of telegrams 1970000 1634000 1358000 1400
Dispatch of parcels 15356000 17546000 18481000 6 A0

Tab.2.1. The amount of postal dispatches

-191 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Analyzing the data, we can conclude that the nundfedispatches of newspapers and
magazines during the last 4 years decreased byolastwell as the number of dispatches of
telegrams - by 42.6%. The number of dispatchegttérs increased by 28.6% and parcels almost
twice (Fig. 2.1).
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390000000 45000000
«» 380000000 40000000 .,
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f 360000000 ‘, 30000000 g
% 350000000 17546000@ 25000000 _2
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300000000 0/ 0
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Fig. 2.1. The amount of letter and parcel dispatches

Operators for the transportation of post use tbemn vehicles, as well as transport of physical
and corporate bodies on contract basis [3]. Tramgpon of post by road, water, rail and air
transport is carried out on a contract basis imatance with the laws of Ukraine.

Delivery of post using public transport, as wellgost overload is done on a priority basis.
Trains admission, part of which the special equipwagons for transportation of post are, must be
carried out on the platforms and railways wherertbeessary conditions for the exchange of post
are provided. Post transportation is realized watad transport on line haul, intraregional, inter-
district, intra-district, urban and access postates [4].

According regulations postal transportation iS@aned:

- on the line haul routes - daily, at least oneeqay;

- on the intraregional routes - at least six daygeek and once per day;

- on the intra-district routes - at least five sl@week and once per day;

- on the urban routes —not less than six daysek\aad twice per day.

2.2 Transportation of post by road

On postal routes post is transported by specetlyipped vehicles with locked car bodies,
which are outfitted with value boxes, that havekas well. The car body must have internal
lighting and signaling, which is regulated from tiréver's cab. If the post is transported in a giehi
with an open car body, it should be packed tightlyvered with a tarpaulin, and tied up in such
a way in order to guaranty the safety throughoetrtiut and to prevent ingress of dust or moisture.

According to construction form postal routes areidid into radial, circular and combined.
Postal route is organized taking into account feastuof passageways, achievement of fast
movement of post and the most effective usageanifspport and material resources. Urban postal
routes are organized taking into account currenditimns of processing and delivery of various
types of post.

Ukrainian postal network has multilevel hierarchistructure that, in general, follows the
structure of the administrative-territorial systefrUkraine. Fig. 2.2 shows a scheme of magisterial
transit post provider which is done by the natiqmast operator "Ukrposhta”.
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Fig. 2.2. The scheme of magisterial post transportation dyrthe national Ukrainian operator “Ukrposhta”;
(O the main post centerss— basic automobile routes; --- autbilearoutes in emergency cases

Tab. 2.2 presents characteristics of existing posségisterial routes of post transportation.

Ne Route Length,
km
M ain automobileroutes
1 Kyiv-Chernihiv-Kyiv 370
2 Kyiv-Sumy-Kyiv 841
3 Kyiv-Kharkiv-Lugansk-Kharkiv-Kyiv 1791
4 | Kyiv-Kharkiv-Poltava-Dnipropetrovsk-Kyiv 1281
5 Dnipropetrovsk-Kyiv-Kharkiv-Poltava-Kyiv 1311
6 Kyiv-Dnipropetrovsk-Donetsk-Dnipropetrovsk-Kyiv 517
7 Kyiv-Dnipropetrovsk-Zaporizhia-Dnipropetrovsk-Kyi 1234
8 Kyiv-Cherkasy-Kyiv 492
9 Kyiv-Kirovohrad, Kyiv 709
10 | Mykolaiv-Kyiv-Simferopol-Mykolaiv-Kyiv 1721
11 | Kyiv-Mykolaiv-Kherson-Mykolaiv-Kyiv 1187
12 | Kyiv-Odesa-Kyiv 1011
13 | Kyiv-Vinnytsia-Kyiv 559
14 | Kyiv-Zhytomyr-Kyiv 278
15 | Kyiv-Khmelnitsky-Chernivtsi-Khmelnytsky-Kyiv 1149
16 | Kyiv-Ternopil-lvano-Frankivsk-Ternopil-Kyiv 1283
17 | Kyiv-Lviv-Uzhgorod-Lviv-Kyiv 1649
18 | Rivne-Kyiv-Lviv-Rivne-Kyiv 1135
19 | Kyiv-Rivne-Lutsk-Rivne-Kyiv 875
Regional automobile routes
20 | Dnipropetrovsk-Donetsk-Luhansk-Donetsk-Dnipropesk 888
21 | Dnipropetrovsk-Zaporizhzhya-Simferopol-Zaporizye-Dnipropetrovsk 1004
22 | Dnipropetrovsk-Mykolaiv-Odesa-Mykolaiv-Dniprop@esk 958
23 | Dnipropetrovsk-Kirovohrad-Vinnytsya-Kirovohradilpropetrovsk 1200
24 | Sevastopol-Simferopol-Sevastopol 200
25 | Sevastopol-Mykolaiv-Sevastopol 885
26 | Lviv-Ternopil-Khmelnytskyi-Vinnytsya-Khmelnytskyl ernopil-Lviv 788
In total 26316

Tab. 2.2. The list and basic parameters of postal routesraeh
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Acceleration of postal sending’s movement andnrai usage of vehicles is possible at the
expense of post traffic combination with approgrietutes. The choice of the traffic combination
options of the post depends on the following basicditions: 1) the start and end time of road
transport passages for the post exchange withgfiosts or post exchange stations, which depends
on working schedule of post enterprises, as wetlrasewspapers publishing or their arrival with
other means of transport; 2) the start and end dmad transport passages for taking out of
correspondence from mailboxes, which is determimethking into account the guarantee of timely
processing and sending of outgoing correspondexsceell as the delivery of local correspondence
in compliance with current deadlines. Intra-didtrimut transportation is organized in such a way so
that the periodicals and correspondence couldetovthe last post office on time, and outgoing
correspondence from post office could arrive todbmmunication site on the day of its taking out
from mailboxes or registration in post offices.

During the traffic organization the post officegé¢ther with the motor transport enterprises
inspect road conditions, measurement of distanoestiane expenditure of transport on postal
routes. Acts of distance measurements and timenelpees of transport movement are used while
creating the schedule of post transport on post#ks, its passports, as well as for monitoring the
usage of the rolling stock on the line during tihegessing of waybills. While creating the schedule
for post transport one should take into accountdliewing aspects:

1) time when the main mode of transport (rail, ad) passes the post exchange points;

2) guidelines of exchange frequency and post p@mation;

3) established speed of vehicles movement;

4) flows of postal sending’s, which exist on pautar routes.

Vehicle speed during post transportation is detegthin the accordance with the condition
of the road surface on the route, the technicahlogiies of the vehicle, the permitted speed limit

2.3 Transportation of post by air

Transportation of post by aircraft within Ukraiaad on international flights is realized in
accordance with the plans of the direction of ailrdae to aircraft schedule. While creating the
plans of the direction of airmail direct flightstbeen departure and destination points are chosen.
In case there is no direct flight, the route isatee to minimize the number of transit overloads.
Meanwhile the transit airports are selected as greyide minimum time of post overload. Transit
dispatches are sent with outgoing dispatches intitheframes established by the schedule of
aircraft movement. Post offices are required tonstiband the airlines - accept post for carriage
within the timeframes specified in the contractstRaffices are required to provide the airlineshwit
post sending’s for delivery by aircraft within Ukma, packed in accordance with postal regulations;
for international flights - packed in accordancehwthe requirements of the acts of the Universal
Postal Union.

2.3 Transportation of post by rail

Post is transported by railway in the mail carspokt office as well as in mail cars of
Ukrzaliznytsia included to all kinds of trains. Pdsansportation can be realized on the specially
adapted passenger seats, luggage vans or plattdroasriages at the expense of post offices. The
mail cars can be included to the train formatiorrdajways on the basis of the train list suitatde f
post transportation, which is made by post offiedobe annual changes or corrections of train
schedule. The list includes the number of trainsyhich run mail cars, their location in the train,
the frequency of running, as well as the numberadfis in which post is transported in the luggage
van or individual passenger compartment

Railroads are required to provide facilities feogessing and storage of post, railways and
dead-end sidings for stops of mail cars, platfortiansnels, lifts, etc.
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Over the next five years, "Ukrposhta” plans togigantly accelerate the delivery of letters
and parcels, as well as to implement specializdéaeervices. Also up-to-date automated sorting
centers will be created and the standard speegttefd delivery will be increased from 5 to 3 days,
for parcels- from 7 to 3 days, for newspapers -frandays to 1 day, centralized integrated
informational system ERP will be implemented; ameli services will be developed and
informational support of the operations will be gligd. The amount of mobile post offices for
remote and under populated districts will be insega The company plans also maintain and
renovate all post offices, including rural and updhe vehicle fleet [5].

3. Conclusion

The postal communication "Ukrposhta” is a stateglasgperator of Ukraine. Law of Ukraine
"On PostalService" regulates the activity of postalerators, including issues relating post
transportation, as well as vehicles that perforrenth In the future "Ukrposhta” plans to
significantly accelerate the delivery of lettersdgparcels, as well as to implement specialized
online services.
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Abstract: This article deals with impact tests of wagonsaleation of impacts from various measuring
equipment and influence of impacts on cargo maitiaifie wagons when various manners of cargo segurin
were used. The accelerations generated during impaare observed also by monitoring units desigoed
monitoring of transport and by recordings from ceaseGoPro Hero. Instead of observing the influesfce
impacts on the cargo loaded in impacting wagoreretiwas also observed the function of the monigorin
units in closed building with not very good GSMrsady

Keywords: impact tests, wagon, acceleration, lashings

1. Introduction and description of measuring equipment

This article deals with impact tests of wagons,l@#on of impacts from various measuring
equipment and influence of impacts on cargo moiotihe wagons with various manners of cargo

securing. For these purposes there was done 1Cirtgsds, for which the following wagons were
used:

Wagon Loading Lenght Wagon Carao Total
i ge length including weight wei htg(k ) weight Floor Buffers
P (m) buffers (m) (ka) %)
Impacted wagon
Fas | 128 | 1404 | 22500 52 000 74 500 | cat. A
I mpacting wagons
Res 18,5 19,9 24 100 31740 55 84D wooden cat. A
Rils 18,53 19,9 24 000 44 284 68 284 wooden cat. A

Tab. 1 Description of wagons used for the impact tests

For acceleration measuring there was used followmgpment:

 equipment Saver 9X of University of Zilina in Zifinplaced in the middle of the impacting
wagon;

« equipment MoniLog EnDal Curve aiD Cargo, placed in the middle of the impacting
wagon;

* monitoring units A1 and A2 equipped by tri-axialcaterometers, fixed on the wagon by
magnetic plates, both placed one close to anothéhe side of impact of impacting wagon
in the same height as buffers. These units carseé for monitoring of transport (including
intermodal transport) and can automatically detieetaccident situations;

* monitoring units X1 and X2 equipped by tri-axiakcalerometers, fixed on the wagons by
magnets. Unit X1 was placed on the impacted wagonX&® on the impacting wagon on the
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side of impact. These units are other type of noomg units used for monitoring of
transport (including intermodal transport) and atsm automatically detect the accident

situations

* 6-axis MotionTracking device (in the table as MEguipped by tri-axial accelerometer and
tri-axial gyroscope, for purposes of these tests tlva accelerometer set to range +/- 8g;
» 2 cameras GoPro HD Hero 3. Recording from them \peveessed by the Tracker software

University of Zilina, Zilina, Slovak Republic

TRANSCOM 2015, 22-24 June 2015

and then there was calculated acceleration in todmjial axis X.

All the wagons were during the impact tests loaldlgdcoils of wire weighting about 2 000

kg/coil. 10 impact tests were done in three sewiéls different wagons and cargo loading:

« in the first series there was used the wagon Resasipacting wagon, there were done 2
impact tests in front direction (down stated as R@k and Res F02) and one test in reverse

direction (Res R03);

* in the second series there was used the wagondaes aut the way of cargo securing was
different. There were done 2 impact tests in fdirgction (down stated as Res FO4 and Res

FO5) and one test in reverse direction (Res R06);

* in the third series there was used the wagon Rih@impacting wagon, there were done 2
impact tests in front direction (Rils FO7 and R#88) and 2 in reverse direction (Rils R09

and Rils R10), because of the low speed beforeksindbe test Rils R09.
The tests were done in the closed hall where tmnpéeature was from 5 to 7 °C.

2. Impact testsand ther influence on loaded cargo

The maximum recorded accelerations in longitudaxad x by particular equipment (instead of
GoPro cameras from which there are stated the g@execelerations in the impact time of 0,06 to
0,125 s) are stated in the table 2. Particulareseof impact tests are highlighted by different

colours.
Speed in the place of impact in the middle of the impacting
Impact | before wagon
test I(m?r?)t Al | A2 | x1 X2 | MT6 | sSaverox E:RZ' Sgrzrg

Res FO1| 5,76 1,56 | 1,68 | 1,01 1,34 | 1,48 | 2,24t0-2,01| N/A 1,57
Res FO2| 8,67 212 | 2,04 | 154 1,76 | 2,48 N/A N/A 1,69
Res RO3| 8,89 2,06 | 208 | 1,21 1,31 | 1,41 | 3,30t0-2,08| 1,82 1,92
Res FO4| 6,67 1,60 | 1,48 | 1,17 1,18 | 2,44 | 2,14t0-1,12| NI/A 1,42
Res FO5| 11,08 | 0,20° | 0,20° | 1,40 1,23 | 2,06 N/A N/A 1,84
Res RO6| 10,14 | 2,32 | 2,00 | 1,39 1,78 | 2,02 N/A 2,32 | 3,13/2,18
Rils FO7 6,99 1,44 | 1,56 | 1,11 1,09 | 1,60 | 0,82t0-0,71| N/A 1,37
Rils FO8 8 1,72 | 1,88 | 1,45 0,57 | 1,16 | 2,01t0-4,33| N/A 1,61
Rils RO9| 5,33 1,16 | 1,08 | N/A 0,93 | 0,95 | 0,81t0-0,72| N/A | 1,67/0,8%
Rils R10| 10,14 | 2,16 | 2,20 | 1,25 1,22 | 1,39 | 1,01t0-0,83| N/A 2,99

Tab. 2 Accelerations in axis x recorded in particular &optests. All the values of accelerations aresdtat

! higher value has been found out in the time of ®§7he lower one in the time of 0,125 s. Impastagon moved

after the impact
2 higher value has been found out in the time o75,§ it is also possible to evaluate the decéiteras 0,81 g in the

time of 0,2 s

% in these cases the monitoring units evaluated affeck instead the shock during the impact. Thiglslactuated
mainly in vertical (z) axis and occured immediatiefore the impact, when the impacting wagon passedigh
obstacle on the track
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In the first series of impact tests the Res wagih %6 coils was used as an impacting wagon.
15 coils was loaded on the floor, one coil was @tam the upper layer in the saddle between 8th
and 9th coil from the front. There was a space®t® between these coils. The coil in the upper
layer was fixed with each of them by polyester laghstrap with the lashing capacity 3 000 daN
(pic. 1 in the left). In the transverse directioasanot used any blocking of cargo, only the frictio
between coils and wagon floor.

After the first impact (Res FO1) the coil in uppayer skipped up and all the coils moved
frontwards (closer to impacted wagon). Space utitecoils in upper layer was shortened from 60
cm to only 5 cm and in the rear part of wagon thace of 40 cm was created. After the second
impact the same situation was repeated and the icothe front part of wagon pushed more one
onto another while the space in the rear part gjomavas lenghtened to 50 cm. The third impact
was done in reverse direction. The coil in uppgetaskipped up again and all the coils moved
frontwards (in direction to impacted wagon). Thesss created the space of 40 cm between the last
coil in the rear and the wagon rear sidewall. Thace under the coil in upper layer lenghtened
from 5 to 15 cm. This manner of cargo securing sahbe considered as satisfying because of
cargo movement after all the shock, when in the paat of wagon the coils can move not only in
longitudinal direction but there is also a risktleéir movement in transversal direction. The coil i
upper layer does not fulfil crowding-out effect.

The second series of impact tests was done withsdme wagon and cargo loading
distribution, but the way of securing of upper ceds different. The upper coil was secured by loop
lashing by two straps to the lashing points of waghfter the first impact (FO4) the cargo did not
move. After the second impact there was generafegeaspace of 5 cm in the rear part of wagon
and the space under the upper coil shortened bgame length. Speed before impact was in this
case higher than there is recommended by UIC rexapa@ints for the impact tests. In the reverse
impact R0O6 was the shock generated in the side sp#ite and whole cargo moved frontwards to
the place where had been this space. The spate clame length was created in the rear part of
wagon. According to the most of equipment whichswased the biggest acceleration in

\ \\ S v gl
Fig. 1 Securing of the coil in upper layer in the firgtiss of impact tests (in the left) and in the sekseries of impact
tests (in the right)

In the third series of impact tests the wagon Rés used. The wagon was loaded by 22 coils,
15 of which on the floor and 7 in the upper lay&ne coils 1 to 3 and 5 to 7 were fixed always by
loop lashing with two lashing straps to lashingni®iof wagon (see fig. 2 and fig. 3), only the
middle-placed coil no. 4 was lashed by lashingpsti@nly with the neighbouring coils placed on the
floor and there was a space with length of 60 cuheunt. Neighbouring coils were separated by 5
mm thick cartons. The cargo was blocked againstrdmesversal movement by wooden profiles.
After the first impact (FO7) the coils in upper émyskipped up but any movement of cargo was not
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detected. The forces in lashings in the front p&itnpacting wagon increased, but lashing in the
rear part of the wagon became looser. After th@rsgtampact (FO8) the 5 cm long space was
generated in the rear part of the wagon. This spaees generated because the coils pushed on into
another and the space under the coil no. 4 washawtened. Speed of impacting wagon before the
third impact in reverse direction (R09) was veny o the reverse impact test was repeated. In the
repeated reverse impact test R10 the cargo mowatifards and 5 cm long space was generated in
the rear part of the wagon. Loose lashing stragkerfront part of wagon (which had been its rear
part in FO7 and FO8) became tightened and in opmokie straps in the rear part of the wagon
became looser.

) ) ()
&G Bndhdadho

OO QQJ

lashing straps cartons 1 wooden profiles

Fig. 2 Cargo loading on the wagon Rils in the third sedéimpact tests

Fig. 3 Lashing on the wagon Rils in the third seriesngbact tests

The acceleration in the place of impact were meakhy four monitoring units which are used
for monitoring of road, rail or intermodal transpand are also equipped by accelerometers with
a function of accident situations detection. Umtarked as Al and A2 were placed in the same
height as wagon buffers and in general these weatsrded higher values of acceleration than units
called X1 and X2 placed about 75 cm higher. Intdide 3 there are stated the average values of
accelerations in axes x, y and z from all the meaglequipment excepting GoPro Hero 3 cameras
and equipment Saver 9X, data from which was nduded because of unsuitable structure of data.
Incorrect data from two monitoring units in impaetst Res FO5 are also not included to the
average.
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Impact Average accelerations
test longitudinal (x) | transversal (y) vertical (z
Res FO1 1,44 0,59 0,47
Res F02 217 0,53 0,45
Res R03 1,64 0,26 0,46
Res F04 1,90 0,48 0,36
Res FO5 1,69 0,49 0,64
Res R06 2,02 0,44 0,66
Rils FO7 1,45 0,45 0,67
Rils FO8 1,28 0,51 0,85
Rils R09 1,01 0,07 0,27
Rils R10 1,55 0,19 0,34
Average 1,61 0,40 0,52

Tab. 3 Accelerations in three axes in particular impastdeas average from various measuring equipment

The highest accelerations were reached in the tiotigial axis X. In several cases the impacted
wagon moved after the impact, mostly in the tests RO1, Res F02, Res F05, Res FO6 and Rils
FO08. Accelerations in axis y were recorded as aBédu¥% of that in axis x, and average value of
accelerations in axis z was about 32 % of thatxis & Transversal acceleration in axis y in three
cases lightly exceeded 0,5 g which is the valuesicemed for cargo securing to protect the
movement sidewards in rail transport. In generatdhwas found out that transversal accelerations
reach higher values in impact tests in front dicgcivhen there is no space near the front sidewall
of wagon.

3. Functionality of monitoring units during the impact tests

The monitoring units which were used allow alsoording of position and sending the
automatic reports about detected accident situstibar purposes of these impact tests there were
set to such initial level of acceleration for aesitl detection that all the impact tests should be
evaluated as crashes. Monitoring unit Al recordeticaimpacts and 8 of them correctly evaluated
and sent to provider's information system. Few sdsobefore both impacts which were not
correctly evaluated had occured other smaller acagbn. Unit A2 evaluated as crashes all 10
impacts, but in one case (Res FO05) it also probadidgrded other acceleration caused by obstacle
on the track which the wagon passed through. Uhipkced on the impacted wagon recorded 9 of
10 observed impacts (only impact Rils R09 with Ispeed before impact missed) but only 5 of
them were sent to provider's information systerarashes. Unit X2 recorded all the all 10 impacts
and 7 of them evaluated as crashes. Due to thecinigsts were done at closed hall, positions of
impacts were not very exact, differences betwederaened positions and real positions of impacts
were from 50 to 200 m in almost all the cases. Als® ride direction before the shock was in
several cases recorded incorrectly or not recorded.

4. Conclusions

In these impact tests the influence of wagon ingpact secured cargo consisting of coils of
wire was observed. As more proper way of securaugls in upper layer can be considered their
securing to wagon lashing points. Securing of cangly with the neighbouring coils caused that
the cargo moved, the manner of securing used irfitbteseries of impact tests was considered
unproper because, the coil in upper layer did aliil the crowding-out effect. Higher accelerations
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in longitudinal axis were measured by measuringpgent placed in the level of buffers than by
that placed higher on the wagon. For impact tdstsetwere also used monitoring units usable for
monitoring of transport and detection of accidedtse to measuring in closed building, probably
with not very good GPS signal receiving, the mamitgp units did not reach such accuracy of
position determination as it is usual when theyus®d on the roads or railways. The shocks during
impacts were mostly detected correctly, but notaihcases were they correctly evaluated as
accidents with sending the message about accidgrbvider's information system. Reliability of
accident evaluating was 75 %.
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Vessals
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Abstract. The characteristic of refrigeration storage systarhah are common used in the polish fishing
vessels is presented in this article. The main gaepof this paper is to describe the present sfathe
storage systems (including their efficiency andactpon the environment) and to show the possusliof
improvements. Generally, the refrigeration storsggems on the Baltic fishing vessels are usedaiotain
the fish temperature in the hold at O to -10C. Heevetheir operation is associated with significaosts.
Therefore, it is important to apply reliable sabus with high efficiency, to ensure a high-quajitypduct
while minimizing costs and impact on the environimen

Keywords: energy usage, refrigeration storage systemsicBadta, fishing, efficiency.

1 Introduction

The fish storage system'’s task is to reduce theé¢eature of the fish in the cargo area to the
required level, regardless of external conditiofisis is carried out mainly by the refrigeration
system, in which heat is transferred from loweatoigher temperature with the supply of external
energy. The transport of heat from the lower toupper source may be achieved in a number of
ways and using different physical phenomena. Burttlie vast majority of fishing vessels of the
Baltic fleet it is based on the vapour compressiggstem. On individual fishing vessels the system
iIs based solely on the ice brought from shore. Adsscriptions of systems using absorption
refrigeration equipment powered by waste heat fnoam engine can be found in the literature [1].
However, the practical application of such solusios limited to individual units, often remaining
in the state of research. Hence, the subjectsiofattiicle were limited to the vapour compression
devices, regardless of whether they relate toaaticg, water in the RSW system or ice-makers.

The operation of refrigeration systems is assogiatgh significant costs. Energy research of
fishing vessels indicate a large share of the riglstorage system units in the overall energy
balance. Therefore, it is vital to use reliableusohs with high efficiency, to ensure a high-qtali
product while minimizing costs and their influeraethe environment.

Refrigeration storage systems used on fishing boatthe Baltic fleet are used mainly to
maintain the temperature in the hold in the ranfy® ¢o -1°C. As already mentioned, the vast
number of equipment used for this purpose is basethe vapour compression systems, which
depending on the applied solutions provide: icapotion, air cooling in the hold, or water cooling
in the RSW system. The performance of refrigerasigstems should be adjusted, in order to ensure
adequate time to cool the fish put into the hold guwarantee a constant temperature of their
storage, which is associated with the dischardeeat streams that flow inside the hold.
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1. Refrigeration fish storage systems characteristics

Among fishing storage systems used for fishing elsssf the Polish Baltic fleet the following
solutions can be met:

- Refrigerated Sea Water system — RSW;,

- Cooling System based on ice produced on board fiea water or fresh water + cooling of
the hold;

- Cooling system based on the ice brought frommeshkhacooling of the hold;

- Cooling System based exclusively on the ice seggrom shore.

In addition to these systems, a Chilled See W&8W) system might be encountered in
practice.
Cooling with the use of ice, is the oldest and $aspsystem of fish storage. Ice as a source of

cold, is designed to lower the temperature of thle from the initial temperature down to approx.
0°C, and to keep it at a constant level during thela/ourney, regardless of external conditions.
Hence, the performance of the system is determyeithe weight of the ice necessary to achieve
the refrigerant effect. The cooling capacity of ibe is connected with the temperature and the heat
of its melting point r = 334 kJ/kg. In accordancéhwthe FAO [5] in temperate climates the
recommended ratio of the ice and the fish is ITHe Ice can be brought from land or produced
onboard. The usage of cargo space in this casendepm several factors, the most important
being: the shape of ice, operating area and tleeosithe fish.

A modification of the ice-based storage systemothices air coolers to the hold. In this
solution, the refrigeration appliance is designedmtaintain a constant temperature in the hold
during the trip — which compensates for heat fhlowing from the environment. The introduction
of air coolers can reduce the amount of ice neeeleénd the duration of the voyage, and mainly,
increase the amount of fish caught in relation system based exclusively on the ice.

In the RSW system the fish is cooled and storddniks with sea water. The ratio of the mass of
fish to water is typically around 70% to 30% [2héltemperature of the water and the fish is kept
by the refrigerant within the limits of -1°C + -0®G. The power of the refrigeration appliance is
sufficient to cover the demand for "cold" at thghest heat loads occurring at the time of cooling
water and fish. Cargo space in the RSW is usuallideld into 3, 6 or 9 compartments (tanks)
depending on the size of the vessel [3], [2]. Piwothe loading of the fish, the tanks are filleihw
sea water, which is initially cooled. The water leycan be accomplished from the top or from the
bottom of the tank. One of the advantages of RSW very good space usage. According to the
literature the density of fish stored in this systeanges from 700-800 kgfmwhile the fish stored
in crates with ice is half less at only 300-400 kg/[4].

In accordance with worldwide research, RSW systdowa to obtain high-quality fish at a
relatively low cost and small losses of raw matetraaddition, RSW system ammonia R717 might
be used as refrigerant, which has not only verydgtdeermodynamic properties, but is also
considered to be a clean, environmental friendlysgance. Table 1 shows the comparison of the
storage rates of selected systems.
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Stor age system Storage Rate [Kgris/m”]
Ice storage system (in hold 500 - 650
CSW 700
Ice storage system (in box 300 - 350
RSW 800

Tab.1. The comparison of the storage rates of selectadragy5]

2. Polish Baltic fleet - the storage systems

Conducted studies have shown that on majority effighing vessels of the Polish Baltic fleet
the storage system is based on ice and air codhersso-called “dry holds”. However, a growing
group of companies introduces (or are planningntthe near future) a modernization of existing
solutions and to adapts their vessels to the RSMésy Despite the high costs associated with the
reconstruction of the hold and cooling installatiand the introduction of special vacuum pumps
loading systems, this seems like the most reasemedyy.

The examples of the storage systems usage in Rislshg vessels have been shown in table 2.

unit Type of vessels
< )] ~ -
= o [P =3 w | o] o = s
g% 8 | 8|85/ % g8 n¢
O | o |y A O | o o | g
|(7) e 2] =
Vessel length [m] | 16,2 | 15,3| 26,46 21,0/ 23,925,6/24,39| 242 | 15| 15
Breadth [m] 5,2 5 8 6 65| 7,2 7,39 7,30 6 5
Draft [m] 2,19 | 1,87 3,28 2,3 256 383 3.2 36 28 3
High [m] 2,6 2,44 4 3 333 3% 3,6b 34 314
Bearing [ | 27.4| 10 124 | 60,98 72,4197,1| 120 | 143 | 68| 40
: 3
H.old size / [m?°]/ 5/ /50 95/- 97,5| ~140/| ~160/ 20/- | ~55/-
Fish mass [t] /- - -
° © ° ° © ©
(] (] (] (] (] (]
(2] (2] (2] (2] (2] (2]
@ @ @ i = = S | ©
Storage system Q Qo Q Qo n n n N o o
() () () @ o o o nd ) [}
o o o o o | 9
3 © © ©
~ ~ r~ r~ ~ ~ N~ N~
Refrigerant - - = 3 ~ | < | B ~ | Q1] 83
o Y o o o o Y Y
Cooling
. [KW]/ | Ice Ice . . Ice
Capac'tty I'lce | tidobal from | from Er?gv\f [k)r?gv\f 200 | 215| 225| 225/ /2,5from
generator ] shore| shore shore
capacity
Cooling power | [kW]| - - ~40 - ~70| ~8Q ~80 | ~80| 25| ~10

Tab. 2. The characteristics of the storage systems ittsaldishing vessles of the Polish Baltic fleet
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The comparisons of the average amount of fish mmags which could be stored in 10 selected
vessels, taking the type of storage system anddinddinto account is presented in the figure 1.
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Fig.1. Comparison of the fish amountgnstorage in selected systems

3

According to the fig. 1, the amount of fish stoirctRSW system is almost twice as in the ice-
based system (fish in the box). It means that Hraestypes of vessels could have a different
“fishing efficiency”. Generally, the application &SW system on the existing vessels needs: a new
hold and load system and a new refrigeration systdowever, the main limitation of that
application on existing vessels is the cost of gtwent. Therefore, the CSW system could be an
alternative. In this system, the fish are storethamwet holds — the same as in RSW, but the ice is
used to cool down the fish and water. The CSW systeuld use an existing ice generator or have
the ice brought from shore in the smaller vessels.

The heat demand to cool down the 1 kg of fish lacted systems is presented in the figure 2.
Heat demand of individual fish storage systemslsen estimated basing on the energy balance,
taking following into account:

The heat necessary to cool the fish from the intemperature of thé, to the temperature of
storagdy:

q1 = my - cp(tin — t3) [K]] (1)

The heat necessary to cool water from the inidaigerature of thg, to the temperature of storage
to(for RSW and CSW system):

2 = Myqter " Cw (tin - tz) [k/] (2)
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The fish mass:
mg =V - prlkg] (3)

250

q
[kI/kggl

200+

Ice - based cSwW RSW
system

Fig.2. The demand for cold in 3 fish storage systemsedl&d 1 kg of fish at a water temperature dICL6

4 Conclusion

The RSW fish storage system guarantees the best gisage, while maintaining the high
guality of the product. In addition, the heat decham respect of 1 kg of fish is the lowest one.
These characteristics are particularly importanthe case of small fishing vessels, in which each
cm® of loading space is precious and every penny soufihe RSW system has some alternative in
CSW system, in which sea water is cooled with lb@wever, due to the fact that the author has not
met such a solution on the Polish fishing vessielgas omitted.

For example, amongst 10 test vessels 4 were eqlippke RSW, 1 with a system based on
the ice brought from shore and air coolers, 3 wittystem based on ice produced onboard and air
coolers and 2 system was based exclusively ondheTiherefore, basing on the simple energy
analysis of the storage systems, and data acquoedthe fishing vessels, it can be concluded that
there is still a significant area of activitiesitoprove their effectiveness and as a result, opeyat
costs.
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