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SIMULATION OF A CTUAL NETWORK PERFOR MANCE USING
KRONECKER ALGEBRA FO R OPTIMIZATION OF TR AFFIC FLOW *

Andr eas 3Sclhe’lbeenla PAk Dani e Wik | i |
aVienna University of Technology, Karplsplatz 13, Vienna 1040, Austria
algo4rail.auto.tuwien.ac.at and andreas.schoebel@tuwien.ac.at
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Abstract Within the project GOSAFE RAlbne work package is dedicated to the developn
of an integrated rail network model that will incorporate batfrastructure asset (e.g. crossing
tracks, bridges, tunnels) and traffic (e.g. vehicle, freight and passenger movemenmtjtiale
main goal of offering safer, reliable and efficient rail infrastructure. This will be achieve
usingthe microelevel simulation tool @enTrackfor enabling capacity optimization in order 1
maximize the availability of the transport network and minimize environmental implcts.
now, optimization was typically predefined by the user of theatanld 6 t e s t pécdbdity, f
whichled to missed opportunities for finding an optimal solutitinis modelling toowill be able
to dynamically optimise operations, in particular during times of degraded operatising
multi-criteria optimization algorithms in order t@address complex requirements, for bc
passenger and freight transport. By employing Kronecker algebra for optimization
softwareds application programmi ng i Rifla
in Croatia, the behavior of actual netvk performance will be simulated as a proof of suitabi
of solutions provided by the optimization algorithm. Finally, an expected impact of the adv
traffic model using scheduling algorithm is a 40% reduction of delays indaignce traffic.

Key words:micro-simulation, rail operations, traffic flow model, infrastructure maintenan:
optimization algorithmO

1. INTRODUCTION

Rail infrastructure managers are responsible for safety measures and planning within
the infrastructure network. Although the railway transport mode is considerefltbeesafest
modes of transporEfuropean Railway Agency, 2018)th 0.16 fatalities per billion passenger
kmés there is a number of infrastructure fa
Unfortunately, the number is expected to rise in the future, mainly due to ageing railway
network and stronger climate changes. Couneatly, the objective of the Shift2Rail project
Global SAFEty ManagemérFramework for RAIL OperationsGOSAFE Rail project)s
development of an evolutionary Decision Support Tool with the main goal of offering safer,
reliable and efficient rail infrastoture.

Application of microscopic simulation of railway operations based upon a physical and
mathematical model of the railway system is the state of the art in railway traffic operations.
Normally, such tools output indicators for the operational peidogs, like for example,
delays or energy consumption. Up to now, optimization was typically predefined by the user
of t he tool , i ntroduced into t he simul ati on

* Plenary paper



simulation. This led to missed opportunities farding an optimal solution, which led to the
simulation programs not being able to solve dispatching questionhandle headway
conflicts.

Simulation tools have, however, one shortcoming; namely, the inability to optimize
train ran automatically. To clogkis gap within railway operations with increased traffic,
algorithms which consider all train runs at the same time have been developed and applied.
Using Kronecker algebra, microscopic simulation tool will both improve traffic flow and
assess the impacot maintenance and renewal proposals, as part of support for decision making
of the infrastructure managérhe algorithm for calculating the optimal driving strategy and
optimizing the overall railway system is based on the -Phbe s i s -efficEemer gy
Optimization of Rail way Operation. An Al go
(2014).

Moreover, with OpenTrack micrsimulation modelling tool, traffic model will be
developed that will use multriteria optimization algorithms to address complex
requirements, for both passenger and freight transport. Using Kronecker dh\gitmanayr
et al., 2012which showed good results in dealing with optimization scenarios in railway
traffic flow, especially avoidance of bottlenecks and conflicts, simulatfcrctual network
performance on the line between Zagreb and Rijeka in Croatia will be perforhreethput
data used for the traffic flow optimization tool is defined by two components: first, the current
characteristics of the rail system will be supglithe set of infrastructure, rolling stock and
timetable characteristics, which represent the base for future calculations. Secondly,
infrastructure manager 0s identification and
infrastructure assets. Those twargmnents will be merged using simulation tool OpenTrack
(OpenTrack Railway Technolopyor the visualization of all existing data, and further
processed into the concrete syntax for the input files needed by the optimization tool. This
paper deals with thienport data necessary for the future optimization calculations.

rit

2. MOTIVATION FOR SIMUL ATION

The main motivation behind dynamic rescheduling is avoidance of unnecessary and
time consuming stops. Namely, enabling adaption of driving behavior to constaanilyirodp
environment will bring avoidance of bottlenecks and hence, lower delays and consequently,
increase capacitfLuethi, 2009) Dat afl ow in simulation of rai
production and operation with integrated reale rescheduling isrpsented in Figure 1.
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Figure 1. Operational performance without and with r&iade rescheduling



The first step in using computer models in the railroad planning is to calibrate the base
case model. This should accurately replicate observed railroadtiopsrwith the existing
infrastructure, rolling stock, and schedules. Once the model has been calibrated it can be used
to investigate many issues including estimating the stability of new timetables, determining
the minimum infrastructure requirements #given timetable, or evaluating the impact of
rolling stock changes. A significant benefit of models is their ability to evaluate the impact of
incidents or timeébased network changes (e.g. maintenance) on railroad operations.

Computer simulation is espially valuable for railroad planning since, once developed
and calibrated, models can be used for the comparison of the benefits, impacts, and costs of
various different improvement packages. To analyze more than a few improvement packages
by hand wouldbe prohibitively time consuming. Thus, effective railroad simulation models
enable planners to identify and evaluate more alternatives, ultimately leading to more creative
and comprehensive problem solutions.

While computer simulation is an excellent téof analysis and planning of railroads,
railroad network simulation programs have the following limitations:

APrograms must be validated to actual conditions.
AYyard operations must be modelled separately.

AResource constraints such as crew scheduliagaagely ignored (although some
specialized software does address resource constraints).

ASimulations only include the modelled study area.

ASimplifying assumptions generally create an inherent optimism about overall
congestion, schedule adherence, muverability(Gibson, 2002).

Given these limitations, especially the last one, it is critical that all simulation results be
carefully reviewed, discussed and compared to reality.

3. OPENTRACK RAILWAY SI MULATION SOFTWARE

OpenTrack was developed at the Svise d e r a | I nstitute of Techn
Transportation Planning and Systems (ETH 1 VT)
userfriendly railroad simulation program that could run on different computer platforms and
could answer many differeguestions about railway operatiofiduerlimann, 2001)Figure
2 illustrates the three main elements of OpenTrack: data input, simulation, and output.

OpenTrack is a microscopic synchronous railroad simulation model. As such it
simulates the behavior oflalailway elements (infrastructure network, rolling stock, and
timetable), as well as all processes between them. It can be easily used for many different types
of projects, including testing the stability of a new timetable, evaluating the benefits of
different longterm infrastructure improvement programs, and analyzing the cispaf
different rolling stock.
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Input Data

OpenTrack manages input data in three modules: rolling stock (trains), irdrasttu
and timetable. Users enter input information into these modules and OpenTrack stores it in a
database structure. Once data has been entered into the program, it can be used in many
different simulation projects. For example, once a certain locombfpe has been entered
into the database, that locomotive can be used in any simulation performed with OpenTrack.
Similarly, different segments of the infrastructure network can be entered separately into the
database and then used individually to mogelrations on the particular segment or together
to model larger networks.

Train data (locomotive and wagons) is entered into the OpenTrack database with easy
to use forms displayed using pull down menus. Infrastructure data (e.g. track layout, signal
typelocation) is entered with a usi&iendly graphical interface; quantitative infrastructure
data (e.g. elevation) is added using input forms linked to the graphical elemeluwirfepl
completion of the railML (railMl) data structure for rolling stock andhfiastructure,
OpenTrack is modified to enable train and infrastructure data to be directly imported from
railML data files.

Timetable data is entered into the OpenTrack database using forms. These forms include
shortcuts that enable data input to be cletepl efficiently. For example, users can designate
hourly trains that follow the same station stopping pattern an hour later. Since OpenTsack use
the railML (railML) structure for timetable data, timetable data can also be entered directly
from various dferent program output files as well as database files. Furthermore, Figure 3
shows a short overview of different software programmes using railML interface.
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railroad operations. For example, users can simulate the impact of weather on traction by
specifying the adhesion scenario (good, normal, bad). OpenTrack then estimates locomotive

traction power using a percegta(also usedefined) of that calculated using the Curtius and
Kniffler formula (Huerlimann, 2001)While OpenTrack provides standard default values for

all variables, having the ability to adjust variables makes the program very useful.

Simulation

In order to run a simulation using OpenTrack the user specifies the trains, infrastructure
and timetable to be modelled along with a series of simulation parameters (e.g. animation

formats) on a preferences window. During the simulation, OpenTrack attemptetdhme

userdefined timetable on the specified infrastructure network based on the train
characteristics. OpenTrack uses a mixed continuous/discrete simulation process that allows a

time driven running of all the continuous and discrete processes (afheotihicles and the

safety systems) under the conditions of the integrated dispatching rules.

The continuous simulation is dynamic calculation of train movements based on
tvVankes st ep,
wheels and the tracks is calculated and then used to calculate acceleration. Next, the
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OpenTrack is a dynamic rail simtitan program. As such, the simulated operation of
trains depends on the state of the system at each step in the process as well as the original user
defined objective data (e.g. desired schedule).

A simple way of describing dynamic rail simulation is ttfe# program decides what
routes trains use while the program is running. For example, when building the network, users
identify various different routes that trains can use between two points; OpenTrack decides,
during the simulation, which route the trawll use by assigning the train the highest priority
route available. If the first priority is not available, OpenTrack will assign the train the second
highest priority route and so on.

OpenTrackbs dynamic natur e atbdpecifiedd times er s
in the simulation. Thus, users can assign a delay to a particular train at a given station and
time, rather than being limited to assigning a delay at the start and using it through the entire
simulation. Similarly, users can define ethtypes of incidents (e.g. infrastructure failures,
rolling stock breakdowns) for particular times and places.

Finally, dynamic simulation enables users to run OpenTrack in égisigp process
and monitor results at each step. Users can also speaifthewhat results are displayed on
the screen. Running OpenTrack in a diggstep mode with real time data presented on screen
helps users to identify problems and develop alternative solutions.

Output

One of the major benefits of using an objedental language is the great variety of
data types, presentation formats, and specifications that are available to the user. During the
OpenTrack simulation each train feeds a virtual tachograph (output database), which stores
data such as acceleration, spestl] distance covered. Storing the data in this way allows
users to perform various different evaluations after the simulation has been completed.

OpenTrack allows users to present output data in many different formats including
various forms of graphs (e.ime-space diagrams), tables, and images. Similarly, users can
choose to model the entire network or selected parts, depending on their needs. Output can be
used either to document a particular simulation scenario or as an interim product designed to
help users identify input mofications for another model run (OpenTrack Railway
Technology).

3.1. OpenTrack and API

The Open Track API (application programming interface) is able to communicate with
a 3rd party application (over the internet). As in Figure 4 sho@penTrack accepts
Commands (messages to OpenTrack) and sends Status Messages (Messages from
OpenTrack). Most importantly, these messages are designed such that they correspond to those
exchanged in a realorld railway system between trains, interloakiznd dispatching units.
For example, massages received from OpenTrack can be train, timetable and block/routes
Messages, arrival and departure times at stations, interlocking messages and others. On the
other hand, OpenTrack sends speed commands, timetadnhges, dispatching decisions that
resulted from dynamic simulation. Figure 4 shows an example of OpenTrack Dispatcher. In
this case, OpenTrack acts as the replacement of the reality, since the same type of information
is exchanged as in reality; namegpmmands (messages) go to OpenTrack, whereas Stat
Messages come from OpenTrack (OpenTrack Railway Technology).



OpenTrack API 6s application offers an unl

implementation of customespecific dispatching atgithms to indepth evaluation of railway
operations, connections between trains and circulation of train sets. However, for GOSAFE
RAIL project is the possibility of development and analysis of new concepts in train control,
such as optimization of engrgonsumption, reduction of delays and avoidance of bottlenecks
and conflicts of greatest importance. This will provide support to IMs for achieving maximum
amount of time slots for railway undertakings and for punctual operation. Finally, the goal is
thatsimulation of the behavior of the reality proves that the optimization algorithm provides
suitable solutios within a short period of time.

Messages from OpenTrack
(Status Messages)

3rd Party Tool | € OPENSTRACK
Messages to OpenTrack Simulation
(Commands)
OpenTrack
Dispatcher

OpenTrack API
(DIME/SOAP) + | *
OPENSTRACK @

Simulation Reality

Figure 4 Example for the application of the OpenTrack API

4. CASE STUDY: ZAGREB-RIJEKA LINE

As already mentioned,ne Zagreli Rijeka was chosen for the case in collaboration
with Croatian Railways. First reason is its importance within domestic traffic network; second
and more important reason, it being part of FENorridor.

I



Figures 5 and 6 show examples of infrasture from the case study. Infrastructure data
has been successfully imported in OpenTrack, as it can be seen in these graphical
representations of topology. For this paper, just few examples that best reflect the possibilities
of OpenTrack were selecteThis can be seen in Figure 5, where one can see a detailed
presentation of the main railway station in Zagreb, Glavni Kolodvor, whereas the Figure 6
shows part of the preselected network for the case study ZaRjjeka, namely from Hrvatski
Leskovac,via Horvati, Mavracici, Zdencina, Desinec, Jastrebarsko, Domagovic, Lazina to
Draganici.

_,,_I ZAGREB GLAVNI KOLODVOR

Figure 5 Infrastructure in OpenTrack: Zagreb Glavni Kolodvor

Infrastructure topology includes all signals, stations and information about radius,
gradient and spequtofile on every kilometre poinfrain graph, seen in the Fig.7, shows the
timetable for different train categories; namely, cafgstor the regional traind~urthermore,
for the clear overview, the period between 3PM and 10PM was chosen and ibdhattesy
time stairway.
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5. CONCLUSION

In conclusion, GOSAFE RAIL project will provide a means of virtually eradicating
sudden infrastreture failures. OpenTrack, being a sophisticated rsoralation model with
API function, will allow the determination of impact of safety decisions on network capacity.
Thus, by incorporating both infrastructure asset (e.g. crossings, tracks, bridgess)tand
traffic (e.g. vehicle, freight and passenger movement), effective delivery of maintenance or
new works while maximizing the connectivity and adaptability of the overall surface system
will be enabled. Finally, the maximization of the availabitif the transport network leads to
minimization of environmental impacts, such as carbon emissions, and reduction of delays up
to 40%. This will be shown in the next project period.
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Abstrad: Collision avoidance is considered as an essential part of the autonomous guided"
(AGV) navigation systems. Collision avoidance helps to deterand decide for changing tt
speed and direction of an AGV in the presence of obstacles. Avoidance of collision probl
be considered as a spatial multi objective problem due to it needs to handle with di
objectives by searching a space of gibke routes and find a set of optimal routes. Solv
collision avoidance problem in AGVds ro
objectives, inconsistency between them and presence of dynamic and static obstacle
system. In this sty, the risk modelling and optimization has been used for solving the pro

Key words: Autonomous guide vehicle (AGV); Path planning; Risk modelling; Obs
avoidance

1. INTRODUCTION

The analysis of safety themes associated with the transportatiamastibus materials
is considered to be as important as the study of risk problems connected with fixed
installations, since historical evidence has shown that incidents related to the transportation of
dangerous goods are comparable in number and magmittidéhose occurred in chemical
plants. Furthermore, hazardous materials releases during transport may occur in areas which
are not sufficiently controlled or protected, such as zones of high population density or of
natural and historical beauty (CCP89%). For this reason risk analysis should address both
fixed installations and transportation networks, thus obtaining a complete area risk evaluation,
which represents the basis on which decision makers will establish criteria for risk
management, riskomtrol and planning.

Flexible manufacturing systems (FMSs), container terminals, warehousing systems, and
service industries including hospital transportations are employing autonomous guided
vehicles (AGVs) for the material handling to maintain flexipibind efficiency of production
and distribution. For the efficient operation, it is requested to realize the synchronized
operations for the simultaneous scheduling of production systems and transportation systems
(Nishi et al., 2011).

Path planning undarncertainty has been extensively studied in the areas of computer
science and operation research due to its wide applications such as communication routing and
transportation engineering (see, e.g., Kouvelis and Yu, 1997; Waller and Ziliaskopoulos, 2002;
Montemanni et al., 2004). The omnipresent uncertainty of travel times on network links could
result from network congestions, hardware failures or traffic jams, temporary construction
projects, weather conditions, traffic accidents. Because of the laclpdstad oHine
information on network links (cables, roads, etc.), the client/traveler will have to consider

* Plenary paper

11



possible ranges of the travel times on network links when making the appropriate route choice,
that often involves tradeoffs between travel times @sksums to be taken (Chen et al., 2009).

Risk-based route evaluation is necessary for decision making by authorities for
regulating hazardous materials transport vehicles. The paper highlighted risk estimation and
its representation for three highwatudy routes in western India using frequency analysis
through logic diagrams and scenario based detailed consequence analysis of accidental
releases categories (Chakrabarti and Parikh, 2013).

Shipments of hazardous materials underline the significanaridktremendous cost,
but literature has focused only on the esféective scheduling of these vehicles. It is important
that transport companies consider risk, since the insurance premiums is contingent on the
expected claim. Siddiqui and Verma (20159ganted a mixeohteger optimization program
with operating cost and transport risk objectives, which could be used to prepare routes and
schedules for a heterogeneous fleet of vehicles. Fobjbttive model was tested on a number
of problem instances afealistic size, which were further analyzed to conclude that the
cheapest route may not necessarily yield the lowest insurance premiums, and that larger
vessels should be used if risk is more important as it enables better exploitation of the risk
structue.

Effective design of automatic material handling devices is one of the most important
decisions in flexible cellular manufacturing systems. Minimization of material handling
operations could lead to optimization of overall operational costs. AGV igatldss vehicle
used for the transportation of materials within a production plant partitioned into cells. The
tandem layout is according to dividing workstations to someavenlapping closed zones to
which a tandem automated guided vehicle (TAGV) liscalted for internal transfers. Shirazi
et al. (2010) illustrated a ndimear multiobjective problem for minimizing the material flow
intra and intedloops and minimization of maximum amount of inter cell flow, considering the
limitation of TAGV work-loading. For reducing variability of material flow and establishing
balanced zone layout, some new constraints have been added to the problem based on six
sigma approach. Due to the complexity of the machine grouping control problem, a modified
ant colony optnization algorithm was used for solving this model.

Fazlollahtabar and Shafieian (2014) concerned with the design of a computer integrated
manufacturing system to identify an optimal path in a vehicle routing problem (VRP) network
regarding to triple cteria. In most VRPSs just one criterion, either time or cost was considered
in decision making. They considered all time, cost, and AGV capability in decision making,
simultaneously. To satisfy a material requirement planning (MRP) by providing the bill of
material (BOM), AGVs are suitable devices.

Fazlollahtabar et al. (2015) concerned with both time and cost optimization in an
automated manufacturing system. In their proposed system, material handling is carried out
by AGVs and robots for the manufacturifgnctions. In this way, defect rates, breakdown
times, waiting time, processing time, and certain other parameters are not expected to be
deterministic. Stochastic programming was applied to optimize the production time and
material handling cost. The grosed stochastic program was a nonlinear model, for this
reason a successive linear programming (SLP) technique was employed for its optimization.
Numerical test results pointed to the inefficacy of the proposed optimization method for large
sized problemsHence, a genetic algorithm (GA) was presented to optimize large sized
problems.
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The optimization of material handling systems (MHSs) can lead to substantial cost
reductions in manufacturing systems. Choosing adequate and relevant performance measures
is critical in accurately evaluating MHSs. The majority of performance measures used in
MHSs are timeébased. However, moving materials within a manufacturing system utilize time
and cost. Tavana et al. (2014) considered both time and cost measures inizataptimodel
used to evaluate an MHS with AGVs. They took into account the reliability of the MHSs
because of the need for steadiness and stability in the automated manufacturing systems.
Reliability was included in the model as a cost function.

One of he principal matters of concern in the multiple AGVs based industrial system is
prevention of conflicts between AGVs which might escalate to collision. Although AGV
collisions have actually been very expensive events, contributing to a very small propbrtio
the total fatalities, they have always caused relatively strong impact mainly due to relatively
large number of fatalities per single event and occasionally the complete failure of the
industrial system.

The main driving force for developing risk metts/models during the 1960s was the
need for increasing the efficiency of the system. In general, separating AGVs using space and
time separation standards has prevented conflicts and collisions. However, due to the reduction
of this separation, in ordeo increase AGVs capacity and thus cope with growing industrial
transport demand, assessment of the risk of conflicts and collisions under such conditions has
been investigated using several important methods/models. The methods/models were
expectedtoshowf a reduction of separation and spaci |
would be sufficiently safe, i.e., determine the appropriate spacing between tracks guaranteeing
a given level of safety.

The main purpose of collision risk analysis has alwaygsaimeed to support decision
making processes during system planning and development, through evaluation of the risk and
safety of the proposed changes (either in the existing or the new system).

The remainder of the work is organized as follows. Next, amview of the problem,
assumptions and significance are presented. Section 3 provides the mathematical model
formulation and description. In Section 4, a simple implementation of the model is presented.
Finally, we conclude in Section 5.

2. STATEMENT OF THE P ROBLEM

In an industrial system having multiple AGVs, as material handling devices, a
significant problem is a path planning so that collision among AGVs is minimized. For
financial analysis it is more effective to obtain an estimation of the losses befduging
implementation of such a system. A very helpful method to handle uncertainty is risk analysis.
Consider an industrial manufacturing system having several AGVs as material handling
devices. AGVs are dispatched according to a request from a stxtimhucts are processed in
stations according to the process plan and job sequences. Multiple stations may request AGVs
at the same time and thus a precise path plan is required to avoid collisions of AGVs. Also,
AGVods arrival wi t lori satisfias judtunetime manuéactuirig leadingstd a t i
avoid delay. AGVs in some paths may become obstacle for others. Consequently, a
complicated system of AGVs, paths, and stations is configured leading to possible collisions
and obstacles. The probleselusivefor hazardous manufacturing systems (e.g. galvanization
or plating production system). The aim here is to provide separate path plan for each AGV
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with minimal risks. The risk is associated with collision and obstacle avoidance of AGVs. The
risk is ddined as the product of probability of collision and severity of collision hazard.

2.1. Significance of the model

One of the extensive applications of industrial robot is in hazardous environment.
Designing an appropriate control mechanism to fulfill handias$ efficiently is significant.
Therefore, the proposed problem and model are adaptive to process AGVs in such
environments

2.2. Major contribution

As reviewed in the literature most of the AGV path planning works considered either
time or cost and in some @asboth time and cost. A research gap is noticed to include quality
in the path plan which is a critical performance criterion. Then, time, cost and quality
simultaneously are modelled and optimized. Quality is considered using risk. Also,
considering mulple AGVs is another aspect of novelty of this paper.

3. MODELING THE PROBLEM

Modelling the problem into mathematical formulation environment is needed to solving
collision avoidance by the risk modelling and optimization. In this problem, an AGV moves
from one specific point to another specific point, start and end points, through a particular
route that there is some obstacle in itsd rou
coordinates and such as a point that moves from start to end througlifec s of
coordinates. The AGV has the constant speed and constant direction for a move between the
two points. The static obstacles are modeled as a specific range of coordinates. If the
movement coordinates of AGV is same as the static obstaclesraiordt least in one point,
then the collision happens. The dynamic obstacles are modeled as a moving point with
constant speed and constant direction. The dynamic obstacles coordinate will be calculated
dynamically accordi ng toroavolliGuhe £olligioo will changen . The
the speed and/or the direction of its movemen
presenting and modeling the route of the AGV, we can use the coordinates of redirection points
besides speed and directio of AGVO6sS movement .

The mathematical formulations are presented below in Table 1.
Table 1. Mathematical notations
0] Counter for stations= 1 , néjzi+ 1 , né ,

k,k 6 Counter for AGVsk , = k ,Gé ,
Parameters:
S”.Ck Severity of collsion hazard of AG\k in pathi to j
p,j°k Probability of collision of AGVWKin pathi to]
chk Risk of collision of AGVKkin pathi to ]
i Required time to move in patho |
dj The distance between statii to stationj
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dok Current position of AG\k

Vi The velocity of AGVk
a The acceleration of AG¥
Decision variables:
_€el If AGV kis assigned to paitto
ik — |
X o Otherwise
el If AGV kcollide with AGVk 6
Ve : 0 Otherwise
el If stationj requests AG\k
Z =i
K io Otherwise

min W = a_ a (Rk yk

k,k=1j+ & 1=

S.t.

Ri= B %

1 .
dij:Eak"ﬁ +\4E d(k

a;lxi,»k =z, "k}

é. é.)ﬂjk :11 "ki

j= i =

éxjkd,- ¢min{d, z}, "ij

a dOk jk ¢ k‘.a;_-q)k' %k" "j

a p|k¢ aykk "i,j’

k. k' 4)§jk
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Equation (1) is the objective function of the problem minimizing the risk of collisions.
Relation (2) computes the risk including the probability and the severity of collision hazard.
Relation (3) shows the distance computation using acceleration aocityabf AGVs.
Equation (4) guarantees the simultaneous assignments of AGVs to stations and request from
stations. Equation (5) assures that an AGV is assigned to a station. Equation (6) emphasizes
that for each station an AGV is requested. Equation @shhat the request rule is based on
the closest distance of an AGV to a station. Equation (8) shows the sequence of AGVs
requested to stations. Equation (9) computes the probability of collision. Equation (10)
guarantees that if an AGV is assigned taaii@n based on a request then the collision is
avoided correspondingly. Equation (11) shows the computation of severity of collision hazard

based

on

t he

accel

eration

of

AGVOs

(10)

(11)

(12)

(13)

movement .

requested by a station thiems not collided with others. Relation (13) shows that the decision

variables are

binary.

4. NUMERICAL EXAMPLE

To show the effectiveness of the proposed mathematical model a numerical example is
presented. As for input data, the number of stations and AdB&/sassumed to be 8 and 3,
respectively. The existing paths between two stations are giviaible 2. It should be noted
that the existing path between any two stations are presented by 1 and otherwise with O.

Table 2. Existing path among stations

i 1 2 3 4 5 6 7 8
1 - 1 0 1 0 1 0 0
2 0 - 1 0 1 0 1 1
3 0 0 - 0 0 1 1 1
4 0 0 0 - 0 0 1 1
5 0 0 0 0 - 1 0 1
6 0 0 0 0 0 - 0 1
7 0 0 0 0 0 0 - 0
8 0 0 0 0 0 0 0 -

Then, the severity of collision hazard of AGVs in all paths is assumeddanixe and
equal to 11.5 unit of cost. But, the probabilities of collision for different paths are different as
givenin Table 3. The probabilities are extracted from past data recorded by maintenance

department.
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Table 3. Collision probabilities of paths

] 1 2 3

i 4 5 6 7 8
1 - 0.03 0 0.05 0 0.07 0 0
2 0 - 0.08 0 0.09 0 0.04 0.05
3 0 0 - 0 0 0.04 0.04 0.04
4 0 0 0 - 0 0 0.03 0.06
5 0 0 0 0 - 0.09 0 0.08
6 0 0 0 0 0 - 0 0.04
7 0 0 0 0 0 0 - 0
8 0 0 0 0 0 0 0 -

The velocity of all AGVs is sae and equal to 2.5 m/s and the acceleration is 0.9 m/s2.
The movement time between any two stations are givéable 4.

Table 4. Movement time for all paths

: ] 1 2 3 4 5 6 7 8
1 ; 6 0 11 0 14 0 0
2 0 - 3 0 7 0 12 18
3 0 0 ) 0 0 11 9 15
4 0 0 0 ) 0 0 14 19
5 0 0 0 0 - 7 0 21
6 0 0 0 0 0 - 0 11
7 0 0 0 0 0 0 - 0
8 0 0 0 0 0 0 0 -

Using above input data and employing GAMS optimization software the following
outputs are obtainems shown in Table 5.

Table 5. Outputs

X141 Xog2 Y23 Zsy Zg
X172 X361 Z72 Zs1
Xos3 Xag3 Zs3 Zg3

Note that the shown variables are the ones with value equallteelobtained results
show that path between stations 1 and 4 is assigned to robot 1 and thus station 4 requests AGV
1 since it is closer than théhers. Also, robots 2 and 3 collides each other. Thus, the planner
needs to resolve this problem by redesigning the paths.

5. CONCLUSION

In this work a risk based path planning mathematical model for obstacle avoidance was
proposed. The model made use ofesgy of collision and the probability of collision as risk
factors. The proposed mathematical model was implemented using hypothetical data. The
results could help the decision makers to redesign the system so that obstacles are minimized.
Also, the numbeof required AGVs can be analyzed considering different layouts of stations
and different settings of process plan.
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Abstract: To select suitable logistic center (LC) location it is necessary to do a broad s|
analysis. Geographic information systems (GIS) are ideal for this type of spatial analysis
provides functionality to capture, store, query, and analyse geographic information. This
presents novel methodology for LC location analysis based onlGéSroposed method uses
GISfor for data collection, spatial analysis, generating alternagivand to produce maps fc
further analysisWe usedsIS for support decision making and for the analysis of the loce
attributes, including a number of relevant factors: spatial position, intermodal connections |
water, air and rail transport), tb size of the available location, topography, local tra
connections, environment, ecological aspect of the location, ownership structure, equipt
communal infrastructure, constraints in the area, dixperimental results on realorld
problemsi.e.,application of the proposed methodology in a case study of location analys
logistic center in municipality Apatin, Vojvodina, Serlshpw that the proposed methodolo
provides upstanding results in spatial analysis.

Keywords:geographic infomation systems, lodah analysis, logistic center, spatial analys
spatial data mining

1. INTRODUCTION

The recent development of logistics management in companies incited the need to
streamline business operations in the most efficient way, which imgosreduction and
improving service quality in order to satisfy the growing customers' demands.

The Council of Supply}Chain Management Professionasfines the term logistics
management as follows: "Logistics management is that part of supply chaigensemd that
plans, implements, and controls the efficient, effective forward and reverses flow and storage
of goods, services and related information between the point of origin and the point of
consumption in order to meet customers' requirements” (CSCOAR).

Thus, themportance of logistics centers (LB8)reflected in linking economic activities
both locally and globally, wereC become places of circulation of production, storage and
transportation of good3he LC is a separate entity operatingisecured area, within which
all logistics activities (transportation and forwarding, material handling, warehousing,
inventory management, credscking, intermodal trarshipment, physical distribution of
goods) are carried out on a commercial bakge( k aktSzymon Weglinski, 2014

According to the European Transport Ministers' Conference (ECMT) the following
criteria relating to site selection are common td &I(ECMT, 1996:

* Plenary paper

19



- the specific location of &C reflects a need to optimise the quantihdajuality of local
and longdistance traffic, so that flows can be efficiently grouped together in terms of traffic
volume. The most important is that the location is able to optimise the inevitably broken
local and longdistance flow by achieving a clest effect. Topographical factors are
important in this context, as is the possibility of using existing infrastructure developed by
the different transport modes.

- the size of logistics centres must be given considerable thought. Firms looking for a
location to generate or organise transport operations regard networked traffic nodes as
highly attractive. In all events, a sufficient area of land must be set aside for the centre so
that any future growth in traffic can be absorbed.

- existing infrastructure hadready been identified as an important factor when choosing the
site of a logistics centre. In the case of European inland transport, centres must at least offer
the possibility of linking up with the combined transport network of road/rail services.
Links with other transport modes, such as the inland waterways, air transport or, in coastal
areas, maritime transport, can of course also be incorporated. The attractiveness of these
logistics nodes will depend mainly on the quality of the existing infrasireicin other
words, available capacity and, in particular, the possibility of extending capacity where
necessary.

- another important factor for developing a network of logistics centres is compatibility,
particularly at the level of transhipment procedyreontainers, etc. A certain amount of
standardization of technical equipment is therefore required. In addition, telematics
networks of information and communications systems are needed so that firms have on
line access to any important data required rfapid decisionmaking (e.g. data on
consignments, stocks, status, etc.).

A LC locationis a strategic decision and a critical padhthe entire supply network,
from the manufacturer to the consumer, whereby one of the main factors determining the
location is thetransportation cosAccording to Rikalovietal., thetransportatiorcosts, taxes,
salaries, raw materials, renting costs, etc. are directly under the influence of the location and
can be 25% of the purchase product price. When all costs mrassized the location may
change the overall operating costs by 5®ikalovic, Cosic & Lazarevic, 2014). As a result,
the optimal location of BC may lead to reduced transportation costs, promote synchronization
between production and consumption, ensaréalanced development of transportation
systems, and achieve better overall benefits (Gao & Dong, 2012; Lium, Crainic & Wallace,
2009).

Many mathematical and approaches to solving LC location problem have been reported,
including: mathematical programngn(Klose, Drexl, 2005), evaluation and ranking of
considered sites (¥zcan, et alla,c ek®Adyhgn Kor pel
Weglinski, 2014). The location problem plays a crucial role in logistics, where it refers to
finding the most desirable (proper) location of LC (Van Thai, Grewal, 2005; Kayikci, 2010).

Recent developments in the field of decision makiage led to dramatic improvements
in the capabilities of GIS for LC location analysis. Geographic information systems (GIS) are
powerful tools designed for spatial analysis which provides functionality to capture, store,
guery, analyse, display and outmeographic informatior{Bolstad, 2002). The power of
geographic informationystems it's reflected in simultaneously analyse geographic space and
the information (attributes) linked to the space (Rikalovic, Cosic & Lazarevic, 2014).
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To address all of thabove aspects we propose a novel methodology for location
analysis based on GIS, which provides an innovative approach to finding desirable location
efficiently. This paper is organized as follows. In Section 2 we summarize the literature
overview in the ield of logistics centerspointing out the role of the mulariteria decision
analysis and the geographic information systems in location antySisction 3 we present
innovative methodology for analysis of logistics center location, with studytacatew the
implementation choices. Section 4 presents a discussion and analysis of the application of the
proposed approach Section 5 derives some conclusions and directions for future.research

2. BACKGROUND

The location problem consists in determining aper placement of an infrastructural
component (ground, site, facility) in a considered area, taking into account the decision

makerds preferences and existing constraints

2009). One of the typical logistics loaati problems refers to the proper placemantC
(Van Thai, Grewal, 2005; Kayikci, 2010).

Logisticscentes should be located at the intersection of large streams of flow, or very
close to major transport links, especially in order to take advantage timaddlity. The
advantage of multimodal transport in addition to optimizing transport times and reducing
transport costs is increased justification from the point of view of environmental protection.
(Gao, M. and Dong, M2012)

Decisions related thC location have an impact on operating costs and revenues. For
instance, a poor choice of location might result in excessive transportation costs, a shortage of
gualified workers loss of competitive advantage, inadequate supplies of raw materials, or
some sindar condition that would be detrimental to operations (Stevenson 1993). While the
optimallocation selection in the logistics sector decreases transportation costs, it increases the
job performance, competitive capacity and profitability of companies @rtthGrewal 2005).

Lee, Huang & Teng (2009) point out the need to consider geographic, topographic, and
hydrological aspects of the available land forltggstics centeinstallation.

In the literature the site selection processes is generally disaggithg problem into
several levels. Zelenovic distinguishes macro and micro locafitv@smacro location is the
geographical area, which can meet the basic requirements for construction and development
of LC with minimal operating costs. The micro locatiis the specific place in the macro
location that meets technical, infrastructural and working process requird@eietsovic D,

2003. The basic criteria for the analysis of the miwoation of theLC include the analysis

of all parameters from thmicro and macro aspect with the coordination of all entities in the
multimodal transportation procesEhe factors that influence the selection of the location of
the LC, mentioned in the literature, can be divided into two categories: factors thatdefluen
the selection of a macro location of a facility and factors that influence the selection of the
micro-location. In the selection of the macro location of facilities, the factors are considered
that are related to the role of the facilities in the logisysteni market characteristics, type

and characteristics of goods in the distribution chain, transport possibilities and the availability
of the expert personnel. In determining the miomation of the facility, the following
characteristics are cadered (Fig. 1.): the area of the terrain, fitting of the location to urban
plans condition of the traffic infrastructure in the observed area, price of the land, attitudes and
exemptions for the | ocal community, etc (J.
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(b)

Figure 1. Micro location from the urban plan (a) land use and (b) infrastructure

In the modern concepts of 3PL and 4PL LC plays an important role of logistics service
integrator that provides customers with a comprehensive, high quality service and connects all
possible transportation modes (road, rail, water and &g .concept of éocationplanning
is based on the technologidahctional requirements of the worrganization such a
multimodal transport nodéRushton, et al, 2006)Also, the transport and technological
requirements of goods flows and the global and domestic experience in determining the
technology, structure and size of individual subsystemsedf@have a significant influence
on the planned solutiohe development of multimodal transport corridors and logistics
services are promoted as part of the overall development strategy of transport (World Bank
2008).

With the development of informatioechnology, spatial databases have become an
irreplaceable tool in management systems. It has been estimated that 80% of data used by
managers and decision makers are geographical (spatial) in nature (Worral AL9te
number of decisions have geoginic (spatial) character, and finding a winning formula for
the selection of optimal location is the challenge for engineers and scientists. Expect for
standard spatial analysis, GIS is increasingly used in the deaisikimg proces€xperts in
the field of industry and trade consider spatial analysis using GIS technology, as reliably
approach in location analysis and overall marketing strategy of the company (Beaumont,
2000). Several studies have used this type of GIS function for location analysisf thee
papers in which the GIS methodology was applied is the role of GIS in the industrial site of
analysis (Rikalovic, Cosic and Lazarevic, 2014).

Previous research on location analysis has determined that GIS provided
methodological framework for quali reliable and efficient decision making and
development of the overall strategy for the development of a certain space or within a
particular company.

3. ANALYSIS OF LOGISTIC S CENTER LOCATION : A GIS BASED
APPROACH

In this section we introduce an innowatiapproach fologistics centeanalysis: a GIS
based approach

The proposed method uses a @& generating location alternatives and spateth
mining. We usedGlIS for supportdecision making and for the analysis of the location
attributes, includinga number of relevant factors: spatial position, intermodal connections
(road, water, air and rail transport), the size of the available location, topgglagal traffic
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connectionsenvironment, ecological aspect of the location, ownership structjuiggreent
of communal infrastructure, constraints in the area, etc.

We divided proposethethodologyinto elevenphases (Fig. 2):
1. Creating (preparing) graphics in AutoCAD in relevant layers
2. Graphic transformation in Gausgieger's projection (Hermannskogetiate)
3. Controlling the graphics before entering ArcGlignport data into ArcGIS
4

Transformation of graphics from Hermannskogel to WGS84 (World Geodetic System
- Worldwide Reference Dat&pplied by Google) using Geocentric Translation

5. Inserting a satelkt reference folder (which is in WGS84)

6. Controlling the position of the brownfield location relative to the reference map
7. Graphics processing in ArcGIS / getsualization

8. Relational connection of spatial data with alghaneric data

9. Entering attribute (alpa-numeric) data into the database

10. Controlling of compliance of attribute and spatial data

11. Importing already prepared layers of infrastructure (traffic, electricity, thermal power,
water management, etc.) on the territory of the province of Vojvo8ierdaa, in the
form of information(Fig. 3).

A review and analysis of infrastructure data in the territory of the province of
Vojvodina, Serbia, created in the process of drafting Regional spatial plan of the
province of Vojvodina

A graphic transformation from Hexannskogoel to WGS84 (World Geodetic System
- world reference datepplied by Google) using geocentric translation

A control of compliance of spatial and attribute data and
A final control.

Import already prepared
layers of infrastructure g

Controlling of compliance — 4 Graphic transformation in
of attribute and spatial data | |  Gauss-Krieger's projection
. y

Creating graphics
in AutoCAD

Entering attribute |
data into the database
Import data into ArcGIS

Relational connection |
of spatial data with
alpha-numeric data

A Graphic transformation

Database , from Hermannskogel

| Inserting a satellite

ArcGlIS / geo-visualization
/9 reference folder

Controlling the position
of the location

Figure 2. Process of creating a database
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Figure 3. Traffic, electicity, thermo power anevater managemetyer on the territory of the
province of Vojvodina macro view

GIS techniques & procedures have an important role in analysing decision problems in
a form of spatial decision support system for location anadggecially in screening phase.
In screening phase role of GIS is to analyse feasible alternatives that will be later consider in
evaluation phaseThe first step is the collection, input and processing of data such as:
geographical characteristicsirban parametersgcological aspect of the site, ownership
structure, infrastructure facilities, architectural heritage and other relevant data.

The analysis and assessment based on the collected data is extremely important, because
based on this, it is possébto determine the extent of tpetentialand risk posed by the
location of logistic centre. Based on the information provided by the municipality and based
on spatial plans, we were able to look at and adequately address thetsplatizial
technologial aspects of the site and set up the datalbiése.generating the location
alternatives and spatial analyses we develop a GIS, using the ArcGIS infrastructure [24]

To provide a useful set of location alternatives, we developed a GIS to mine data and
geneate location alternatives. Our GIS is based on a spatial database that containsatlata for
the selected features in the region of interest. The spatial data mining process focuses on the
process ofdiscovering interesting and potentially useful pattdorsgenerating industrial
locations alternatives from a spatial dataset by using a multilayer framework i.e., an
infrastructure where thgpatial database is organized in multiple layers (thematic maps) that
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represent the selected features layer by layap(by map)Fig 4.).Using our GIS, wean
separately analyzed eadhyér of the spatial data in thiegion of interesaind overlapped
specific layers to obtain useful information as well

In Fig. 4 we are presentingpplication of the proposed methodgyoi.e.,spatial data
mining processh a case study dbcation analysigor logistic centein municipality Apatin,
Vojvodina, Serbian Google Earth environment.

Figure 4. Spatial dataminingprocess: (a) zone of logistic centre, (b) land usepfoperty and (d)
infrastructure

4. DISCUSSIONAND ANYLYSIS

The significance oL C is reflected in the geographical position, infrastructure and
traffic connections in the distribution chain. Logistics today is one of the most important
factors that arise in the market economy. Companies use the servideésmépeed up the
process of stéing up goods while reducing transportation costs

The possibility of connecting with the environment, as well as the possibility of
communal equipping, are very important parameters for the functioning bCthé/e used
GIS for data mining,generating ad#frnatives, spatial analyséd presentation of theylers
obtained byanalysisin the form of maps.
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After analysing the geetraffic position and infrastructure, as the most important factors
for the development of IaC, on thecaseof municipality Apatinwe can state:

- the direct support of thieC to the Danube aquarium, which represents the most important
river road in Europe (by commissioning the RhMain-Danube channel, all the Danube
countries, with good interconnections, the exit to the Black Sethamtbrth Sea) provides
an excellent getraffic position of theLC. Apatin is located in the central part of this
waterway, and it is also the first convenient location for the formation of a freight transport
center, downstream of the Hungarian bortlemugh which the entire central and nerth
western area dBacka can reach the exit to this important international river road, known
as the Paifturopean corridor VII;

- railway line Apatin factory Sonta in Sonta comes to the main road Szeged (Hungary)
Subotica, Sombor (SerbigYinkovci, Osijek (Croatia), so it has a direct connection with
European corridors VII, X, IV and V;

- Apatin is not directly connected witleighbourCroatia, because the Danube River and
Kopacki rit represent a natural obstacletfte construction of road and railroads, and the
traffic connection with Croatia is realized in the hinterland over the state road (Sombor
Apatin bridge over the Danube near Bogojevo);

- the Apatin settlement has an eccentric position in relation to thefttee municipality of
Apatin, and also to the wider hinterland where the main landing traffic routes are located,
which in some way makes it separate, but this is usually the usual position for the coastal
settlements and can be completely Compendateshe activation of river transport
potentials and the formation of an appropriate network of road and railroads, through which
they will be linked with their immediate, but also wider environments.

Direct access to the international waterwatyhe Danlbe River, as a PdBuropean
corridor VII, indirect rail link with the main railway line through the local railway line, exit
by road connection to the state road lla of order no. 107, are elements that give this space
extraordinary spatiaraffic predispaitions for smooth development, especially in the domain
of integral transport.

In addition to the anabgd infrastructure from the aspect of traffic, the subject location
is also analsed from the aspect of the utility equipment, where it can be assessgithble
for placing space in function, since the infrastructure of electricity, water supply, gas pipelines
and electronic communication infrastructure has been built.

5. CONCLUSION

This paper proposed an innovataeproach fotogistics center analysibat adopta
GIS based approaciihe proposed methodology uses developed GIS for generating location
alternatives and spatial data mininye used a GIS for data collection, spatial lgsia,
generating alternativeand to produce mager further analys.

The results of the location analysis in study case of municipality Apatin, Vojvodina,
Serbia showed that s suitable geostrategic position is the biggest advantage for Apatin's future
development priority in the field of economy, infrastructure andstmg development. The
position of the LC, on the very bank of the Danube, provides unhindered access from the
corridor of the waterway and servicing of all ssystems and suftations of the LC. The
international port gives a quality basis to enabledispatch and delivery of all types of
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products across Europe through the Danube (international waterway) with the maximum
application of an integral transport system. The Apatin intermodal hub, as a sublimate of all
available, natural and infrastructutsnefits, with water transport as the carrier of the entire
system, will contribute to increasing the efficiency of the system, reducing transport costs,
increasing the level of transport services, applying modern transport technologies with
ecologically ninimal negative impacts and integrating all traffic types. The LC in Apatin will
enable the rationalization of the distribution of all types of product on the micro and macro
plan, including all modes of transport in the observed area, which will coettibuéducing

the cost of shippingdelivery and overall reduction in transport costs.

In further research the comprehensive method for industrial site selection will be studied
at the micrelocation level.

The results showed that mmethodology constites anefficient and highly accurate
toolfor spatial decision support. In futesearch, aumethodologyill be tested on different
cases witHarger datasets. Moreover, we plarstudy strategies such as tiee ofintelligent
systems to improve theecision suppomffectiveness
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Abstract This paper is presenting the overview of potential use of the numeriagisamtools
in optimization of the operational processes, through improvement of the individual Ic
activities of the organizations. The first part of the manuscript will be dealing with the impor
of applying the systematic approach in optiniizatn of t he companyds
of potential numerical analysis tools that can be applied for modeling and simulation «
operational processes will be presented. In the second part of the paper, the review of p
results of modetig and optimization of some segments of logistic processes, as the |
companies operations, will be given, based on some of the previous research and publice
the author. Final segment of the manuscript will present one case of selecting she
appropriate location of the business facility, based on the numerical analysis and crit
evaluation, resulting from the analysis of the practical example. The results presented
manuscript can be of use to decision makers, responsible &vatigns process optimizatior
demonstrating some potential tools which can be used in the process.

Key words:Numerical modeling, optimization, logistics processes

1. INTRODUCTION

Operations management is one of the three core functions of the contgmpora
organizations, together with Product/Service development function and Marketing function
(Slack et al., 2013). If explained in the simplest manner, operations are processes that take in
a set ofnput resourcewhich are used to transform somethinga@ transformed themselves,
into outputs of products argkrvices On the other hand, no organization exists in isolation.
Every organization is part of a larger and interconnected network of other openatiats,
enable supply of adequate resourcesdisttibution of the final product/servicestteeir final
customers. Accordingly, this supply networkcludes different suppliers and customers,
which can be branched in several levels. To enable efficient materials and information flow
down through a disibution channel, starting with the interface with the companies supply
markets and ending with the coordination to the retail store or consumers, there have to be
clear mechanism of control which is situated in the frame of logistics process of a company
This is why; supply network can also be presented as logistic netéockrdingly, the
logistic process activities, should be planned at the strategic level, during development of the
long term operations plan, however, should be facilitated and dedtrat the operational
level to enable fast adjustments to the uncertain market environment of contemporary
businesses.

Having in mind that the complexity of the operations processes is increasing, aiming to
enable fast response to growing customer demand its variations in wide scope of quality

* Plenary paper
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levels, consequently the logistic processes must be organized at high efficiently level, enabling
the fast adaption to the changes in the environment. Accordingly, contemporary logistic
processes are being sapied with high level of automatization and optimization mechanisms.
To avoid risks of experiments on the real logistic systems, and to enable obtaining the optimal
solutions for such processes optimization, development of simulation models is becoming a
must. This is the reason why many researchers, both among academia and practtiener
developing, employing and improving the modedpresentingdifferent segments of the
logistics processes, aiming to develop new aspects ofuhderstanding andptimization

(Negri eta al, 2017; Mohanty & Shankar, 2017; Santib&beazalez & Diabat, 2016).

Contemporary industrial processes are in demand for expertise in the field of complex
process optimization. Having this in mind and especially based on the d@cEdbhnical
faculty in Bor (TFB) is located in the regiovith wide developed industrial activity, (e.g. one
of the largest copper mine and smelting facility is located in this regios)of the most
important research goals of the Engineering Managerepartment (EMD) of TFBs
dedicated to modeling, simulation and optimization of the large industrial facilities, based on
the contemporary numerical analysis. In the frame of this gesdarctteams of EMD have
also done considerable number of redeamd practical projesdirected towards modeling
and optimization of complex industrial processes, including optimization of logistics processes
as important segments of the companiesd organ

The numerical modeling approaches, based on diffeangilable methods and
techniques, applied and developed by the research team of EMD were presented in the
publicatios( Mi haj |l ovi i & Milijil, 20 10sepapdsiwdreaj | ovi I
presenting the algorithm developed a tool for decision aking support in selecting the most
optimal modeling approach, based on the characteristics of the input data available from the
system.

In this paper, based on the results of previous research, some practical examples of
application of different modelingpproaches on optimization of logistic processes will be
presented and describddllowed by one example of ongoing project research

2. EXAMPLES OF NUMERICA L ANALYSIS AND OPTIM IZATION OF
SOME LOGISTIC PROCESS ACTIVITIES

In this part of the paper some thfe results of numerical analysis and modeling of
different logistic activities, form the real time operational practice will be presented.
Numerical models presented here were developed with the purpose to simulate the segments
of different logistical proesses, aiming ttheir optimization and improvement. In parallel
with presenting different cases, applied modeling approach and obtained results will be shortly
described, in accordanegth page number limitations. The presentation with more details and
analysis of the final results will be presented during the conference.

Considering that inventory management is one of the most important issues for the
logistic process planning and optimization, one of the research prdjesith practical
application,of the EMD research team was to analyze the optimal quantity of the production
run of one large limestone factory. Based on the data considering avadistieces in the
supply chain; production resources capacited the flexibility of demand for thénal
products, optimal quantity of ea@roduction run was calculatediccordingly the inventories
model was proposed for the production cycle with the highest profitability. The optimal results
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were calculated with the derivative simulation model deweldp usi ng fi r st ord
modeling, based on the available technological, organizational and economic parameters from

the everydy operation of the factory. Details considering this research are available in the
references (Mihajlovil et al, 2008, Mi haj |l ovi

Another important issue in the logistic systems is production equipment allocation, e.qg.
layout optimizéion. Machinery and equipment layout plays an important role in the design
and usability of many engineering processes. [ajieut problem involves the placement of
components in an available space such that a set of objectives can be optimized while
satidying optional spatial of performance constraints. The layout goals are usually formulated
as objective functions. Although the objectives may reflect the cost, quality, performance and
service requirements, the primary objective of the layout designemnoisl to minimize the
costs associated with production and materials movement over the lifetime of the facility.
Mathematical techniques for layout planning and optimization usually involve the
identification of one or more goals that the sought layoutlshstrive to achieve. A widely
used goal is the minimization of transportation costs on site. These goals are commonly
interpreted to what mathematicians term "objective functions". This objective function is then
optimized under problerapecific constraits to produce the desired layout. This problem
belongs to the nepolynomial hard (NFhard) class. The problem complexity increases
exponentially with the number of possible machine locations. For the research published in
the reference (Mihajlovic et &2007), optimal allocation of nine different work stations, based
on available space and the quantity of the material that is transported among them, during each
production run, was conducted using the technique of genetic algorithm (GA). Genetic
algorithns can be defined as méiauristics based on the evolutionary process of natural
systems (Holland, 1975). Since their inception, they have been applied to numerous
optimization problems with highly acceptable results. In this example, using 9 machirees, the
are 362880 possiblayoutsolutions in the solution space, from which the GA should receive
the optimal one in as less as possible iterations. The acceptability of each layout is assessed
based on its total material handling costs. A comparative ei@iuz the proposed approach
was made using benchmark numerical examples. The exawgddaken from Chan and
Tansri (1994) and compared with the work of Mak, Wong and Chan (1998) as well as with
work of EFBaz (2004) whom used same example to evaluaie algorithm The stopping
criterion for simulation model, based on the GA, iteration was obtaining a value of total cost
function, equal to the best value obtained in benchmarking results. The comparison indicates
that the proposed approach is efficiant has a high chance of obtaining the best solution for
the facility layout problem with less number of iterations. The solutions for the example
studied were calculated in reasonably short time on standard PC equipment. Only demerit of
GA presented in ik work, compared to results presented by other researchers is that number
of trials needed to obtain first optimum is to some extent larger, still overall number of
iterations is much lesser (40995 < 63200), with same number of experiments.

Besidesthisso call ed Ahard aspectsinof |l ogisti
fromEMD wasrecentlyalsb e al i ng wi t h oftshpplynéveoklbgisticarecpse c t s i
optimization. Accordingly some examples of our research on this topic will be preserged h

c r

In the reference (Milogevili et al, 2015), t
relationship between supplier and buyers, that has to go through control system as last step in
Strategic Management control. The research idea was based omttligatan thesupply
network (e.g. logistic networktonsisted of resources suppliers, companies which conduct
some production and/or services development, and final customers of produced goods
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suppliers play an important role, and therefore the setecfidhe right supplier is of great
importance for the success of the company. For this reason it is necessary to find and choose
the right supplies that will suit the needs ahe companies in the network. This paper is
presenting the research resultsiskihwere conducted using questionnaires among numerous
suppliers, included in the logistic processes of different logistic networks, in a variety of
industries and sectors operating on the territory of East Serbia. The basic framework for the
research waaiming to assess the level of dependability of established control mechanism in
the customeii supplier relations, on the type of the management system in the supplier
company(presented in the form of supplier governgnom the extend of relational cégdi
(including trust, reciprocity and emotional commitment); on the capability development
(which may cause the supplier to see the customer as someone who has a high degree of
integrity as well as the trust that is likely to be achi¢vddhsed on such ppthetical
framework, the questionnaires were developed to enable measurement of interdependences
between capability development and supplier governance; capability development and
relational capital; supplier governance and control; relational capitadaambl. Data collect

using the questionnaires was processed with adequate statistical tools aiming to produce
adequate structural equating models (SEM). Based on obtained results of developed structural
model, it was concluded that proper developmertapfabilities and skills of the suppliers
company personal has very strong influence on adequate management process and
governance. It also strongly increases the averseness of employees on the high importance of
achieved relational capital among suppliemgl customers. On the other hand, it was revealed

t hat high developed management process and gc
automatically mean that the level of strategic control in the sufipdigstomer relations would

be high. This indicate that this kind of control should be conducted apart from the
management process of thgppliercompany, in different sectoral activities. On the contrary,

by the results of SEM model, it was concluded thatrétetionalcapital generated from the
suppler i customer relationships has a positive effect on the control of theicimtexlated
activities.

Further research on the importance of the relations among suppliers and customers, in
the different logistimetworks, wasonducted intheresearchtpl i shed in the refer
et al, 2017). For this research, SEM tool was also developed to test the acceptability of
proposed relationship between important factors which can resplténtial partnership
between suppliers and customers (companées) thus can lead ®ventualupgrade of their
relationship from classical logistic networktigher levekupply chain (SC). The hypothetical
framework proposed was basedtbaassumptions that proper communication and exchange
of information among carected companies in logistic network can increase itimgtinal trust
andcommitment. Also, it was proposed that high level of trust and commitment will lead to
increased satisfaction of both sidéEhe stisfaction should lead to better results of
cooperabn, which will lead to formation of potential strong partnership that will transform
logistic network in tahesupply chain. The hypothetical framework was again used to develop
the questionnaire as a measurement tool for assessment of all proposedshétet in
different logistic networks in Serbia, which was then used to develop a structural equation
model (SEM),that enabled the measurement of strength of each of proposed relations. A
special aspect of this research was in assessment of the iefbdenicoduction ofiSO 9001
standardn the company on relations between customarth(s casgroduction companies)
andtheirsuppliers. This way, companies included in the research were divided in the group of
standardized companies (SC) and stardardized companies (NSGJonsidering that the
research described in this paper was conducted in the transition economy of Serbia, the
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presented results contribute to a relative lack of consensus in the scientific literature regarding
the implication and énefits of standardization against ISO 9001 in terms of Hugapplier
relationship, especially in the context of countries in transition. Due to a very small percent of
SC in Serbia compared to NSC and the fact that in all the cases considerecesetnig, the

NSC have no QMS implemented in their business operations, the SC should be leaders and
trendsetters in their fields, especially in the context of transitional economies. Implementation
of the elements of the ISO 9001 standard in everyday ti@esnd business processes should
have a differential effect and set goals for NSC to reach in order to be able to successfully
collaborate with SC buyers and to bring their businesses to a higherQevtie contrary,
research has shown that the samlations with suppliers that exist between standardized
companies (SC) and natandardized companies (NSC) within the set of suppliers also exist
between NSC and NSC within the set of companies. Creating partnerships between SC and
NSC suppliers should n@ossible, while obtained results show the opposite, which clearly
indicates that the certification in the studied transition economy is being perfortygoro

forma( Savil et al, 2017)

There has been additional number of different soft aspects ofl#i@nships among
customers and suppliers in the logistic networks and the supply chains, published by the groups

of researchers from the EMD. Oof f cour se, it

this single papeHowever, some additionagsearch results from our previous projects will
be given in the final conference presentation.

3. OVERVIEW OF THE CURE NT RESEARCH

The research that will be presented herenis of the EMDongoing project which is
dealing withanalyzingand optimization ofhe logistic process activities of one local SME.

The subject of thisresearchieSME | ocated in the city of Knjag

is producing honey and different products based on honey (such are honey with selenium,
propolis drops, and flerent dietary products ade of honey)The SME is purchasing required

raw material from different suppliers in Eastern Serbia and then, distributing its own final
products tacustomers in Serbia and abro&itst stage of the research wadeslicated to th
assessment of the current locatiohthe firm and developing suggestions fpotential
relocation and/or investment in new distributiorarehousge which will enable better
operationgresults. The necessity for this kind of research was concludecdaatibizing its
logistic network from the aspect of supply of the necessary raw material and distribution of
the final products. Accordingly, the seb} of analysis was the quantities of materihich

have to be transported to and from the productionitiaeihd the distancder transportation

The tool for optimal location selection, applied in this case study, was simple Canter of Gravity
method.

Analysis of the optimal location of the analyzed SME' was made on the basis of
transportation flows of theehiclesused for external transpordlthough this SME owns
number of different vehicles, for the simplicity of presentation, the analysis will take into
consideration the number of kilometers and capacity utilization oftypesof considered
vehicles. This analysis will show the optimal location faotentialrelocation of the company
(or for location of the central warehouse), from the aspect of delivery of raw materials as well
as the most suitable site from the aspect of shipmet# fafal products
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Two delivery vehicles werencluded in the researchveco Daily van with caging
capacity 360 kg and truck lveco Eacargo with total capacity o880 kg. When deciding on
the choice of vehicle for transportation, it can bensthat the marginal vaé is $00 kg to
decide which vehicle to use and how to best utilize its capacitiie tables that follow, the
degree of use of the vehisj®n the basis of kilometers, liters of fuel purchased and the average
consumption and capacity utilization iretiiear 2016 will be screened and analyzed. All data
were taken from the travel orders, which are regularly kept by the employees of thE@ME.
example, the mileage of the truck, fuel consumption and utilized capacity per month in 2016
are shown in the bde 1, while the same data for the van, are presented in table 2.

Table 1.Analysis of transportation, fuel consumption and capacity utilization of the truck in 2016

Month Traveled Spent fuel, liters Average fuel Capacity
distance, km consumption, utilization, %
[/100 km
January 2961 601 20 72.5
February 1974 406 20 63
March 2394 529 22 61
April 2982 542 18 74.1
May 1992 388 19.5 76.7
June 512 153 30 94
July 1418 310 22 91.7
August 4049 953 23.5 83.6
September 2084 482 23 62
October 2299 508 22 67.3
November 734 170 23.2 81
December 3575 675 19 84.1
TOTAL 26974 5717 21.2 75.96
Table 2.Analysis of transportation, fuel consumption and capacity utilization of the van in 2016
Month Traveled Spent fuel, liters Average fuel Capacity
distance, km consumption, utilization, %
[/100 km
January 1026 173 16.8 92
February 6525 722 11 82.6
March 5199 615 12 84.3
April 5052 602 12 76
May 5256 631 12 90.2
June 3573 411 11.5 88.6
July 4327 553 12.8 85.6
August 3190 376 11.7 84
September 3769 436 115 79.1
October 3071 452 14.7 93.6
November 3803 476 12.5 89.8
December 3348 388 115 90.6
TOTAL 48139 5835 12.12 86.36

From table 1it can be seen that the truck crossed a total of 26974 km, which is
significantly less than the van from the table 2ldbacan be noted that there is considerable
diversity in the distances, covered during the year with truck, by months as opposed to the van.
Also, average qaacity utilization of trucki¥ 6 %, or about THlwayfusingar g o
just the truck wouldbe more expensive thasing it incombination with a varwhichjustified
reasoning of SME that the truck should be used only when nece&saoydingly, n 2016,
the van was driven 21165 kilometers more than the truck.
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Following analysis was carried dior the assessment of theesent locatioof the SME
investigatedand suggestions for directions of igtimization On the basis of the data
considering the quantities of raw materials (delivery) and finished goods (shipment)
transportedusing the tuck or the van, as well as latitude and longitude of the traveling
locations during the year 201@resent location of the SME was asses$en detailed
calculations, all transportation routes were analyzed for entire year, for both vehicles. However
duet o the space | imitations, it woul dlabet be
3 is just one example giving tleverview ofinitial parameters used for the calculation of
optimal locations, for the transportation based on the truck.

Table 3.Transport information flow for the truck, in January 2016
Delivery Date Gi(kg) X (latitude) Y; (longitude) GiA ; X GA ;Y
Koval i 20.01. 10000 45.111884  20.620378 451118.84 206203.78
Zaj el a 28.01. 5000 43.906952  22.272592 219534.76  111362.96
X 15000 670653.6 317566.74
Shipment G (kg) X Y Gl ; X Gl ;Y
Pogar e 28.01 7100 44.620090 21.18304 316802.639 150399.40
Beograd 28.01. 2500 44778382  20.415366 111945.955 51038.42
Ni ¢ 30.01. 5000 43.318472  21.891087 216592.36  109455.44
x 14600 645340.954 310893.26

The optimal location of the fdity, based on the center of gravity methodn dze
calculated as

a xG +aq x,G,

- 86+ac, "
a y.G +a yc,

y= a6+*ag @)

Above equations were used for sequential calculations for the transportation flows based
on the input data of each month, end for both type of vehicles. For exavitblthe data from

the table 3. this will lead to X= 8 8 T 8 L wc fatitude)

and Y. = g 8 ¢ @ o p X (oxgitude) of the optimal

location. Thus, the most favoréd location in respect to the provision of the raw materials

5 G 2 VG
axs 8- 44.71024 andvy = S = 8
aG, aG,
¢ @ X p p ©ngthe other handhe most favorable location with ajective to minimize the

4 X.G,
cost of shipment of the final products would be::Xa'a (‘3 L= 8 44.201435 and
i

(delivery) would be: X =

.
:aj_yJ': . (ROTTULW
aG,

Similar calculations were conducted fatl inputs considerig transportation in the
remaining months of thgear 2016.Table 4 showseceivedbaseline data tbe used to

Yo
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determine the optimal location of the SME based on the sequential optimal locations calculated
for transportation routes in ahe months, accolidg to the shimentand delivery carriedut
by thetruck. Based on this data the resulting optimal location of the SME fuatigportation
routesconducted through wi®year was calculatedccordingly,the optimal location, based
on the average dafar the whole year 2016 arfdr the transportatiorcarried out withthe
truck is Latitude: 1 & ¢ ¢ Ttand Longitude:¢ & wv ¢ ¥hiich corresponds temall
municipalityin Serbia called Omoljica.

The same calculation was repeated based on the transportatites forthe van.
Optimal location of the SMEbased on the transportation routeish the van isLatitude:
T ® @ p Tapdlongitudeg ®o 11 v Twhich corresponds tanother municipalityn Serbia
called Suvodol.

Table 4.Basic dita for determining theptimal location of théacility based on the transportation
routes by month, for the truck

Sequential optimal locations

by months Latitude (X) Longitude (Y)

January (Ti 44.459275 21.231757
February ( Svilajinac) 44.223947 21.162314
March (Omoljica) 44.706523 20.763853
April (Dobri Do) 44.488374 20.964466
May (Belrack) 44.801091 20.474389
June (Zrenjanin) 45.328086 20.377006
July (Pudarci) 44.631051 20.742258
August (Zrenjanin) 45.414314 20.371014
September (Br 4464786 21.068097
October (Bar a 45.078823 20.445389
November (Kovin) 44.773636 20.939100
December (Vranovo) 44.595869 21.003695

In this case the aim was to optimizensportatiorflows for the means of the external
transport, truck and the vans on the basis of monthly daifonereal SME. The routes
presentedrefromone year (2016), however those routes
mostly constant on an annual basis because the company has regular monthly deliveries to its
cusbmers, and the purchase is done from relatively the same suppliers, so optimal location
would besimilar based on the calculatiofer any oher year Based on obtained results, it is
obvious that present location of the investigated SME is not the optimealOn the other
hand, analyzing the optimal location of the facilities using the Center of gravity method can
be considered as the numerical tool for finding the potential location for relocation in the wider
region. This initial calculation is thanlfowed by the detailed analysis of the transportation
routes and analysis of all required infrastructural conditions for production or storage facility
relocation.Considering that the optimhlocations, calculated for presentabe(if using the
truck for transportation i©moljica andif using the vanis Suvodo) are very near to each
other, total optimunshould theoreticallype locatal between those twplaces.On the other
hand, the other location (Suvodol) is located at the route stdébehighway Bel gr ade t o Ni
E75. This way, it would be much more appropriate to build the storage facility at this location.
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However, beforeactualrelocation of entire production facilityadditional feasibility
analysis of the investment will have to be conduckddo, this analysis should include the
scenario with the main production facility remaining on its place and avidtorage space
purchased, rented or built at the optimal location for a longer period of tirakoutd be
analyzedif, with the adequatet@age facility, it will befeasibleto carry out transport in
combination of bothypes ofvehicleseconomically In this scenario,he trucls canbe used
for transport form the production facilitly Knjazevac to storage facility and return, while the
vans should be used for transportation to short distances, between custampph&rs and
storage facility.

4. CONCLUSION

This paper contents presentation of some of the resessulisand practical projects
targeting optimization of different segment ofgistic processes in real time production
facilities. After introducing the scope of research andie of themethodology used for
numerical analysis, modeling and optimization of logistic activitiesial results of one
ongoing project were algwesentd. In this ongoing research, the first stage was dealing with
analyzing the present location of the facility and potesiialits relocatiorin the future After
this first stages completednext segments of the research will include analysis oasp#cts
of existing logistic network gpresentedSME, including the relations among all participants
of the logistic network, and based on the methodology developed in our previous research
projects.The final project results will lead to developmentht@suggestions foentire logistic
processmprovement, which will be the target ofir future research.
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PROFESIONALS OF THE 215T CENTURY?"
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aDepartment of Mathematical Methods and Operations Research, Faculty of Management Scienc
Informatics, Universiy of Gilina, Univerzitng 8215/1, O
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University of Gilina, Uni ver Zav.Mas&@peldshrizh.sk
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Abstrad: Transport is a social stor that is rapidly developing and changingamsport is being
influenced to the maximum extent by the development of automation, electrification and gr
The Transportation sector employs over 10 million persons in the EU thiéaytechnologies
and technical solutions implemented to transpog eausingthe need for changes in trainin
and education content, curricula, tools and methodologies absolutely imperative, incorpc
lifelong learning aspects for the professionals in all transports ai@H8_LFUL project goalis
to identify the skis and competences needed by the Transport workforce of the future and
the training methods and tools to meet th&WILLFUL aims to review the existing, emergi
and future knowledge and skills requirements of workers at all levels in the tréatgposector,
to structure the key specifications and components of the curricula and training courses tt
be needed to meet these competence requirements optimally and to identify and prop
business roles in the education and training chain

Keywords:training courses, education in transport, transport workforce

1. INTRODUCTION

In the last yearsthere has been a growing tendency towards internationalization
(globalization) of qualificationsn different industry sectors (Cedefop, 2012). Tinénd is
very visible in sectors as ICT and finances. This trend started to be applied in logistics too, but
has not as yet covered the whole transportation sector.

EU supports development and research in field of education in transport in frame of
H2020 esearch program. Education of transport workforce is very important. It is clear, when
reading foll owing statement s Trangpontisth2apidy0 c al |
developing and changing sector which faces problems to develop, attcictei@mn
appropriate staff. As the overall trend is to increase automation, the sector will depend more
and more on specialised equipment and products. Future jobs will therefore require new and
advanced skills in engineering as well as in back officeatjpers, but at the same time, the
growing interdisciplinary elements of transport activities will also require transport
professionals with developed skills in safety, security, logistics, IT, behavioural sciences,
marketing and economics. As a consequantew paradigm needs to be developed in training
and education crodertilizing the disciplines and combining traditional training methods (e.g.
faceto face classrooms, on the job training, etc.) with alternative methods and learning
systems (such as Wwédased training, immersive virtual learning environments /IVLE, etc.)

* Plenary paper
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addressing the different needs of the various skill levels (from low skilled workers to high
skilled managers/researchers) and incorporating lifelong learning aspects which seem
particdarly important for the low and middleskills segments of the workf¢Ecs 2015)

SKILLFUL project goalis to identify the skills and competences needed by the
Transport workforce of the future (2020, 2030 and 2050 respectively) and define the training
methods and tools to meet theBKILLFUL project aims could be described as follows:

1 to critically review the existing, emerging and future knowledge and skills
requirements of workers at all levels in the transportation sector, with emphasis on
competencesequired by important game changers and paradigm shifters (such as
electrification and greening of transport, automation, Maas, etc.)

9 to structure the key specifications and components of the curricula and training courses
that will be needed to meet tlresompetence requirements optimally, with emphasis
on multidisciplinary edcation and training programmes

T to identify and propose new business roles in the education and training chain, in
particul ar t hose of Aknowl edge Adga@rn eng antgo |

~

promoter o6, in order to achieve Euuwpiopean wi
a sustainable way

SKILLFUL project is supported by European Commission in frantiesoflorizon 2020
Work Programme 206 7 fA Smar t , green @nalnd nd pagaiaftiedaltlIrya
t opi ¢ RONME As8essihg future requirements for skills and jobs across transport modes
and s y(BBHRLNZDIH).

2. PROJECT STRUCTURE

The SKILLFUL project consortium consists of 21 research institutions from 12
countries (Rlgium, Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Portugal,
Slovakia, Spain and UK). Some of participants are the associations of institutions oriented to
research in one transport node or specific research field:

1 Forum of European Natal Highway Research LaboratoiiidSEHRL
1 European Conference ofdnsportResearch InstitutdsECTRI

T International Union of Railways UIC

9 European Rail Research Network of Excellehé8JRNEX e. V.

Several universities are members of the project ctinsotoo:
Technische Universit Berlin, Germany

University College Dublin, Ireland

Universita degli studi di Firenze, Italy

Politecnico di Torino, Italy

Zilinska univerzita v Ziline, Slovakia

Universitat de Valencia, Spain

University of Newcastle upon Tgn UK

= =4 -4 -8 —a —a -

SKILLFUL project is based on work plan divided to the seven work packages (complete
project structuré Figure 1):
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WP1i Future trends in transport systems and their job impact assessment

WP2i Benchmarking and critical review of training schemesicula and tools

WP3i Novel curricula and training courses

WP4i Definition of competences, profiles and training provision business scenarios
WP5i Pilots

WP61 Dissemination and Exploitation

WP7i Project management

= =4 -4 -8 —a —a -

WP1: Future trends in transport systems and their WP2: Benchmarking and critical review of training
job impact assessment (CERTH) schemes, curricula and tools (UCD)
A2.1 Critical review of the educational and training systems
and mechanisms in the Transportation sector.
A2.2 Review of new training methodologies and schemes,
with emphasis on VET and CVET.
A2.3 Emerging training tools benchmarking.
A2.4 Analysis of training needs, with emphasis on lifelong
training of low to middle-skilled workers.
A2.5 Selection of best practices and mapping to the training
requirements and scenarios.

TN O A A A A A

WP3: Novel curricula and training courses (IST)

A3.1 Overall structure and key elements.
A3.2 Transport infrastructure operators training schemes.
A3.3 Young scientists’ seminars.
_ﬂ Lifelong training schemes for low to middle-skilled segments of transport professionals.
A3.5 Interdisciplinary thematic courses on key technologies, services and trends,
A3.6 Towards a pan-European Transport master curriculum.
A3.7 Individualization of training programs.

$t & 3

WP4: Definition of competences, profiles and training provision business scenarios (BRSI)
Ad.1 Trainer competences.
Ad.2 Trainee minimum reguirements.
— Ad.3 The role and profile of "knowledge aggregators”, “training certifiers” and "training promoters”.
Ad.4 New business scenarios for training provision and wide diffusion.
A4.5 Risk assessment and SWOT analysis.

$

WPS5: Pilots (UNIFI)
AS.1 Pilot and data management plans.

AS5.2 Transport infrastructure and systems operators webinars £———
A5.3 Pilot young researcher seminars. €

AS.4 Pilot transport professionals training courses.
AS.5 Pilot interdisciplinary University thematic courses,

A5.6 Pilot results consolidation and evaluation.
AS.7 Training impact assessment.

A5.8 Best practices, application guidelines and policy recommendations.

\ 4

WP6: Dissemination and Exploitation (TTS)
AB.1 Dissemination plan and actions.
AB.2 Link to the Transportation Platforms and key initiatives.
A6.3 TRA and TRB interfaces and modules.
————>6.4 Policies and proposals for regional, national and European measures uptake.
A6.5 Exploitation and sustainability plans.

Al.1 Paradigm shifters and game changers.
Al.2 Enabling and supporting technologies.
Al.3 New services and service bundles. -
Al.4 Emerging business scenarios and opportunities.
Al.5 Demographic, behavioural, cultural and
socioeconomic factors,
Al.6 Priority schemes on future skills and competences
required in the Transport sector,

A7.5 Advisery Board.
A7.6 Stakeholders Reference Group

WP7: Project management (FEHRL)

A7.2 Sclentific and Innovatlon Coordination.
A7.3 Education and Training Coordination

<

AT7.1 Overall and Administrative Coordination,

Figure 1. SKILLFUL project work ph scheme
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SKILLFUL aims to utilize existing and emerging (of TRL 6 to 9) training/education
methodologies, tools and knowledge (of WP1 and WP2), to design novel training/education
schemes (of current TRL 3to 5 in WP3 and WP4) and Pilot several of theé¥#® ) to prove
their usefulness and assess their impact; thus, bringing them to TRL 6 (for tpéoted
ones) up to TRL 8 (for the ones that will be included in the Pilots).

WP1 constitutes the groundwork of the project. It starts with the recogatftitve key
paradigm shifters and game changers in the Transportation sector, which will create new
forms/types and positions of jobs and may as well endanger several existing ones. For each of
them the key Roadmaps and Impact studies will be analyseddiztpivhen it will happen (or
better its foreseen speed of market penetration) and its expected impact on existing jobs and
requirements for future ones. This will be supplemented by a thorough analysis of jobs impact
of enabling and supporting technolaogid those technological trends and those of the new
services and service bundles. Last but not least, the impact of emerging business scenarios and
opportunities, as well as key demographic, behavioural, cultural and socioeconomic factors
will be taken ino account. This work will lead to the issue of scenarios on future
skills/requirements that will be needed on priority in jobs in the Transport of the future; taking
as Afuturedo 3 dif f eteref2020)t thermediuteoT (2030pandhe t he s h
longterm (2050). In parallel to the above work, best practices in existing and emerging
training schemes, curricula and tools will be benchmarked and studied (WP2). This will
encompass both horizontally the whole sector, as well as indepth theypards of
VET/CVET schemes, training support tools and-ldeg training of low to middleskilled
workers. Mapping of the identified best practices and schemes to the priority requirement
scenarios will be performed. WP3 constitutes the heart of thegbreyhere novel curricula
and training courses will be developed and proposed. They will follow a common overall
structure/architecture and will then focus on particular priority target groups within the
transportation domain, such as transport infrasiregersonnel, young scientists and low to
middle-skilled professionals. Furthermore, interdisciplinary thematic courses will be
developed for the key technological trends and critical issues; adaptable to each related
professional group. Also, work wille devoted towards designing the key components of a
PanrEuropean transport master curriculum in selected areas across several modes and
technologies. Finally, individualization of training programs to specific workers, related to
language, mobility of jolposition, shift level, working position, professionalagentation,
etc. will be analysed. The above novel training courses and schemes will be matched in WP4
by their required training and trainee competences. Furthermore, new business scenarios for
training provision and key roles within them will be researched. In this respect, the Consortium
has already identified three novel potential i
Atraining promoterso and Afibedandranalysed. Aedskt i f i er s
assessment and SWOT analysis provide guidance on how to match market requirements with
business schemes; so that new training schemes and job types will be successfully introduced
and penetrate the Transport market. A few of theehtraining schemes proposed within WP3,
will be piloted (WP5) in real educational conditions through (Universities, VET/CVET
Institutes), as well as ethe-job training environments, to prove their usefulness, usability and
assess their impact on empédplity. The relevant Pilot Plans include expert walkthroughs of
relevant curricula and schemes by internal, as well as external (Advisory Group Members)
experts and the actual implementation of limited (in trainer/trainee numbers and time duration)
real rainings; covering each multiple countries/institutes. To control relevant training costs
within the project, but also to propose cost efficient training schemes per target group, the
Transport infrastructure and systems Pilots will be given in the forebinars (since many
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of the workers concerned can barely spend time out of their working premises). In addition,

the organisation of young scientists seminars will be integrated in the existing Young
Researchers seminars scheme of ECTRI, FEHRL and FERShding them to more actors

and subjects. Classroom and on the job training schemes will be piloted for an indicative
number of Transport professionals of low to middle skills, with good balance between modes

and subjects. Also, a number of interdiseiphy University thematic courses (mainly at master

level) will be given in Universities Europewide. It will be followed by an extension of

particular master curricula with a specific semester Pilot results, which will be evaluated; all

leading to trainingmpact assessment and the identification of best practices, the development

of application guidelines and the formulation of policy recommendations towards training
schemes accreditation. |t should be umnderl ine:
be applied in Pilots in WP5; as the relevant content is not yet avdiaivig related to

emerging technologies and professions. The ones Piloted in WP5 constitute but a small cluster

of the ones proposed i n WP3; daoptmisatheproposedpr ov e t
training schemes and tools. Wide dissemination will take place, encompassing traditional and

new dissemination tools and addressing both the general public and specific actors in the
employment chain. This is further supported y tpet ed acti viti es toward
their linked stakeholders), TRA and TRB Communities (for Internationalization purposes) and

the regional, national and European policy makers. Last but not least, the sustainability and
exploitation of the proposetaining schemes and courses will be analysed. The project is
governed by an Overall and Administration Coordination scheme, supported by a Scientific

and Innovation Coordination one ainturthermorei an Education and Training Coordination

scheme due tthe specificity of the project. Quality Assurance, Ethics, Equity and Gender

issues are specifically covered in a horizontal manner across the project. An Advisory Board

(of 6 highly renowned experts from Europe, USA, Australia and China) and a stakehdlder
Reference Group further support the internationalization and replication/multiplication nature

of project results.

SKILLFUL will identify the needs and requirements for the addressed user groups at an
early stage of the project (WP1 and WP2). Givemttare of the project, there are many user
groups to be looked at, ranging from low to high skilled workers, across transportation modes
and for multimodal chains and for all levels/types of works (blue collar, white collar,
managers, operators, researshetc.).

The following categorisation will be adopted within SKILLFUL:

1 Low-skilled workers: Most lowskilled workers require the smalled new basic skills.
Workers in lowskilled jobs are expected to act appropriately at work and to perceive
instructiondrom others correctly. Many lowskilled jobs also require physical abilities
and mechanical skills, especially in the transportation field (i.e. loaders at ports, ticket
collectors, truck drivers, road infrastructure maintenance personnel, etc.). fofaet,
low-skilled jobs require physical and mechanical skills at higher levels than other jobs
(Maxwell, 2006).

f Middle skilled wor ker s: The term fimi ddl e sk
of jobs that do not require college degrees but cam afteactive careers to people
with high school diplomas and sometimes additional skills training (Burleton, 2013).
In the transportation sector, some representative examples of skitie workers
are train drivers, aircraft maintenance personnelfj¢rafanagement centre operators,
etc.
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1 High-skilled workers: In the group of higgkilled workers are mainly employees who
carry out tasks that require at least a University education and training and beyond. It
usually refers to positions of managers agidrgtists or high level technical positions,
such as air traffic controllers, engineers, etc. In general, the definition used for a highly
skilled worker is mainly on the basis of level of salary, educational qualifications
and/or specific sectors or ocatns (EMN, 2007).

3. CONTRIBUTION OF UNIV ERSITY OF GILINA

University of Gi | (UMI&A) is the only consortium member from new EU member
countries (countries that are EU members after 2004). UNIZA is traditionally oriented to the
Transport sector in the ecatioon and research activities. Current academic year is thim 65
the university history. UNIZA, earlier known asD o r (GoblR§edf Transport, College
of Transport and Communications), was founded as the HEI for the Transport sector in the
former Czechoslovakia. Before 1989, the traditional partners were colleges of transport and
transport engineering and transport science faculties in Dresden, Warsaw, Gyor, Belgrade,
Moscow and Leningrad. Currently, UNIZA is Europewide accepted partner in thepdrans
sector. UNIZA owns and operates plenty of transport research facilities, laboratories,
equipment for irsitu tests, simulators, IT equipment; software, hardware, etc. Among others
laboratory and simulators for air traffic operations, simulator fatipi, airplanes, railway
transport laboratory, mobile laboratory for localization services, simulator for tunnel operation
management, Technical equipment for modelling dynamics of situation: driver/car/traffic
situation/control station, etc.

Researcherom three departments from three faculties of UNIZA are involved in the
SKILLFUL project:

1 Department of railway transpdrt-aculty of Operation and Economy of Transport and
Communications

1 Department of GeodesyFaculty of Civil Engineering

1 Department of Mathematical Methods and Operations Reseadirchraculty of
Management Science and Informatics

Interdisciplinary research team of UNIZA takes part in several project activities. We
can mention for example creating of new curricula and training courses AJdffé&red to
prepare three different courses concerning the decision support systems for rail infrastructure
managers and train drivers and one training course on road infrastructure monitoring and
maintenance focused on tunnel safety. UNIZA will parti@da Pilots sites too, in frame of
interdisciplinary thematic courses for middle and ksgilled workers of administrative,
operational and traffic department of different transport operators.

4. CONCLUSION

A skilled workforce is a key element and bengditthe development of a competitive,
sustainable and innovative European economy (EU Council, 2010). The transport area is one
of the most important ones for the European economy and it is characterized by a great
diversity and different transport modestltcome with different technologies, regulations,
challenges, knovinow and skills requirements. Thus, different challenges need to be met for
the Transportation sector through, namely through the issue of proper and continuous training
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for transport profesionals, the creation of a properly skilled workforce to all occupational
levels, depending on the needs and requirements of each and the enhancement and
development of flexicurity. These are among the objectives of SKILLFUL, tackled by a
Consortium, as wkas an additional group of experts (i.e. Advisory Board and Stakeholders
Reference Group) that have the experience and expertise to provide significant input for
successfully addressing them.

SKILLFUL is innovative in many respects. Its main innovatian be structured in the
following attributes:

9 Holistic approach: It covers all transport modes, types of workers, educational levels,
training methods and tools, Europewide.

1 Business innovation: The definition and analysis of new actor roles, such as
i k nloevd g e aggregator so, Atraining certifie
dramatically change the future training provision and become the catalyst for its
sustainability.

i Cross sectorial knowledge transfer and interdisciplinarity: Best practises and
knowledge transfer in various technologies performed within the project; with the focus
on interdisciplinarity in automated maintenance application using extensively IT
technologies.

1 Pragmatic and sustainable approach: Due emphasis is given to emerging business
s@enarios, as well as the sustainability of the newly proposed training schemes under
real world conditions and during a recession period for several European countries and
job clusters. Therefore, cesfficient training schemes, such as webinars and wide u
of ICT tools, are fully considered and proposed to be applighenever possible.

1 Internationalization: Drawing from relevant international initiatives, such as
FOMCRECE (with Central America), UNIRAIL (USA/EC), Transport and Logistics
Systems (USA/ECG)RECOAUD (with Russia) project results; as well as through an
International Advisory Group, the project attempts to address key issues at a global
scale and build international consensus rather than confine itself in a regional approach.
Specific links tolT RA and TRB aim to further promote this approach.

I Modularity: Looking at three time horizons; shtegtm (to 2020), mediurterm (to
2030) and longerm (to 2050), the project sets intermediate targets and modular
scenarios; that may easily be adaptedsitad later; in view of future market changes
or new technological trends.

1 Inclusive and ethical approach: SKILLFUL aims not to leave anyone outside the work
environment; promote employability of all current and future workforce through
appropriate and indidualised training/retraining/lifelong training schemes for all,
with due emphasis on low to middle skilled workers, gender issues and other key
socioeconomic factors, also considering new employment opportunities for people
with disabilities.

1 Gender eqality and promotion of women workforce: The equal gender balance
adopted in and promoted by SKILLFUL schemes will spur the kind of major
innovations that will help create a more sustainable sector.

i PanEuropean consensus: New educational schemes and gélegpmay only be
successfully introduced in the European market through appropriate consensus
building mechanisms. SKILLFUL Consortium includes 7 stakeholder Associations (of
Universities, Research Performers, Operators and SMES); that together regivegént
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784 legal entities across the whole of Europe. Furthermore, the project is supported by
14 Letters of Support from individual actors or other Associations and will include
many more stakeholders through its Stakeholders Reference Group; thusausting
1000 Transport stakeholders of all types in a joint effort to shape the employability of
future Transport.
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Abstract: Challenges of sustainable road transportation in Indian cities has led to an argt
for change in travel characteristics of people. eUsf Information and Communicatic
Technology (ICT) is advocated to prompt such changes and alleviate road transpo
challenges in Indian cities. The study examined the influence of the use of ICT on the
characteristics of households in citie$ India that would contribute to sustainable roi
transportation. Although majority of the researches focused on ICT enabled Intell
Transportation System for road transportation, recent works are focused on the influence
on socieeconomic actiities and behavior of people. The study was conducted by using ¢
study of an ICT enabled Indian city. Data was collected by using a survey research 1
followed by relevant statistical analyses and development of empirical models. There
defnite linkage between ICT use and travel pattern and travel characteristics. An increase
use in daily soci@conomic and travel activities of people will enable significant reductio
trip generation, travel time and travel distance. The studyfoeted the discourse that effecti
ICT use can alleviate road transportation related challenges and contribute to sustainabl
transportation.

Key words:ICT, Mobility, Sustainable transportation, Travel pattern, Trip generation

1. INTRODUCTION

Sust@nable road transportation in cities across the world is a challenge. It ensues
economic losses and exacerbates environmental degradahipnell, Mohan and Tiwari,
2010; Tiwari, Cervero, and Schipper, 2011). Indian cities are no exception and arg battlin
with various road transportation linked challenges that include road congestion, road safety,
delay and travel time increase, which cause sustainability challenges in road transportation.
Besides, such challenges lead to loss in workdhgurhours hanpering economy and causing
environmental pollution. In this regard, travel characteristics and travel pattern in terms of trip
generation, distance travel, route choice, use of type of vehicles, etc., to perform everyday life
of people have significant ipact on the sustainability issues of road transportation system.
Large and medium cities in the country such as Delhi, Mumbai, Hyderabad, Bengaluru,
Chennai, Pune, Ahmadabad etc., to name a few suffer from such challenges. For example, in
recent years Deithas been termed as one of the most congested and polluted cities of the
world. The high volume of vehiclegarticularly individuallydriven private vehicles on the
roads, which generally use fossil fuels such as diesel, petrol or compressed natgral gase
(CNG) are observed to be major reasons for such congestion and pollution respectively. To
curb such challenges, the Government of Delhi undertook an unprecedentedstapdent
past and applied an odd and even formula for use of vehicles (plywvehmies with odd

*Short or preliminary communication
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registration number on odd number dates and vehicles with even registration numbers on even
numbered dates) with an aim at reducing the use of private vehicular travel and pollution in
the city on a pilot study (Hindustan Times, 2016)thalgh, the results of the study were
inconclusive, there was an indication that vehicular congestion can be manageable and
pollution can be reduced if privately (by individuals) driven vehicles are reduced
(www.quora.com, 2016). However, suptogrammesre amenable to social challenges and
unacceptable to certain sections of society. So, arguments have emerged that there is a need
for change in travel pattern and travel characteristics of people in the cities, particularly in
India. It is advocated thatflormation and Communication Technology (ICT) can prompt such
changes, which consequently can alleviate the road transportation related challenges (Das,
2014; Das and Emuze, 2014; Emuze and Das, 2015). Evidences from European and North
American cities, irsupport of this argument have shown that effective use of ICT and smart
mobility can influence travel pattern, travel characteristics, economy, and environment
positively and consequently make the cities smart and sustainable (Das and Emuze, 2014,
Griffene. et al., 2007; Lombardi, 2011). Literature suggests that concerted efforts have been
made to meet the mobility challenges in the cities over the years. Intelligent Transportation
System (ITS), which is largely founded on ICT remains pivotal to allewiatesportation
related challenges and enhance efficient transportation over the years (Adler and Blue, 1998;
Hameri, and Paatela, 2005; Kanninen, 1996; Ng, Barfield, 1995; Thynell, Mohan and Tiwari,
2010). As a result, road safety, reduction in congegtimhincrease in road capacities have
been experienced. However, because of the increase in vehicular travel by use of individually
driven private vehicles, it is argued that ITS cannot alone solve the problems of road
transportation; and may also exaceebatrtain costs, particularly related to the environment
(Goldman and Gorham, 2006). Furthermore, a number of empirical studies suggests that
travellersmake their travel decisions and route choices depending upon numerous criteria that
include travel cas travel time and reliability, traffic safety, track comfort, roadway
characteristics, utility, information supply, so@oonomic and demographic characteristics,
andbehaviourakonsiderations (Adler and Blue, 1998; Chen, and Ting, 20@&merj and
Paatela 2005; Kanni nen, 1-906brefEebbé&ndieez, 20T0dtnp
& Barrero, 2013; Ng, Barfield, 1995; Yang, a
Westerman, 2008). However, the most important criterion that influence travainpaittd
travel characteristics has been théimisation of travel time, which rests on the traffic
assignment and in effect on the traffic volu
Torrefebh8&8mdez, Toral, & Barren20l0;,Weyl,&; Thyne
Arul, 2014). So, it is contended that while ITS assists in the route selectionigingdsation
of travel time, the use of ICT in soes@onomic activities of people would possibly reduce the
need for trip generation as traffic volumedspendent on the need for trip generation (Das,
2014; Emuze and Das, 2015). However, literature suggests that such linkages have not been
explored explicitly so far specifically in the context of developing countries like India.
Particularly, the linkagebetween the local accessibility, tralsgehaviourof people, and ICT
use, and consequently their influence on the economy and environment of the city have not
been &amined, in Indian condition3.hus, in summery it is observed that

ASustainable roadansportation is a major challenge in cities.

Alt causes economic losses and exacerbates environmental degradation.

AITS has remained pivotal to alleviate transportation related challenges and assists in

enhancing efficient transportation.
Awith the ircrease in vehicular travel by use of individually driven private vehicles, it
is apprehended that ITS cannot solve the problems of road transportation alone.
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AAlthoughtravellersmake travel decisions and route choices depending upon factors
such as travecost, travel time and reliability, traffic safety, track comfort, roadway
characteristics, utility, information supply, so@oonomic and demographic
characteristics, and behavioral considerations, minimization of travel time, which rests
on the trafficassignment and in effect on the traffic volume remains the most important
criterion that influence travel pattern and travel characteristics.

AEffective use of ICT can influence travel pattern, travel characteristics, economy, and
environment positively.

AThe linkages between the local accessibility, travel behavior of people, and ICT use,
and consequently their influence on the economy and environment of the city have not
been examined.

Therefore, the objective of this study is to examine the influehtiae use of ICT on
the travel characteristics of households in cities of India that would contribute to sustainable
road transportation. In other words, this study examined the influence of the use of ICT on the
travel characteristics of households ermis of trip generation, vehicular travel distance
because of the trips generated, and reduction in trip generation and travel distance and saving
in travel time by using a case study of an ICT enabled majorRitge in India. It is also
hypothesized antested that use of ICT in everyday seemnomic activities of households
will reduce vehicular travel that will contribute to sustainable road transportation in terms of
reduction in trip generation, reduction in travel distance and reduction intiraeel

2. METHODS

The study was performed by using a survey research method to collect data and
guantitative statistical analyses. A major | C
the case study.

2.1. Case study city: Pune, India

Pune city (Pune metropoi t an r egi on) is situated bet wee
East and is located about 170Kilbmetres(kms) SouthEast of Mumbai city by road. It has
a population of about 5.0 million (Census, 2011) and spread over about 500 Square Kilometers
of landarea. The average number of household members ranges between 4.5 in suburban areas
and 5. 2 for wor ki ng cl ass familieso i ndus
(http://iwww.yourarticlelibrary.com). It is the seved#ligest city and the eighth largest
metropolitan economy having higheger capita income in India with the least income
disparity. Although, it is well known for its educational facilities and cultural attributes, it has
become one of the most industrialized cities particularly in the Western rddloa apuntry
engaged in glass, sugar, forging, automobile manufacturing, and ICT industries. The
availability of adequate basic urban infrastructure facilities including existence of relatively
better transport and communication services, presence lefdskibnpower and its proximity
to Mumbai (regarded as financial capital of India), have in particular helped establishment of
a number of domestic and multinational ICT companies, attracted huge investment in this
sector and emerged as an ICT hub and éngagor ICT enabled cities in the country in recent
years Besides, ICT has a considerable presence and observed to influenesceacimic
and everyday activities of people in the city. ICT includes use of internet, web services and
smart mobile servieein the city. The services are provided by a number of private service
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providers through broad band, and wireless services with band width ranging from 2.5 Mbps
to 100 Mbps (Gadgets 360, 2017). People can access internet through broad band connections,
wireless connections and hotspots as well as through their smart cell phones. Usually the
services are provided by different private or corporate service providers and government
agencies.

However, the fast growth is creating pressure on the urban infrastruparticularly
in the transportation sector. It is found that currently there is a large need for daily movement
in the city and motives of such daily travel include but not limited to travelling to work places
(offices, industries, and commercial igittes, etc.), educational institutions (travellingito
and pick up and drop off kids in schools and colleges), entertainment, cultural activities,
sporting activities, etc. To meet the challenges of daily travel people are resorting to individual
driven vehicles such as cars and motor bikes, which have increased the volume of such
vehicles and consequent significant generation trips. For example, the vehicle volume has
increase 87 times as against the four times increase in population in the city980se 1
Currently, about 53% of households have motorbikes and 13% have cars in the city and
perhaps the city has the highest vehicle ownership in the country (450 vehicles per 1000
people) (Pai, et al, 2014; PMC, 2006). According to vehicle registratiBuriie, 88.00% of
the total numbers of vehicles are private vehicles, out of which 75.00% are motor cycles. The
number of drivers estimated from the survey of this study range from 0 to 4 with an average
of 1.8 drivers per household (in the sample househdlitgler public transportation system
Pune has both bus and local train system. Howerr about 0.80% vehicles are budesne
Mahanagar Parivahan Mahamandala Limite(PMPML) (engaged in metropolitan
transportation) operates about 1300 buses per dfagititate local accessibility. Similarly,
local trains (EMU) through its two lines connect the suburban and industrial areas in and
around the city offering transportation facilities to about 100000 people per day. Besides, the
Bus Rapid Transit systerm&wn as Rainbow BRT was opened in August 2015. However, it
is observed that the transportation system remained as a challenge in the city with regards to
capacity, congestion, and safety. For, example, sometimes congestion becomes so acute on
certain partof the day that it might take as much as 3.0 hours to travel a distance of 5
Kilometers (Rangarajan, 2010) by road. These results to increase in travel time and delay and
consequently loss of productil@bourhours (man hours), which in effect incur ldssthe
Gross Domestic Product (GDP) based on empl oye
need for travel, vehicle use, increase travel time and travel distance cause higher carbon
emissions and pollution (Global Sustainable Systems Research R&j®t), Thus, it is
imperative to explore to what extent use of ICT in daily urban and transportation activities of
people in the city can reduce the need for vehicular travel, and distance travelled, and change
in travel characteristics.

2.2. Data and analysis

A survey research method was used for collecting data. For the purpose, a household
survey was conductedhe city is of cosmopolitan in nature, and heterogeneous considering
the socieeconomic strata. It constitutes but not limited to slum dwellers tasindl work
force, working class people, knowledge workers and elite industrialists. About 62% of people
are under the age of 30 with a median age of 24. The working population in the city is about
34% (Pai, Gadgil, Mahendra, Vernekar, Rebecca, Chanck@i). Therefore, the sample
survey was conducted in six important locations of the city in order to represent the
heterogeneity of the city. The household survey was conducted in different wards
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(administrative divisions) of six representative sub negjiaf the city, such as, Pune Municipal
Corporation in the Southast, Pimpri Chinchwad Municipal Corporation in the Nontfest,

Pune Cantonment Board, Kirkee Cantonment Board, Dehuroad Cantonment Board, and Dehu
a census town of the city. The wards $arvey in the six subegions were selected based on
their geographical locations, demographic characteristics, and availability of industrial and
other economic activity areas, density, and transportation connectivity so as to represent the
heterogeneitpf the city. A total of 500 prdested questionnaires were administered by using
stratified random sampling process of which 459 were retuned (with a 92% response rate).
The sample size selected was based on the confidence level of 95% at confidevedeointer

5%. The sample size 459 under these conditions is fairly more than the required sample size
of 384. Further, the used sample size of 459 provides a confidence interval 4.57% at the worst
case scenario of 50% and 95% confidence level indicatingadlequacy of the sample.
Samples were spread over nine income range categories (varying between <0.005 million USD
(<300000 million Indian Rupees (INR) to >0.4 million USD (>2400000 million INR) with
increments of 0.005 million USD)) in appropriate propm s ranging between 16.20% for the
lowest income level and 2.40% for highest income range with an average of 11.11% and
median of 11.00% indicating suitability of the samples. Variables relating to the ICT
accessibility, intensity of ICT use, influence IGT on transportation and soei@onomic
activities (such as influence of ICT on travel pattern, number of trips, performing jobs through
online system, and time saved in travel, etc.), perception of ICT use in future travel pattern
and its impact on socieconomic activities are included in the survey questionnaires. Some
of the basis and critical questions asked were: what is purpose and duration of your ICT use?;
do you use any ICT enabled equipment during travel: Y/ N?; if yes, what kind of equipment
you use: GPS/ Mobile phone GPS/ Real time Road signs/ Sms/ any other?; how much time
and number of times you use ICT for travel activities?; how much time and at what frequency
you use ICT for soci@conomic activities?; what are the important activitias gonduct by

use of ICT currently; what are the activities that should be conducted by use of ICT activities
but currently not conducted?; whether you would prefer to work by using ICT from home or
place of residence instead of physical travel to workgdlawill you use ICT more to perform

your socieeconomic activities?; will you ICT in your travel activities more and if yes, how?;
and how many trips and distance do you save per day if you use ICT to perform activities
instead of physical travel or pected to save if ICT is used in future.

Quantitative descriptive shaatéesti gftthedata anal ys
collected were conducted to observe the reliability of the data. Furtherptoe,stt ( f or U
0.05) for 95% confidence level and regression analysis were conducted to observe the
interlinkage and relationship among the variables. Théyaes were conducted on aggregate
basis by considering all income groups.

3. RESULTS
3.1. Level of ICT use and current general travel characteristics in the city

Before the data was analysed and used for interpretation, it was initially checked for its
reliabilit y. The high Cronbach U value between inco
trips, and income and distance travelled, ICT use and number of trips, ICT use and distance
travelled (0.901, 0.904 and 0.848, 0.832, and 0.794 respectively) indicate thatbtsetdvas
valid and reliable. Regression analysis and significance tests were conducted to establish the
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relationship between the various influential variables.

categorized under 9 income categories at equal intervaigainom 6300000 INR (G 5000

USD) to >2400000 million INR (>40000 USD) per year at a regular interval of 5000 USD.

Table 1 show the level of ICT use and current general travel characteristics of the people
of the Pune city according to their incomedks. It is revealed that effective ICT use of
i ncreases

househol

ds 6

Wi

th the

i ncrease

However, initially the data was

5.4 hours (5 hours 24 minutes) from lowest income to highest income level. Similarly, it is

indicated that the numbef trips per household increases with income, although average
distance travel per trip varies. On an average the number of trips per household in the city is
7.25 trips with average distance travel of 17.95 Kms per trip per day. Also, with the G3e of |

n

the average reduction in trips and distance travelled by households per day envisaged to be

13.33% and 22.59% respectively.

Table 1 Income level, ICT usage and travel characteristics in Pune City

Reduction
in travel
Reduction Reductio Distance Distance
ICT Average innumber nin travelled by

Income Usage Number of distance  of trips travel by households
range in trips per travelled perdayin distance househol perdayin
(Million hours  day per per tripin  numbers  per trip ds per kms and in
UsD) per day household and in (%) (kms) day (%)

0.11 1.20 6.55
0-5000 0.75 5.45 8.15 (2.00) (14.72) 43.63 (15.00)
5000 0.35 2.80 19.48
10000 1.6 6.96 12.20 (5.00) (22.95) 83.48 (23.33)
1000t 0.69 3.42 23.68
15000 2.7 6.92 14.25 (10.00)  (24.00) 96.92 (24.43)
1500t 0.91 4.50 34.13
20000 3.1 7.58 18.25 (12.00) (24.65) 136.50 (25.00)
2000t 1.14 4.80 36.55
25000 3.4 7.62 21.75 (15.00) (22.08) 167.54 (21.82)
2500t 1.15 5.20 37.27
30000 3.7 7.17 20.65 (16.00)  (25.18) 150.50 (24.76
30001 1.41 5.30 41.48
35000 4.1 7.83 25.20 (18.00)  (21.03) 195.65 (21.20)
35001 1.57 5.70 44.65
40000 4.8 7.84 22.10 (20.00)  (25.79) 172.33 (25.91)

1.74 5.90 46.73
>40000 5.4 7.92 26.55 (22.00) (22.22) 213.84 (21.85)

1.01 4.31 30.78
Average 2.54 7.25 17.95 (13.33) (24.01) 136.20 (22.59)

(The values in brackets are in %)

3.2. Relationship between ICT use and travel characteristics

Significance test {test) was conducted to check the relationship between income and

ICT usage and various travel characteristics of the city and-thdek values and p values

are presented in Table 2. It is revealed that the relationship between income and ICT usage,
income and number of trips, income and average distance travelled by households, income
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and reduction of trips and income and reductiordisfance are significant fdd O 0.05.
Similarly, it is also indicated that significant relationships exist between ICT use and humber
of trips, ICT use and average distance travelled, ICT and reduction in trips and ICT use and
reduction of distancef@r UO0.05). This implies that ith increase in ICT use or if effective

ICT use is done it would lead to reduction of number of trips and consequent reduction in
travel distance by households. Besides, the test results show that number of trips and distance
travelled; and reduction inips and reduction in distances are significantly related, which
imply that people generating more trips travel more distance and generation of less trips would
lead to reduction in travel distance.

Furthermore, regression analyses and trend analysescasdected to establish the
influence of ICT use on different travel characteristics in the city. It is found that there exist
a linear relationship between ICT use and trip generation (Figure 1). The relationship is defined
by Equation 1.

P TP pPd 0w (1)
r? =0.986
Where y1= reduction in trips (%), x1= ICT use in hours

Figure 1 evidenced that use of ICT varying from 0.75 hours to 5.4 hours in socio
economic and travel activities will reduce trips generation ranging between 2.00% (0.11 trips)
and22.00% (1.74 trips) per day per household. Thus, it is found that increase in use of ICT by
households in socieconomic and travel activities will assist in reduction of number trips
generation.

ICT use in hours against reduction in trips

N
(63}
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Reduction in trips in %
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o

o

ICT use in hours

Figure 1. ICT use in hours against reduction in trip$6n

Figure 2 established the relationship between ICT use and saving in travel time. It is
found that a linear relationship exists between the two, which is depicted by Equation 2.

o T8 oW T X G G 2)
r2=0.958

Where y2= saving in travel time in hous2= ICT use in hours
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Figure 2 revealed that increase in use of ICT from 45 minutes to 5.4 hours per day assist
in saving travel time ranging from 0.32 hours up to 2.33 hours per day per household. This
implies that increase in use of ICT by householdsl@ad to reduction in travel time.

ICT use against saving in travel time
3

v
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8 /
> 15
s *
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= 0 1 2 3 4 5 6

ICT use in hours

Figure 2. ICT use in hours against saving in travel time
Similarly, Figure 3 established the linear relationship between use of ICT and reduction
travel distance per trip. The relationship is given by Equation 3.
W P8IC T TP C L 3
r?=0.933

Where y3= reduction in travel distance per trip per household in kilometres #§a3ns)
ICT use in hours.

It is seen that increase in ICT use from 0.75 hours (45 minutes) to 5.4 hours would lead
to reduction in travel dtance per trip per household ranging from 1.2 kms (14.72%) to 5.9
kms (25.89%). This indicates that there will be appreciable reduction in travel distance with
higher and effective use of ICT by households.

55



ICT use against reduction in travel distance
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Figure 1c. Intensity of ICT use against sayin travel distance

4. DICUSSION

ICT has been increasingly influencing every aspect of city life in recent years in India.
It is also being increasingly used in travel activities of people. ICT has a significant presence
in the city which can leverage othewcioeconomic functions and travel activities of people.
Certain information related to travel such as route choice and traffic condition are available
through use of ICT, although advanced travel information such as real time travel information,
parking lots availability, ticketing, booking, etc. are partially available. Since the
augmentation of road infrastructure does not able to solve the road transpatiatienges
in Indian cities, an argument has been proffered that effective use of ICT tn day socie
economic and travel activities would able to reduce road transportation challenges in cities of
India. Therefore, this study explored the influence of ICT on the travel characteristics of people
in a city in India by using Pune city as a cagaly. The study revealed that a definite linkage
between ICT use and travel characteristics such as trip generation, distance travel, reduction
in travel time of households exists. The study evidenced that use of ICT varying from 0.75
hours to 5.4 hourger day per household in different seeiconomic and travel activities will
reduce trips generation ranging between 2.00% (0.11 trips) and 22.00% (1.74 trips) per day
per household, and save travel time ranging from 0.32 hours up to 2.33 hours per day per
household. Findings also further suggest that an increase in use of ICT will reduce the travel
distance significantly ranging from 1.2 kms (14.72%) to 5.9 kms (25.89%). This implies that
higher use of ICT to perform soeexonomic and travel activitiesue reduce number of trips,
travel distance and save in travel time. Thus, ICThasea significant influence on the travel
characteristics of the people in the city. However, the study has certain limitations. It is based
on primary data and limited satepsurvey of an ICT enabled city. The study was also
conducted by considering reduction of trips across all income groups on aggregate basis
because of the nature of data collected. Besides, there are other underlying factors such as life
style, activity @tterns, choice of people, location, affordability, quality of ICT infrastructure
etc. may also influence the use of ICT and travel pattern of people. Therefore, the findings
could be partial and context specific (particular Indian cities) and needrfattily with the
inclusion of such factors as well as critical examination of detailed statistical data is necessary
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to generalize théindings. Besides, it is also noted that reduction of trips within one income
group as against across all income grogpsigately will be one of the future scope of research.

However, despite the limitations, teudy showed that effective ICT use can assist in
significant reduction in trip generation and travel distance, and save travel time, which
consequently can coribate to sustainable road transportation in Indian cities. In other words,
if people use ICT in socieconomic activities, then there will reduction in unwarranted travel
requirement, unless it is reasonably essential. Besides, use of ICT in travel llegssavin
optimal planning and management of trips and in consequent reduction of travel distance and
delay. Therefore, there is a necessity to strengthen ICT infrastructure in cities and people
should be encouraged for higher use of ICT in their daibjoeconomic and travel activities
to change the travel characteristics and travel pattern which will alleviate the road
transportation related challenges.

5. CONCLUSION

The challenges of sustainable road transportation, specifically in cities of degelop
such as India warranted investigation to find plausible policy interventions to attain
sustainability. Change in travel characteristics and travel pattern of people are envisaged to be
essential elements that would assist in meeting the challendes Iregard use of ICT has
been argued to pivotal to engender the change. The findings of the study established the
hypothesis proposed that use of ICT in everyday secomomic activities of households will
assist in reduction in trip generation (reduedicular travel), reduction in travel distance and
reduction in travel time which in consequence will contribute to sustainable road
transportation. Thus, there is a need for strengthening ICT infrastructure and people should
be encouraged to use ICT inetr socieeconomic and travel activities effectively so as to
avoidunwarranted travel. However, the conclusions are partial and confined to the case study
city only as well as aggregate analysis across all income groupgheratbre needs further
investigation to generalize the and proffering for policy interventions.
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Abstract Implementation of deregation and liberalisation processes of the air transp
industry significantly changed market conditions worldwide. Increased competition in tl
transport industry forced airlines to create innovative responding strategy and of
appropriate busings model. Many airlines worldwide emerged, expanded and disappeare:
last 3540 years in all variations of business modeklll service network carriers, low cos
carriers, holiday/charter carriers, regional carriers, traditional freight carrierstdgrators,
hybrid carriers or general aviation. Some facts and figures confirming modern trend:
challenges are also presented. Consolidation on different air transport markets, achieved
and changing trends of mentioned business models are sew@nd analysed in four mark
segments Worldwide, Europe, Southeast Europe and Croatia. Sensitive analysis and a ne
of vision and intuition followed by variety of basic inputs are necessary to evaluate ¢
profitability modelling and resudt Different key performance indicators in labour, aircraft a
fuel productivity metrics, network, customer and revenue management activities, restru
business programs, implementation afegnmerce and ancillary revenues, improvements of
strudure leading to breakeven sustainability are included in the paper. Optimisatic
management and organisational structure in newer generation of the airline business mc
following to complete the findings and conclusions.

Key words:Competition, & Transport, eCommerceCost structureQptimisation.

1. INTRODUCTION

Structural and dynamic changes in the air transport market require an innovative and
creative management response in terms of efficient adaptation of the airline's business model.
Worldwide liberalization and deregulation processes have significantly increased the level of
competition, opening up space for new business ideas and solutions. The matesses
emphasiing the positive components of particular business models lead tetign in the
differences betweeairlines which will continue in the future. However, adjusting and
increasing theairline efficiency should be accompanied by an appropriate regulatory
framework that will ensure the prerequisites of a fair madkehpeition. The longterm
inferiority of air carriers with a financial position requires significant structural changes in the
value chain as a prerequisite for attracting investors to new development cycles and shocks.
The statement is valid regardless ofllnsiness model that a particular carrier applies because
each of them has successful and less successful representatives.

" Review paper
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2. AIRLINE BUSINESS MOD ELS CLASSIFICATION

In order to improve the market strategiylines are focused on their business model
motivatedand driven by (Whyte and Lohmann, 2017: 1109): (1) Necessity to reduce and
control the costs of the business; (2) Declining or stagnating yields, leading to reinforcements
of revenue management processes; (3) Greater use of modern and new techrdlogies;
Increasing the level of competition on the air transport market; (5) Rapid growth-cbkiw
carriers (LCC) starting from the late 1990's; (6) New restrictive regulation towards inability
of national governments to subsidy national airlines...

In principle, a number of business models based on the market characteristics of the
business in the aviation market can in principle differentiate the following forms of airline

models (Tatalovil et al., 2017):
T Full service networ kriemg(FSNC)egacyo [/ fAtradi
1 Low costcarriers
1 Regional airlines
T Charter (holidaygirlines
i Cargoairlines

Authors Whyte and Lohmann (2017: 114) besides above mentioned airline business
models emphasizes also in addition hybrid airlines (which adbptacteristicklom different
model s) and speci al i s tpublicisenlice obkgatiamp eorra t uosrasg e( i onf
short, unprepared runways). Airline business models have been changing so rapidly
dominantly due to three factors: deregulation and liberalizatiaarnet, and advances in
aircraft technologies (Holloway, 2010:-2@).

Full service network carriers were originally established as statevn e d Aifl ag
carrierso protected from competition by many
Essential edments of the FSNC model include mixed structure of the fleet, cooperative
interlining agreement s, net work with i mpl emer
points, relatively complex tariff structure, frequent flyer programs (FFP), lounges on the
airports, different service classes and full service, distribution of product by travel agents
(latrou and Oretti, 2007:202).

Low cost carriersimplement a price leadership market strategy based on wide range
cost reduction and additional revenue activitiBasic characteristics of the model are
individuality, point to point passengers, local and short haul connectivity, only one or two
types of aircraft, operations on secondary airports, service and tariff structusemplified

without loyalty programp usi ness ¢l ass or | ounges, interne
scientific and professional literature, authors are using also terms: revenue LCC, cost LCC,
ultra LCC, hybr i d c arTheseientdic réshhrcgaarriedbutie201 al . |, 2 (

on a sample of 20 of the most significant Europeandost carriers, ranked them based on
the analysis of key features in four categofi€bphaus et aJ.2012: 55): (1) Pure LCC
(Ryanair, Wizz Air, Blu Express, bmibaby, Blue Air; 2ybrid carrierwith dominating LCC
characteristicfeasyJet, Jet2, Corendon, Transavia, Vueling, Aer Lingus, Wind Jet); (3)
Hybrid carrier with dominating full service airline characteristi®$orwegian, Flybe,
Germanwings; (4Full service airlingAir Berlin, Air Baltic, Niki, Meridiana fly, Air Italy).

Regional airlinesoperate medium density routes using smaller turboprop or jet aircraft
with usual capacity of 40100 seats. They can be independent, government owned, wholly
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owned subsidiaries or franchises. Strategybased orgeographic nichenarket mproving
connectivity andverall social movabilityf specific region.

Charter airlines operates usually on a demand driven bawsigly focused on touristic
transportationBasic characteristics of the model aleadtion of the seat, only one touristic
class, high density seat configuration, high passenger load factors, operations even during the
night, no network connectivity, distribution of the product via tour operatmrguency of
flights pretty rare, no pwlties for nonappearance, In the past most charter flights were
included in charter packages offered by tour operators, but nowadays many holiday flights are
operated as schedulgdargo airlines providefour different options of air transportation due
to modern technology (Morrel, 2011: 73): @&lly holdcargocapacityonps senger pi ght
(39.5% of total mternational air freighton kilometers FTK) i.e. Lufthansa, cargpi ght s of
combination carrier$44.8% of total FTK) i.e. Lufthansa Cargo, integra (7.9% of total
FTK) i.e. FedEx, UPS, all cargeeighteronly airlines(7,7% of total FTK) i.e. Cargolux.

3. AIRLINE BUSINESS MOD ELS ACHIEVEMENTS IN PRACTICE

Some 1,400 airlines around the world operate a total fleet of over 26,000 aircraft
(ATAG, 2016) Overall performance indicators and within the individual business model
achievements are very different. In the period 2R006 airline industry generated net profit
of 81 billion USD, but achieved net profit margin of only 0.9%. Net profit per departin
passenger was only 1,89 USD equivalent to the price of one cup of coffee or one coca cola
(Migetili et al., 2017a). In the year 2001 ai
reaching by the end of 2016 over 80%. At the same period huge oscillzftitiesnet results
were recorded (net losse28 billion USD in 2008 vs. net profit +35 billion USD). Achieved
results are affected by the hufieancial state aid support (Europe 192005 19,4 billion
USD and USA 2001 15 bi | Dli7)oRinanti® @tjngs OfMeading | o v i |
airlines worldwide are shown in Table Ai Finance Journal016: 36)

Table 1. Selected airline financial ratings on the 21st August 2016

Airline Fitch Moody's S&P
British Airways BB+ (pos) Baa3 (stable) BB (pos)
easyJet - Baal (stable) BBB+ (stable)
Lufthansa Group - Bal (pos) BBB- (stable)
Ryanair BBB+ (stable) - BBB+ (stable)
SAS - B (stable) B2 (stable)
Air Canada B+ (pos) B1 (stable) B+ (pos)
Alaska Airlines BBB- (watch) - BBB- (watch neg)
American Airlines BB- (stable) Ba3 (stable) BB- (stable)
Delta Airlines BBB- (stable) Baa3 (stable) BB+ (stable)
JetBlue Airways BB- (stable) Ba3 (stable) BB- (stable)
Southwest Airlines BBB+ (stable) Baal (pos) BBB (stable)
United Continental Holdings BB- (pos) Ba3 (pos) BB- (pos)
GOL CcC Caa3 (neg) CCC (neg)
LATAM Airlines Group B+ (neg) B1 (stable) BB- (neg)
Qantas - Baa3 (stable) BBB- (stable)
Ryanair is worldoés highest rat®oddedrect | i ne wi

access to competitive capital markets funding which is very important from the point of view
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of financing future aircraft acquisitions. Carrier is also leading worldwide in terms of labor
productivity and punctuality (Ryanair, 2017).

Following United States Department of Transportation (USOT, 2012) data, the
accumulated net losses of traditional network operators in the United States for the period
2001 to 2011 amounted t60.7 billion USD. At the same time, Low Cargo Carriers (LCC)
accumtuated a net profit of USD 2.9 billiorAccording to financial results of leading 30 LCC
in the period 2002014 overall net profit of 17.6 billion USD was recorded, and only one year
(2008) with negative financi al score (Tatalov
that in the sam period 66 LCC from sample of 255 LCC were negative. Besides document
"List of LCCs based on ICAO definition as of October 24th, 20tbtal of 220 lowcost
carriers were registered, of which half (111) reported business problems: bankruptcy,
acquisition integration, merger, rebrandingvww.icao.int/sustainability/Documents/LCC
List.pdf, 24.03.2016)Theappearancand requirements of LC@odelhave also developed a
new concept fothe construction of loveost airport terminalsMarseille LCC MP2airport
terminal was built for a capacity of 3.7 million passengers and the value of the investment was
16.4 million EUR (Graham et al., 200887-188). For comparison Zagreb airport teredin
project comprises a total investment of 331 million EUR for a capacity of five million
passengers annually (World Bank Group and European Investment Bank, 2017). Autor de
Neufville (2014: 191) in his scientific researches develop different passengiaietypes
solutions adjusted to dominant airline business model able

Table2. Decision analysis for hypothetical first stage of airport development

. . . . Dominant Revenues Expected value
T | Build which I? .
erminal type (Build which terminal?) airines (NPV (EV aM
Standard - Cost Traditional 1,200 -450
Low-cost 300
Al | l ow cost ) c Traditional 150 25
Low-cost 300
Flexible mixed -  raditonal 1,000 50
Low-cost 500

Charter airline business model is characterized by seasonal traffic demand. Considering
increasilyg competition of lowcost carriers, the economics of airline charter transport is
threatened. Even traditional scheduled carriers are reducing charter share in total traffic results.

In accordance with mentioned trends two charter carriers from CroatiagA@iatic and
Dubrovnik Airline) went bankruptcy (Tatalovil

To understand the econarsof cargoairlinesis a crucial cost allocation methodology.
If the principle of volume capacity is applied, the profitability calculation of cargo
trarsportation is positiveAn identical calculation using the full weighting principle of cost
allocation,is leading tdoss on asaméflight. It should be emphasized that fineight yieldis
gradually declining, which is evident from thssociation of Euspean Airlines (AEA2015
95) member's rports(Figurel).

US cents per FTK

412
37.0 34.7 321
1 303 314 553 536 262 5.5 256 255 24.8 237 o15

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Figure 1. AEAmember'seal freightyield in the period 20002014
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Summarizing the financial statements in the period from 2003 to 2010, cargo airline
operators achieved an operating margintbf2 percenbut a negative net margin of one
percen{Morrell, 2013: 11). The exception is the leading world cargo integrator FedEx, which
inthe period2002 014 recorded net profit of 6 billion

Concerning the implenmeation of airline eéCommerce efficiency specific metrics for
benchmarking technique was developed. The Digital Airline Score (DAS) provided during
spring 2015 on sample of 35 airlines worldwide resulted with following ranking (Hanke, 2016:
556):

1 DAS 4079 TAME (Equador), TAAG (Angola), Air Greenland, Philippine

Airlines;
1 DAS 8099 Air India, ANA, Air China, Air Berlin, GOL, Aeromexico, Egypt Air...

1 DAS 1006119 United, British Airways, Air New Zealand, Emirates, Singapore,
Airlines, Quantas, Air France, fithansa...

1 DAS 120160 American Airlines, Delta, KLM, JetBlue, easyJet.

E-Commerce significantly contributes to importance of airline ancillary revenue level.
Ancillary revenue statistics for the period 20102016 is shown in Figure 2
(IdeaWorksCompany2016a). Analyzing the results average annual growth rate of 20 percent
was achieved, which is much more successful compared to average annual growth rate of
airline revenues for the same period (3.7 percent). From this fact is obvious that the growth of
ancilary revenues significantly contributes to overall profitability performancepefific
airline business model

billion USD 400 59 2 67.4
42.6 '
325 36.1
HE B
7 | ] L]
2010 2011 2012 2013 2014 2015 2016

Figure 2. Worldwide Airline Estimated Ancillary Revenue

Top ten carriers worldwide achieved more than billion USD of ancillary revenuadeadi
by United (6.2 billion USD) followed by American (4.7 billion USD) and Delta (3.8 million
USD). Using criteria ancillary revenue as a percent of total revenue leading airlines are LCCs
Spirit (43.4 percent), Allegiant (37.6 percent) and Wizz Air witlarehof 36.4 percent
(IdeaWorksCompany, 20bk

Improving organizational performanceaflinesimplies the continuity of appropriate
organizational structure adaptation theairline industry strile of employees is realityand
appropriate efforts muste made to minimize the negative consequences for the company. It
is also importanto continuously stimulate education and traingmgcessesll categories of
employees. The application of modern mathematical optimization models of human resource
managerant is increasingly present and achieves better results. Expanding the number and
structure of employees #irlinesthat have multiple knowledge and skills is also one of the
winning formulas for succeksu | business model (Mi getil et al

TheEuropean civil aviation market is highly developed, since 181 European airlines
is operating on the 580 airports carrying 530 million passengeast(a | ovi | et al .,
It is an opportunity for industry and consumers, especially because Europleadiray
worldwide tourism region. At the same time, higeed trains and modern highways
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increasingly compete with air transport in Europe. During the 2015 the capacity share on the
European market changed in favor of LCC reaching 36%. In the year 20@®&ubture of

market share was completely differenti.e. 71% FSNC, 12% LCC, 8% charter aadiébal
carriers (Gkurl a Bageanlairliretnduatly saw reatdelyBuccedsflo ) .
2015/2016 business years both with net profit of 7.5 billion USD, which is approximately 8
(eight) USD per passenger. But, at the same time achievadregin (5.45.7 percent) was

lower compare to world average (8.3 percent) and specially compared to North America with
more than 14 percent (IATA, 2016). It is obvious that fragmented European air transport
market needs further improvemerftsMi ¢ e 1.,i2017bgln addition to this, according to

AEA research, around 600 airlsmbave been bankrupt in Europe since the beginning of this
century until 2010, while 500 new ones started operations in the European market (including
the Russian Federation). Whin the aforementioned dathe biggest:@t from theair transport
market(over 50 percent) is recorded by lmostcarrierst Tat al ovi |  €@6) al ., 201

Southeast Europe (SEE) air transport marketusually includes eleven countries from
Slovenia to Moldova and Albania without Greece and Turkey. Researches by authors Steiner
et . al (2010: 536) aaddcofclugionslthateSEE air transpqrtZnride : 2 6 9
is undeveloped with weak connections within the region and increasing competition on the
main traffic directions with stable demaridiynamic financial achievements for six dominant
airlines in the SEE regiofAdria Airways, Air Serbia /JAT, Bulgaria Air, Croatia Airlines,
Montenegro Airlines and Tarong showing very negative overall net losses level of over 1.2
billion USD in the period 2002015 In addition, it could be remarked also the BH Airlines
net lossesof -60.7 million USDin the period20082011 One of the explanatiorier lossess
high increase of competition in the region due to appearance of LCC. Overhaily-tbst
carriersare serving 78 airports in the SEE region and leading airportsainsénse are
Dubrovni k and Split followed by Blowe-tostr est an
carrierspenetratiorexample isalsoairport Tuzla (Wizzair) with extremely higih94 percent)
annual average growth rate of passenger traffic in the p2oib2ii 2016reaching the traffic
of 311,398 passengersvivw.tuzlaairport.oa 10.052017). Besides, fragmente@EE air
transport market, lower aircraft and labor productivity level together with mod&stenere
and ancillary revenue achievementsasoresponsible for negative overall financial results.

Specific important items affectir@roatia air transport market are:seasonalityhigh
level d competiton, relatively low iving standard in Croatjdighinterest burderdemand is
generated by foreignersin order to maintain appropriate scheduled air services on routes
which are vital for the economic development of the region Croatia implemented public
service obligation model according to the Europé&hmon legislation.Croatia Airlines
implementeda restructuring program according the state aid rules of European Union.
Compensation and setbntribution measures are in line with EU competition, restructuring
and state aid rules (Croatian Official Gagel05/2013). The implementation of restructuring
measures and network strategy improvement generated a positive financial result in the period
20131 2016( Mi geti I et al. 2017b) .

4. AIRLINE BUSINESS MOD ELS TRENDS

The challenges posed to th&line managemet in terms of optimizing the business
model are obviously becoming more pronounced. This is evident from examples of
comparative adaptation of operating and service factors of airline operations in the past and in
the latest conditions of the businessissrment(Flouris and Oswald, 2006: 441).
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Table 3.Dynamic a@aptation ofairline operational and service factors

Iltem OLD NEW

Fleet Wide breadth of fleet %cc))rcljse(ljlldated fleet adapted to the business

Seating Three levels: first clas®usiness class Customized variants, froall-economyto

Configuration and economy class. full-service

Revenue Complicatedwith many rules More easily manageable and flexible

Management P y y 9

Airports Customers flew to the airport closest tc Transportto an airport that is more conveniel
P the city center. for passengers and airline

Meals For all passengers. No meal servicén economyclass.

First ClassService Bigger, more comfortable seats. Much better qyallty sedjgds and a wide

range of additional benefits
T'Cke.t".]g and Agreed IATA paper documents E-tickets
Interlining

The future olow-cost carrieréooks promisingutthe line between BCC anda legacy
carrier is blurringVasigh et al., 2013: 396)raditionalcarriers have also attempted to reduce
their cast structure by retiring oldeircraft, receiving labor concessions, and reconfiguring

aircraft seating layouts. lme ner al , however, 't he&CChasdasgelyy carr i e
been i ne manyctarrigrehawe at@mpted to avbldC by focusing on international

pying.l n figure 3 reducing the difference bet weenr
et al., 2017: 98).

Changes in LCC Model:
Joining GDS
Connecting Flights
Premium Service

Figure 3. Reducing the cost striwge difference of LCC and FSNiisiness models

Aut hor s Gr os s an dh cdantext & corftidubus Brline U2 Gt
improvement emphasized trending and volatile costs of fuel, which will remain significant risk
factor for the airline sector.

At the same time long haul leeost becomes more mainstream as full service airlines
gradually embrace new business modetsidest routefor each long haul low cost operator
are Norwegian (10,841 km), LEVEL (10,459 km), French Blue (9,386 km), Eurowings
(9,063km), Scoot (9,042 km), Jetstar Airways (8,871 km), Beijing Capital (8,648 km), Air
Canada rouge (8,122 km). Ngxbblem with the airlindusiness model trendsthat, rather
than being in a state of stable or even unstable equilibrium it appeass ito dhronic
disequilibrium primarily due to the interplay of two factorfd) strong, inherent and
unstoppable tendency for the provision of too much capd@itgiling and bankrupt airlines,
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like elephants, take a long time to die. In fact, unliketeeps, some, no matter how ill, never
seem to diéDoganis 2010:320).

One final thoughof author Taneja (2016: 193Fould an airline deploy disruptive
technology, coupled with a willingness to "think in a newobimxdevelop and implement a
"quantum gtategy" high quality product or service achieved with a lean cost structure for
which good example is Singapore Airlines

Future trends of airline business model will be influenced with fast technology
improvementgarticularly mobile as a driver of thestrategies (Uber, Airbnb). Balance can
be achieved between the value provided by an optimized business model and the value
received from its customers. The way forward is customer centricity and personalization.
Branding and business strategies shouldnibegrated to build strong brands. The role of
loyalty is also changing and improving (Tangj@16:194-195).

5. CONCLUSION

Airline business model optimization is never ending story following dynamic changes
and challenges on the markd&the expansion of lowost carriers also forced traditional
airlinesto an appropriate responskredudng unit costs to enhance their competitive position
and survive on the aviation market. A large number of companies perform this process
successfully, and the reaction is wmily complementary, so the unit cost levels are
increasingly approaching each othEnere are more and more airlines in which a combination
of characteristics of one and the other business model is present, and it is not easy to group
them into a spedif category. New reality is appearance of long hautéost carriers which
will find their niche and add to the competition pressure on traditional long haul airline
operators Analysis of airline competitiondicates that theirline restructuring procees
should be continued toward improvement the efficiency of the business model as a necessary
precondition for sustainable business in the future.
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Abstrad: In recent years, air pollution in Macedonia is veryuge problem. Apart of industr
and energy productigrsignificart contribution to the increase of the concentration of pollute
with harmful effect on the health, ecosystems and materials has intensiveness of oil prc
and its use in the road transpofMOEPP, 2015). Gncentrations ofmain air pollutantsi
suspaded particles and nitrogen dioxide are continuously exceeding the limit values
monitoring stations for the whole analyzed period (2@035). The national annual reports
el aborating the air pol | ut iconmprispaompréhensiveam
categorized list omeasures with a potential to reduce or mitigate the contribution of diffe
air pollution sources, between them road transport. Hence, the core of this paper is tt
analysis of air pollution from road transpot present and categorize a wide rangsiodrtto-
long termmeasures aimetb improwe air quality by reducingand mitigatingthe impact from
road transport.

Keywords:road transport, measures, categorization, suspended particles, nitrogen dioxid

1. INTRODUCTION

Urban air pollution from mobile sources is a-fpduct of the production of urban
transport services. Although those services are essential for the economic health of a city and
for the welfare of all its inhabitant&gilliam et al., 2004t the same time they contribute
for harmful environmental impacts.

Air pollution is a cause for serious concerns in urban areas in Macedonia. Limit values
for air quality, especially those for suspended particles, defined in order to protect health, are
sigrificantly exceeded. The situation is most serious in the biggest urbarsdaritacedonia,
like Skopje, Tetovo, Bitol§dMOEPP, 2017)Several sources and reasons for these problems
with air quality have been identified, but they may differ not only ia orban area, but also
between several urban are@gnerally, it may be pointed out thgiaat of the industry, energy
production and households heating with wood during the winters, road transport is also a
significant source of air pollution in urbaneas. The contribution of road transport to air
pollution comes from the high traffic intensity and also from older vehicle fleet and
inappropriate maintenance of the vehidlOEPP, 2017)

In this paper, a review and categorization of measunegsosedor protection of urban
air quality is presented. Before defininggkesduction and mitigatiomeasures;ategorized
from shortto-long term,an analysis was needed to be done to stress out the extent of air
pollution problem in urban areasd factors tht contribute road transport to be one of the
main pollution sourced-or that reason, the trends of pollutant concentrations for the period

*Original scientific paper
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20052015 were analyzed, considering only the concentrations of particles and nitrogen
oxides asmain pollutantsn the air.

2. ROAD TRANSPORT AND AIR POLLUTION IN MACEDONIA
2.1. Vehicle fleet condition

In the transport sector the biggest impact on air pollution have emissions from road
transport{MOEPP, 2017)Road transport emissions are highest in urban areas, wheee dens
road network and high vehicle frequency is typical. Road transport contributes for the
emissions of nitrogenxides,suspended particlesarbon monoxide, benzensavy metals
and other pollutast

One of the key reasons for road transport air polttiehich is common for most of
the urban areas in Macedonia, is old and inappropriately maintained vehicle fleet. At national
level, approximately half of the passenger cars and buses are old and belong in the category of
high polluting vehiclegMOEPP, 2Q7). Traffic jams and poorly developed public transport
or complete absence pliblic transport additionally worssthe situation.

Based on the data frothe vehicle registe(MOEPP, 2017)in 2015 the total number
of registered motor vehicles in Macedrwas 43&02 (fig. 1). Passenger vehicles are
dominating with 88%, followed by light duty vehicles (8%).

1% 1% 2%

8%

B Marrearn Boauna

B [lecku ToBapHy Bo3nna
TewsM TOBapPHH BO3MNE

AsTobyou

B MoTtouwrnu

88%
Fig. 1: Participation of different vehicle types in national fleet in 2015

Categorized by agfig. 2), gpproximately60% of the passenger vehisl@andhalf of
thebuses are still in the classes wiilgthemissions (Euro OEuro 2), whilethis part at light
and heavy duty vehicles is smal{d0% and 20%, respectively) (MOEPP, 2017)
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Fig. 2: Participation of registered passenger vehicles, heawy vehicles, light duty vehicles and
buses, divided according to Euro emission classes, 2015

According to thedatafrom the vehicle registt(MOEPP, 2017) the part of the
passenger cars, light duty vehicles and busses belonging to the oldest \&bgibeyc(Euro

0) is still relatively high (16.8%).Belonging to Euro O, means thaté s e

vehi

cl es

built-in system for exhaust emission treatmevttich makes them a high polluting vehicles

2.2. Trend of the concentrations of suspended particles (®10 and PMs) for the

period 20052015

Pollution caused by suspended particles is at high level and is spread all over the urban

areas in the country. The average annual values af €eed the annual limit value (40
€ g P) i all monitoring stations pted in urban areggxcept for themonitoring station
located in the village Lazaropglén every yeasince 2005f(g. 3).

The highest annual average values ofiffMceed n g

1 2 &re megslreaiTetovo

and Skopje (Lisice)t is not possible to ake a stistical analysis of the trerikcause of the
data shortage. Still, an assessment could be made that the level of concentrations stays stable
in the whole period between 2005 and 2015. It is estimated that the average value aif PM
8 ¢ (MOEBPP,R017)

Participation ofroad transporin the total emissiaof PM;o was around 2% in 2014.
In 2014 the mairsourcesfor suspended particles (R were heating in the households,
industrial processes and energy production, whichigiaated with 36%, 33% and 20% in the
primary emissions. The yearly trends of national emission ofsRMd PM, are similar,
because emission sources are mainly the same. The total emissions, d@fi RBL4 were
33.000 tones, and total emissions of RWere22.000 toneMOEPP, 2017)

urban locatins is approximatey
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The variations of the yearly emissions are mainly caused by the oscillations in industrial
production or mild winters, when the need for households heatisgdecreaseMOEPP,
2017)

Concentrations of PMin urban areas have shown equal seasonal varigtWEgPP,
2017) concentrations are highin the period Decembe&lanuary (fig4).
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Fig. 4: Average monthly values B for the period 2002015

High PMy concentrations during the winter are connected with the higher direct
emission (households heating, especially usage of wood), but also with the meteorological
conditions which limit dispersion of the emission and alleviate the chemical reactisiting
secondary particle, for example, from the vehicle exhaust emigsi@pEPP, 2017)During
the winter months, smog appearance is typical in the towns settled in the valleys.

To summarize:he concentrations of suspended particles are on the énghduring
the wholeanalyzederiod without significant trend of decrease.
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2.3. Trend of the concentrationsof nitrogen dioxide (NO) for the period 20052015

The main sources ™0, emissiorare the high temperature heating processes (heating,
energy prodution and fuel combustiom vehicle engines). The emissions are mainly in the
form of NO, which is quickly transformed NO:in the atmosphere.

The main parobf the national N@emissions coms from the energy sector (41% in
2014) androad transport (4 in 2014) The total amount ofitrogen oxidesemissions in
2014 was around 3200 tonegMOEPP, 2017)

According to thedatafrom the national emission inventonyifrogen oxidegmissions
originating from transporin the past yearbave stayed at the same level. However, the
appraisal of the trends of N©@oncentrations is a challenge, because of the significant degree
of insecurity and small coverage with monitoring qGM®EPP, 2017)

Monitoring of NO2 concentrations is under serious impact of regutar maintenance
and aging of the instruments; as a result, the time series are often without the continuity. In the
first several years the yearly limit values of N@ere exceeded at all monitoring stations in
Skopjeandat the monitoring station in Kevo(fig. 5). The highest concentrations of h&e
measured in the center didpje, near the frequent roads (MOEPP, 2017).
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Fig. 5: Average annual values B0, concentrations

In the last years, the limit value is not exceeded. Having in mind thatariog results
for NO concentrations contain significammsecurity, it cannot be confirmed weather the limit
values of NGwon 6t b e e x c e éMDERP, 2017)Hénbeeche instiramemtsefor
NO, measurements should be regularly maintained in dodebtaincredibledatareferring
the concentration level.

According to the measurements of air quality, there is a clear and equal seasonal
variation of NQ concentrations, which may be linked with the meteorological condjtiens
unfavorable condibns for air mixing in winter tim¢MOEPP, 2017)

To summarizeyearly limit value of NQis exceeded at the stations which follow traffic
pollution; still, there is duture possibility for exceeding the Ndmit values.Road transport
has the biggesnfluence on N@concentrations, especially in tiigban areasnd near the
frequent roads and crossroads.
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3. UNDERTAKEN AND PLANN ED MEASURES FOR EMISSION
REDUCTION

According to thenationallegislation, measures for air quality improvement should be
conducedwhea t he pol | ut alimitvaldes fordenlthenotectioa arée exaeeded
(MOEPP, 2017)As a reminder of the previous analysigjit valuesfor suspended patrticles
are exceeded at the territorytbé whole country.

In order the measures defd in the National plan for ambient air protect{bnought
in 2012)to be more effectively implemented, during 2&2(BL4 several measures in energy
sector, transport and production processes as key sectors for the total air pollution were
conducted. Athe same time, activities have been started for conducting thetshorand
long-term measures, listed inishplan (MOEPP, 2014} owever, the list of the measures in
this plan defined for road transpoenplacads ndt
only at the legislation frame for supporting alternative fuels and other emission control
technologies, emission inventorying and providing support for the public transport, without
considering other sustainable modes. For ateipth analysis ahe road transport impact on
air pollution and definition of the measures, it is necessary that measures for traffic control,
inspection/maintenance programs, demand management and development of transport policies
should be also included.

In other natimal reports, such as Annual report for the quality in the environment for
2014, eferring theroadtransport, measures thae listedor adecrease gbollutants include
renewal of the national vehicle fleet, usage of clean fuels with low sulfur cofitent
accordance to the demands listed in the Book of rules for clean fuels quality), promotion of
alternative transport, speed limitation (in order to decrease fuel consumption) and introduction
of low emission zoned\s a support for these measures, in&2dt import of used vehicles
under Euro 1 and Eurotad beerstopped, i.e., since January 1, 2015, the import of vehicles
at leasaboveEuro 3has beempermitted(MOEPP, 2015)

At the same time, the majority of theseasures are conductedly in thecapital city
because of the highest traffiend populationintensity(MOEPP, 2015)For example: during
thewinter period a special traffic regime for high duty vehicles is introduesidg the ring
road and avoiding the entrance in the city; decreaing the road transport Rpemissions,
calcium magnesium acetate was provided, in order to reduce the dust concentrations from the
road resuspensiorin 2013 thecity of Skopjeundertookpromotional campaigns and subsidies
for improvement of theycling, public transporand introduction oélectric vehicles.

However, he current renewal ofational vehicle fleet and orientation to the low
emission vehicles is still not visible in the national emission assesgM&@&EPP, 2017)
There are many factors wdhi influence the renewal rate, such as economic situation in the
country, legislation and regulations, transportation subsidiagation of the new
vehicleddifferent types of vehicles. Based on all this, the consumers decide when and what
type of car tdouy.

Similar, in other national annual reports, measures are listed without going into detailed
analysis or categorization. For example, the following measureffeative measures fair
pollution control in urban areame just mentioned:yblic transprt improvement in bigger
areas, promotion of the usage of low emission vehicles and cyclingparethepedestrian
zones and low emissi@ones decreasing the ipact of the road dubly improving the streets
cleannessespecially in the dry periodBurther onjt is mentioned tha& national regulation
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for emission control is needed, introducing the measures for vehicle fleet renewal and fuel
quality controlMOEPP, 2017)

Hence, this approach of definition and elaboration of measures in annuas eas an
impulsion for creating a categorized scheme of stoelidng time measures in road transport,
containing several sutategories, all aimed at reducing and mitigating the air pollution
contribution from this source.

4. PROPOSAL AND CATEGORIZATION OF MEASURES IN ROAD
TRANSPORT

In order to provide an acceptable transport systedyction andnitigation measures
must be developed and implemented to prevent deterioration of thequality
(http://www.epd.gov.hk/epd/english/environmentinhk/eia_planning/sea/files/99-8chdip
26.08.2017). It must be clear that measures in road transport should not be solely undertaken;
it should be continuously worlleat measures appropriate for other sources of pollution.
Hence, overall environmental policy decisions cannot be separated from transport sector
policy decisions (Gwilliam et al., 2004).

Categorization of the reduction and mitigation measures in roasptvetris presented
at fig.6. The measures are categorized in two main groups: ahdmnediumterm measures
and longterm measures; then a scdtegorization in five groups was performed:

T traffic control measures

T inspection/maintenance program

1 transpot policies

9 emission control technologies

1 demand management.

In order to decrease air emissiotigting the development and implementation of these

measures, a common effort is neeftedh thecentral and local governments, business sector,
nongovernmentborganizationsbut alsofrom the citizens as well.

Most measures on their own may only generate a small reduction in road vehicle
emissions Hence, these proposed measures are not mutually exclusive: studies show that
transport interventions are oftearmbined in the aim of achieving a greater impact (Conlan et
al., 2016). For example, a program aimed at encouraging drivers to reconsider their journeys
and choice of vehicles can also be used to promote low emission vehiclesgaabtys
partnership magenerate improvements in overall bus services, assisting shift to an alternative
mode of travel, as well potentially improving the emission standards of the buses.
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The evidence suggests that greater reductidrmllutantsand improvements in air

quality may occur when a number of measures are integrated and packaged together (Conlan
et al., 2016). For example, a low emission zone designed tottaedegher polluting vehicles

can be supported by a package of complementary measuresdduglementary measures
can include: improveents in walking, cycling, bucilities; traffic management and pricing

mechanisms (to discourage, forkaeple, zone gripheral parking) and incentives to

encourage uptake to meet vehicle emission tiamge such as retroffichemes.

There are many different opportunities for traffic emission reduction, but for many of
them especially for the lonterm measuresargeinvestments for improvement of the traffic

net wor k

aggressive

and i

nfrastructure
a ntad corirol trashsponteteded smissians should be undertaken in

at

| ocal

evel

those urban areas with the most sesiair quality problems and where the transport sector is
a major contributor (Gwilliam et al., 2004).
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5. CONCLUSION

Apart of theindustry, energy production artbuseholds heatingnotherimportant
sector ofair pollution in urban areas in Macedonia isd@snsportAnalyzing the pollution
trends from road transport, is could be confirmed that this sector has significant contribution,
especially in nitrogen dioxides emissidOEPP, 2017)For PMipand PM sthe contribution
from road transport is not wehigh, but considering other sources, pollution with particulates
is a very serious problem for the whole country.

In Macedonia, air quality is followed throughmonitoring of air pollutants
corcentrations, whickyives precise informath for the range dhe problem. Henceyailable
monitoring data provide thereation of the pollutants trends ambient air, as well as
identification of the contribution of every pollution souf640EPP, 2017)This is useful for
deciding which measures for air pollutimduction are most neediedvhich sectoand where
they would have the biggest effect.

Considering the contribution from road transport emissions, condition of the vehicle
fleet and current pollution trendshe futureactivitiesfor air qualityimprovementshould be
directed towards air pollution reductifnom road transport

Therefore, e purpose ofthis paperis to assist national and local government
policymakersto identify the roles that theoadtransportplay in urban air qualitypollution.
More importantly, the intention i give support by proposing a categorized scheme of
measureso reduce and mitigatne impact from road transport emissions. Presented scheme
of shortto-long term measures is detailed and comprises five groups of resasicluding
traffic control, inspection/maintenance program, transport policies, emission control
technol ogies and demand management, which
reports. Supported by the authorities and citizdesjgnedand inplementedappropriately,
such measuresould have a potentialot onlyto reduce air pollutant emissions but algould
provide wider environmental benefits, such as climate change mitigation, noise reduction,
congestion alleviation and economic developnwdithe society (Conlan et.al., 2016).
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Saget Dsobe s invaliditetom u | ijoj su s
raznim potegkoliama prilikom pl ani lukan Zbag
navedenog razloga, velik broj osoba s invaliditetom ne puyéujérojne usluge | objekti nist
pril agoleni nji Poobmemot selk@ama ma se 0soO0
l ukama su: nepristupal nodtoduakbuge | enboe
pralenju prtljage te oplienito informiral
pregled post ojkednuhniiknafcoirjnsakciihj suksol uga i nf
luka za usmjeravanje i inforiranje osoba s invaliditetomDosadagnj i m
analizirane su potrebe korisnika, prednc
zakonska regulativa koja se odnosi n a
invaliditetom.Cij ovog istragivan,jna jte medégdl adfiatli
informacijskekomunikacijskih tehnologija (Internet of Things, Cloud Computing,
Computing, Bluetooth), za izradu usITugne
podil i stupanj kvalitete ¢givota i mobi lr

Kl jul nngppoooi hal t ehnol ogikjoauni kaci ina&iaj ¢ led
mobil nost, kvaliteta ¢givota

Abstract: Persons with disabilities in whoseagmp are visually impaired persons often encour
various difficulties when planning a trip and moving through airports. For this reason, r
persons with disabilities do not travel because many services and facilities are not acces
their needs. Me problems they encounter are: inaccessibility of information

arrivals/departures of flights, flight delays, luggage tracking and general information at airf
The research reviewexisting information and communication services for routing andrimfogy

persons with disabilities at airports and accessibility of airports. The needs of person:
disabilities were analyzed based on previous research. Advantages and disadvantages of
research and the legal regulation for providing accessibiif facilities were also analyzed. Tl
aim of this research is to propose guidelines based on the analyzed possibilities of infor
and communication technologies (Internet of Things, Cloud Computing, Fog Comg
Bluetooth) for creating informingervice at airports. This is to increase the quality of life
mobility of users at airports.

Key words: assistive technology, information and communication technology, accessi
mobility, quality of life

*Pregledni rad
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1. UuvOD

Kretanje za osobe s invaliditetomowpr ul j u zralne | uke moge p
problem. Prvenstveni razlog su gugve, a s obz
pristupalnost zralne luke moge utjecati na st
usmjereno je na analizoformacijskakomunikacijskih usluga i tehnologija koje sudjeluju u
isporuci krajnjih informacija korisnicimaz r a| n e |l uk e. Cilj istragiv

anal i zi r an infoarmaviskpkoiumikasijskih (IK) tehnologijalfiternet of Things
Cloud Conputing, Fog Computing Bluetooth komunikacijske tehnologi)epredb § i t i
smjernice za izradu usluge informiranja korisnikmstupnom literaturom analizirana su

aplikativna rjegenja na pojedinim zralnim |lu
struktua putnika s invaliditetom te njihovélasifikacija Smjernice za mvoj usluga
objagnj avmqgtur eebaez | wrgiever zal nog di zajna koji ut

osoba s invaliditetom.

2. DOSADAGNJA | SNORIARAVNAREGULATIVA

Trenutnodstupnd i t eratura i istragivanja prugaju i
osoba S invaliditettomdmetzravYmg mi $dtukkadgnavanij a
informiranjem osoba smanjene i otegane pokre
Passengewith RedicedMobility (PRM).Eur op s ki Parl ament i vijele
Pravima osoba s invaliditetom i o9Eumans manj ene
Parliament and the Counci2006) Definirano je kako osobe s invaliditetom i smanjene
pokretljivosti ne smiju bititraigekrai misdiurgan e U
tijelo zralne luke obavezno jte.Udsatsajjeat i pru
definranPr avi I ni k o osiguranju pristupalnosti gral

pokretljivosti(Ministarstvo graditeljstva prostornogar e L enj.a ,Nj2 k2 ) e defi nir
je potrebno za stvaranje pristupalne gralevi
pristupal nost Hrvaiska agericif lza civiled zeakoplavitvio provddkon o

informacijskoj sigurnosti Zakono tajnosti podatak&k a k o b i zagtitila putnil
njihovim uslugamdHrvatska agencija za civilno zrakopkivo, 2015)

| stragivanje provedeno u Ujedinjenom Kralj e
se i zjasnili kako nedostaje medicinskog i pon
unutar zralne |l uke, o k r u g ermojzaenjihnte de imje@a ) amne nal e
pristupal nost (Shawi&€qes, 2004 ogr alusit atvar mi nal i s mat
nepristupalnim okrugenj gRawirgs 20b75Razog torse sw gt el enj
visoka razina buke i nepri st up ad velki brsamia k 0 v i Zé
prostori U i stragi vanj u koj e s e provodil oo u svr hu
invaliditetom i smanjenom pokretljivostudjelovalo je 26 ispitanikgCarvalhoet al, 2016)
Rezul tati su prikazal:@i kako se wusluge prugan
lukama, spi t aniswiol a aljeistsoraznim poni genjima zbog
avionai | i zralne luke nije prPbggododenaahjnheai nn
osoba s invaliditetom je glasovno informiranjePer ak o v i | . Infotmacigel kojg 201 6)
smatraju vagnim su informacije o ruti kretan
pronal asku prtljage na ¢geljeznil kim kolodvor.

loT (engl.Internet of Thingskoncepi mat | e a\j e Iniak pwtvjied@anj e kvali

(engl.Quality of Life QoL) osoba s invaliditeto3ict,2015) To se ne odnosi sal
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u vliastitom domu, vel [ na kretanje prometnor

terminalimai d. Zral na | uka u Birminghamu Kkori sti | o
(Roberts, 2017) Put ni ci na svojem mobilnom urelaju |
dobi vaju informacije o vremenu putovanj a, vrer
Usmjeravanje putnika u nepoznatim unutragnjin
slabovidne osob¢Geng, 2017) 1z tog razloga, Francuska kfraaa | uka Ni ce Cot e
korisnici ma pruga i nformiranjpeamempomteacon apl i kac
odagiMgladmmaerodhaa | uka Mi aeaconotdaakgoillnepbédnukeo r i st i
aplikaciju koja pruga inforodilrasrkjae awutomiaka @l

restorani mast alui mng§Gandia, 3086) i Znma|l na | uka u Hong K
dodatre usluge bazirane na iBeacon tehnolo@giTA, 2015) Korisnicima se ¢
interaktivne karte za usmjer avaostlp @otrebre o dr e L ¢
i nformacije uOszorbael nsi no gl wwskimemeyreiranjdworistd mobilne

telefone koji i m pr ug afjomaciebd P e etlalg2017)Koriste at ne gl
funkcionalnostextto-speech | i usl ugu pamet nog \SirCortaral nog asi
i Google NowP i st upal nost MU vrlo je vagna za o0sob
jednostavniji [ bol ji nalin dogl. do tragenih
osoba s invaliditetom puno je jednostavnije zbog GPS (&igbal Positioning System

sustaa koji u zatvorenim prostorimama odr el ene tegkole u radu, K
korisnika (Abedin et al.,2016) Brojnitemelrjagi s@bja istragiva

Bluetooth komunikacijske tehnologg@aprimanje informacija prilikom kretanja u unutarnjem
prostoru(Delfa & Catania, 2014Ahmetovic et al., 20L7de Oliveira et al., 2017Kretanje
osoba s o¢tamivoeengmemstomiodyai | e | e smartptopern gl &jna e
Bluetooth Low EnergyBLE) i vizualnih tagova. Vizualne oznak&g-ovi) koji su pogodni

za navedeno sD i 3D oznakg QRCode, Vuforia i ArUch Korisnici koriste smartphone

urelaj, mobil nu apl fagoavcii joul iit aklaimetreu pkraukgoa Ibii psc
korisniku. Slijepe i sl ab ¢wlocdanjei usme@amgu uz aht i j e
zatvorenom prostor(Ahmetovic et al., 16).

| z i st jewadjivokakaugjegaj suvremenih IK tehnologijat j el e na mogul n
informiranja osoba s invaliditetom i smanj ene
postoje usluge koje imaju mogul nnepsstojanfeval i t et
univerzalne wusluge primjenjive .Oviseovoivisti zr al ni n
ogtelienja koju PRM i ma, osigurava se mogulinos
putovanje i snalagenje u zralnim |l ukama.

3. OSOBE SMANJENE | OTEG A N BOKRETLJIVOSTI

PRM kategorizacijalefiniranajepr e ma pr epor ukama melunar odne
prijevoz (| AT A Bpetial SeviderRgquéSIBR) Kodowveiza saakueategoriju.
Definicije kategorija i specijalni kodogiu (European Commission, 2010)

1 WCHR Wheelchair (R for RampP ut ni ci koji se mogu penj
stubama, kretati se unutar kabinekoplova, ali zahtijevaju invalidska kolica ili
drugi oblik pomoli na dugim udaljenost i ma
1 WCHS:Wheelchair (S for Stepfut ni c i koji se ne mogu pen
stube, ali se mogu kretati unutar kabine zpé&wea. Zahtijevaju invalidska kolica
za udal jenost.i do i od aviona te pomol ko
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1 WCHP:Wheelchair (P for ParaplegicPutnici s invaliditetom donjih ekstremiteta
koji imaju dovoljno vlastite autonomije da se mogu brinuti o sebi, ali zahtijevaju

pomol pri kretanju i i skrcavanj u. Mogu se
pomol invalidskih kolica.

' WCHC: Wheelchair (C for Cabin Seafjutnici koji su u potpunosti nepokretni i
koj i se mogu kretati samo uz panmol i nva
zahtijevaju pomol u svim trenucima pril ik

avionu i obrnutim procesom pri dolasku.
1 BLND: Slijepi i slabovidni putnici
1 DEAF: Gluhi i nagluhi putnici te gluho nijemi putnici.
f BLND/ DEAF: Put ni c isludaovjdate se magj kretat gpinceulz e nj e

pomol druge osobe
T DPNA: Putnici s inteledletnja@lmnikmjiil izathaiy @j
1 MEDA: Putnici |l ija je pokretljivost ogt e
razl oga, a ovVldstgne edvstverogiosgbljat ov at i o]

1 STCR: Putnici koji se mogu transportirati samo na nosilima

T MAAS: Meetand Assist Ost al i putni ci koj i zahtijeva

Uz navedene definicije neki ayidjevoznici imaju dodatne kategorije, kao npr.
RyanAir | i je akategorizacija od 16 pojmova i definiranih kodova. navedeni kodovi

primjenjuju se u svim zemljamaosimSAD j er tamo ne postoji obveza
PRMputnici zahtijevaju odgovar ajnfoiminanjgkojé | agodbu
su dostupne i ostalim put ni ciluke@opisabesluwtablei koj e p

1 (European Commission, 2010)
Tablica 1. Usluge koje se prugaju PRM p

Vrsta usluge Opis usluge
Odlasci

Najava dolaska PRM Gotov o sve zralne luke i zral ne
ugovor za pruganj e usiauAka PRpM
proslijedi zahtjev za prugan
tvrtka duga je prenijeti t e
najmanje 36 sati prije objavljenog vremena leta.

Pohrana informacija o Pohrana informacija (vrijeme leta, broj leta, ime putnika, kateg¢

potrebama PRM invaliditeta) pohranjuje se putem SITA terminala. Informacije
koriste za ag uovornogaza upeavijanje sadacvr
davatelja usluga, automat ski:

Dolazak PRMa i Dodjeljivanje zadatka asistentu prema potrebama PRM.

dodjeljivanje asistenta

Preuzimanje PRMod strane Zadu geni asi stent purkada jeidogavorgn

asistenta njihova prisutnost te galje
aktivnostima.

Pomol -ukmaprijavui Putni ku se pomage u prol ask

sigurnosnu provjeru provjeru.
Pomol -ukmaMzlazni Nakon gto je |l et spreman za
terminal do ulaznih vrata.

PRMu se pomag Ukrcaj PRM prema stupnju o0¢g
zralnog mostazralnog most a.
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PRMu se pomag Ukrcaj PRM dkiozralgat einlfiemnekog
zral nog most adirektno do vrata aviona.

PRMu se pomag Zadugeni asistent pruga potr

na odgovarajunjegovog sjedigta.

zrakoplovu

Dolasci

Obavijest o dolasku PRM  Zr a | n a imh obkvigest p dolasku PR koji ima zahtjeve ze
posebnom pomol i pri i skrcaju
0 broju leta, datumu, imenu putnika te informaciju o zahtijeve
pomol i

Preuzi manj e F Kada zrakoplov sleti, raspoo § i Vv i asistenti

iskrcaju PRM-u i otpremaju ih prema izlaznim vratima.

PRMU se pomag PRMu se pomage kod prolaska
zrakopl ova dc preuzimanju prtliage. Ovisno o zahtjevima putnika, asistent ga

do odrelene tol ke dolaska i z\
Presjedanje i povezanost
Povezani letovi Ukoli ko postoji znal ajno | el
sljedeli |l et, putnik moge bi
ogranileno vrijeméaskamel ponha

prethodno opisanim oblicima.

Regulativa EC 1107/200propisalaje jeding veno tr gi gte wusluga pr

kategorijeput ni ka i donekle ujednalila postupke pri
EU. Def i nirane u s limplgneentiratiouy subtav inforeniranja PRM kroz
funkcional nosti aplikativnog rjedgenja temelije

4. ANALIZA IK TEHNOLOGI JA | KONCEPTA ZA INF ORMIRANJE
KORISNIKA

SuvremendK tehnologije (IoT i Cloud ComputindCC) konceptjuv el i ke utj el u

povaenij e informiranost.i korisni ka, Zbogeseopyhi sno o t
tehni | kih karakteristika i prednosti, l oT k¢
zatvorenim prostori ma. U svrhu toga, mogul i

Automatic Identification and Data Captyreehnologije kako je prikazano na slici 1.

\
o Funkcionalnosti

|
I,f' os podataka ‘] | za pruZanje :
Fog, - Davatelj usluge Veerr ereresssd : ERMuTazS |
_________ | Dodatne |
I | Il funkcionalnosti :
| ——
I
PR
lagodba sadrZ >
Fog, - Be: -a : | AR LR : ]\"[(.lblll’-a
| Prilagodba sadrzaja prema aplikacija
4 I prioritetu |
I e | S
v Baza korisni¢kih | Verifikacija -~
£ dpodatgkpd 2N & s T T |
Korisnik [ Asistent

|

s R |

Slika 1. Prijedlog arhitekture sustava informiranja baziran na loT konceptu
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Prijedlog arhitekture sustava informiranja

eleme t e arhitekture: mobi l ni ur el aj bedconza nj ec
odagiljale, AIDC t efFogGdmpugrgj ub a zCeC pockd autgeekng .e , Ko
ur el aj pomol u BLE tkkedconodagi | pakemunachneabhi s da
denti fikacijski kod koji se putem mobilne apl
bazu podataka za identifikacligacoom dagi | j al a na temelju koje se
korisniku o njegovo]j | okaci j itemk&mwmkacgskog i kont
sustava nalaze se wunutar cij eFogCanpulirkoje | uke.
i h obralLuje i prosljelLuje informacije u CC ok
senzori za detekciju topline, svjetlosti, blizine, lpel@osti i zvuka. Za usmjeravanje PRM
korisnika vagni Su senzor.i blizine i udal jeno
prosl j &dgCpmputimgmaa nj i hovu obradu te CC okrugenj
korisnika. Machine to HumarfiM2H) k o muni kaci ja obralLuj e podat ke
pogodne za korisnika na temelju kojih se pruc¢
dodatne funkcionalnosti. Asi stenti zadugeni
informacije o lokacijiPRMputnk a t e vr st zahtijevane pomol i

4.1. Internet of Things koncept

PremaGartnery ol ekuj e se kako e do 2020. godine
povezani (Garner,20L7h CilploT konceptaj e omogul i t isigurmaut onomno
povezivanjeterazmjenuno dat aka i zmelu urelaj aZrualsrn e alruinkoan
susrelu se sa tri kljulna zadatka: povelati zeé¢
te osigurati komercijalni i fingcijski uspjeh(Nokia, 2016)Pr e ma r ezul t ati ma do
istragivanj a, |l oT koncept moge isporuliti us

primjenom AIDC tehnologija (NFC, RFID, 2D i 3D kodovi), senzorskih tehnologija i sustava
za pohranu i obradu podataka CC.

4.2. Cloud Computing

CC koncept prema svojim modelima SaaS (eBgftware asa Servicg PaaS (engl.
Platform asa Servicg i laaS (englInfrastructure as a Serviggmamo gul no st i sporu
usluge stvarnovremenog informiranja dpstupnost24/7/365k oj a omogul uj e obr
pohranu podataka Popovi | & HomeamCE€&ii z 20d®HYya se aut omat
podataka i generiranje informacija prema kor
i sporuke wusluga, mogul €l pedkoTi &bjai ukbyul pja
modele: Saagngl.Sensing as a Servickoji osigurava pristugenzorskim podacima, SEaaS
(engl. Sensor Event as a Senjicpodrazumijeva slanje tekstualnih poruka potaknutih
dogalaji ma na s e rSensordsmaerviceSiguraeaafBavljargersenzorima
na daljinu, DBaaS (engDataBase as a Service s e odnosi na omogul avan
bazom podataka i DaaS (enDlata as a Servigeosigurava pristup bilo kojim prikupljenim
podacimaB u d u | i da je zralna | uka podvrbaziagnea kr et an |
l oT i CC konceptu prikuplja i obralLuje veli k¢
sigurnost istih. U s vr huFom@mpuénddhmologiin ci j e, mog
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4.3. Fog Computing

Fog Computingg mj egten je na kreaepnjiCO bhoogepumat e
njegove mo g u | maodtai kr oz ul i nkovi t iGlawna svreag-agr u k u i n
Computinga j e da sadr gaj [ podac.i k o jdestuppiev ar aj u
korisnicima(Luan et al., 2015Aazam & Huh, 2014 Fog Computingma funkcionalnost za
pri kupljanje podataka na odr ekbkuenkarqj imjprsasul jiel
informacije prema Kkori sni ¢ogr@ampings suabziaa Predn

prijenosa podataka korisnicima |ime se posti
smanj eni operativni t r ogk okog .Computngrarce g nsem o br ¢
| vorovima, a ne u CC okr ugemjjw nget o puetrjaetl|iev nniah k

Osim navedenog, smanjena je latencija u isporuci informacija.
4.4. Komunikacijske tehnologije povezivanja

Komuni kacija izmelu wurelaj a, objekat a, tj .
Machine to MachinédM2M) komunikaciju, dokM2 H komuni kaci ja pruga obr
njihovu pretvorbu u informacije prema potrebama korisnika.-FWii Bluetooth
komuni kacijske tehnologije su najragireniije t
prihvatlijivosti, podrag ktee nna §we | piABl dReseqmhj cej ue nwerr
predvila da | e do 2 ®lledoothug edian e (ERNéws, 2L trmi | i | a
BLEjed zajniran na nalin da wurelaj.i mogu ¢gto br
usluge u | oT konceptu. Zbog svojih tehnil kih
l okacije korisnika i objekata na wudalajg enosti
za korigtenje u zatvorenim prostori ma.

5. SMJERNICE | PREPORUKE ZA RAZVOJ IOT USLU GA ZA OSOBE S

INVALIDITETOM

Osobe S invaliditetom koriste pomol ne t e
svakodnevne aktivnost:i na ¢t o njoedden cas tpaovmmai [jnii hr
tehnologija, a to stHluman Activity Assistive Technolo@yAAT) i Comprehensive Assistive
Technology(CAT) (Cook & Polgar,2008) Model i se sastoje od | eti
korisnik, kontekst, aRtemaombdel pmamopomotrhho
nal elima univerzalnog dizajna, potrebno je di

Da bi uslugaistupalrahaj pbot oelpro j e sl ijedi
dizajna( P earetialg2012 Per ak ov i).iPotrebno jeanlapomeni2i Rakodnije uvijek
mogul e i spuni ti svih 7 nal el a z Nepristrana mo g ob
mogulnost pekdragumnjava da je uslugal/urelaj d
koristiti sve osobe neovisno o vrsti ogtelenja.

jednaka za sve skupine korisnika. Sve funkcionalnosti MU moraju biti dostupne korisnicima
s ogtel enj enklieksizb iol§roadotg nkl carviialctikeorajiaba odaber u

na Kkoj i gele koristiti us | u g tolchscreetizasjon, Budul i
razvijena je pristupalnost koja osigurava o0so0l
koj i se pri kalziutjaev an as eZ apso poenbuli oigg t & gal je povi
informacija.Jednostavna i intuitivna upotrepao d r azumi j eva da korisni ci
odabrat. jezik na kojem gele koristiti usl ug!
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sadr gaj a i funidailgn alenoaosntfiorumraecligjea.odnose se

| itljivosti vagnih informacija. Tol eranciija r
svedu na minimum kako se ne bi ugrozila sigur
na smanjen broj ponavjjau | i h aktivnosti . Mj er e [ prost
podrazumi jevaju mogul nost korigtenja wurelajal
nalPmi.stupal nost aplikacije i MU vagna je za
vr st i o glesihvalidifetam imajusazne zahtjeve prilikom upravljanjaMBer i ga et

al., 2012) PremdDC Quarterly Mobile Phone Trackenajpopularniji operativni sustavi (OS)

suAndroid, iOSi Windows PhonePrethalnik navedenim OS bi@ Symbiarkoji je osobama

s ogtelienjem vida p(rRuegraiog ap reiSsakiantbnayedefild ASA)d r § a j

pruga slilne funkcionalnosti pristupalnosti,
nasvakonDS i korigtene tehnologije.
Tablica 2. Korigtene tehnologije i mogulinost p
MU Nokia 808 Samsung Galaxy S7 iPhone 6S Nokia Lumia
PureView 925
oS Symbian Android i0S Windows
Phone
Senzorske Akcelerometar Ak cel eromet Lital ot Akcelerometar,
tehnologije  senzor bzine, digitalni kompas, senzor prstiju, kompas,
kompas svjetlosti, senzor blizine, barometar,®sni gi r os k o
senzor gravitacije, senzc g i r o s k o p senzor blizine,
vektora rotacije, akcelerometar, = magnetometar
barometar, fotometar, senzor blizine, senzor
termometar, senzor svjetlosti, svjetlosti
orijentacijski senzor, digitalni kompas,
magnet omet a magnetometar,
kor aka, | i t zaslon osjetljiv
prstiju, senzor dducaja  na pritisak,
srca, SpO2 brojal k
Tehnologije  Bluetooth, Bluetooth, NFCWi-Fi, Bluetooth, NFC, Bluetooth,
povezivanja NFC, WiFi, GPS, USB Wi-Fi, GPS, USB NFC,Wi-Fi,
Radio, GPS, Radio, GPS,
USB USB
Pristu Da Da Da Da
Smjernice dizajniranja usluge podijellee s u u 4 kategorije: korist
tehnol ogija pohrane i obrade podataka te teh
urelaja odnosi se na OS, senzorske tehnologi ]
funkcionalnosti.U r eilbazirani naAndroid OSu odnosu na IO®Si maj u vi ge ugr al
senzor a. l z tog razloga, k cAndrosl @Sul Gsim toga;, e L a j tr
pristupalni su za korigtenje jer prugaju pers
vida , sluha te za osobe koje imaju pWzobl ema s
pretpostavku da postoji odgovarajula infrast
korisnicima, predlage se koncept SaaSeusluge |
pruga gotovu aplikaciju PRM korisnicima, zral
rad.Pr eporuka je da aplikacija sadrgi funkci ona
univerzalna wusluga informiranja p&aentmme zr al ne
podrulje Za pri kupl janj e, Fog pCorhputagraogigurdava o br adu

stvarnovremeno informiranje korisnika te informiranje korisnika ovisno o lokaciji na kojoj se
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nalazi. Bluetooth, Wi-F i [ NFC tehnol ogij e p telendlidgige § u se z
povezivanja.

6. ZAKLJ UL AK

Osobe s invaliditetork 0 j e se krelu wunutar zralne |l uke
informiranja nailaze na probleme u pristupal
univerzalne usluge informiranja korisnika, délado smanjenja njihove pokretljivosti.
Dizajniranjem usluge informiranja prema prep:«

dostupnost usluge 24/7/365. Navedenu dostupnost osigurava I0T koncept te svi elementi
predlogene ar Dosakbgmeigaawamgavana zakl juleno |
sustavi za i nformiranje i usmjeravanje PRM ko
isporuku informacija. 1z navedenog razloga, smjernice i preporuke usmjerene su na prijedlog
koncepta za davatelje uslugezbar a n na SaaS mod®Peled| €&e nookr u ¢

arhitekturom sustava mogule je povezat. PRM
osigurat. stvarnovremeno informiranje o | oka:t
i nformiranje mogusbbeu intemkecijp swhediorika isustava & time i
pokretljivost [ zadovoljstvo PRM korisnika.
sustava za informiranje u I oT okrugenju ol ekuj
kvalitete kglijvuoltean oistvediiaoni ka sustava.
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Apstrakt Il strademvanjekbvanje kranhsporbhntaht
smatrati neophodrposebnm & § omaniwagijmakoje sujimplementirale
SMS/IMS i kod kojihh e uol eno odaelpeorst dj sbal ans i
upravljanja performansama i indikatorkoji se odnose pre svega na ekonomskd r ¢ i
poslovanja.Po | az el i od t e spoznaj e sprovedede
pretpostavka da se identifi kdosazjpamj kr io
(sugtinskim) problemima transportnih or¢
umanje efekte implementiranih SMS/ IN®&todologija, zasnovana raceni eksperata koji rads
u transportnim organizacijamaje pokazah da su ambijent u kome posluje transport
organizacija i strul an i 0 b u| epeha Krandparmifr
organizacija

KI j ul neodrrigjievioist mdokdija ekspariska pcena, gransport

Abstract Research and identification of critical success factors of a transport organizatiol
be considered necessary activity, which is especially important in organizations that implet
SMS /IMS and wherinere was a certain imbalance between the achieved level of perforn
management and indicators that relate primarily to economic business sustainability. S
from this knowledge, research was carried out with the aim of proving that the ideiutificét
critical success factors leads to the knowledge of the specific (essential) problems of tr
organizations which may prevent implementation or reduce the effects of implemented SM
Methodology, based on the expert assessment, workingnisport organizations, showed th
the ambience in which operates the transport organization and skilled and trained persa
the dominant critical factors for the success of transport organizations.

Key words:business sustainability, methodologypert assessmertansport

1. UVOD

Posl ovanje transportnih organizacija u sve
sukoba interesa. Jureli za profitom one iscr
*Originalni naulni rad
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zaposl eni h i naravno, veli ke kol il iimea ener gi j

sve sa ciljem unaprelenja i postizanja §gto bo
Gl avni posl ovni i zazovi transportnih or ga
povel anje profita, nedostatak kapital a, moti v
nti bilo koji drugi problem sa kojim su se su
periodu i mplementiraju savremene koncepte wup
transpor tMeolguttirmngi gbhteaz. obz| mk ha wetkaisgodren o uspeg
organi zacije imaju problem odr ¢givweo stisigep 9 2ll av a |
da interesi organi zacije nemaju Vvigeompriorite
gi votne sredine (Colbert i Kurucz, 2007).
Zarazlku odt r ansportnih organi zacija koje vige
evropskom (svetskom) trgigtu transportnih us
probl ema s a: l'i kvidnogl u, zastarelim voznim
nezadovoljnimkorismi i ma usl uga, ¢gto znalajno povelava ri
poslovanjg e k onoms ku, drugtvenu odrgivost i odrgivo
Vel i ki br oj faktor a uti | e na odr gi vost p
mogul nost da duigano mivilmesvoje pdoslay@evparformanse. Stvaranje
odr givog bal ansa-fiizmamhsi jeskkoonho msktooer esa organ
ekologkog interesa njenog okrugenj a, danas | €
mogule reali mematsthedapdi zovani h menadgment

zahtevima | SO standaQ@wia zalhotmeowii I[su aggt, e 2p0rli3nhv.
svetu, sveobuhvatni i primenjivi na sve organizacije, nezavisno od delatnosti koju organizacije
vreg dr gave u koj o] pos| ujfHeleta2000r oj a radni ka ko

Danaspostojiveliki brojradovan ast al i h kao p &gilpavdijuda i str ag
praksaprimene SMS imgozitivan uticaj na poslovneperformanseé razvoj organizacije
Razlikaizmel’u organizacijekoje poslujunatradicionalamd in i organizacijd ije poslovanje
je zasnovanma primeni SMS, integrisanihu jedanmenadmentsistem (IMS)je sveve a, a

nastalge kaoposledicasavremnogd inaposlovanjgMa gi |, 2001) .

Uticaji IMS na funkcionisanjeorganizacijamogu kategorisatiu nekoliko oblasti U
uopgtenom smislu mogu se kategorisati kao ope
girem smisl u praimeeza poslgdicui opetativpea regulddie, finansijske,
mar keti ngke i ostwarl ®t koogdrsdiivoetzia (Rmo klbovsarej a ¢
Al eksi)iPol2a0z0e9 i od neosporne |injenice da pri:
razlilite aspekte opmsolsovmmg ma op @tarnd alcii ma/ k(or
posvelenost uis pte haodoksokveia A nj at odnos pr ema zZa

upravljanja organizacijom itd.) ne moge se iz
onemogul avaju il:i minimiziraju efekte pri men:t
spoznaje sprovedenojest r agi vanje u transportnim organiz

putni ka u drumskom i geleznilkom saobralaju,
identifikovanjem kritilnih faktora uspeha dol
problemimat ansportni h organizacij a, koji mogu da

efekte implemenmtanih SMS/ IMS.
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2. METODOLOGIJAZAOCEN U KRI TI LNI' H B3PEHAORA
TRANSPORTNIH ORGANIZ ACIJA

Kritilni faktori uspie®SFdsOrisd issiesmanmBaicc ets ss

|l judskog del ovanj a, pol evdi od sport a, umetno
koncept zashovan na el ementima koji Su nugno
organizacija postigli svoju misij(VeenDirksi Wijn,200d.Koncept kr i ti | ni h fak
pr vi j e osmislio Ronald D. Dani el , objavivgi
(HBR) . Melutim, ¢gira primena ovog koncepta se

F. Rockart primenio na MIT Sloan School ofieggementa CSF6s j e definisao
kl julnih oblast:i u okviru k¢Ropckant, 1378 akti vnost.

Postoji nekoli ko kategorelzackogijai rhka ijte | majpc
kategorizacija kojekao kriterijum uzinm podrul j e i mpl ementacije, k
strda egi j a, gi votna sredi na kao kateripgmnmezima kpaska i kat e
di menziju i za kritilne faktore wu=sppzéNvam or gani
bilans poslovanja, |t prihoda i ostvarena dobit, povel a
povelanje zadovol jstva kupaca/ korisnika us |
intelektual ni kapital, strategki odnosi , priv
o d r ¢ poslavanjgBlacki Porter, 1995

Za upravljanje performansama organizaciije
kritilnih faktora uspeha, kako bi se na pravi
organizacija koje su implementirale SM8msno IMS i kod kojih postoji odtee disbalans
i zmelLu dostignutog nivoa wupravljanja perform
poslovanjaMet odol ogi ja za ocenu kritilnih faktora
izboru transportnih organizacikeoj e su predmet istragdgivanja a z
e se dolii do potvrde uspostavljene hipoteze
dol azi se do saznanja o specifilnim (sugtinsk
mogudaoe mogul e i mplementaciju ild:9i umanje efekte

2.1.Predmeti stragi vanj a

| maj ul i u vidu kompl eksnost [ sl ogenost
organi zacija, definisanje kategori jiendranspor
zasnovano je na odrelLenom broju kriterijuma,
organizacije su veliki sistemi, u geleznil|l kom

jeodj avnog iz malgejlg no |j e da s v dnpkemeotacijeSMSAi h | ma r
IMS.

|l stragivanju se, na osnovu nlaevteidrein i thr akmrsi ptcer
organizacije, navedene u tabeli 1, sa podacima o dostignutom nivou implementacije
SMS/IMS.

Gel ezni (anasSmimivgz a.d3u n a j avi gedlina organizacija za gradski,
prigradski, regionalni [ melunarodni g¢geleznil
jedan SMS.
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TabelalNi vo i mpementacije SMS/I MS u organizacij ama

R.br. Transportna organizga Broj SMS Nal i n iimplgneethdijen BMS
1. grrgi?glzacuaA Gelezni 0 Nema implementiranih SMS

Organizacija B- Gradsko Poj edi @QMS|lurk@8.god,

2. saobralajno pr 2 EMS u 2011.god.

3, OrganizacjaG Saobr al 2 Istovremeno QMS | EMS 2010.god
preduzel e Laste

4 OrganizacijaD Ged z ni | 4 Istovremeno QMS, EMS, OHSAS i

prevoz Crne Gore ISMS u 2015.god.

QMSTMenadgment si sBM8+Meknvaadlginteentta;si stem ¢gi votne sredine;
OHSAS - Me n a d § mtem zdraujd isbezbednosti zaposlenih: ISMMe nad g me nt sistem bezbe
informacija

Kao pandan njgjza pr ed me't i igabranajgiiyehjeani | ka transp
organizacija u Crnoj Gori, koja se bavi prevozom putnika i smatra se velikom organizacijom
s obzirom na broj zaposlenih u odnosu na br o
pokriva, sa 4 SMS, koje je istovremeno implementirala.

Organizacije, Gradsko saobralajno preduzele
kao dve najvel ®r wirjgianda& agrigdeski, prigradski, r
prevoz putni ka, i maj u i mpl emetirana 12 SMS,

pojedinalno (QMS u 2008. god, EMS u 2011.god.)

2.2. Ekspertska o@nakritil ni h f aktora wuspeha

Met ode ekspertskih ocena se | esto koriste
razvoja i pripr emi znalajnih strategkih odl ul
situacijama kada je potr ebndnosmalproeetd primeneni vo t €
novi h tehnologija, alata wupravljanja il:@i me n a

Sugtina metode je wu formiraju, odadsioj ul aka
strulunjakraeleni m obl asti ma, gde je u prvom pl
postay ena pitanj a. MelLut i m, iza intuicije stoji

neprocenjivo u situacijama kada kvantitativni podaci nisu dostupmisili adekvatni (Mair i
dr., 2009.

Zapotrebe ekspertske ocenaertnitkarganizacijsautorh f akt or
su,i z M sedekcip eksper at a/ st susigumjdazcai geag kdij@nj e i sku

odl i | nvanjepistenaru &ome rade, posedujs posobnost wuol avanja pro
il nosti koj e kaobgktiinastkiagpe i nanprtii vt Mevezaregta viaj u
Zza unaprelenje poslovanja organizacije u kojo

| maj ul i u vidu da broj kritilnih faktora us
8, pa | ak i do 24 f ajkhdvaramlizdmBhogek sie Pavest| @
dani hova klasifikacija wugl avnom niadelateosgtie kao p
i zabrane ©poslovne strategije, zahteva koje n
okrugenju il.i pot r e breauruar omangaxiedi zaci oni m pr ome

| maj ul i u vidu 0 s o-ékenonaskoy porethay &utpri rdda WYt v e n o
ekspertima/strulnjacima u svakoj organi zaciji
kritil nih f aknteou tam smislyp eastplien liketuri, ali po njihovom
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mi gl j enj u, eancamionda ngtinvoo utoisll ovanj a organi zaciije
organi zaciij a, 2) Depolitizacija manadgemnt a,
melLul judski odnosi [ 5) Nagralivanje.
Sviekspet i / strul njaci, koji su pozvani da ul es
faktore uspeha u svojoj organizaciji na osnovl
2.
Tabela 2 I|Istragival ko pitanje ijeezano za kriti
Pitanje Kr i til ni faktori wuspeha organizaciije:
1 Ambijent u kane posluje organizacija
2 Depolitizacija manadgemnt a Odgovore
3 Strul an i obul en kadar porelat
4 Timski rad i meluljudski odnosvVagnost
5 Nagralivanj e

Ukupan broj ispitanikaiznosi N=132 ( N\=68; Ns=25; Nc=21; Nb=18; ) najvige
ispitanikaima radni staj preko 20 goding (N=59, 45%),zat i m od 5 do 15 godi
32, 0%) , a od 16 do 20 godina (N=39, 23, 0%) .

Za i spitani ke koj i su u!estvovekliniu/oankei
kompetencije, |jer 68% od ukupnog broja ispit
72% od ukupnog broja ispitanih radi u sektori
transporta, strategiiju i raavbobjdovghpniemcdplka
i spitanici pripadaju kategorij.i eksperatal st
kompetenciji dhRcooceineakjval st etefmanu kome rade
mogu smatrat.i kritilnnifmeza posl ovni uspeh org

3. REZULTATIIDISKUSIJ A° SPROVEDENOGIVANSAT RA G

Osnovni motiv za realizaciju istragivanja
transportnih organizacija predstavljala je spoznajaidai implementacije SM3S nisu u
proporciji sa ostvarenim fimeijskim rezultatima poslovanja, koje iskazuju posmatrane
transportne organizacije. lako se do skoro smatralo da transportne organizacije, posebno one
koje posluju kao javna prepdazetdgji gnemapui nbarp
moge se izafnienmeanrsiitj s ki aspekt nji hovog posl ova
predstavlja odnos ukupno ostvarenog prihoda i rashoda transportne organikaeiieijent
dobitka/gubitka prikazan narafikoru 1.

Koeficijent dobitka/gubitka, u posmatranom ipeilu 20112014, je kod transportnih

organizacija A | D, koje se bave prevozom pu
znalajno veli od organizacija B i C koje koj
saobralaju. Organi zacitj agubiitrkea/ podii t kaan gkoe
posluje pozitivno, odnosno iskazuje dobit u svom poslovanju, za razliku od organizacija A, B

i C. Razlozi za to svakako postoj&kompleksnog su karakterp r i |l emu prioritet

zauzima pitanje koje se odnosikna i tfaktbrauspeha poslovanja transpoh organizacija,

zbog |l ega je i izvrgena ekspertska oceana u ¢c
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——ORGANIZACUAA| -6 68 28 43
~8-O0RGANIZACUAB|  -14 -16 -10 30
~+—ORGANIZACUAC| 11 7 9 13
—=0RGANIZACUAD|  -111 46 47 25

Grafikon 1. Koeficijent dobitka/gubitka transportnih organizacija A,B,C i D
Kritilni f aktaoiaA, B,Cs [P m@mikazani Qurgfikonin2a3,4i5

U Organizaci]j.i A, 40% i spitanika misl:i da
uspeha, nakon | ega sl edi depolitizacija menad
odnosi, pa tek onda ambijankome posluje organia c i j a i na kraju nagrali

Dobijeni rezul tati mogu se tumaliti na vi g
bude dominantan faktor odr givosti posl ovanj a
dominacije ovog faktoraadg| o kao posledica |injenice da se
kadar i menadgment organizacij a Ipopardjskej menovan
pripadnosti.

Organizacija A - Zeleznice Srbije

O Ambijent u kome posluje organizacija ODepolitizacija manadZemnta
O Strucan i obucen kadar @ Timski rad i meduljudski odnosi
E Nagradivanje

Rangl Rang2 Rang3 Rang4 Rang5s
Grafikon2. Kr i ti |l ni faktorA uspeha Organizaci|
U tom smislu se profesionaliza@ijobuka kadrova, kab depol i ti zacija mer
moge smatrati uslovom odrigogiolsamn pakl jovlaak ak ©j
i zvesti na osnovu rezultata ankete je i neos
negati vnomnamikaldu owtsiklue st rukturu organi zaci | e
rukovodela mesta dolaze kadrovi sa nedovol jno
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rukovodee Danas se tom temom uglavom bave predstav

aktuelnihppj ekata koji se realizuju u vige zemalja
definisale koncept dobrog wupravljanja donogen
UN-a za | judska prava, kojom se i detosu fi kuju
transparentnost, odgovornost, ulegle kao odgo\
usluga.UvolLenje profesionalnog kadra u posao, pr
direktno da utile na depol ikkawiacpijtua mjeinma §knemn
kontinuitet posl ovanj a, upravljanje rizicima,
odbora i menaddmenta usled | ega privlali.i pag
Organizacija A zahteva hithe reforme koje nisu formalg karaktera vel or
sistemski pristup wuspostavljanju odrgivog pos:¢
odrgivog poslovanj a, 2) sistema wupravlijanja
menadgment sistema.

Kod Organizacije B 36% ispitéka misli da je ambijent u kome posluje organizacija
kritilan faktor wuspeha, nakon | ega sl edi depo
obul en kadar i ti mski rapla it ene Lrud j kurdasjku rmaqirossl

Organizacija B - GSP Beograd
OAmbijent u kome posluje organizacija ODepolitizacija manadzemnta
OStrucan i obuéen kadar OTimski rad i meduljudski odnosi
ENagradivanje
Rangl Rang2 Rang3 Rang4 Rang4
Grafikon3.Krit i | ni  f aktori uspeha Organizaciije

Kao i kod Organizacije A depolitizacija ni|j
uspeha koji moge da se protumal i [ kao pos| ¢
Poslovni ambijent predstavlja kombinacighr u gt veni h, pravni h, ekono
politilkih faktora koji utilu na razlilite al
o dr ¢ (Paroell, 2013 Svaka promena poslovnog ambijent a
util e na m@muzdadwarnjoer ndr ambi jent visoko ekonoms
zemal ja se znalajno razlikuje od zesmal j a sa
vVisokom stopom nezaposlenosti, znalajnim rast
posebnokodpgoedi ni h drugtveni h grupa. Razli ka je pr
dinami | nom i sl ogenom okr uge n(Baugata, 200hZaenzi vno
razl i ki od Organizacije A, Organi zacija B je
koj i ma se susrele, ugl a,ad iprboecze so |ienkp |veanme nht apcri g
vezani h za ekonomskeuOngani zacit] aoBliovaaljae po:
gubicima, gto bi trebalo da bude predmet dal j

Ispitanici Orgaizacije G njih 38% smatra da je ambijent u kome posluje organizacija
kritilan faktor uspeha, zatim sa 19% sl edi st
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depolitizaciji menadgment a, timskom radu i me
prikazano nagrafikonu 4 U odnosu na posmatrane Organizacije A i B, Organizacija C od
uvolLenja SMS/ I MS ima pozitivan bilans poslo
odnosu na prvu godinu uv&Ktienj d aBMPhkoliseopouebpat
odnosi na uticaj poslovnog ambijenta performanse organizacije,deminantarkaoi kod

Organi zawikjaeupPegtla je to i pak poblgvankuspehvan | i n
organi zacije. U svakoj drgavi rakenj@abziumapma L
poslovnog ambijenta je kompleksan i dugotrajan proces na kome, stimulativnim i podsticajnim

mer ama i odlukama zakonodavne prirode, treba
vlasnika, akcionara i zaposlenih.

Organizacija C - SP Lasta

O Ambijent u kome posluje organizacija ODepolitizacija manadzemnta
O Strucan i obucen kadar OTimski rad i meduljudski odnosi
ENagradivanje

Grafikon4.Krit i | ni faktori Qspeha Organizacij e

Za Organizaciju D, sa 4 implementirana SMS
komepok uj e organi zacii joab uslae n3 3k%, d asetdrsual a8 ul j b d Mk
odnosi sa 22%.

Organizacija D - Zeljezni¢ki prijevoz Crne Gore

OAmbijent u kome posluje organizacija ODepolitizacija manadzmenta
OStrucan i obucen kadar B Timski rad i meduljudski odnosi
ONagradivanje
28
39
11 11
11 17 28
= 22 22 28
Rang 1 Rang 2 Rang 3 Rang 4 Rang 5

Grafikon5.  Kr i t i |speha OfgankzacieDi u
UvolLenj mMMSSMS® | i gl edno je da se smanjuje pr

ako i postoji uti caj u domenu izbora menadgme
uspostavljen sistem upravljanja performansama, jer je odatdizovan, stavijen u funkciju

uspeha organizacije. Poredvedenal va kr i ti |l na faktora uspegnost.i
organi zaciija i strul an ,ik aob wlnd@advajeksea thfaktor) u Org
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uspegnost.i koji isemeldmlojsu dunlag t pdnsdee r adj e net
je praksa pokazala da se organizacije na prvom koraku implementacije SMS/odnosno IMS

susrelu sa problemom timskog rada. Za uspegno
naline rada hosmbvaza bdgowwoee ti ma, gt o podr a:
odnose i zmelL {(Avely,|2@0h; dlagmnn, 1994n dJkoliko se rezultati uporede sa

Organizacijom A, koja je isto kao i Organizaci
nijedan SMS ngor v i pogled moge delovati da nema zn

smanjivanja Koeficijenta dobitka/gubitka (grafikon 1) ima tendenciju opadagja o
nedovosmisleno govori o kontinuiranom ozdravljenju finansijskog poslovanja sistema a

potvrLujeda | pnpeehneu kod velikih sistema kao
reali zovat. u kratkom vremenskom roku, bez ob
Konalna rekapitulacija istragivanja, koj a

faktor a u s pae §un eksperii ,dali Rang ilmu posmatranim transportnim
organizacijama, prikazameagrafikornu 6.

30
21
Ambijent u Depolitizacija Strucan i Timski rad i Nagradivanje
kome posluyje = manadZemnta obuden kadar meduljudski
organizacija odnosi
Grafikon 6. Proselna dominacija kritilnih ffak
Kao gto se jasno Vvidstr3Wl%n sipidalawn|i&km kadai
faktor Kkoj.i util e na po,alsa2d¥easledi Aanbijent akomep or t ni h
posl uje organizacija. De p arestus®lfaazati;ndimskie na d g me
rad i me L u |l j 6%d salposlednjdrmmoestda gsraa Lli 8%a nj e s a
4. ZAKLJUL AK
ldentifi kovanjem kritilnih faktora uspeha d:¢
problemima transportnih organizacij a, koj i mo
efekte implementacije SMS/odnosno IMSs t r a § iokaaalbjseedajue spr ul an i obt
kadari ambijent u kome pdgje transportna organizaciho mi nant ni kritil ni f e
transportnih organi zacij a, posl e kojih sl ede
melLul judski odnosi , pa t ehkDobijeni rdzultatijse mogua gr a Li v
smatrat.i dragocenim i na neki nalin motivi gl

nedvosmisleno pokazala da put ka uinpeekor e Lenj u
ti mskog rada zapos!l eni hMoig ed osber ishmamerlaulij u dzsnkeinha
kritilan faktor uspeha koji se odnosi na nag
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vagnosti. To sigurno ne znali da su zaposl eni
jer je prosek zdalekaidpad prosekaa gagvijenin zemlmavsl neki

nalin to se moge tumal i t.i i stanjem koje je d
visoku stopnezaposl enosti. Zaposl eni oligledno po
imaju, ali se pri tone otvara pitanje njihove motivisanosti za taj posao i uticaja takve

motivisanost.i na odr gisosagpoahpeahkjatiorgahif
ukazuje da wulogu u procesu wuspostavsleg anja u:
zainters ov ane strane, pri | emu se posebno I stil
odgovarajulim zakons m i pravnim okvirom usp
transportne organi za i maju gansu da poslu

ri
K i
cije

tomeint er ese korisnika transportne usl uegw@a. Pored
(idera))od koga se ol ekuje da proaktivnim ponagan
dostignul a, koja su danas svima kojhnhto gel e
organizacija, sa fokusom na zadovoljenje potreba korisnika usRrgalematika koja je

i z| o ¢ e rukezujenapoataanjeozbilinin problera s a ko i maanspertnils uo| av aj
organizack u svom poslovanju, a zhog@stovaj é snogdém
zadubljai kompleksnija istragivanj a.
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Apstrakt: Prevoznici i pogiljaoci, & he sa visakon
potencijalnom opasnogl u, moraju usvojit
obavezna preventivna mera u transportu
posebno kod transporta radioaktivnih materija. Svaki bezbexim i pl an mor

el emente predvilene Evropskim sporazumo
robe -womADR

Prevozni k, pogiljalac i pri malac treba d
razmene informacija koje se odegos na ugrogavanje bezbedno
bezbednosni h mera i reakcija na dogalaj
ovi h planova od velikog znalaja za bezbe

Kl j ul nieezbedndsip | an, zagtita givotne sredine
robe

Abstrad: Carriers and senders as well as other participants in the transport of dangerous
with high potential danger must adopt, implement and apply safety plans. Bhimdsdatory
preventive measure in the transport of dangerous goods with high potential danger, esf
for the transport of radioactive materials with high potential danger. Each security plan
have certain elements foreseen by the European Agréecwmmcerning the Internationa
Carriage of Dangerous Goods by RoadDR.

The carrier, the sender and the recipient should cooperate with each other and with con
authorities as well, in order to exchange information related to the threat to stfetigke
appropriate safety measures and to respond to security related events. The proper deve
of these plans is of great importance for the safety of people as well as for the environme

Key words: safety plan, environmental protection, safefyparticipants in the transport o
dangerous goods

1. UvOD

Opasne materije su one materije koje svojim svojstvima ili hemijskim reakcijama mogu
ugroziti givot i zdravl je | ] @Sdemacidy20i@Ba nu

*Pregledni rad
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aspekta znalaja za zagtitu ¢givot nWjedsjenndi ne, | j
Nacija, donegeni su propisi viam via@doyp mEctjesapds ad @
doprinelo urelLenosti Uu OoOVOj obl asti kada | e
dugnoswviomai gkmae pogiljaoca, pr i neospoagopasnear ugi h

robe u or gani ztaeh roolomgupedstadarstalhulogasnost za sve koji

na posredan il neposredan nal(Kr sdtoillazie M| &loa
2007) Zbog mo g u heigativnih delovanjaopasnih materija, njihov transport mora biti

organi zovan po oako ® liz&k od nezggoa baovrinimalangrosko da

posledice akcidenatau d u s vedene n anem(agnackownidru203Ro g u i u

Svi u lu angporta opasnog tereta, u zavisnosti od svojih odgost, moraju
vodi ti zahteVimabhezbednmostiJedan od tih zahteva je i bezbednosni plan koji je
definisan je Evropskim sporazumom o drumskom transportu opasnogitek&®-om. U
ovom sl ul aju, podpopajamaumeb af e dsreo smersee pr edo s
moraju preduzet iailidapotreba opasnogteratae Koji bi megaé da agtozi
l i ca, i movi nu (hitpt/Aivwwaiiot\gavrsiB07.201%&)d i n u

PredvilLeno je da prevoznici i pogsporty aoci , Kk
tereta s a vi sokom potencijalnom opasnoglu r
bezbednosne pl anove. Obaveza izrade [ Ssprov

transportu opasnog tereta sa visokom potenci|j
Zakon o transportu opasnerabeéS | u g b eni gl asni k Republike Srbi,]

Tereti sa visokom potencijalnom opasnogiu
zl oupotrebe u teroristilke svrhe i koj i mo g u
masovni gubicgi vot a | j udi i rdzaranja GADR, RO4a5Bezkednosmimakk a
opasnost od izazivanja pogar a, eksplozije, k
punjenja, prevoza, prijema i istakanja opasnih materija (Sremac i dr, 2016). Iz tdpargzlo
jako vagno da bezbednosni pl an bude dobar.
bezbednosnog savetnika koji ga definige i u s
kako zbog svoje tako i zbog bezbednosti ostal

2. OPASAN TERET SA VISOKOM POTENCIJALNOM OPASNOGL U

Spisak opasnog tereta za visokom potencij al
ukoliko ih ima, dat je u tabeli 1. U koloni 1 su prikazane klase opasnih materija gde su: klasa
1 - eksplozivne materije i predeti sa eksplozivnim materijama, klasd 2asovi, klasa 3
zapaljive tel neekmapleazijvwne kllvarssat e4 . mMat eri j e um
4.2 - samozapaljive materije, klasa 4.8aterije koje u dodiru sa vodom razvijaju zapaljive
gasoveklasa 5.1-ok si di raj ul e matrovaer maferge, klakal 62zai@zned . 1

materije, klasa 7 radioaktivne materijeiklasa-thagr i zaj ul e materi j e. Mo ¢
su pojedine klase opasni h mat erpoferijalnomk | j ul en
opasnogl u. Tako na pri mer kod kl ase 3, u mat
spadaju zapaljive telnosti ambalagne grupe |

grupe |1 1. Ambal agne gr up @je posedijuwelie bpashesii e z n al
pakuju se u ambalagnu grupu I, materije sredr
srednje opasnosti u ambal agnu grupu |1 1. Sada
potencijalnom opasneorgiljue iklluazsee e3 opmalsalea gmaed gr
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situacija i kod nekih drugih klasa opasnih materija, gde se u spisku tereta navode samo materije
ambal agne grupe |, kao gto je slul aj kod podk

Tabela 1 Spisak tereta sa visokom poten j al n o m (ADR, 2% o gl u

Kol ilina
Klasa Podklasa Materija ili predmet Cisterna rasuti - komad za
(litar) teret  otpremu
(kg) (kg)
1.1 eksplozivi @ @ 0
1 1.2  eksplozivi @ @ 0
1.3  eksplozivi grupe kompatibilnos@ @ @ 0
1.5 eksplozivi 0 @ 0
zapal‘jivi gasovi ( kI 3000 @ ®)
sadrge sERmo sl ovo
2 otrovni gasovi (kl as
sadr ¢g g, TB TQ V& TFGl TOC) sa 0 @ 0
izuzetkom pakovanja gasa pod pritiskom
3 zapaljivet el nosti ambal ag 3000 @ ®)
desenzitivisani eksplozivi @) @ 0
4.1 desenzitivisani eksplozivi @ @ 0
4.2 materije ambal agne ¢ 3000 @ ®)
4.3 materije ambal agne ¢ 3000 @ ®)
oksi dir ajaunhbea Itaed nneo sgt 3000 @ (®)
5.1 per__l h.orat i, amonijun 3000 3000 ®)
amonijumnitrata
6.1 otrovne materije amt O @ 0
6.2 zarazne materije kategorife(UN -brojevi @ 0 0
) 28141 2900)
3000 A (u posebnom obliku) il
7 radioaktivnhe materg 3000 A u komadima za otprerr
tipaB(U)-, B(M)-ili C-
8 nagrizajule materi | e 3000 @ ()
@ne primenjuje se )
®u zavisnosti od kaanaterifeisanvisokomepotenaijglireom ppmsplpu s i
Vrednost navedenalu e t \koldnidapele 1 koja se odnosi na cistemna ¢ i samo ako

je dozvolgn transport u cisternama prema koloni 10 ili 12 tabelgoglavija 3.2ADR-a
(https://mwww.unece.org/. 17.07.20L7Za materije koje nisu dozvoljene zaarisport u
cisternama, podatak u ovoj koloni se ne primenjuje.

Vrednost ul e t vkoldnikgja se odnosi na rasuti teneta ¢ i samo ako je do
transport u rasutom stanju prema koloni 10 ili 17 tabefgoglavija 3.2ADR-a . Podataku
ovoj koloni se ng@rimenjuje a materije koje nisu dozvoljene za transpatisutom stanju .

Sl edel i korak je wutvrditi da | i kolilina d
Da bi se utvrdilo da li opasan teret ima visoku potencijalnu opasnost, prvo se mora poznava
nalin otpreme robe: da I|i je to otprema mater
je rel o komadu za otpremu.

Na primer eksplozivi koji se uglavnom otpremaju kao komadni teret (osim podklase
1.5) imaju granicuoQ zwzZbogpkev jod.enacp tad npo Dmpats
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slulaju transporta bilo koje koliline opasn:
bezbednosnog plana.

Sl edel i primer su zapaljive telne materiije
otpremajucistemma. |z tabele se vidi da je granil|lna v
ove, neophodna je izrada bezbednosnog plana.

Za opasnu robu klase 7, radi oakti vsue mater.
one sa aktivnogl u i sredoost za ttansposrieezbedmostaod 3.0 ani | ne
A2 po komadu

3. IZRADA BEZBEDNOSNOG PLANA

Kad se wutvrdi da opasan teret prel azi gran
visokom potencijalnom opasnogiu, priajgupa se
na sl ici 1 po koracima predstavljen i nakon t
takvog planalfttps://www.unece.org/. 17.07.20L7.

‘ odrelivanje posebni h odgovor nost . iz oFIasti bezbec

osobama

| spisak opasne robe ili vrsta predmetne opasne robe ‘

AV
| pregled primenjenih postupaka i procena bezbednosnih rizika ‘
AV
| jasan pregled mera koje se moraju preduzeti ‘
A4
‘ efi kasne i aktuelne postupke zaarzngyagtaayanje i pos
bezbednost.i ili dogalajima koji utilu na be
| postupke za ocenu i proverdu b e zfresspitivamjginilh pl anova i
agur
| mere kojima se garantuje fizil|ka bkzbednost i ni
AV
e informaci]j

mere kojima se garantuje da se prenogenj
lica kojima je ova informacija potrebna.

Slika 1. Postupak izrade bezbednosnog plana

1) Prvi korak uizradijjwdr e Li vanj e p o s ezoblasth bezbedgostv or no st
kompetentnim i kvalifikovanim |Iicima sa odgov
imenovanjem Savetnika za bezbednostu transportu opasnog tereta.

2) Sledelivkbira&nje spiska opasni hihtereta i

tereta. Vr gi se pregled opasnih materija koji ma
kl asifikuje se prema tabeld]i 1 koja je vel pr e
3) Tre I" ipregked priménjenihepostupaka i procena bezbednosnih rizika
ukljulujulizadmgaeapjhadmatransportu, zadr gavar
ili kontejnerima pre, za vreme | nakon transpoc
promene vida saobralaja il./ prevoznog sredstyv
Definige se majduyge®zvid eamaeastpajr ki ngu i da | i

da ne postoji visoka potencijalna opasnost. Jedino zaustavljanje vozila koje prevozi teret sa
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visokom potencijalnom opasnogiu, odgovorno | i
sipalo gorivo il na parkingu namenjenom za vozila sa opasnim teretom. U inostranstvu vozila
se parkiraju na ADR parkinge kako bi pravili pauze u skladu sa propisima iz oblasti

bezbednosti saobralaja na putevi ma. U Republ i
vozilima.

Ukoli ko ne postoji ADR parking, a vozal mo
vrgi na parkingu koji se nal azi van naseljeno
video nadzor . U tom slul aju vozonteetbhkojy egt av a
prevozi i parkira se na odrelLenoj udal jenost
saobral ajni l unj evi kao upozorenje da je park

4) Jasan pregled mer&oje se moraju preduzeti u svrhu smanjdrgabednosnih rizika
saglasno odgovornosti ma i obavezama ul esnika

-Obuku svi Yjuuteapsportnoin Erseu

Savetnik na osnovu godignjeg plana vrgi pe
mani pul acije opasnim 1ltée)r.et Dak olGg,e gwowz dl ii kdorj,i
sertifikate za transport opasnog tereta se p¢

znanja koji bi trebalo da imaju u svakom trenutku. Vodi se evidencija o zaposlenima sa
podaci ma o obi mu @dvidhteanspostd. i U zavisnost.i

- Bezbednosnu politiku

Na primer mere pri povelanoj opasnosti, ko
koje bi specifikacije i pojedinost. pri zapog
ili premegt aadnaimesta&. ca na drugo r

- Opremu i sredstva koja se moraju koristiti za smanjenje bezbednosnih rizika

Svi ul esni ci u transportu opasne robe tre
bezbednostigi vot nei spedihnepogarne zagtite,m gto zne
treninzima iz datih oblasti, kao i da su prog

5 Ef i kasne i aktuelne postupke za izvedgtava
narugavanju beZbagdmmostkiojiil iutd Bepalisana je brazz bedno s
jasnodefin sane postupke obavegtavanja, izrade doku
za sprelavanje istih. l zraluje se jedinstven

vanrednim dogalajima u transportu opidsnog te
transporta i manipulacije.

6) Postupci za ocenu i proverubezbednosnih planova i postupcc a peri odi | no
preispitivanje i . Rad@ se kraz aAkcjoree planbva rs@ definisanim
obavezama i sprovodi ih Savetnik za bezbednost u transportu ogagnoge t a , periodil
svakih 12 meseci.

7YMere kojima se garantuje fizilka bezbedn
sadr gane u bezb e 8vh paposiéenmimajuloaunabaveézun potpisivanjem
Ugovora o radu i dokumenta o poverljivosti podataka.

8) Mere kojima se garantuje,dage enogenj e i nformacija, vezan
sadrgane u bezbednosnim planovi ma, ograni |l S
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potrebnaOve mere ne smeju da iskljule pogmrebne i
mestima u ADRu.

4. ZAKLJ UL AK

|l zrada bezbednosnog plana kroz jasno naved
bezbednost svih ulesnika ugitvansp &fikkassediopasno

primena plana u praksi je bitna, a tome u velikoj meripdr i n o s i znanj e, i skus
obavegtenost Savetnika za bezbednost koj i ga
u pralenju propisa, donogenju strategkih odl
pral enju tr ans p aahezbednogtu &rdnsppriu Gasnog teneta $agledan je,

ne samo od strane Ujedinjenih Nagckoj¢sakrozvel i o
pravne regulative definisala ulogu, zadatke i obaveze.

Dobar Bezbednosni pl an pmpaslitowamj eutprd ed unzae
smanjenje rizika zagalenja, trovanja, pogar a,
Takole, ako s e ovim planom utvrde talne nac
transportnom preduzeiual aj miahohnézgodazial mj i ho
se smanjil e. Zat o prevozni k, pogiljalac i pr
nadl edgnim organima radi razmene informacija Kk

preduzi manje odgovaraj ul pdgbenpbadfosakhi me) n
bezbednosti.

5. ZAHVALNICA

| st ragi vanyraduje @nardsiralBMinistarstvo prosvete i nauke Republike
Srbije u okviru zvdadbijoj8é0i2za t ehnol ogkog r a
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Apstrakt Smatra se da su savremene klimatske promene antropogenog porekla, koje su

nekontrolisanmwigh kg@aoi gV & nf &o foriimarni h iz
razvoj i kr hku ekol ogku ravnotedgu Zeml
celokupnog privrednog razvoj a, koj i j e
goriva i veliki emiter CQ. Koncentracije C@ u atmosferi je u junu 2017. godine dostic
rekordan nivo od 406,17 ppm, koj i pred
Rockstr?®°®ma, dovodi u pitanje funkci j uobao
Ul oga saobr ai ajua vuelpirkoidn ktcailjaisiG@a t ehnol
razmatranja na koje se Dbswrhikdms. At aboa
tehnologkim promenama, od i ndupsit roidrsgkievo
Saksa I'Giddens paradoxk ao poul an nalin razmigljanj.:
Kl jul ngl irmdtiske pr onfeonsei,| nsaa ogborraiivaaj,, t al a
rizici.

Abstract Contemporary climate changes of anthropogenic origin are thbtegbe the result o
uncontrolled use of fossil fuels as primary sources of energy that endanger sust:
development and the fragile ecological balance of the Earth. Traffic is one of the most imj
carriers of overall economidevelopmentwhichwas directly or indirectly an important user «
fossil fuels and a large C@mitter. The C@concentration in the atmosphere in June 2(
reached a record level of 406.17 ppm, which is a dangerous risk. The proposed risk lirr
Roc k st r °© mguestioan thé fenctiomaf sustainable development as a central conc
our age. The role of traffic in the production of £@ the great waves of technological chan
is the subject of the planetary considerations that we are looking at. The papdnexdhe
cyclesofthdi Ko ndr at iortechndi@gica changes, from the Industrial Revolution to
present day, and the principles of sustainable developmedaxon andGiddens paradox'as
an instructive way of thinking.

Key words:Climate chages, transport, fossil fuels, KondatievWaveR o ¢ k s t r,%isks. r

* Pregledni rad
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1. UVODNE NAPOMENE

Smatra se da | e ugliendiok§idaC®,)bsawre tokloi 1a0Wt puwtt a Vv e
gt o j e Dbi odustrigke pevolugje. ¥ @ da mi gl j e n peeklimhtake su savr
promene antropogenog poreklkaot akve ugrogavaju krhku ekol og
Zeml je i njen odrgi vi razvoj . Naj znal ajniji
koriglienje fosilnih goriva (ugglje. n8abhr aliga
znal aj an kor i s relikikmiterouglienldioksitta dBairdiuvrebio jedaw ofl e
naj znal ajnijih nosilaca razvoja, to su energe.
procesi koji se manifestuju kao klimatskemene.

2. KLIMATSKE PROMENE ST VARNOST | PRETNJA

Gotovo da nema | oveka kojilipakma mueijepazmatoz a k1 i n
njegovo znalenje. Melutim, velina njih ne pre
da su klimatske promene, u posletinji | et i r i d e c ein prgtnga,sveukupromr o pasn
razvojuMnogi smatraju da [emo u regavanju gl obaln
i organizujemo kao da idemo u rat, samo gto | e
(GidensA. 2009) . Radi se 0 o0zbiljnoj 0 p a sim,mjene i koj a
posledice su razorn&la n j i br oj Askepti kad osporava savr e

da one nisu dokazane.

| -—— 2014 level

- 1950 le |

Slika 1.Nivo ugljen dioksida u poslednjih 650 000 godina doadafostok ice core data/J.R. Petit et
al.; NOAA Mauna Lo&CO; record) Izvor:http://climate.nasa.gov

Naul not yreLenio dau@O gasovi efekta stklene b
infracrve n 0 g z r arosteri. Nagle prongene dogodile su se krajem poslednjeg ledenog
doba, pre oko 7.000 godina, kada se oznal ava
civilizacije. Prva kontinuirana i precizna merenje atmosferskogfc®| el a su 1957. g
na j uglnuw,m da bi 1958. godine zapolela merenja
rezultata wuzoraka, iz nekadagnje atmosfere, u
merenja vrgenih u observatoriji Mauna Loa na
atmoseérski CQ od industrijskaevolucije (Petit i dr.1999). Koncentracija C{znosila je u
to vreme 567 mg/m. Od tada je rasla po stopiod 1,8 fmpsmd i gnj e do 1981. god
iznosila 610 mg/th Od 2001. do 2011. godine koncentracija,@® v e | aan3#® mg/ré

na godignjem nivou gto je najvel. rast, za p
merenj a. Na osnovu ove stope r astjae mraggmacinlja
vrednost od 720 mgfin  Upor elenj a r ad iperioduw konrentadija @ ustri j s
iznosila je 504 mg/f To je vrednost koja se obilno kc
uporelivljnje trenutne situachiteeutndjeked cauiziah pr
40% nego u predindustrijskom razdoblju i ukoliko rsastavi trend rasta, ona bi bila tri puta

vela do 2100. godi ne i T1dlo745t mgidl (Rremaé IPCCvr edno st
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MelLuv!lI adin panel o Abdoimairotsskidnenni ppose knecengatig ) .

Chu atmosferi z a b e lgedipee kadajj & @Or. e nmaagjiao 2d0ol 3t. a d a
granicu od 400 ppm. Vrednost €f@ u martu 2017. godinkila je405.6 ppma u aprilu 2017.

godi ne dosti ge naj vel (Natiomal ©ckan sahdo Atmospliec, 1 7 pp
Administration)

Trend globalnog zagrevanpdvija se po stopi koja je bez presedana u proteklih 1.300

godinaLedena jezgra izvulena iz dubina Grenl anda
da klima Zemlje reaguj e na (NatiooahReseach@ouncb a gaso
T NRC, 2006))Na osnovu meselne analize globalnih te

svemirske studije u Njujorku (NASA's Goddard Institute for Space Studies (GISS), maj 2017.

godine je bio drugi najtopliji maj u poslednjih 137 godina instrumentalnog perioda. U

posledng dve godine maj mesec (2016 i 2017) je za 6®3 0.88°C topliji od srednje

temperature maja (19519 8 0 ) . Naul ni ci NASA Godard Il nstif
smatraju da se nastavlja dugorol ni trend ras
uolaea od 1970. godine, a od 1981. godine zabe
najtoplijih godina desile su se od 1998. godine, dok je od proseka hladnigamita1976.

godina (PetersorBaringer 2009) . Naj veli t cemga20a4ti20itbni sr ed
godi ni . Direktor Svetske meteorologke agenci

gl obal nom otopljavanj uo.

ey ) 2 ogB-20151

rom MERRAZ. Figure: NASA/GISS/GISTEMP
Adia Se=r Set [ST=2vg Dec

1 evele T

i o
Motk

Slika 2. Mesel ne t emper-2005usredrgi seaonsiimilkduls)i j e u peri o

Na osnovu mesel ne peaatuelna Godardgnstitute ad sveamhisket e m
studije u Njujorku, maj 2017. godine je bio drugi najtopliji maj u poslednjih 137 godina
instrumentalnog perioda (Sl. 2). U poslednje dve godine maj mesec (2016 i 2017) je za 0.93
= i %W .t8@pl i j i pevature maad(1051880)t € m

Nadrugojstranilgobal ni ni vo mora rastao je u progl
je skoro dvostruko owWeliatwe pmo Pplredican006itkaie n(iCjhiu

3. SAOBRALAJ | UBMENDIQKSIDA

| str a&gigy@amjal ne emi sije antropogeni h gasova

2004. godine pokazuj e dazsa¥dbor(Klirhasske prorhjenest vuj e
2007, sageti izvegtaj, 2010). Nekoli ko pri mer
Denver ( SAD) j-og vekadnhae pola snitiona2stanovnika, ali je proizvodio dva

puta vy¥pa@geo Ldbi (21,5 tona godignje) nego Njujoc
je gto u Njujorku stanovni gtvo wenignkolikhaor i st e |
U Torontu (Kanada), koj i ima vrl o ramvijen | e
stanovni ku godignj e. l z istih razloga mnogi Vv
COpo glavi stanovnika od broj Piahi gawner ha&mepi
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tonaCQpo osobi godignj e, a Atinjani 10u 4 tone.
atmosferu po gl avi stanovni ka nego Kejptaun u

Proselna starost aut ammbiilhoava 9$nmrioisjeil njae pb3

10 | na 100 km, pri |l emu se za svaki preleni
(Al o RS, 2015) . Trajni porast broja vozil a, I
znal ajno doprinosjeCl@radanmmsperastBaebnr al aj j e
svog udela u emisiji gasova staklene bagte, o0:f¢
programa smanjenja emisije gasova staklenika.
u at mos fagram Admoanet predstavlja pri mena adekyv
kvantifikacija emisije ovog gasa (Vujadinovil
U Velikoj Britaniiji s e, u period od 1997 d
domalinstvima za petelminl iborog. pRoeveeina ch skeé lio npert

za oko 2% godi gnj e. Br oj putni ka u -2006i onskom
godine za 54 miliona. Na Montrealskom samitu 2013. apelovano je da se do 2020. godine na
melLunarodnoj ni woueuwe dunajng ckinnp |at veenh si j a st akl
Prelaskom na prirodni g&sio energent, samo u 20@odini, smanjena je emisija gasova Kkoji
izazivaju efekat staklene bagt e bpdinedjp20%. Komi't
i zved masguiznetplemoruke zasmang nj e p wdilnhgdrinadoe2020. godine.

To suenergija na bazi vetra, solarne energije, energije plime i oseke i nuklearne energije
zajedno sa filtriranjem gasova i slothcgdi gt enj
izolaciij.i [ raci onal i Yodend paige nua j W @rging ij é n jpu i a wtd.
stk l ene bagte. A n tod ()5pealg EB5%6i u ukughenvo efeldtakienesd t e

(Lenz, i dr.,2003).

Saobralaj je dr ugi, satrarjdamesialhog iastavEvropjetnas i j e C(
petinaemisieCed ol azi od sawbsadlijalaju SADt mosferu em
od ukupne 2koUkdpeme £€m sija gasova sa direktninm
kao ekvivalent emisije C£u gigagramima (Gg C&eq), u 2012. godini iznosi 8.271 Gg €O

eq, gto je za 6,9% manje u odnosu na prethodn
godi ni . Ukupnoj emi siji naj vi ge doprinosi s ek
emitovanih gasova.rei si j e iz ovog sektora u 2012. godi n
prethodnom godinom, odnosno za 8,1% vele u od
poliopivr eda | ine 19,4%twkyena eodinvisjue na 2010. go
Kakosekina menj a i zgl edi su da Ie putovanje &
Tako je krajem juna 2017. godine otkazano 20 leté\zx (Nevs Travel2017),a sutra dan
Njujork Tajms je objavio da |je, Zbwagsavi soki h
aerodoma FiniksArizona (New York Times 2017).Naime, tih dana je dnevna temperatura
dostigla vrednost od 4%C gt o je prelazilo dozvoljeni prag
Nai me, vreo vazduh je reli, zbog |l egmuje moto

snagu da polete (SI.3).

—‘-"-___( --"‘-._r
D S— P S e—

Slika 3. Atmosferski usl ovi prilikom psrklieat anj a, de
(Source: National Oceanic and Atmospheric Administrafiiy The New York Times, 20. jl017.
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Dakle, zbog klimatskih promena atmosfera se ne smenzariti, smatra profesor Pol
Vilijams sa Univerziteta Reding. Temperaturni prag u Finiksu je uticao na manje avione, a ne
i na avione tipa Boing 737 % admotnasko®20 koj i |
Tome doprinosi i nadmorska visina i dizgnv i on a . U budul nosti treba
okolnosti, ¢gto Ie im ogranilavat.i nosi vost i

4. POSLEDICE

Smatra se da Ie usled otopljavanja klime i
vetrovi snagniji, poprlaazvoer miaj €E vir ol pesgkioem k@bl netki unj e
na celom kontinentu biti melusobno povezane.
Jongman smatra da | e poplave biti panevropski
gubitaka u nacionalnim ekonomijama.Byww a | e i mati povelan rizik od
U unutragnjosti kontinenta gto [e pospegiti et
vode za pile. U Latinskoj Americi Ie doli do
ustupittmest savanama. U Severnoj Americi se predvi
predelima gde nema dovoljno kige (Pecel]j, 201
godina kolilina padavina na globalnom nivou
logi j em s\Weerncawaljou.se da je gleler Toten, dug 1:
zagtilen od temperatupnélsedawejnul.i Médwltrn ag
i stragivanje fizike mora i kli me e&ltearnva Raaatb,ud
°C toplija, tako da bi se gleler mogao pol eti
z a (@ e s (fresmpeeds.infio/eelegraf)Podaci sa satelita NasBRACE-Gravity Recovery
and Climate Experimenpokazuju da je Grenland, e i odu i zmelLu 2002. [ :

gubio 150 do 250 kinl edenog pokrivala godignje,® dok je
|l edenog pokrivala u peri@deu eirzimesleu p2o0vd 2a.l ei g2 O
Alpim@ Himalaj m @ndima, Aljasci i Africi(http://nsidc.org/sotc/glacier_balance.html

5. KONCEPT PLANETARNIH GRANICA - PRITISCI| RIZICI

Posl edice otopljavanja odragavaju se na ek
novog koncepta planetarnih gradinma iizdrralgjiivian:

T odrelivanje granica | judskih aktivnost:i ko
f razumevanje vagnih procesa na Zemliji, ukl j
otpornosti i elastilnosti i
f ugrogavanij e, i zvan o wdpdvratgeri znemadna promeresit aj e r
gi votnoj sredini
Suolavajuli se sa ozbiljnim planetarnim ge
je 2009. godine formirao melLunarodnu grupu o
pl anetarne granése kajbiodieilbke @posobnost Z
l denti fikvano je devet sistema za koje se ver
dovest.i do nestabilnosti nage planete (sl . 4)
promenaklimegubi t ak bi odiverziteta i sprelavanje fo
Koncentracija ugliendioksida(GD j e po vagnosti stavljena ne¢
granica klimatskih promena ima za cilj smanjenje visokog rizika od nelinearnih, naglih i
nepovratnih odgovora Zemljinog sistema. Ri zi k
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sa antropogenim aktivnostima i odstupanjem od prirodne varijabilnosti klime holocena.
Granica poliva na:

T uticaju efekta staklene bagte na klimatsku

T pongaamnwel i kih polarnih | edenih pokrivala
onih u holocenu i

T posmatranju ponadganja klimatska@pko848st ema n

ppmi+1,6 W m2 radijacionog forsiranja.
Predlogena gr ani cja350 ppms1Wnra. ©Oea pRdstadjasntenu © ma

opreza koja ukljuluje povratne reakcije koje
[ korisna je zbog izbegavanja gtetnih klimats|
topljenja velikih ledenih v r gi na, povel anja nivoa mor a, me |

promena Kklimatskuh karakteristika koje su svojstvene holocenu. Smatra se da zonu
neizvesnosti za kontrolne varijable ¢@eba suziti sa 35650 ppm na 35@50 ppm CQ

(IPCC, 2012 i IPCC, 2014, zadr gavajul.i Zzonu nesigurnosti
1,5 W m2 u odnosu na psimdustrijski period. Vrednost GQu atmosferi 2009. godine

iznosila je 387 ppm, 2013. godine 397 ppmQECC, 2014). se da je 2014. godine na Manua

Loa izmeren&oncentracija od 400,7 ppm, 2015. godine iznosila je 400,47 ppm, u martu 2017.
godine 405.6 ppm, a u aprilu 2017. godine dos

premagena granilna koncentraciija, gta@ predst
Abezbedan prostoro (tabela 2, sl . 4).
Tabela 2. Planet dmRme kg dNAtime 2009p@dr. gi vost i

Sistem Pr e d | grajiean Trenutna vrednost

Klimatske promene 350 ppm 387

Gubitak biodiverziteta 10 >100

Ciklus azota 35 121

Ciklus fosfaa 11 8,59,5

Trogenje ozonskog 276 283

Kiselost okeana 2,75 2,90

Gl obal na upotraba 4,000 2,600

Promene nalina wup: 15 11,7

Hemi j ska zagalenj Jog nije odrelLena

Atmosferske promene Jog nije odrelena

KI'ima nageg doba izmile se iz holocenske va
klimatskih promena. Promena klime podstile br
gubitak I edene mase na Grenlandu i @Iptarktikt
godina, povelanje mortaliteta u koralnim greb

sporih povratnih procesa kao gto je smanjenje

Planetary

288 Phosphorous
cycle

Current
status

Rockstrom et al. (2009);
Change in land use Bennett et al. (in prep.)
Slide courtesy of B. Campbell

Slika4Pl anetarne granice rizika (Rockstr°m e
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Kisel ost povrginskih voda okeana je od pol et
30%

(www.pmel.noaa.gov/co2/story/What+is+Ocean+Acidification%&#wv.pmel.noaa.gov/co
2/story/cean+Acidification)Por ast ki sel osti voda okeana rezu
Cohu atmosferi koga ap shkojno apgsatbujeo domjiasioji okean,0 1 i | i n
povelava se za oko 2 poCQikdjialazidiatmdsferarastvgraséi gnj e .
uokeanima. KakoseG@ovel ava u okeanima, pH okeana se s
Povelanjem kiselosti, kor al i ne mogu apsorbov
odr gavanj e svoj Kiseloskakeaeansmdmjilasiek pH| oketre .za oko 0,11
jedinica. Promena pH okeana, od 8.179 do tren

30% veia nego gto je bila u 1.751. (SCOR 200
nj egov pokr gatatnpsfelskoqnCPDeans p marcellen ravnomerno po |
Predlogena granica za kiselost okeanda (2,75)
atmosferske koncentracie @O0 Uz vi gu temperaturu povelanje

smanjenja kagciteta okeana da prihvati antropogenu emisiju,,CO gt o dovodi do
koncentraciieCou at mosferi i pojalava gl obad3® zagrev
ppm) osigurava da okeanska pH vrednost ostane
zak sel javanja okeana moge dovest.i do veliKkih ¢
drugoOkean trenutno uklanjanja 25% antropogene emi€{g. Okeanska apsorpcija

antropogenogCini j e ravnomerno rasporelena, eti prost

al. 2009). Mnogi morski organizmi su vrlo osetljivina prom@&@®. Vr ednost pH pov
okeana je smanjena za oko 0,1 pH jedinica odmutestrijskog doba. Ova stopa acidifikacije

je najmanje 100 puta brga nego20miliohagbdma.k om dr u
Acidifikacija okeana §tvaranje kiseline) e uzr o k n agnviaumiemu vrsta Bao v

planeti (www.ekologija.rs/uzroknajvecerzumiranjuikadaacidifikacijaokeana

05.05.2015Ri f ki n smatrada [ e obnlkojijjei VAiv eil 2 oreenee 9@
j e r najfagprostranjeniji element u svemiru, koji ne proizvodi gasove koji izazivaju
efekat st gRifkine20@3). ba gt e

6. POSTAVKE DGEFRR ODARGH RAZVOJIU

U razmatranji ma ekononista@iyv o ak asngejp@umg u U

geografske usl ove i pritom uvagava transport,
znalaja su transport i energija. U velikoj me
sa geografskim uslovi mapoPedDge Sakbjpejadhbiifec
luke. Zapadnoevropske zemlgputVelike Britanije imaju luke ili su one blizumoragt o i m
omogulava niske transportne trogkove. Vel i ka
privrednog uzleta u :8m veku jefje kao ostrvska zemlja imala dosta kvalitetnih luka. Primer

je London koji Il edgi na reci Temzi, gto mu je wu
je inale pogodna za izgradnju kanala do kojih
ugalj prew z i do svih fabrika u Veli ko] Britaniij.i
zeml j e, problem je gto su veliKki gradovi [ i n
da su se proizvodi morali transpavaboatr pgléo:t
Jog jedan geografski aspekt je po Dg. Saksu ¢
revira (Saks, 2014) . Sa ugljem kao energentor
prirodni gas dali su veliki podstrek globalnom privrednavoju. Dakle, energija i transport

su u sredigtu svih privrednih aktivnost:.i dok
Zeml j i . Naj v a gomivgéku biogenugalj gakretd paue mh $ei Emgleska i
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SAD raspolagali su u vreme priviedno uz|l et a sa ogromnom kol ilino
prednosti.

7. GIDENSOV PARADOKS | TALASI KONDRATIJEVA

Smatramo potrebnim ukazati na dve zanimljive ideje koje su interesantne za razmatranje

veza izmelu klimatskih pr ozmmeantaa ij es akoabor ad iak lau s
Kondratijevao i nastala je pre osam deceniij a.
dat uma. Gidensov paradoks se zasniva nha opasn
nije opipljiva nit.i viudl jlijvuad i u sw¥\ea ktood n®ivinio on
preduzimajuli nikakve korake, bez obzira ¢gto |
kasnije sa snagnim i razornim posledicama, ¢t «

je potisnut iz svesti ljudi unsto da bude prioritetan zadatak. Interesantno je sagledati
AGi densov paradokso, na prukoaeozivelikiwoligdh®ki h voz

vieme Dgordga V. Buga nigta nije uraleno da s«
Drugerazv j ene zemlje su to tada |inile. Velike ko
ostvarivala su kroz masovnu proizvodnju ogroman profit. Kako cilj opravdava sredstvo i ovde

se nagao opravdan razl og, da su tatomezil a na
dodadamo Askeptikeo klimatskih promena, |ije
je za kompaniju bilo snagno wuporigte. Kada bi
odgovor opravdavao postupke sa izgovorom da i drugi voze gutakoAgut aj ud benzi n
ferari) i td. AUt i caj Gidensovog paradoksa mo
gtednju energije koliko i na klimatske promen

Talas Kondratijeva je teorija ruskog ekonomiste Nikolaja Kondkatijgasniva se na
t ehnol ogk kojsetaa Ipaos|iemmak a i ndustjukdof akasievehool p§g

promenaTakve subilerap ar e, el ektrilne energije, automobi
je da, od vremena industrijske revolucijer i vr edni rast podstilu tal:
promena koje je smatrao glavnim po(klbetal i ma n
e e i R R U 1] b steamengine  ralway  electrical petrochemicals ~ information
58.5 cotton steel engineering  automobiles technology
380 chemistry
- £
2 580 360%
2 (]
3 340 5
qé- m T r|.|-||||"|||u||-'l I||||| |'-|"| ‘g
&5"51'||’||||| l’l||| [ AR Jozo 8
3 S |PIRIDIE |
8 57.0k ‘3008 1. Kondratiev = 2. Kondratiev | 3. Kondratiev = 4. Kondratiev = 5. Kon...
’ CO, Concentration
4280 1800 1850 1900 1950 1990
L1 2] NI B EPUPF S TPy ISP WPl b 1 P: prospeity
1880 1900 1920 1940 1960 1980 2000 ; Gpression
Year NOAARGDCS E:improvement

Slika 5. Tokovi temperatura i G@d 1880. (levpus ©l asi s tsn dr Kdondratiedf Wave.gygl e s no ) (

Prvicik us &Ktoanldasatijevo traje od 1780 do 1830.
magi nu. Ovaj ci k1l usods ek apdoak |jaep aD gseaj nvsr eVhaetn opnt 0 n a
do vremena kada je ona wugla u pri meiwmedni Parna r
rast . Od tada se razvija saobralaj, a kao en
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znatne koliline ugljen dioksida. Drugi ci kl us
On se poklapa sa naglim raxwdajngm (ellaexmi.l KDbg
su se bazirala na parungogl jma griundia., Qsintoavrniec es iir o
su da se transportuju na udaljena melunarodna
je polivao na wugl | tehakusAetgeKasdcrtat.i jTeved obel e
otkrila elektrilne energije-olgojia pjeageskank!| da 9ne k
vezan je za dostilnula na polju ,esvedjavdneo magne-t

ulica sijalicamaiuvolenj em strujletwrkul eaKih i 5 hj¢Ait jaed \acs
tehnol okpktir ajad asd 1880. do 1930. godi ne. Oon

i ndustrije koja je naglo povelala trQuasport i
talas je pratio i razvoj hemijske indistrije koja je stvarala nove materijale: eksploziv, plastika,
boj e, vegtal ka Lubriva. Za ovaj ci klus vege
polovinom28o g veka. Ov aj c i k| u stonjolslskenimdestrije Koji je i snag
zapoleo 1908. godin€fosa Fordovim Amodel om
Peti ci &K aursd rAattailjaesvd zapoleo je 1970. godi
telekomuni kacione tehnologije koji je omogul i
ekonomi j e koja je Azasnivanu znanjuo. Drugi svet
ukljuluju poluprovodni ke, radar, digitalne ko
gesti talas odrgivih tehnol ogijg emergiepprevoz b i obuh

ljudi i dobara, domete u nanotehnologijama i prodorima u oblasti hemije i proizvodnje hrane

(Saks, 2014). Na graficima (sl. 5) mogu se uporediti i saglegiatimene globalne temperature

i koncentracije C@sa talasima Kondratijev, addistrijske revolucije do 2000. godine. Porast
temperatura i koncentracieG@ apol i nje sa razvojem parne magi
l el i ka i pamuka. To odgovara prvom i drugom =
grane su se razvile sa pronalaskom parne magir
CQO.. Nagli porast temperatura i koncentracije QDsaglasan je sa razvojem automobilske
industrije i petrohemiije i podudara se sa | e
ovakva kauzalna veza neuobilajna, ipak je vid

8. ZAKLJ UL AK

Uzrok savremenih klimakih promena, za koje se smatra da su antropogenog porekla,

je nekontrolisano koriglenje fosilnih goriva
Saobralaj je posredno il neposredno znal aj an
dioksda. Posl edice otopljavanja klime odradgavaju
novog koncepta planetarnih granica izdrglijiyv
nepovratne [ i znenadne pr omene u gi votnoj ¢
gcoekologkim probl emi ma, J. Rockst°m je 2009.
naul|l ni ka, koji su postavili planetarne granic
za odr gi vi razvoj . l denti fi kovahogranicebuduev et si
prekoral ene, mogu dovest.i do nestabil nosti na
sada prekoralenje granice kod tri sistema: pr
fosfornog ciklusa. U radu su sagledani ciklusi o tehijpdloi m pr o me n a ma, od in
revolucije do danas, kroz analizu Atalas Kond
klimatskih promena. Narastajula opasnost od o
Gidensovog paradoksa. Energijaitranspot u geogr af skom ambi jentu v
zivisi odrgivi razvoj, @gto je tema analiza Dg
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Apstrakt: Danassevetii znal aj pridodaje zagtiti ¢§i~
smatraju se motorna vozila. Uzi majuli u
sredinu postaje alarmantan. Jedan odprotes
sagorevanja, koji je neophodan za sam rad motora. Od nastanka, konstrukcija osnovnih
motora nije se menjala u veloj mer i . N a
utilu na smanjeKpd didelV n enodbkisagirgdgshjae e nmog
umanjiti razvojem razlilitih sistema, a
za ubrizgavanije je pretrpeo velike promene u cilju smanjenja emisije. Uticaj razvoja siste
ubrizgavanje na smanjenje emisijes pi t an j e eksperi mentaln
usl ovima na motorima razlilitih generaci

ubrizgavanje utie na smanjenje emisije dizel motora.

Kl julhédi:vot na sr e dievagjg, Sisemionot@a s s a(g

Abstract: Today, great importance is given to environmental protection. For one of the bi
polluters are considered motor vehicles. Considering that there are more and more vehicle
impact on the environment is becogialarming. One of the biggest sources of pollution in mi
vehicles is the combustion process, which is necessary for the engine work. Since the be
the basic design of engine parts has not changed to a great extent. The biggest char
experenced engine systems that have direct impact on the reduction of exhaust em
Harmful combustion products of diesel engines can be reduced by the development of
systems, where one is the fuel injection system. Injection system has uedeagunchanges ir
order to reduce emissions. The impact of the injection system development on emission r
is tested experimentally. The experiment was carried out in the same conditions on eny
differert generations. The paper aime show low much the injection system influence
reduction of diesel engine emission.

Key words:environment, combustion process, engine systems.

1. UVOD

Znal aj pri mene savremenih sistem na vozild.
svega iz problema kojimoguans t ati odnosno sa kojima se savr e
Ti problemi su danas pre svega, naravno u dru

saobralajnih nezgodas,a,s margjad.rejng ep rgii rvaod mieh srreesd

* Pregledni rad
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Zagalenje g¢giamasneprsecsti ael jda jedan od naj

\
sredine, melutim najveli wuticaj vozila kada | ¢
i maju upravo na zagalenje vazduha. Naj vel.i ut
gtetni h i zlidad nvdziglass oivima si stem | ija jeste ulc
goriva i vazduha), melLutim naravno ne treba
redukcije izduvnih gasova.

U ovom radu analizirani S u r adznhotora isa i si st
unutragnjim sagorevanjem koji kao pogonsko go
naj vel o] mer i utile na potrodgnju goriva, emis
motor a. Na pripremu gor i v ebrizygananjp gorivia.maraveoe | i K i u

kod dizel motora je poznat problem odnosno slabost jeste dimnost izduvnih gasova i emisije
| estica.

U ovom radu izvrgena je analiza u kolikoj
kod dizel mot or a ra gamioviaj, u ugtodtznirh liezduvni uz
pogonskim karakteristikama s tim gto svako VoO:

2. EKOL OGKI| A EMIBIBENZDUVNIH GAS OVA DIZEL MOTORA

Naj vzed gea ll @ sujzver vozilapredstavijaupravoz a g a Lsamogvazduhai
to je neminovng pogotovovozila koja koristemotor SUSkaopogonskiagregatMe L u b & gn
kao g t je u prethodnomdelu rada spomenutp vozila predstavljajujedanod naj vel i h
z a g a Lvaadehh Boredtogav e | $vih gorivaprilikom sagorevanj&ao rezultatostaju
nesagorele produkik pakimamol a Koji jejakog t eposamod o v giljeskancerogen
(Vasi ligre2017)

Problemz a g a L isamagvdzduhastvaraproblemz a g a Li samewdei | a k
z e ml .Kakdje vaeriapomenutwozilasau n u t r sagomejanjem izduvnimgasovima
imaju veliku k o | i g ti entnaterijpkao g tje| a Jedinjenjaolova azotneokside i dr.
Rastvorljivostgasovau vodi se znatnop o v e li mawiakim temperaturamatako da se
z a geajdvodeu Severnonpkeanuu prethodnih50 godinau v e [zaSlpacenataT a k o L e

poredz a g a Wadeod stranedrumskihvozilat a k @z & g a 15et n jlsamogz e ml,j i gt a

jer sez e ml jmio gz&agaditii z a g a L i iz atmosfera Z a geajd vazduha, ade i

zemlji¢ga su néelieneproene f i zi | ki h. h e mi jivethkeisreding, kopei ol o g k i
mogu nepovoljno delovati na Ypotvehomiran$partnin | i nar t
sredstava | ovek godi gnj e after Kafoiza sagogwanjeolckg j ed n e
goriva, naftnog porekla, treba oko 15 kg vazduha ili 3.5 kg kiseonika sam proses sagorevanja
goriva narugava ekol ogki bilans u atmosf er.i
milijarde tona kiseonika iz atmosfere.

Kadda se ovome dodaj u i drugi potrogal. at mo
da vel danas priroalinend apov k@i ke sploamn &tae ni su
utrogeni ki seoni k, al i pored toga iamagnoo i pr
dovodi [ do povelianja gidro2&7).nog zagrevanja (V

U di zel motoru se obavlja

sagorevanje heter
ubrizgavanjem goriva u prethodn

| u

t

0O sabijeni vaz
sepaispstvenom energijom na

r a vi soke temper
sabijenog vazduha je viga od

n
emperatur e S ami
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obrazovanje smege i sagorevanje istovremeno t

tako sagorevanje dovodi do stvaranja jako gtetr

Kada je rel o emisiij.i izduvni h gasova mot
pogonsko gorivo pre svega imaju dve glavne ne:¢
vazduh, neppel j ne pojave prilikom sagorevanja u di:

izduvnim gasovima kao i emisija izduvnih gasova. Dim u gasovima, se stvara u fazi
sagorevanja u uslovimaisokih temperatura i nedostatka kiseonika. Tadamsdekuli

ugl jovogogolt kva raspadaj ukatoakwardg asie af oi mit og
Stvoren ugljenik se kristalizuje ispajae L us obno u |peisjtakepesagaede st i ce L
ugljovodoni ke, koj i su v e 0 m&misijao rlesagorelihi [ Za

ugljovodonika je posledicaepotpunog sagorevanjatakula goriva. Osnovni uzrok je lokani
nedostatak kiseonika i niske temperature u zonama uz zidove komore. Ugljovodonici reaguju

Uu prisustvu oksida azota i S umnbgeorooaglaveey et | a i
komponentes mo g a . Vel i na ugImgoavsoodvoinniak as uu tisakdoulven i i
mogul i m Kk a deseimalgiedovnimgasovi ma vozielpa ofdest i ce r
nesagorelog ugljenika iz goriva. |jddigighjaizi m u ko
gorivaimazivame d ° u  k wgjjovoduaici. Oni swdgovorniza izazivanje rakp | wh a
jetimeiemisip | esti ca pot endceidan nmod ktammkcelreo gemaduk at
koj i se moge uvrstitdi utovieoksidisAzotovi ok§idi mttunne h  ga s o v
punomopt er el enj u zbog sagorevanj@at aj otge mprea attavel j na
kiseonika za oksidaciju azotB.mi si j a NOx je nedgto kritilnija Kk
ubrizgavanje (nego kod standardnihora)j er kod nj imlazan ag opreirvia eprriijlii k
ubrizgavang@ ost oj i dovoljna kol il i nasuklovdjmoisokek a za ol

za oksidacijyV a s i li ¢r.e2017.i
Na slici 1, je prikazana granica dima i samim tim i sastava emgljg/nih gasova

prilikom sagorevanja u dizel motor u, naravno
gasova U zavisnosti od sastava smege kao i gr
NOx

e

Ck s
HC

PROSECNI sastav smese

Slika 1. Prikaz kolisiiliiftacemith s g a $dav@08)6 Megeel sa em

3. SISTEMI ZA UBRIZGAVA NJE GORIVA KOD DIZEL MOTORA

Dizel motori radena principu ubrizgavanjegoriva pod visokim pritiskomu cilindar u
kojemije Klip sabioi takozagrejaadanijeusisanivazduhU v r u Ivazdaohuwbrizganogorivo
sepalii cilindar dolaziuradnitakti ekspanzijuodnosndorzokretanjeklipa nadole prilikom
kojeg se radilici motora predaje energija dobijena sagorevanjemgoriva Napajanjei
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ubrizgavanjegorivakod dizelmotorar © z | dedd sigteenazanapajanjeébenzinskinmotora
Kod dizel motoragorivo seubrizgavau cilindar podvisokim pritiskom

Kad su zahtevikoje ovaj sistemtrebada zadovolji veomas | o gpesmojii velika
raznolikostu konstrukciji sistemanapajanjadizel motora gorivom, pa se oni otudamogu
podeliti po v i @smova Sistemi ubrizgavanjapreman a | idejstva dele se na sisteme
neposrednoglejstvai akomulatorskesisteme Kod sistemaneposrednoglejstva koji se
primenjujukod brzohodnihdizel motorg procesipotiskivanjai ubrizgavanjastovremencse
odvijaju, dok sekod akomulatorskilsistemagorivo najpresabija(i akomulirapod pritiskom),
apotomubrizgavaut a |lorda e Lteemutkuakvisistemiprimenjivanisukodsporohodnih

motora da b i |, Z a hproadry elekjtrcnnikei,akomulatorskisistemi sa elektronskom
regulacijomn a grimenukod najsavremenijifbrzohodnihdizel motora Ovaj novi koncept
ubrizgavanjgoznatie podnazivomCommonRail (Kr st i J., 2009

Prvi autonomni sistemi ubrizgavanja goriva kod brodskih dizel motora koristili su
kompresiju iz cilindraz a sabijanje telnog goriva. Pritisa
motora je skoro nezavisan od regima rada. izl
20:1) realizovana je pumpa visokog pritisak or o | e thaegasovi ig dlimbra §

koristeu ekol ogNaj cagmiejvie uti caj Imatordimskzakeragor ev at
ubrizgavanjaraspodela ubrizgarie o | i gbrivanpe svakonuglu bregastog (ili kolenastog)
vratila( Pe gi | I dr ., 2008).

3.1. Vrste sistema za ubrizgavanje goriva

Tokomrazvojambor a sa unutragnjim sagorevanjem r a
ubrigavanje goriva u cilindar motora. Jedan od najmasovnijih sistema za ubrigavanje goriva
kod dizel motora jeste tako zvani sistem puropeb r i z g al , koji jKed pri kaza
di zel motora srednjih snaga za teretna i spec
brizgala. Manji je namenjen predubrizgavanju i

Drugi, vefizopavagasnobnu kol jeleliknpuoblgmor i va, n
kod takvih sistema to gto ima jako veliku emi
time ne postige potpuno sagorevanje. Pored t
brizgala wukoli ko je pritai gak whrriizgawam|jae we
oscilacioni udar ci igle po sredigtu brizgal a,

ovom sistemu.

Slika 2. Prikaz sistema pumugavb r i z g a | dr.,2008)g i |

Sl edel i sistem koji g egar ipwa nmeeasgoekoodi sutberm zl
ovaj sistem proizvode mnoge poznate svetske kompanije koje se bave problemom
ubrizgavanja goriva, a pre svega Bosch. Ovi |
brizgavanje goriva, me Lvisokiprtsgiodmeravenjpmalie u t o me
ol

[
il ina gori va a WVisol grdisciii snale Ublizgandkmlt iggivard | e .

u
Kk
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zahtevaju izuzetnu preciznosti u izradi g o r i ®gakvalited,jstalangnadzor i strogo
pridr gavanj e Na€&d¥jepikaiama ilustmaéij®ovakvog sistema.

e

?

Slika 3. Prikaz sistema purmybar i z g a | dr.,2G08)¢g i |

Kao prelaz sa sistema pupipar i zgal | ed aripderkiji sistem ubrigavanja
goriva moge s e roeHydradid Blecfroaic Urtdnje@iant(uedaljpn tékstur
HEUI). Mazivo se sabija @d ekstremno visokim pritiskom u v o d i u brizgal g

Elektromagnetnom regulacijom gorivo se ubrizgava pod pritiskRkadHEUI sistemagoriva
serazlikujeod me h a naktiVirknih sistemazaubrizgavanjegoriva HEUI sistemgorivane
zahtevame hanp ¢ k® § aavrazlikj oglu o b i | aijteena koji zavise od obrtanja
bregastog vratila, HEWe aktiviraju prekoulja karteravisokogpritiska P o gubrizgavanje
Vv i 0ije vezanoza obrtanje bregastp vratila, gorivo se mo gudrizgati u bilo koji ugao
kretanja Pri v e | wzini, pritisak ubrizgavanjaje nezavisanod broja obrtaja motor.
(http://Iwww.dieselmotors.info/electrongystems/caterpillaemshydraulicelectroniainit-
injector.html, 04.08.201Y

Sledeli sistem koji se koristi za ubrizgava
tekstu CR), ovo je jedan od sistema koj.i s pac
veoma veliku primenu.

Brizgali kod CR sistema, vrleaisoke! pritiskd ul om i
ubrizgavanja. Elektronska regulacij | ak o ostvar uj einicijginéd n o il
preduzbrizgavanja. Vel postoje varijante sa
kolilina goriva pre kraj nj el oogdkniohs npoo lmnadaav nseu kpoc
povremena ob opg au uederjaa powameng ebrizgavanja. U cilju oduvanja
me Luci kI uusiimdatsk h im@é&nt i | nosnaikanwalktae rpiog teidk an aly |

unosi u baze podataka za softvere radnih procegaofean ovakvih vrhunskih tehnologija
stvorem j e Vvige gener adr3088). CR sistema (Pegil

4. METODOLOGI JA VYASJARAGI

Na osvnovu prethodno spomenutog i relenog U
tipova sistema za ubrizgavanje goriva u motsamim tim razlikuje se i emisija izudvnih
gasova u zavisnosti od samog tipa srgstema za
se ispitivanje dve vrste odnosno dva tipa sistema za ubrigvanje,gorivd 0 su u ovo sl
kl asi |l an s i stjeegorivazi@ommdnrRailz g 8 v @ m. U ovom sl ul aj
napomenutidamotr koj i je kori glen u nemgaevoziluOpel| aj u |j €
Meriva dok motor koji koristi Multipoint Fuel Injectionsst em j est e m®monaor Kkoj i
vozilu FiatPunto Pogonske karakteristikeobamor a su i denti | nmost gt o j e

rezultata, isto tako je lsib napomenuti da oba motora pre samog ispitivanja su dostigla radnu
temperaturu.
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Kako je u ovom sl ul aj u bihtgasava dbampotota kojai razl.
koriste razlilite sisteme ubrizgavanj a, kor i ¢
DiCom 4000 je savremena aparatura za merenje izduvne emisije benzinskih i dizel motora.
Prevashodno je namenjen za kontrolu izduvne emisijeavaaillinijama tehnickog pregleda.

Ova i slicne konfiguracije uredaja su veoma je korisne pri dijagnostici kvarova sistema motor

koji uticu na izduvnu emisijuObzirom na relativho nisku cenu i kompag&st konsrukcije,

mo z e s koustitp kag labaatorijski analizator izduvnih gasovd.osnovis am ur el aj

i ma jako veliKki br o] mogulinost.i merenja razl:.
mot ora. Melutaijm w amade m es |chast analize Baatava izdovaih mo g u |
gasova u motoru, odnosnho analizira kisonik, uglienmonoksid),(@gljendioksid (CQ),

ugljovodonike (HC) i azotove okside (HO . Nakon ukljucivanja (prek
prikljulka sa osigur al e miprowen spaiaarjosti svéh seazrt o mat s k
i p r eén&kdodatnd opreme, sprovodi test zegpidsti instalacije, odnosno priprema se za

rad. Sonda za uzorkovanje mora biti uvucena u izduvni sistem najmanje 300 mm. Pozeljno je

da osa sonde bude paralelna sa osom izduvne cevi. Merna komora ne sme da se nalazi odmah

iza izduvne cevi ni na pravcu ligjavanja izduvnih gasova. Najbolje je da se merna komora

nalazi sa strane vozilaispredizaz i zduvni h gasova. Sam urelaj b
emi siju izduvnih gasova, u trenutku ispitival

Veoma vagno je napomenut.i da se samo ispiti
motora i to na prazmo hodu, 2000 obrtaja/min, 3000 obrtaja/min i 4000 obrtaja/min, samim
tim je | akge uporediti emisiju izduvnih gasov
goriva.

41.Rezul tati istragivana

Prvi parametar koji je analizirgne st e kol i | i naau emigjilizduwmh monok s i
gasova. Na slici 4su prikazani su rezultativog merenja, prema tome mo®ra Kkl asi | ni m
sistemom ubrizgavanja goriva ima manju emisi|

motor saCommon Railpri 3000 obrtaja/min ima nagli poralsto Iné ugljen monoksida u
izduvnim gasovima.

0,09
0,08 A
0,07 / \
0,06 -/
2 0,05 = == Common Rail
£ 0,04
0,03 == lasi¢an sistem
002 P ® ubrizgavanja
0,01 ‘\0
0 : : :
Prazan hod 2000 3000 4000
Obrtaja/ minuti
Slika 4. Prikaz uporedne analize ugljen monoksida u izduvnim gasovima
Sl edel i par amet ar koj i s e mer i jeste ugl
Uporelivajuli dobijene r&frabt anemmegsest eemomoblb!
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goriva ima manju emisiju ugljendioksida u odnosu na moto€sammon Rail razlika je
najvela na 2000 obrtaja/ min ddikabinaj manja razl

3,9

3,7

98]
b
\ ¥
Y
W
U

’ 3,2/ / 33 =K lasi¢an sistem
3,1

ubrizgavanja
/ == Common Rail
2,9

2,5 : :
Prazan hod 2000 3000 4000
Obrtaja/minuti
Slika 5. Prikaz analize ugljendioksida u izduvnim gasav
Sl edel i parametar jeste kolilina kriaseoni ka
kojoj su prikazani rteizuda ak al imeir re &ofl kofsaen@ Yiek & €]
saCommonRalki st emom melLutim to je s atggamirki4000 2000 otk
obrtajal/ min, dok pri praznom hodu kol ilina |
ubrizgavanja.
17,5
17,3 172
17,1 G 17
16,9 -
16,8 N\
_ 167
2 16,5 \ ==K lasi¢an sistem
X

16,3 w \ 16,3 ubrizgavanja
16,1 \ == Common Rail

15,9
15,3 W
15,7

15,5 ;
Prazan hod 2000 3000 4000
Obrtaja/minuti

Slika 6. Prikaz rezultata analize kiseonika u emisiji izduvnih gasova

Kada je rel o nesagoreséemmogddaowbidoinée mi siaj
nesagorelih ugljovodonika imamo kod motoraCsanmon Raikistemom ubrizgavanja.
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/ 33
27

E ./ 28

£ 22 54

= -
17 == Common Rail

12 L — 16
/ 13 13
7

Praz#h hod 2000 3000 4000
Obrtaja/minuti

==L lasic¢an sistem
ubrizgavanja

Slika 7. Prikaz rezultata merenja nesagorelih ugljovodonika u emisiji izduvnih gasova

Kada je rel 0 azotosemmolei diiorha sisiera d al ikk e ¢
ubrizgavanja ima velli procenat nesagorelih ug
obrtaja/min motor sa klasilnim sistemom ubr.i
oksidaMe Lut i m kako je u prethodn dnmazdtevih oksitaada vel
i raste sa porastom optereienja i pod punim op
azotovih oksida sa porstom broja obrtaja razumiljiva.

303
300 /
280

260 /

240 /

B
; / === lasi¢an sistem
= 220 197 ubrizgavanja

200 181 174 199 —@—Common Rail

180 -

168
160 1972
=150
14‘0 T T T 1
Prazan hod 2000 3000 4000

Obrtaja/minuti

Slika 8 Prikaz rezultata merenjazotovih oksidias emisiji izduvnih gasova

4.2. Diskusija

Prema prikazanog na prethodnim dijagr ami ma
ubrizgavanja imaju u nekim slul ajevima i Zza n
manje vrednostio€@ommonRais i st ema. MelLutim kako j & poznat c
rada napomenuto kod emisije izduvnih gasova,
gtetni el ementi jesu azotovi oksidi. Kako | e
elementa u emisiji izduvnih gasova su manji kod motora koji@oamon Railrail sistem
ubrizgavanja goriva. Kada je rel o azotovim ol

elemenata u izduvnim gasovima kod dizel motora, oni su manji kod mot@ensaon Rail
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sistemom pri praznom hodu rada motora kao i pri 4&@taja/min dok pri 2000 i 3000 obrtaja
nema vele razlike.

Naravno u nekim slulajevima bi bilo pogel
pogonske agregate vozila sa nekim velim snagsé
razloga gto pr k@®ajsu rrmkd wlirnonat kao i ekol ozi ma
da u veloj mer i koriste vozila sa novijim sis
oluvanjem givotne sredine il:@i pak samog cel ok
veli ko unmda@ljedu saznanja vagnosti razvoja si
i same te problemati ke ekologkih aspekata i o]

na vozilima.

5. ZAKLJ UL AK

Razvoj motor i pogonskih agregata od prvih konstruisanih raotlor danas imaju
drastilne promene u pogledu opr eme. Oprema n
smanjenja kako potrognje pogonskih goriva tal
emisije izduvnih gasova.

Sagorevnje u samom muatemisijuizduvmla gasowjsamod | ut i c
mot or a. Jako vagan sistem koji i ma uticaj n
ubrizgavanje goriva. Kako smo u ovom radu analizirali sisteme za ubrizgavanje goriva kod
dizel motora kao i njihov uticaj na emisijuiadimi h gasova, moge se zakl ]
slulaju sistem klasilnog ubrizgavanja goriva
odnosu n&Common Raill Me Luti m kako azotovi oksi di pred
elemenata u izduvnim gasovima koidal motora, kodCommon Railsistema ta emisija je
manja u odnosu na motor sa klasilnim sistem
istragivanja po pitanju sistema za ubrizgavan
bag u cil ju ¢stmeatnnien jiaz deunvsniijhe gasova, takolLe | ¢
ovaj sistem na vozilu kao i ostale sisteme ko
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PROJEKTOVANJE RUTA ZA E VAKUACIJU METAHEURIS T L KI M
ALGORITMOM OPTIMIZAC | JA KOLONI JOM PLELA

EVACUATION ROUTES PR OJECTING BY METAHEUR ISTIC
ALGORITHM BEE COLONY OPTIMIZATION

Predrag Radoj | il

ul . Luprijska 31C/ 53, 74000 Doboj, radojcic.pr
Saget dJk uslovima prirodnih katastrofa il
mj esti ma, od kljulnog je znalaja na ef
materijalnih dobara. Ovim probl e msitanspatne
nauke i operacionih istragivanja. Plani
zahtijeva predvilanje ne samo puteva koj
transporta kojim leusagititii vignieni val
postojati kontratok. Jedan od najdelikat
ponadganja | judi, koji se ne krelu nugno
evakuacijudonosea bazi i skust ven ot radugekptezentdvan sistem;.
podrgku odlulivanju pri izboru rute za e
Optimizacija kolonijom plela. P r i na aansportnoj
mr e i ne postoje ogranil|enja, kao i za ¢

| vorova.

Kl jul neplrainierlanj e ruta za evakuaciiju,
ralunarska inteligencija u saobralaju

Abdract: In conditions of natural catastrophes or accidents of any kind in populated place:
of key importance to efficiently organize evacuation process of people and values. This
is considered by professionals in transportation science amda@ipns Research for many yeal
Evacuation routes planning is a very demanding task, which asks forecasting not only
through evacuation will be done in shortest time and model how it should be done, but als
to acknowledge fact that on plaguh routes could appear counter flow. Oneghafmost difficult
problems in process of mentioned planning is forecasting of human behavior, which dc
always move by planned routes, or they makes their decisions about evacuation route
based on eperience concluding and intuitiomn this paper it is presented decision supp
system for evacuation route choice, which is based on metaheuristic algorithm Bee

Optimization. There are presented numerical results for cases wheratiegre corstraints on
transportation network, as well as for cases when there are node capacity constraints on n

Key words: Evacuation Routes Planning, BCO algorithm, metaheuristics algoritt
computational inteligence in transport and traffic.

1. UVOD

Uuslovi ma prirodnih katastrofa il:. akcidentni
mj esti ma, od kljulnog je znalaja na efikasan
materijalnih dobar a Ovim probl emonspostee dugi ni
nauke i operacionih istragivanj a.

*Originalni naulni rad
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|l sprva je ovom probl emu, nazvanadmgApl ani r g
Evacuation Route Plannilg pri stupano razvijanjem algorital
ovom problemu pristupa linearnim programiranjé@ko bi se minimizirala ciljna funkcija
pri datim ogranilenji ma. OVidkapi pai mtTegezabdj
diskretno vrijeme u kojem se posmatra dinamika evakuacije. U vremenskomTsjetu
i zvriggmroomj ena par ame¢ eampa aikt d@4ldaagpijaframsparther a n o
mr ege. Jasno je da je ovakav pristup ralunski
samo za probleme manjih dimenzija.

Jedan od pristupa rj e aGapasity ConstrainedyRoyter o bl e ma
Planning) pritstup, koji je opisan u (Lu i dr. 2005). Osim spomenutog, u projektovanju ruta za
evakuaciju izdvojila su se dva glavna pristup
toku i pristup baziran na simulacijama. Problem evakuacije baziran na gtistapu
razmatrali su(Burkardi dr. 1998), (Hoppei Tardos,2000, (Baumannand Skutella,

2006), (Hamacher Tjandrg 2001) (Klinz i Woeginger 2004) (Nasrabadi Hashem|
2010) (Peetai Kalafatas, 20081 dr. Simulacioni pristup projektovanju ruta z
evakuaciju koristili syBarrett et al2000) (Peli dr. 2010, (Edarai dr. 201Q i dr.

U nastavku je dat pristup u proj eBed ovanj u
Colony Optimizatop met aheuri stil kog algoritma, koji d
namjene.

2. METODOLOGIJA
21. Al goritam Optimizacija kolonijom plela

BCO algoritam spada u klasgswarm inteligencalgoritama, gdje agentiv j egt al k e
pl el e, grupno pretraguju prostor dopustivih
Procedura algoritma se sastoji iz dva bitha koraka:

leta unaprijed i

leta unazad,

koj i svaki aglea)Y ¢vkleigtmadbkpopavl ja, sve dok
zaustavljanje algoritma.

Uvedi mo u razmatranje slijedele parametre:

Bibr oj plela u kognici,

NCibroj etapa, odnosno koraka, potrebnih za

bibroj al Tmdaenat a
jibr oj al kor aka.
Pseudd kod al goritma optimizacije kolonijom pl
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Tabela 1. AlgoritanOptimizacijak o | oniljeom pdedorovi i i Gelmii 2011.)

Dok se ne zadovol ji usl ov zaustavljanj a,
1) Inicijalizacija:
svaka plela predstavlja po jedno (pot:

2) Za {=0; j<NC; j++ )
/l'let unaprijed
2.1)Zab=0; b <B; b++)

-evaluirati sve mogule konstruk
- U zavisnosti od evaluacije, izabrati jedan korakk or i st el i
model izbora pomolu rul et a;

/I let unazad
2.2)Za b =0; b <B; b++)

-evaluirati (parcijalnal/ kompl et
2.3)Zab=0;b<B; bt+)
-odluka o | ojalnosti za svaku p

p o morileta;
2.4)Za b =0;b<B; bt+)

-za svaku od neopredijeljenih p
jednu iz skupa opredijeljenih
novom letu unaprijed;

3) Evaluirati sva rjegeddgtalai zapamtitdi

Let unaprijed predstavlja procedmjenu koja |
metaheuristike, dogrocedua | et a unazad m&@ge iat ehgenraet z &l
vrsta problema.

Vierovat moia phell@ osittadm fjo¢ qé mjatl v aski j ec

vom | etu unaprijed, odreluje se na osnovu izr
L < R @
Oinormali zovana vrijednost kriterijumske f
bite plele,
0 I maksimalna vrijednost svih normalizovanih vrijednosti parcijalnog/kompletnog
riegenja koje se porede, tj. normalizovana vr

ui broj leta unaprijed.
Neka su
0 inaj vel a vrij ednloesttn opgirkdiérguipskeriodagie,k o mp
0 inajmanja vrijednost pa kritefijymake fukagjé, k o mp |l et r
0 T vrijednost kriterijumske funkcijpit e pl el e .
Normalizovane vrijednosti dobijaju se na osnovu dvije relacije:
ukoliko se radi o minimizaciji
0 —m pltfo (2)

ukoliko se radi o maksimizaciji
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0 —ho plfBs (3)

Nakon izralunavanbiaavg bedtvattinoli®j alland evl as't
slijeurtgivam | etu unaprijed, i zvI oali se sl ul aj
izvul eni sl ul ajni broj manj i od izralunate v
riegenju, a u@plvebijedsbueéajyperbvatnoie, ple

postaje neopredijeljena.

Vj erovat nhwoiitaa doaprieedi j el jena plela dobiti s
obrascu
o g plf8Y (4)

gdje su

0 1 normalizovana vrijednost funkcijeciileit og ponulenog rjegenj a,

Yibr oj opredijeljenih plela.

Nakon izraluna vjerovatnole za svaku opred
svaku neopredijeljenu pl el u. Ukol i lmate j e izv
kumul ativne vjerovatnol e, neopredijeljena pl e
ukoli ko je slulajni br oj vel.i od ove Vjero\
opredijeljenu plelu iz skupa otpisagjuvlagtiod j eni h
rjiegenjwl.j dedmi k kopira parcijalno rjegenje c
do momenta kada ju je polela slijediti, a zat

svoja rjegenj a.

3. PRIMJENA BCO ALGORIT MA

U ovom radu razmatran je problem evakuacije sa jednim izvorom i jednim ciljem. Neka
je data orjentisana transportna mkagogtmbaG=( N, A)

i zvr gi ti, dvigkudcviojryrostoru kpjenesel ralaze jedingloje treba da
se evakui gu, a grane predstavljaju koridore p
Pretpostavimo da se u poletnom | voru dogodi
| vorovima nemaju informaciju o najghasthoom doga
vanredni dogal aj l e se, na slulajan nalin eva
Prelivanjem jedinica iz izvornog | vora u s
evakui sati, a koje se nal aze Mhijauinfoomagjwyd ma S US|
nastanku vanrednog dogalaj a, t e zajedno s a
razlivanja po transportnoj mregi, sve do kona

Neka je data matrica vremena prelaska preko grana

6 o E o
o o E 0o

< & & E & (5)
o o E o

i neka je nepoznata matrica prelivanja
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Potrebno je evakuisati jediniced pol et nog do krajnjeg | vor a,
i maju poletnu zauzetost, pri |l emu treba prone
ukupno vrijeme prelaska svih jedinica koje s
pol etnom tirlejprud &k Rlrvialrbaoore. t reba napomenuti da
biti shvalen u najopgtijem smislu kao Acijena
viemena moge biti Zzami jenjena matricom rastoj
togaavagno j e napomenut.i da je mogulie modelovati
probl ema. MelLutim, jedna od prednost.i BCO alg
da se njima mogu rjegavati i sl ahbdefinisahjgmu kt ur i r ¢
ciljne funkcije i ogranilenja.

31.Rjegenje problema primjenom BCO algoritma

1.

1.

Pseudo kod BCO algoritma za rjedgavanje probl e
Tabel a 2. BCO algoritam za rjegavanje protk
Ponavl j akeizadablojpute del e kor a
1. za svaki | vor od izvornog do ciljno
LET UNAPRIJED
1.1.1 ponavljati za svaku plelu slijei
1.1.1.1. sve dok u trenutnom | voru
-generisatisl | aj an br o]
-uporedi ti ga s a ku maabvaki naredmii m v

|l vdrkumul ativne vjerovatnole se

vierovatnolia benefita koji I e
i u neki od moglutorthownay edni
-ako je razlika izmelu kumul ati
i generisanog slulajnog broja
inkrementirati vrijednost =zauz
dekrementirati vrijednost zauz
inkrementirati vrijednost |1 an
ukazuje na prelivanje iz trenu
1.1. 2. i zr al un afitnessfunkcige gemdrisanog v r i j ednost
parcijalnog rjedgenj a;
LET UNAZAD
1. 1. 3. pr onadnjuvrijedngsfitredsfunkdije; n a |
1.1.4. normalizovati riegenja za svaki
1.1.5. pronali najveie normalizovano |
1.1.6. za svaku plelu izralunat(). vjer:
1.1.7. zapownakluj gptlielsul i j edeli e korake:
1.1.7.1. generisati slulajan broj;
1.1.7.2. ako je generisani slulaja
postaviti oznaku lojalnosti na vrijednedt, gt o oznal ava d
nije |l ojalna nipjeldaopopi @jl &, nedpo
inale, postaviti oznaku | ojalnost:i
plele, gto oznalava da je plela I|lo
rijelima, plela je opredijeljena;
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1.1.8. izvrgiti b rao ji anrkjr & memrt @ d iajng lejme rbi

opredijelienu pl el u;

1.1.9. za svaku opredijelj ennueopplreeldu jie:

slijediti, po obrascwr(4)dinesitiroalibhnal

opredijd j enu pl el u;

1.1.10. za svaku neopredijeljenu plel:
1.1.10.1. generisati slulajan broj
1.1.120.2. za opredijeljenu plelu |
slulajnog broja i njene kuiftwd ati vn
upamtiti indeks;
1.1.120.3. postaviti oznaku Il ojalno
vrijednostupami enog indeksa, drugim rij
opredijeljenu plelu;
1.1.120.4. prekopiratiodghmmeci j al no/ k
opredijeljene plopeecdkgeljjeangempj el

1.2. Odabrati naj bolje pronaleno kompl et
2. Odabrati naj bolje od svih pronalenih Kk
najbolje
3. Prikazatnajbolijer j e genj e.
U prvom slulaju, vjerovatnolia izbora
n 3 (7
gdew predstavlja korist koju plel
u |lpMomrmaluna se na slijedeli nal i n:
o TMEER O BT T hidg o ®)

Th ET AleA

0 1 normalizovana vrg@dnost vemena prelaska preko grarie
atpredstavlja indeks livorova koji su

Oiizlazni s$tepen | vora

nar edr

a obBtvaruje

nar edn

Za testiranje aaljgor prmaotkiopslgd enhransportna

matricomvremena

m o U I-I:>I-I:>I-I:>I,I

b w1 ¢ Hb

b b T b ¢ Hy
‘b BT oY pn )

b B b B T X"

Wb b b b b nV

uz pretpostavku da se u poletnom trenutku
evakuaciju. Za datu mregu, o pvwamemskihnedinicar i j edno
Optimalna vrijednost je odrL ena pri mjenom Dijkstra algoritr
naj kral i put evi i zmelLu ciljnog | vora i svih
odnosnog |vora evakuisane najkralim putevi ma.
[ i stomuzhubnebwvgl kao u prethodnom sl ul aju, !
funkcije 1960 v.j. (Radojlil 2015), te l ul aj
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| vor ova, |l ija vremena prelaska od jednog do
omaka | vorova (npr. vrijeme prelaska od |vora
|l vorova od 10 jedinica u svakom |voru u pol et

Za izbor narednog | vor abekzoroggireannijl eln® Gl Tk arpa
| v or & tesunezultatiprikazani u tabeli3Kapaci tet | vora predstavl ]
jedinica koje se u jednom diskretnom vremensk
Za pretragu najboljeg ivjeeggetnglak ikhorplgdlean.o j e 2

Tabela3. Rezul tati za LOGI T model izbora nar

6 |l vorova 2 16 | vorova 25 | vorova
10 iteracija fithess=300 10 iteracija fithness=1960 10 iteracija fithess=2000
100 iteracija fitness=300 100 iteracija fithness960 100 iteracija fithess=9000
1000 iteracija fitness=300 1000 iteracija fitness=1960 1000 iteracija fithess=9000
10000 iteracija fitness=300 10000 iter fitness=1960 10000 iteracija fithess=9000

100000 iteraija 100000iter. 100000 iteracija fitness=9000
fithess=300 fitness=1960
1000000 iteracija 1000000iter. 1000000iter.
fithess=300 fithess=1960 fitness=2000
Na slici 1. prikazano je &£&PYUl wlirajjevre 5,zv2Q
plela. Zbog preglednosti, ose su podijeljene

10000

1000

100

10
=#=5 nuena
=20 nuena
100 nuena
1
10 100 / 10000 100000 1000000

. —

0.001

Slika 1. CPU vrijeme izvrdgavanja algoritma z
Vagno je takolLe razmotriti i utsdaavhkagcijukada os
uti | e i trenutna zauzetost | vor a. Nai me, u r e
preliva tok evakuacije su ogranileni
Neka svaka vjegtalka plela bira naredni | v
evakui ge, erkcligtosrk aom 4deOGI T model omeadavnitrnao | mar
i zbora narednog | vora odreluje se po obrascu

Korist koju plela ostvaruje raluna se na sl
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— 0 DdHORA o HW® .

® mh QEED " 4o
gdje su

6 s —hHdgn o (11)
oy — (12)

OiTvrijeme potrebno daij edna jedinica prele

"Qitrenut na zp(ubzreotjo sjitedlivnoircaa jkoj e se nal aze

-

oinormalizovano vrijeme potricpbno da jedna |

wiefektivna Z@uaremalsiizéwama vrijednost preo
)

l spitan je slul aj mredge date matricom(9), ¢
osim | vora 2 koji je usko Kodfidijemtivi unpuzengjov kapac
vrijednost. iz intervalauw [0, 1] a nalaze se u
0 p 0 (13)

Dobijenireaultati prikazani su u tabeli 4.

Tabela4. Vrijednostifunkcijec i kar a z | viijédnosti&oeficijentad
0 Fitness funkcija Fitness funkcijd | vor 2 1

1 300 348

0.9 300 348

0.8 300 348

0.7 300 348

0.6 300 348

0.5 300 348

0.4 306 348

0.3 308 348

0.2 320 348

0.1 336 356

0 428 400

4. ZAKLJ UL AK

jektovanja ruta metaheuri sti]

U procesu pro I
jebljena su dva peilseupa: pLOGI Ti

pl el a, upotr.i

evakuacije koji ne vodi raluna o zauzetosti

koje Ie se preliti tok evakuacije koji vodi r
LOGI' T model u pr v oimremdnaiprelgkaiprelgrariago &ojima o b z

se evakuacija treba obaviti, favorimadglul i i zb

brzok onvergira ka optimalnom rjegenju, ali se u
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i kod pr ogdrilnjoglowbisédesitill e algoritamezanebi u lokalnom optimumu.
Opasnost od ovakvog scenarija je ipak umanjen
LOGI' T model uUu drugom slulaju wuzima u obzi
Zauzetost |l vora u koji Nagbalsjmrg eprawvaalterka ervje
pogorgavaju, ukoli ko se veli znalaj da zauzetc
preko grane. |l pak, ovakav pristup smanjuje mo:
mregi, kao i mo g & evakoxijuT @ ldollddGhk &z anod et e uz sl ul aj
je kapacitet | vorova poznata velilina, uzi ma
usmijeriti tok evakuacije. Pokazuje se da vrijednost funkcije cilja dobrim dijelom zavisi od
ovogparametra.Udluaj u kada postoji usko grlo na mregi,
subopti malne grane, te se posljedilno i wvrije
Primjeluje se da porastom broja iteracija vV
raste. U principu,vi j eme i zvrgavanja algoritma zavi si 0
pretragu u toku izvrgavanja algoritma, odnosn«
plela i broja iteracija. Stoga Ie u biudulem i
fuzzysi st ema, uz pomol kojeg e se u toku izvrga
U zavisnost.i od kvaliteta rjedgenja dobijenih
mi gl j enj a dduzzyei sktoerngal emg ¢geem smanjvutelgtakkphnpbe
pretraguju prostor dopustivih rjegenja, |i me
algoritma, ne utlluli bitno na kvalitet dobi
prezentovani algoritam je potrebno ispitatinaatn s por t ni m mredgama sa 100
| i me bi se potvrdila upotrebljivost al gori t m:

planiranje evakuacije gradova).

Opi sani mod el nije uzimao u obzir sl ul aj k
sepeliva tok evakuaciij e, uska grl a. Ovakav s
odrelenog broja jedinica na transportnoj mr e g
buduil em istragivanju biti posvelena pagnja pr
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Apstrakt U radu su identifikovani i obrale
ocijenjena &efikasnost njihove pri mjene
efka snosti marketinga u saobr al €ijeuradade ogledajy
u odrelivanju objektivnih indikatora kv
sl ogen pojam kojeg karakterd@gfi wiiganijvar
koje le u sebi sadr gavat.i vi sok stepen
prikupljanja podataka (anketni upitnik, intervju i dokumentacija poslovnih sistema zc
Korigtene su istr ag@didealzkhe ometkordie vkzdvftjeni sg
k1l julni indi kat or i kvaliteta marketinga
kvaliteta marketinga u saobralaju i pr e
uzorku i sMorgaudiinvoasntj apri mj ene mj erodavni h
saobralaju za ocjenu njegovog kvaliteta

Kl jul nManmikjegliing u saobralaju. I ndi kator
model.

Abstract In this paper the indicators of quality of marketing in traffic are identified i
processed, the efficiency of their application is evaluated and a mathematical model
dependence of the evaluation of the efficiency of marketing in ffie teethe value of the qualit
indicators is shown. The objectives of the work are reflected in the determination of ob
quality indicators in marketing. Since marketing quality is a complex term characteriz
multiple variables, it is necessaty define the key variables that will contain a high degre:
objectivity in themselves. Combined data collection tools (questionnaire, interview
documentation of business model systems) were used in this paper. Research method:
suitable forthis kind of research were used. Key indicators of the quality of marketing in t
are highlighted, then the gradually relevant indicators of the quality of marketing in traffic
grades of the quality of marketing in traffic are presented on thgpkasurvey. The possibilit
of applying the relevant indicators of the quality of marketing in traffic for evaluating its qu
while a high level of objectivity is being achieved.

Key words:Marketing in traffic. Quality indicatorsMarketing qualiy. Mathematic model.

1. UvVOD

Prva karika u lancu uspostavljanja kvaliteta s a o b r alajnom jposl ovnori
mar keti ng. Prema Kotl eru: A Mautekneptoizvodgje ij e dr u g
*Originalni naulni rad
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razmjene proizvoda ili usluga i vrijednosti s drugin@o j edi nc i [ grupe dobij
j e potr ebn(kotlei 1989. gt o gel e

|l ako Drucker smatra da je Amarketing tolik
zasebnom funkcijom .... jer se radi o sveukupnom poslovanju gledanom kroz prizmu
korisni kaih smatra se da | e mar keting jako z
gto predstavlja prvu i zadnju stepenicu kod u:
treba posvet i(tZiukpds eR2mwopagnj u

Dobro razumijevanje zahtjeva kupaca je pol
kvaliteta na 0§x0a iuplu@M.j uDoabricsSCoav!l jeni posl oV
ostale funkcije organizacije koje [le biti ukl

Mar keting, kod ispitivanja zahtjeva trgigte
je da se zahtjevi kupaca regigtr i u potpunosti razumiju. Zahtjevi kupaca mogu biti iskazani
na razlilite naline. Uobil ajeno je da se zaht
nerazuman za organizaciju. Ali, marketing slu

obliku razumljivom za organizaciju.

Dobijeni rezultati moraju biti jasni kako b
u karakteristikeusluga Sve dobijene informacije vslugamamarketingu s a o bmoral aj u
evidentirati i proslijediti funkcgma planiraja i razvoja

Kval itet marketinga u saobralaju se posti ge
f strategko planiranje i wupravljanje market:
1 marketingokolinepr ail enj e i istragivanje novih mogul
f i zulavanje trgigta korisni kebaiizahtevarza ganj e
proizvodom ili uslugom,
f predvilanje buduie potragnje proizvoda ili
1 segmentaciju trgigta i pozicioniranje na t
1 marketing planiranje,
1T definisanje sagete informacije za razvoj p
1 razvoji upravljanje markang strategijama,
f aktivnosti sa javnogl u,
1 plasman proizvoda ili usluga.
2. METODE
21.1l ndi kator i kvaliteta marketinga u saobral e
S obzirom na | i nj enteta uparamatrkofi kvaniitativcho ik at or i k
kvalitativno pokazujls posobnost eaiziedagehal dane ciljeve, m
pr omj ena dikaoraikValitetaedirektmo ilindirektno uslovljava promjenu ocjene
kvaliteta procesa ( Br dar evi | [ dr ., 2015)
Za organizaciju je jako bitno powmaeavanje

trgi gne pozicije, poznavanij(eakondyion2snbhé) ost i s
razvijen je set indikatora u marketingu, ikgg predstavljen u tabeli. 1
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Poznavanje ovih indikatora u znalajnoj mj e
koje imaju za cil] organi zacijski( Pmpodr 90,1 6Rr

Tabelal.l ndi kat or i kvaliteta marketinga u sat
Indikatori kvaliteta Ozn J. Cil.  Stv. Ogj.
aka M. vrijednost
1. Broj novih korisnika usluga lql
2. Brojizgubljenih korisnika usluga 192
3. Broj novih usluga razvijenlg3
korisnika
4. 0Odnos cijene usluga prema cijenama usluga konkurenciji g4
5. Odnos cijene usluge sa najboljom svjetskom praksom u k 195
6. Broj pohvala od korisnika usluga 196
7. Br oj preklamacifp bd korisnika usluga Iq7
8. Trgigna pozicija organi zaclg8
9. Nov| ana sredstva planiransalg9

10. Iznos reklamiranih usluga u odwna ukupan iznos usluga 1910
11. Procenat trgignog wudjela nlgll

12.Trgi gni wudi o lg12
13. Broj otklonjenih prigovor glgl3
korisnika.
14. Broj prigovora koji nisu rligld
15. Novonastali trogkovi usl j e lgls
16. Frekventnost narudgbi po klgl6
17. Broj organizovanih nagradnih igara Iq17
18. Broj reklama putem medija 18

19.Broj poboljganja predlogenlgl9
20. Brojrealizovmi h pobol jganja pred Ig20
21. Procenat gregaka pri prugselg2l
22.Procenat otkaza transportnnlg22

23. Procenat otkaza u radnom vijeku sredstava 1923
Ob j a g nipndikatoraekvaliteta u marketingu -Tr gi gna pozi cija orga
uslugama(lg8). Ov a j indi kat or i ma zadatk da prikage
uslugamakKako je brojuslugar az1 i | it od organizacije do orgar

indikator. No, zavisno od brojavr st e us | u g arganizdci@ajtreba gefinisafia
adekvatan broj ovih indikatora.

Novoformirana metoda i ma vVvi §e kefikashostr i j ums ki
marketinga | ndi katori koji se koriste u metodi S
adekvatnim funkcijama organizacije.

Kod pojedinih organizacija javiie se potrel
ili oz progirenj dmkbtej hei poisk@djata potreba
pri e i st ovr e ma btkvimsiluaciamaorganjzacijarhause dstavljg

ot v a moguinost da izvrge preklasifikaciju
slulaju preklasifikacije ild@ pak pridrugivanj
funkcija trebavoditr al una kod provolenja ocjenjivanj a.

a
dr ug
oren

—_ -

Broj indikatora u novoformiranoj metodi, naveden po funkcijama, predstavlja otvorene

skupove. To znald. da svaka organizacija i ma
funkcionalnih i ndikat orzacijandXkoristl pojedme isdikatopo k a g e  d
ocjenjival za te indikatore dodjeljuje ocjentu

indikatori otkrivaju njene poslovne tajne daje joj se za pravo da te indikatore ne razmatra u
postupku utvrddgmvaantia. svoj e uspj
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22.Postupak wutvrlivanja efikasnosti mar ket i nc

Primjena met ode ne zahtijeva posebno obul
organi zacije primjenom novoformirane metode m
pak tima. Ukoliko se oepnjivanje organizacije treba provesti brzo tj. u relativno kratkom
viemenskom periodu tada se preporuluje angago

UtvrlLetakpenosti ma rkred v sndgia sue skarodz ad laijjue d e
(Zuki I, 20009)

1. definisanje ciljnih vrijednsti indikatora,
2. utvrLlLivanje stvarnih vrijednost.i indi kat

3. ocjenjivanje indikatora,

4 . utvrLlLivanje funkcijskih ocjena (uspjegnc

5. utvrlivanje organizacijske ocjene (uspj e

Prwvi korak Kkoji organi zacpjaeghosba papmpehno
metode je definisanje ciljnih vrijednosti indikatora. Ciljne vrijednosti indikatora trebaju
predstavljati one vrijednosti kojima organi z
organi zacija moge uz e tnkurencija (npjleold o praksi)iili peko j e po's
poboljganje onih vrijednost:.i koje je organi za
organizacija geli da prati sopstveni napredak
vrijednost. ged. doOsgavapnabijcal jkod izbora cil

one budu atraktivne tj. da prate svjetske trendove, ali i realne s obzirom na uslove u
organizaciji.

U drugomk or aku organizacija utvrlLuje svoje st
stvarnih v i j ednosti indi kat or a, kao gto je vel [
pojedinca ili pak tim, zavisno od raspologivo:
informacija za tu svr hu, organi zacitacie, mogu po
ocjenj i vanj(aocneasudpisl,a ti ma

U trkebeamku vrgi se utvrlivanje Apologajaf s
na definisane <ciljne wvrijednosti. Zavisno oC¢c
dodj el j uj e ooedegKmowa rgajeniie i ndi kat or i se melLusob
di menzijama tako i po karakteru trendova. D
ini katora iz Ajedne ravnifdi uvedeneivanp ocj ene
indikatora prema taeli 2
Tabela2Kr i teriji za ocjenjivanje stvarnih indikatora
Kriterij za ocjenjivanje indikatora kvaliteta marketinga Ocjena
Vrijednost indikatora je nepovoljnija od ciljne vrijednosti 0
Indikator ima dinu vrijednost ) 1
Vrijednost indikatora je vela od ci 2

Ukupna ocjenee f i kasnost. mar ketinga se dobija ta
vrijednosti indi katora kvaliteta marketinga
izdvojenih il i kat ora kvaliteta marketinga u saobral

pretvara u procenat, prema formuli (1). Navedeni postupak predstavlja ocjenu efikasnosti
mar ketinga u saobral aju.
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%- 32— p i [%) 1)
Gdje su: EMSefikasnost markei nga u 8 A & 2bim dcjerja wstvarnih

vrijednosti indikatorag T b r o j indi katora kvaliteta marketi ng
Ocjena indikatora kvaliteta marketinga u s
predstavija transformaciju stvarnihdikatora u tzvmjerodavne indikatore kvaliteta (MIK).
Trebanapomenut i da se ocjena Anul an daje i za il
moge dat.i ako je ciljna vrijednost ujedno i m

3. REZULTATI | STRAGI VANJA

Eksperimen | i j i Ssu rezultatdi korigteni u ovom
preduzelia, koj a ishp apdraejduu zueiaar.peRuo dnaei osdu po | et |
za 2016. godinuPr eduzei a su ¢gifrovano predstavljena
predstavljeni ukupni rezultati mjerenja i ukupna efikasnost marketinga.

Tabela 3 Pregled vrijednosti ocjena indikatora kvaliteta i ocjene efikasnosti marketinga

Vrijednosti mjerodavnih indikatora kvaliteta ©

TPI TPII TPIII T X

LIV V-V V=X IV V-V VX -V VAV V- g 2
XIl
0 1 1 1 2 1 1 1 1 Igl
2 2 2 2 1 2 1 1 2 g2
1 0 0 1 1 1 1 0 0 Ig3
0 0 0 2 1 1 1 1 1 Iq4
0 0 0 0 0 0 0 0 0 Ig5
0 0 0 1 1 1 2 1 1 g6
1 1 0 1 2 1 0 0 0 Iq7
1 1 1 1 1 1 1 1 1 198
1 2 1 0 1 1 2 2 1 199
0 0 0 2 2 2 1 2 2 Iq10
0 0 0 0 0 0 0 0 0 Iq11
1 1 1 1 1 1 1 1 1 Iq12
0 0 0 1 1 1 1 0 0 113
1 1 1 1 1 1 1 1 1 lq14
1 0 0 1 1 1 0 0 1 Ig15
1 1 1 1 2 1 1 1 1 Iq16
0 0 0 1 0 0 0 0 0 Igq17
1 1 1 2 2 2 1 1 1 Iq18
0 0 0 1 1 1 1 1 1 Iq19
0 0 0 2 2 2 1 2 2 1g20
0 0 0 1 1 1 0 0 0 Ig21
0 1 1 0 1 1 1 0 0 1922
1 1 1 1 1 1 1 1 1 1923
12 13 12 24 26 24 19 17 18  Zbir MIK
52,17 56,52 52,17 104,34 113,04 104,34 8261 7391 7826 EMS%
50 55 50 100 100 100 85 75 80 PoMH%
3.1. Regresiona i korelaciona analiza rezultata mjerenja
Ako se za ulazne veliline uzmu vrijednost:i
izl azne veliline vrijednost: efi kas-N st ma r
model u izvrsnosti, mogule je formirati matric
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Ako nalemo proi zvodreelX'vianjyemX Yhatril nih je
prelaskom na sistem normal ni h | énd sadvien a, dob
nepoznate (3).

9 o + 165 1 =695 3
165cy + 3259y  =13641

Rjegenja dsatwaego2sics=t4@m®a je jednalina regre
y=-0,25+4,20x ; a to je ujedno i regresioni model koji zapisujemo:

=-0,25 + 4,20 (4)

Dakl e, j ednal i na ( drimeneiadikatoeat kealitedat zeotjeku mo d e |
efikasnostimarketingau s aobr al aj u.

Grafil ki prikaz mjerenja moge se dati i pon

120
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O ,..................
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Slikal.Gr af i | ki prikaz rezultata mjerenja i jednal

200,00%

100,00% /_’/.,./\I

0,00%
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Slika 2 Dijagram rasipanja kod eksperimentalnih mjerenja
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Prvikorakus agl edavanju korelacije izmelLu promjen

na osnovu urelenih parova (x, y) , gto je pri
mj erenja rasporelene unutar elipse, lija je |
postoji velika korelacija izmelu promjenjivih
32Provjera talnosti indikatorske metode
Za provjeru talnosti ove met ode ocj ene e
najpogodnija je metoda testiranja jednakosti srednjih vrijednosti dva osnovna skupa.
(Sd erovil, BagRrvi 29KObg Isitre r8&62ul tati -mjerenj
MH, a drugi skup rezultati mj erenja pomol u n

vrijednosti mjerenja istih dimenzija, odnosno, procentualne ocjene za datpottaas
preduzel a.

Procjena varijanse za razmatrana dva skupa
i )

Gdiesui @ varijanse skupova 1 isredinacf St andar d
of je:

i R (6)

dok seoveluhanpo formul.i

b 1 2 1 2 (7)
1 2

Odnosno, za Studentovu raspodelu sa brojem stepeni sfobode & ¢, ako je
hipotezdO ‘“ talna;
(‘) 1 2 (8)

1 2

Testiranje nulte hipoteze se izvodi na osnovu vrijednosii.zaz t abel e B2 ( Sef
2005)0 | i t av a §éenﬁvrcihqc@djmeaswel e od ralunate vrijec
S pouzdanoglu od 99 % nulta hipoteza prihvatl
slul ajna i zagugenost proizvodnih |linija je |

Tabela F4: Rezultati testiranja nove metode za efikasnuostiketinga
9 tror
9 94,42
77,22
79,71
400,62 N
0]

406,81 -0,026
200,3

g

Dakle, skup 1 (mjerenja efikasnosti g-QM-MH) i skup 2 (mjerenje efikasnosti
marketipa novom met odom) i maju jednake srednje v
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hi poteza po studentovo]j raspodjel i, gto dovo
primjenjivati za mjerenje efikasnost.i mar ket i

P o g tnavedemo testiranjevodi samo uz predpostavku da normalne raspodijele imaju
jednake wvarij an-#$estomgSam naziv govoli dg = nestirafje sprovodi
varijablama Fraspodijele.

Neka je nulta hipoteza da su varijanse dva osnovna skupa jednake@: i i

Onda je: 'O —=1,015 varijabla Fraspodjele sa stepenom slobode brojnika
£ p = 8, i nazivnika 3 p=8.

Tabl i | na "Ovzrai jvejdenraps@ a tOn ofifedTin pi navedene stepen
sl obode nazivnika iznosi: 3,44/6,03 (Seferovi
Moge se kon:s tOa 1,016 a3t44i "'Od 4,015 6,03t o znal i da ne

signifikantne razlike u varijansama varijabli za dva skupa, pa je nulta hipoteza #ast F
prihvatljiva, a time je studentov test valjan.

Dakle, nova metoda je a |, n a kao t aikjenjvatimaagjenu sfikasnpsti
mar ketinga. u saobral aju

4. DISKUSIJA

Posmatrajul.i regresionu i korelacionu ana
zavisnostiod ndi katora kvaliteta u marketingu, vidl
pojedinalnih ocjena indikatora kvaliteta mark
saobral aj u.

TakolLer, vidi se da je mar ketajng prfadtkiasmadijju
indi katora od ostalih. Premda, |je dobijen mat e
od indikatora kvaliteta marketinga, potrebno je biti oprezan pri njegovoj primjeni u praksi zato
gto je on dobijen n#&wanasnovu malog uzorka istr

Nepobitna je |injenica da je ovo veoma mal
provest. i stragivanja na velem broju saobrala
girok asortiman njihovih djel datrmmngtei ,i ¢tpa olviol

mar ketinga u saobralaju.

Pri ocjenjivanju indikatora kvaliteta marketinga, prisutna je subjektivna ocjena
(procjena) menadgera. Zato je potrebno nali r
bi se povel al a astupoeclbe sakankuencijom. mogul n

5. ZAKLJ UL AK

Sam postupak ocjene efikasnosti mar keti nga
setova indikatora je na menadgeru ili ti mu K
uspjegnosti preduzeoljedi 8idgurimdi datpral &vjaé ipe
dopriniijeti detektovanju slabih mjest a, gt o |

ispravnih odluka u tom smislu.
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Bitna je i |injenica, da preduzeia nisu ogr

mar ketinga, vel sami mogu odlulivatd.i uz predhi
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REPREZENTATIVNI KATA STROFALNI AKCIDENTI SUMPORNE
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REPRESENTATIVE CATAS TROPHIC SULFURIC ACI D ACCIDENTS IN
RAIL TRANSPORT
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Apstrak: Zbog i zragenog kvantiteta proizvodn
Sumpornek i sel ine ¢gel eznicom. l ako se obavl
usl ovima bezbednosti, akcidentni Su nej|
materije u transportnim jedinicama, javelikd
ekologke katastrofe. Istragivanja posl et
su u toku i ol ekuju se znalajna unaprele

mogu nastati posle akcidenta sa opasnim materijama.

Kljul n e ropasne Mmaterije, transport, kiseline, akcident

Apstrad: Because of the quantity of production and consumption, the land transport of sl
acid is inevitable by rail. Even though it is performed in hazardous substances under urgen
conditions, accidents are inevitable. Due to the concentration of large quantities of dang
substances in transport units, accidents in the case of sulfuric acid usually cause
environmental disasters. Research into the consequences of theteserdgative accidents fror
2014 and 2015 are ongoing and significant improvements are expected in thteron
environmental impacts that may arise after an accident with dangerous substances.

Keywords:dangerous goods, transport, acids, accidents

1. UvOD

Sumporna kiselina je neorganska kiselina molekulske formule H2SO4, bezbojna uljasta
telnost .

ulje 111 Aduho Vitriola, poznat je od davn
(zapisi Dioscoridesa, | vek nove ere), Rimske imperije (zapisi Plinijg/928ove ere),
|l uvenog Gal ena -200noRren)dRemife abin (bri F2agyan,-825 nove
ere).

Prva industrijska proizvodnja Sumporne kiseline je realizovana 1736. godine iz sulfata
GvoglLa i Bakra u Engleskofjin®valy Pjosdiupjpéni m A
Dr gavama, industrijska proizvodnja polinja 17
su postale dostupne postupkom sagorevanja g¢gal
Sumporne Kkiseline | e%. Dandsije aktpelam kontaktmi postupgkr e k o 7

* Pregledni rad
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(sagorevanje sumpor dioksida u sumpor trioksid) koji se izvodi u prisustvu Platine kao
katalizator a, patentiran jog davne 1831. godi

Sumporna kiselina je strategki proizvod i
pr oi zvodnj i vegtal kogr diubvodmj, i ubarerta,l ulrgliij k a
goriva u petrohemiiji, u industriji boj a, u p
proizvodnji akomulatora (kao elektrolit), u petrohemiji za rafinagjetrola, papirnoj
industriji, za dobijanje veline mineralnih ki

Sumporna kiselina ima veliKki afinitet prem,
uz osl obalLanje velike koliline tdowdiad e: 83, 3
kontrakcije zapremine. U kontaktu sa organsk
i zazvat.i pogar . Sumporna Kkiselina ugljenige ¢
Zbog ovih karakteristika, preko 30% akcidenata sa Sumpornom kiselma smrtonosan
i shod (Milner [ dr . , 1996) . Ustanovljeno | e
smrtnost u 18 o godi gnjem periodu po akcidentu ( Wei
Sumporne Kkiseline izaziva rtatorailj organa iliffatalao pr av | j |
ishod. Potencija karcinomogeneze Sumporne kiseline je ustanovljen pre 30 godina (Block i
sar., 1988).

Povrede pri akcidentima sa Sumpornom kiselinom imauj uzrazito nepovoljnu
raspodelu: 14,1% pacijenata ima opekline celog telal(body surface areaTBSA), a u
66, 7% povredu glave koje u pravilu prati del i

2. PROIZVODNJA SUMPORNE KISELINE | RASPODELA RIZIKA PO
LOGI STI LKI' M BMOMASI STE

Po dostupnim podaci maj agsdimpojraeskesekanpr (
Idecen j e X XI v eka nodokg20000@¢000.08 tananaipe pmdacima iz 2012
godine, obim godignje proizvodnje je 290, 000,

Od proizvedeni h kolilina, procenjimno j e d
fertilizerima za proizvodnju vegtal kog Lubri
Fluorovodonilne kiseline se koristi.i oko 2% Su
USA, EU, Rusija.

Za 454 akcidenata koji su evidentirani u bazi FACTS4a3§ad i g nj em peri odu,
od akcidenta po proizvedenoj toni iznosidR344Q0° akcidenta/toni.

Verifikacije statistilkih hipoteza o utica
dogalaja za opasnu materiju ima sledele raspo
1 U proizvodniji, akcidenti sa sumpornom kiselinom imaju visok rizik od fatalnih ishoda,

T U procesi ma skl adi gtenj a, akcidenti s a

signifikantne uticaj na na fatalne ishode,

1 U pretovaru, akcidenti sa sumpornom kiselinom imaju izuzétakrrizik od fatalnih
ishoda, tj. operacije pretovara sumporne kiseline su pouzdane sa malim brojem
akcidenata i poginulih radnika.

9 U transportu, akcidenti sa sumpornom kiselinom imaju nizak rizik od fatalnih ishoda,
tj. operacije transporta sumporne kise se i dalje smatraju pouzdane, sa malim
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brojem akcidenata i poginulih radnika (o0k:
jednim fatalnim ishodom).

1 U upotrebi, akcidenti sa sumpornom kiselinom opet imaju visok rizik od fatalnih

ishoda,

Me L ontigko pouzda po radni ke lamspodu sunpare tkiseline,u u t
akcidenti i maj u izuzetno vel i ke negativne p
proizvodnje, kopnene transportne zahteve mogu
| skl i znul a ojred ezanipgrkdVvho zv aqgpasni h mat-ekoi j a, su
54% akcidenata sa opasnim materijama je real.@

| skliznuia su najlegie realizovana wu st an
Nepogel jno, asteanmoi cue gsua dusckhiiml j ezgri ma. Manji b
otvorenoj pruzi. Odnos rizika u stanicama (gradska jezgra) i otvorene pruge je 5:2 (raspodela
54% akcidenata opasnih materija zbog iskliznu

Ogranilenja brzina skséeanicamdovodgegdpei pki
broja vagona uobi | ajeno pojedinal no, sa manjim fizi
vagona. Zbog toga, veli br oj akcidenata u st
materija.

Me L on,tna otvorenoj pruzi, lkzo g velih brzina, iskliznul'a)
i spadanje vagona sa izrazitim mehanil|l kim ogtel

opasnih materija.

Za reprezentaciju ovakvog stava, za opasnu materiju @umKiseline, odabrana su
dvaakddenta Sonora u Meksiku i Quesland u Australiji.

3. REPREZENTATIVNIAKCI DENTI1 U GEL E ZRANGROBW
SUMPORNE KISELINE

3.1. Akcident Sonora u Meksiku

Akcident Sonora se realizovao 12. Avgusta 2014. Meksiko, oblast reke Stikare. )
(severozapadni deo Meksika)aZ potrebe jednog od najvelih rt
Buenavista, obavljan je ¢geleznilki prevoz Sum

Zbog iskliznul ai sstemixzapévaz Siymporne kisgfmn ado gl o | e
do nekontrolisanogstakanja oko 4000 litara Sumporne kiseline u reku Sonoru. Time je u

pot punost. onemogul eno skromno snadbevanje v
vanrednog stanja odmah je zatvoreno 80 gkol a,
uni gten r i balcjii bfendpriocrinknjmoguli nost i opor avk
poljoprivreda i stolarstvo kao osnovna privr e

posledicama su u toku.
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LN R

=i X 1X5

Slikal.Reka Sonora, bligi izgled reke posle

3.2. Akcident Queensland u Australiji

Akcident Queasland se realizovao 28. 12015. Godine, oblast QueenslaAdistralija.
Kolilina od 31500 I|itara od ukupno 800000 I
vagona gel ez n slikake/lasti sunodnoabk praglasileearedno stanje. Sva tri
vozala | okomotiveeswdmahr gela¢e varaedastignrad jsaobr a
akcidenta je zatvorena za | etove svih sredsta

Y

Slika2.Queensl and, ¢geleznil|l ki akcident, prevoz

Zasad, | avedgtsajnoj for mi 0 zagalenjima zemlji
dostupan javnost.i zZzbog odnosa sa osiguravaj
odgovornosti. Oblast je trajno zabranjena za
na 2 km od mesta akcident

izme gt ena u radijusu
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4. ZAKLJ UL AK

Bez obzira na znalajan tehnol ogki napredak
akcident sa telnim opaspomelmabekbjakmaeristilni. T
mo ment a i netrici jue ttaemlkruo obavezno i zazivaju n
transverzalne i |l ateralne oscilacije transpor:t
nije u potpunost. utvr Lena, al i se smatra da
vagona. Najoviji katastrofalni akcidenti iz 2014 i 2015. godine su potvrda neophodnosti
daljeg usavrgavanja ¢geleznil kih stabilnih i m

Sumporna Kkiselina ima posebne specifilnost
poencijal dugorolnog ugrogavanja givotne sredi
daleko iza energenata (oko tri puta maniji rizik), energenti posle akcidenta ostavljaju daleko
manj e ekologke posl edice, i nt e plathomansijonk ci dent
[ mehani | kim dejstvom je vremenski ogranil en.
delu direktiva SEVESO 11, o dugini dej stva i
posledica od sumporne kiseline. Jedino je poznato da je ‘elikio | direkno povr el
akcidentima sa sumpornom Kkiselinom preminuo
akcident a. Najlegli obl i k posl edi ca j e pr ot
Sumporne kiseline. Saznanja o drugim negativnim uticajima trebaiddepinu upravo posle
analize posledica navedenih akcidenata.
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RESEARCH ACCESSIBILI TY OF PUBLIC TRAFFIC AREA FOR
PERSONS WITH SPECIAL NEEDS

Biljana& KWwemd ("Tomeyah 2Mi | anovi
aCentar za odrgivi razvoj i bBeagtae 1d 27 b, Srbija,s a ¢
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21 000, Srbijatomovicnena@gmail.com

Apstrakt: Savr emen koncep odr §gi vog pokemavwongcigu kaji se

odnosi na drugfvenpuwdodrzgimeesaudsil ukgaas pwli o
grupacijama i generacij ama. Lica sa pvbhmje
u svetu nije zanemarljiv, pa se svaka inicijativd i i str adgprvelnyjee knojj

gi vimdgpe se smatratiRadagmnemeintkopei sneomdol
koja su sprovedena nameri da se utvrdi dostignutivo primenest andar da Kk o]
0 b av e z n e mdreei lusiovi |z&k planiranje, projektovanje i izgradnju objekata, kojim
osigurava nesmetano kretanje i pristup osobama sa invaliditetom i starim osobama, kao i
kategorijama lica sa posebnim potrebam& osnovu rezultata dobijenih analizomkanpljenih

podataka moge se konstatovati da i ma dos
povrgina |l icima sa posebnim potrebama,na
jalanja Bweaelsdjiu zadovol jemimjparebpnat r eba | i c
Kl jul nsaoibjraliiaj , el ementi pristupalnost

Abstrad: The modern concept of sustainable development of society is paying incr
attention to the principle of social sustainability, which also impliesatredlability of services
to all social groups and generations. Persons with special needs are an important seqgt
society, their number in the world is not negligible, so any initiative or research that imp
their quality of life can be consider@mportant and usefullhe paper presents the methodolc
and results of research conducted in order to determine the achieved level of implement
standards that define the required technical measures and requirements for planning, de
and corstructing facilities, which ensure smooth movement and access for person:
disabilities and the elderly, as well as other categories of persons with special Bzessl on
the results obtained by analyzing the collected data, it can be concludettheéhatis a lot of
space for improving the accessibility of traffic areas forperso wi t h s peci atl
be realized without accompanying awarenessing activities on the importance of meeting 1
needs of persons with special needs.

Keywaords: traffic, accessibility elements, disabled and old people

1. UvVOD

Odr girazvoj je koncept koj i dugi nvel agmesdivioa z
Multidimenzionalnogj e kar aktera jer je zasnovan na pri
odrgivosti isoedgineoé¢Frigkeotne001l). Sve tri

* Pregledni rad
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moge da funkcionige uzaj amni nonamibidglolpaianj em po

procesu realizacij e(BugerdMayex,2008). ci | j eva odr gi vo
Kadajee| o smdrénsparineigi st emu, pored ekonomske i
sredine sve aktwuelnije postaju i tenng vezane
podrazumeva uslragpod wvigimvedsugt veni m grupacijam
to | egdga puel iswvjeeni ci da se posl édmj ilh jagencer
fokusu je pravednijodnos drugtva prema | icima sa poseb
humani sti | kg ei due jda uigr ksoih d@nih koji su #olsada biliuvedkn j a
mer i i skl juleni, segregirani, diskriminisani
Shvatajuli vagnost probl emati ke, Gener al ne

decembra 2006. godine usvojila Konvenciju o pravima osoba sa invaliditetorgionDp

protokol uz nju, kojijiNa r o d n a RepubligedStbije matifikovala 29. maja 2009. godine
izglasavanjem Zakona o potvrlLivanju Konvencii|j
42/09).

Konvencija ne stvara nova prava za O0SsSobe s:;
koji ma seje porbiestztbudpliantkirlakgoegn | a avhopravno sa
samostalnog ¢givota i punog ulegia u svim sfer.
identifikovanje i ukl anjanje barijera koje on
prevoznim sredstvima i drugim objektima u zatvorenom i otvorenom prostoru.

r
r

U skladu sa preuzetim obavezama na nivou d
tandardi ma pristupalnosti (ASl . gl asni k RSh#H
ehni |l&ridistknjdi ma se obezbeluje nesmetano kre
retanjem i osoba sa invaliditetom, razjagnj e
rostora javnih, saobraiajnih i pegekdtaki h povr
kao i posebenih urelenja u nji ma.

Pri mena navedenog Pravilnika postaje i mper:
saobraliaju, u inpevropskime zemljamanalazi udgrupi gajnebezbednijih
dr Java. U Str at e ginaputetineaRbpellike Srbije za peried@d 20E65] aj a
do 2020. goding AS | . gl asni kj ®Spotbem¢i an@0d&)saobr al .
s amo saobraiajni, vel ekonomski , zdravstveni
svega kao posledica rdzli tpriogusta. One su isto takopios | edi ca pogregni h
neobrazovanosti, nekul tur e, nerada, neznanj a,

neposv'el'enosti upravljanju bezbednoglu saobr al
usobral ajnim nezgodama.

Pegaci se mogu smatrati jednom od od najug
jer oni |line 25% ukupno stradalih Iica, pri |
gotovo 50% poginulihtepgoakaipriepada Naamgad onsijt
ni su ralena ozbiljnija istragivanja o uleglu
posebnim pot b a ma u saobr al ajnemanmsumnje zay sud takemsa lica
najugrogeni ja u s akihbmeathirshjkarakteristtag svoj i h fi zi |

Polazeli od te |injenice, moge se reli da s
smatrat.i dobrodogl om i vagnom. Zbog toga se
pri st upajlanvorsith s aobr gjina jnvalidhim gscbamag centmlnins t a

zonama beogradskih opgtina: No Vi Beograd, Zem
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Ci | ] istragivanja je bio utvrlivanje dosti
definigu obavezne tehni | ke mer gradmju objekdtay v i za |
kojima se osigurava nesmetano kretanje i pristup osobama sa invaliditetom i starim osobama,
kao i ostalim kategorijama lica sa posebnim potrebama.

2. METODOLOGI JA VASJARAGI

U fokusu velikog broja inicijativa koje imaju za cilj da pomoditima sa posebnim

potr ebama je i zmelu ostalog i korigienje jav
pri mer. dobre prakse, |l ija drudgtvena korist |
pristupal nost. (Shresthal i dr., 2016) .

Dabiseil ci ma s a posebnlm potrebama, odnosno i
givijenje i omoguliilo ulestvovanje u svim pod
pristupal nost.i [ mobil nost.i osoba sa hendi kep
popul acijom +65. Svako |lice sa posebnim potre
sve njih povezuje gelja daprkpsvellomiragus eg&wi ast al
sakoji ma se svakodnevno suo| avaju.

Lica sa posebni mspgmeebamdauguvaagani hov b
zanemarl jiv, a ima tendenciju daljeg rasta.
ekonomski razvijenijih drugtava prisutna e
povelanja br djoan sstmersiltu Isiveask.a U nicijativa ili
unaprediti kvalitet |Iica sa posebnim potrebam

Moge se reli da i u Srbiji sve vige jala ¢
posebnim potrebama. RoO® | i vel i ki br oj kvalitetnih inici
onemogul ena nedostatkom finansijskih sredstayv
pri mene standarda i tehnil ki h mer a koji ma se
sainvaliditetom i starim osobama, kao i ostalim kategorijama lica sa posebnim potrebama
sprovedeno je istragivanje u centralnim zonam
i Surlin u opsegu od 500 metara, a obuhvata s

Novi Beograd- okoli n a AStarog Mer kat or aif, sa domom :
gkol om ANadegda Petrovil i, | nom ibdogradskam za z a g
gimnazijom, ulicom Pariske komune i novim Merkatorom

Zemun-od Dunavskog keja do Todp¢Zmaplgvinbulicear a i 0
dakl e sama centralna zona opgtine sa osnovnin
Zemun, glavnom pogtom i pijacom

Surjciemtralna zona mesta oko Opgtine, Osnov
zdravlja.

U prvomkorakumetanl| ogi j e definisani su el ementi pri
i stragivanj a. Za svaki i zabrani el ement uz kr
trebalo da budu primenjeni, gto je u sagetom
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Tabelal.Element pr i st1ppeeldmoest ii stragi vanj a

Element

pristupal Opis elementa Osnovni zahtevi

1) rampe za p
invalidskin  kolicima, za
visinsku razliku do 76 cm;

_ 2) spoljnim
Savladavanje stepenicama, rampama,
ViSinSke I’aZIike S t e p en p®|2ngnr
platformama, Z&
vi sinsku r ¢

76 cm

i

a

j ena ukupna d
b imznd®Raimpk duge
m u slulaju da s

onwa—~c =z
oO—oruv®

Nagi bi ne mogu

Trotoari (1:20), a i zuzetn
staze, peg poprel ni nagi b wul
druge povr (staza upravno na pravac kretanja izn
ul i ca, trg2%. Getaligta u c
par kova i rekreativnih povr
kojima se koznal ena eilLesa mo me
invaliditetom odmor s a Kl upam

kretanj aé.

Trotoari [
pegal ke s

Mest o p Opremiti  pored svetlosne
prelaza |j e posebnomzul nom si gnal

Pegal k da se jasno razlkue o mesti ma gde kol ov

. podloge trotoara d e c e (obdani gt e,
prelazi X . . L
Pegal ki p prelaze je potrebno opremiti svetlosnc
postavljen pod pravinsi gnal i zacijom sa
uglom prematrotoaru si gnal i zacij oméé
Naj manj a gi rio
parkiranje vozila sa posebnim potreba
Predvi La u prostoru iznosi 350 cm; Mesto .
blizini ulaza u stamben' parkiranje za dva automobila koje
Parking zgrade, objekata zinal azi u ni zesta yprawnc
mesta javno kori¢na trotoar vel il
objekata i melLuprostorom gir
znakom pricsparkiraligta na
ukogenim i vilnjak
10%, girine naj ma
Pl at o (peron)
naj manje 200 c¢m,
Pristu Odnosi  se nebl'.z'n!. g.kOISk'h_
javnog prevoza stajaliQtoaa?taJal!gt'ma pod:
gel eznice, plato

300 cm; Visina platoa (perona) odgove
visini prvog ulaznog stepenik&ozila
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javnog prevoza ili poda vagona, a kade
koriste vozila sa visokim prvin
stepenikom, na visini koja je do 18 ¢
ni ga od prvog ste

Povrgina

Na raskrsnici koja se nalazi
podrul ju naselja
gralevina u kojoj
slabovidne osobe mora postojati seme
sa zvulnom signal

Raskrsnice > © | spajajuvgt_enja_ gi_r'ine__ n
vi ge putev ugljebljenj i ma ajncp.
saobr al aj-tme Taktina crta upozorenja se izvodi «
ukogenja ivilnjak:
naj manj e 110 cm
naj manje 40 cm s
volLenja i oznaku
U drugom koraku je i zvr genelemsnata madenenue
odnosno | okacijama koje su napred navedene.
njihova sistematizacija formalizacija

|l stragivanje
gkole u Zemunu,

3. REZULTATI

[ pop

N

rezul t a

je organi zovao iCeinma rS aamb roair ajji
ovom p

koj i

su volontirald.@ na

I STIRAGI VAN

Tokom istragivanja intenzivna pagnj

I t ati

Novi Beograd

omogul eno
tzv. -UARILY

postoje samo

epoznavanje
zu

uol avanij e

a

S Vi

h

el emenatabijerpri st upal

istradgivanja elemenata pristupalnos

klijente sa posebnim potrebama.

Trotoar.

evidentir
pokl opaca
pegal ki h

Savladavanje visinske razlkei z melLu pegal ke povrgine i pr
i pomolu rampi u svim objektiijema od zn:
3.A gde su smegtena mnogobrojna mi
rampe za pristup slugbenim vozi
kompanija, firmi | trgovinski objekti koji se ne nalaze u nivou trotoara nemajnpe za
i pregaglkevmamzeri stupal ni za o0sob
an problem sa ivilnjacima koji se ne
i gatetzbwa nsu zag lkavennamijle ul esni ka u
tokova nema stubova, rekl amni h panoa
ul i ci Girina ulilnih trotoara i pe

Pohor skoj

150



N

Slikal. Trotoari pegal ke staze zwNowmBdogradsa i nvalidite

Ni su primenjene kontrastne boje i materija
tokova i njihovih promena u pravcu. Pegal ka
i vil|l nj akd&m, ow orziav u i |l emu nisu ispogtovane t e
|l oge izvedeni, obj ekt se ne odrgavaju redov
Povr gi na prol aza kr oz pegal ko ostrvo nij
bezbednosti/upozorenjaan c el 0] povr gini prolaza kroz ostryvy

Pegal kinipgswelamErieml|l j eni zvul nom signali zacij

Parkingmestaz a i nval i de na parkiraligtima ugl avn
oblignjom pegal kom stazom i i z| azpegsaa kmpamr ki r
stazom maksimalnog nagiba od 8,3%.

Pl at oi stajaligtaujavnegomrevena sa pegalk
pl atformi nije obezbelLen pomolu rampe. Takole
prednjih vrata vozila nisu vizuelnoed e gene kontrast om, a he post
raskrsnicena koj i ma postoji svetlosna signalizacilij e

Zemun

Savladavanje visinske razlkei zmelLu pegal ke povrgine i pr
omogul eno r a mpi&arsnikezirvalidgkén kaidaesamo kod Poljoprivrednog
fakul teta i dve osnovne gkol e. Banke, prodavn

posebnim potrebama.

Slika2Tr ot oar i i pegal ke stuZemenuza osobe sa inv
Trotoaal ké spegreepri stupal ni za |l ica sa ot ef¢
kol ica, ivilnjaci, koj i su gralevninski izved
neupotrebl jivi. Hori zontalna signalizacija je

Kao i na Novom Beogradu
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Pegal kinipgswelamrieml jeni zvulnom signalizaci]j

Parkingmestaz a i nval i de na parkiraligtima ugl avn
oblignjom pegal kom stazom, sem kod pidace gde
20 mesta koja se nalaze uz ambulantu, apoteku
restoran i deliji wvrtil, nemaju obezbeleno naj
invaliditetom.

Pristupal nost jeijstakami oggNoymm Bgoaolly, @atoi nisu izvedneni
u nivou sa javnim prevozom, odnosno nigde nem

raskrsnice nemaj u pratelu zvulnu signalizaciju za o

Sur | in
Zanimljivost Sur ]l i na | evladavanja vismskerrazike post o]
bjekte

i zmelLu pegal ke povrgine i ulaza u sve o

Slika3.Tr ot oar i i pegal ke stuaSairda nusobe sa inv

Trotoari | spegyaloka 3,1]@@&\9a$niciotgeta$_a’r‘hibemohirali
i spred svojih kula i poi ldialvmej. v &li @ m nlar aijl i | s1li
vrl o razlilita i u najboljem slulaju dosege 1
za horizontalne oznakiendaokdvmaj nelmamtlakoj b ng Ihi
ni su zakogeni

Pegal kinipswe lamrieml jeni zvulnom signalizaci|j

Parkingmestana par kirali dtu kod doma zdravlja i
za invalide jer nemaj u pup Gifuacgankoja sp edp@siilnku st az
pristupalnost javnog prevoza je potpuno ista
su potpuno nepristupal rskesneea néma&jau s@r dtnevlad i dv
signalizaciju za osobe sa ogtelenim vidom.
4. DISKUSIJA

Rezultate istragivanja je mogulie generali:
Beograd, Zemun i Surlin pristupalnost javnim
l i ci ma sa invaliditetom, odnosno | icima sa p

| st anjetpikvo L e ukazuje i na | injenicu da se i
situacij a nije znal ajniije promenila wu odnos
pristupalnosti, pa se nedvosmisleno moge reli
Repubici Srbiji.

PorelLenja radi, i n &P sShi bt decefnbru 2014.tgodang i venj e
sprovela Organizacija CHRIBr ega odbora ,eaptjstdepal poawvia i C
objekata u javnoj Ssvojini u mp estu @rbaichovrvad eini o pg
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| okal ne samouprave, pravosudni organi, poresk:
zagtite, zdravstvene instituciije, i nstitucije
institucije u kojivaajugekaplavmni svakodnevno ost

Na wuzorku od 156 institucija koje su dost
institucija nije pristupalno osobama sa invali
ne pruga mogulnost vert igkiael nnjoegm kiriefttaonvjaa ik rdorzu
pl atfor mi. Tek jedna od deset institwucija ukl
koje su prilagoleni UVebbkmapsablieemakopgit gteon
i st r ag nepastojanje rainpzaprisup obj ekti ma. Na primer, od
su odgovorile na wupitnik, samo jedna ¢gkola im

U okviru drugtveno odgovor nekojksaregizovaji e APr i s
Edukacioni centar iz Leskovca, ASB (Arbeifeia mar i t er Bund) Srbija, Cer
Novi Sad i Udrugenje za reviziju pristupalnos
pristupal nost objekata u Srbiji, stvaranjem
objekata.

Tokom kampanje pr&cnj i vana j e pristupalnost gkol a,
stani ca, al i i manji h objekata kao §gto su r
svakodnevni gi vot osoba sa invaliditetom. o
inval i ditetonm3j2e opriektt apal &6 | e del i mil|no [
nepristupalno obelegeno 3360 objekat a.

Oligledno je da se od 2012. godine do dana:
|l ega je nakon sprovedenog istraggivainjlaaznvdijri
bezbedno s tizBsograda pokrénag ni inicijativa prema s\nt ¢ a wrgainima
koj i su zadugeni za sprovolenje i unaprelenj

javnim saobralajnim povrginama.

Jedna od tih inicijativajeiprd | og da se uviedeknpnokopaobreaiva
motornih vozila upozoravat:i na rkakshiohrallgde se n;
pagnju na njih (slika 1). Ovakav saobralajni :
sveta od Rsije i Japana, preko zemalja EU, Malezije, Australije do SAD.

- i \

CROSS HERE

Slka4. Saobralajni znaci upozorenja na mesta gd

U velikom broju zemalja ovaj znak upozorenja se primenjuje i na osobe sa invaliditetom
lisabi l o kojim problemom Kkoj.i moge da utile na
Predlog da se ovakayv znak uvr st u Pravilnni
Mi ni starstvu gralevinarstva, saobr adraglaaji, i nf

Ministarstvu rada i socijalnog staranja itd.

5. ZAKLJ UL AK

Pristupal nost javnim saobralajnim povrgin
predusl ova za ravnopravno ulegle Ilica sa pose
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givota.,Neprisptowpa@']!im@gl'iu ojbg werkialt a one se dovoc

onemoguleno ili veoma otedgano ostvarivanje o0s
drugim gralLani ma. Problem pristupal nost. se |
drugtven, ha |lodniploasceabnog znal aja je angagovanje
uvek je mali broj onih koje su ozbiljno i na ¢
problema. Ohrabruje postojanje opdgtigmtava koj e
zapolele regavanje problema pristupalnosti ok
give Lokaldrro planiranje pristupalnosti i akti
nivou zajednice o slobodnom kretanju, kao pitanju ljudskih prava, e @ere od kIl j ul no
znal aja za i mplementiranje neophodni h promena
sa posebnim potrebama.

Analizirajuli podat ke dobijene u opgti name
ekonomskog razvoja s t @mjaev:o nKaskv anojgee iotsu aaovii jt L
Ssu manje ekonomski razvijene i koje raspolagu

opredeljuju za regavanje problema vezanih za |
Odgovor na t mopidtaanj emelkea sioywr i stragdgi vanj a ko
pristupiti.
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ANALIZA TRANSPORTNIH POTREBA KORISNIKA S ISTEMA TAKSI
TRANSPORTA PUTNIKA U BANJA LUCI *

ANALYSIS OF TRANSPORT NEEDS OF USERS OFTHE TAXI
TRANSPORTATION PASSENGER SYSTEM INBANJA LUKA

Tari k Sinanovil
Saobraiajni fakultet Dsmdnovictarik@gnjailcond e Mi §

Apstrakt: Sistem javnog transporta putnika p

stanovni ka gradskih i pr i gr ardnsporinin pofrebaljesu
centrima velih gradova, gdje najvelu pot
(paratranzita). Podsi st emi paratranzit a
pri mjene, gt o npoer wlljuilmag. i Pmds insatgeinm p a
korigtenje sistema taksi transporta putr
cilju poboljganja i adekyvat noigzadoywlfergavpotjelze

korisnika.U ovom radu dat je pregled trenutne situacije funkcionisanja sistema taksi trans
putnika, odnosno analiza transportnih potreba prema ovom sist€ifjuada je prvenstvenc
analizirati postojeie trgigte tevakarisnigasistenn
taksi transporta putnika izvrgila odrelLce

KI j u | n ejavmi frapsedrti mobilnostransportne potrebe

Abstract: The system of public passengers transport has become an indispensable eleme
everyday life ofthe inhabitants of urban and suburban areas. The largest concentratio
transport needs are in the centers of big cities, where the bigest demand have subsy:
flexible passenger transport (paratransit). Paratransite subsystems in big citiesayfeEand
the world have a wide range of applications, which is not the case in our areas. The subs)
the paratransit is largely reduced to use of the taxi system, so there is a need to analyze tl
of that system in order to improve and adeglyateanage, with the most important funatio
meeting needs of the usdrsthis term paper is presented an overview of the current situatic
the functioning of the taxi passangers system, apropos the analysis of transport needs ac
to this syste. The purpose of this study is to analyze the existing transport needs market ir
to make certain improvements based on the requirements of the users of the taxi pas
system.

Keywords:transport, mobility fransport needs

1. UVOD
Sa porastom motr i zaci j e i konstantnim unaprelenje
mi jenjaju se i nalini funkcionisanja sistema,

i danas predstavljaju jedan od najvagnijih si
mnogest udi je se fokusiraju na stimulaciju kori
odnosno podstile se upotreba sistema javnog

*Strulni rad
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korigtenje privatnog putnil kog automobil a. k
putu ni | kog automobil a, narolito u gradovi ma, s
naulnih oblasti saobralajne nauke.

Oblast transporta putnika je ponudila veliki broj podsistema transporta putnika kako bi
se korisnicima pr ugu tilja maksintplacg izaldvejemg kijtovip o nu d a

potreba. Tako danas i mamo vel i kt ehtbrrooljogxo dhs i
karakteristika. Svaki od podsistema javnog gr
ukupnom transportnom sistemu, tako jdai pored brojnih podsistema javnog masovnog
transporta putnika znalajnu ulogu nagao i fle
Razvoj i velika transportna potragnja za o
paratranzit A o s taaspdrtmhousiuga kajjje odtalim sistemigna rigdseojiv,
odnosno, osnovna karakteristika ovog sistema
po fiksnim trasama niti ima fiksne redove vo
fiksne ttrianse f Ilm&lsubilni su u pogledu redova v
Na nagim prostori ma, podsistem fleksibilno

odnosu na gradove Evrope i svijeta), odnosno najzastupljeniji i korisnicima najpoznatiji
podsistem paratranzita jeste taksiorz

Taksi predstavlja podsistem javnog fleksibilnog transporta putnika koji korisnicima

pruga cjelodnevnu javnu uslugu vozilima malog

il Avano vozilima), na kratkim reledcijama,

definisanom tarifnom sistemu. Transportnu usl

zahtjevu korisnika (u pogledu vremena otpoli

korisnik plala cijenu koja se odnelLdgpéi miages

nadl egni organ | okalne uprave. (Tica, 2016)
Prema (Cooper i dr., 2010) taksigr a znal ajnu ulogu u realizo

dijelovima svijeta, prugajul:i odmah prepoznat

usluge podrazumijevgelodnevnu javnu uslugu koja je dostupna svim korisnicima pod istim

usl ovima. TakolLe, taksi tranmajomnmati Ubmethei ka pru

sredinama) i igra vagnu ulogu u javnom transpoc¢

dot al ke, od vrata do vrata, kao i dijeljenje u

ovog sistema prema (Vujil i dr., 2014) su:

1 Neopipljivost,

1 Neodvojivost,

1 Promjenljivost,

1 Prolaznost.

2. METOD | STRAGI VANJA

|l stragivanje je sg0dvVvedgondinejnhupodavgustag

|l stragivanje je najvige koncentrisano na cent
odnosno velikih transportnih zahtjeva. | strac
t aksi transpomritna upzuotrnki okna,, ksakud aml alLi h (studen

korisnika (penzioneri, zaposleni itd.).
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Prema podacima sa popisa iz 2013.godine, L
(http://www.banjaluka.com/drustvo/2016/06/30/ekaliko-banjalukaima-stanoviika/,
10.10.2017.)

MelLutim, podaci o ukupnom broju korisnika s
Kao metod prikupljanja podataka u istragivanj

Taksi transport putnika u Banja Luci je regulisan zakonskpodzakonskim aktima, i
t o: Zakonom o prevozu u dr umspkroenv oszauo bnraa | pag dur uF
grada Banja Luka i-ekPpolvadtna kioaom iom tueshina Vv iknoa i r
vozila kojim se vrgi transport.

Ovakvu vrstu transporta 8a nj o | Luci Vrgi devet registr
preduzela za obavljanje taksi transporta, i t
1 Taksiudrug®8ejataksi, Banjal ul ki taksi, Euro

Ideal taksi, Hallo taksi, Radio Bel taksi i Big taksi.
T Taksi-pr eda YPatiol taksi" d. 0. 0. i "Avala A" a. d.

Vagno je naglasiti da u ovom gradu nema Adi

Za Vvrgenje registrovanog taksi prevoza fiz
djelatnosti taksi prevoza, a pravna lica saglasnosakai vozilo. Nakon predaje zahtjeva i
i spunjavanja propisanih wuslova, fizilkal/pravr
| e k a http:/Avww.l§anjaluka.rs.ba/front/article/108/?right_mi=281B.08.2017.)

Rjegenj e, odnosno @ pogtdji slesbndnc mjests eobadranm u k ol i
utvr Leni maksi mal ni broj t aksi vozila u Gradu
godine utvrlLen Zakljul kom gradonal elnika. 0Od t
taksi prevoznika, a 34 vozila u giedu pravnih lica. Svako taksi vozilo mora da ima i
evidencioni brornal j epni cu, i staknutu u gornjem desno
vjetrobranskog stakla, sa rokom vagnosti od |
3. REZULTATI

Na slici 1. prelstavljena je polna struktura anketiranih korisnika sistema taksi transporta
putnika. Naslicij e uol| |l jivo da negto vel.] br oj i spitani

Polna struktura

58%

Muski Pol Zenski pol

Slikal. Polna struktura
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Na slici 2. prikazana je dob ankmiettirani h Kk
najveli di o uzo-B0gadind).i ne ml adi (od 19

Godine starosti anketiranih lica

46%

15.3

s g
14.7%
FIEL 12.7%
A
ll .l .I = =
o> A
<

18 19-30 31-40 41-50 51-60 >60

R

Slika2. Godine starosti anketiranih lica
Na slici 3. predstavljeni su rezultati o zanimanju korisnika sistema taksi transporta

putni ka, odnosno Kkoj o] od navdudent) pehziongrr upa pr
nezaposlen i oni koji ne pripadaju ni jednoj od navedenih giupas t al i ) . Kao g¢gto
ol ekivano, najveli br oj korisnika (u uzorku)
Zanimanje anketiranih lice
42.7%
14.7% 15.3% 16.6%
g — 107% i@
8 A
| Bl & 81 -
# 2 2 | ol 2 —
o N & A & O
& & S5 & &
AP % < ‘\z“?

Slika3. Zanimanje korisnika

Putovanje bilo kojim podsistemom jasgn gradskog transporta putnika ili pak

individualnim prevozom ima odrelenu svrhu, p e
transporta putnika wupitani 0O SVrsi njihovog
sistema. Rezultati su prikazani nadlie | o j slici. Korisnici su na

vi ge odgovor a.
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Svrha Vaseg putovanja?

N a

transport a

27.5%
19.2%
13.6% 14.1%
-[ e 10.9%
7% 5.7% 1
R’ |
,—I =Il—ll—ll- N %
o >~ N ]
Qo‘?o o *\;{3’ Qo.i\ Qo"P & 0"’&
¢ > % & & ;}*"
S 1;9\” Q‘\J} &
v};s“'
Slika4. Svrha putovanja korisnika
slici 5. prikazani s u

putni ka.

rezult
Rezul t aitma npjoi knr@sdu35Q2 0dOa
korigtenje

500) najlegie odluluju za
Vasa mjesecna zarada? (€)
24%
21.7% ——
_— 20.3%
13.7% 13%
STy A
- I
,.l— - 4 F A
Manje od 200-350 350-500 500-650 vise od Nemam
250 650 primanja
Slikab5. Mj eselna primanj a
Na osnovu svega do sad i

koriste ovaj sistem. Naislc i

6. su prikazani

u uzorku onih korisnika koji vrlo rijetko koriste ovaj sistem.

kori

rezul

Koliko cesto koristite auto-taxi prevoz?

44%
24.7%
18%
13.3% A
Pty
/:.! i . i 7
Svakodnevno  Nekoliko puta  Nekoliko puta Vrlorijetko
utoku nedjelje utoku mij
Slika6 . I ntenzitet
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Na sl ici 7. su prikazani rezul feapitanjuo pri or i
sistem taksi transporta putnika. Korisnici S
korigtenja ovog sistema. Rezul tati su prikaza

Sta je za Vas najvainije u auto-taxi
prevozu?

Ostalo (navesti) 'i 0%
Nekvalitetan sistem javnog gradskog... E— 8.4%
Fleksibilnost u planiranju putovanja e 6.9%
Komfort putovanja — 9.2%
Pristupacnost usluge |— 7.6%
Cijena prevoza — 21.7 %
Pouzdanost |— 20.9%

Vrijeme putovanja ,—' 25.3%

Slika7 . Prioriteti korigtenja sistema

4. DISKUSIJA REZULATA S A PRIJEDLOGOM MJERA

Na osnovu analiziranih podataka utvrLeno |
(58%) u odnosu na ¢gene (42%) . Kao gto je vel
mladiod 193 0 godi na ( 46 %) , zatim oni ml abrka od 18 ¢
l'ine stariiji od 30 godina po kategorijama.
Analiziranjem podataka takolLe je wutvrlLeno
(42.7%), dok je ostala raspodjela na osnovu zanimanja korisnika dosta manja. Ovaj podatak
je u osnovi i ohekajwua|ajprimanpmatramdju zap
pri manj i ma il bez njih su primorani na kori
jeftinije alternative. TakolLe, slika 4. pokaz.!
transportgp ut ni ka zbog posla, gto ustvari potvrLuje

Rezultati o mjeselnim primanjima (slika 5.
taksi transporta putnika ustvari oni sa primanjima od-8330 G ( 24 %) , zatim kc
primanjima od 208500 ( 21 . 7 %) , pa zatim korisnici bez p
20. 3% gto ustvari [ predstavlja pomal o | udan
mogemo zaklIl juliti da, kao gto je pomenuto naj
v a gsti (na osnovu rezultatas | i ka 4.) svrha korigtenja ovVoO¢(
(rekreacija)o, se taksi transport putni ka na
vralaju kuli

TakolLe, fascinantan podat ak ipnaekakoagnikad a , i ak.
og sistema, mogemo zakljuliti da se samo 13
st ema, a | ak 44% korisnika se izjasnilo da
jetkoo, ¢gto i pot vrdtuyrel pjretihopmondia ir et ploisk a

Nai me, korisnici na pitanjiet:akisGt aprjeevoza ? ¥V
odgovorild:@ da ima je vrijeme putovanja najvag
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se izjasnio da im je cijena prevoza jedanodadgvni j i h faktora transport
kao i pouzanost (20.9%).

U konalnici, na zadnjem pitanju u anket:i
odnosno na pitanje o prijedlozima unaprelenja
Naj v el ak kgaisnka se tizjasnio da nemaju prijedlog, odnosno da su zadovoljni sa

postojelim stanjem u ovom sistemu (26%), t ako
povel anje kapaciteta vozila bi bil o adekvatno
odprioriteta za wunaprelenje (prema stavovi ma Kk
Ost alii udi o U ukupnom procentu se rasporedio
% - slika 8.

Sta predlaZete za pobolj$anje kvaliteta usluge
auto-taxi prevoza u gradu Banja Luka?

Nemam prijediog | — 2 5%
Jednake cijene kod svih prevoznika .II 0.7%
Savremenija vozila |_| 5.7%
Veca pouzdanost i tafnost ﬁ' 8%
Veéibroj vozila - 2%
Taénost | 5.3%
Ljubaznije osoblje — 7.7%
Visevozila | W 2.3%
Veca dostupnost vikendom — 4%
Niia cijena usluge — 13,6%
Uber |W10.7%
Moguénost koristenja besplatnog interneta S 5.7%
Povecati kapacitete vozila /E' 19.3%

Slika8. Prijedlozi za unaprvwkKodsnikae si stema na 0:¢

Na osnovu prikazanih rezultata mogemo zakl
korisnika smatra da su nedostaci trenutnog stanja u sistemu uglavnom mali kapacitet vozila i
cijena transportne usluge.

Sagledavanjem cijelog problema, kaoimmdnas ka opti malnog rjegenj
sistema taksi transporta putnika u gradu Banja Luka, na osnovu zahtjeva korisnika sistema,
kao i na osnovu prikazanih rezultata, smatr a
linijskog taksijai jitneys.

Grupri linijski taksi predstavlja podsistem javnog fleksibilnog transporta putnika koji

korisnici ma pruga javnu usl ugu vozil i ma mal
kapaciteta od pet do petnaest mjesta/vozilu) na fiksnoj trasi linije, bez fiksnih redpvajvce .
Sistem funkcionige tako gto se dug trase |lini
2016.)

Prema (Galil, 2 0 1 ®Bvodng srefsivd m mnogimagovimavua g no  p r
svijetu, gto potvr Luju i p osibtero transpoata puteika.i Kk i br o

Neki gradoviu kojima se koriste jitneyusluge su Caracusa, Manili, Beirut, Buenos Aires,
Hong Kong, Carigrad, San Juan, Teheran, Mexico City, itd.

Kako ovaj vid paratranzita funkci omi ge po
periodu uradit.i i str agi odaosnp potrebama kotisnika,nkakp or t ni m
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bi se mogle uvesti linije novog podsistema fleksibilnog transporta puitnikaeys, u cilju
potpunog zadovoljenja zahtjeva korisnika javnog gradskog transporta

5. ZAKLJ UL AK

Fl eksibilni transport putnika il:/ paratranz
kako kod korisni ka ovog si st ema, t ako i kod
Paratranzit, kao gto je velvojawedédndk,0jpr edstag
trgigta transportnih usluga koji je nedostupa

Kada govorimo o konkretnom podrulju (grad B

razvija i neophodno je u nar ednwovwogpitema,odu pos
kako kroz odrelene studije, tako i per manent |
jasnog definisanja njihovih zahtjeva. Ovim ra
korisnika sistema taksi transporta putnikai ustanovjeni odr el eni nedostaci o
prijedlog unaprelenja predlogeno je uvolenje
znatno povelao kvalitet =zadovoljenja najvele
potvr Luj e i k onst arénmen iprjstap uprdvijaojwa sister2ofh ljavrjog s a
gradskog transporta putnika zahtijeva da se o
preli na koncept fAkorisnika treba opslugitio.
Akvaliteta mslogeént pgdskatlkonceptu Akvalitet.]
specifilnih potreba korisnika sistemao.

U tom smislu, kako bi se zadovoljio veliki broj potreba korisnika sistema, smatra se da
korisnici sistema transporta putnika trebaju imatinaragpalanj u vi gesi st emsku t
ponudu. Takole, smatra se -@azmat rsce ppavidii&o mk
zadovoljenja velieg broja specifilnih potreba
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USAGE OF WASTE CAR TYRES AS FUEL FOR ENERGY PURPOSES

Mi |l an M2aSMiavabi IN. Pea kiol L2 $Mi dmojiav
aFaculty of Transport and Traffic Engineering, Warsity of East Sarajevo, 7400®boj, Bosnia and
Herzegovinamilanmilotic@yahoo.conpetlo.stanojevi@yahoo.com

bFaculty of Technical Sciencesniversity of Novi Sad, 21000 Novi Sad, Republic of Sgerbia
djuric@uns.ac.rs
¢ High textile vocational school, 110@elgrade Republic of Serbjamilutin@gmail.com

Apstrakt U r adu su prikazane karakteristike
automobilskih pneumatik®rikazana je i hemijska analiza pepela. Analize ukazuje da je mi
udi o ugljenika u otpadno]j gumi oko 649%,
da su otpadni automobil ski p n enaduatposebno z
sagorijevanje. U radu se od termil kih p
razmatra samo sagorijevanje. Prikazane s
pokretnom reget kom, fl uediiizovianinini 56 ve¢ ¢
Poznavanje sastava otpadnih automobilskih pneumatika, postrojenja za sagorijevanje o
njihovih radnih karakteristika predstavlja polaznu osnovu u fazi projektovanja isi
projektovanja p o anjerdinjite gaosa nastlih pagosijevaniein atpad
automobilskih pneumatika.

Kl jul neotrpiajdenlii :taut omobi | ski pneumati ci,

Abstract The paper presents characteristics (technical and elemental analysis) of was
tyres. Cherncal analysis of ash has also been shown. The analyses suggest that the carb«
fraction in the waste tyre equals about 64%, hydrogen 5% and heat output is 27181 kJ/k
indicates that the waste car tyres are a good material for thermal proceasihgspecially for
combustion. In this paper, from all thermal processes, only combustion has been cons
Combustion furnaces and their operating characteristics have been presented (with fixec
movable grate, fluidized bed, rotary kiln). Knogiithe composition of waste car tyres, wa
combustion plants and their operating performance, presents a starting point in their desi
design of plants for flue gas purification created by waste car tyres combustion.

Key wordswaste car tyres, conuigtion, furnace

1. UVOD
Masovno korigienje drumskih vozila prouzro
emi si j e gasovitih zagalLujulih kopmonent i ( N

koriglenjem drumskih vozila [ ot padne aut om
sredinu. UBosni i Hercegovini se do pre nekoliko godina otpadne gume odlagane uglavnom

*Strulni rad
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na divlje deponije i zato su predstavljale ozl
regulative u ovoj oblasti sa zakonima Evropske Unije odlaganje otpadnih gumajeaa divl
deponije je zabranjeno a otpadne gume se tre
sirovina za proizvodnju raznih gumenih proizv
materija i ugljenika |ija je tojbunadobar mol vel
materijal za sagorevanje, pirolizu i gasifikaciju (D.Y.C. Leung and G.C.K. Lam, 1995).

Odl aganje guma na deponije u svetu se pokaza
zauzimaju veliki prostor i ne degradiraju se na deponijama). Pemaet por ed ekol og
problema koje prouzrokuju otpadne gume na deponijama radi se i o gubitku korisnog
energetsog izvora.

Osnovni termil ki procesi prerade ot padni h
gasi fikacij a. Piroliza otpadne gume | bi omas
inertnoj at mosferi U odsustvu kiseonistka kako
proizvodi . Proces pirolize otpadne gume obavl
sl ojem i rotacionim peli ma.

Cil ovog rada |jeste i stragivanje mogul no

pneumatika (OAP) u energetske svrhe postupcima sagorigeadinje i redukcija uticaja OAP
na ¢givotnu sredinu.

2. SASTAV AUTOMOBILSKI H PNEUMATIKA

Pri raznim ingenjerskim proraluni mas a nar ol
l ogi gti ma il. pri pr or alpotrebmo j@ pomavatigtdhd wain jia di |
elementarnu analizu goriva koji sagorijeiae hni | ka i el ementarna ana
pepela OAP prikazana je u tabeli 1. Moge se u
ugljenika (64.20%), vodonika (&%) gto predsta

Porelenje toplotne molii OAP sa nekim drugir
se uoliti da je toplotna moli OAP mnogo vela ne
sa ugljevima (Stanari i Gacko) toplaana mol
mogulnost koriglenja energije upotrebom otpad

postupcima (sagorijevanije, piroliza, gasifikacija).
Tabelal. T e h n ielekemtarnanaliza OAP i analiza pepel@®udarski institut Beogrademun

2007)
Elementarnanaliza (maseni udidp)

c 64.20

H 5.00

N 0.10

O 4.40

S 0.91

Donja
topl ot | 27181
(Ha, kI/kg
Tehnil|l ka anal%)za ( mase

Vlaga 0.19
Volatili -

Fiksni -

ugljenik

Pepeo 25.20

Hemijski sastav pepelanaseni udiéo)
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SiO, 4.36

Al,03 0.71
FeOs 86.44
CaO 0.48
MgO 0.05
K20 0.03
Na.O 0.34
TiO2 0.28
P20Os 2.41
ZnO 4.8
Mn2O3 0.04
Tabela 2. Komparacija donje toplotne moli OATF
] . Ugalj Ugalj
Otpadni Komunalni Biomasa Blomasa (Stanari)  (Gacko)
. pilski © ' P2d Chipiruzoving V" (glavko  (Slavko
Gorivo automo o (Mi | o (Tijana
pneumatici Kubur ov (Aleksandar Kosar n.,
(OAP) 1998) Petrov, 1996) ", i i
dr.2012) dr.2012)
Donja
tn‘;’%"’it”a 27181 11304 15679 15542 9100 9491
(kJ/kg)

3. POSTUPCI PRERADE OTPADNIH AUTOMOBILSKIH PNEUMA TIKA

OAP su specifilna vrsta otpada koju stvara
gumenih materijala u &, formi uz prisustvo nekih vlaknastih materijala (slika 1). OAP
sadrge vel i ku k erija (54i23i 68,70%)( &ikenbg ugljenikh (181v& t

33,60%) |ija je donja toplotna mol vel a od t
krel epsege27181 8914 4 kJ/ k q2016)Mdatb sutOAR dobdr. materijal za

termi| ku prdrmraodu.zeRPr gaesdif ikaci j e i sagorijev
met odama za korigienje energije i materijala

[+]

-
|

Slikal.Struktura OMP,( RRt &0blyji d v iMi. ,
(1.gazelii sloj, 2. tijelo, 3. peza (s
31.Fizil ka svojstva OAP
Naj vafginzijlaka svojstva OAP koja su bitna p

(piroliza, gasifikacija i sagorijevanje) su:
T velilina i distribucija velilina |estica
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T oblik | estica

T poroznost | estica.
Pored veliline | estice, obl erddu QAP.Btzinece | e t
heterogenih reakcija koje se odvijaju pri pr c

|l estice na kojoj se odvijaju reakciije.

Fizilke karakteristike OAP |ine ih pogodninm
prah, gr aeidjtlea(dlika2)sj el e

Slka2.Vel i | ine i oblici OAP koji se koriste pri

(a prah, bi granulat,cisj el eni p incgeli pneumatic)i , d
3.2. Sagorijevanje otpadnih automobilskih pneumatika

Sagorijevanjem ©OAPrghppaopogvedi se u fizilk

definisanu temperaturom di mnih gasova. Pored
sagorijevanja otpada je smanjenje zapremine
otpada (OAP) nastaju dimni g Vv i i |l virst ostatak (pepeo). U ¢

zagalujul i h kHChHFoNQetd Sumpordiskeid (SQ) i hlorovodonik (HCI)
su osnovni predstavnici kiselih gasova. Sungioksid nema bitnog uticaja na rad generatora

par e, momlemisjuau okolinu, dok sumptiioksid (SQ) bitno utile na p
raspol ogi vost generatora pare zbtemperatujne govog
koroziju koja nastaje na hNiskodemperatunma kprozifar g i n a ma
nastupa kada dolLe do konmn8d).nzacMehasizamumpor ne ki s
nastajanja i kondenzacija sumporne kiseline m
SQ, (9)+H O(9)=H SQ (9)=H S ( 1)
U praksi se problem kondenzaaina wiugnp omrailei rk
f odrgavanjem temperature dimnog gasa iznad
potrognju goriva, umanjuje stepen iskori gl
gubitke)
f smanjenjem koeficijenta vigkapwiazidajhaj (wve gn
doli do odus@dacije SO
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T smanjenjem nastajanja kiseline uklanjanjem
konvrezije SQu SQ.

Pri sagorijevanju otpada i OAP mora se zadovoljiti niz uslova. Pepeo iz procesa
sagorijevanjatredd da bude sterilan a gasoviti produkt:.
nepotpunog sagorijevanja COg,KnHn.

Pri sagorijevanju OAP pokazano je da se produkti sagorijevanja OAP ne razlikuju
mnogo od produkata sagorijevanja fosilnih goriva, izuzee e emisije cinka.
povel anog sadrgaja cinka u pr odioksidd(@m®)usagor i j
procesu proizvodnje automobilske gume. Literaturni podaci ukazuju da u odnosu na sastav

uglja, guma iz koje jpr iokdlsitgmmjdcewmastlredkd nmi §jii
ugl jeni ka, a skoro dvostruko vi gi sadr gaj i sp
(Milotii M., 2015.).

Osnovne karakteristike nekih postrojenja za sagorijevanje otpada i OAP koja su
trenutno u eksploatacj i prikazana su na slikama 3 do 6. C
Za sagorijevanje otpada i OAP moge se vidjeti
l.R., [Jdoddz 1982. ).

Sagorijevanje otpada u nepokretnom sloju primjenjuju se uglawn@ustrojenjima
manje snage (ispod 250 kWw). Na sl ici 3 prikaz
za sagorijevanje ulazi u komoru za sagorijevanje (9) kroz vrata pepeljare (8). Temperatura u
Komor.i za sagorijeva®( @UmRerpechoe isze tua liongtneer vkaol mio r
se rulnim putem.

Kod pel:i Zza sagorijevanje otpada sa pokret
nego kod peli za sagorev@ema babpaedaj edmepp&i i
je na slici 4. Temperatura pramog vazduha je 1602 0 U C. Paljenje otpada
odozdo. Kapacitetdi reget ki krelu se od 1,4 do

aktivne povrginé regetke je 0,5 MW m

12 9 l—"

411l
| l_|_l
l 0 G R W B 0 - & T 58 &l I 4 = | =]
[ﬁ ¥4 T
1vr e re. (= 32 | o}
5 | § Q
| R RRNT
|

3
1

e LI
JaT i
14713 @\1 7\8

Slika 3. Pel sa nepokretniunbusrloovjiedm M.a sla9go8r.i)j e

17 bunker, Z vrata bunkera, 3 otvori za prijem otpada, #kanal,5f vr at a I|-ogdg §ttlaa BHa
| o g iigepeljard, 8 vrata pepeljare, 9 komora za sagorijevanje, i0komora za dogorijevanije,
117 pregrada,12 gorionik,137 pregrada, 14t al o g na kdinmjk, 6, vrath 2a
|l i gl enje
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Slika 4. Kotlovsko postrojenje za sagorijevanj

171 prijemni lijevak, 2 ulivna cijev, 3i nepokretno postolie,dpokr et niirgghbeé a] , 5
regefkmangdgporter [ vijevedt@argpod dpadd,Rsaud 8za hl alLenje | vr
ostatka,10vod za r eci r kul aickotaowtilizaterr1@tkiomolr @as tziac @a,| alenj e
dimnihgasova, 18k onvekti vne dgiralhraproergrneajene lpovr gine (€

Kod | ogigta za sagorijevanje otpada wu flu
i nertnim materijalom na primjer pijeskom, sil
materijala jeste da stvaraju figdvani sloj sa vazduhom Kkoji struji sa donje strane.
Eksploataciona iskustva rada ovakvih postrojenja ukazuju da se oko 5% pijeska nadoknadi na

svakih 300 radnih sati. Tempe 9a2t5urCa W ogli @jt &
sagorijevanjeufludi ovanom sl oju uspjegno se mogu primje
otpada. Pri koef i c-l,50estvaruje se ipajpkire sagagijeveniehZibogl , 2 5

niskih temperatura sagorijevanja otpada emisija jd@anemariva.

Wodena para
1

Izlaz gasa—L

a b)
Slika 5. Udgiewtaenjzea ostgpgaadni h materijala u fluidizc
a) Abubbl i ngmlazeickiavaziuhi2e mk | L ul a k -ulazeotpada, &dtan,j5a k , 3
rezervoarvode, ar ni golbh &y juTak za povrat | eteleg pej

b)Aci rcul at i n etvdr eagifesals 2esnbpamBulazbtpada, 4ilaz vazduha za
fluidizaciju, 5komora za vazduh-@orionik za predgrijavanje vazduha pri stertovanjunfaznice za
vazduh, Sluidizovanisloj, 9p r i k|l jul ak z@&pprekbpupaktizakabrilzgavanij
gorionik, 12revizioniotvor,13p r i k1 j ul a k 2z a-slghodpalzena, pizduvhigesdvia , 1 4

pepeo
Pri termi | kim preradama otpada (piroliza,
upotrebi s u( sloitkaac i @)n.e DPuwediiid2m, anetijegko umakside pel i ¢
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susreiu peli dugine i -52n0.m,T epmpeel rnaitkuar ar aud npoegl ij
intervalu 8001 400UC, vrijeme zadr3avwaaNjaagi dt el a ¢ epd
avi j eme potrebno za4(sedaRo todcritoane pped [ii jsea 2sOu pr
se najlegle koriste za sagorijevanje tel|lnih i

Prednost rotacionih peli u odnosu na druge
uradupripr omj enama kapaciteta, mogu da sagorijeva
To omogulava dugi i stabilniji rad peli wu odn

U odnosu na pel i sa regetkom rotacione pel
opada sa velim udjelom mineralnih materiija.

Kod rotacionih peii sitnije frakcije ostaj:
kod regetke. Time se smanjuju toplotni gubici

Mehani | ka priprema otpadatmiojenpatr kloed ilkagd
vazduha je manj.i kod rotacionih pel.@ nego kod

Pored geometrijskih karakteristika rad rote
potrodgnja goriva i stepen koriiod geomdtriskih Pr oi z v
karakteristika (prelnik peli i dugina), ugla 1

(na otvorenom ili zatvorenom), broja obrtaja, ravnomernosti doziranja sirovine, postojanosti

hemi j skog sastava sinjteggma ZKaataget njpgv amjdea &
odrgavanja zadati h toplotnih parametara.
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4. ZAKLJ UL AK

Procesi gasi fikaciije, pirolize i sagorijev
ot padni h automobil skih pneumati ka (OAP) i dr u
u energetici, procesnoj teh c i [ zagtiti givotne sredine. I s
obl asti u svijetu i kod nas su posebno znal a
nadoknadi svoj energetski deficit iz obnovljivih izvora enerdijetom smislu u radu su
prikazane BRr akt er i sti ke (tehnil| ka i el ementarna a
predstavljaju bitno energetsko goriva (visoka
od toplotnih moli nekih drugih goriva (uglij a,
kor i gl enja OAP u termilke svrhe i mogulinosti k¢
u praktilne svrhe. U radu je od termil kih proc
u kojima se izvode ti procesite Rappmatkrsaj Kk ae ¢
pel i sa pokretnim i nepokretnim slojem (redget
pel i i nji hove radne karakteristike.
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Abstrad: Even thoughhe European Directive008/96/CE puts great emphasis oroad Safety
Inspections (Sls) as an effective tool for safety management of existing ttozrésare still
relevant issue$o be explored, such as how to B8 asa source of informatiorcapable of
prioritising measures anthetreatment of roadsectionsn the prevention of traffic accidents.

As partof the IASP research program-fimanced ly the European Commission 2004, an
inspection procedure aimed at improving the effectiveness and the reliability of the methc
has been daed. After the first implementation in the IASP project, further developments
carried out to improve the quality and efficiency of the safety inspections of road network by
low cost equipment (GPS, tablet, camera) and specific software toolsstu ppor t t
task. The last implementation of IASP project was to conduct a Road Safety Inspection b
roadbés geometric data (cross sect ibyusinga
high speed systerRAN (Automatic Roadnalyzer 9000). The paper shows how the 1£
procedure was apted to employ the data collected by the system.drtictingof Road &fety
Inspections (Sls) withhree different methad(paper sheet, low cost equipment, high sp
system)s described ad compared.

Keywords: Network Safety Management, Road asset Monitoring, Safety ranking

1. INTRODUCTION

The European IPective 2008/96/CE requirasember states to establish and implement
procedures oriented on the improvement of the existing network, namatysafety impact
assessments (i.e. evaluation of the projects of new investments regarding efficiency of road
safety improvements), road safety audits (evaluation of road designs regarding traffic safety),
the management of road network safety, anddR&efety Inspections (Sls; the management
and security of existing roads in order to identify the road safety related features and prevent
accidents). In the aforementioned Directive, great emphasis is given to road Sls as an effective
tool for the safetynranage ment of exi sting roads stating:
accident concentration have been treated and remedial measures have been taken, safety
inspections as a preventive measure should assume a more important role. Regular inspections
are anessential tool for preventing possible dangers for all road users, including vulnerable
userso. Within the Arti cl eotedthafin®emiieestatgsshall s pect i
carry out safety inspections on existing roads in order to idensfyeiditures related to road
safety and to prevent collisions and accidents. The use of Sls is one of the measures to improve
traffic safety in Europe associated with the assessment of the accident risk on the existing
elements of road infrastructure. Slsnche a source of information needed to prioritise

* Original scientific paper
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treatments in road sections which produce the highest accident reduction and/or the highest
safety benefitost ratio. The inspections should be performed periodically and by a competent
entity. Member stats are also encouraged to apply this directive on other national roads, which
are not part of the TrarisEuropean Road Network (TEN).

The aim of the study presented in the paper is the comparison of two innovative road
safety inspections procedurdeasedon low cost equipment and high speed system. The IASP
procedure for Sls (Cafiso et al., 2008) was originally developed in Italy in the year 2007 in the
framework of a project funded by the European Commission (DG TREN) and Province of
Catania (Italy) withthe scientific coordination and operative support of the University of
Catania and was successfully applied in Poland (Cafiso et al., 2014), as well. For improving
practical application, later on low cost equipment (GPS, tablet, camera) and specificesoftwa
tools have been developed to support the 1ins
implementation of IASP procedure for safety inspection (Cafiso et al., 2016) was developed
by using the ARAN (Automatic Road Analyzer 9000), a high performance asadt
monitoring system recently acquired by the University of Catania, Infrastructures of Transport
laboratory (ITlab).

In order to describe the Sl procedures developed both systems and to compare results,
the paper is divided into 4 sections presenting:

1 IASP procedure for road safety inspection;

1 Hardware and Software tools for in field inspection;

1 ARAN system for Road Safety inspections;

1 Case study for comparison of the two different methodologies.

2. BACKGROUND OF SAFETY INSPECTIONS AND IASP PROCEDURE

A safety inspection (Sl) is a formal examination of an existing road, in which an
independent, gualified team reports on the r
Safety inspections are recogaikzas an effective tool for identifying potential hazamd are
becoming an accepted practice in many agencies around the world. Sls are considered part of
the network safety management in The European Directive 2008/96/CE.

Depending on the complexity of the work, an inspection may be done by a single
inspecto or by a group of inspectors even if a team of at least two inspectors is preferable.
The membersolte gr oup s houl de.dheuld fiot beldng o amgdnethat o
designed or managehe road. Theymuld have highlyspecialized andhave anin-depth
knowledge of the region as well as an understanding of potential countermeasures and what is
required for their implementation.

As a general rule, for an effective Sl the inspection should be made both by car and on
foot where needed. The road slibbe driven a number of times if possible and photographs
taken of specific issues. During the inspection, checklists can be used and completed. Different
checklists are required and the process can involve small sections of the road with repeated
checklsts or several runs along the whole road using a single checklist. The length chosen
depends on the complexity of the road. The checklists are quite detailed and consequently
there should be a systematic collection of the deficiencies that were found.
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In this framework, the research presented in the paper reféis toutine inspection
carried out at a network level showihgw defined operative procedures and methodologies
for identifying the safety problems can improve both the effectiveness andiéditg of
the safety inspections.

As part of the project, IASP procedure (Cafiso et al., 2008) for safety inspections, which
address twdanerural highways, have been defined. Albeit many safety inspection procedures
already exist, the IASP procedu@®gsent some innovative elements and, above all, they are
very operational in nature.

The IASP safety inspection cassessoad sectionsf up to 50 knma day At least three
operators are needed: the driver, the inspector in front sdaha inspectoin back seat. A
recommended equipmeintcludeGPS receiver, digital video camera and checklists. The road
is ran in both directions at very low speed (about 30 km/h). Checklists are aimed at ensuring
that important safety problems are not overlooked. Aistslare a prompt and not a substitute
for knowledge and experience, that is, checklists should aid using safety engineering
experience and judgment.

IASP checklists are very synthetic (Cafiso et al. 2008), since they relate only to the main
safety featues whid usually are present along thane rural roads. Moreover, only features
which are easily detectable during inspections have been inserted. Features which concern
horizontal and vertical alignment (geometric alignment, design consistency, etatare
considered since in the IASP safety analysis alignment evaluation is performed as a separate
guantitative procedure.

Checklists must be filled in both directions. Front sad back seat inspectors, who
have different views of the road, complete eliéint checklists filling the boxder every200
m (24 s at 30 km/ h). In order to simplify the
parts: part A has to be completed on site, part B can be completed both on site and during the
video examinabn performed in the office. Safety issues are ranked as:

Anigh score problem (rank 2),
Alow score problem (rank 1),
Ano problem (rank 0).

Ranking of safety issues can be ubeth as an aid for the priorition of the safety
measures and as an aiddaad agencies in measuring the effectiveness over time of their safety
improvement programs. Checklists are filled in both directions referring in particular to the
right side. By brainstorming among the team members checklist results are examined and the
final version of the checklists is edited.

The IASP manual (Cafiso et al., 2008) suggests the recommendation typfdogassh
problem. Recommendations are engineering solutions to the reported problems. They indicate
the type of measures, without spegirig detailed technical issues.

IASP procedure is one of the twenty one models or approaches to road safety
management reviewed and assessed by TRL in the Project Report PPR770 (TRL, 2015). IASP
was chosen as one of the six most promising models thaldshe tested ithe UK, with
iRAP Star Rating, NetRisk, SURE, iRAP Risk Mapping, North Yorkshire Route Assessment
Tool. The six models were chosen basedhendcores they obtained fronteview process
and also the impression of how ce$tective they nght be given the lack of good evaluation
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2.1. Low cost equipmentfor in field Inspection

In IASP procedure the inspectors observe and evaluate road conditions, filling in two
different checklists. This task requires relevant expertise and skill of the tioispethe
innovative system developed by the University of Catania (Cafiso et al. 2014) and presented
in this paper frees the operator from the concern to link the position in the road segment to the
checklist to be filled. The inspectors fill in the chistis touching the screen of the tablet
connected to the GPS via Bluetooth. In this way data are easily collected, stored and linked to
the road segment stretch where they are taken and synchronized with the video records.

The system has the objective tmplify the operator's work but opens up a whole set
of issues that the software should solve with
9 allows easy data insertion to the user;
T links inspection data with a unique road section travelling the route in both
directions;
9 stores Hinformation to allow the posihspection review.

In order to get an easy and low cost solution, it was decided to create an Android
application. By means of an easyuse interface the application allows the user to insert
inspection data for each st of the road using his/her own tablet.

To improve accuracy in vehicle positioning, an external GPS receiver can be connected
with Android application running on the tablet. Finally, to associate also images of the road
space, frames recorded by a videonera installed on the vehicle can be-geferenced and
linked to the inspection data through a system of synchronization based on the GPS UTC time
used as a metronome for all devices. The architecture and organization of the system is shown
inFigurell f the GPS module is the Ahearto of the
the Abraino. This module uses data from GPS t
User Interface (GUI). The most important part of the infield inspection is the agsessm
the safety issues and filling of the checklist for each road section of a fixed length composing
the road segment under investigation.

For each inspection two chetikt-form are available: one for the operator in the front
seat and one for the opgor in the rear one. The checklistm may be modified before the
inspection because it is saved in the form of XML file which can be edited at any time. If the
inspection is carried out for a tWwane road, after the forward path inspection, the operato
must begin a return path inspection in the opposite direction and the system helps to find the
starting point of the return path. Once the acquisition procedure is concluded in both directions,
the application merges data obtained in the forward pdtiose obtained in the return path.

At the end of the infield inspection, the Data Acquisition Module exports all data in the
form of text files that can be read and processed by the Data Analysis Module.

The Data Analysis Module concludes the last patti@inspection processin the office.
Once infield data acquisition phase is completed, in the office the Data Analysis Module
allows the inspection team to review the checklists and, supported by the video, to fill in
missed information or to correct ersdbefore completing the inspection report. In this step,
the Module puts together data recorded by the front seat operator and the rear seat operator.
The user can investigate every single step of the inspection by moving from sheet to sheet and
from timeto time with the opportunity of reviewing the corresponding video sequence and, if
necessary, modify the values of each checklist
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Figure 1.Architecture and organization of the system
2.2. High Performance System for Road Safety Inspections

Automatic Road Aalyzed 9000 (Figure 2) is one of the most advanced high
performance systenfer road asset monitoring with a productivity of 200km/day that allows
to collect more than fifteen different data streams continuously and at varying capture rates in
a single pasat traffic speed.

ARAN 9000 has recently been acquired by the University of Catania, which is carrying
out an extensive research program for system calibration and output adaptation to a
performance based inventory of road infrastructures.

The ARAN, fuly integrated into a high roof chassis, is an advanced data collection
vehicle equipped with a precision survey system and software able to perform the collection
of roados geometric data (cross section, gr
pavenent unevenness, detection and classification of distress and road asset inventory data. It
also takes care of the acquisition and filing of the images of accessory elements (for signals,
advertising, rights of way, etc.).

All the data recorded are accutgteocated using any geographical reference system
(e.g. Gaus8oaga or UTM) with the help of a satellite differential correction receiver (DGPS),
coupled with an inertial platform, and they are associated with chainages coming from high
resolution odometg DMI), as well.

Asset inventory detection is carried out using the ARAN surveying vehicle in
combination with the HD Videolog system and t
high quality of the two front cameras and one rear camera with thetresadf 2750x2200
pixelsensure a complete detection of the road environmen? id d@iefd of view (Figure 3).

The Videolog and GPS systems work in sync to provide theajecencing of digital images.
Moreover, the inertial aided navigation systemuees that GPS accuracy is maintained even
during long satellite blackouts with sueter precision
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Figure 2. Automatic Road Analyzer 9000

The analysis of images for extracting road inventory assets is carried out by using a
software tool that allows tdisplay, measure and inventory any road features located along the
road and displayed in the image (e.g. lane, shoulder width, sign, marking, roadside, safety
barriers, etc.) (Figure 4). More specifically, after the calibration of the camera system, it is
possible to locate and measure the main dimensions (length, eight) of any object along the
roadway. Figure 4 presents an example of carriageway measurement and the collection of
additional information about pavement and barriers.

A comprehensiveasset inentory was defined able to include not only the base
information required by the national guideline for Road Cadastre (D.M. 2001), but more data
are needed for checking the compliance with design standards (e.g. geometric design, safety
barriers, signs andharkings) and, finally, to estimate the safety performance of the network
(Cafiso et al., 2016).

LaneWidth
Shoulder Width

Border Width-Auxiliary.L.ane
Width

Shoulder

Width Adjacentto'Auxiliary
Lane

BB B>

RearlLeftCamera

Figure 4. Example of carriageway measurement

177



3. COMPARISON OF THE TW O PROCEDURE

In order to compare the scores assigned to the features by the two different
procedures, data were collected on a sample of two lane rural roads with a total length of 22.2
km (111 segments). First, the checklists were filled in the field by two inspectors (one in the
front seat and the other onelive back seat) by using the low cost system and human judgment.
The two surveys were carried out in two different periods (2016 ARAN, 2012 Safety
Inspection).

For that reason, some issues such as signs, markings, pavements and accesses have not
been inclded because they are linked to the time of the survey and the maintenance status.
The same roads were analyzed by using the high performance system and machine
measurements.

Specifically, images recorded by ARAN were
order to obtain all the measures for assigning a score to the safety issues used in the IASP
procedure. By applying algorithms, these measures have been transformed in the same three
categories of judgment of the IASP score criteria.

Figure 5 shows the pportion distributions of the scores assigned by the two procedures
to the six safety issues under investigation.

The frequency distribution of the differences in the scores assigned by the two
procedures is reported in Figure 6.

Results reported in Figaré show that the highest differences were identified for the
scores related to embankment, terminals and roadside obstacles. For lane and shoulder width
when a different score was assigned, it was rarely (i.e. less than 10% of cases) that it equaled
2 (i.e. no problem vs. high score problem).

1F il ]
: ] ] — Del.A
0.9 | Dol
0.8F| 1 — Lane A
2 N S £ R Lane |
0.7 S — Emb. A
c0.6F 4 Emb. |
j 3 Term. A
o E
0'55 Term. |
504F i— OES' A
o Obs. |
0'35 1 — Should. A
02F 1 Should. |
01f .
o :_I 1 I_:
0 1 2

Figure 5. Proportion distributions of scores

Note: A: ARAN system, I: Safety Inspection. Del: Delineation; Lane: Lane width; Emb.: Embankment hazard; Term.:
Barrier Terminals; Obs.: lateral Obstacles; Should.: Stevwkidth
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Difference in scores
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Figure 671 Differences in score between the two procedures (absolute value of Scoré ARdid
Inspection)

The level of agreement in the results carried out by the two different methods has been
estimated by a statistical test.

Specifically, the kappa statistic has been used (Landis and Koch, 1977). The kappa
coefficient (Cohends k ap pater dgreement for\categaical a me a-
scales when there are two raters. That test was chosen because the five assumptions, in order
torun a Cohenés kappa, are suitable for the <ca

1 theresponse (e.g. judgment) that is made by two raters is measured on a nominal
scale and the categories need to be mutually exclusive;

1 the response data are paidubservations of same phenomenon, meaning that
both raters assess the same observations;

9 each response variable must have the same number of categories and-the cross
tabulation must be symmetric;

1 the two raters are independent;

1 the same two raters are ugedudge all observations.

If there is total agreement, k equals 1. If there is no agreement other than that would be
expected by chance, k equals 0. A negative kappa value indicates disagreement between
procedures. Moreover, it is possible to test whetherlevel of agreement is statistically
significant. A level of significance of 10% {@lue=0.10) was assumed as acceptable for
assuming a significant nerero correlations at 90%.

The values of the k statistics and@lues were calculated by using tBBSS Statistics
software Results are reported in Table 2

Table 2 K statistics and gvalue of agreement between the two procedure

Safety issues k Significance
Roadside: embankments -0.073 0.032
Roadside: dangerous terminals and transit - Insignificant data
Roadside: obstacles 0.118 0.012
Cross section: lane width -0.043 0.376
Cross section: shoulder width 0.175 0.000
Delineation: chevrons 0.108 0.022
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For shoulder width, the-kalue (k=0.175) and thstatistical significanc@ointed out
the higrest correlation and agreement between the two procedures. Statistical agreement (p
value<0.1) exists also for Delineation and roadside hazards related to Embankments and
Obstacles, but k<O showed nank correlation for Embankment, as wdéktimation of he
hazard score for lane width resulted not in agreement between the two procedures. For
dangerous terminals and transition, the collected data resulted not significant for performing
the test because the judgment expressed by both groups assumed amcaistast value
along the test roads (Figure 5)

4. DISCUSSION AND CONCLUSION

The goal of the paper was to compare two different techniques applicable to carry out
Safety Inspections of existing roads: infield evaluation by human judgment supported by low
cod equipment vs. in lab digital analysis and measurement of video recorded with high
precision systems.

Both the procedures are charactedzy expected pros and cons related to equipment
costs and human resources (time, skills, competences), but thegbratiability in terms of
effective identification and scoring of the safety issues is not fully scientifically investigated.
Moreover, high performance systems are able to provide centimeter precision from high
quality images, but digital analysis sk effective in measuring embankment slope and height
than linear dimensions (e.g. pavement width, lateral distance).

Scoring safety issues that imply quantitative measures (i.e. Lane and Shoulder width,
Obstacles distance, Embankment slope and height)rare suitable for a comparison
between human and machine evaluation than issues related only to visual judgment (i.e.
Delineation, Terminal).

Finally, from the statistical point of view, ranks of safety issues with the higher
variability and scores diffrentthanzero (e.g. shoulder, Lane and Obstacles in the sample) are
more effectively compared by the statistical test.

Considering all those premises, the spearman rank correlation showed statistically
significant norzero correlations at 90% estimated Embankments, roadside obstacles, lane
and shoulder width. Howeverdtatistic figure out a lack of agreement between the two
Inspection methodologies apart from a slight agreement for shoulder width.

Nevertheless, as far as the score assignmentsceroed, differences equal to 2 (i.e.
no problem=0 vs. high score problem=2) were identified only for Embankments and lateral
obstacles in more than 20% of the inspected sections.

To optimize the procesbasedn the results from the experimental tesg oan assess
that the availability of video recording and quantitative measures from high performance
monitoring systems are particularly useful for the evaluation of risk factors related to the cross
section and geometric alignment (e.g. horizontal cureatvertical gradient). Those road
features are difficult to be objectively estimated by inspectors and should be available in the
road asset inventory.

Roadside hazard is a complex combination of different features (e.g. obstacle type and
distance, emba&ment slope and height, safety barrier presence) that can be detected by high
performance systems but with less efficiency and with needs for computation algorithms
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makingan irfield inspection and expert judgment more effective. For those hazards, infield
inspection can be considered more reliable and pradteabported by appropriate leeost
equipment and tools as presented in the paper
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Abstrad.: The aim is to evaluate the effectivesién order to speed reductiomf threetraffic
calming measuresl) speed table, 2) chicane) Bad narrowing.Many researches show tr
effectiveness in reducing the speed of the traffic calming measures. To this effec
measurements were made on street sections with different talfifining measures. In additiot
driving simulators andnicrosimulationbased techniquare usedThe speed analyses regard
series of traffic calming measures locatedtaian urban contextdn order to study the variatior
of the cinematic characteristics of the vehicles, have been chosen various speed memat
sectionsSubsequently, the following were adkted: 1) theaverage speed on all the section
2) the 83" percentile speedThe presence of traffic calming measures analyzed in this ¢
results in a significant reduction in speeds. This redactiocurswithin the following ranges:
40-50% for speed tables, #D% for chicane and 380% for road narrowinglt has been
demonstrated the concrete possibility of "forcing" drivers to reduce sffead.traffic calming
measures were implemented systécally in urban areas, it could be obtained, with litt
investments, a result of great importance for the road safety.

Key words:Traffic calming, Road safety, Experimental survey.

1. INTRODUCTION

The concept of traffic calming is fundamentally concdrméth reducing the adverse
impact of motor vehicles on built up areas. This usually involves reducing vehicle speeds,
providing more space for pedestrians and cyclists, and improving the local environment.

Traffic calming schemes generally incorporateidenrange of measures designed to
complement each other in both speed reduction and environmental terms. Engineering options
are more diverse and employ one or more of the following techniques: 1) narrowing 2) vertical
deflection, 3) horizontal deflection) restrictions.

Engineered options are designed to increase the complexity and cognitive load of
driving, making the driver naturally slow down, or to create discomfort above certain speeds.

Many researches show the effectiveness in reducing the spéee traffic calming
measures. To this effect, field measurements were made on street sections with different types
of traffic calming measures, in different places. These measurements were compared with
other ones located on other street sections ofssigharacteristics but without traffic calming
measures (Gonzalorden et al., 2016; Chen et al., 2013; Ewing et al., 2013; Rahman et al.,
2009). Given the strong relationship between speed and crash experience, safety performance
can be related to spee@onsequently, speed can be used indirectly as a surrogate safety
measure in the absence of crash and speed

* Original scientific paper
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In addition to experimental studies the effectiveness of calming traffic measures is
assessed by using driving silators and microsimulatichased techniques. In this regard,
Jamson et al. (2010) highlight how driving simulators can be used to overcome the
methodological constraint that do not allow you to evaluate different ranges of interventions
with comparable mets.

However, most studies focus on assessing the effectiveness of a typology or a few types
of traffic calming interventions, such as types of signage, perceptual countermeasures or
physical traffic calming.

Mahdy (2012) focuses on vertical deflectiongoad alignment to study the influence
of their physical and geometric characteristics on traffic performance, in terms of speed
profile. Rokade et al. (2017) also deal with the assessment of the effectiveness of vertical
deflection devices that includgpeed bump, plastic speed bump, raised crosswalk, rumble
strips and sinusoidal hump. Jateikiene et al. (2016) also present research methodology and
analysis of results of vertical traffic calming measures (speed bumps, speed humps, raised
crosswalks), safg islands and speed cameras influence to the road safety on Lithuanian roads.
The raised island greatly reduces distractions in the behavior of the gaze and is very effective
element for speed reductiof? 24 km/h), being very visible (Lantieri et alQ15).

Agerholm et al. (2017) have studied the effects on speed reduction following the
establishment of sinus speed humps of height 10 cm and length 950 cm and chicanes with a
free carriageway width of 5.30 cm and a length between the 0.5 m wide obefat8em.

Abdi et al. (2017) show that the traffic calming devices, including speed humps, should be
placed at appropriate distances (from 200 to 400 m) to each other to achieve balancing speed
and road safety benefits against capacity. It was found tifap&gentile speeds at long
distances from calming devices were3&km/h for horizontally deflected streets and440

km/h for vertically deflected streets (Daniel et al., 2011).

The design speeds of two common speed tables in the city of Tehran lewve be
examined, with a length of 6.5 m and 8.5 m respectively (Falamarzi and Rahmat, 2014). For
6.5 m speed table, design speed is calculated at 41.5 km/h and for 8.5 m speed table, design
speed is calculated 47.5 km/h. Also, it was found that the speedioeddae to the speed
tables depends mainly on the separation between tcaficing devices, whereas the speed
over the speed tables depends crucially on the entrangeslope, the speed table length, and
the distance from the previous traffic contdelvice (Moreno et al., 2011). Lee et al. (2013)
evaluate the effectiveness of four traffic calming measures (two types of speed humps, speed
tables, and chicanes). The results show that chicane is better than the other types of traffic
calming measures csitlered.

Yousif et al. (2013) investigate the relationship between road narrowing spacing from a
priority junction and the "majeto-major movement” driver's delay for different flow levels
using a microsimulation model. The findings show that for a manor with tweway flow
level of up to 500 veh/h, the road narrowing spacing should be at least 30 m. Once the flow
level reaches 700 veh/h, the spacing should be at least 50 m, whereas for flow levels of 800
veh/h, the spacing should be at least 100 mdtrdayeghi et al. (2006) have measured the
effectiveness of a coloured slurry seal traffic calming treatment, used to "narrow" lanes of a
road, in reducing driving speeds and traffic volume on residential streets.

Finally, it should be noted how many siesl have considered the effect of traffic
calming devices on the production of atmospheric pollutants and noise. In general, it can be

183



stated that horizontal deflections, narrowing and restrictions result in lower production of
pollutants. Vertical deflens (e.g. bumps) often result in increases in the production of
atmospheric pollutants and higher noise production (Casanova and Fonseca, 2012; Daham et
al., 2005; Distefano and Leonardi, 2015; Ghafghazi and Hatzopoulou, 2015; Kaffure et al.,
2013; Watts2007).

In this paper, we will study the effectiveness, in order to speed reduction, of three types
of traffic calming measures: 1) speed table, 2) chicane, 3) road narrowing. The speed analyses
regard a series of traffic calming measures located in urbatexts of Catania Province
(Italy). The effectiveness of such measures, highlighted by results exposed in the following
paragraphs, should encourage greater spread in urban contexts

2. METHODS

The methods for determinirgpeedprofiles in sites where thedffic calming measures
described in this study are present will be dealt with in detail for each type of device.

2.1. First traffic calming measure: speed table

The investigation context is represented from the residential area that is developed
around to theoad called Lungo Mare Pantano street, in Riposto city (CT). In particular, on
this road are two speed tables, placed to a distance between one and the other of 40 meters,
realized in bituminous conglomerate and opportunely premarkedljFig.

Figure 1.Speed tables in Lungo Mare Pantano street (Riposto)

In order to adequately study the variation of the cinematic characteristics of the vehicles,
for effect of the speed tables presence, have been chosen the five speed measurement sections:

1) the section ndi cat ed with AfnAO | etter, |l ocated 30
measure2)t he fABO section is placedthbhe mebéefonedCh
equidistant between the pexd tables; 4) he A DO secti on hesecohdocat ed

speed table5)t he AEO section is placed 30 meters aft

The distance described from the sequence of sections A, B, C, D and E, is downhill, with
longitudinal slope of 2%.
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