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Abstract: Within the project GoSAFE RAIL, one work package is dedicated to the development 

of an integrated rail network model that will incorporate both infrastructure asset (e.g. crossings, 

tracks, bridges, tunnels) and traffic (e.g. vehicle, freight and passenger movement) data with the 

main goal of offering safer, reliable and efficient rail infrastructure. This will be achieved by 

using the micro-level simulation tool OpenTrack for enabling capacity optimization in order to 

maximize the availability of the transport network and minimize environmental impacts. Up to 

now, optimization was typically predefined by the user of the tool and ótestedô for its applicability, 

which led to missed opportunities for finding an optimal solution. This modelling tool will be able 

to dynamically optimise operations, in particular during times of degraded operations using 

multi-criteria optimization algorithms in order to address complex requirements, for both 

passenger and freight transport. By employing Kronecker algebra for optimization and 

softwareôs application programming interface (API) in the case study network Zagreb ï Rijeka 

in Croatia, the behavior of actual network performance will be simulated as a proof of suitability 

of solutions provided by the optimization algorithm. Finally, an expected impact of the advanced 

traffic model using scheduling algorithm is a 40% reduction of delays in long-distance traffic.  

 

Key words: micro-simulation, rail operations, traffic flow model, infrastructure maintenance, 

optimization algorithm Ο 

1. INTRODUCTION  

Rail infrastructure managers are responsible for safety measures and planning within 

the infrastructure network. Although the railway transport mode is considered one of the safest 

modes of transport (European Railway Agency, 2013) with 0.16 fatalities per billion passenger 

kmôs there is a number of infrastructure failures that have happened in recent years. 

Unfortunately, the number is expected to rise in the future, mainly due to ageing railway 

network and stronger climate changes. Consequently, the objective of the Shift2Rail project 

Global SAFEty Management Framework for RAIL Operations (GoSAFE Rail project) is 

development of an evolutionary Decision Support Tool with the main goal of offering safer, 

reliable and efficient rail infrastructure.  

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 performance, like for example, 

delays or energy consumption. Up to now, optimization was typically predefined by the user 

of the tool, introduced into the simulation and ótestedô for its applicability during the 
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simulation. This led to missed opportunities for finding an optimal solution, which led to the 

simulation programs not being able to solve dispatching questions or handle headway 

conflicts.  

Simulation tools have, however, one shortcoming; namely, the inability to optimize 

train ran automatically. To close this 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 impact of maintenance and renewal proposals, as part of support for decision making 

of the infrastructure manager. The algorithm for calculating the optimal driving strategy and 

optimizing the overall railway system is based on the PhD-thesis ñEnergy-efficient 

Optimization of Railway Operation. An Algorithm Based on Kronecker Algebraò by Volcic 

(2014). 

Moreover, with OpenTrack micro-simulation modelling tool, traffic model will be 

developed that will use multi-criteria optimization algorithms to address complex 

requirements, for both passenger and freight transport. Using Kronecker algebra (Mittermayr 

et al., 2012) which showed good results in dealing with optimization scenarios in railway 

traffic flow, especially avoidance of bottlenecks and conflicts, simulation of actual network 

performance on the line between Zagreb and Rijeka in Croatia will be performed. The input 

data used for the traffic flow optimization tool is defined by two components: first, the current 

characteristics of the rail system will be supplied, the set of infrastructure, rolling stock and 

timetable characteristics, which represent the base for future calculations. Secondly, 

infrastructure managerôs identification and assessment of restricted availability of 

infrastructure assets. Those two components will be merged using simulation tool OpenTrack 

(OpenTrack Railway Technology) for 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 the import data necessary for the future optimization calculations.  

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 constantly changing 

environment will bring avoidance of bottlenecks and hence, lower delays and consequently, 

increase capacity (Luethi, 2009). Dataflow in simulation of railway operation with todayôs 

production and operation with integrated real-time rescheduling is presented in Figure 1. 

 

Figure 1. Operational performance without and with real-time rescheduling  
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The first step in using computer models in the railroad planning is to calibrate the base 

case model. This should accurately replicate observed railroad operations with 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 for a 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 time-based network changes (e.g. maintenance) on railroad operations. 

Computer simulation is especially 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 would be 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 tool for analysis and planning of railroads, 

railroad network simulation programs have the following limitations: 

Å Programs must be validated to actual conditions. 

Å Yard operations must be modelled separately. 

Å Resource constraints such as crew scheduling are largely ignored (although some 

specialized software does address resource constraints). 

Å Simulations only include the modelled study area. 

Å Simplifying assumptions generally create an inherent optimism about overall 

congestion, schedule adherence, and recoverability (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 Swiss Federal Institute of Technologyôs Institute for 

Transportation Planning and Systems (ETH IVT). The projectôs goal was development of a 

user-friendly railroad simulation program that could run on different computer platforms and 

could answer many different questions about railway operations (Huerlimann, 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 of all railway 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 long-term infrastructure improvement programs, and analyzing the impacts of 

different rolling stock. 
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Figure 2. Data flow in simulation of railway operation 

Input Data 

OpenTrack manages input data in three modules: rolling stock (trains), infrastructure, 

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 locomotive type 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 model operations 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 

type/location) is entered with a user-friendly graphical interface; quantitative infrastructure 

data (e.g. elevation) is added using input forms linked to the graphical elements. Following 

completion of the railML (railMl) data structure for rolling stock and infrastructure, 

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 completed efficiently. For example, users can designate 

hourly trains that follow the same station stopping pattern an hour later. Since OpenTrack uses 

the railML (railML) structure for timetable data, timetable data can also be entered directly 

from various different 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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Figure 3. Example of software tools already using 

One advantage of OpenTrack is that it enables users to adjust many variables that impact 

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 percentage (also user-defined) 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 attempts to meet the 

user-defined 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 (of both the vehicles and the 

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

The continuous simulation is dynamic calculation of train movements based on 

Newtonôs motion formulas. For each time step, the maximum force between the locomotiveôs 

wheels and the tracks is calculated and then used to calculate acceleration. Next, the 

acceleration function is integrated to provide the trainôs speed function and is integrated a 

second time to provide the trainôs position function (Huerlimann and Nash, 2003). 

The discrete simulation process models operation of the safety systems; in other words, 

train movements are governed by the track networkôs signals. Therefore, parameters including 

occupied track sections, signal switching times, and restrictive signal states all influence the 

train performance. OpenTrack supports traditional multi-aspect signalling systems as well as 

new moving block train control systems (e.g. European Train Control System ï ETCS 

signalling). 
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OpenTrack is a dynamic rail simulation 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 that the 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 train will 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. 

OpenTrackôs dynamic nature allows users to assign certain attributes to specified times 

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 other types of incidents (e.g. infrastructure failures, 

rolling stock breakdowns) for particular times and places. 

Finally, dynamic simulation enables users to run OpenTrack in a step-by-step process 

and monitor results at each step. Users can also specify exactly what results are displayed on 

the screen. Running OpenTrack in a step-by-step 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 object-oriented 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, speed, and 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.g. time-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 modifications 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 shown, OpenTrack 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 real-world railway system between trains, interlocking and 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, timetable changes, 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; namely, commands (messages) go to OpenTrack, whereas Status 

Messages come from OpenTrack (OpenTrack Railway Technology).  
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OpenTrack APIôs application offers an unlimited number of possibilities, starting from 

implementation of customer-specific dispatching algorithms to in-depth 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 energy consumption, 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 

that simulation of the behavior of the reality proves that the optimization algorithm provides 

suitable solutions within a short period of time. 

 

Figure 4. Example for the application of the OpenTrack API 

4. CASE STUDY: ZAGREB-RIJEKA LINE  

As already mentioned, line Zagreb ï 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 TEN-T corridor.  
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Figures 5 and 6 show examples of infrastructure 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 selected. This 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 Zagreb - Rijeka, namely from Hrvatski 

Leskovac, via Horvati, Mavracici, Zdencina, Desinec, Jastrebarsko, Domagovic, Lazina to 

Draganici.  

Figure 5. Infrastructure in OpenTrack: Zagreb Glavni Kolodvor 

Infrastructure topology includes all signals, stations and information about radius, 

gradient and speed profile on every kilometre point. Train graph, seen in the Fig.7, shows the 

timetable for different train categories; namely, cargo, fast or the regional trains. Furthermore, 

for the clear overview, the period between 3PM and 10PM was chosen and includes blocking 

time stairway.  
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Figure 6. Infrastructure in OpenTrack: Hrvatski Leskovac-Draganici 

Figure 7. Train Graph: Zagreb Glavni Kolodvor-Rijeka 
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5. CONCLUSION 

In conclusion, GoSAFE RAIL project will provide a means of virtually eradicating 

sudden infrastructure failures. OpenTrack, being a sophisticated micro-simulation 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, bridges, tunnels) and 

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 availability of 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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Abstract: Collision avoidance is considered as an essential part of the autonomous guided vehicle 

(AGV) navigation systems. Collision avoidance helps to determine and decide for changing the 

speed and direction of an AGV in the presence of obstacles. Avoidance of collision problem can 

be considered as a spatial multi objective problem due to it needs to handle with different 

objectives by searching a space of possible routes and find a set of optimal routes. Solving 

collision avoidance problem in AGVôs routing is a complicated problem because of different 

objectives, inconsistency between them and presence of dynamic and static obstacles in the 

system. In this study, the risk modelling and optimization has been used for solving the problem. 

 

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

avoidance 

1. INTRODUCTION  

The analysis of safety themes associated with the transportation of hazardous 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 magnitude with those 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 (CCPS, 1995). 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, risk control 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 flexibility and 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 under uncertainty 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 lack of updated on-line 

information on network links (cables, roads, etc.), the client/traveler will have to consider 
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possible ranges of the travel times on network links when making the appropriate route choice, 

that often involves tradeoffs between travel times and risk-sums 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 highway study 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 significant risk and tremendous cost, 

but literature has focused only on the cost-effective 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 (2015) presented a mixed-integer optimization program 

with operating cost and transport risk objectives, which could be used to prepare routes and 

schedules for a heterogeneous fleet of vehicles. The bi-objective model was tested on a number 

of problem instances of realistic 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 

structure. 

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 is a driverless vehicle 

used for the transportation of materials within a production plant partitioned into cells. The 

tandem layout is according to dividing workstations to some non-overlapping closed zones to 

which a tandem automated guided vehicle (TAGV) is allocated for internal transfers. Shirazi 

et al. (2010) illustrated a non-linear multi-objective problem for minimizing the material flow 

intra and inter-loops 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 optimization 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 criteria. In most VRPs 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 manufacturing functions. 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 proposed 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 problems. Hence, 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 time-based. However, moving materials within a manufacturing system utilize time 

and cost. Tavana et al. (2014) considered both time and cost measures in an optimization model 

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 the 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 proportion of 

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 methods/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 order to 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 

expected to show if a reduction of separation and spacing between AGVsô handling task tracks 

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 always remained 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, an overview 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 before or during 

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 station. Products 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, 

AGVôs arrival within a due time of a station satisfies just in time manufacturing leading to 

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 problem is elusive for 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 defined 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 handling tasks 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 cases both 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 multiple 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 itsô route. The AGV is modeled according to itsô central 

coordinates and such as a point that moves from start to end through a specific set 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 obstacles coordinate, at 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 according to AGVôs position. The AGV for avoiding the collision will change 

the speed and/or the direction of its movement in one point thatôs called redirection point. For 

presenting and modeling the route of the AGV, we can use the coordinates of redirection points 

besides speed and direction of AGVôs movement. 

The mathematical formulations are presented below in Table 1. 

Table 1. Mathematical notations 

i, j Counter for stations, i=1,é,n; j=i+1,é,n 

k, kô Counter for AGVs, k, kô=1,é,m 

Parameters: 

c

ijk
s  Severity of collision hazard of AGV k in path i to j 

c

ijk
p  Probability of collision of AGV k in path i to j 

c

ijk
R  Risk of collision of AGV k in path i to j 

tij  Required time to move in path i to j 

dij  The distance between station i to station j 
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d0k Current position of AGV k 

vk The velocity of AGV k 

ak The acceleration of AGV k 

Decision variables:  
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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 and velocity of 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 (7) shows that 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 to a station based on a request then the collision is 

avoided correspondingly. Equation (11) shows the computation of severity of collision hazard 

based on the acceleration of AGVôs movement. Equation (12) specifies that if an AGV is 

requested by a station then it is 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 AGVs are assumed to be 8 and 3, 

respectively. The existing paths between two stations are given in Table 2. It should be noted 

that the existing path between any two stations are presented by 1 and otherwise with 0.  

Table 2. Existing path among stations 

            j 

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 assumed to be same and 

equal to 11.5 unit of cost. But, the probabilities of collision for different paths are different as 

given in Table 3. The probabilities are extracted from past data recorded by maintenance 

department. 
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Table 3. Collision probabilities of paths 

           j 

i 
1 2 3 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 same and equal to 2.5 m/s and the acceleration is 0.9 m/s2. 

The movement time between any two stations are given in Table 4. 

Table 4. Movement time for all paths 

           j 

i 
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 obtained as shown in Table 5. 

Table 5. Outputs  

X141 X282 Y23 Z41 Z82 

X172 X361  Z72 Z61 

X253 X483  Z53 Z83 

Note that the shown variables are the ones with value equal to 1. The obtained 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 the others. 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 of severity 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 number of 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 spatial 

analysis. Geographic information systems (GIS) are ideal for this type of spatial analysis which 

provides functionality to capture, store, query, and analyse geographic information. This paper 

presents novel methodology for LC location analysis based on GIS. The proposed method uses a 

GIS for for data collection, spatial analysis, generating alternatives, and to produce maps for 

further analysis. We used GIS for support decision making and for the analysis of the location 

attributes, including a number of relevant factors: spatial position, intermodal connections (road, 

water, air and rail transport), the size of the available location, topography, local traffic 

connections, environment, ecological aspect of the location, ownership structure, equipment of 

communal infrastructure, constraints in the area, etc. Experimental results on real-world 

problems, i.e., application of the proposed methodology in a case study of location analysis for 

logistic center in municipality Apatin, Vojvodina, Serbia, show that the proposed methodology 

provides upstanding results in spatial analysis. 

 

Keywords: geographic information systems, location analysis, logistic center, spatial analysis, 

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 implies cost reduction and 

improving service quality in order to satisfy the growing customers' demands. 

The Council of Supply Chain Management Professionals defines the term logistics 

management as follows: "Logistics management is that part of supply chain management 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" (CSCMP, 2012). 

Thus, the importance of logistics centers (LC) is reflected in linking economic activities 

both locally and globally, were LC become places of circulation of production, storage and 

transportation of goods. The LC is a separate entity operating in a secured area, within which 

all logistics activities (transportation and forwarding, material handling, warehousing, 

inventory management, cross-docking, intermodal trans-shipment, physical distribution of 

goods) are carried out on a commercial basis (Jacek ŧak, Szymon Weglinski, 2014).  

According to the European Transport Ministers' Conference (ECMT) the following 

criteria relating to site selection are common to all LC (ECMT, 1996): 

                                                           
* Plenary paper 
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-  the specific location of a LC reflects a need to optimise the quantity and quality of local 

and long-distance 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 long-distance flow by achieving a cluster 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 has already 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 infrastructure, in 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 procedures, containers, 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 for rapid decision making (e.g. data on 

consignments, stocks, status, etc.). 

A LC location is a strategic decision and a critical point of the entire supply network, 

from the manufacturer to the consumer, whereby one of the main factors determining the 

location is the transportation cost. According to Rikalovic et al., the transportation costs, 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 are summarized the location may 

change the overall operating costs by 50% (Rikalovic, Cosic & Lazarevic, 2014). As a result, 

the optimal location of a LC may lead to reduced transportation costs, promote synchronization 

between production and consumption, ensure a balanced 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 programming (Klose, Drexl, 2005), evaluation and ranking of 

considered sites (¥zcan, et al, 2011; Korpelaa, Awasthi, et al, 2011, Jacek ŧak, Szymon 

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 making have 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, 

query, analyse, display and output geographic information (Bolstad, 2002). The power of 

geographic information systems 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 the above 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 field of logistics centers, pointing out the role of the multi-criteria decision 

analysis and the geographic information systems in location analysis. In Section 3 we present 

innovative methodology for analysis of logistics center location, with study case to show 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 a proper placement of an infrastructural 

component (ground, site, facility) in a considered area, taking into account the decision 

makerôs preferences and existing constraints (Owen, Daskin, 1998; Farahani, Hekmatfar, 

2009). One of the typical logistics location problems refers to the proper placement of LC 

(Van Thai, Grewal, 2005; Kayikci, 2010). 

Logistics centers should be located at the intersection of large streams of flow, or very 

close to major transport links, especially in order to take advantage of multimodality. 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, M., 2012) 

Decisions related to LC 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 

qualified workers, loss of competitive advantage, inadequate supplies of raw materials, or 

some similar condition that would be detrimental to operations (Stevenson 1993). While the 

optimal location selection in the logistics sector decreases transportation costs, it increases the 

job performance, competitive capacity and profitability of companies (Thai and Grewal 2005). 

Lee, Huang & Teng (2009) point out the need to consider geographic, topographic, and 

hydrological aspects of the available land for the logistics center installation.  

In the literature the site selection processes is generally disaggregate the problem into 

several levels. Zelenovic distinguishes macro and micro locations. The macro location is the 

geographical area, which can meet the basic requirements for construction and development 

of LC with minimal operating costs. The micro location is the specific place in the macro 

location that meets technical, infrastructural and working process requirements (Zelenovic D., 

2003). The basic criteria for the analysis of the micro-location of the LC include the analysis 

of all parameters from the micro and macro aspect with the coordination of all entities in the 

multimodal transportation process. The factors that influence the selection of the location of 

the LC, mentioned in the literature, can be divided into two categories: factors that influence 

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 logistic system ï market characteristics, type 

and characteristics of goods in the distribution chain, transport possibilities and the availability 

of the expert personnel. In determining the micro-location of the facility, the following 

characteristics are considered (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 local community, etc (J. Paġagiĺ Ġkrinjar et. al., 2012) 
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(a)                                                                              (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 air) . The concept of a location planning 

is based on the technological-functional requirements of the work organization such a 

multimodal transport node (Rushton, 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 subsystems of the LC have a significant influence 

on the planned solution. The 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 information technology, 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, 1991). A large 

number of decisions have geographic (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 decision-making process. Experts 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 analysis. One of the 

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 quality, 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 innovative approach for logistics center analysis: a GIS 

based approach. 

The proposed method uses a GIS for generating location alternatives and spatial data 

mining. We used GIS for support decision making and for the analysis of the location 

attributes, including a number of relevant factors: spatial position, intermodal connections 

(road, water, air and rail transport), the size of the available location, topography, local traffic 
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connections, environment, ecological aspect of the location, ownership structure, equipment 

of communal infrastructure, constraints in the area, etc. 

We divided proposed methodology into eleven phases (Fig. 2): 

1. Creating (preparing) graphics in AutoCAD in relevant layers 

2. Graphic transformation in Gauss-Krieger's projection (Hermannskogel's date) 

3. Controlling  the graphics before entering ArcGIS - import data into ArcGIS 

4. Transformation of graphics from Hermannskogel to WGS84 (World Geodetic System 

- Worldwide Reference Date-Applied by Google) using Geocentric Translation 

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

6. Controlling the position of the brownfield location relative to the reference map 

7. Graphics processing in ArcGIS / geo-visualization 

8. Relational connection of spatial data with alpha-numeric data 

9. Entering attribute (alpha-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 Vojvodina, Serbia, in the 

form of information (Fig. 3): 

Å 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 

Å graphic transformation from Hermannskogoel to WGS84 (World Geodetic System 

- world reference date-applied by Google) using geocentric translation 

Å control of compliance of spatial and attribute data and 

Å final control. 

 

Figure 2. Process of creating a database  
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Figure 3. Traffic, electricity, thermo power and water management layer 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 analysis especially in screening phase. 

In screening phase role of GIS is to analyse feasible alternatives that will be later consider in 

evaluation phase. The first step is the collection, input and processing of data such as: 

geographical characteristics, urban parameters, ecological 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 possible to determine the extent of the potential and 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 the spatial-technical-

technological aspects of the site and set up the database. For 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 

generate location alternatives. Our GIS is based on a spatial database that contains data for all 

the selected features in the region of interest. The spatial data mining process focuses on the 

process of discovering interesting and potentially useful patterns for generating industrial 

locations alternatives from a spatial dataset by using a multilayer framework i.e., an 

infrastructure where the spatial database is organized in multiple layers (thematic maps) that 
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represent the selected features layer by layer (map by map) (Fig 4.). Using our GIS, we can 

separately analyzed each layer of the spatial data in the region of interest and overlapped 

specific layers to obtain useful information as well.  

In Fig. 4 we are presenting application of the proposed methodology, i.e., spatial data 

mining process in a case study of location analysis for logistic center in municipality Apatin, 

Vojvodina, Serbia in Google Earth environment. 

        

(a)                                                                       (b) 

 

        

(c)                                                                       (d) 

Figure 4. Spatial data mining process: (a) zone of logistic centre, (b) land use, (c) property and (d) 

infrastructure 

4. DISCUSSION AND ANYLYSIS  

The significance of LC 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 services of LC to speed up the 

process of starting 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 of the LC. We used 

GIS for data mining, generating alternatives, spatial analysis and presentation of the layers 

obtained by analysis in the form of maps. 



 

26 
 

After analysing the geo-traffic position and infrastructure, as the most important factors 

for the development of a LC, on the case of municipality Apatin we can state: 

-  the direct support of the LC to the Danube aquarium, which represents the most important 

river road in Europe (by commissioning the Rhine-Main-Danube channel, all the Danube 

countries, with good interconnections, the exit to the Black Sea and the North Sea) provides 

an excellent geo-traffic position of the LC. 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 border, through which the entire central and north-

western area of Backa can reach the exit to this important international river road, known 

as the Pan-European corridor VII; 

-  railway line Apatin factory - Sonta in Sonta comes to the main road Szeged (Hungary) -

Subotica, Sombor (Serbia) -Vinkovci, Osijek (Croatia), so it has a direct connection with 

European corridors VII, X, IV and V; 

-  Apatin is not directly connected with neighbour Croatia, because the Danube River and 

Kopacki rit represent a natural obstacle for the 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 the area of the 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 Compensates for the 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 waterway - the Danube River, as a Pan-European 

corridor VII, indirect rail link with the main railway line through the local railway line, exit 

by road connection to the state road IIa of order no. 107, are elements that give this space 

extraordinary spatial-traffic predispositions for smooth development, especially in the domain 

of integral transport. 

In addition to the analysed infrastructure from the aspect of traffic, the subject location 

is also analysed from the aspect of the utility equipment, where it can be assessed as suitable 

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 innovative approach for logistics center analysis that adopts a 

GIS based approach. The proposed methodology uses developed GIS for generating location 

alternatives and spatial data mining. We used a GIS for data collection, spatial analysis, 

generating alternatives, and to produce maps for further analysis.  

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 and logistics 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 sub-systems and sub-stations of the LC. The 

international port gives a quality basis to enable the dispatch 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 infrastructural benefits, 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 minimal 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 contribute to reducing 

the cost of shipping - delivery and overall reduction in transport costs. 

In further research the comprehensive method for industrial site selection will be studied 

at the micro-location level. 

The results showed that our methodology constitutes an efficient and highly accurate 

tool for spatial decision support. In future research, our methodology will be tested on different 

cases with larger datasets. Moreover, we plan to study strategies such as the use of intelligent 

systems to improve the decision support effectiveness. 
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Abstract: This paper is presenting the overview of potential use of the numerical analysis tools 

in optimization of the operational processes, through improvement of the individual logistic 

activities of the organizations. The first part of the manuscript will be dealing with the importance 

of applying the systematic approach in optimization of the companyôs operations. Also, the scope 

of potential numerical analysis tools that can be applied for modeling and simulation of the 

operational processes will be presented. In the second part of the paper, the review of previous 

results of modeling and optimization of some segments of logistic processes, as the part of 

companies operations, will be given, based on some of the previous research and publications of 

the author. Final segment of the manuscript will present one case of selecting the most 

appropriate location of the business facility, based on the numerical analysis and criterions 

evaluation, resulting from the analysis of the practical example. The results presented in this 

manuscript can be of use to decision makers, responsible for operations process optimization, 

demonstrating some potential tools which can be used in the process.  
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1. INTRODUCTION  

Operations management is one of the three core functions of the contemporary 

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 of input resources which are used to transform something, or are transformed themselves, 

into outputs of products and services. On the other hand, no organization exists in isolation. 

Every organization is part of a larger and interconnected network of other operations, which 

enable supply of adequate resources and distribution of the final product/services to their final 

customers. Accordingly, this supply network includes different suppliers and customers, 

which can be branched in several levels. To enable efficient materials and information flow 

down through a distribution 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 network. Accordingly, the 

logistic process activities, should be planned at the strategic level, during development of the 

long term operations plan, however, should be facilitated and controlled at 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 demands and its variations in wide scope of quality 
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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 supported 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 practitioners, are 

developing, employing and improving the models representing different segments of the 

logistics processes, aiming to develop new aspects of their understanding and optimization 

(Negri eta al, 2017; Mohanty & Shankar, 2017; Santibanez-Gonzalez & 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 fact that Technical 

faculty in Bor (TFB) is located in the region with wide developed industrial activity, (e.g. one 

of the largest copper mine and smelting facility is located in this region), one of the most 

important research goals of the Engineering Management Department (EMD) of TFB is 

dedicated to modeling, simulation and optimization of the large industrial facilities, based on 

the contemporary numerical analysis. In the frame of this goal, research teams of EMD have 

also done considerable number of research and practical projects directed towards modeling 

and optimization of complex industrial processes, including optimization of logistics processes 

as important segments of the companiesô organizations. 

The numerical modeling approaches, based on differing available methods and 

techniques, applied and developed by the research team of EMD were presented in the 

publications (Mihajloviĺ & Milijiĺ, 2015; Mihajloviĺ & Ģivkoviĺ, 2014). Those papers were 

presenting the algorithm developed, as a tool for decision making 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 modeling approaches on optimization of logistic processes will be 

presented and described, followed 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 of the 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 processes, aiming to their optimization and improvement. In parallel 

with presenting different cases, applied modeling approach and obtained results will be shortly 

described, in accordance with 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 projects ï with 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 available resources in the 

supply chain; production resources capacities and the flexibility of demand for the final 

products, optimal quantity of each production run was calculated. Accordingly 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 developed using first order DEôs 

modeling, based on the available technological, organizational and economic parameters from 

the everyday operation of the factory. Details considering this research are available in the 

references (Mihajloviĺ et al, 2008; Mihajloviĺ and Milijiĺ, 2015).  

Another important issue in the logistic systems is production equipment allocation, e.g. 

layout optimization. Machinery and equipment layout plays an important role in the design 

and usability of many engineering processes. The layout problem involves the placement of 

components in an available space such that a set of objectives can be optimized while 

satisfying 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 design problem is 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 layout should strive 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 problem-specific constraints to produce the desired layout. This problem 

belongs to the non-polynomial hard (NP-hard) class. The problem complexity increases 

exponentially with the number of possible machine locations. For the research published in 

the reference (Mihajlovic et al, 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 

algorithms can be defined as meta-heuristics 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 machines, there 

are 362880 possible layout solutions 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 evaluation of the proposed approach 

was made using benchmark numerical examples. The example was taken from Chan and 

Tansri (1994) and compared with the work of Mak, Wong and Chan (1998) as well as with 

work of El-Baz (2004) whom used same example to evaluate their 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 efficient and 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 this 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. 

Besides this, so called Ăhard aspectsñof logistic process optimization, research group 

from EMD was recently also dealing with the Ăsoft aspectsñ of supply network logistic process 

optimization. Accordingly some examples of our research on this topic will be presented here.   

In the reference (Miloġeviĺ et al, 2015), the subject of research was to find the relational 

relationship between supplier and buyers, that has to go through control system as last step in 

Strategic Management control. The research idea was based on the fact that in the supply 

network (e.g. logistic network) consisted 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 selection of the right supplier is of great 

importance for the success of the company. For this reason it is necessary to find and choose 

the right suppliers that will suit the needs of the companies in the network. This paper is 

presenting the research results which were 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 was aiming to assess the level of dependability of established control mechanism in 

the customer ï supplier relations, on the type of the management system in the supplier 

company (presented in the form of supplier governance); on the extend of relational capital 

(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 achieved). Based on such hypothetical 

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 capital and control. 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 development of capabilities 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 suppliers and customers. On the other hand, it was revealed 

that high developed management process and governance in the supplier company doesnôt 

automatically mean that the level of strategic control in the supplier ï customer relations would 

be high. This indicated that this kind of control should be conducted apart from the 

management process of the supplier company, in different sectoral activities. On the contrary, 

by the results of SEM model, it was concluded that the relational capital generated from the 

supplier ï customer relationships has a positive effect on the control of their inter-correlated 

activities.  

Further research on the importance of the relations among suppliers and customers, in 

the different logistic networks, was conducted in the research published in the reference (Saviĺ 

et al, 2017). For this research, SEM tool was also developed to test the acceptability of 

proposed relationship between important factors which can result in potential partnership 

between suppliers and customers (companies), and thus can lead to eventual upgrade of their 

relationship from classical logistic network to higher level supply chain (SC). The hypothetical 

framework proposed was based on the assumptions that proper communication and exchange 

of information among connected companies in logistic network can increase their mutual trust 

and commitment. Also, it was proposed that high level of trust and commitment will lead to 

increased satisfaction of both sides. The satisfaction should lead to better results of 

cooperation, which will lead to formation of potential strong partnership that will transform 

logistic network in to the supply chain. The hypothetical framework was again used to develop 

the questionnaire as a measurement tool for assessment of all proposed relationships 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 influence of introduction of ISO 9001 

standard in the company on relations between customers (in this case production companies) 

and their suppliers. This way, companies included in the research were divided in the group of 

standardized companies (SC) and non-standardized companies (NSC). Considering 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 benefits of standardization against ISO 9001 in terms of buyer ï supplier 

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 considered in this research, 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 operation and 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 higher level. On the contrary, 

research has shown that the same relations with suppliers that exist between standardized 

companies (SC) and non-standardized 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 not possible, while obtained results show the opposite, which clearly 

indicates that the certification in the studied transition economy is being performed only pro 

forma (Saviĺ et al, 2017). 

There has been additional number of different soft aspects of the relationships among 

customers and suppliers in the logistic networks and the supply chains, published by the groups 

of researchers from the EMD. Off course, it wouldnôt be possible to mention all the results in 

this single paper. However, some additional research 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 here is one of the EMD ongoing projects which is 

dealing with analyzing and optimization of the logistic process activities of one local SME. 

The subject of this research is the SME located in the city of Knjaģevac (Eastern Serbia), which 

is producing honey and different products based on honey (such are honey with selenium, 

propolis drops, and different dietary products made of honey). The SME is purchasing required 

raw material from different suppliers in Eastern Serbia and then, distributing its own final 

products to customers in Serbia and abroad. First stage of the research was dedicated to the 

assessment of the current location of the firm, and developing suggestions for potential 

relocation and/or investment in new distribution warehouse, which will enable better 

operations results. The necessity for this kind of research was concluded after analyzing its 

logistic network from the aspect of supply of the necessary raw material and distribution of 

the final products. Accordingly, the subject of analysis was the quantities of material which 

have to be transported to and from the production facility and the distances for 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 the vehicles used for external transport. Although 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 of two types of considered 

vehicles. This analysis will show the optimal location for potential relocation 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 shipment of its final products.  



 

34 
 

Two delivery vehicles were included in the research: Iveco Daily van with carrying 

capacity 3460 kg and truck Iveco Eurocargo with total capacity of 9880 kg. When deciding on 

the choice of vehicle for transportation, it can be seen that the marginal value is 3500 kg to 

decide which vehicle to use and how to best utilize its capacity. In the tables that follow, the 

degree of use of the vehicles, on the basis of kilometers, liters of fuel purchased and the average 

consumption and capacity utilization in the year 2016 will be screened and analyzed. All data 

were taken from the travel orders, which are regularly kept by the employees of the SME. For 

example, the mileage of the truck, fuel consumption and utilized capacity per month in 2016 

are shown in the table 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 

distance, km 

Spent fuel, liters Average fuel 

consumption, 

l/100 km 

Capacity 

utilization, % 

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 

distance, km 

Spent fuel, liters Average fuel 

consumption, 

l/100 km 

Capacity 

utilization, % 

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 11.5 79.1 

October 3071 452 14.7 93.6 

November 3803 476 12.5 89.8 

December 3348 388 11.5 90.6 

TOTAL 48139 5835 12.12 86.36 

From table 1 it can be seen that the truck crossed a total of 26974 km, which is 

significantly less than the van from the table 2. It also can 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 capacity utilization of truck is 76%, or about Ĳ of cargo space. This way, using 

just the truck would be more expensive than using it in combination with a van, which justified 

reasoning of SME that the truck should be used only when necessary. Accordingly, in 2016, 

the van was driven 21165 kilometers more than the truck. 
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Following analysis was carried out for the assessment of the present location of the SME 

investigated and suggestions for directions of its optimization. On the basis of the data 

considering the quantities of raw materials (delivery) and finished goods (shipment) 

transported, using the truck or the van, as well as latitude and longitude of the traveling 

locations during the year 2016, present location of the SME was assessed. For detailed 

calculations, all transportation routes were analyzed for entire year, for both vehicles. However 

due to the space limitations, it wouldnôt be possible to present all obtained results here. Table 

3 is just one example giving the overview of initial 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 i (latitude) Y i (longitude) Gi Ā Xi Gi Ā Yi 

Kovaļica 20.01. 10000  45.111884 20.620378 451118.84 206203.78 

Zajeļar 28.01.   5000  43.906952 22.272592 219534.76 111362.96 

×  15000   670653.6 317566.74 

Shipment  Gj (kg) X j Y j Gj Ŀ Xj Gj Ŀ Yj 

Poģarevac  28.01. 7100  44.620090 21.183014 316802.639 150399.40 

Beograd 28.01. 2500 44.778382 20.415366 111945.955 51038.42 

Niġ 30.01. 5000  43.318472 21.891087 216592.36 109455.44 

×  14600   645340.954 310893.26 

The optimal location of the facility, based on the center of gravity method, can be 

calculated as: 

XL = ä ä
ä ä

+

+
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jjii
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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 example, with the data from 

the table 3, this will lead to XL = 
Ȣ Ȣ Ȣ

ττȢτυωςχυ  (latitude) 

and YL = 
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 ςρȢςσρχυχ (longitude), of the optimal 

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

(delivery) would be: Xd = 
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ςρȢρχρρρφ. On the other hand, the most favorable location with an objective to minimize the 

cost of shipment of the final products would be: Xo = 
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Similar calculations were conducted for all inputs considering transportation in the 

remaining months of the year 2016. Table 4 shows received baseline data to be used to 
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determine the optimal location of the SME based on the sequential optimal locations calculated 

for transportation routes in all the months, according to the shipment and delivery carried out 

by the truck. Based on this data the resulting optimal location of the SME for the transportation 

routes conducted through whole year was calculated. Accordingly, the optimal location, based 

on the average data for the whole year 2016 and for the transportation carried out with the 

truck is Latitude:  ττȢχφςπφυ and Longitude: ςπȢχωυςχψ, which corresponds to small 

municipality in Serbia called Omoljica.  

The same calculation was repeated based on the transportation routes for the van. 

Optimal location of the SME, based on the transportation routes with the van is Latitude: 

ττȢυφρτψυ and Longitude: ςπȢωπυπσς, which corresponds to another municipality in Serbia 

called Suvodol.  

Table 4. Basic data for determining the optimal location of the facility based on the transportation 

routes by month, for the truck 

Sequential optimal locations 

by months  Latitude (X)     Longitude (Y) 

   

January   (Tiĺevac) 44.459275 21.231757 

February  ( Svilajinac) 44.223947 21.162314 

March  (Omoljica) 44.706523 20.763853 

April  (Dobri Do) 44.488374 20.964466 

May  (Belgrade) 44.801091 20.474389 

June  (Zrenjanin) 45.328086 20.377006 

July  (Pudarci) 44.631051 20.742258 

August  (Zrenjanin) 45.414314 20.371014 

September (Breģane) 44.643786 21.068097 

October (Baranda, Meĺavina) 45.078823 20.445389 

November (Kovin) 44.773636 20.939100 

December  (Vranovo) 44.595869 21.003695 

In this case the aim was to optimize transportation flows for the means of the external 

transport, trucks and the vans on the basis of monthly data of one real SME. The routes 

presented are from one year (2016), however those routes for the analyzed firmôs transport are 

mostly constant on an annual basis because the company has regular monthly deliveries to its 

customers, and the purchase is done from relatively the same suppliers, so optimal location 

would be similar based on the calculations for any other year. Based on obtained results, it is 

obvious that present location of the investigated SME is not the optimal one.  On 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 than followed by the detailed analysis of the transportation 

routes and analysis of all required infrastructural conditions for production or storage facility 

relocation. Considering that the optimal locations, calculated for presented case (if using the 

truck for transportation is Omoljica and if using the van is Suvodol) are very near to each 

other, total optimum should theoretically be located between those two places. On the other 

hand, the other location (Suvodol) is located at the route of the state highway (Belgrade to Niġ 

E75). This way, it would be much more appropriate to build the storage facility at this location. 
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However, before actual relocation of entire production facility, additional feasibility 

analysis of the investment will have to be conducted. Also, this analysis should include the 

scenario with the main production facility remaining on its place and with a storage space 

purchased, rented or built at the optimal location for a longer period of time. It should be 

analyzed if , with the adequate storage facility, it will be feasible to carry out transport in 

combination of both types of vehicles economically. In this scenario, the trucks can be used 

for transport form the production facility in Knjazevac to storage facility and return, while the 

vans should be used for transportation to short distances, between customers, suppliers and 

storage facility. 

4. CONCLUSION 

This paper contents presentation of some of the research results and practical projects 

targeting optimization of different segment of logistic processes in real time production 

facilities. After introducing the scope of research and some of the methodology used for 

numerical analysis, modeling and optimization of logistic activities, initial results of one 

ongoing project were also presented. In this ongoing research, the first stage was dealing with 

analyzing the present location of the facility and potentials for its relocation in the future. After 

this first stage is completed, next segments of the research will include analysis of soft aspects 

of existing logistic network of presented SME, 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 development of the suggestions for entire logistic 

process improvement, which will be the target of our future research.  
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Abstract: Transport is a social sector that is rapidly developing and changing. Transport is being 

influenced to the maximum extent by the development of automation, electrification and greening. 

The Transportation sector employs over 10 million persons in the EU today. New technologies 

and technical solutions implemented to transport are causing the need for changes in training 

and education content, curricula, tools and methodologies absolutely imperative, incorporating 

lifelong learning aspects for the professionals in all transports areas. SKILLFUL project goal is 

to identify the skills and competences needed by the Transport workforce of the future and define 

the training methods and tools to meet them. SKILLFUL aims to review the existing, emerging 

and future knowledge and skills requirements of workers at all levels in the transportation sector, 

to structure the key specifications and components of the curricula and training courses that will 

be needed to meet these competence requirements optimally and to identify and propose new 

business roles in the education and training chain. 

 

Key words: training courses, education in transport, transport workforce 

1. INTRODUCTION  

In the last years, there has been a growing tendency towards internationalization 

(globalization) of qualifications in different industry sectors (Cedefop, 2012). This trend 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 research program. Education of transport workforce is very important. It is clear, when 

reading following statements from H2020 call for projects description: ñTransport is a rapidly 

developing and changing sector which faces problems to develop, attract and retain 

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 office operations, 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 consequence a new paradigm needs to be developed in training 

and education cross-fertilizing the disciplines and combining traditional training methods (e.g. 

face-to face classrooms, on the job training, etc.) with alternative methods and learning 

systems (such as web-based training, immersive virtual learning environments /IVLE, etc.) 
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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 

particularly important for the low and middleskills segments of the workforce (EC, 2015). 

SKILLFUL project goal is 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 them. SKILLFUL project aims could be described as follows:  

¶ to critically review the existing, emerging and future knowledge and skills 

requirements of workers at all levels in the transportation sector, with emphasis on 

competences required by important game changers and paradigm shifters (such as 

electrification and greening of transport, automation, MaaS, etc.) 

¶ to structure the key specifications and components of the curricula and training courses 

that will be needed to meet these competence requirements optimally, with emphasis 

on multidisciplinary education and training programmes 

¶ to identify and propose new business roles in the education and training chain, in 

particular those of ñknowledge aggregatorò, ñtraining certifierò and ñtraining 

promoterò, in order to achieve European wide competence development and take-up in 

a sustainable way 

SKILLFUL project is supported by European Commission in frame of the Horizon 2020 

Work Programme 2016-17 ñSmart, green and integrated transportò and specifically the call 

topic ñMG.8.3-2016: Assessing future requirements for skills and jobs across transport modes 

and systemsò (FEHRL, 2016). 

2. PROJECT STRUCTURE 

The SKILLFUL project consortium consists of 21 research institutions from 12 

countries (Belgium, 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: 

¶ Forum of European National Highway Research Laboratoriesï FEHRL 

¶ European Conference of Transport Research Institutes ï ECTRI 

¶ International Union of Railways ï UIC 

¶ European Rail Research Network of Excellence ï EURNEX e. V. 

Several universities are members of the project consortium too: 

¶ Technische Universitªt 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 Tyne, UK 

SKILLFUL project is based on work plan divided to the seven work packages (complete 

project structure ï Figure 1): 
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¶ WP1 ï Future trends in transport systems and their job impact assessment 

¶ WP2 ï Benchmarking and critical review of training schemes, curricula and tools 

¶ WP3 ï Novel curricula and training courses 

¶ WP4 ï Definition of competences, profiles and training provision business scenarios 

¶ WP5 ï Pilots 

¶ WP6 ï Dissemination and Exploitation 

¶ WP7 ï Project management 

 
Figure 1. SKILLFUL project work plan 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 3 to 5 in WP3 and WP4) and Pilot several of them (in WP5), to prove 

their usefulness and assess their impact; thus, bringing them to TRL 6 (for the non-piloted 

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 recognition of the 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 analysed to predict when 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 technologies to 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 into 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 ñfutureò 3 different time horizons, the short-term (2020), the medium-term (2030) and the 

long-term (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 the priority areas of 

VET/CVET schemes, training support tools and life-long training of low to middle-skilled 

workers. Mapping of the identified best practices and schemes to the priority requirement 

scenarios will be performed. WP3 constitutes the heart of the project, where 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 infrastructure personnel, 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 will be devoted towards designing the key components of a 

Pan-European transport master curriculum in selected areas across several modes and 

technologies. Finally, individualization of training programs to specific workers, related to 

language, mobility of job position, shift level, working position, professional re-orientation, 

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 important roles; those of ñknowledge aggregatorsò, 

ñtraining promotersò and ñtraining certifiersò; to be fully described and analysed. A risk 

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 the novel training schemes proposed within WP3, 

will be piloted (WP5) in real educational conditions through (Universities, VET/CVET 

Institutes), as well as on-the-job training environments, to prove their usefulness, usability and 

assess their impact on employability. 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 trainings; 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 form of webinars (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 FERSI; extending 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 interdisciplinary 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 training impact assessment and the identification of best practices, the development 

of application guidelines and the formulation of policy recommendations towards training 

schemes accreditation. It should be underlined that many novel training schemes of WP3 canôt 

be applied in Pilots in WP5; as the relevant content is not yet available-being related to 

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

of the ones proposed in WP3; mainly to prove the projectôs concept and optimise the proposed 

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 by targeted activities towards the ETPôs (and 

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 proposed training 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 and ï furthermore ï an Education and Training Coordination 

scheme due to the 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 stakeholdersô 

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). Given the nature 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, researchers, etc.). 

The following categorisation will be adopted within SKILLFUL: 

¶ Low-skilled workers: Most low-skilled workers require the so-called new basic skills. 

Workers in low-skilled jobs are expected to act appropriately at work and to perceive 

instructions from others correctly. Many low-skilled 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.). In fact, some 

low-skilled jobs require physical and mechanical skills at higher levels than other jobs 

(Maxwell, 2006). 

¶ Middle skilled workers: The term ñmiddle skillsò is being used to describe a wide range 
of jobs that do not require college degrees but can offer attractive careers to people 

with high school diplomas and sometimes additional skills training (Burleton, 2013). 

In the transportation sector, some representative examples of middle-skilled workers 

are train drivers, aircraft maintenance personnel, traffic management centre operators, 

etc. 
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¶ High-skilled workers: In the group of high-skilled 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 and scientists 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 occupations (EMN, 2007). 

3. CONTRIBUTION OF UNIV ERSITY OF ĢILINA  

University of Ģilina (UNIZA) 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 education and research activities. Current academic year is the 65th in 

the university history. UNIZA, earlier known as VĠD or VĠDS (College of 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 the Transport 

sector. UNIZA owns and operates plenty of transport research facilities, laboratories, 

equipment for in-situ tests, simulators, IT equipment; software, hardware, etc. Among others 

laboratory and simulators for air traffic operations, simulator for piloting, 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. 

Researchers from three departments from three faculties of UNIZA are involved in the 

SKILLFUL project: 

¶ Department of railway transport ï Faculty of Operation and Economy of Transport and 

Communications 

¶ Department of Geodesy ï Faculty of Civil Engineering 

¶ Department of Mathematical Methods and Operations Research ï Faculty 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. UNIZA offered 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 participate in Pilots sites too, in frame of 

interdisciplinary thematic courses for middle and high-skilled workers of administrative, 

operational and traffic department of different transport operators. 

4. CONCLUSION 

A skilled workforce is a key element and benefit for the 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 modes that come with different technologies, regulations, 

challenges, know-how 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 professionals, 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 well as 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 innovation can be structured in the 

following attributes: 

¶ Holistic approach: It covers all transport modes, types of workers, educational levels, 

training methods and tools, Europewide. 

¶ Business innovation: The definition and analysis of new actor roles, such as 

ñknowledge aggregatorsò, ñtraining certifiersò and ñtraining promotersò may 

dramatically change the future training provision and become the catalyst for its 

sustainability. 

¶ 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. 

¶ Pragmatic and sustainable approach: Due emphasis is given to emerging business 

scenarios, 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, cost-efficient training schemes, such as webinars and wide use 

of ICT tools, are fully considered and proposed to be applied ï whenever possible. 

¶ Internationalization: Drawing from relevant international initiatives, such as 

FOMCRECE (with Central America), UNIRAIL (USA/EC), Transport and Logistics 

Systems (USA/EC), 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 to TRA and TRB aim to further promote this approach. 

¶ Modularity: Looking at three time horizons; short-term (to 2020), medium-term (to 

2030) and long-term (to 2050), the project sets intermediate targets and modular 

scenarios; that may easily be adapted/revisited later; in view of future market changes 

or new technological trends. 

¶ 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 individualised 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. 

¶ Gender equality 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. 

¶ Pan-European consensus: New educational schemes and job profiles may 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 represent about 
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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; thus uniting over 

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 argument 

for change in travel characteristics of people. Use of Information and Communication 

Technology (ICT) is advocated to prompt such changes and alleviate road transportation 

challenges in Indian cities. The study examined the influence of the use of ICT on the travel 

characteristics of households in cities of India that would contribute to sustainable road 

transportation. Although majority of the researches focused on ICT enabled Intelligent 

Transportation System for road transportation, recent works are focused on the influence of ICT 

on socio-economic activities and behavior of people. The study was conducted by using a case 

study of an ICT enabled Indian city. Data was collected by using a survey research method 

followed by relevant statistical analyses and development of empirical models. There exists 

definite linkage between ICT use and travel pattern and travel characteristics. An increase in ICT 

use in daily socio-economic and travel activities of people will enable significant reduction in 

trip generation, travel time and travel distance. The study reinforced the discourse that effective 

ICT use can alleviate road transportation related challenges and contribute to sustainable road 

transportation. 

 

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

1. INTRODUCTION  

Sustainable road transportation in cities across the world is a challenge. It ensues 

economic losses and exacerbates environmental degradation (Thynell, Mohan and Tiwari, 

2010; Tiwari, Cervero, and Schipper, 2011). Indian cities are no exception and are battling 

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 working labour hours hampering 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 impact 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 Delhi has been termed as one of the most congested and polluted cities of the 

world. The high volume of vehicles- particularly individually driven private vehicles on the 

roads, which generally use fossil fuels such as diesel, petrol or compressed natural gases 

(CNG) are observed to be major reasons for such congestion and pollution respectively. To 

curb such challenges, the Government of Delhi undertook an unprecedented step in the recent 

past and applied an odd and even formula for use of vehicles (plying of vehicles with odd 
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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). Although, 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, such programmes are 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 that Information 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, in support 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; 

Griffener. 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 alleviate transportation 

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 congestion and increase 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 exacerbate certain costs, particularly related to the environment 

(Goldman and Gorham, 2006).  Furthermore, a number of empirical studies suggests that 

travellers make their travel decisions and route choices depending upon numerous criteria that 

include travel cost, travel time and reliability, traffic safety, track comfort, roadway 

characteristics, utility, information supply, socio-economic and demographic characteristics, 

and behavioural considerations (Adler and Blue, 1998; Chen, and Ting, 2007;  Hameri, and 

Paatela,  2005;  Kanninen,  1996; Lombardi, 2011;  Mart²nez-Torres D²az-Fern§ndez, Toral, 

& Barrero, 2013; Ng, Barfield, 1995; Yang, and Meng, 2001; Yigitcanlar, OôConnor, and 

Westerman, 2008). However, the most important criterion that influence travel pattern and 

travel characteristics has been the minimisation of travel time, which rests on the traffic 

assignment and in effect on the traffic volume (Chen, Chang and Tzeng, 2001; Mart²nez-

Torres D²az-Fern§ndez, Toral, & Barrero, 2013; Thynell, Mohan and Tiwari, 2010; Weiyu, & 

Arul, 2014). So, it is contended that while ITS assists in the route selection and minimisation 

of travel time, the use of ICT in socio-economic activities of people would possibly reduce the 

need for trip generation as traffic volume is dependent 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 linkages between the local accessibility, travel behaviour of people, and ICT 

use, and consequently their influence on the economy and environment of the city have not 

been examined, in Indian conditions. Thus, in summery it is observed that  

Å Sustainable road transportation is a major challenge in cities.  

Å It causes economic losses and exacerbates environmental degradation. 

Å ITS has remained pivotal to alleviate transportation related challenges and assists in 

enhancing efficient transportation. 

Å With the increase 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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Å Although travellers make travel decisions and route choices depending upon factors 

such as travel cost, travel time and reliability, traffic safety, track comfort, roadway 

characteristics, utility, information supply, socio-economic and demographic 

characteristics, and behavioral considerations, minimization of travel time, which rests 

on the traffic assignment and in effect on the traffic volume remains the most important 

criterion that influence travel pattern and travel characteristics. 

Å Effective use of ICT can influence travel pattern, travel characteristics, economy, and 

environment positively.  

Å The 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 influence of the 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 in terms 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 major city- Pune in India. It is also 

hypothesized and tested that use of ICT in everyday socio-economic 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 in travel time.  

2. METHODS 

The study was performed by using a survey research method to collect data and 

quantitative statistical analyses. A major ICT enabled city named óPuneô of India was taken as 

the case study. 

2.1. Case study city: Pune, India 

Pune city (Pune metropolitan region) is situated between 180 32ô North and 730 51ô 

East and is located about 170.00 Kilometres (kms) South-East of Mumbai city by road. It has 

a population of about 5.0 million (Census, 2011) and spread over about 500 Square Kilometers 

of land area. The average number of household members ranges between 4.5 in suburban areas 

and 5.2 for working class familiesô industrial area to an average of 4.64 

(http://www.yourarticlelibrary.com). It is the seventh-largest city and the eighth largest 

metropolitan economy having highest per 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 region of the country 

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 of skilled manpower 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 one of major ICT enabled cities in the country in recent 

years.  Besides, ICT has a considerable presence and observed to influence socio-economic 

and everyday activities of people in the city. ICT includes use of internet, web services and 

smart mobile services in 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 infrastructure, particularly 

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 activities, etc.), educational institutions (travelling to ï 

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 city since 1960s. 

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 registration in Pune, 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 households). Under public transportation system 

Pune has both bus and local train system. However, only about 0.80% vehicles are buses. Pune 

Mahanagar Parivahan Mahamandala Limited (PMPML) (engaged in metropolitan 

transportation) operates about 1300 buses per day to facilitate 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 system known 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 parts of 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 productive labour hours (man hours), which in effect incur loss to the 

Gross Domestic Product (GDP) based on employeeôs contributions. Furthermore, the higher 

need for travel, vehicle use, increase travel time and travel distance cause higher carbon 

emissions and pollution (Global Sustainable Systems Research Report, 2004). 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 conducted. The city is of cosmopolitan in nature, and heterogeneous considering 

the socio-economic strata. It constitutes but not limited to slum dwellers to industrial 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, Chanchani, 2014). 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 regions of the city, such as, Pune Municipal 

Corporation in the South-east, Pimpri ï Chinchwad Municipal Corporation in the North-west, 

Pune Cantonment Board, Kirkee Cantonment Board, Dehuroad Cantonment Board, and Dehu-

a census town of the city. The wards for survey in the six sub-regions 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 

heterogeneity of the city. A total of 500 pre- tested 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 confidence interval of 

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 indicating the adequacy 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 proportions 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 of ICT on transportation and socio-economic 

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 socio-economic 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 socio-economic activities?; what are the important activities you conduct 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 work place?; will you use ICT more to perform  

your socio-economic 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  expected to save if ICT is used in future. 

Quantitative descriptive statistics analysis and Cronbachôs alpha test of the data 

collected were conducted to observe the reliability of the data. Furthermore, t-test (for Ŭ Ò 

0.05) for 95% confidence level and regression analysis were conducted to observe the 

interlinkage and relationship among the variables. The analyses 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 

reliability. The high Cronbach Ŭ value between income and ICT use, income and number of 

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 that the data set was 

valid and reliable. Regression analysis and significance tests were conducted to establish the 
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relationship between the various influential variables.  However, initially the data was 

categorized under 9 income categories at equal intervals ranging from 0-300000 INR (0 - 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 income levels. It is revealed that effective ICT use of 

householdsô increases with the increase in income. It ranges from 0.75 (45 minutes) hours to 

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

indicated that the number of 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 use of ICT 

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 

Income 

range 

(Million 

USD) 

ICT 

Usage 

in 

hours 

per day 

Number of 

trips per 

day per 

household 

Average 

distance 

travelled 

per trip in 

kms 

Reduction 

in number 

of trips 

per day in 

numbers 

and in (%)  

Reductio

n in 

travel 

distance 

per trip 

(kms) 

Distance 

travelled 

by 

househol

ds per 

day 

Reduction 

in travel 

Distance 

by 

households 

per day in 

kms and in 

(%) 

0-5000 0.75 5.45 8.15 

          

0.11 

(2.00) 

1.20 

(14.72) 43.63 

6.55  

(15.00) 

5000-

10000 1.6 6.96 12.20 

0.35  

(5.00) 

2.80 

(22.95) 83.48 

19.48 

(23.33) 

10001-

15000 2.7 6.92 14.25 

0.69 

(10.00) 

3.42 

(24.00) 96.92 

23.68 

(24.43) 

15001-

20000 3.1 7.58 18.25 

0.91 

(12.00) 

4.50 

(24.65) 136.50 

34.13 

(25.00) 

20001-

25000 3.4 7.62 21.75 

1.14 

(15.00) 

4.80 

(22.08) 167.54 

36.55 

(21.82) 

25001-

30000 3.7 7.17 20.65 

1.15 

(16.00) 

5.20 

(25.18) 150.50 

37.27 

(24.76 

30001-

35000 4.1 7.83 25.20 

1.41 

(18.00) 

5.30 

(21.03) 195.65 

41.48 

(21.20) 

35001-

40000 4.8 7.84 22.10 

1.57 

(20.00) 

5.70 

(25.79) 172.33 

44.65 

(25.91) 

>40000 5.4 7.92 26.55 

1.74 

(22.00) 

5.90 

(22.22) 213.84 

46.73 

(21.85) 

Average 2.54 7.25 17.95 

1.01 

(13.33) 

4.31 

(24.01) 136.20 

30.78 

(22.59) 

(The values in brackets are in %) 

3.2. Relationship between ICT use and travel characteristics  

Significance test (t-test) was conducted to check the relationship between income and 

ICT usage and various travel characteristics of the city and the T-index 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 reduction of distance are significant for Ŭ Ò 0.05. 

Similarly, it is also indicated that significant relationships exist between ICT use and number 

of trips, ICT use and average distance travelled, ICT and reduction in trips and ICT use and 

reduction of distance (for Ŭ Ò 0.05). This implies that with 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 in trips 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 analyses were conducted 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.  

ώρ τȢυτψὼρ ρȢυωω  (1)  

r2 =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) 

and 22.00% (1.74 trips) per day per household. Thus, it is found that increase in use of ICT by 

households in socio-economic and travel activities will assist in reduction of number trips 

generation.  

 
Figure 1. ICT use in hours against reduction in trips in % 

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.  

ώς πȢτσψςὼς πȢρχςς  (2)  

r2 =0.958 

Where y2= saving in travel time in hours, x2= ICT use in hours  

0

5

10

15

20

25

0 1 2 3 4 5 6

R
e

d
u

c
ti

o
n

 i
n

 t
ri

p
s
 i
n

 %

ICT use in hours

ICT use in hours against reduction in trips 



 

55 
 

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 households will lead to reduction in travel time.  

 
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.   

ώσ ρȢπςπφὼσ πȢωφςυ  (3)  

r2 =0.933 

Where y3= reduction in travel distance per trip per household in kilometres (kms), x3= 

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 distance 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.  
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Figure 1c. Intensity of ICT use against saving in 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 other socio-economic 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 transportation challenges 

in Indian cities, an argument has been proffered that effective use of ICT in day to day socio-

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 case study. 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 hours per day per household in different socio-economic 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 socio-economic and travel activities can reduce number of trips, 

travel distance and save in travel time. Thus, ICT use has a 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 sample survey 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 patterns, 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 need further study with the 

inclusion of such factors as well as critical examination of detailed statistical data is necessary 
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to generalize the findings. Besides, it is also noted that reduction of trips within one income 

group as against across all income groups separately will be one of the future scope of research. 

However, despite the limitations, the study showed that effective ICT use can assist in 

significant reduction in trip generation and travel distance, and save travel time, which 

consequently can contribute to sustainable road transportation in Indian cities. In other words, 

if people use ICT in socio-economic activities, then there will reduction in unwarranted travel 

requirement, unless it is reasonably essential. Besides, use of ICT in travel needs will assist in 

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 daily socio-economic 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 developing 

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 challenge. In this regard 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 socio-economic activities of households will 

assist in reduction in trip generation (reduce vehicular 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 in their socio-economic and travel activities effectively so as to 

avoid unwarranted travel.   However, the conclusions are partial and confined to the case study 

city only as well as aggregate analysis across all income groups and therefore needs further 

investigation to generalize the and proffering for policy interventions.  
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Abstract: Implementation of deregulation and liberalisation processes of the air transport 

industry significantly changed market conditions worldwide.  Increased competition in the air 

transport industry forced airlines to create innovative responding strategy and optimal 

appropriate business model. Many airlines worldwide emerged, expanded and disappeared over 

last 35-40 years in all variations of business models - full service network carriers, low cost 

carriers, holiday/charter carriers, regional carriers, traditional freight carriers, integrators, 

hybrid carriers or general aviation. Some facts and figures confirming modern trends and 

challenges are also presented. Consolidation on different air transport markets, achieved results 

and changing trends of mentioned business models are comprised and analysed in four market 

segments ï Worldwide, Europe, Southeast Europe and Croatia. Sensitive analysis and a new level 

of vision and intuition followed by variety of basic inputs are necessary to evaluate airline 

profitability modelling and results. Different key performance indicators in labour, aircraft and 

fuel productivity metrics, network, customer and revenue management activities, restructuring 

business programs, implementation of e-commerce and ancillary revenues, improvements of cost 

structure leading to breakeven sustainability are included in the paper. Optimisation of 

management and organisational structure in newer generation of the airline business models is 

following to complete the findings and conclusions. 

 

Key words: Competition, Air Transport, e-Commerce, Cost structure, Optimisation. 

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 current processes 

emphasizing the positive components of particular business models lead to a reduction in the 

differences between airlines, which will continue in the future. However, adjusting and 

increasing the airline efficiency should be accompanied by an appropriate regulatory 

framework that will ensure the prerequisites of a fair market competition. The long-term 

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 of the business 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 strategy airlines are focused on their business model 

motivated and driven by (Whyte and Lohmann, 2017: 109-110): (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 technologies; (4) 

Increasing the level of competition on the air transport market; (5) Rapid growth of low-cost 

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 (Tataloviĺ et al., 2017): 

¶ Full service network or ñlegacyò / ñtraditionalò carriers (FSNC)  

¶ Low cost carriers 

¶ Regional airlines  

¶ Charter (holiday) airlines  

¶ Cargo airlines.  

Authors Whyte and Lohmann (2017: 114) besides above mentioned airline business 

models emphasizes also in addition hybrid airlines (which adopts characteristics from different 

models) and specialist airline operators (in case of ñpublic service obligationò or usage of 

short, unprepared runways). Airline business models have been changing so rapidly 

dominantly due to three factors: deregulation and liberalization, Internet, and advances in 

aircraft technologies (Holloway, 2010: 26-28). 

Full service network carriers were originally established as state-owned ñflag 

carriersò protected from competition by many different international bilateral agreements. 

Essential elements of the FSNC model include mixed structure of the fleet, cooperative 

interlining agreements, network with implementation of ñhub and spokeò airport transfer 

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 

(Iatrou and Oretti, 2007:202).  

Low cost carriers implement a price leadership market strategy based on wide range 

cost reduction and additional revenue activities. Basic 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 structure very simplified 

without loyalty program, business class or lounges, internet instead of travel agentsé In 

scientific and professional literature, authors are using also terms: revenue LCC, cost LCC, 

ultra LCC, hybrid carriers (Miġetiĺ et al., 2017:8)... The scientific research carried out in 2012, 

on a sample of 20 of the most significant European low-cost carriers, ranked them based on 

the analysis of key features in four categories (Klophaus et al., 2012: 55): (1) Pure LCC 

(Ryanair, Wizz Air, Blu Express, bmibaby,  Blue Air; (2) Hybrid carrier with dominating LCC 

characteristics (easyJet,  Jet2, Corendon, Transavia, Vueling, Aer Lingus, Wind Jet); (3) 

Hybrid carrier with dominating full service airline characteristics (Norwegian, Flybe, 

Germanwings; (4) Full service airline (Air Berlin, Air Baltic, Niki, Meridiana fly, Air Italy).  

Regional airlines operate medium density routes using smaller turboprop or jet aircraft 

with usual capacity of 40 - 100 seats. They can be independent, government owned, wholly 
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owned subsidiaries or franchises. Strategy is based on geographic niche market improving 

connectivity and overall social movability of specific region.  

Charter airlines  operates usually on a demand driven basis mainly focused on touristic 

transportation. Basic characteristics of the model are allocation 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 operators, frequency of 

flights pretty rare, no penalties 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 scheduled. Cargo airlines provide four different options of air transportation due 

to modern technology (Morrel, 2011: 73): (1) Belly hold cargo capacity on passenger þights 

(39.5% of total international air freight ton kilometers - FTK) i.e. Lufthansa, cargo þights of 

combination carriers (44.8% of total FTK) i.e. Lufthansa Cargo, integrators (7.9% of total 

FTK) i.e. FedEx, UPS, all cargo freighter-only 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 2000-2016 airline industry generated net profit 

of 81 billion USD, but achieved net profit margin of only 0.9%. Net profit per departing 

passenger was only 1,89 USD equivalent to the price of one cup of coffee or one coca cola 

(Miġetiĺ et al., 2017a). In the year 2001 airline industry passenger load factor was 69% 

reaching by the end of 2016 over 80%. At the same period huge oscillations of the net results 

were recorded (net losses -28 billion USD in 2008 vs. net profit +35 billion USD). Achieved 

results are affected by the huge financial state aid support (Europe 1991-2005 19,4 billion 

USD and USA 2001 15 billion USD) (Tataloviĺ et al., 2017). Financial ratings of leading 

airlines worldwide are shown in Table 1 (Air Finance Journal, 2016: 36). 

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

 

Ryanair is worldôs highest rated airline with BBB+ (stable). These ratings provide direct 

access to competitive capital markets funding which is very important from the point of view 

Airline Fitch Moody's S&P

British Airways BB+ (pos) Baa3 (stable) BB (pos)

easyJet - Baa1 (stable) BBB+ (stable)

Lufthansa Group - Ba1 (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) Baa1 (pos) BBB (stable)

United Continental Holdings BB- (pos) Ba3 (pos) BB- (pos)

GOL CC Caa3 (neg) CCC (neg)

LATAM Airlines Group B+ (neg) B1 (stable) BB- (neg)

Qantas - Baa3 (stable) BBB- (stable)
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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 (US DOT, 2012) data, the 

accumulated net losses of traditional network operators in the United States for the period 

2001 to 2011 amounted to -60.7 billion USD. At the same time, Low Cargo Carriers (LCC) 

accumulated a net profit of USD 2.9 billion. According to financial results of leading 30 LCC 

in the period 2007-2014 overall net profit of 17.6 billion USD was recorded, and only one year 

(2008) with negative financial score (Tataloviĺ et al., 2017: 97). But it should be emphasized 

that in the same period 66 LCC from sample of 255 LCC were negative. Besides document 

"List of LCCs based on ICAO definition as of October 24th, 2014", total of 220 low-cost 

carriers were registered, of which half (111) reported business problems: bankruptcy, 

acquisition, integration, merger, rebranding (www.icao.int/sustainability/Documents/LCC-

List.pdf, 24.03.2016). The appearance and requirements of LCC model have also developed a 

new concept for the construction of low-cost airport terminals. Marseille LCC MP2 airport 

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., 2008: 187-188). For comparison Zagreb airport terminal 

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 passenger terminal types 

solutions adjusted to dominant airline business model Table 2.   

Table 2. Decision analysis for hypothetical first stage of airport development  

 

Charter airline business model is characterized by seasonal traffic demand. Considering 

increasing competition of low-cost 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 Croatia (Air Adriatic and 

Dubrovnik Airline) went bankruptcy (Tataloviĺ et al., 2017).  

To understand the economics of cargo airlines is a crucial cost allocation methodology. 

If the principle of volume capacity is applied, the profitability calculation of cargo 

transportation is positive. An identical calculation using the full weighting principle of cost 

allocation, is leading to loss on a same flight. It should be emphasized that the freight yield is 

gradually declining, which is evident from the Association of European Airlines (AEA, 2015 

95) member's reports (Figure 1). 

 

Figure 1. AEA member's real freight yield in the period 2000 - 2014   
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Summarizing the financial statements in the period from 2003 to 2010, cargo airline 

operators achieved an operating margin of +5.2 percent but a negative net margin of one 

percent (Morrell, 2013: 11). The exception is the leading world cargo integrator FedEx, which 

in the period 2007-2014 recorded net profit of 6 billion USD (Tataloviĺ et al., 2017: 100).  

Concerning the implementation of airline e-Commerce 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):  

¶ DAS 40-79 TAME (Equador), TAAG (Angola), Air Greenland, Philippine 

Airlines; 

¶ DAS 80-99 Air India, ANA, Air China, Air Berlin, GOL, Aeromexico, Egypt Air... 

¶ DAS 100-119 United, British Airways, Air New Zealand, Emirates, Singapore, 

Airlines, Quantas, Air France, Lufthansa...  

¶ DAS 120-160 American Airlines, Delta, KLM, JetBlue, easyJet. 

E-Commerce significantly contributes to importance of airline ancillary revenue level. 

Ancillary revenue statistics for the period 2010-2016 is shown in Figure 2 

(IdeaWorksCompany, 2016a). 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 

ancillary revenues significantly contributes to overall profitability performance of specific 

airline business model. 

 

Figure 2. Worldwide Airline Estimated Ancillary Revenue 

Top ten carriers worldwide achieved more than billion USD of ancillary revenue leading 

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 with share of 36.4 percent 

(IdeaWorksCompany, 2016b). 

Improving organizational performance of airlines implies the continuity of appropriate 

organizational structure adaptation. In the airline industry strike of employees is reality, and 

appropriate efforts must be made to minimize the negative consequences for the company. It 

is also important to continuously stimulate education and training processes all categories of 

employees. The application of modern mathematical optimization models of human resource 

management is increasingly present and achieves better results. Expanding the number and 

structure of employees in airlines that have multiple knowledge and skills is also one of the 

winning formulas for successful business model (Miġetiĺ et al., 2017a: 13). 

The European civil aviation market is highly developed, since 181 European airlines 

is operating on the 580 airports carrying 530 million passengers (Tataloviĺ et al., 2012: 103). 

It is an opportunity for industry and consumers, especially because Europe is a leading 

worldwide tourism region. At the same time, high-speed trains and modern highways 

22.6
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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 2003 the structure of 

market share was completely different i.e. 71% FSNC, 12% LCC, 8% charter and 9% regional 

carriers (Ġkurla Babiĺ et al., 2017: 100). European airline industry saw relatively successful 

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 achieved EBIT margin (5.4-5.7 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 improvements (Miġetiĺ et al., 2017b). In addition to this, according to 

AEA research, around 600 airlines have 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). Within the aforementioned data, the biggest exit from the air transport 

market (over 50 percent) is recorded by low-cost carriers (Tataloviĺ et al., 2012: 605-606). 

Southeast Europe (SEE) air transport market usually includes eleven countries from 

Slovenia to Moldova and Albania without Greece and Turkey. Researches by authors Steiner 

et.al (2010: 536) and Bajiĺ et al. (2016: 269) made conclusions that SEE air transport market 

is undeveloped with weak connections within the region and increasing competition on the 

main traffic directions with stable demand. Dynamic financial achievements for six dominant 

airlines in the SEE region (Adria Airways, Air Serbia /JAT, Bulgaria Air, Croatia Airlines, 

Montenegro Airlines and Tarom) is showing very negative overall net losses level of over 1.2 

billion USD  in the period 2008-2015.  In addition, it could be remarked also the BH Airlines 

net losses of -60.7 million USD in the period 2008-2011. One of the explanations for losses is 

high increase of competition in the region due to appearance of LCC. Overall, 15 low-cost 

carriers are serving 78 airports in the SEE region and leading airports in that sense are 

Dubrovnik and Split followed by Bucharest and Pula (Bajiĺ et al., 2016: 264). Low-cost 

carriers penetration example is also airport Tuzla (Wizzair) with extremely high (194 percent) 

annual average growth rate of passenger traffic in the period 2012 ï 2016 reaching the traffic 

of 311,398 passengers (www.tuzla-airport.ba, 10.05.2017). Besides, fragmented SEE air 

transport market, lower aircraft and labor productivity level together with modest e-Commerce 

and ancillary revenue achievements are also responsible for negative overall financial results.  

Specific important items affecting Croatia air transport market  are: seasonality, high 

level of competition, relatively low living standard in Croatia, high interest burden, demand is 

generated by foreigners... In 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 European Union legislation. Croatia Airlines 

implemented a restructuring program according the state aid rules of European Union. 

Compensation and self-contribution measures are in line with EU competition, restructuring 

and state aid rules (Croatian Official Gazette 105/2013). The implementation of restructuring 

measures and network strategy improvement generated a positive financial result in the period 

2013 ï 2016 (Miġetiĺ et al. 2017b). 

4. AIRLINE BUSINESS MOD ELS TRENDS 

The challenges posed to the airline management 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 business environment (Flouris and Oswald, 2006: 40-41). 

http://www.tuzla-airport.ba/
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Table 3. Dynamic adaptation of airline operational and service factors 

Item OLD NEW 

Fleet Wide breadth of fleet. 
Consolidated fleet adapted to the business 

model. 

Seating 

Configuration 

Three levels: first class, business class 

and economy class. 

Customized variants, from all-economy to 

full-service. 

Revenue 

Management  
Complicated with many rules. More easily manageable and flexible. 

Airports 
Customers flew to the airport closest to 

the city center. 

Transport to an airport that is more convenient 

for passengers and airline. 

Meals For all passengers. No meal service in economy class. 

First Class Service Bigger, more comfortable seats. 
Much better quality seat-beds and a wide 

range of additional benefits 

Ticketing and 

Interlining 
Agreed IATA paper documents. E-tickets 

The future of low-cost carriers looks promising but the line between a LCC and a legacy 

carrier is blurring (Vasigh et al., 2013: 396). Traditional carriers have also attempted to reduce 

their cost structure by retiring older aircraft, receiving labor concessions, and reconfiguring 

aircraft seating layouts. In general, however, the legacy carriersô response to LCC has largely 

been ine ective and many carriers have attempted to avoid LCC by focusing on international 

þying. In figure 3 reducing the difference between airline business models is shown (Tataloviĺ 

et al., 2017: 98).  

 
Figure 3. Reducing the cost structure difference of LCC and FSNC business models 

Authors Gross and L¿ck (2013: 225) in context of continuous airline unit cost 

improvement emphasized trending and volatile costs of fuel, which will remain significant risk 

factor for the airline sector.  

At the same time long haul low-cost becomes more mainstream as full service airlines 

gradually embrace new business models. Longest routes for each long haul low cost operator 

are Norwegian (10,841 km), LEVEL (10,459 km), French Blue (9,386 km), Eurowings 

(9,063.km), Scoot (9,042 km), Jetstar Airways (8,871 km), Beijing Capital (8,648 km), Air 

Canada rouge (8,122 km). Next problem with the airline business model trends is that, rather 

than being in a state of stable or even unstable equilibrium it appears to be in chronic 

disequilibrium primarily due to the interplay of two factors: (1) strong, inherent and 

unstoppable tendency for the provision of too much capacity; (2) ailing and bankrupt airlines, 

Traditional FSNC Model:

Unit Cost Improvement

Changes in LCC Model:

Joining GDS

Connecting Flights

Premium Service



 

66 

 

like elephants, take a long time to die. In fact, unlike elephants, some, no matter how ill, never 

seem to die (Doganis, 2010: 320). 

One final thought of author Taneja (2016: 193): Could an airline deploy disruptive 

technology, coupled with a willingness to "think in a new boxò to develop and implement a 

"quantum strategy" 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 

improvements particularly mobile as a driver of their strategies (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 should be integrated to build strong brands. The role of 

loyalty is also changing and improving (Taneja, 2016: 194-195). 

5. CONCLUSION 

Airline business model optimization is never ending story following dynamic changes 

and challenges on the market. The expansion of low-cost carriers also forced traditional 

airlines to an appropriate response of reducing 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 mutually complementary, so the unit cost levels are 

increasingly approaching each other. There 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 specific category. New reality is appearance of long haul low-cost carriers which 

will find their niche and add to the competition pressure on traditional long haul airline 

operators. Analysis of airline competition indicates that the airline restructuring processes 

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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Abstract: In recent years, air pollution in Macedonia is very acute problem. Apart of industry 

and energy production, significant contribution to the increase of the concentration of pollutants 

with harmful effect on the health, ecosystems and materials has intensiveness of oil production 

and its use in the road transport (MOEPP, 2015). Concentrations of main air pollutants ï 

suspended particles and nitrogen dioxide are continuously exceeding the limit values in all 

monitoring stations for the whole analyzed period (2005-2015). The national annual reports, 

elaborating the air pollution problem and its consequences, donôt comprise a comprehensive and 

categorized list of measures with a potential to reduce or mitigate the contribution of different 

air pollution sources, between them road transport. Hence, the core of this paper is through 

analysis of air pollution from road transport, to present and categorize a wide range of short-to-

long term measures aimed to improve air quality by reducing and mitigating the impact from 

road transport.  

 

Key words: road transport, measures, categorization, suspended particles, nitrogen dioxide 

1. INTR ODUCTION   

Urban air pollution from mobile sources is a by-product 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 inhabitants (Gwilliam et al., 2004) at 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 

significantly exceeded. The situation is most serious in the biggest urban centers in Macedonia, 

like Skopje, Tetovo, Bitola (MOEPP, 2017). Several sources and reasons for these problems 

with air quality have been identified, but they may differ not only in one urban area, but also 

between several urban areas. Generally, it may be pointed out that apart of the industry, energy 

production and households heating with wood during the winters, road transport is also a 

significant source of air pollution in urban areas. 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 vehicles (MOEPP, 2017).  

In this paper, a review and categorization of measures proposed for protection of urban 

air quality is presented. Before defining these reduction and mitigation measures, categorized 

from short-to-long term, an analysis was needed to be done to stress out the extent of air 

pollution problem in urban areas and factors that contribute road transport to be one of the 

main pollution sources. For that reason, the trends of pollutant concentrations for the period 

                                                           
*Original scientific paper 
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2005-2015 were analyzed, considering only the concentrations of particles and nitrogen 

oxides, as main pollutants in 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, where dense 

road network and high vehicle frequency is typical. Road transport contributes for the 

emissions of nitrogen oxides, suspended particles, carbon monoxide, benzene, heavy metals 

and other pollutants.  

One of the key reasons for road transport air pollution, which 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 vehicles (MOEPP, 2017). Traffic jams and poorly developed public transport 

or complete absence of public transport additionally worsens the situation.  

Based on the data from the vehicle register (MOEPP, 2017), in 2015 the total number 

of registered motor vehicles in Macedonia was 436.502 (fig. 1). Passenger vehicles are 

dominating with 88%, followed by light duty vehicles (8%). 

 

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

Categorized by age (fig. 2), approximately 60% of the passenger vehicles and half of 

the buses are still in the classes with high emissions (Euro 0 - Euro 2), while this part at light 

and heavy duty vehicles is smaller (40% and 20%, respectively) (MOEPP, 2017).  
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Fig. 2: Participation of registered passenger vehicles, heavy duty vehicles, light duty vehicles and 

buses, divided according to Euro emission classes, 2015  

According to the data from the vehicle registry (MOEPP, 2017), the part of the 

passenger cars, light duty vehicles and busses belonging to the oldest vehicle category (Euro 

0) is still relatively high (10-18%). Belonging to Euro 0, means that these vehicles donôt have 

built-in system for exhaust emission treatment, which makes them a high polluting vehicles.  

2.2. Trend of the concentrations of suspended particles (PM 10 and PM2.5) for the 

period 2005-2015 

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

areas in the country. The average annual values of PM10 exceed the annual limit value (40 

ɛg/m3) in all monitoring stations placed in urban areas (except for the monitoring station 

located in the village Lazaropole), in every year since 2005 (fig. 3).  

The highest annual average values of PM10 exceeding 120 ɛg/m3 are measured in Tetovo 

and Skopje (Lisice). It is not possible to make a statistical analysis of the trend because 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 of PM10 at 

urban locations is approximately 80 ɛg/m3 (MOEPP, 2017).  

Participation of road transport in the total emissions of PM10 was around 2% in 2014. 

In 2014 the main sources for suspended particles (PM10) were heating in the households, 

industrial processes and energy production, which participated with 36%, 33% and 20% in the 

primary emissions. The yearly trends of national emission of PM2.5 and PM10 are similar, 

because emission sources are mainly the same. The total emissions of PM10 in 2014 were 

33.000 tones, and total emissions of PM2.5 were 22.000 tones (MOEPP, 2017).  
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Fig. 3: Average annual values of PM10 for the period 2005-2015 

The variations of the yearly emissions are mainly caused by the oscillations in industrial 

production or mild winters, when the need for households heating was decreased (MOEPP, 

2017).  

Concentrations of PM10 in urban areas have shown equal seasonal variations (MOEPP, 

2017); concentrations are higher in the period December-January (fig. 4).  

 

Fig. 4: Average monthly values of PM10 for the period 2005-2015 

High PM10 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 reactions, creating 

secondary particle, for example, from the vehicle exhaust emissions (MOEPP, 2017). During 

the winter months, smog appearance is typical in the towns settled in the valleys.  

To summarize: the concentrations of suspended particles are on the high level during 

the whole analyzed period without significant trend of decrease.  
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2.3. Trend of the concentrations of nitrogen dioxide (NO2) for the period 2005-2015 

The main sources of NO2 emission are the high temperature heating processes (heating, 

energy production and fuel combustion in vehicle engines). The emissions are mainly in the 

form of NO, which is quickly transformed to NO2 in the atmosphere.   

The main part of the national NO2 emissions comes from the energy sector (41% in 

2014) and road transport (40% in 2014). The total amount of nitrogen oxides emissions in 

2014 was around 32.000 tones (MOEPP, 2017).  

According to the data from the national emission inventory, nitrogen oxides emissions 

originating from transport in the past years have stayed at the same level. However, the 

appraisal of the trends of NO2 concentrations is a challenge, because of the significant degree 

of insecurity and small coverage with monitoring data (MOEPP, 2017).  

Monitoring of NO2 concentrations is under serious impact of non regular 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 NO2 were exceeded at all monitoring stations in 

Skopje and at the monitoring station in Kicevo (fig. 5). The highest concentrations of NO2 are 

measured in the center of Skopje, near the frequent roads (MOEPP, 2017).  

 

Fig. 5: Average annual values of NO2 concentrations 

In the last years, the limit value is not exceeded. Having in mind that monitoring results 

for NO2 concentrations contain significant insecurity, it cannot be confirmed weather the limit 

values of NO2 wonôt be exceeded in the future (MOEPP, 2017). Hence, the instruments for 

NO2 measurements should be regularly maintained in order to obtain credible data referring 

the concentration level.  

According to the measurements of air quality, there is a clear and equal seasonal 

variation of NO2 concentrations, which may be linked with the meteorological conditions, i.e., 

unfavorable conditions for air mixing in winter time (MOEPP, 2017).  

To summarize: yearly limit value of NO2 is exceeded at the stations which follow traffic 

pollution; still, there is a future possibility for exceeding the NO2 limit values. Road transport 

has the biggest influence on NO2 concentrations, especially in the urban areas and near the 

frequent roads and crossroads.  



 

73 

 

3. UNDERTAKEN AND PLANN ED MEASURES FOR EMISSION 

REDUCTION  

According to the national legislation, measures for air quality improvement should be 

conducted when the pollutantsô concentration limit values for health protection are exceeded 

(MOEPP, 2017). As a reminder of the previous analysis, limit values for suspended particles 

are exceeded at the territory of the whole country.  

In order the measures defined in the National plan for ambient air protection (brought 

in 2012) to be more effectively implemented, during 2013-2014 several measures in energy 

sector, transport and production processes as key sectors for the total air pollution were 

conducted. At the same time, activities have been started for conducting the short-term and 

long-term measures, listed in this plan (MOEPP, 2014). However, the list of the measures in 

this plan defined for road transport isnôt complete, meaning that the attention has been placed 

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 an in-depth analysis of the 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 national reports, such as Annual report for the quality in the environment for 

2014, referring the road transport, measures that are listed for a decrease of pollutants include 

renewal of the national vehicle fleet, usage of clean fuels with low sulfur content (in 

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 zones. As a support for these measures, in 2014 the import of used vehicles 

under Euro 1 and Euro 2 had been stopped, i.e., since January 1, 2015, the import of vehicles 

at least above Euro 3 has been permitted (MOEPP, 2015).  

At the same time, the majority of these measures are conducted only in the capital city 

because of the highest traffic (and population) intensity (MOEPP, 2015). For example: during 

the winter period a special traffic regime for high duty vehicles is introduced, using the ring-

road and avoiding the entrance in the city; for decreasing the road transport PM10 emissions, 

calcium magnesium acetate was provided, in order to reduce the dust concentrations from the 

road re-suspension; in 2013 the city of Skopje undertook promotional campaigns and subsidies 

for improvement of the cycling, public transport and introduction of electric vehicles.  

However, the current renewal of national vehicle fleet and orientation to the low 

emission vehicles is still not visible in the national emission assessment (MOEPP, 2017). 

There are many factors which influence the renewal rate, such as economic situation in the 

country, legislation and regulations, transportation subsidies, taxation of the new 

vehicles/different types of vehicles. Based on all this, the consumers decide when and what 

type of car to buy. 

Similar, in other national annual reports, measures are listed without going into detailed 

analysis or categorization. For example, the following measures as effective measures for air 

pollution control in urban areas are just mentioned: public transport improvement in bigger 

areas, promotion of the usage of low emission vehicles and cycling, creation of the pedestrian 

zones and low emission zones, decreasing the impact of the road dust by improving the streets 

cleanness, especially in the dry periods. Further on, it is mentioned that a national regulation 
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for emission control is needed, introducing the measures for vehicle fleet renewal and fuel 

quality control (MOEPP, 2017).  

Hence, this approach of definition and elaboration of measures in annual reports was an 

impulsion for creating a categorized scheme of short-to-long time measures in road transport, 

containing several sub-categories, 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 system, reduction and mitigation measures 

must be developed and implemented to prevent deterioration of the air quality 

(http://www.epd.gov.hk/epd/english/environmentinhk/eia_planning/sea/files/99_chap-8.pdf; 

26.08.2017). It must be clear that measures in road transport should not be solely undertaken; 

it should be continuously worked at 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 road transport is presented 

at fig.6. The measures are categorized in two main groups: short- and medium- term measures 

and long-term measures; then a sub-categorization in five groups was performed:  

¶ traffic control measures 

¶ inspection/maintenance program 

¶ transport policies 

¶ emission control technologies 

¶ demand management.  

In order to decrease air emissions, during the development and implementation of these 

measures, a common effort is needed from the central and local governments, business sector, 

non-governmental organizations, but also from 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 often combined 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 vehicles; a bus quality 

partnership may generate improvements in overall bus services, assisting shift to an alternative 

mode of travel, as well potentially improving the emission standards of the buses.  

http://www.epd.gov.hk/epd/english/environmentinhk/eia_planning/sea/files/99_chap-8.pdf
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Fig. 6: Scheme of the categorized measures in road transport for air pollution reduction and 

mitigation  

The evidence suggests that greater reductions of pollutants and 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 to target the higher polluting vehicles 

can be supported by a package of complementary measures. Such complementary measures 

can include: improvements in walking, cycling, bus facilities; traffic management and pricing 

mechanisms (to discourage, for example, zone peripheral parking); and incentives to 

encourage uptake to meet vehicle emission compliance such as retrofit schemes.  

There are many different opportunities for traffic emission reduction, but for many of 

them, especially for the long-term measures, large investments for improvement of the traffic 

network and infrastructure at local level would be needed (MOEPP, 2017). The ñmost 

aggressive and boldò measures to control transport related emissions should be undertaken in 

those urban areas with the most serious air quality problems and where the transport sector is 

a major contributor (Gwilliam et al., 2004).  
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5. CONCLUSION 

Apart of the industry, energy production and households heating, another important 

sector of air pollution in urban areas in Macedonia is road transport. Analyzing the pollution 

trends from road transport, is could be confirmed that this sector has significant contribution, 

especially in nitrogen dioxides emission (MOEPP, 2017). For PM10 and PM2.5 the contribution 

from road transport is not very high, but considering other sources, pollution with particulates 

is a very serious problem for the whole country.  

In Macedonia, air quality is followed through monitoring of air pollutants 

concentrations, which gives precise information for the range of the problem. Hence, available 

monitoring data provide the creation of the pollutants trends in ambient air, as well as 

identification of the contribution of every pollution source (MOEPP, 2017). This is useful for 

deciding which measures for air pollution reduction are most needed in which sector and where 

they would have the biggest effect.   

Considering the contribution from road transport emissions, condition of the vehicle 

fleet and current pollution trends, the future activities for air quality improvement should be 

directed towards air pollution reduction from road transport.  

Therefore, the purpose of this paper is to assist national and local government 

policymakers to identify the roles that the road transport play in urban air quality pollution.  

More importantly, the intention is to give support by proposing a categorized scheme of 

measures to reduce and mitigate the impact from road transport emissions. Presented scheme 

of short-to-long term measures is detailed and comprises five groups of measures, including 

traffic control, inspection/maintenance program, transport policies, emission control 

technologies and demand management, which werenôt taken into account in national yearly 

reports. Supported by the authorities and citizens, designed and implemented appropriately, 

such measures would have a potential not only to reduce air pollutant emissions but also would 

provide wider environmental benefits, such as climate change mitigation, noise reduction, 

congestion alleviation and economic development of the society (Conlan et.al., 2016). 
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UNAPRJEņENJE SUSTAVA INFORMIRANJA OSOBA SMANJENE I 

OTEĢANE POKRETLJIVOSTI U ZRAĻNIM LUKAMA* 

IMPROVEMENT OF INFOR MING SYSTEM FOR PERSONS WITH 

REDUCED MOBILITY AT ARIPORTS 

Dragan Perakoviĺ, Marko Periġa, Rosana Elizabeta Sente 
Fakultet prometnih znanosti, Vukeliĺeva 4, Zagreb 10000, Hrvatska, dperakovic@fpz.hr, mperisa@fpz.hr, 
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Saģetak: Osobe s invaliditetom u ļijoj su skupini i osobe s oġteĺenjem vida ļesto se susreĺu s 

raznim poteġkoĺama prilikom planiranja putovanja i kretanja unutar zraļnih luka. Zbog 

navedenog razloga, velik broj osoba s invaliditetom ne putuje jer brojne usluge I objekti nisu 

prilagoĽeni njihovim potrebama. Problemi s kojima se osobe s invaliditetom susreĺu u zraļnim 

lukama su: nepristupaļnost usluge informiranja o dolasku/odlasku letova, kaġnjenju letova, 

praĺenju prtljage te opĺenito informiranje u zraļnim lukama. Ovo istraģivanje usmjereno je na 

pregled postojeĺih informacijsko-komunikacijskih usluga informiranja te prilagoĽenosti zraļnih 

luka za usmjeravanje i informiranje osoba s invaliditetom. Dosadaġnjim istraģivanjima 

analizirane su potrebe korisnika, prednosti i nedostaci dosadaġnjih istraģivanja te je analizirana 

zakonska regulativa koja se odnosi na osiguravanje pristupaļnosti objekata osobama s 

invaliditetom. Cilj ovog istraģivanja je predloģiti smjernice, na temelju analiziranih moguĺnosti 

informacijsko-komunikacijskih tehnologija (Internet of Things, Cloud Computing, Fog 

Computing, Bluetooth), za izradu usluge informiranja korisnika u zraļnim lukama. Time se ģeli 

podiĺi stupanj kvalitete ģivota i mobilnost krajnjeg korisnika u zraļnim lukama. 

 

Kljuļne rijeļi: pomoĺna tehnologija, informacijsko-komunikacijska tehnologija, pristupaļnost, 

mobilnost, kvaliteta ģivota 

 

Abstract: Persons with disabilities in whose group are visually impaired persons often encounter 

various difficulties when planning a trip and moving through airports. For this reason, many 

persons with disabilities do not travel because many services and facilities are not accessible to 

their needs. The problems they encounter are: inaccessibility of information on 

arrivals/departures of flights, flight delays, luggage tracking and general information at airports. 

The research reviews existing information and communication services for routing and informing 

persons with disabilities at airports and accessibility of airports. The needs of persons with 

disabilities were analyzed based on previous research. Advantages and disadvantages of previous 

research and the legal regulation for providing accessibility of facilities were also analyzed. The 

aim of this research is to propose guidelines based on the analyzed possibilities of information 

and communication technologies (Internet of Things, Cloud Computing, Fog Computing, 

Bluetooth) for creating informing service at airports. This is to increase the quality of life and 

mobility of users at airports. 

 

Key words: assistive technology, information and communication technology, accessibility, 

mobility, quality of life 
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1. UVOD 

Kretanje za osobe s invaliditetom u podruļju zraļne luke moģe predstavljati veliki 

problem. Prvenstveni razlog su guģve, a s obzirom na vrstu invaliditeta, nekvalitetno izraĽena 

pristupaļnost zraļne luke moģe utjecati na snalaģenje putnika u prostoru. Ovo istraģivanje 

usmjereno je na analizu informacijsko-komunikacijskih usluga i tehnologija koje sudjeluju u 

isporuci krajnjih informacija korisnicima zraļne luke. Cilj istraģivanja je na temelju 

analiziranih moguĺnosti informacijsko-komunikacijskih (IK) tehnologija (Internet of Things, 

Cloud Computing, Fog Computing i Bluetooth komunikacijske tehnologije) predloģiti 

smjernice za izradu usluge informiranja korisnika. Dostupnom literaturom analizirana su 

aplikativna rjeġenja na pojedinim zraļnim lukama o informiranju putnika. Objaġnjena je 

struktura putnika s invaliditetom te njihova klasifikacija. Smjernice za razvoj usluga 

objaġnjavaju razloge potrebe univerzalnog dizajna koji utjeļe na poveĺanje kvalitete ģivota 

osoba s invaliditetom. 

2. DOSADAĠNJA ISTRAĢIVANJA I PRAVNA REGULATIVA  

Trenutno dostupna literatura i istraģivanja pruģaju informacije o potrebama i zahtjevima 

osoba s invaliditetom u zraļnim lukama. Predmet ovog istraģivanja su potrebe za 

informiranjem osoba smanjene i oteģane pokretljivosti koji pripadaju jednoj od skupina 

Passenger with Reduced Mobility (PRM). Europski Parlament i vijeĺe definiralo je uredbu o 

Pravima osoba s invaliditetom i osoba smanjene pokretljivosti u zraļnom prijevozu (European 

Parliament and the Council, 2006). Definirano je kako osobe s invaliditetom i smanjene 

pokretljivosti ne smiju biti diskriminirane na naļin da im se odbije traģena usluga. Upravno 

tijelo zraļne luke obavezno je osigurati pruģanje pomoĺi bez nadoplate. U Hrvatskoj je 

definiran Pravilnik o osiguranju pristupaļnosti graĽevina osobama s invaliditetom i smanjene 

pokretljivosti (Ministarstvo graditeljstva prostornoga ureĽenja, 2012). Njime je definirano ġto 

je potrebno za stvaranje pristupaļne graĽevine, obvezni elementi pristupaļnosti, oznake 

pristupaļnosti i ostali elementi. Hrvatska agencija za civilno zrakoplovstvo provodi Zakon o 

informacijskoj sigurnosti i Zakon o tajnosti podataka kako bi zaġtitila putnike koji se koriste 

njihovim uslugama (Hrvatska agencija za civilno zrakoplovstvo, 2015). 

Istraģivanje provedeno u Ujedinjenom Kraljevstvu ukljuļivalo je 24 ispitanika koji su 

se izjasnili kako nedostaje medicinskog i pomoĺnog osoblja koje bi im pomoglo u kretanju 

unutar zraļne luke,  okruģenje u kojem se nalaze nije dovoljno sigurno za njih te da im je vaģan 

pristupaļnost transportnog sustava (Shaw & Coles, 2004). Zraļni terminali smatraju se veoma 

nepristupaļnim okruģenjem za osobe s oġteĺenjem vida (Fewings, 2017). Razlog tome su 

visoka razina buke i nepristupaļni znakovi za usmjeravanje i informiranje te veliki brisani 

prostori. U istraģivanju koje se provodilo u svrhu identificiranja potreba putnika s 

invaliditetom i smanjenom pokretljivosti sudjelovalo je 26 ispitanika (Carvalho et al., 2016) 

Rezultati su prikazali kako se usluge pruģanja pomoĺi naplaĺuju na pojedinim zraļnim 

lukama, ispitanici se ļesto suoļavaju s raznim poniģenjima zbog toga ġto infrastruktura unutar 

aviona ili zraļne luke nije prilagoĽena njihovim potrebama. Pogodan naļin za informiranje 

osoba s invaliditetom je glasovno informiranje  (Perakoviĺ et al., 2016). Informacije koje 

smatraju vaģnim su informacije o ruti kretanja s glasovnim navoĽenjem te informacije o 

pronalasku prtljage na ģeljezniļkim kolodvorima i zraļnim lukama.  

IoT (engl. Internet of Things) koncept imat ĺe velik utjecaj na poveĺanje kvalitete ģivota 

(engl. Quality of Life, QoL) osoba s invaliditetom (G3ict, 2015). To se ne odnosi samo na ģivot 
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u vlastitom domu, veĺ i na kretanje prometnom mreģom, javnim ustanovama, transportnim 

terminalima itd. Zraļna luka u Birminghamu koristi IoT u svrhu nadzora i informiranja putnika 

(Roberts, 2017). Putnici na svojem mobilnom ureĽaju (MU), poput tableta ili mobitela, 

dobivaju informacije o vremenu putovanja, vremenu kaġnjenja te kretanju ostalih putnika. 

Usmjeravanje putnika u nepoznatim unutraġnjim prostorima predstavlja izazov za slijepe i 

slabovidne osobe (Geng, 2017). Iz tog razloga, Francuska zraļna luka Nice Cote d'Azur 

korisnicima pruģa informiranje putem aplikacije koja se pokreĺe primjenom beacon 

odaġiljaļa. MeĽunarodna zraļna luka Miami takoĽer koristi beacon odaġiljaļe i mobilnu 

aplikaciju koja pruģa informiranje putnika o vremenima dolaska/odlaska aviona,  obliģnjim 

restoranima, duĺanima i ostalim sadrģajima. (Garcia, 2016). Zraļna luka u Hong Kongu pruģa 

dodatne usluge bazirane na iBeacon tehnologiji (SITA, 2015). Korisnicima se pruģaju 

interaktivne karte za usmjeravanje do odreĽenih transportnih toļaka i ostale potrebne 

informacije u zraļnim lukama. Osobe s oġteĺenjem vida u svrhu informiranja koriste mobilne 

telefone koji im pruģaju potrebne povratne glasovne informacije (Periġa et al., 2017). Koriste 

funkcionalnost text-to-speech ili uslugu pametnog virtualnog asistenta kao ġto su Siri, Cortana 

i Google Now. Pristupaļnost MU vrlo je vaģna za osobe s invaliditetom kako bi na ġto 

jednostavniji i bolji naļin doġli do traģenih informacija. U vanjskom okruģenju, usmjeravanje 

osoba s invaliditetom puno je jednostavnije zbog GPS (engl. Global Positioning System) 

sustava koji u zatvorenim prostorima ima odreĽene teġkoĺe u radu, kao odreĽivanje lokacije 

korisnika (Abedin et al., 2016). Brojni istraģivaļi temelje svoja istraģivanja na primjeni 

Bluetooth komunikacijske tehnologije za primanje informacija prilikom kretanja u unutarnjem 

prostoru (Delfa & Catania, 2014; Ahmetovic et al., 2017; de Oliveira et al., 2017). Kretanje 

osoba s oġteĺenjem vida u zatvorenom prostoru moguĺe je uz koriġtenje smartphone ureĽaja, 

Bluetooth Low Energy (BLE) i vizualnih tagova. Vizualne oznake (tag-ovi) koji su pogodni 

za navedeno su 2D i 3D oznake (QRCode, Vuforia i ArUco). Korisnici koriste smartphone 

ureĽaj, mobilnu aplikaciju i kameru kako bi se tag-ovi oļitali te pruģali potrebne informacije 

korisniku. Slijepe i slabovidne osobe zahtijevaju veliku toļnost u lociranju i usmjeravanju u 

zatvorenom prostoru (Ahmetovic et al., 2016).  

Iz istraģivanja je vidljivo  kako utjecaj suvremenih IK tehnologija utjeļe na moguĺnosti 

informiranja osoba s invaliditetom i smanjene pokretljivosti u zraļnim lukama. Veĺ danas 

postoje usluge koje imaju moguĺnost kvalitetno ih informirati, a nedostatak nepostojanje 

univerzalne usluge primjenjive u svim zraļnim lukama i za sve kompanije. Ovisno o vrsti 

oġteĺenja koju PRM ima, osigurava se moguĺnost pruģanja razliļitih usluga za jednostavnije 

putovanje i snalaģenje u zraļnim lukama. 

3. OSOBE SMANJENE I OTEĢANE POKRETLJIVOSTI  

PRM kategorizacija definirana je prema preporukama meĽunarodne udruge za zraļni 

prijevoz (IATA) i sadrģi definirane Special Service Request (SSR) kodove za svaku kategoriju. 

Definicije kategorija i specijalni kodovi su (European Commission, 2010): 

¶ WCHR: Wheelchair (R for Ramp). Putnici koji se mogu penjati i spuġtati po 

stubama, kretati se unutar kabine zrakoplova, ali zahtijevaju invalidska kolica ili 

drugi oblik pomoĺi na duģim udaljenostima poput puta izmeĽu terminala i aviona. 

¶ WCHS: Wheelchair (S for Steps). Putnici koji se ne mogu penjati niti spuġtati niz 

stube, ali se mogu kretati unutar kabine zrakoplova. Zahtijevaju invalidska kolica 

za udaljenosti do i od aviona te pomoĺ kod stepenica. 
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¶ WCHP: Wheelchair (P for Paraplegic). Putnici s invaliditetom donjih ekstremiteta 

koji imaju dovoljno vlastite autonomije da se mogu brinuti o sebi, ali zahtijevaju 

pomoĺ pri kretanju i iskrcavanju. Mogu se kretati unutar kabine aviona samo uz 

pomoĺ invalidskih kolica. 

¶ WCHC: Wheelchair (C for Cabin  Seat). Putnici koji su u potpunosti nepokretni i 

koji se mogu kretati samo uz pomoĺ invalidskih kolica ili neki drugi naļin, 

zahtijevaju pomoĺ u svim trenucima prilikom dolaska u zraļnu luku do sjedenja u 

avionu i obrnutim procesom pri dolasku. 

¶ BLND: Slijepi i slabovidni putnici. 

¶ DEAF: Gluhi i nagluhi putnici te gluho nijemi putnici.  

¶ BLND/DEAF: Putnici koji imaju oġteĺenje sluha i vida te se mogu kretati samo uz 

pomoĺ druge osobe.   

¶ DPNA: Putnici s intelektualnim ili razvojnim oġteĺenjem koji zahtijevaju pomoĺ.  

¶ MEDA: Putnici ļija je pokretljivost oġteĺenje zbog bolesti ili drugih kliniļkih 
razloga, a ovlaġteni su putovati od strane zdravstvenog osoblja.  

¶ STCR: Putnici koji se mogu transportirati samo na nosilima . 

¶ MAAS: Meet and Assist. Ostali putnici koji zahtijevaju posebnu pomoĺ. 

Uz navedene definicije neki avioprijevoznici imaju dodatne kategorije, kao npr. 

RyanAir ļija je kategorizacija od 16 pojmova i definiranih kodova. navedeni kodovi 

primjenjuju se u svim zemljama osim SAD-u jer tamo ne postoji obveza za njihovo koriġtenje. 

PRM putnici zahtijevaju odgovarajuĺu prilagodbu za jasno definirane usluge informiranja koje 

su dostupne i ostalim putnicima. Usluge koje pruģaju pojedine zraļne luke opisane su u tablici 

1 (European Commission, 2010).  

Tablica 1. Usluge koje se pruģaju PRM putnicima 

Vrsta usluge Opis usluge 

Odlasci 

Najava dolaska PRM Gotovo sve zraļne luke i zraļne linije i kompanije ugovorile su SITA 

ugovor za pruģanje usluga prema potrebama PRM-a. Ako PRM 

proslijedi zahtjev za pruģanje pomoĺi 48 sati prije leta, zrakoplovna 

tvrtka duģa je prenijeti te informacija na relevantne zraļne luke 

najmanje 36 sati prije objavljenog vremena leta. 

Pohrana informacija o 

potrebama PRM 

Pohrana informacija (vrijeme leta, broj leta, ime putnika, kategorija 

invaliditeta) pohranjuje se putem SITA terminala. Informacije se 

koriste za aģuriranje sustava odgovornog za upravljanje zadacima 

davatelja usluga, automatskim ili ruļnim unosom. 

Dolazak PRM-a i 

dodjeljivanje asistenta 

Dodjeljivanje zadatka asistentu prema potrebama PRM. 

Preuzimanje PRM od strane 

asistenta 

Zaduģeni asistent preuzima putnika u trenutku kada je dogovorena 

njihova prisutnost te ġalje potvrdu odgovornom uredu o njihovim 

aktivnostima.  

Pomoĺ PRM-u kroz prijavu i 

sigurnosnu provjeru 

Putniku se pomaģe u prolasku kroz prijavu na let i sigurnosnu 

provjeru.  

Pomoĺ PRM-u kroz izlazni 

terminal 

Nakon ġto je let spreman za ukrcaj, zaduģeni asistent dovodi putnika 

do ulaznih vrata.  

PRM-u se pomaģe pomoĺu 

zraļnog mosta 

Ukrcaj PRM prema stupnju oġteĺenja te moguĺ ukrcaj pomoĺu 

zraļnog mosta. 
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PRM-u se pomaģe bez 

zraļnog mosta 

Ukrcaj PRM koriġtenjem dizala ili nekog drugog oblika pomoĺi 

direktno do vrata aviona. 

PRM-u se pomaģe da sjedne 

na odgovarajuĺe mjesto u 

zrakoplovu 

Zaduģeni asistent pruģa potrebnu pomoĺ da dovede putnika do 

njegovog sjediġta.  

Dolasci 

Obavijest o dolasku PRM Zraļna luka prima obavijest o dolasku PRM-a koji ima zahtjeve za 

posebnom pomoĺi pri iskrcaju s aviona. Obavijest sadrģi informacije 

o broju leta, datumu, imenu putnika te informaciju o zahtijevanoj 

pomoĺi. 

Preuzimanje PRM i pomoĺ u 

iskrcaju 

Kada zrakoplov sleti, raspoloģivi asistenti dodjeljuju se svakom 

PRM-u i otpremaju ih prema izlaznim vratima.  

PRM-u se pomaģe od 

zrakoplova do toļke dolaska 

PRM-u se pomaģe kod prolaska kontrole putovnica i pomoĺ u 

preuzimanju prtljage. Ovisno o zahtjevima putnika, asistent ga prati 

do odreĽene toļke dolaska izvan terminala.  

Presjedanje i povezanost 

Povezani letovi Ukoliko postoji znaļajno ļekanje izmeĽu dolaska i odlaska na 

sljedeĺi let, putnik moģe biti odveden u salon za PRM. Ako postoji 

ograniļeno vrijeme izmeĽu dolaska i odlaska, pomoĺ se nudi u 

prethodno opisanim oblicima. 

Regulativa EC 1107/2007 propisala je jedinstveno trģiġte usluga prijevoza za sve 

kategorije putnika i donekle ujednaļila postupke prihvata i otpreme unutar zemalja ļlanica 

EU. Definirane usluge moguĺe je implementirati u sustav informiranja PRM kroz 

funkcionalnosti aplikativnog rjeġenja temeljene na suvremenim  

4. ANALIZA IK TEHNOLOGI JA I KONCEPTA ZA INF ORMIRANJE 

KORISNIKA  

Suvremene IK tehnologije (IoT i Cloud Computing (CC) koncepti) uvelike utjeļu na 

poveĺanje informiranosti korisnika, neovisno o tome imali oni oġteĺenje ili ne. Zbog svojih 

tehniļkih karakteristika i prednosti, IoT koncept ima moguĺnost uļinkovitijeg rada u 

zatvorenim prostorima. U svrhu toga, moguĺi je rad primjenom senzorske i AIDC (engl. 

Automatic Identification and Data Capture) tehnologije kako je prikazano na slici 1.  

 

Slika 1. Prijedlog arhitekture sustava informiranja baziran na IoT konceptu 
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Prijedlog arhitekture sustava informiranja baziranog na IoT konceptu koristi sljedeĺe 

elemente arhitekture: mobilni ureĽaj i za njega razvijene aplikacije, senzore, beacon 

odaġiljaļe, AIDC tehnologiju, CC okruģenje, Fog Computing i baze podataka. Korisniļki 

ureĽaj pomoĺu BLE tehnologije komunicira s beacon odaġiljaļem na naļin da oļita njegov 

identifikacijski kod koji se putem mobilne aplikacije proslijedi u CC okruģenje. CC sadrģi 

bazu podataka za identifikaciju beacon odaġiljaļa na temelju koje se ġalje povratna informacija 

korisniku o njegovoj lokaciji. Senzori i kontroleri koji su umreģeni putem komunikacijskog 

sustava nalaze se unutar cijele zraļne luke. Ġalju prikupljene podatke u Fog Computing koji 

ih obraĽuje i prosljeĽuje informacije u CC okruģenje ovisno o zahtjevima korisnika. To su 

senzori za detekciju topline, svjetlosti, blizine, udaljenosti i zvuka. Za usmjeravanje PRM 

korisnika vaģni su senzori blizine i udaljenosti te se vrijednosti oļitane sa senzora konstanto 

prosljeĽuju na Fog Computing za njihovu obradu te CC okruģenje za informiranje krajnjeg 

korisnika.  Machine to Human (M2H) komunikacija obraĽuje podatke u oblik informacije 

pogodne za korisnika na temelju kojih se pruģaju funkcionalnosti usluga za PRM putnike i 

dodatne funkcionalnosti. Asistenti zaduģeni za PRM putnike na mobilni ureĽaj primaju 

informacije o lokaciji PRM putnika te vrsti zahtijevane pomoĺi. 

4.1. Internet of Things koncept 

Prema Gartneru, oļekuje se kako ĺe do 2020. godine postojati 20.4 milijardi meĽusobno 

povezanih ureĽaja (Gartner, 2017). Cilj IoT koncepta je omoguĺiti autonomno i sigurno 

povezivanje te razmjenu podataka izmeĽu ureĽaja u stvarnom svijetu i aplikacija. Zraļne luke 

susreĺu se sa tri kljuļna zadatka: poveĺati zadovoljstvo putnika, isporuka operativne izvrsnosti 

te osigurati komercijalni i financijski uspjeh (Nokia, 2016). Prema rezultatima dosadaġnjih 

istraģivanja, IoT koncept moģe isporuļiti uslugu stvarnovremenog informiranja korisnika 

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 (engl. Software as a Service), PaaS (engl. 

Platform as a Service) i IaaS (engl. Infrastructure as a Service) ima moguĺnost isporuke 

usluge stvarnovremenog informiranja uz dostupnost 24/7/365 koja omoguĺuje obradu i 

pohranu podataka (Popoviĺ & Hocenski, 2010). Unutar CC-a izvrġava se automatska obrada 

podataka i generiranje informacija prema korisniļkim zahtjevima. U svrhu uļinkovitije 

isporuke usluga, moguĺe je koristiti novu paradigmu CloudIoT koja ukljuļuje izvedbene 

modele: SaaS (engl. Sensing as a Service) koji osigurava pristup senzorskim podacima, SEaaS 

(engl. Sensor Event as a Service) podrazumijeva slanje tekstualnih poruka potaknutih 

dogaĽajima na senzorima, SenaaS (engl. Sensor as a Service) osigurava upravljanje senzorima 

na daljinu, DBaaS (engl. DataBase as a Service) se odnosi na omoguĺavanje upravljanjem 

bazom podataka i DaaS (engl. Data as a Service) osigurava pristup bilo kojim prikupljenim 

podacima. Buduĺi da je zraļna luka podruļje kretanja velikog broja ljudi, sustav baziran na 

IoT i CC konceptu prikuplja i obraĽuje velike koliļine podataka, prilikom ļega je vaģna i 

sigurnost istih. U svrhu manje latencije, moguĺe je koristiti Fog Computing tehnologiju. 
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4.3. Fog Computing 

Fog Computing smjeġten je na krajnjim ļvorovima u mreģi CC koncepta te proġiruje 

njegove moguĺnosti rada kroz uļinkovitiju isporuku informacija. Glavna svrha Fog 

Computing-a je da sadrģaj i podaci koje stvaraju aplikacijske usluge budu ġto dostupnije 

korisnicima (Luan et al., 2015; Aazam & Huh, 2014). Fog Computing ima funkcionalnost za 

prikupljanje podataka na odreĽenom mjestu i prosljeĽivanje prema CC-u koji prosljeĽuje 

informacije prema korisnicima sustava. Prednosti koriġtenja Fog Computing-a su brzina 

prijenosa podataka korisnicima ļime se postiģe pruģanje poboljġane kvalitete usluge i 

smanjeni operativni troġkovi. Podaci se obraĽuju lokalno u Fog Computing mreģnim 

ļvorovima, a ne u CC okruģenju ġto utjeļe na kvalitetu usluge i smanjene operativnih troġkova. 

Osim navedenog, smanjena je latencija u isporuci informacija.   

4.4. Komunikacijske tehnologije povezivanja 

Komunikacija izmeĽu ureĽaja, objekata, tj. stvari unutar IoT koncepta predstavlja 

Machine to Machine (M2M) komunikaciju, dok M2H komunikacija pruģa obradu podataka i 

njihovu pretvorbu u informacije prema potrebama korisnika. Wi-Fi i Bluetooth 

komunikacijske tehnologije su najraġirenije tehnologije unutar IoT rjeġenja zbog cjenovne 

prihvatljivosti, podrġke na velikom broju ureĽaja te niģe potroġnje energije. ABI Research 

predviĽa da ĺe do 2018. godine biti 10 milijardi Bluetooth ureĽaja u svijetu (EPSNews, 2013). 

BLE je dizajniran na naļin da ureĽaji mogu ġto brģe uspostaviti komunikaciju za isporuku 

usluge u IoT konceptu. Zbog svojih tehniļkih karakteristika ima moguĺnost odreĽivanja 

lokacije korisnika i objekata na udaljenosti veĺoj od 20 [m]. Svojim prednostima je pogodan 

za koriġtenje u zatvorenim prostorima. 

5. SMJERNICE I PREPORUK E ZA RAZVOJ IOT USLU GA ZA OSOBE S 

INVALIDITETOM  

Osobe s invaliditetom koriste pomoĺne tehnologije kako bi mogle izvrġavati 

svakodnevne aktivnosti na ġto jednostavniji naļin. Postoje dva osnovna modela pomoĺnih 

tehnologija, a to su: Human Activity Assistive Technology (HAAT) i Comprehensive Assistive 

Technology (CAT) (Cook & Polgar, 2008). Modeli se sastoje od ļetiri osnovna elementa: 

korisnik, kontekst, aktivnost i pomoĺna tehnologija. Prema modelima pomoĺnih tehnologija i 

naļelima univerzalnog dizajna, potrebno je dizajnirati uslugu informiranja korisnika.  

Da bi usluga ili ureĽaj bio pristupaļan, potrebno je slijediti 7 naļela univerzalnog 

dizajna (Periġa et al., 2012; Perakoviĺ et al., 2016). Potrebno je napomenuti kako nije uvijek 

moguĺe ispuniti svih 7 naļela zbog samog oblika usluge/ureĽaja/sustava. Nepristrana 

moguĺnost koriġtenja podrazumijeva da je usluga/ureĽaj dizajniran na naļin da ga mogu 

koristiti sve osobe neovisno o vrsti oġteĺenja. Privatnost, zaġtita i sigurnost korisnika mora biti 

jednaka za sve skupine korisnika. Sve funkcionalnosti MU moraju biti dostupne korisnicima 

s oġteĺenjem i bez oġteĺenja. Fleksibilnost koriġtenja omoguĺava korisnicima da odaberu naļin 

na koji ģele koristiti uslugu/ureĽaj. Buduĺi da danaġnji MU imaju touchscreen zaslon, 

razvijena je pristupaļnost koja osigurava osobama s oġteĺenjem vida njihovo koriġtenje. Tekst 

koji se prikazuje na zaslonu iġļitava se pomoĺu ļitaļa zaslona i ġalje povratna glasovna 

informacija. Jednostavna i intuitivna upotreba podrazumijeva da korisnici imaju moguĺnost 

odabrati jezik na kojem ģele koristiti uslugu/ureĽaj. Potrebno je izbjegavati kompleksnost 
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sadrģaja i funkcionalnosti ureĽaja. Uoļljive informacije odnose se na pruģanje maksimalne 

ļitljivosti vaģnih informacija. Tolerancija na pogreġke podrazumijeva da se sve pogreġke 

svedu na minimum kako se ne bi ugrozila sigurnost korisnika. Nizak fiziļki napor odnosi se 

na smanjen broj ponavljajuĺih aktivnosti. Mjere i prostor za pristup i upotrebu 

podrazumijevaju moguĺnost koriġtenja ureĽaja/usluge na bilo kojem mjestu ili na bilo koji 

naļin. Pristupaļnost aplikacije i MU vaģna je za dobivanje potrebnih informacija. Ovisno o 

vrsti oġteĺenja, osobe s invaliditetom imaju razne zahtjeve prilikom upravljanja MU (Periġa et 

al., 2012). Prema IDC Quarterly Mobile Phone Tracker, najpopularniji operativni sustavi (OS) 

su Android, iOS i Windows Phone. Prethodnik navedenim OS bio je Symbian koji je osobama 

s oġteĺenjem vida pruģao pristupaļan sadrģaj (Periġa et al., 2017). Svaki od navedenih OS 

pruģa sliļne funkcionalnosti pristupaļnosti, a u tablici 2. prikazana je analiza ureĽaja baziranih 

na svakom OS i koriġtene tehnologije. 

Tablica 2. Koriġtene tehnologije i moguĺnost pruģanja pristupaļnog sadrģaja PRM 

MU Nokia 808 

PureView 

Samsung Galaxy S7 iPhone 6S Nokia Lumia 

925 

OS Symbian Android iOS Windows 

Phone 

Senzorske 

tehnologije 

Akcelerometar

senzor blizine, 

kompas  

Akcelerometar, ģiroskop, 

digitalni kompas, senzor 

svjetlosti, senzor blizine, 

senzor gravitacije, senzor 

vektora rotacije, 

barometar, fotometar, 

termometar, 

orijentacijski senzor, 

magnetometar, brojaļ 

koraka, ļitaļ otiska 

prstiju, senzor otkucaja 

srca, SpO2 

Ļitaļ otiska 

prstiju, 

barometar, 3-osni 

ģiroskop, 

akcelerometar, 

senzor blizine, 

senzor svjetlosti, 

digitalni kompas, 

magnetometar, 

zaslon osjetljiv 

na pritisak, 

brojaļ koraka 

 

Akcelerometar, 

kompas, 

ģiroskop, 

senzor blizine, 

magnetometar, 

senzor 

svjetlosti 

Tehnologije 

povezivanja 

Bluetooth, 

NFC, Wi-Fi, 

Radio, GPS, 

USB 

Bluetooth, NFC, Wi-Fi, 

GPS, USB 

Bluetooth, NFC, 

Wi-Fi, GPS, USB 

Bluetooth, 

NFC, Wi-Fi, 

Radio, GPS, 

USB 

Pristupaļnost  Da Da  Da Da 

Smjernice dizajniranja usluge podijeljene su u 4 kategorije: korisniļki ureĽaj, aplikacija, 

tehnologija pohrane i obrade podataka te tehnologije povezivanja. Kategorija korisniļkog 

ureĽaja odnosi se na OS, senzorske tehnologije, tehnologije povezivanja te personalizirane 

funkcionalnosti. UreĽaji bazirani na Android OS u odnosu na iOS OS imaju viġe ugraĽenih 

senzora. Iz tog razloga, korisniļki ureĽaj trebao bi se bazirati na Android OS-u. Osim toga, 

pristupaļni su za koriġtenje jer pruģaju personalizirane funkcionalnosti za osobe s oġteĺenjem 

vida, sluha te za osobe koje imaju problema s motorikom i interakcijom ureĽaja. Uz 

pretpostavku da postoji odgovarajuĺa infrastruktura potrebna za isporuku usluge PRM 

korisnicima, predlaģe se koncept SaaS usluge koju isporuļuje davatelj usluge. Davatelj usluge 

pruģa gotovu aplikaciju PRM korisnicima, zraļnim lukama i kompanijama te osigurava njen 

rad. Preporuka je da aplikacija sadrģi funkcionalnosti koje se trenutno nude PRM, ali kao 

univerzalna usluga informiranja za sve zraļne luke i kompanije. CC predstavlja centralno 

podruļje za prikupljanje, pohranu i obradu podataka. Fog Computing osigurava 

stvarnovremeno informiranje korisnika te informiranje korisnika ovisno o lokaciji na kojoj se 



 

85 

 

nalazi. Bluetooth, Wi-Fi i NFC tehnologije predlaģu se za koriġtenje kao tehnologije 

povezivanja.   

6. ZAKLJUĻAK 

Osobe s invaliditetom koje se kreĺu unutar zraļne luke te koriste trenutne usluge 

informiranja nailaze na probleme u pristupaļnosti okruģenja i usluga. Zbog nepostojanja 

univerzalne usluge informiranja korisnika, dolazi do smanjenja njihove pokretljivosti. 

Dizajniranjem usluge informiranja prema preporukama iz ovog rada moguĺe je osigurati 

dostupnost usluge 24/7/365. Navedenu dostupnost osigurava IoT koncept te svi elementi 

predloģene arhitekture sustava. Dosadaġnjim istraģivanjima zakljuļeno je kako postojeĺi 

sustavi za informiranje i usmjeravanje PRM korisnika unutar zraļnih luka nemaju kvalitetnu 

isporuku informacija. Iz navedenog razloga, smjernice i preporuke usmjerene su na prijedlog 

koncepta za davatelje usluge baziran na SaaS modelu CC okruģenja. Predloģenom 

arhitekturom sustava moguĺe je povezati PRM korisnike i dodijeljenog asistenta te time 

osigurati stvarnovremeno informiranje o lokaciji PRM korisnika. Koriġtenjem sustava za 

informiranje moguĺe je poveĺati meĽusobnu interakciju svih dionika sustava, a time i 

pokretljivost i zadovoljstvo PRM korisnika. Primjenom predloģenih smjernica za razvoj 

sustava za informiranje u IoT okruģenju oļekuje se poveĺanje stupnja pokretljivosti korisnika, 

kvalitete ģivota i veĺa ukljuļenost dionika sustava.  
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Apstrakt: Istraģivanje i identifikovanje kritiļnih faktora uspeha transportne organizacije moģe se 

smatrati neophodnom aktivnoġĺu koja je posebno vaģna u organizacijama koje su implementirale 

SMS/IMS i kod kojih je uoļeno da postoji odreĽen disbalans izmeĽu dostignutog nivoa 

upravljanja performansama i indikatora koji se odnose pre svega na ekonomsku odrģivosti 

poslovanja. Polazeĺi od te spoznaje sprovedeno je istraģivanje sa ciljem da se dokaģe 

pretpostavka da se identifikovanjem kritiļnih faktora uspeha dolazi do saznanja o specifiļnim 

(suġtinskim) problemima transportnih organizacija, koji mogu da onemoguĺe implementaciju ili 

umanje efekte implementiranih SMS/ IMS. Metodologija, zasnovana na oceni eksperata koji rade 

u transportnim organizacijama, je pokazala da su ambijent u kome posluje transportna 

organizacija i struļan i obuļen kadar  dominantni kritiļni faktori uspeha transportnih 

organizacija.  

 

Kljuļne rijeļi: odrģivost poslovanja, metodologija, ekspertska ocena, transport 

 
Abstract: Research and identification of critical success factors of a transport organization can 

be considered necessary activity, which is especially important in organizations that implemented 

SMS /IMS and where there was a certain imbalance between the achieved level of performance 

management and indicators that relate primarily to economic business sustainability. Starting 

from this knowledge, research was carried out with the aim of proving that the identification of 

critical success factors leads to the knowledge of the specific (essential) problems of transport 

organizations which may prevent implementation or reduce the effects of implemented SMS / IMS. 

Methodology, based on the expert assessment, working in transport organizations, showed that 

the ambience in which operates the transport organization  and skilled and trained personnel is 

the dominant critical factors for the success of transport organizations. 

 

Key words: business sustainability, methodology, expert assessment, transport 

1. UVOD  

Poslovanje transportnih organizacija u svetu je danas optereĺeno odreĽenim nivoom 

sukoba interesa. Jureĺi za profitom one iscrpljuju svoje resurse, troġe znanje i zdravlje 

                                                           
* Originalni nauļni rad 
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zaposlenih i naravno, velike koliļine energije, koje znaļajno zagaĽuju ļovekovu okolinu, a 

sve sa ciljem unapreĽenja i postizanja ġto boljih poslovnih rezultata.  

Glavni poslovni izazovi transportnih organizacija u svetu viġe nisu likvidnost, 

poveĺanje profita, nedostatak kapitala, motivacija radnika, ģalbe klijenata, borba na trģiġtu, 

niti bilo koji drugi problem sa kojim su se suoļavale proteklih decenija, jer su uspele da u tom 

periodu implementiraju savremene koncepte upravljanja, koji su usklaĽeni sa zahtevima 

transportnog trģiġta. MeĽutim, bez obzira na navedeno, ļak i velike i uspeġne transportne 

organizacije imaju problem odrģivosti poslovanja, posebno u uslovima kada sve viġe jaļa svest 

da interesi organizacije nemaju viġe prioritet nad interesom druġtvene zajednice i zaġtitom 

ģivotne sredine (Colbert i Kurucz, 2007). 

Za razliku od transportnih organizacija koje viġe ili manje uspeġno posluju na 

evropskom (svetskom) trģiġtu transportnih usluga, naġe transportne organizacije imaju 

problema sa: likvidnoġĺu, zastarelim voznim sredstvima, nemotivisanim zaposlenima, 

nezadovoljnim korisnicima usluga, ġto znaļajno poveĺava rizike vezane za sve vrste odrģivosti 

poslovanja ï ekonomsku, druġtvenu odrģivost i odrģivost ģivotne sredine.  

Veliki broj faktora utiļe na odrģivost poslovanja organizacije, odnosno njenu 

moguĺnost da dugoroļno odrģava i stalno razvija svoje poslovne performanse. Stvaranje 

odrģivog balansa izmeĽu ekonomsko - finansijskih interesa organizacije i druġtveno, 

ekoloġkog interesa njenog okruģenja, danas je cilj svake transportne organizacije, koji nije 

moguĺe realizovati bez primene standardizovanih menadģment sistema (SMS) zasnovanih na  

zahtevima ISO standarda (Tomoviĺ i dr., 2013).   Ovi zahtevi su opġte prihvaĺeni u poslovnom 

svetu, sveobuhvatni i primenjivi na sve organizacije, nezavisno od delatnosti koju organizacije 

vrġe, drģave u kojoj posluju i broja radnika koje upoġljavaju (Heleta 2009).   

Danas postoji veliki broj radova nastalih kao posledica istraģivanja, koji potvrĽuju da 

praksa primene SMS ima pozitivan uticaj na poslovne performanse i razvoj organizacije. 

Razlika izmeĽu organizacija koje posluju na tradicionalan naļin i organizacija ļije poslovanje 

je zasnovano na primeni SMS, integrisanih u jedan menadģment sistem (IMS) je sve veĺa, a 

nastala je kao posledica savremnog naļina poslovanja (Maġiĺ, 2001).  

Uticaji IMS na funkcionisanje organizacija mogu kategorisati u nekoliko oblasti. U 

uopġtenom smislu mogu se kategorisati kao operativne, finansijske i marketinġke koristi. U 

ġirem smislu primena principa IMS-a ima za posledicu operativne, regulativne, finansijske, 

marketinġke i ostale koristi vezane za sve vrste odrģivosti poslovanja organizacije (Rajkoviĺ i 

Aleksiĺ, 2009). Polazeĺi od neosporne ļinjenice da primena SMS/IMS znaļajno unapreĽuje 

razliļite aspekte poslovanja organizacije (odnos prema potroġaļima/korisnicima usluge, 

posveĺenost uspehu, kvalitet i troġkovi poslovanja, odnos prema zaposlenima, naļin 

upravljanja organizacijom itd.) ne moģe se izbeĺi spoznaja da postoji i ļitav niz faktora koji 

onemoguĺavaju ili minimiziraju efekte primene SMS/IMS. U tom smislu, polazeĺi od te 

spoznaje sprovedeno je istraģivanje u transportnim organizacijama koje se bave prevozom 

putnika u drumskom i ģelezniļkom saobraĺaju, sa ciljem da se dokaģe pretpostavka da se 

identifikovanjem kritiļnih faktora uspeha dolazi se do saznanja o specifiļnim (suġtinskim) 

problemima transportnih organizacija, koji mogu da onemoguĺe implementaciju ili umanje 

efekte implementiranih SMS/ IMS.  
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2. METODOLOGIJA ZA OCEN U KRITIĻNIH FAKTORA USPEHA 

TRANSPORTNIH ORGANIZ ACIJA  

Kritiļni faktori uspeha (Critical Success Factors ï CSFôs) se susreĺu u svim sferama 

ljudskog delovanja, poļevġi od sporta, umetnosti, privrede pa sve do nauke, a predstavljaju 

koncept zasnovan na elementima koji su nuģno potrebni da bi odreĽena ideja, projekat ili 

organizacija postigli svoju misiju  (Veen-Dirks i Wijn, 2002). Koncept kritiļnih faktora uspeha 

prvi je osmislio Ronald D. Daniel, objavivġi ga 1979. godine u Harvard Business Review 

(HBR). MeĽutim, ġira primena ovog koncepta se dogodila deset godina kasnije kada ga je John 

F. Rockart primenio na MIT Sloan School of Management, a CSFôs je definisao  kao nekoliko 

kljuļnih oblasti u okviru kojih se aktivnosti moraju obavljati dobro (Rockart, 1979). 

Postoji nekoliko kategorizacija kritiļnih faktora uspeha, meĽu kojima je najpoznatija 

kategorizacija koja kao kriterijum uzima podruļje implementacije, kao ġto su: privreda, 

strategija, ģivotna sredina i vreme, kao i kategorizacija koja kao kriterijum uzima tipsku 

dimenziju i za kritiļne faktore uspeha organizacije nominuje njih devet: finansije - pozitivan 

bilans poslovanja, rast prihoda i ostvarena dobit, poveĺanje broja kupaca/korisnika usluga, 

poveĺanje zadovoljstva kupaca/korisnika usluga, kvalitet, razvoj proizvoda/usluge, 

intelektualni kapital, strateġki odnosi, privlaļenja i zadrģavanje zaposlenih, odnosno ukupna 

odrģivost poslovanja (Black i Porter, 1996).  

Za upravljanje performansama organizacije od izuzetnog znaļaja je identifikovanje 

kritiļnih faktora uspeha, kako bi se na pravi naļin tumaļili rezultati poslovanja, posebno kod 

organizacija koje su implementirale SMS/odnosno IMS i kod kojih postoji odreĽen disbalans 

izmeĽu dostignutog nivoa upravljanja performansama i indikatora ekonomske odrģivosti 

poslovanja. Metodologija za ocenu kritiļnih faktora uspeha zasnovana je u prvom koraku na 

izboru transportnih organizacija koje su predmet istraģivanja a zatim na izboru metode kojom 

ĺe se doĺi do potvrde uspostavljene hipoteze da se identifikovanjem kritiļnih faktora uspeha 

dolazi se do saznanja o specifiļnim (suġtinskim) problemima transportnih organizacija, koji 

mogu da onemoguĺe implementaciju ili umanje efekte implementiranih SMS/ IMS. 

2.1. Predmet  istraģivanja 

Imajuĺi u vidu kompleksnost i sloģenost problematike poslovanja transportnih 

organizacija, definisanje kategorije transportnih organizacija koje ĺe biti predmet istraģivanja, 

zasnovano je na odreĽenom broju kriterijuma, od kojih su bili dominanti: transportne 

organizacije su veliki sistemi, u ģelezniļkom ili drumskom saobraĺaju, njihovo funkcionisanje 

je od javnog znaļaja i poģeljno je da svaka od njih ima razliļit nivo implementacije SMS/ 

IMS. 

Istraģivanju se, na osnovu navedenih kriterijuma, pristupa analizom ļetiri transportne 

organizacije, navedene u tabeli 1, sa podacima o dostignutom nivou implementacije 

SMS/IMS. 

Ģeleznice Srbije (danas Srbija voz a.d.), su  najveĺa i jedina organizacija za gradski, 

prigradski, regionalni i meĽunarodni ģelezniļki prevoz putnika u Srbiji, nije do danas uvela ni 

jedan SMS.  
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Tabela 1. Nivo impementacije SMS/IMS u organizacijama koje su predmet istraģivanja 

R.br. Transportna organizacija Broj SMS Naļin i godina implemetacije  SMS 

1. 
Organizacija A -  Ģeleznice 

Srbije 
0 Nema implementiranih SMS 

2. 
Organizacija B -  Gradsko 

saobraĺajno preduzeĺe Beograd 
2 

Pojedinaļno - QMS u 2008.god, 

EMS u 2011.god. 

3. 
Organizacija C -  Saobraĺajno 

preduzeĺe Lasta 
2 Istovremeno QMS i EMS u 2010.god. 

4. 
Organizacija D -  Ģeljezniļki 

prevoz Crne Gore 
4 

Istovremeno QMS, EMS, OHSAS i 

ISMS u 2015.god. 

QMS ï Menadģment sistem kvaliteta;      EMS - Menadģment sistem ģivotne sredine;  

OHSAS - Menadģment sistem zdravlja i bezbednosti zaposlenih: ISMS - Menadģment sistem bezbednosti 

informacija 

Kao pandan njoj, za predmet istraģivanja izabrana je i ģelezniļka transportna 

organizacija u Crnoj Gori, koja se bavi prevozom putnika i smatra se velikom organizacijom, 

s obzirom na broj zaposlenih u odnosu na broj stanovnika i duģinu ģelezniļke mreģe koju 

pokriva, sa 4 SMS, koje je istovremeno implementirala. 

Organizacije, Gradsko saobraĺajno preduzeĺe Beograd i Saobraĺajno preduzeĺe Lasta, 

kao dve najveĺe organizacije u Srbiji za gradski, prigradski, regionalni i meĽunarodni drumski 

prevoz putnika, imaju implemetirana 2 SMS, sa razliļitim naļinom implementacije ï 

pojedinaļno (QMS u 2008.god, EMS u 2011.god.) i istovremeno (QMS i EMS u 2010.god.). 

2.2. Ekspertska ocena kriti ļnih faktora uspeha  

Metode ekspertskih ocena se ļesto koriste u prognozama, prilikom izrade planova 

razvoja i pripremi znaļajnih strateġkih odluka. MeĽutim, znaļajna je njihova primena i u 

situacijama kada je potrebno odrediti nivo tehnoloġkog napretka, odnosno procene primene 

novih tehnologija, alata upravljanja ili menadģerskih akcija. 

Suġtina metode je u formiraju zakljuļaka na osnovu stavova eksperata, odnosno 

struļnjaka u odreĽenim oblastima, gde je u prvom planu intuitivno davanje odgovora na 

postavljena pitanja. MeĽutim, iza intuicije stoji struļnost, znanje i iskustvo eksperta, koje je 

neprocenjivo u situacijama kada kvantitativni podaci nisu dostupni ili nisu adekvatni (Mair i 

dr., 2009).  

Za potrebe ekspertske ocene kritiļnih faktora uspeha transportnih organizacija autori 

su, izvrġili selekciju  eksperata/struļnjaka za koje su sigurni da uz viġegodiġnje iskustvo i 

odliļno poznavanje sistema u kome rade, poseduju i sposobnost uoļavanja problema, osobine 

liļnosti koje karakteriġe nepristrasnost i objektivnost, kao i motiv da reġavaju probleme vezane 

za unapreĽenje poslovanja organizacije u kojoj rade.  

Imajuĺi u vidu da broj kritiļnih faktora uspeha koji se spominju u literaturi varira od 5-

8, pa ļak i do 24 faktora (Black i Porter, 1996), njihovom analizom moģe se izvesti zakljuļak 

da njihova klasifikacija uglavnom nastaje kao posledica specifiļnosti pojedinih delatnosti, 

izabrane poslovne strategije, zahteva koje nameĺu ekonomske i tehnoloġke promene u 

okruģenju ili potrebe za organizacionim promenama unutar organizacije. 

Imajuĺi u vidu osobenost naġeg druġtveno-ekonomskog poretka autori rada su 

ekspertima/struļnjacima u svakoj organizaciji ponudili da rangiraju po vaģnosti specifiļan set 

kritiļnih faktora uspeha, koji nije u tom smislu zastupljen u literaturi, ali po njihovom 
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miġljenju, dominantno utiļe na odrģivo poslovanja organizacije: 1)  Ambijent u kome posluje 

organizacija, 2) Depolitizacija manadģemnta, 3) Struļan i obuļen kadar, 4) Timski rad i 

meĽuljudski odnosi  i 5) NagraĽivanje. 

Svi eksperti/struļnjaci, koji su pozvani da uļestvuju u istraģivanju ocenjivali su kritiļne 

faktore uspeha u svojoj organizaciji na osnovu istraģivaļkog pitanja koje je  prikazano u tabeli 

2. 

Tabela 2 Istraģivaļko pitanje vezano za kritiļne faktore uspeha organizacije 

Pitanje Kritiļni faktori uspeha organizacije: 

1 Ambijent u kome posluje organizacija 

Odgovore 

poreĽati po 

vaģnosti   

2 Depolitizacija manadģemnta 

3 Struļan i obuļen kadar 

4 Timski rad i meĽuljudski odnosi 

5 NagraĽivanje 

Ukupan broj ispitanika iznosi N=132 ( NA=68; NB=25; NC=21;  ND=18; ) najviġe  

ispitanika ima radni staģ preko 20 godina, (N=59, 45%), zatim od 5 do 15 godina (N=42, 

32,0%), a od 16 do 20 godina (N=39, 23,0%). 

Za ispitanike koji su uļestvovali u anketi se moģe reĺi da imaju visok nivo 

kompetencije, jer  68% od ukupnog broja ispitanih imaju viġe od 15 godina radnog staģa, a 

72% od ukupnog broja ispitanih radi u sektorima ļija oblast rada je  vezana za tehnologiju 

transporta, strategiju i razvoj organizacije. Navedeno se moģe smatrati dovoljnim dokazom da 

ispitanici pripadaju kategoriji eksperata/struļnjaka, kada je reļ njihovoj moguĺnosti i 

kompetenciji da ocene kvalitet funkcionisanja sistema u kome rade i procene faktore koji se 

mogu smatrati kritiļnim za poslovni uspeh organizacije. 

3. REZULTATI I DISKUSIJ A SPROVEDENOG ISTRAĢIVANJA  

Osnovni motiv za realizaciju istraģivanja koje se odnosi na kritiļne faktore uspeha 

transportnih organizacija predstavljala je spoznaja da nivoi implementacije SMS/IMS nisu u 

proporciji sa ostvarenim finansijskim rezultatima poslovanja, koje iskazuju posmatrane 

transportne organizacije. Iako se do skoro smatralo da transportne organizacije, posebno one 

koje posluju kao javna preduzeĺa, nemaju obavezu da posluju  po trģiġnim principima, ne 

moģe se zanemariti finansijski aspekt njihovog poslovanja, ļiju suġtinu ļini indikator koji 

predstavlja odnos ukupno ostvarenog prihoda i rashoda transportne organizacije - Koeficijent 

dobitka/gubitka, prikazan na grafikonu 1. 

Koeficijent dobitka/gubitka, u posmatranom periodu 2011-2014, je kod transportnih 

organizacija A i D, koje se bave prevozom putnika u ģelezniļkom saobraĺaju negativan i 

znaļajno veĺi od organizacija B i C koje koje se bave prevozom putnika u drumskom 

saobraĺaju. Organizacija C ima pozitivan koeficijent gubitka/dobitka, ġto znaļi da jedina 

posluje pozitivno, odnosno iskazuje dobit u svom poslovanju, za razliku od organizacija A, B 

i C. Razlozi za to svakako postoje i kompleksnog su karaktera, pri ļemu prioritet svakako 

zauzima pitanje koje se odnosi na kritiļne faktore uspeha poslovanja transportnih organizacija, 

zbog ļega je i izvrġena ekspertska oceana u cilju dobijanja odgovora na to pitanje.  
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Grafikon 1. Koeficijent dobitka/gubitka transportnih organizacija A,B,C i D 

Kritiļni faktori uspeha Organizacija A, B, C i D prikazani su grafikonima 2,3,4 i 5. 

U Organizaciji A, 40% ispitanika misli da je struļan i obuļen kadar kritiļan faktor 

uspeha, nakon ļega sledi depolitizacija menadģmenta sa 25% zatim timski rad i meĽuljudski 

odnosi, pa tek onda ambijent u kome posluje organizacija i na kraju nagraĽivanje. 

Dobijeni rezultati mogu se tumaļiti na viġe naļina. Struļan i obuļen kadar moģe da 

bude dominantan faktor odrģivosti poslovanja organizacije, ali moģe da se zakljuļi i da je do 

dominacije ovog faktora doġlo kao posledica ļinjenice da se poslednjih decenija rukovodeĺi 

kadar i menadģment organizacija bira imenovanjem od strane Vlade, uglavnom  po partijskoj 

pripadnosti.  

 

Grafikon 2. Kritiļni faktori uspeha Organizacije A 

U tom smislu se profesionalizacija i obuka kadrova, kao i depolitizacija menadģmenta 

moģe smatrati uslovom odrģivosti poslovanja Organizacije A. Logiļan zakljuļak koji se moģe 

izvesti na osnovu rezultata ankete je i neosporna ļinjenica da politizacija menadģmenta u 

negativnom smislu utiļe na kadrovsku strukturu organizacije. Ļest je sluļaj u praksi da na 

rukovodeĺa mesta dolaze kadrovi sa nedovoljno iskustva u struci, kojom ĺele da se bave i 
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rukovode. Danas se tom temom uglavom bave predstavnici civilnog druġtva i tema je viġe 

aktuelnih projekata koji se realizuju u viġe zemalja naġeg regiona. Ujedinjenje nacije su takoĽe 

definisale koncept dobrog upravljanja donoġenjem Rezolucije 2000/64, od strane Komisije 

UN-a za ljudska prava, kojom se  identifikuju  kljuļni atributi dobrog upravljanja, a to su 

transparentnost, odgovornost, uļeġĺe kao odgovor na potrebe graĽana/korisnika razliļitih vrsta 

usluga. UvoĽenje profesionalnog kadra u posao, primena korporativnog upravljanja moģe 

direktno da utiļe na depolitizaciju menadģmenta, jer se sistemski bavi pitanjima kao ġto su 

kontinuitet poslovanja, upravljanje rizicima, internom kontrolom, kompenzacijama ļlanova 

odbora i menadģmenta usled ļega privlaļi paģnju brojnih stejkholdera. Sistem kao ġto je 

Organizacija A zahteva hitne reforme koje nisu formalnog karaktera veĺ organizovan 

sistemski pristup uspostavljanju odrģivog poslovnog sistema, zasnovan na principima: 1) 

odrģivog poslovanja, 2) sistema upravljanja performansama organizacije i 3) integrisanih 

menadģment sistema. 

Kod Organizacije B 36% ispitanika misli da je ambijent u kome posluje organizacija  

kritiļan faktor uspeha, nakon ļega sledi depolitizacija menadģmenta sa 24%, zatim  struļan i 

obuļen kadar i timski rad i meĽuljudski odnosi sa po 16%, pa tek na kraju nagraĽivanje 8%. 

 

Grafikon 3. Kritiļni faktori uspeha Organizacije B 

Kao i kod Organizacije A depolitizacija nije dominantan, ali je znaļajan kritiļan faktor 

uspeha koji moģe da se protumaļi i kao  posledica ambijenta u kome posluje organizacija. 

Poslovni ambijent predstavlja kombinaciju druġtvenih, pravnih, ekonomskih, fiziļkih i 

politiļkih faktora koji utiļu na razliļite aktivnosti poslovanja organizacije i njenu ukupnu 

odrģivost (Parnell, 2013). Svaka promena poslovnog ambijenta u veĺini sluļajeva negativno 

utiļe na poslovanje organizacija. Poslovni ambijent visoko ekonomski i tehnoloġki razvijenih 

zemalja se znaļajno razlikuje od  zemalja sa nerazvijenom i osiromaġenom privredom, sa 

visokom stopom nezaposlenosti, znaļajnim rastom troġkova ģivota i visoke stope siromaġtva, 

posebno kod pojedinih druġtvenih grupa. Razlika je pre svega u obilju poslovnih moguĺnosti, 

dinamiļnom i sloģenom okruģenju i intenzivno konkurentnom trģiġtu (Sougata, 2004). Za 

razliki od Organizacije A, Organizacija B je shvatajuĺi teģinu svog poloģaja i izazova sa 

kojima se susreĺe, uġla u proces implementacije SMS, ali bez oļekivanih prateĺih efekata 

vezanih za ekonomsku odrģivost poslovanja, jer  Organizacija B i dalje posluje za znaļajnim 

gubicima, ġto bi trebalo da bude predmet daljih istraģivanja. 

Ispitanici Organizacije C, njih 38% smatra da je ambijent u kome posluje organizacija 

kritiļan faktor uspeha, zatim sa 19% sledi struļan i obuļen kadar, a isti znaļaj od 14% je dat 
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depolitizaciji menadģmenta, timskom radu i meĽuljudskim odnosima i nagraĽivanju, ġto je 

prikazano na grafikonu 4. U odnosu na posmatrane Organizacije A i B, Organizacija C od 

uvoĽenja SMS/ IMS ima pozitivan bilans poslovanja, odnosno koeficijent dobiti raste, u 

odnosu na prvu godinu uvoĽenja SMS je poveĺan 12 puta. Kritiļan faktor uspeha,  koji se 

odnosi na uticaj poslovnog ambijenta na performanse organizacije, je dominantan kao i kod  

Organizacije B ġto ukazuje da je to ipak objektivan ļinilac koji utiļe na poslovan uspeh 

organizacije. U svakoj drģavi, bez obzira na dostignuti nivo ekonomskog razvoja, unapreĽenje 

poslovnog ambijenta je kompleksan i dugotrajan proces na kome, stimulativnim i podsticajnim 

merama i odlukama zakonodavne prirode, treba da rade drģavne institucije, uz aktivno uļeġĺe 

vlasnika, akcionara i zaposlenih. 

 

Grafikon 4. Kritiļni faktori uspeha Organizacije C 

Za Organizaciju D, sa 4 implementirana SMS  kritiļni faktori uspeha su ambijent u 

kome posluje organizacija sa 33%, struļan i obuļen kadar sa 28% i timski rad i meĽuljudski 

odnosi sa 22%. 

 

Grafikon 5. Kritiļni faktori uspeha Organizacije D 

UvoĽenjem SMS/ IMS, oļigledno je da se smanjuje prostor za uticaj politike, odnosno, 

ako i postoji uticaj u domenu izbora menadģmenta i rukovodeĺeg kadra, nije moguĺe uruġiti 

uspostavljen sistem upravljanja performansama, jer je on standardizovan, stavljen u funkciju 

uspeha organizacije. Pored navedena dva kritiļna faktora uspeġnosti (ambijent u kome posluje 

organizacija i struļan i obuļen kadar) u Organizaciji D, kao znaļajan, izdvaja se i faktor 
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uspeġnosti koji se odnosi na timski rad i meĽuljudske odnose. Ovaj primer nije netipiļan, jer 

je praksa pokazala da se organizacije na prvom koraku implementacije SMS/odnosno IMS 

susreĺu sa problemom timskog rada. Za uspeġno uspostavljanje SMS potrebno je definisati 

naļine rada timova i odgovornosti za ļlanove tima, ġto podrazumeva i dobre meĽuljudske 

odnose izmeĽu ļlanova tima (Avery, 2001; Maginn, 1994). Ukoliko se rezultati uporede sa 

Organizacijom A, koja je isto kao i Organizacija D ģelezniļka kompanija a nije implementirala 

nijedan SMS na prvi pogled moģe delovati da nema znaļajne razlike. MeĽutim, trend 

smanjivanja Koeficijenta dobitka/gubitka (grafikon 1) ima tendenciju opadanja ġto 

nedovosmisleno govori o kontinuiranom ozdravljenju finansijskog poslovanja sistema a 

potvrĽuje i ļinjenicu da  promene kod velikih sistema kao ġto je ģeleznica nije moguĺe 

realizovati u kratkom vremenskom roku, bez obzira na ģelju i dobru poslovnu ideju. 

Konaļna rekapitulacija istraģivanja, koja se odnosi na procenu proseļne dominacije 

faktora uspeġnosti, kojima su eksperti dali Rang 1, u posmatranim transportnim 

organizacijama, prikazana na grafikonu 6. 

 

Grafikon 6. Proseļna dominacija kritiļnih faktora uspeha koji imaju Rang 1 

Kao ġto se jasno vidi 30% ispitanika misli da je Struļan i obuļen kadar dominantan 

faktor koji utiļe na poslovanje transportnih organizacija, a sa 24% sledi Ambijent u kome 

posluje organizacija. Depolitizacija menadģmenta je na treĺem  mestu sa 21%, a zatim Timski 

rad i meĽuljudski odnosi sa 16% i na poslednjem mestu NagraĽivanje sa 8%.  

4. ZAKLJUĻAK 

Identifikovanjem kritiļnih faktora uspeha dolazi do saznanja o specifiļnim (suġtinskim) 

problemima transportnih organizacija, koji mogu da onemoguĺe implementaciju ili umanje 

efekte implementacije SMS/odnosno IMS. Istraģivanje je pokazalo se da su struļan i obuļen 

kadar i ambijent u kome posluje transportna organizacija dominantni kritiļni faktori uspeha 

transportnih organizacija, posle kojih slede depolitizacija menadģmenta, timski rad i 

meĽuljudski odnosi, pa tek na kraju nagraĽivanje zaposlenih. Dobijeni rezultati se mogu 

smatrati dragocenim i na neki naļin motiviġuĺim, jer su istraģivanja pored navedenog 

nedvosmisleno pokazala da put ka unapreĽenju poslovanja svake organizacije vodi i preko 

timskog rada zaposlenih i dobrih meĽuljudskih odnosa. Moģe se smatrati iznenaĽenjem da je 

kritiļan faktor uspeha koji se odnosi na nagraĽivanje zaposlenih na poslednjem mestu po 
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vaģnosti. To sigurno ne znaļi da su zaposleni zadovoljni nagradama koje dobijaju za svoj rad, 

jer je prosek zarada u naġem druġtvu daleko ispod proseka u razvijenim zemljama EU. Na neki 

naļin to se moģe tumaļiti i stanjem koje je dominantno u naġem druġtvu, a koje je vezano za 

visoku stopu nezaposlenosti. Zaposleni oļigledno po svaku cenu ģele da zadrģe posao koji 

imaju, ali se pri tome otvara pitanje njihove motivisanosti za taj posao i uticaja takve 

motivisanosti na odrģivost poslovanja organizacije. Istraģivanje kritiļnih faktora uspeġnosti 

ukazuje da ulogu u procesu uspostavljanja uspeġne transportne organizacije imaju sve 

zainteresovane strane, pri ļemu se posebno istiļe uloga drģave, koja ima moĺ da 

odgovarajuĺim zakonskim i pravnim okvirom uspostavi/promeni poslovni ambijent u kome 

transportne organizacije imaju ġansu da posluju sa pozitivnim bilansom, ne ugroģavajuĺi pri 

tome interese korisnika transportne usluge. Pored drģave, nije bez znaļaja uloga menadģmenta 

(lidera), od koga se oļekuje da proaktivnim ponaġanjem i primenom savremenih znanja i 

dostignuĺa, koja su danas svima koji to ģele dostupna, unaprede poslovanje transportnih 

organizacija, sa fokusom na zadovoljenje potreba korisnika usluga. Problematika koja je 

izloģena u radu ukazuje na postojanje ozbiljnih problema sa kojima se suoļavaju transportnih 

organizacije u svom poslovanju, a zbog  svoje sloģenosti ostavlja dosta prostora i moguĺnosti 

za dublja i kompleksnija istraģivanja. 
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Apstrakt: Prevoznici i poġiljaoci, kao i drugi uļesnici u transportu opasne robe sa visokom 

potencijalnom opasnoġĺu, moraju usvojiti, sprovoditi i primeniti bezbednosne planove. To je 

obavezna preventivna mera u transportu opasne robe sa visokom potencijalnom opasnoġĺu 

posebno kod transporta radioaktivnih materija. Svaki bezbednosni plan mora imati odreĽene 

elemente predviĽene Evropskim sporazumom o meĽunarodnom drumskom transportu opasne 

robe ⱷ ADR-om. 

Prevoznik, poġiljalac i primalac treba da meĽusobno saraĽuju, kao i sa nadleģnim organima radi 

razmene informacija koje se odnose na ugroģavanje bezbednosti, preduzimanje odgovarajuĺih 

bezbednosnih mera i reakcija na dogaĽaje koji se tiļu bezbednosti, tako da je pravilna izrada 

ovih planova od velikog znaļaja za bezbednost ljudi i zaġtitu ģivotne sredine. 

 

Kljuļne reļi: bezbednosni plan, zaġtita ģivotne sredine, bezbednost uļesnika u transportu opasne 

robe 

 

Abstract: Carriers and senders as well as other participants in the transport of dangerous goods 

with high potential danger must adopt, implement and apply safety plans. This is a mandatory 

preventive measure in the transport of dangerous goods with high potential danger, especially 

for the transport of radioactive materials with high potential danger. Each security plan must 

have certain elements foreseen by the European Agreement concerning the International 

Carriage of Dangerous Goods by Road - ADR. 

The carrier, the sender and the recipient should cooperate with each other and with competent 

authorities as well,  in order to exchange information related to the threat to safety, to take 

appropriate safety measures and to respond to security related events. The proper development 

of these plans is of great importance for the safety of people as well as for the environment. 

 

Key words: safety plan, environmental protection, safety of participants in the transport of 

dangerous goods 

1. UVOD  

Opasne materije su one materije koje svojim svojstvima ili hemijskim reakcijama mogu 

ugroziti ģivot i zdravlje ljudi, ģivotnu sredinu i/ili materijalna sredstva (Sremac i dr, 2016). Sa 
                                                           
*Pregledni rad 
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aspekta znaļaja za zaġtitu ģivotne sredine, ljudi i opasnosti, a na osnovu preporuka Ujedinjenih 

Nacija, doneġeni su propisi za transport opasnog tereta u svim vidovima saobraĺaja. To je 

doprinelo ureĽenosti u ovoj oblasti kada je reļ o bezbednosti transporta, obavezama i 

duģnostima prevoznika, poġiljaoca, primaoca i drugih uļesnika u transportu. Transport opasne 

robe u organizacionom i tehniļko-tehnoloġkom smislu predstavlja stalnu opasnost za sve koji 

na posredan ili neposredan naļin dolaze u kontakt sa ovom vrstom robe (Krstiĺ i MlaĽan, 

2007). Zbog moguĺih negativnih delovanja opasnih materija, njihov transport mora biti 

organizovan po odreĽenim pravilima kako bi rizik od nezgoda bio minimalan, odnosno da 

posledice akcidenata budu svedene na najmanju moguĺu meru (Tanackov i dr, 2012). 

Svi uļesnici u transportu opasnog tereta, u zavisnosti od svojih odgovornosti, moraju 

voditi raļuna o zahtevima bezbednosti. Jedan od tih zahteva je i bezbednosni plan koji je 

definisan je Evropskim sporazumom o drumskom transportu opasnog tereta ï ADR-om. U 

ovom sluļaju, pod pojmom bezbednost podrazumevaju se mere predostroģnosti, koje se 

moraju preduzeti da bi se spreļila kraĽa ili zloupotreba opasnog tereta, koji bi mogao da ugrozi 

lica, imovinu ili ģivotnu sredinu (http://www.utot.gov.rs/, 30.07.2017.).  

PredviĽeno je da prevoznici i poġiljaoci, kao i drugi uļesnici koji uļestvuju u transportu 

tereta sa visokom potencijalnom opasnoġĺu moraju usvojiti, sprovoditi i primeniti 

bezbednosne planove. Obaveza izrade i sprovoĽenja bezbednosnog plana uļesnika u 

transportu opasnog tereta sa visokom potencijalnom opasnoġĺu propisana je i ļlanom 34. 

Zakon o transportu opasne robe (Sluģbeni glasnik Republike Srbije, 2016).  

Tereti sa visokom potencijalnom opasnoġĺu su oni kod kojih postoji moguĺnost 

zloupotrebe u teroristiļke svrhe i koji mogu da dovedu do ozbiljnih posledica kao ġto su 

masovni gubici ģivota ljudi ili velika ekonomska razaranja (ADR, 2015). Bezbednosni rizik, 

opasnost od izazivanja poģara, eksplozije, kraĽe autocisterne i sliļno, prisutan je tokom 

punjenja, prevoza, prijema i istakanja opasnih materija (Sremac i dr, 2016). Iz tih razloga je 

jako vaģno da bezbednosni plan bude dobar. Njegova vrednost se ogleda u struļnosti 

bezbednosnog savetnika koji ga definiġe i u spremnosti preduzeĺa da ga u potpunosti primeni, 

kako zbog svoje tako i zbog bezbednosti ostalih uļesnika u saobraĺaju. 

2. OPASAN TERET SA VISOKOM  POTENCIJALNOM OPASN OĠĹU 

Spisak opasnog tereta za visokom potencijalnom opasnoġĺu po klasama ili podklasama 

ukoliko ih ima, dat je u tabeli 1. U koloni 1 su prikazane klase opasnih materija gde su: klasa 

1 - eksplozivne materije i predmeti sa eksplozivnim materijama, klasa 2 ï gasovi, klasa 3 - 

zapaljive teļne materije, klasa 4.1 - eksplozivne ļvrste materije umanjene osetljivosti, klasa 

4.2 - samozapaljive materije, klasa 4.3 - materije koje u dodiru sa vodom razvijaju zapaljive 

gasove, klasa 5.1 - oksidirajuĺe materije, klasa 6.1 - otrovne materije, klasa 6.2 - zarazne 

materije, klasa 7 - radioaktivne materije i klasa 8 - nagrizajuĺe materije. Moģe se primetiti da 

su pojedine klase opasnih materija iskljuļene iz spiska tereta sa visokom potencijalnom 

opasnoġĺu. Tako na primer kod klase 3, u materije sa visokom potencijalnom opasnoġĺu 

spadaju zapaljive teļnosti ambalaģne grupe I i II, dok su izuzete zapaljive teļnosti ambalaģne 

grupe III. Ambalaģne grupe imaju sledeĺe znaļenje: materije koje poseduju velike opasnosti 

pakuju se u ambalaģnu grupu I, materije srednje opasnosti u ambalaģnu grupu II i materije 

srednje opasnosti u ambalaģnu grupu III. Sada je jasnije zaġto su iz spiska tereta sa visokom 

potencijalnom opasnoġĺu izuzete opasne materije klase 3 ambalaģne grupe III. Sliļna je 

http://www.utot.gov.rs/
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situacija i kod nekih drugih klasa opasnih materija, gde se u spisku tereta navode samo materije 

ambalaģne grupe I, kao ġto je sluļaj kod podklase 4.2, 4.3, 5.1, 6.1 i 8. 

Tabela 1: Spisak tereta sa visokom potencijalnom opasnoġĺu (ADR, 2015) 

Klasa Podklasa    Materija ili predmet  

Koliļina 

Cisterna 

(litar) 

rasuti 

teret 

(kg) 

komad za 

otpremu 

(kg) 

1 

1.1 eksplozivi  (a) (a) 0 

1.2 eksplozivi  (a) (a) 0 

1.3 eksplozivi grupe kompatibilnosti C (a) (a) 0 

1.5 eksplozivi  0 (a) 0 

2 

 
zapaljivi gasovi (klasifikacionih k¹dova koji 

sadrģe samo slovo F) 
3000 (a) (b) 

 

otrovni gasovi (klasifikacionih k¹dova, koji 

sadrģe slova T, TF, TC, TO, TFC ili TOC) sa 

izuzetkom pakovanja gasa pod pritiskom  

0 (a) 0 

3 
 zapaljive teļnosti ambalaģne grupe I ili II  3000 (a) (b) 

 desenzitivisani eksplozivi  (a) (a) 0 

4.1  desenzitivisani eksplozivi  (a) (a) 0 

4.2  materije ambalaģne grupe I  3000 (a) (b) 

4.3  materije ambalaģne grupe I  3000 (a) (b) 

5.1 

 oksidirajuĺe teļnosti ambalaģne grupe I  3000 (a) (b) 

 
perlhorati, amonijumnitrat i Ľubrivo na bazi 

amonijumnitrata  
3000 3000 (b) 

6.1  otrovne materije ambalaģne grupe I  0 (a) 0 

6.2  
zarazne materije kategorije A (UN -brojevi 

2814 i 2900)  
(a) 0 0 

7  radioaktivne materije  

3000 A1 (u posebnom obliku) ili 

3000 A2 u komadima za otpremu 

tipa B(U)-, B(M)- ili C- 

8  nagrizajuĺe materije ambalaģne grupe I  3000 (a) (b) 
(a) ne primenjuje se 
(b) u zavisnosti od koliļine ne vaģe propisi za materije sa visokom potencijalnom opasnoġĺu 

Vrednost navedena u ļetvrtoj koloni tabele 1 koja se odnosi na cisterne vaģi samo ako 

je dozvoljen transport u cisternama prema koloni 10 ili 12 tabele A poglavlja 3.2 ADR-a 

(https://www.unece.org/. 17.07.2017.). Za materije koje nisu dozvoljene za transport u 

cisternama, podatak u ovoj koloni se ne primenjuje. 

Vrednost u ļetvrtoj koloni koja se odnosi na rasuti teret vaģi samo ako je dozvoljen 

transport u rasutom stanju prema koloni 10 ili 17 tabele A poglavlja 3.2 ADR-a . Podatak u 

ovoj koloni se ne primenjuje za materije koje nisu dozvoljene za transport u rasutom stanju . 

Sledeĺi korak je utvrditi da li koliļina datog opasnog terete prelazi propisane granice. 

Da bi se utvrdilo da li opasan teret ima visoku potencijalnu opasnost, prvo se mora poznavati 

naļin otpreme robe: da li je to otprema materije u cisterni u teļnom stanju, kao rasuti teret ili 

je reļ o komadu za otpremu.  

Na primer eksplozivi koji se uglavnom otpremaju kao komadni teret (osim podklase 

1.5) imaju granicu 0 zbog svoje, opġte poznato, visoke potencijalne opasnosti. To znaļi da u 
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sluļaju transporta bilo koje koliļine opasne materije klase 1, postoji obaveza izrade 

bezbednosnog plana. 

Sledeĺi primer su zapaljive teļne materije ambalaģne grupe I ili II koje se uglavnom 

otpremaju cisternama. Iz tabele se vidi da je graniļna vrednost 3000 l i za svaku koliļinu preko 

ove, neophodna je izrada bezbednosnog plana. 

Za opasnu robu klase 7, radioaktivne materije sa visokom potencijalnom opasnoġĺu su 

one sa aktivnoġĺu istom ili veĺom od graniļne vrednosti za transportnu bezbednost od 3.000 

A2 po komadu. 

3. IZRADA BEZBEDNOSNOG PLANA  

Kad se utvrdi da opasan teret prelazi graniļne vrednosti iz spiska opasnog tereta sa 

visokom potencijalnom opasnoġĺu, pristupa se izradi bezbednosnog plana. U nastavku rada je 

na slici 1 po koracima predstavljen i nakon toga detaljno objaġnjen postupak izrade jednog 

takvog plana (https://www.unece.org/. 17.07.2017.). 

 

Slika 1. Postupak izrade bezbednosnog plana 

1) Prvi korak u izradi je odreĽivanje posebnih odgovornosti iz oblasti bezbednosti 

kompetentnim i kvalifikovanim licima sa odgovarajuĺim ovlaġĺenjima. Najļeġĺe se to reġava 

imenovanjem Savetnika za bezbednostu transportu opasnog tereta.  

2) Sledeĺi korak je utvrĽivanje spiska opasnih tereta ili vrste predmetnih opasnih 

tereta. Vrġi se pregled opasnih materija kojima se manipuliġe u transportnom lancu i 

klasifikuje se prema tabeli 1 koja je veĺ prethodno objaġnjena. 

3) Treĺi korak je pregled primenjenih postupaka i procena bezbednosnih rizika, 

ukljuļujuĺi sva neophodna zadrģavanja u transportu, zadrģavanje tereta u vozilima, cisternama 

ili kontejnerima pre, za vreme i nakon transporta i privremeno skladiġtenje opasnog tereta, radi 

promene vida saobraĺaja ili prevoznog sredstva (pretovar).  

Definiġe se najduģe vreme stajanja vozila na parkingu i da li su vozila prazna, ġto znaļi 

da ne postoji visoka potencijalna opasnost. Jedino zaustavljanje vozila koje prevozi teret sa 

mere kojima se garantuje da se prenoġenje informacija vezanih za transport ograniļi samo na ona 
lica kojima je ova informacija potrebna.

mere kojima se garantuje fiziļka bezbednost informacija o transportu 

postupke za ocenu i proveru bezbednosnih planova i postupke za periodiļnopreispitivanje i 
aģuriranje planova

efikasne i aktuelne postupke za izveġtavanje i postupanje pri ugroģavanju inaruġavanju 
bezbednosti ili dogaĽajima koji utiļu na bezbednost;

jasan pregled mera koje se moraju preduzeti 

pregled primenjenih postupaka i procena bezbednosnih rizika 

spisak opasne robe ili vrsta predmetne opasne robe

odreĽivanje posebnih odgovornosti iz oblasti bezbednosti kompetentnim i kvalifikovanim 
osobama
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visokom potencijalnom opasnoġĺu, odgovorno lice odobrava vozaļu na pumpama kako bi se 

sipalo gorivo ili 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 saobraĺaja na putevima. U Republici Srbiji ne postoje parkinzi namenjeni ADR 

vozilima. 

Ukoliko ne postoji ADR parking, a vozaļ mora da parkira vozilo, onda se parkiranje 

vrġi na parkingu koji se nalazi van naseljenog mesta i gde postoji lice koje ļuva parking ili 

video nadzor. U tom sluļaju vozaļ obaveġtava lice koje ļuva parking o opasnom teretu koji 

prevozi i parkira se na odreĽenoj udaljenosti od ostalih vozila. Oko vozila se postavljaju 

saobraļajni ļunjevi kao upozorenje da je parkirano vozilo natovareno opasnim teretom. 

4) Jasan pregled mera koje se moraju preduzeti u svrhu smanjenja bezbednosnih rizika 

saglasno odgovornostima i obavezama uļesnika ukljuļujuĺi: 

- Obuku svih koji uļestvuju u transportnom lancu  

Savetnik na osnovu godiġnjeg plana vrġi permanentno obuku zaposlenih za poslove 

manipulacije opasnim teretom (Oģegoviĺ i dr, 2016). TakoĽe, vozaļi koji imaju vaģeĺe 

sertifikate za transport opasnog tereta se periodiļno proveravaju u smislu osnovnog nivoa 

znanja koji bi trebalo da imaju u svakom trenutku. Vodi se evidencija o zaposlenima sa 

podacima o obimu obuļenosti u zavisnosti od vida transporta. 

- Bezbednosnu politiku  

Na primer mere pri poveĺanoj opasnosti, kontrola pri zapoġljavanju lica (utvrĽuje se 

koje bi specifikacije i pojedinosti pri zapoġljavanju trebao navesti svaki potencijalni radnik) 

ili premeġtanju lica na drugo radno mesto.  

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

Svi uļesnici u transportu opasne robe treba da su obuļeni iz oblasti zdravlja, 

bezbednosti, ģivotne sredine i protivpoģarne zaġtite, ġto znaļi da prisustvuju redovnim 

treninzima iz datih oblasti, kao i da su proġli odgovarajuĺu proveru znanja.  

5)  Efikasne i aktuelne postupke za izveġtavanje i postupanje pri ugroģavanju i 

naruġavanju bezbednosti ili dogaĽajima koji utiļu na bezbednost. Regulisano je kroz 

jasno definisane postupke obaveġtavanja, izrade dokumenta (izveġtaja) o akcidentu, kao i mere 

za spreļavanje istih. IzraĽuje se jedinstvena forma u kojoj se dostavljaju informacije o 

vanrednim dogaĽajima u transportu opasnog tereta, bez obzira na teģinu posledica i vid 

transporta i manipulacije. 

6) Postupci za ocenu i proveru bezbednosnih planova i postupci za periodiļno 

preispitivanje i aģuriranje planova. Rade se kroz Akcione planove sa definisanim 

obavezama i sprovodi ih Savetnik za bezbednost u transportu opasnog tereta, periodiļno na 

svakih 12 meseci. 

7) Mere kojima se garantuje fiziļka bezbednost informacija o transportu, koje su 

sadrģane u bezbednosnim planovima. Svi zaposleni imaju ovu obavezu potpisivanjem 

Ugovora o radu i dokumenta o poverljivosti podataka. 

8) Mere kojima se garantuje, da se prenoġenje informacija, vezanih za transport koje su 

sadrģane u bezbednosnim planovima, ograniļi samo na ona lica kojima je ova informacija 
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potrebna. Ove mere ne smeju da iskljuļe potrebne informacije koje su opisane na drugim 

mestima u ADR-u.  

4. ZAKLJUĻAK 

Izrada bezbednosnog plana kroz jasno navedene korake je od velikog znaļaja za 

bezbednost svih uļesnika u transportu opasnog tereta i zaġtitu ģivotnu sredinu. Efikasna 

primena plana u praksi je bitna, a tome u velikoj meri doprinosi znanje, iskustvo, umeĺe i 

obaveġtenost Savetnika za bezbednost koji ga i pravi. Rad Savetnika za bezbednost ogleda se 

u praĺenju propisa, donoġenju strateġkih odluka, obuļavanju radnika, saniranju posledica i 

praĺenju transporta. Znaļaj Savetnika za bezbednost u transportu opasnog tereta sagledan je, 

ne samo od strane Ujedinjenih Nacija, veĺ i od strane drģava potpisnica ADR-a, koje su kroz 

pravne regulative definisala ulogu, zadatke i obaveze. 

Dobar Bezbednosni plan pozitivno utiļe na funkcionalno poslovanje preduzeĺa, na 

smanjenje rizika zagaĽenja, trovanja, poģara, rasipanja, prosipanja i sliļnih negativnih pojava. 

TakoĽe, ako se ovim planom utvrde taļne nadleģnosti i obaveze svih zaposlenih u 

transportnom preduzeĺu, a naroļito vozaļa, broj saobraĺajnih nezgoda i njihove posledice bi 

se smanjile. Zato prevoznik, poġiljalac i primalac treba da saraĽuju meĽusobno, kao i sa 

nadleģnim organima radi razmene informacija koje se odnose na ugroģavanje bezbednosti, 

preduzimanje odgovarajuĺih bezbednosnih mera i odgovora (reakcije) na dogaĽaje koji se tiļu 

bezbednosti. 
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Apstrakt: Smatra se da su savremene klimatske promene antropogenog porekla, koje su rezultat 

nekontrolisanog koriġĺenje fosilnih goriva kao primarnih izvora energije koje ugroģavaju odrģivi 

razvoj i krhku ekoloġku ravnoteģu Zemlje. Saobraĺaj je jedan od najznaļajnijih nosilaca 

celokupnog privrednog razvoja, koji je posredno ili neposredno bio znaļajan korisnik fosilnih 

goriva i veliki emiter CO2. Koncentracije CO2 u atmosferi je u junu 2017. godine dostigla 

rekordan nivo od 406,17 ppm, koji predstavlja opasan rizik. Predloģena granica rizika J. 

Rockstrºma, dovodi u pitanje funkciju odrģivog razvoja kao centralnog koncepta naġeg doba. 

Uloga saobraĺaja u produkciji CO2 u velikim talasima tehnoloġkih promena, tema su planetarnih 

razmatranja na koje se osvrĺemo. U radu su sagledani ciklusi Ătalasa Kondratijevaò o 

tehnoloġkim promenama, od industrijske revolucije do danas, zatim principi odrģivog razvoja Dģ. 

Saksa i "Giddens paradox" kao pouļan naļin razmiġljanja. 

 

Kljuļne reļi: Klimatske promene, saobraĺaj,  fosilna goriva, talasi Kondratijeva, Rockstrºm 

rizici. 

 
Abstract: Contemporary climate changes of anthropogenic origin are thought to be the result of 

uncontrolled use of fossil fuels as primary sources of energy that endanger sustainable 

development and the fragile ecological balance of the Earth. Traffic is one of the most important 

carriers of overall economic development, which was directly or indirectly an important user of 

fossil fuels and a large CO2 emitter. The CO2 concentration in the atmosphere in June 2017 

reached a record level of 406.17 ppm, which is a dangerous risk. The proposed risk limit of J. 

Rockstrºm, calls into question the function of sustainable development as a central concept of 

our age. The role of traffic in the production of CO2 in the great waves of technological change 

is the subject of the planetary considerations that we are looking at. The paper examines the 

cycles of the ñKondratiev Wave" on technological changes, from the Industrial Revolution to the 

present day, and the principles of sustainable development, J. Saxon and "Giddens paradox"  as 

an instructive way of thinking. 

 

Key words: Climate changes, transport,  fossil fuels, Kondratiev Wave, Rockstrºm rizici, risks. 

                                                           
* Pregledni rad 



 

104 

 

1. UVODNE NAPOMENE  

Smatra se da je godiġnji svetski autput ugljen dioksida (CO2)  bar oko 100 puta veĺi nego 

ġto je bio na poļetku industrijske revolucije. Vlada miġljenje da su savremene klimatske 

promene antropogenog porekla i kao takve ugroģavaju krhku ekoloġku ravnoteģu planete 

Zemlje i njen odrģivi razvoj. Najznaļajniji uzrok klimatskih promena je nekontrolisano 

koriġĺenje fosilnih goriva (ugalj, nafta, gas) kao primarnih izvora energije. Saobraĺaj je 

znaļajan korisnik fosilnih goriva i veliki emiter ugljen dioksida. Buduĺi da je on bio jedan od 

najznaļajnijih nosilaca razvoja, to su energenati najznaļajnije pitanje, od koga zavise globalni 

procesi koji se manifestuju kao klimatske promene. 

2. KLIMATSKE PROMENE ST VARNOST I PRETNJA  

Gotovo da nema ļoveka koji nije ļuo za klimatske promene, ili pak da mu nije poznato 

njegovo znaļenje. MeĽutim, veĺina njih ne preduzima niġta da menja svoje navike iako zna 

da su klimatske promene, u poslednjih ļetiri decenije, izvor opasnosti i pretnja sveukupnom 

razvoju. Mnogi smatraju da ĺemo u reġavanju globalnog zagrevanja Ămorati da se angaģujemo 

i organizujemo kao da idemo u rat, samo ġto je u ovom sluļaju neprijatelja teġko identifikovatiò 

(Gidens A. 2009). Radi se o ozbiljnoj opasnosti koja je naizgled apstraktna, meĽutim, njene 

posledice su razorne. Manji broj Ăskeptikaò osporava savremene klimatske promene tvrdeĺi 

da one nisu dokazane. 

 

Slika 1. Nivo ugljen dioksida u poslednjih 650 000 godina do danas (Vostok ice core data/J.R. Petit et 

al.; NOAA Mauna Loa CO2 record) Izvor: http://climate.nasa.gov. 

Nauļno je potvrĽeno da CO2 i drugi gasovi efekta stklene baġte utiļu na prenos energije 

infracrvenog zraļenja u atmosferi. Nagle promene dogodile su se krajem poslednjeg ledenog 

doba, pre oko 7.000 godina, kada se oznaļava poļetak modernog klimatskog doba i ljudske 

civilizacije. Prva kontinuirana i precizna merenje atmosferskog CO2 poļela su 1957. godine 

na juģnom polu, da bi 1958. godine zapoļela merenja u Mauna Loa (Havaji). Na osnovu 

rezultata uzoraka, iz nekadaġnje atmosfere, uzetih iz jezera Vostok na Antarktiku i novijih 

merenja vrġenih u observatoriji Mauna Loa na Havajima (sl. 1) uoļen je znatno poveĺan 

atmosferski CO2 od industrijske revolucije (Petit i dr., 1999). Koncentracija CO2 iznosila je u 

to vreme 567 mg/m. Od tada je rasla po stopi od 1,8 mg/m3 godiġnje do 1981. godine kada je 

iznosila 610 mg/m3.  Od 2001. do 2011. godine koncentracija CO2 poveĺana je na 3,6 mg/m3 

na godiġnjem nivou ġto je najveĺi rast, za poslednjih deset godina, od poļetka direktnog 

merenja. Na osnovu ove stope rasta, zagaĽenja u 2016. godini, koncentracija CO2 je premaġila 

vrednost od 720 mg/m3. UporeĽenja radi, u predindustrijskom periodu koncentracija CO2 

iznosila je 504 mg/m3. To je vrednost koja se obiļno koristi kao referentna taļka za 

uporeĽivljnje trenutne situacije i buduĺih predviĽanja. Koncentracija CO2 trenutno je veĺa za 

40% nego u predindustrijskom razdoblju i ukoliko se nastavi trend rasta, ona bi bila tri puta 

veĺa do 2100. godine i dostigla bi vrednost od 1.170 ï 1.745 mg/m3 (Prema IPCC - 

http://climate.nasa.gov/
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MeĽuvladin panel o klimatskim promenama). Abnormalno visok dnevni prosek koncentracije 

CO2 u atmosferi zabeleģen je 9. maja 2013. godine kada je premaġio do tada nedostiģnu 

granicu od 400 ppm. Vrednost CO2 je u martu 2017. godine bila je 405.6 ppm, a u aprilu 2017. 

godine dostiģe najveĺu vrednostod 406,17 ppm (National Oceanic and Atmospheric 

Administration).  

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

godina. Ledena jezgra izvuļena iz dubina Grenlanda, Antarktika i tropskih gleļera pokazuju 

da klima Zemlje reaguje na promene nivoa gasova staklene baġte (National Research Council 

ï NRC, 2006). Na osnovu meseļne analize globalnih temperatura na Godard institutu za 

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 

poslednje dve godine maj mesec (2016 i 2017) je za 0.93 oC i 0.88 oC topliji od srednje 

temperature maja (1951-1980). Nauļnici NASA Godard Instituta za svemirske studije 

smatraju da se nastavlja dugoroļni trend rasta globalne temperature. Najveĺe zagrevanje 

uoļava se, od 1970. godine, a od 1981. godine zabeleģeno je 20 najtoplijih godina (sl. 1). Deset 

najtoplijih godina desile su se od 1998. godine, dok je od proseka hladnija bila samo 1976. 

godina (Peterson i Baringer, 2009). Najveĺi temperaturni srednjak zabeleģen je u 2014 i 2015. 

godini. Direktor Svetske meteoroloġke agencije Miġel Ģaro smatra da Ănema mirovanja 

globalnom otopljavanjuò. 

 
Slika 2. Meseļne temperaturne anomalije u period 1880-2015 (srednji sezonski ciklus) 

Na osnovu meseļne analize globalnih temperature na Godard institute za svemirske 

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 
ʦʉ i 0.88 ʦʉ topliji od rednje temperature maja (1951-1980).  

Na drugoj strani, globalni nivo mora rastao je u proġlom veku za oko 17 cm. Stopa rasta 

je skoro dvostruko veĺa u poslednjoj deceniji od iste u proġlom veku (Church i White, 2006). 

3. SAOBRAĹAJ I EMISIJA UGLJEN DIOKSIDA  

Istraģivanje globalne emisije antropogenih gasova staklene baġte u periodu od 1970 do 

2004. godine pokazuje da saobraĺaj uļestvuje u emisiji CO2 sa 13,1 % (Klimatske promjene 

2007, saģeti izveġtaj, 2010). Nekoliko primera ukazuje na ulogu saobraĺaja u emisiji CO2. 

Denver (SAD) je poļetkom 20-og veka imao pola miliona stanovnika, ali je proizvodio dva 

puta viġe CO2 po osobi (21,5 tona godiġnje) nego Njujork sa osam miliona stanovnika. Razlog 

je ġto u Njujorku stanovniġtvo viġe koriste javni prevoz nego ġto se voze sopstvenim kolima. 

U Torontu (Kanada), koji ima vrlo razvijen javni prevoz, ispuġta se samo 1,3 tone CO2 po 

stanovniku godiġnje. Iz istih razloga mnogi veliki evropski gradovi proizvode dva puta manje 

CO2 po glavi stanovnika od brojnih severnoameriļkih metropola. Pariģani tako proizvode 5,2 
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tona CO2 po osobi godiġnje, a Atinjani 10,4 tone. London takodje ispuġta manje CO2 u 

atmosferu po glavi stanovnika nego Kejptaun u Juģnoj Africi (Ekologija magazine, 2011). 

Proseļna starost automobila u Srbiji je 13 godina, a njihova proseļna potroġnja prelazi 

10 l na 100 km, pri ļemu se za svaki preĽeni kilometar emituje dodatnih 0,23 kilograma CO2 

(Alo RS, 2015). Trajni porast broja vozila, koja kao pogonsko gorivo troġe fosilna goriva, 

znaļajno doprinose stalnom porastu emisije CO2 ʫ atmosferu. Saobraĺaj je sektor, koji zbog 

svog udela u emisiji gasova staklene baġte, od preko 20%, zahteva posebnu pozornost u okviru 

programa smanjenja emisije gasova staklenika. U sistemu praĺenja emisije i koncentracije CO2 

u atmosferu znaļajan domet predstavlja primena adekvatnog modela kojim se vrġi 

kvantifikacija emisije ovog gasa (Vujadinoviĺ, i dr., 2007).  

U Velikoj Britaniji se, u period od 1997 do 2007. godine, poveĺao broj automobila u 

domaĺinstvima za pet miliona. Poveĺao se i proseļan broj preĽenih kilometara po automobilu 

za oko 2% godiġnje. Broj putnika u avionskom saobraĺaju se poveĺao u periodu 2002-2005. 

godine za 54 miliona. Na Montrealskom samitu 2013. apelovano je da se do 2020. godine na 

meĽunarodnoj nivou uvedu jedinstvene mere smanjenja emisija stakleniļkih gasova iz aviona. 

Prelaskom na prirodni gas kao energent, samo u 2007. godini, smanjena je emisija gasova koji 

izazivaju efekat staklene baġte za 2,2%. Komitet za klimatske promene je 2008. godine objavio 

izveġtaj u kome su iznete preporuke za  smanjenje potroġnje fosilnih goriva do 2020. godine. 

To su energija na bazi vetra, solarne energije, energije plime i oseke i nuklearne energije 

zajedno sa filtriranjem gasova i skladiġtenjem Ăļistog ugljaò. Znaļaj se pridaje toplotnoj 

izolaciji i racionalizaciji u koriġĺenju automobila. Vodena para je najvaģniji prirodni gas 

staklene baġte. Antropogeni udeo iznosi od 0,5% do 1,5% u ukupnom efektu staklene baġte 

(Lenz, i dr., 2003). 

Saobraĺaj je drugi najveĺi izvor emisije CO2, sa trendom stalnog rasta. U Evropi jedna 

petina emisije CO2 dolazi od saobraĺaja. U SAD-u saobraĺaj u atmosferu emituje jednu treĺinu 

od ukupne koliļene CO2. Ukupna emisija gasova sa direktnim efektom staklene baġte, izraģena 

kao ekvivalent emisije CO2 u gigagramima (Gg CO2-eq), u 2012. godini iznosi 8.271 Gg CO2-

eq, ġto je za 6,9% manje u odnosu na prethodnu godinu, odnosno za 5,8% viġe nego u 2010. 

godini. Ukupnoj emisiji najviġe doprinosi sektor energetika, iz kojeg potiļe 71,2% ukupno 

emitovanih gasova. Emisije iz ovog sektora u 2012. godini su za 8,3% manje u poreĽenju sa 

prethodnom godinom, odnosno za 8,1% veĺe u odnosu na 2010. godinu. Emisije iz sektora 

poljoprivreda ļine 19,4% ukupne emisije, ġto je u odnosu na 2010. godinu veĺe za 2,8%.  

 Kako se klima menja izgledi su da ĺe  putovanje avionom biti skuplje i nepredvidivo. 

Tako je krajem juna 2017. godine otkazano 20 letova (Fox Nevs Travel, 2017), a sutra dan 

Njujork Tajms je objavio da je, zbog visokih temperatura otkazano viġe od 40 letova sa 

aerodroma Finiks-Arizona (New York Times, 2017). Naime, tih dana je dnevna temperatura 

dostigla vrednost od 49 0C ġto je prelazilo dozvoljeni prag za poletanje nekih mlaznjaka. 

Naime, vreo vazduh je reĽi, zbog ļega je motorima manjih aviona teģe da dostignu potrebnu 

snagu da polete (Sl.3). 

 
Slika 3. Atmosferski uslovi prilikom poletanja, desno je vreo reĽi vazduh i oteģano poletanje - strelica. 

(Source: National Oceanic and Atmospheric Administration (By The New York Times, 20. jun, 2017). 
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Dakle, zbog klimatskih promena atmosfera se ne sme zanemariti, smatra profesor Pol 

Vilijams sa Univerziteta Reding. Temperaturni prag u Finiksu je uticao na manje avione, a ne 

i na avione tipa Boing 737 i erbas 320 koji imaju viġi prag od 127 0F, odnosno oko 52 0C. 

Tome doprinosi i nadmorska visina i dizajn aviona. U buduĺnosti treba raļunati i na ove 

okolnosti, ġto ĺe im ograniļavati nosivost i maksimalni teret. 

4. POSLEDICE 

Smatra se da ĺe usled otopljavanja klime i podizanja nivoa mora padavine biti obilnije, 

vetrovi snaģniji, poplave na Evropskom kontinentu razornije i ļeġĺe. Oļekuje se da ĺe poplave 

na celom kontinentu biti meĽusobno povezane. Struļnjak za prirodne nepogode Brendan 

Jongman smatra da ĺe poplave biti panevropski problem i sredinom veka biĺe uzrok treĺine 

gubitaka u nacionalnim ekonomijama. Evropa ĺe imati poveĺan rizik od katastrofalnih poplava 

u unutraġnjosti kontinenta ġto ĺe pospeġiti eroziju tla. Afrika i Azija ĺe se suoļiti sa nestaġicom 

vode za piĺe. U Latinskoj Americi ĺe doĺi do postepenog smanjivanja tropskih ġuma koje ĺe 

ustupiti mesto savanama. U Severnoj Americi se predviĽa tanji sneģni pokrivaļ i ģeġĺe suġe u 

predelima gde nema dovoljno kiġe (Pecelj, 2015). Nauļnici predviĽaju da ĺe se za pedeset 

godina koliļina padavina na globalnom nivou poveĺati za 5% u povoljnijem, ili 15% po 

loġijem scenariju. Verovalo se da je gleļer Toten, dug 120 kilometara i ġirok 30 kilometara, 

zaġtiĺen od temperaturnih promena. MeĽutim, ko-predsedavajuĺi Nauļnog komiteta za 

istraģivanje fizike mora i klime Stiv Rintoul, navodi da je temperatura vode oko gleļera za 1,5 
oC toplija, tako da bi se gleļer mogao poļeti otapati sa donje strane, ġto bi poveĺalo nivo mora 

za ġest metara (freshpress.info/telegraf.rs). Podaci sa satelita Nase (GRACE-Gravity Recovery 

and Climate Experiment) pokazuju da je Grenland, u periodu izmeĽu 2002. i 2006. godine, 

gubio 150 do 250 km3 ledenog pokrivaļa godiġnje, dok je Antarktik gubio oko 152 km3 

ledenog pokrivaļa u periodu izmeĽu 2002. i 2005. godine. Gleļeri se povlaļe ġirom sveta na 

Alpimʘ, Himalajimʘ, Andima, Aljasci i Africi (http://nsidc.org/sotc/glacier_balance.html). 

5. KONCEPT PLANETARNIH GRANICA - PRITISCI I  RIZICI  

Posledice otopljavanja odraģavaju se na ekosisteme Planete i predmet su postavljanja 

novog koncepta planetarnih granica izdrģljivosti koji poļiva na tri grane nauļnog istraģivanja: 

¶ odreĽivanje granica ljudskih aktivnosti koje naġa planeta moģe da izdrģi;  

¶ razumevanje vaģnih procesa na Zemlji, ukljuļujuĺi ljudske aktivnosti i istraģivanje 
otpornosti i elastiļnosti i  

¶ ugroģavanje, izvan ovih granica, postaje rizik od nepovratne i iznenadne promene u 

ģivotnoj sredini.  

Suoļavajuĺi se sa ozbiljnim planetarnim geoekoloġkim problemima, Johan Rockstºm 

je 2009. godine formirao meĽunarodnu grupu od 28 vodeĺih nauļnika, koji su defnisalii 

planetarne granice za biofiziļke procese koji odreĽuju sposobnost Zemle za samoregulaciju. 

Identifikvano je devet sistema za koje se veruje, da ukoliko granice budu prekoraļene, mogu 

dovesti do nestabilnosti naġe planete (sl. 4). Za sada su prekoraļene granice kod tri sistema: 

promena klime, gubitak biodiverziteta i spreļavanje fosfornog ciklusa (Rockstrºm i dr, 2009). 

Koncentracija ugljen dioksida (CO2) je po vaģnosti stavljena na prvo mesto. Predloģena 

granica klimatskih promena ima za cilj smanjenje visokog rizika od nelinearnih, naglih i 

nepovratnih odgovora Zemljinog sistema. Rizik od prelaska predloģenog praga naglo ĺe rasti 
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sa antropogenim aktivnostima i odstupanjem od prirodne varijabilnosti klime holocena. 

Granica poļiva na: 

¶ uticaju efekta staklene baġte na klimatsku ravnoteģu; 

¶ ponaġanju velikih polarnih ledenih pokrivaļa pod toplijim klimatskim uslovima od 

onih u holocenu i  

¶ posmatranju ponaġanja klimatskog sistema na trenutne koncentracije CO2 od oko 378 

ppm i +1,6 W m-2 radijacionog forsiranja. 

Predloģena granica od strane Rockstrºma je 350 ppm i 1 Wm-2. Ona predstavlja meru 

opreza koja ukljuļuje povratne reakcije koje deluju u viġedecenijskim vremenskim intervalima 

i korisna je zbog izbegavanja ġtetnih klimatskih promena. Prekoraļenje ove granice dovodi do 

topljenja velikih ledenih povrġina, poveĺanja nivoa mora, menjanja rasprostiranja vrsta i 

promena klimatskuh karakteristika koje su svojstvene holocenu. Smatra se da zonu 

neizvesnosti za kontrolne varijable CO2, treba suziti sa 350-550 ppm na 350-450 ppm CO2 

(IPCC, 2012 i IPCC, 2014), zadrģavajuĺi zonu nesigurnosti za radijaciono forsiranje + 1,0 -

1,5 W m-2 u odnosu na pre-industrijski period. Vrednost CO2 u atmosferi 2009. godine 

iznosila je 387 ppm, 2013. godine 397 ppm CO2 (IPCC, 2014). se da je 2014. godine na Manua 

Loa izmerena koncentracija od 400,7 ppm, 2015. godine iznosila je 400,47 ppm, u martu 2017. 

godine 405.6 ppm, a u aprilu 2017. godine dostiģe najveĺu vrednostod 406,17 ppm i time je 

premaġena graniļna koncentracija, ġto predstavlja veliki rizik, jer je ozbiljno ugrozila 

Ăbezbedan prostorò (tabela 2, sl. 4).  

Tabela 2. Planetarne granice odrģivosti (Rockstrºm i dr., Nature. 2009). 

Sistem Predloģena granica Trenutna vrednost 

Klimatske promene 350 ppm 387 

Gubitak biodiverziteta 10 >100 

Ciklus azota  35 121 

Ciklus fosfora 11 8,5-9,5 

Troġenje ozonskog omotaļa 276 283 

Kiselost okeana 2,75 2,90 

Globalna upotraba sveģe vode 4,000 2,600 

Promene naļina upotrebe zemljiġta 15 11,7 

Hemijska zagaĽenja Joġ nije odreĽena granica 

Atmosferske promene Joġ nije odreĽena granica 

Klima naġeg doba izmiļe se iz holocenske varijable i naglo poveĺava rizik od opasnih 

klimatskih promena. Promena klime podstiļe brzo povlaļenje leda na Arktiku i ġirom sveta, 

gubitak ledene mase na Grenlandu i Antarktiku, poveĺanje nivoa mora u poslednjih 10-15 

godina, poveĺanje mortaliteta u koralnim grebenima, porast broja velikih poplava i aktiviranje 

sporih povratnih procesa kao ġto je smanjenje okeanskog ugljenika (Rockstrºm, i dr., 2009). 

 
Slika 4. Planetarne granice rizika (Rockstrºm et.al. 2009) 
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Kiselost povrġinskih voda okeana je od poļetka industrijske revolucije porasla za oko 

30% 

(www.pmel.noaa.gov/co2/story/What+is+Ocean+Acidification%3F;www.pmel.noaa.gov/co

2/story/ cean+Acidification). Porast kiselosti voda okeana rezultat je poveĺene koncentracije 

CO2 u atmosferi koga apsorbuju okeani. Koliļina CO2, koju apsorbuje gornji sloj okeana, 

poveĺava se za oko 2 milijarde tona godiġnje. Veĺi deo CO2 koji ulazi u atmosferu rastvara se 

u okeanima. Kako se CO2 poveĺava u okeanima, pH okeana se smanjuje i dobija na kiselosti. 

Poveĺanjem kiselosti, korali ne mogu apsorbovati kalcijum karbonat koji im je potreban za 

odrģavanje svojih kamenih skeleta. Kiselost okeana smanjila je pH okeana za oko 0,11 

jedinica. Promena pH okeana, od 8.179 do trenutnih 8.069, znaļi da je kiselost okeana oko 

30% veĺa nego ġto je bila u 1.751. (SCOR 2009). Poveĺanje kiselosti je globalno poġto je 

njegov pokretaļ koncentracija atmosferskog CO2 rasporeĽen ravnomerno po povrġini Planete. 

Predloģena granica za kiselost okeana (2,75) direktno zavisi od druge planetarne granice ï 

atmosferske koncentracije CO2. Uz viġu temperaturu poveĺanje kiselosti okeana dovodi do 

smanjenja kapaciteta okeana da prihvati antropogenu emisiju CO2, ġto dovodi do veĺe 

koncentracije CO2 u atmosferi i pojaļava globalno zagrevanje. Predloģena granica za CO2 (350 

ppm) osigurava da okeanska pH vrednost ostane u poģeljnim okvirima. Prekoraļenje granice 

zakiseljavanja okeana moģe dovesti do velikih gubitaka u ekonomiji naruġavanja u estetici i 

drugo.Okean trenutno uklanjanja 25% antropogene emisije CO2. Okeanska apsorpcija 

antropogenog CO2 nije ravnomerno rasporeĽena, ni prostorno ni vremenski. (Rocksrom, J. et 

al. 2009). Mnogi morski organizmi su vrlo osetljivi na promene CO2. Vrednost pH povrġine 

okeana je smanjena za oko 0,1 pH jedinica od pre-industrijskog doba. Ova stopa acidifikacije 

je najmanje 100 puta brģa nego u bilo kom drugom trenutku u poslednjih 20 miliona godina. 

Acidifikacija okeana (stvaranje kiseline) je uzrok najveĺem masovnom izumiranju vrsta na 

planeti (www.ekologija.rs/uzrok-najvecem-izumiranju-ikada-acidifikacija-okeana 

05.05.2015). Rifkin smatrada ĺe obnovljivi izvorenergije biti vodonik koji je Ăveļni emergentò 

jer ʿʝ najrasprostranjeniji element u svemiru, koji ne proizvodi gasove koji izazivaju 

efekatstaklene baġte (Rifkin, 2003). 

6. POSTAVKE DĢEFRI SAKSA O ODRĢIVOM RAZVOJU  

U razmatranjima o odrģivom razvoju, ekonomista Dģ. Saks paģnju usmerava na 

geografske uslove i pritom uvaģava transport, energiju, bolesti i useve. Za naġa shvatanja od 

znaļaja su transport i energija. U velikoj meri BDP (bruto druġtveni proizvod) je u korelaciji 

sa geografskim uslovima. Po Dģ. Saksu je bitno koliko su pojedine zemlje udaljene od najbliģe 

luke. Zapadnoevropske zemlje, poput Velike Britanije imaju luke ili su one blizu mora ġto im 

omoguĺava niske transportne troġkove. Velika Britanija je bila u velikoj prednosti u vreme 

privrednog uzleta u 18-om veku jer je kao ostrvska zemlja imala dosta kvalitetnih luka. Primer 

je London koji leģi na reci Temzi, ġto mu je uveĺavalo geografski znaļaj. Topografija Engleske 

je inaļe pogodna za izgradnju kanala do kojih nisu dopirale reke. To je omoguĺavalo da se 

ugalj prevozi do svih fabrika u Velikoj Britaniji. Kod Rusije, kao najveĺe kontinentalne 

zemlje, problem je ġto su veliki gradovi i indiustrijski centri bili u unutraġnjosti zemlje, tako 

da su se proizvodi morali transportovat preko velikih prostranstava, ġto je uveĺavalo troġkove. 

Joġ jedan geografski aspekt je po Dģ. Saksu od vaģnosti, a to je poloģaj udaljenih ugljenih 

revira (Saks, 2014). Sa ugljem kao energentom zapoļeo je prvi talas Kondratijeva. Nafta i 

prirodni gas dali su veliki podstrek globalnom privrednom razvoju. Dakle, energija i transport 

su u srediġtu svih privrednih aktivnosti dok je parna maġina bila motor savremenog rasta na 

Zemlji. Najvaģniji energent u 19-om veku bio je ugalj - pokretaļ parne maġine. Engleska i 

http://www.pmel.noaa.gov/co2/story/What+is+Ocean+Acidification%3F;www.pmel.noaa.gov/co2/story/
http://www.pmel.noaa.gov/co2/story/What+is+Ocean+Acidification%3F;www.pmel.noaa.gov/co2/story/
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SAD raspolagali su u vreme privrednog uzleta sa ogromnom koliļinom energije i bili su u 

prednosti.   

 

7. GIDENSOV PARADOKS I TALASI KONDRATIJEVA   
 

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

veza izmeĽu klimatskih promena i saobraĺaja. Jedna ideja, poznata je kao ciklusi Ătalasa 

Kondratijevaò i nastala je pre osam decenija. Druga je ĂGidensov paradoksñ i on je novijeg 

datuma. Gidensov paradoks se zasniva na opasnosti od globalno zagrevanje. Buduĺi da ona 

nije opipljiva niti vidljiva u svakodnevnom ģivotu, ljudi sve to mirno propraĺaju ne 

preduzimajuĺi nikakve korake, bez obzira ġto je jasno da ĺe klimatske promene postati vidljive 

kasnije sa snaģnim i razornim posledicama, ġto bi tada moglo biti kasno. ĂGidensov paradoksò 

je potisnut iz svesti ljudi umesto da bude prioritetan zadatak. Interesantno  je sagledati 

ĂGidensov paradoksò, na primeru terenskih vozila koja u SAD-u koja vozi veliki broj ljudi. U 

vreme Dģordģa V. Buġa niġta nije uraĽeno da se oporezuju vozila koja prosto Ăgutajuò benzin. 

Druge razvijene zemlje su to tada ļinile. Velike kompanije koje su proizvodile terenska vozila 

ostvarivala su kroz masovnu proizvodnju ogroman profit. Kako cilj opravdava sredstvo i ovde 

se naġao opravdan razlog, da su ta vozila na brdskim terenima nezamenljiva. Kada tome 

dodadamo Ăskeptikeò klimatskih promena, ļije izjave dobijaju veliki publicitet u medijima, to 

je za kompaniju bilo snaģno uporiġte. Kada bi im se ukazalo na rasipniġtvo, tada je njihov 

odgovor opravdavao postupke sa izgovorom da i drugi voze auta koja Ăgutajuò benzin (bentli, 

ferari) itd. ĂUticaj Gidensovog paradoksa moģe se smanjiti usmeravanjem aktivnosti na 

ġtednju energije koliko i na klimatske promene kao takveò (Gidens, 2009).  

Talas Kondratijeva je teorija ruskog ekonomiste Nikolaja Kondratijeva. Zasniva se na 

tehnoloġkim talasima, koji se, od poļetka industrijske revolucije javljaju kao talasi tehnoloġkih 

promena. Takve su bile era pare, elektriļne energije, automobila i avijacije. Ideja Kondratijeva 

je da, od vremena industrijske revolucije, privredni rast podstiļu talasi velikih tehnoloġkih 

promena koje je smatrao glavnim pokretaļima napretka ali i izvora privrednih kriza (sl. 5).  

 

Slika 5. Tokovi temperatura i CO2 od 1880. (levo) ʊʘlasi ʂʦndratijeva (desno) (Kondratieff Wave.svg) 

Prvi ciklus Ătalasa Kondratijevò traje od 1780 do 1830. godine i u prvi plan istiļu parnu 

maġinu. Ovaj ciklus se poklapa sa vremenom, od kada je Dģejms Vat pronaġao parnu maġinu, 

do vremena kada je ona uġla u primenu. Parna maġina je snaģno uticala na savremeni privredni 

rast. Od tada se razvija saobraĺaj, a kao energent koristi se ugalj ļije sagorevanje emituje 
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znatne koliļine ugljen dioksida. Drugi ciklus Ătalasa Kondratijevò zapoļeo je 1830. godine. 

On se poklapa sa naglim razvojem ģelezniļkog saobraĺaja i proizvodnje ļelika. Oba ciklusa 

su se bazirala na parnoj maġini. Osnovne sirovine: ugalj, ruda, ģitarice i drvena graĽa mogle 

su da se transportuju na udaljena meĽunarodna trģiġta, ġto je podsticalo razvoj saobraĺaja koji 

je poļivao na uglju kao energentu. Treĺi tehnoloġki ciklus Ătalasa Kondratijevò obeleģila su 

otkriĺa elektriļne energije koja je imala nekoliko podfaza. Kraj 18-og i poļetak 19-og veka 

vezan je za dostiĺnuĺa na polju elektromagnetizma, elektromagnetne indukcije, osvetljavanje 

ulica sijalicama i uvoĽenjem struje u kuĺe i fabrike. Ļetvrti ciklus Ătalasa Kondratijevò je 

tehnoloġki talas koji traje od 1880. do 1930. godine. On je obeleģio razvoj automobilske 

industrije koja je naglo poveĺala transport i otvorila ġiroko vrata razvoju velikih gradova. Ovaj 

talas je pratio i razvoj hemijske indistrije koja je stvarala nove materijale: eksploziv, plastika, 

boje, veġtaļka Ľubriva. Za ovaj ciklus veģe se i razvoj avio industrije koji je zapoļeo 

polovinom 20-og veka. Ovaj ciklus je obeleģio i snaģan rast automobilske industrije koji je 

zapoļeo 1908. godine sa Fordovim Ămodelom - Tò. 

Peti ciklus Ătalasa Kondratijevò zapoļeo je 1970. godine. To je talas informaciono-

telekomunikacione tehnologije koji je omoguĺila digitalna revolucija. To je poļetak nove 

ekonomije koja je Ăzasnivanu znanjuò. Drugi svetski rat je podstakao brojne tehnologije koje 

ukljuļuju poluprovodnike, radar, digitalne komunikacije, raļunare, kodiranje itd. Na redu je i 

ġesti talas odrģivih tehnologija koji bi obuhvatio proizvodnju i mobilisanje energije, prevoz 

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

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

i koncentracije CO2 sa talasima Kondratijev, od indistrijske revolucije do 2000. godine. Porast 

temperatura i koncentracije CO2 zapoļinje sa razvojem parne maġine, ģeleznice, proizvodnje 

ļelika i pamuka. To odgovara prvom i drugom talasu Kondratijeva. Navedene industrijske 

grane su se razvile sa pronalaskom parne maġine koja je koristila ugalj, koji je bio veliki emiter 

CO2. Nagli porast temperatura i koncentracije CO2 u saglasan je sa razvojem automobilske 

industrije i petrohemije i podudara se sa ļetvrtim talasom Kondratijev. Bez obzira ġto je 

ovakva kauzalna veza neuobiļajna, ipak je vidljiva. 
 

8. ZAKLJUĻAK 
 

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

je nekontrolisano koriġĺenje fosilnih goriva (ugalj, nafta, gas) kao primarnih izvora energije. 

Saobraĺaj je posredno ili neposredno znaļajan korisnik fosilnih goriva i velik iemiter ugljen 

dioksida. Posledice otopljavanja klime odraģavaju se na ekosisteme naġe Planete i predmet su 

novog koncepta planetarnih granica izdrģljivosti. Izvan ovih granica, postaje rizik od 

nepovratne i iznenadne promene u ģivotnoj sredini. Suoļavajuĺi se sa planetarnim 

geoekoloġkim problemima, J. Rockstºm je 2009. formirao meĽunarodnu grupu vodeĺih 

nauļnika, koji su postavili planetarne granice koje se ne smeju preĺi i time su predloģili okvir 

za odrģivi razvoj. Identifikovano je devet sistema, za koje se veruje, da ukoliko granice budu 

prekoraļene, mogu dovesti do nestabilnosti naġe planete. Grupa Rockstrºm smatra da su za 

sada prekoraļenje granice kod tri sistema: promena klime, gubitak biodiverziteta i spreļavanje 

fosfornog ciklusa. U radu su sagledani ciklusi o tehnoloġkim promenama, od industrijske 

revolucije do danas, kroz analizu Ătalas Kondratijevaò i poveĺanja ugljendioksida i u vezi sa 

klimatskih promena. Narastajuĺa opasnost od globalno zagrevanje je sagledana kroz ulogu 

Gidensovog paradoksa. Energija i transport su u geografskom ambijentu vaģno pitanje od koga 

zivisi odrģivi razvoj, ġto je tema analiza Dģefrija Saksa kojima smo posvetili paģnju.   
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Apstrakt: Danas se veliki znaļaj pridodaje zaġtiti ģivotne sredine. Jednim od najveĺih zagaĽivaļa 

smatraju se motorna vozila. Uzimajuĺi u obzir da vozila ima sve viġe, njihov uticaj na zivotnu 

sredinu postaje alarmantan. Jedan od najveĺih izvora zagaĽenja kod motornih vozila je proces 

sagorevanja, koji je neophodan za sam rad motora. Od nastanka, konstrukcija osnovnih delova 

motora nije se menjala u veĺoj meri. Najveĺe promene doģiveli su sistemi motora koji direktno 

utiļu na smanjenje izduvne emisije. Kod dizel motora ġtetni produkti sagorevanja se mogu 

umanjiti razvojem razliļitih sistema, a jedan od njih jeste i sistem za ubrizgavanje goriva. Sistem 

za ubrizgavanje je pretrpeo velike promene u cilju smanjenja emisije. Uticaj razvoja sistema za 

ubrizgavanje na smanjenje emisije ispitan je eksperimentalno. Eksperiment je izvrġen pri istim 

uslovima na motorima razliļitih generacija. Cilj rada jeste da se pokaģe u kolikoj meri sistem za 

ubrizgavanje utiļe na smanjenje emisije dizel motora. 

 

Kljuļne reļi: ģivotna sredina, process sagorevanja, sistemi motora. 

 

Abstract: Today, great importance is given to environmental protection. For one of the biggest 

polluters are considered motor vehicles. Considering that there are more and more vehicles, their 

impact on the environment is becoming alarming. One of the biggest sources of pollution in motor 

vehicles is the combustion process, which is necessary for the engine work. Since the beginning, 

the basic design of engine parts has not changed to a great extent. The biggest changes are 

experienced engine systems that have direct impact on the reduction of exhaust emissions. 

Harmful combustion products of diesel engines can be reduced by the development of different 

systems, where one is the fuel injection system. Injection system has undergone major changes in 

order to reduce emissions. The impact of the injection system development on emission reduction 

is tested experimentally. The experiment was carried out in the same conditions on engines of 

different generations. The paper aims to show how much the injection system influence to 

reduction of diesel engine emission. 

 

Key words: environment, combustion process, engine systems. 

1. UVOD 

Znaļaj primene savremenih sistem na vozilima predsavlja danas jednu potrebu, pre 

svega iz problema koji mogu nastati odnosno sa kojima se savremeno druġtvo danas susreĺe, 

Ti problemi su danas pre svega, naravno u drumskom saobraĺaju, problem u pitanju nastanka 

saobraĺajnih nezgoda, smanjenje prirodnih resursa, zagaĽenje ģivotne sredine. 

                                                           
* Pregledni rad 
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ZagaĽenje ģivotne sredine danas predstavlja jedan od najveĺih problema ģivotne 

sredine, meĽutim najveĺi uticaj vozila kada je reļ o problemima sa zagaĽenjem ģivotne sredine 

imaju upravo na zagaĽenje vazduha. Najveĺi uticaj na zagaĽenje vazduha odnosno emisiju 

ġtetnih izduvnih gasova kod vozila ima sistem ļija jeste uloga da napravi radnu smeġu (smeġa 

goriva i vazduha), meĽutim naravno ne treba zanemariti i ostale sisteme koji imaju ulogu 

redukcije izduvnih gasova.  

U ovom radu analizirani su razliļiti sistemi za ubrizganaje goriva kod motora sa 

unutraġnjim sagorevanjem koji kao pogonsko gorivo koriste dizel. Priprema gorive smeġe u 

najveĺoj meri utiļe na potroġnju goriva, emisiju ġtetnih gasova i na buku sagorevanja Diesel 

motora. Na pripremu gorive smeġe ima veliki uticaj sistem za ubrizgavanje goriva. Naravno 

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

ļestica.  

U ovom radu izvrġena je analiza u kolikoj meri utiļe sam sistem ubrizgavanja goriva 

kod dizel motora na emisiju ġtetnih izduvnih gasova, u obzir ĺe biti uzeta vozila sa identiļnim 

pogonskim karakteristikama s tim ġto svako vozila ima drugaļij sistem za ubrizgavanje goriva.  

2. EKOLOĠKI ASPEKTI EMISIJE IZDUVNIH GAS OVA DIZEL MOTORA  

Najveĺe zagaĽenje ļiji su izvor vozila predstavlja upravo zagaĽenje samog vazduha, i 

to je neminovno, pogotovo vozila koja koriste motor SUS kao pogonski agregat. MeĽutim baġ 

kao ġto je u prethodnom delu rada spomenuto, vozila predstavljaju jedan od najveĺih 

zagaĽivaļa vazduha.  Pored toga veĺina svih goriva prilikom sagorevanja kao rezultat ostaju 

nesagorele produkte ili  pak imamo ļaĽ, koji je jako ġtetan po samog ļoveka jer je kancerogen 

(Vasiljeviĺ i dr., 2017). 

Problem zagaĽivanja samog vazduha stvara problem zagaĽenja i same vode i ļak 

zemljiġta. Kako je veĺ napomenuto vozila sa unutraġnjim sagorevanjem u izduvnim gasovima  

imaju veliku koliļinu ġtetnih materija kao ġto je ļaĽ, jedinjenja olova, azotne okside, i dr. 

Rastvorljivost gasova u vodi se znatno poveĺava i na niskim temperaturama, tako da se 

zagaĽenje vode u Severnom okeanu u prethodnih 50 godina uveĺala za 5 procenata. TakoĽe 

pored zagaĽenja vode od strane drumskih vozila takoĽe ta zagaĽenja se tiļu i samog zemljiġta, 

jer se zemljiġte moģe zagaditi i zagaĽivaļima iz atmosfere. ZagaĽenja vazduha, vode i 

zemljiġta su neģeljene promene fiziļkih. hemijskih i bioloġkih svojstava ģivotne sredine, koje 

mogu nepovoljno delovati na ģiva biĺa ili naruġiti njihove ekosisteme. Upotrebom transportnih 

sredstava ļovek godiġnje troġi viġe od jedne milijarde tona nafte. Kako za sagorevanje 1 kg 

goriva, naftnog porekla, treba oko 15 kg vazduha ili 3.5 kg kiseonika sam proses sagorevanja 

goriva naruġava ekoloġki bilans u atmosferi. Znaļi godiġnje samo motori SUS troġe skoro 4 

milijarde tona kiseonika iz atmosfere.  

Kada se ovome dodaju i drugi potroġaļi atmosferskog kiseonika dolazimo do saznanja 

da veĺ danas prirodne fabrike kiseonika - zelene povrġine planate nisu u stanju da nadoknade 

utroġeni kiseonik, ali pored toga imamo i problem poveĺanja emisije otrovnih gasova ġto 

dovodi i do poveĺanja globalnog zagrevanja (Vasiljeviĺ i dr., 2017). 

U dizel motoru se obavlja sagorevanje heterogene smeġe. Heterogena smeġa se obrazuje 

ubrizgavanjem goriva u prethodno sabijeni vazduh u radnom prostoru motora. Takva smeġa 

se pali sopstvenom energijom na raļun visoke temperature sabijenog vazduha. Temperatura 

sabijenog vazduha je viġa od temperature samoupaljenja goriva. Sagorevanje kod koga je 
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obrazovanje smeġe i sagorevanje istovremeno naziva se difuzno sagorevanje.  Samim tim 

takvo sagorevanje dovodi do stvaranja jako ġtetne emisije izduvnih gasova.   

Kada je reļ o emisiji izduvnih gasova motori SUS koji koriste dizel gorivo kao 

pogonsko gorivo pre svega imaju dve glavne negativne posledice koje u velikoj meri zagaĽuju 

vazduh, nepoģeljne pojave prilikom sagorevanja u dizel motoru, a to su dim odnosno ļaĽ u 

izduvnim gasovima kao i emisija izduvnih gasova. Dim u gasovima, se stvara u fazi 

sagorevanja u uslovima visokih temperatura i nedostatka kiseonika. Tada se molekuli 

ugljovodoniļkog goriva raspadaju tako da se formira ļaĽ kao varijanta ļistog ugljenika 

Stvoren ugljenik se kristalizuje i spaja meĽusobno u ļestice. Ļestice upijaju teġke nesagorele 

ugljovodonike, koji su veoma toksiļni i zakonski ograniļeni. Emisija nesagorelih 

ugljovodonika je posledica nepotpunog sagorevanja molekula goriva. Osnovni uzrok je lokani 

nedostatak kiseonika i niske temperature u zonama uz zidove komore. Ugljovodonici reaguju 

u prisustvu oksida azota i sunļevog svetla i doprinose formiranju prizemnog ozona, glavne 

komponente smoga. Veĺina ugljovodonika u izduvnim gasovima su takoĽe i toksiļni, sa 

moguĺim kancerogenim dejstvima. U izduvnim gasovima vozila ļestice najteģe proĽu od 

nesagorelog ugljenika iz goriva. MeĽutim u komori motora te ļestice upiju razna jedinjenja iz 

goriva i maziva, medʿu kojima su ugljovodonici. Oni su odgovorni za izazivanje raka pluĺa pa 

je time i emisija ļestica potencijalno kancerogena. Jedan od takoĽe produkata dizel motora 

koji se moģe uvrstiti u emisiju ġtetnih gasova jesu i azotovi oksidi. Azotovi oksidi rastu na 

punom optereĺenju zbog porasta temperature sagorevanja, a joġ ima dovoljna koliļina 

kiseonika za oksidaciju azota. Emisija NOx je neġto kritiļnija kod dizel motora sa direktnim 

ubrizgavanje (nego kod standardnih motora) jer kod njih na periferiji Ămlazañ goriva prilikom 

ubrizgavana postoji dovoljna koliļina kiseonika za oksidaciju i temperature su dovoljno visoke 

za oksidaciju (Vasiljeviĺ i dr., 2017). 

Na slici 1, je prikazana granica dima i samim tim i sastava emisije izduvnih gasova 

prilikom sagorevanja u dizel motoru, naravno na dijagramu su prikazane vrednosti ġtetnih 

gasova u zavisnosti od sastava smeġe kao i granica dimnosti. 

 

Slika 1. Prikaz koliļine i sastava smeġe sa emisiijom ġtetnih gasova (Peġiĺ i dr., 2008) 

3. SISTEMI ZA UBRIZGAVA NJE GORIVA KOD DIZEL  MOTORA  

Dizel motori rade na principu ubrizgavanja goriva pod visokim pritiskom u cilindar u 

kojem je klip sabio i tako zagrejao ranije usisani vazduh. U vruĺem vazduhu ubrizgano gorivo 

se pali i cilindar  dolazi u radni takt ï ekspanziju, odnosno brzo kretanje klipa na dole prilikom 

kojeg se radilici motora predaje energija dobijena sagorevanjem goriva. Napajanje i 
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ubrizgavanje goriva kod dizel-motora rʘzlikuje se od sistema za napajanje benzinskih motora. 

Kod dizel motora gorivo se ubrizgava u cilindar pod visokim pritiskom. 

Kad su zahtevi koje ovaj sistem treba da zadovolji veoma sloģeni, postoji i velika 

raznolikost u konstrukciji sistema napajanja dizel motora gorivom, pa se oni otuda mogu 

podeliti po viġe osnova. Sistemi ubrizgavanja prema naļinu dejstva dele se na sisteme 

neposrednog dejstva i akomulatorske sisteme. Kod sistema neposrednog dejstva koji se 

primenjuju kod brzohodnih dizel motora, procesi potiskivanja i ubrizgavanja istovremeno se 

odvijaju, dok se kod akomulatorskih sistema gorivo najpre sabija (i akomulira pod pritiskom), 

a potom ubrizgava u taļno odreĽenom trenutku, takvi sistemi primenjivani su kod sporohodnih 

motora, da bi, zahvaljujuĺi prodoru elektronike, akomulatorski sistemi sa elektronskom 

regulacijom naġli primenu kod najsavremenijih brzohodnih dizel motora. Ovaj novi koncept 

ubrizgavanja poznat je pod nazivom Common Rail (Krstiĺ, 2009). 

Prvi autonomni sistemi ubrizgavanja goriva kod brodskih dizel motora koristili su 

kompresiju iz cilindra za sabijanje teļnog goriva. Pritisak na kraju kompresije kod dizel 

motora je skoro nezavisan od reģima rada. izborom odnosa preļnika klipova (na slici je to 

20:1) realizovana je pumpa visokog pritiska. Skoro je danas samo ġto se gasovi iz cilindra 

koriste u ekoloġke ciljeve. Najvaģniji uticaj na tok sagorevanja u dizel motoru ima zakon 

ubrizgavanja, raspodela ubrizgane koliļine goriva po svakom uglu bregastog (ili kolenastog) 

vratila (Peġiĺ I dr., 2008). 

3.1. Vrste sistema za ubrizgavanje goriva 

Tokom razvoja motora sa unutraġnjim sagorevanjem razvijali su se i razliļiti sistemi za 

ubrigavanje goriva u cilindar motora. Jedan od najmasovnijih sistema za ubrigavanje goriva 

kod dizel motora jeste tako zvani sistem pumpa-cev-brizgaļ, koji je prikazan na slici 2. Kod 

dizel motora srednjih snaga za teretna i specijalna vozila postoje konkretni pokuġaji sa dva 

brizgaļa. Manji je namenjen predubrizgavanju inicijalne koliļine goriva za prvo samopaljenje.  

Drugi, veĺi brizgaļ ubrizgava osnovnu koliļinu goriva, meĽutim jako je veliki problem 

kod takvih sistema to ġto ima jako veliku emisiju ġtetnih gasova prilikom sagorevanja, jer se 

time ne postiģe potpuno sagorevanje. Pored toga veliki je problem i vek trajanja samog 

brizgaļa ukoliko je pritisak ubrizgavanja veĺi, iz razloga ġto ubrizgavanje prate siloviti 

oscilacioni udarci igle po srediġtu brizgaļa, pa je u ovom sistemu brizgaļ najslabij element u 

ovom sistemu.  

 

Slika 2. Prikaz sistema pumpa-cev-brizgaļ (Peġiĺ i dr., 2008) 

Sledeĺi sistem koji je u primeni kod ubrizgavanja goriva jeste sistem brizgaļ-gorivo, 

ovaj sistem proizvode mnoge poznate svetske kompanije koje se bave problemom 

ubrizgavanja goriva, a pre svega Bosch. Ovim sistemom je moguĺe izvesti viġefazno 

ubrizgavanje goriva, meĽutim problem je u tome ġto su vrlo visoki pritisci i odmeravanje malih 

koliļina goriva antagonistiļke kategorije. Visoki pritisci i male ubrizgane koliļine goriva 
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zahtevaju izuzetnu preciznosti u izradi, goriva najviġeg kvaliteta, stalan nadzor i strogo 

pridrģavanje servisnih rokova. Na slici 3 je prikazana ilustracija ovakvog sistema. 

 

Slika 3. Prikaz sistema pumpa-brizgaļ (Peġiĺ i dr., 2008) 

Kao prelaz sa sistema pupma-brizgaļ na neki sledeĺi i moderniji sistem ubrigavanja 

goriva moģe se reĺi da je to Caterpilar-ov Hydraulic Electronic Unit Injection (u daljem tekstu 

HEUI). Mazivo se sabija pod ekstremno visokim pritiskom i uvodi u brizgaļ gorivo. 

Elektromagnetnom regulacijom gorivo se ubrizgava pod pritiskom. Rad HEUI sistema goriva  

se razlikuje od mehaniļki aktiviranih sistema za ubrizgavanje goriva. HEUI sistem goriva ne 

zahteva mehaniļko podeġavanje. a razliku od uobiļajenih sistema koji zavise od obrtanja 

bregastog vratila, HEUI se aktiviraju preko ulja kartera visokog pritiska. Poġto ubrizgavanje 

viġe nije vezano za obrtanje bregastog vratila, gorivo se moģe ubrizgati u bilo koji ugao 

kretanja. Pri veĺoj brzini, pritisak ubrizgavanja je nezavisan od broja obrtaja motor. 

(http://www.dieselmotors.info/electronic-systems/caterpillar-ems-hydraulicelectronic-unit-

injector.html , 04.08.2017) 

Sledeĺi sistem koji se koristi za ubrizgavanje goriva jeste Common Rail sistem (u dajem 

tekstu CR), ovo je jedan od sistema koji spade u najstarije sisteme meĽutim sada ipak ima 

veoma veliku primenu.  

Brizgaļi kod CR sistema, sa plivajuĺom iglom podnose vrlo visoke  pritiske 

ubrizgavanja. Elektronska regulacija lako ostvaruje jedno ili viġe inicijalnih 

preduzbrizgavanja. Veĺ postoje varijante sa viġe inicijalnih predubrizgavanja vrlo malih 

koliļina goriva pre krajnje odnosno glavne koliļine goriva. lz ekoloġkih pobuda su potrebna  

povremena obogaĺenja smeġe pa su uvedena i povremena ubrizgavanja. U cilju oduvanja 

meĽuciklusnih i meĽucilindarskih identiļnostii svaka pojedinaļna karakteristika brizgaļa se 

unosi u baze podataka za softvere  radnih procesa. Razvojem ovakvih vrhunskih tehnologija 

stvoreno je viġe generacija CR sistema (Peġiĺ i dr., 2008).  

4. METODOLOGIJA ISTRAĢIVANJA  

Na osvnovu prethodno spomenutog i reļenog u radu, moģe se zakljuļiti da postoje viġe 

tipova sistema za ubrizgavanje goriva u motoru samim tim razlikuje se i emisija izudvnih 

gasova u zavisnosti od samog  tipa sistema za ubrizgavanje goriva. U ovom istraģivanju vrġi 

se ispitivanje dve vrste odnosno dva tipa sistema za ubrigvanje goriva, a to su u ovo sluļaju 

klasiļan sistem za ubrizgavanje goriva i Common Rail sistem. U ovom sluļaju je bitno 

napomenuti da motor koji je koriġĺen u naġem sluļaju je motor koji je ugraĽen na vozilu Opel 

Meriva dok motor koji  koristi Multipoint Fuel Injection sistem jeste motor koji je ugraĽen na 

vozilu Fiat Punto. Pogonske karakteristike oba motora su identiļne, ġto je jako bitno za taļnost 

rezultata, isto tako je bitno napomenuti da oba motora pre samog ispitivanja su dostigla radnu 

temperaturu. 
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Kako je u ovom sluļaju bitno ispitati razliku u emisiji izuvnih gasova oba motora koja 

koriste razliļite sisteme ubrizgavanja, koriġĺen je ureĽaj AVL DiCom 4000. Uredaj AVL 

DiCom 4000 je savremena aparatura za merenje izduvne emisije benzinskih i dizel motora. 

Prevashodno je namenjen za kontrolu izduvne emisije vozila na linijama tehnickog pregleda. 

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

koji uticu na izduvnu emisiju. Obzirom na relativno nisku cenu i kompaktnost konsrukcije, 

moze se uspeġno koristiti i kao laboratorijski analizator izduvnih gasova. U osnovi, sam ureĽaj 

ima jako veliki broj moguĺnosti merenja razliļitih karakteristika motora odnosno samog rada 

motora. MeĽutim u naġem sluļaju vaģno je da ureĽaj ima moguĺnost analize sastava izduvnih 

gasova u motoru, odnosno analizira kisonik, ugljenmonoksid (CO), ugljendioksid (CO2), 

ugljovodonike (HC) i azotove okside (HOx). Nakon ukljucivanja (prekidaļ je pored mreznog 

prikljuļka sa osiguraļem) ureĽaj se automatski zagreva, vrġi proveru ispravnosti svih senzora 

i prikljuļene dodatne opreme, sprovodi test zaptivenosti 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 istrujavanja izduvnih gasova. Najbolje je da se merna komora 

nalazi sa strane vozila ispred izlaza izduvnih gasova. Sam ureĽaj beleģi u svakom trenutku 

emisiju izduvnih gasova, u trenutku ispitivaļ moģe zaustaviti i ġtampati rezultate merenja. 

Veoma vaģno je napomenuti da se samo ispitivanje vrġi na ļetiri razlitiļa broja obrtaja 

motora i to na praznom hodu, 2000 obrtaja/min, 3000 obrtaja/min i 4000 obrtaja/min, samim 

tim je lakġe uporediti emisiju izduvnih gasova pa samim tim uporediti i sisteme ubrizgavanja 

goriva. 

4.1. Rezultati istraģivana 

Prvi parametar koji je analiziran jeste koliļina ugljen monoksida u emisiji izduvnih 

gasova. Na slici 4. su prikazani su rezultati ovog merenja, prema tome motor sa klasiļnim 

sistemom ubrizgavanja goriva ima manju emisiju ugljenmonoksida. TakoĽe je uoļljivo da 

motor sa Common Rail pri 3000 obrtaja/min ima nagli porast koliļine ugljen monoksida u 

izduvnim gasovima. 

 

Slika 4. Prikaz uporedne analize ugljen monoksida u izduvnim gasovima 

Sledeĺi parametar koji se meri jeste ugljendioksid u emisiji izduvnih gasova. 

UporeĽivajuĺi dobijene rezultate moģe se uoļiti da motor sa klasiļnim sistemom ubrizgavanja 
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goriva ima manju emisiju ugljendioksida u odnosu na motor sa Common Rail, razlika je 

najveĺa na 2000 obrtaja/min dok najmanja razlika je na praznom hodu (slika 5.).  

 

Slika 5. Prikaz analize ugljendioksida u izduvnim gasovima 

Sledeĺi parametar jeste koliļina kiseonika u izduvnim gasovima. Analizom slike 6. na 

kojoj su prikazani rezultati merenja, moģe se uoļiti da koliļina kiseonika je manja kod motora 

sa Common Rail sistemom meĽutim to je samo kod 2000 obrtaja/min, 3000 obrtaja/min i 4000 

obrtaja/min, dok pri praznom hodu koliļina kiseonika je manja kod klasiļnog sistema 

ubrizgavanja. 

 

Slika 6. Prikaz rezultata analize kiseonika u emisiji izduvnih gasova 

 Kada je reļ o nesagorelim ugljovodonicima sa slike 7. se moģe uoļiti da veĺu emisiju 

nesagorelih ugljovodonika imamo kod motora sa Common Rail sistemom ubrizgavanja.  
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Slika 7. Prikaz rezultata merenja nesagorelih ugljovodonika u emisiji izduvnih gasova 

Kada je reļ o azotovim oksidima sa slike 8. se moģe uoļiti da klasiļan sistem 

ubrizgavanja ima veĺi procenat nesagorelih ugljovodonika, takoĽe se moģe uoļiti da pri 4000 

obrtaja/min motor sa klasiļnim sistemom ubrizgavanja ima znatno veĺu emisiju azotovih 

oksida. MeĽutim kako je u prethodnom delu rada veĺ i napomenuto koliļina azotovih oksida 

i raste sa porastom optereĺenja i pod punim optereĺenjem motora, tako da je ova pojava porasta 

azotovih oksida sa porstom broja obrtaja razumljiva. 

 

Slika 8. Prikaz rezultata merenja azotovih oksidia u emisiji izduvnih gasova 

4.2. Diskusija 

Prema prikazanog na prethodnim dijagramima moģe se zakljuļiti da klasiļni sistemi 

ubrizgavanja imaju u nekim sluļajevima i za neke odreĽene elemente u izduvnim gasovima 

manje vrednosti od Common Rail sistema. MeĽutim kako je poznato i veĺ u prethodnom delu 

rada napomenuto kod emisije izduvnih gasova, kada je reļ o dizel motoru najvaģnije i najviġe 

ġtetni elementi jesu azotovi oksidi. Kako je iz prethodne analize prikazano i uoļljivo ova dva 

elementa u emisiji izduvnih gasova su manji kod motora koji ima Common Rail rail sistem 

ubrizgavanja goriva. Kada je reļ o azotovim oksidima, koji predstavljaju jedan od jako ġtetnih 

elemenata u izduvnim gasovima kod dizel motora, oni su manji kod motora sa Common Rail 
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sistemom pri praznom hodu rada motora kao i pri 4000 obrtaja/min dok pri 2000 i 3000 obrtaja 

nema veĺe razlike.  

Naravno u nekim sluļajevima bi bilo poģeljno ispitivati i neke motore odnosno 

pogonske agregate vozila sa nekim veĺim snagama. Ovakva istraģivanja su jako korisna iz 

razloga ġto pruģaju moguĺnosti konstruktorima kao i ekolozima da podstiļu korisnike vozila 

da u veĺoj meri koriste vozila sa novijim sistemima ubrizgavanja imajuĺi u vidu potrebe za 

oļuvanjem ģivotne sredine ili pak samog celokupnog ekosistema. Ovakva istraģivanja su od 

velikog znaļaja u pogledu saznanja vaģnosti razvoja sistema za ubrizgavanje kod dizel motora 

i same te problematike ekoloġkih aspekata i od velikog su znaļaja za razvoj ovakvih sistema 

na vozilima. 

5. ZAKLJUĻAK 

Razvoj motor i pogonskih agregata od prvih konstruisanih motora do danas imaju 

drastiļne promene u pogledu opreme. Oprema motora danas sve viġe napreduje u cilju 

smanjenja kako potroġnje pogonskih goriva tako i u pogledu ekoloġkih aspekata u smislu 

emisije izduvnih gasova. 

Sagorevnje u samom motoru ima najveĺi uticaj na emisiju izduvnih gasova samog 

motora. Jako vaģan sistem koji ima uticaj na sam process sagorevanja jeste sistem za 

ubrizgavanje goriva. Kako smo u ovom radu analizirali sisteme za ubrizgavanje goriva kod 

dizel motora kao i njihov uticaj na emisiju izduvnih gasova, moģe se zakljuļiti da u naġem 

sluļaju sistem klasiļnog ubrizgavanja goriva ima sliļne rezultate odnosno sliļnu emisiju u 

odnosu na Common Rail. MeĽutim kako azotovi oksidi predstavljaju jedan od najġtetnijih 

elemenata u izduvnim gasovima kod dizel motora, kod Common Rail sistema ta emisija je 

manja u odnosu na motor sa klasiļnim sistemom ubrizgavanja goriva. Razvoj i dalja 

istraģivanja po pitanju sistema za ubrizgavanje goriva kod dizel motora su svakako jako bitna 

baġ u cilju smanjenja emsije ġtetnih izduvnih gasova, takoĽe je jako bitno pravilno odrģavati 

ovaj sistem na vozilu kao i ostale sisteme koji imaju cilj da redukuju emisiju ġtetnih gasova. 
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PROJEKTOVANJE RUTA ZA E VAKUACIJU METAHEURIS TIĻKIM 

ALGORITMOM OPTIMIZAC IJA KOLONIJOM PĻELA* 

EVACUATION ROUTES PR OJECTING BY METAHEUR ISTIC 

ALGORITHM BEE COLONY  OPTIMIZATION  

Predrag Radojļiĺ 
Ul. Ļuprijska 31C/53, 74000 Doboj, radojcic.predrag@gmail.com 

 

Saģetak: U uslovima prirodnih katastrofa ili akcidentnih dogaĽaja bilo koje vrste u naseljenim 

mjestima, od kljuļnog je znaļaja na efikasan naļin organizovati proces evakuacije ljudi i 

materijalnih dobara. Ovim problemom se duģi niz godina bave struļnjaci iz oblasti transportne 

nauke i operacionih istraģivanja. Planiranje ruta za evakuaciju je vrlo zahtjevan zadatak, koji 

zahtijeva predviĽanje ne samo puteva kojima ĺe se vrġiti evakuacija za najkraĺe vrijeme i modela 

transporta kojim ĺe se isti vrġiti, veĺ se mora uvaģiti i ļinjenica da ĺe na planiranim rutama 

postojati kontratok. Jedan od najdelikatnijih problema u postupku ovog planiranja je predviĽanje 

ponaġanja ljudi, koji se ne kreĺu nuģno planiranim rutama, ili svoje odluke o izboru rute za 

evakuaciju donose na bazi iskustvenog zakljuļivanja i intuicije. U radu je prezentovan sistem za 

podrġku odluļivanju pri izboru rute za evakuaciju, koji je baziran na metaheuristiļkom algoritmu 

Optimizacija kolonijom pļela. Prikazani su numeriļki rezultati za sluļajeve kada na transportnoj 

mreģi ne postoje ograniļenja, kao i za sluļajeve kada na mreģi postoje ograniļenja u kapacitetu 

ļvorova.  

 

Kljuļne rijeļi: planiranje ruta za evakuaciju, BCO algoritam, metaheuristiļki algoritmi, 

raļunarska inteligencija u saobraĺaju 

 

Abstract: In conditions of natural catastrophes or accidents of any kind in populated places, it is 

of key importance to efficiently organize evacuation process of people and values. This problem 

is considered by professionals in transportation science and Operations Research for many years. 

Evacuation routes planning is a very demanding task, which asks forecasting not only paths 

through evacuation will be done in shortest time and model how it should be done, but also it has 

to acknowledge fact that on planned routes could appear counter flow. One of the most difficult 

problems in process of mentioned planning is forecasting of human behavior, which does not 

always move by planned routes, or they makes their decisions about evacuation  route choice 

based on experience concluding and intuition. In this paper it is presented decision support 

system for evacuation route choice, which is based on metaheuristic algorithm Bee Colony 

Optimization.  There are presented numerical results for cases when there are no constraints on 

transportation network, as well as for cases when there are node capacity constraints on network. 

 

Key words: Evacuation Routes Planning, BCO algorithm, metaheuristics algorithms, 

computational inteligence in transport and traffic. 

1. UVOD 

U uslovima prirodnih katastrofa ili akcidentnih dogaĽaja bilo koje vrste u naseljenim 

mjestima, od kljuļnog je znaļaja na efikasan naļin organizovati proces evakuacije ljudi i 

materijalnih dobara. Ovim problemom se duģi niz godina bave struļnjaci iz oblasti transportne 

nauke i operacionih istraģivanja.  

                                                           
* Originalni nauļni rad 
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Isprva je ovom problemu, nazvanom Ăplaniranje ruta za evakuacijuñ (ERP ï eng. 

Evacuation Route Planning) pristupano razvijanjem algoritama za ovu namjenu. Ļesto se 

ovom problemu pristupa linearnim programiranjem, kako bi se minimizirala ciljna funkcija 

pri datim ograniļenjima. Ovakav pristup zahtijeva da se formira T+1 kopija mreģe, gdje je T 

diskretno vrijeme u kojem se posmatra dinamika evakuacije. U vremenskom slotu T je 

izvrġeno T+1 promjena parametara mreģe, te je praktiļno formirano T+1 kopija transportne 

mreģe. Jasno je da je ovakav pristup raļunski i vremenski veoma zahtjevan, te je pogodan 

samo za probleme manjih dimenzija. 

Jedan od pristupa rjeġavanju ovog problema je CCRP (Capacity Constrained Route 

Planning) pritstup, koji je opisan u (Lu i dr. 2005). Osim spomenutog, u projektovanju ruta za 

evakuaciju izdvojila su se dva glavna pristupa i to pristup baziran na mreģnom dinamiļnom 

toku i pristup baziran na simulacijama. Problem evakuacije baziran na prvom pristupu 

razmatrali su  (Burkard i dr. 1993), (Hoppe i Tardos, 2000), (Baumann and Skutella, 

2006), (Hamacher i Tjandra, 2001), (Klinz i Woeginger, 2004), (Nasrabadi i Hashemi, 

2010), (Peeta i Kalafatas, 2008) i dr. Simulacioni pristup projektovanju ruta za 

evakuaciju koristili su (Barrett et al. 2000), (Pel i dr. 2010), (Edara  i dr. 2010) i dr. 

U nastavku je dat pristup u projektovanju ruta za evakuaciju korġĺenjem BCO (Bee 

Colony Optimization) metaheuristiļkog algoritma, koji do sada nije bio koriġĺen za ove 

namjene. 

2. METODOLOGIJA  

2.1. Algoritam Optimizacija kolonijom pļela 

BCO algoritam spada u klasu Swarm inteligence algoritama, gdje agenti ï vjeġtaļke 

pļele, grupno pretraģuju prostor dopustivih rjeġenja, u potrazi za najboljim rjeġenjem. 

Procedura algoritma se sastoji iz dva bitna koraka: 

leta unaprijed i  

leta unazad, 

koji svaki agent (vjeġtaļka pļela) cikliļno ponavlja, sve dok se ne ispuni kriterijum za 

zaustavljanje algoritma.  

Uvedimo u razmatranje slijedeĺe parametre: 

Bï broj pļela u koġnici, 

NC ï broj etapa, odnosno koraka, potrebnih za konstrukciju kompletnog rjeġenja, 

b ï brojaļ agenata ï pļela, 

j ï brojaļ koraka. 

Pseudo ï kod algoritma optimizacije kolonijom pļela dat je u tabeli 1. 
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Tabela 1. Algoritam Optimizacija kolonijom pļela (Teodoroviĺ i Ġelmiĺ 2011.), (Teodoroviĺ 2007.),  

Dok se ne zadovolji uslov zaustavljanja, izvrġavaj: 

 1) Inicijalizacija: 

 svaka pļela predstavlja po jedno (potencijalno prazno) rjeġenje; 

 2) Za (j=0; j<NC; j++ ) 

  // let unaprijed 

  2.1) Za (b = 0; b < B; b++ ) 

   - evaluirati sve moguĺe konstruktivne korake; 

   - u zavisnosti od evaluacije, izabrati jedan korak, koristeĺi  

   model izbora pomoĺu ruleta; 

  // let unazad 

  2.2) Za (b = 0; b < B; b++ ) 

   - evaluirati (parcijalna/kompletna) rjeġenja za svaku pļelu; 

  2.3) Za (b = 0; b < B; b++ ) 

   - odluka o lojalnosti za svaku pļelu koristeĺi model izbora  

   pomoĺu ruleta; 

  2.4) Za (b = 0; b < B; b++ ) 

   - za svaku od neopredijeljenih pļela izabrati (pomoĺu ruleta) 

   jednu iz skupa opredijeljenih koju ĺe nastaviti da slijedi u 

   novom letu unaprijed; 

 3) Evaluirati sva rjeġenja i zapamtiti najbolje, tj. najbolje do tada. 

Let unaprijed predstavlja proceduru koja je specifiļna za svaku konkretnu primjenu 

metaheuristike, dok procedura leta unazad moģe biti univerzalna i koriġtena u viġe razliļitih 

vrsta problema. 

Vjerovatnoĺa da ĺe b ï ta pļela ostati lojalna vlastitom rjeġenju u slijedeĺem, u+1 ï 

vom letu unaprijed, odreĽuje se na osnovu izraza: 

ὴ Ὡ ȟὦ ρȟςȟȣὄ  (1) 

ὕ  ï normalizovana vrijednost kriterijumske funkcije parcijalnog/kompletnog rjeġenja 

b ï te pļele, 

ὕ  ï maksimalna vrijednost svih normalizovanih vrijednosti parcijalnog/kompletnog 

rjeġenja koje se porede, tj. normalizovana vrijednost koja odgovara najboljem rjeġenju, 

u ï broj leta unaprijed. 

Neka su 

ὅ  ï najveĺa vrijednost parcijalnog/kompletnog rjeġenja ï kriterijumske funkcije, 

ὅ  ï najmanja vrijednost parcijalnog/kompletnog rjeġenja ï kriterijumske funkcije, 

ὅ ï vrijednost kriterijumske funkcije b ï te pļele. 

Normalizovane vrijednosti dobijaju se na osnovu dvije relacije: 

ukoliko se radi o minimizaciji 

ὕ ȟὦ ρȟςȟȣὄ  (2) 

ukoliko se radi o maksimizaciji 
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ὕ
 

ȟὦ ρȟςȟȣὄ  (3) 

Nakon izraļunavanja vjerovatnoĺe da ĺe b ï ta pļela ostati lojalna vlastitom rjeġenju u 

slijedeĺem, u+1 ï vom letu unaprijed, izvlaļi se sluļajni broj iz intervala [0,1]. Ukoliko je 

izvuļeni sluļajni broj manji od izraļunate vjerovatnoĺe, pļela ostaje dosljedna vlastitom 

rjeġenju, a ukoliko je sluļajni broj veĺi od ove vjerovatnoĺe, pļela napuġta vlastito rjeġenje i 

postaje neopredijeljena. 

Vjerovatnoĺa da ĺe b ï ta opredijeljena pļela dobiti sljedbenika izraļunava se po 

obrascu 

ὴ
В

ȟὦ ρȟςȟȣὙ  (4) 

gdje su 

ὕ  ï normalizovana vrijednost funkcije cilja k ï tog ponuĽenog rjeġenja, 

Ὑ ï broj opredijeljenih pļela. 

Nakon izraļuna vjerovatnoĺe za svaku opredijeljenu pļelu, izvlaļi se sluļajni broj za 

svaku neopredijeljenu pļelu. Ukoliko je izvuļeni sluļajni broj manji od izraļunate 

kumulativne vjerovatnoĺe, neopredijeljena pļela poļinje da slijedi opredijeljenu pļelu, a 

ukoliko je sluļajni broj veĺi od ove vjerovatnoĺe, neopredijeljena pļela traģi drugu 

opredijeljenu pļelu iz skupa opredijeljenih pļela, koju ĺe slijediti u konstruisanju vlastitog 

rjeġenja. Pļela ï sljedbenik kopira parcijalno rjeġenje opredijeljene pļele, koje je konstruisano 

do momenta kada ju je poļela slijediti, a zatim obje pļele nezavisno nastavljaju da konstruiġu 

svoja rjeġenja. 

3. PRIMJENA BCO ALGORIT MA  

U ovom radu razmatran je problem evakuacije sa jednim izvorom i jednim ciljem. Neka 

je data orjentisana transportna mreģa G=(N,A), koja predstavlja model lokacije na kojoj treba 

izvrġiti evakuaciju, ļiji ļvorovi predstavljaju prostor u kojem se nalaze jedinice koje treba da 

se evakuiġu, a grane predstavljaju koridore po kojima se moģe vrġiti evakuacija. 

Pretpostavimo da se u poļetnom ļvoru dogodio vanredan dogaĽaj i da jedinice u drugim 

ļvorovima nemaju informaciju o nastalom dogaĽaju. Jedinice iz ļvora u kome je nastao 

vanredni dogaĽaj ĺe se, na sluļajan naļin evakuisati iz izvornog ļvora u susjedne ļvorove.  

Prelivanjem jedinica iz izvornog ļvora u susjedne ļvorove, jedinice koje bi trebalo 

evakuisati, a koje se nalaze u ļvorovima susjednim izvornom ļvoru, dobijaju informaciju o 

nastanku vanrednog dogaĽaja, te zajedno sa pristiglim jedinicama, nastavljaju proces 

razlivanja po transportnoj mreģi, sve do konaļnog pristizanja u ciljni ļvor. 

Neka je data matrica vremena prelaska preko grana  

◄

ὸ ὸ Ễ ὸ
ὸ ὸ Ễ ὸ
ể ể Ệ ể
ὸ ὸ Ễ ὸ

  (5)  

i neka je nepoznata matrica prelivanja 



 

126 

 

▼

ί ί Ễ ί
ί ί Ễ ί
ể ể Ệ ể
ί ί Ễ ί

  (6) 

Potrebno je evakuisati jedinice od poļetnog do krajnjeg ļvora, pri ļemu ostali ļvorovi 

imaju poļetnu zauzetost, pri ļemu treba pronaĺi takvu matricu prelivanja, koja minimizira 

ukupno vrijeme prelaska svih jedinica koje se evakuiġu, od ļvora u kojem su se naġle u 

poļetnom trenutku, do ciljnog ļvora m. Pri tome treba napomenuti da termin Ăvrijemeñ moģe 

biti shvaĺen u najopġtijem smislu kao Ăcijena prelaska preko graneñ. Drugim rijeļima, matrica 

vremena moģe biti zamijenjena matricom rastojanja, zavisno od cilja samog algoritma. Osim 

toga, vaģno je napomenuti da je moguĺe modelovati matematiļki model za rjeġavanje ovog 

problema. MeĽutim, jedna od prednosti BCO algoritma i drugih metaheuristika je u ļinjenici 

da se njima mogu rjeġavati i slabo strukturirani problemi, bez potrebe za rigidnim definisanjem 

ciljne funkcije i ograniļenja.  

3.1. Rjeġenje problema primjenom BCO algoritma 

Pseudo kod BCO algoritma za rjeġavanje problema evakuacije prikazan je u tabeli 2. 

Tabela 2. BCO algoritam za rjeġavanje problema evakuacije 

1. Ponavljati slijedeĺe korake zadat broj puta: 

    1.1. za svaki ļvor od izvornog do ciljnog, ne ukljuļujuĺi ciljni ļvor, ponavljati: 

 LET UNAPRIJED 

 1.1.1 ponavljati za svaku pļelu slijedeĺe korake, 

  1.1.1.1. sve dok u trenutnom ļvoru ima jedinica za evakuaciju: 

   - generisati sluļajan broj 

   - uporediti ga sa kumulativnim vjerovatnoĺama za svaki naredni  

   ļvor  (kumulativne vjerovatnoĺe se raļunaju kao kumulativna suma  

   vjerovatnoĺa benefita koji ĺe vjeġtaļka pļala ostvariti prelaskom iz ļvora 

i    u neki od moguĺih narednih ļvorova) 

   - ako je razlika izmeĽu kumulativne vjerovatnoĺe za naredni ļvor  

   i generisanog sluļajnog broja najmanja pozitivna,    

   inkrementirati vrijednost zauzetosti narednog ļvora i   

   dekrementirati vrijednost zauzetosti trenutnog ļvora, 

   -inkrementirati vrijednost ļlana matrice prelivanja, koji   

   ukazuje na prelivanje iz trenutnog u naredni izabrani ļvor; 

 1.1.2. izraļunati trenutnu vrijednost fitness funkcije generisanog   

 parcijalnog rjeġenja; 

 LET UNAZAD 

 1.1.3. pronaĺi najveĺu i najmanju vrijednost fitness funkcije; 

 1.1.4. normalizovati rjeġenja za svaku pļelu primjenom obrasca (2) 

 1.1.5. pronaĺi najveĺe normalizovano rjeġenje; 

 1.1.6. za svaku pļelu izraļunati vjerovatnoĺu lojalnosti primjenom obrasca (1).  

 1.1.7. za svaku pļelu ponavljati slijedeĺe korake: 

  1.1.7.1. generisati sluļajan broj; 

  1.1.7.2. ako je generisani sluļajan broj veĺi od vjerovatnoĺe lojalnosti,  

  postaviti oznaku lojalnosti na vrijednost -1, ġto oznaļava da pļela   

  nije lojalna ni jednoj pļeli, odnosno, pļela postaje neopredijeljena;   

  inaļe, postaviti oznaku lojalnosti na vrijednost indeksa razmatrane   

  pļele, ġto oznaļava da je pļela lojalna vlastitom rjeġenju, drugim   

  rijeļima, pļela je opredijeljena; 
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 1.1.8. izvrġiti brojanje opredijeljenih pļela inkrementiranjem brojaļa za svaku 

 opredijeljenu    pļelu; 

 1.1.9. za svaku opredijeljenu pļelu izraļunati vjerovatnoĺu da ĺe je  neopredijeljena pļela 

 slijediti, po obrascu (4) te izraļunati kumulativne  vrijednostiovih vjerovatnoĺa za svaku 

 opredijeljenu pļelu; 

 1.1.10. za svaku neopredijeljenu pļelu izvrġavati slijedeĺe korake: 

  1.1.10.1. generisati sluļajan broj; 

  1.1.10.2. za opredijeljenu pļelu ļija je razlika izmeĽu generisanog   

  sluļajnog broja i njene kumulativne vjerovatnoĺe minimalna pozitivna,  

  upamtiti indeks; 

  1.1.10.3. postaviti oznaku lojalnosti neopredijeljene pļele na    

  vrijednost  upamĺenog indeksa, drugim rijeļima slijediti odabranu   

               opredijeljenu pļelu; 

  1.1.10.4. prekopirati parcijalno/kompletno rjeġenje odabrane    

  opredijeljene pļele, kao rjeġenje  neopredijeljene pļele; 

   1.2. Odabrati najbolje pronaĽeno kompletno rjeġenje u trenutnoj iteraciji; 

2. Odabrati najbolje od svih pronaĽenih kompletnih rjeġenja u svim iteracijama i proglasiti ga za 

najbolje; 

3. Prikazati najbolje rjeġenje. 

U prvom sluļaju, vjerovatnoĺa izbora narednog ļvora odreĽuje se po obrascu: 

ὴ
В

  (7) 

gdje ὠ  predstavlja korist koju pļela ostvaruje premjeġtanjem jedne jedinice iz ļvora i 

u ļvor j i raļuna se na slijedeĺi naļin: 

ὠ
ȟÁËÏ ÊÅ  π ὸ Њ

πȟ                            ÉÎÁéÅ
ȟὸ

В В
ȟᶅὭȟὮȡπ ὸ Њ (8) 

ὸ ï normalizovana vrijednost vremena prelaska preko grane i-j, 

 a Ὧ predstavlja indeks ļvorova koji su naredni ļvoru i. 

ὔ ï izlazni stepen ļvora i.  

Za testiranje algoritma koriġĺena je prototipska transportna mreģa, koja je data 

matricom vremena 

◄

ụ
Ụ
Ụ
Ụ
Ụ
ợ
π σ υ Њ Њ Њ
Њ π Њ τ φ Њ
Њ Њ π Њ ς Њ
Њ Њ Њ π ψ ρ
Њ Њ Њ Њ π χ
Њ Њ Њ Њ Њ πỨ

ủ
ủ
ủ
ủ
Ủ

  (9)  

uz pretpostavku da se u poļetnom trenutku u svakom ļvoru nalazi po deset jedinica za 

evakuaciju. Za datu mreģu, optimalna vrijednost fitness funkcije je 300 vremenskih jedinica. 

Optimalna vrijednost je odreĽena primjenom Dijkstra algoritma, pri ļemu su odreĽena 

najkraĺi putevi izmeĽu ciljnog ļvora i svih ostalih ļvorova, nakon ļega su sve jedinice iz 

odnosnog ļvora evakuisane najkraĺim putevima. TakoĽe je ispitan sluļaj mreģe sa 16 ļvorova 

i istom zauzetoġĺu ļvorova kao u prethodnom sluļaju, ļija je optimalna vrijednost fitness 

funkcije 1960 v.j. (Radojļiĺ 2015), te sluļaj jako povezane usmjerene transportne mreģe sa 25 
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ļvorova, ļija vremena prelaska od jednog do drugog ļvora su dobijena zbirom numeriļkih 

oznaka ļvorova (npr. vrijeme prelaska od ļvora 5 do ļvora 12 je 5+12=17), te sa zauzetoġĺu 

ļvorova od 10 jedinica u svakom ļvoru u poļetnom trenutku (fitness=9000v.j.).  

Za izbor narednog ļvora korġĺen jeLOGIT model i to bez ograniļenja kapaciteta u 

ļvorovima, te su rezultati prikazani u tabeli 3. Kapacitet ļvora predstavlja maksimalan broj 

jedinica koje se u jednom diskretnom vremenskom slotu mogu nalaziti u posmatranom ļvoru. 

Za pretragu najboljeg rjeġenja koriġĺeno je 20 agenata ï vjeġtaļkih pļela. 

Tabela 3. Rezultati za LOGIT model izbora narednog ļvora 

6 ļvorova 20 pļela 16 ļvorova 20 pļela 25 ļvorova 20 pļela 

10 iteracija      fitness=300 10 iteracija      fitness=1960 10 iteracija      fitness=9000 

100 iteracija      fitness=300 100 iteracija      fitness=1960 100 iteracija      fitness=9000 

1000 iteracija      fitness=300 1000 iteracija      fitness=1960 1000 iteracija      fitness=9000 

10000 iteracija      fitness=300 10000 iter.          fitness=1960 10000 iteracija      fitness=9000 

100000 iteracija      

fitness=300 

100000 iter.         

fitness=1960 

100000 iteracija      fitness=9000 

1000000 iteracija    

fitness=300 

1000000 iter.       

fitness=1960 

1000000 iter.           

fitness=9000 

Na slici 1. prikazano je CPU vrijeme izvrġavanja algoritma za sluļajeve 5, 20 i 100 

pļela. Zbog  preglednosti, ose su podijeljene logaritamskom skalom. 

 

Slika 1. CPU vrijeme izvrġavanja algoritma za sluļajeve 5, 20 i 100 pļela 

Vaģno je takoĽe razmotriti i sluļaj kada osim duģine grane, na odabir rute za evakuaciju 

utiļe i trenutna zauzetost ļvora. Naime, u realnim situacijama kapaciteti ļvorova u koje se 

preliva tok evakuacije su ograniļeni.  

Neka svaka vjeġtaļka pļela bira naredni ļvor u koji ĺe premjestiti jedinicu koja se 

evakuiġe, ruletskom selekcijom na LOGIT modelom odabira narednih ļvorova. Vjerovatnoĺa 

izbora narednog ļvora odreĽuje se po obrascu (7) 

Korist koju pļela ostvaruje raļuna se na slijedeĺi naļin: 
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ὠ
ύ ϽὼȟὥὯέ ὮὩ π ὸ Њ Ὥ ὼ π 

πȟ                            ὭὲὥéὩ
ȟ (10) 

 

gdje su 

ὸ
В В

ȟᶅὭȟὮȡπ ὸ Њ  (11) 

ὼ   (12) 

ὸ ï  vrijeme potrebno da jedna jedinica preĽe granu i-j, 

Ὣ ï trenutna zauzetost ļvora j (broj jedinica koje se nalaze u ļvoru j), 

ὸ ï normalizovano vrijeme potrebno da jedna jedinica preĽe granu i-j, 

ὼ ï efektivna zauzetost ļvora j (normalizovana vrijednost preostalog kapaciteta u ļvoru 

j). 

Ispitan je sluļaj mreģe date matricom(9), gdje svi ļvorovi imaju kapacitet 100jedinica, 

osim ļvora 2 koji je usko grlo i njegov kapacitet je 12 jedinica. Koeficijenti ύ ̉ ύ  uzimaju 

vrijednosti iz intervala [0,1] a nalaze se u slijedeĺem odnosu: 

ύ ρ ύ   (13) 

Dobijeni rezultati prikazani su u tabeli 4. 

Tabela 4. Vrijednosti funkcije cilʿa za razliļite vrijednosti koeficijenta ύ  

ύ  Fitness funkcija Fitness funkcija ï ļvor 2 usko grlo 

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. ZAKLJUĻAK 

U procesu projektovanja ruta metaheuristiļkim algoritmom Optimizacija kolonijom 

pļela, upotrijebljena su dva pristupa: LOGIT model izbora ļvorova u koje ĺe se preliti tok 

evakuacije koji  ne vodi raļuna o zauzetosti narednog ļvora i LOGIT model izbora ļvorova u 

koje ĺe se preliti tok evakuacije koji vodi raļuna o zauzetosti narednog ļvora. 

LOGIT model u prvom sluļaju uzima u obzir vremena prelaska preko grana po kojima 

se evakuacija treba obaviti, favorizujuĺi izbor onih ļvorova, do kojih vode kraĺe grane. model 

brzo konvergira ka optimalnom rjeġenju, ali se u ovom sluļaju moģe javiti sliļan problem kao 
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i kod proģdrljivih algoritama ï moglo bi se desiti da se algoritam zarobi u lokalnom optimumu. 

Opasnost od ovakvog scenarija je ipak umanjena stohastiļkom prirodom BCO algoritma. 

LOGIT model u drugom sluļaju uzima u obzir i vremena prelaska preko grana i 

zauzetost ļvora u koji se usmjerava tok evakuacije. Najbolja pronaĽena rjeġenja se 

pogorġavaju, ukoliko se veĺi znaļaj da zauzetosti narednog ļvora u odnosu na vrijeme prelaska 

preko grane. Ipak, ovakav pristup smanjuje moguĺnost od stvaranja uskih grla na transportnoj 

mreģi, kao i moguĺnost od otkaza rute za evakuaciju. TakoĽe, LOGIT model u sluļaju kada 

je kapacitet ļvorova poznata veliļina, uzima u obzir efektivnu popunjenost ļvora u koji treba 

usmjeriti tok evakuacije. Pokazuje se da vrijednost funkcije cilja dobrim dijelom zavisi od 

ovog parametra. U sluļaju kada postoji usko grlo na mreģi, tok evakuacije se preusmjerava na 

suboptimalne grane, te se posljediļno i vrijednost funkcije cilja poveĺava. 

Primjeĺuje se da porastom broja iteracija vrijeme izvrġavanja algoritma eksponencijalno 

raste. U principu, vrijeme izvrġavanja algoritma zavisi od ukupnog broja agenata koji vrġe 

pretragu u toku izvrġavanja algoritma, odnosno ovo vrijeme je proporcionalno proizvodu broja 

pļela i broja iteracija. Stoga ĺe u buduĺem istraģivanju biti posveĺena paģnja implementaciji 

fuzzy sistema, uz pomoĺ kojeg ĺe se u toku izvrġavanja algoritma dinamiļki alocirat broj pļela 

u zavisnosti od kvaliteta rjeġenja dobijenih u toku izvrġavanja algoritma. Autor ovog teksta je 

miġljenja da se korġĺenjem fuzzy sistema moģe smanjiti ukupan broj vjeġtaļkih pļela koje 

pretraģuju prostor dopustivih rjeġenja, ļime se moģe uticati na smanjenje vremena izvrġavanja 

algoritma, ne utiļuĺi bitno na kvalitet dobienog konaļnog rjeġenja problema. Osim toga, 

prezentovani algoritam je potrebno ispitati na transportnim mreģama sa 100 i viġe ļvorova, 

ļime bi se potvrdila upotrebljivost algoritma za velike planove evakuacije (na primjer za 

planiranje evakuacije gradova). 

Opisani model nije uzimao u obzir sluļaj kada su svi naredni ļvorovi za ļvor iz kojeg 

se preliva tok evakuacije, uska grla. Ovakav sluļaj neminovno dovodi do zaostajanja 

odreĽenog broja jedinica na transportnoj mreģi, ġto je krajnje nepovoljan scenario. Stoga ĺe u 

buduĺem istraģivanju biti posveĺena paģnja prevazilaģenju ovog problema. 
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Apstrakt: U radu su identifikovani i obraĽeni indikatori kvaliteta marketinga u saobraĺaju, 

ocijenjena efikasnost njihove primjene i predstavljen matematiļki model zavisnosti ocjene 

efikasnosti marketinga u saobraĺaju od vrijedenosti indikatora kvaliteta.  Ciljevi rada se ogledaju 

u odreĽivanju objektivnih indikatora kvaliteta marketingu. S obzirom da je kvalitet marketinga 

sloģen pojam kojeg karakteriġe viġe varijabli, nameĺe se potreba definisanja kluļnih varijabli 

koje ĺe u sebi sadrģavati visok stepen objektivnost. U radu su koriġteni kombinovani alati 

prikupljanja podataka (anketni upitnik, intervju i dokumentacija poslovnih sistema uzorka). 

Koriġtene su istraģivaļke metode koje su pogodne za ovakvu vrstu istraģivanja. Izdvojeni su 

kljuļni indikatori kvaliteta marketinga u saobraĺaju, zatim postupno  mjerodavni indikatori 

kvaliteta marketinga u saobraĺaju i predstavljene ocjene kvaliteta marketinga u saobraĺaju na 

uzorku istraģivanja. Moguĺnost primjene mjerodavnih indikatora kvaliteta marketinga u 

saobraĺaju za ocjenu njegovog kvaliteta pri ļemu se postiģe visok nivo objektivnosti.  

 

Kljuļne rijeļi: Marketing u saobraĺaju. Indikatori kvaliteta, Kvalitet marketinga, Matematiļki 

model. 

 

Abstract: In this paper the indicators of quality of marketing in traffic are identified and 

processed, the efficiency of their application is evaluated and a mathematical model of the 

dependence of the evaluation of the efficiency of marketing in the traffic to the value of the quality 

indicators is shown. The objectives of the work are reflected in the determination of objective 

quality indicators in marketing. Since marketing quality is a complex term characterized by 

multiple variables, it is necessary to define the key variables that will contain a high degree of 

objectivity in themselves. Combined data collection tools (questionnaire, interview and 

documentation of business model systems) were used in this paper. Research methods that are 

suitable for this kind of research were used. Key indicators of the quality of marketing in traffic 

are highlighted, then the gradually relevant indicators of the quality of marketing in traffic and 

grades of the quality of marketing in traffic are presented on the sample survey. The possibility 

of applying the relevant indicators of the quality of marketing in traffic for evaluating its quality, 

while a high level of objectivity is being achieved.  

 

Key words: Marketing in traffic. Quality indicators. Marketing quality. Mathematic model. 

1. UVOD  

Prva karika u  lancu uspostavljanja kvaliteta u saobraĺajnom poslovnom sistemu je 

marketing. Prema Kotleru: ĂMarketing je druġtveni proces kojim - putem proizvodnje i 

                                                           
* Originalni nauļni rad 
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razmjene proizvoda ili usluga i vrijednosti s drugima - pojedinci i grupe dobijaju ono ġto im 

je potrebno ili ġto ģeleñ (Kotler,  1988). 

Iako Drucker smatra da je Ămarketing toliko fundamentalan da se ne moģe smatrati 

zasebnom funkcijom .... jer se radi o sveukupnom poslovanju gledanom kroz prizmu 

korisnikañ  smatra se da je  marketing jako znaļajna funkcija svake organizacije samim tim 

ġto predstavlja prvu i zadnju stepenicu kod uspostavljanja odnosa sa kupcem, te joj kao takvoj 

treba posvetiti posebnu paģnju (Zukiĺ, 2009). 

Dobro razumijevanje zahtjeva kupaca je polazna taļka u pruģanju usluga atraktivnog 

kvaliteta na ġta upuĺuju i ISO 9000 i TQM. Dobro obavljeni poslovi u marketingu su kljuļ za 

ostale funkcije organizacije koje ĺe biti ukljuļene u realizaciju usluga.  

Marketing, kod ispitivanja zahtjeva trģiġta moģe koristiti razne tehnike i metode. Bitno 

je da se zahtjevi kupaca registruju i u potpunosti razumiju. Zahtjevi kupaca mogu biti iskazani 

na razliļite naļine. Uobiļajeno je da se zahtjevi iskaģu na jeziku svojstvenom kupcu koji je 

nerazuman za organizaciju. Ali, marketing sluģba mora razumjeti ģelje kupaca i prikazati ih u 

obliku razumljivom za organizaciju. 

Dobijeni rezultati moraju biti jasni kako bi se omoguĺilo pretvaranje utvrĽenih zahtjeva 

u karakteristike usluga. Sve dobijene informacije o uslugama marketing u saobraĺaju mora 

evidentirati i proslijediti funkcijama planiranja i razvoja.  

Kvalitet marketinga u saobraĺaju se postiģe kroz:  

¶ strateġko planiranje i upravljanje marketingom usluga, 

¶ marketing okoline -praĺenje i istraģivanje novih moguĺnosti na trģiġtu, 

¶ izuļavanje trģiġta korisnika i ponaġanje korisnika, mjerenje potreba i zahtjeva za 

proizvodom ili uslugom, 

¶ predviĽanje buduĺe potraģnje proizvoda ili usluge, 

¶ segmentaciju trģiġta i pozicioniranje na trģiġtu, 

¶ marketing planiranje, 

¶ definisanje saģete informacije za razvoj proizvoda ili usluge, 

¶ razvoj i upravljanje marketing strategijama, 

¶ aktivnosti sa javnoġĺu, 

¶ plasman proizvoda ili usluga. 

2. METODE  

2.1. Indikatori kvaliteta marketinga u saobraĺaju 

S obzirom na ļinjenicu da su indikatori kvaliteta  parametri koji kvantitativno ili 

kvalitativno pokazuju sposobnost preduzeĺa da realizuje postavljene ciljeve, moģe se reĺi da 

promjena veliļine indikatora kvaliteta direktno ili indirektno uslovljava promjenu ocjene 

kvaliteta procesa. (Brdareviĺ i dr., 2015) 

Za organizaciju je jako bitno poznavanje miġljenja kupca o sebi, poznavanje svoje 

trģiġne pozicije, poznavanje konkurentnosti svojih proizvoda i sl. (Papiĺ, 2016) U tom smislu 

razvijen je set indikatora u marketingu, koji  je predstavljen u tabeli 1. 
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Poznavanje ovih indikatora u znaļajnoj mjeri olakġava donoġenje znaļajnih odluka, 

koje imaju za cilj organizacijski progres, kroz trģiġno ġirenje i poveĺanje profita. (Papiĺ 2016) 

Tabela 1. Indikatori kvaliteta marketinga u saobraĺaju 

 

 Indikatori kvaliteta  Ozn

aka  

J. 

Mj.  

Cilj.  Stv. Ocj. 

 vrijednost 

1.  Broj novih korisnika usluga Iq1     

2.  Broj izgubljenih korisnika usluga Iq2     

3.  Broj novih usluga razvijenih na osnovu izreļenih zahtjeva 

korisnika 
Iq3     

4.  Odnos cijene usluga  prema cijenama usluga konkurencije Iq4     

5.  Odnos cijene usluge sa najboljom svjetskom praksom u klasi Iq5     

6.  Broj pohvala od korisnika usluga Iq6     

7.  Broj prituģbi -reklamacija od korisnika usluga Iq7     

8.  Trģiġna pozicija organizacije po uslugama Iq8     

9.  Novļana sredstva planirana za reklamiranje sistema Iq9     

10.  Iznos reklamiranih usluga u odnosu na ukupan iznos usluga Iq10     

11.  Procenat trģiġnog udjela novih usluga Iq11     

12.  Trģiġni udio  Iq12     

13.  Broj otklonjenih prigovora koji su ispoġtovali zadovoljstvo 

korisnika. 
Iq13     

14.  Broj prigovora koji nisu rijeġeni u adekvatnom roku Iq14     

15.  Novonastali troġkovi usljed naknadnog djelovanja  Iq15     

16.  Frekventnost narudģbi po korisnicima Iq16     

17.  Broj organizovanih nagradnih igara Iq17     

18.  Broj reklama putem medija Iq18     

19.  Broj poboljġanja predloģenih od kupaca Iq19     

20.  Broj realizovanih poboljġanja predloģenih od kupaca Iq20     

21.  Procenat greġaka pri pruģanju usluga Iq21     

22.  Procenat otkaza transportnih sredstava pri pruģanju usluga Iq22     

23.  Procenat otkaza u radnom vijeku sredstava Iq23     

Objaġnjenje indikatora kvaliteta u marketingu  -Trģiġna pozicija organizacije po 

uslugama (Iq8). Ovaj indikator ima zadatk da prikaģe trģiġnu poziciju organizacije po 

uslugama. Kako je broj usluga razliļit od organizacije do organizacije u metodi je uzet jedan 

indikator. No, zavisno od broja i vrste usluga  koje pruģa, organizacija treba definisati 

adekvatan broj ovih indikatora. 

Novoformirana metoda ima viġekriterijumski pristup kod utvrĽivanja efikasnosti 

marketinga. Indikatori koji se koriste u metodi su formirani po srodnosti i pridruģeni su 

adekvatnim funkcijama organizacije. 

Kod pojedinih organizacija javiĺe se potreba za preklasifikacijom pojedinih indikatora 

ili za proġirenjem broja indikatora. TakoĽe ĺe postojati potreba da se pojedini indikatori 

pridruģe istovremeno veĺem broju funkcija. U takvim situacijama organizacijama se ostavlja 

otvorena moguĺnost da izvrġe preklasifikaciju koja ĺe najbolje odgovarati stanju u istoj. U 

sluļaju preklasifikacije ili pak pridruģivanja pojedinih indikatora istovremeno veĺem broju 

funkcija treba voditi raļuna kod provoĽenja ocjenjivanja. 

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

skupove. To znaļi da svaka organizacija ima za pravo da izvrġi eventualnu dopunu 

funkcionalnih indikatora. Ukoliko se pokaģe da organizacija ne koristi pojedine indikatore, 

ocjenjivaļ za te indikatore dodjeljuje ocjenu nula. Ukoliko organizacija smatra da pojedini 

indikatori otkrivaju njene poslovne tajne daje joj se za pravo da te indikatore ne razmatra u 

postupku utvrĽivanja svoje uspjeġnosti. 
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2.2. Postupak utvrĽivanja efikasnosti marketinga u saobraĺaju 

Primjena metode ne zahtijeva posebno obuļen kadar. Ocjenjivanje uspjeġnosti 

organizacije primjenom novoformirane metode moguĺe je izvrġiti angaģovanjem pojedinca ili 

pak tima. Ukoliko se ocjenjivanje organizacije treba provesti brzo tj. u relativno kratkom 

vremenskom periodu tada se preporuļuje angaģovanje tima. 

UtvrĽivanje efikasnosti marketinga u saobraĺaju provodi se kroz slijedeĺih pet koraka: 

(Zukiĺ, 2009) 

1. definisanje ciljnih vrijednosti indikatora, 

2. utvrĽivanje stvarnih vrijednosti indikatora, 

3. ocjenjivanje indikatora, 

4. utvrĽivanje funkcijskih ocjena (uspjeġnosti), 

5. utvrĽivanje organizacijske ocjene (uspjeġnosti). 

Prvi korak koji organizacija treba napraviti kod odreĽivanja uspjeġnosti primjenom ove 

metode je definisanje ciljnih vrijednosti indikatora. Ciljne vrijednosti indikatora trebaju 

predstavljati one vrijednosti kojima organizacija teģi. Za ciljne vrijednosti indikatora 

organizacija moģe uzeti vrijednosti koje postiģe konkurencija (najbolji u praksi) ili pak 

poboljġanje onih vrijednosti koje je organizacija postizala u prethodnom vremenu. Ukoliko 

organizacija ģeli da prati sopstveni napredak onda je svakako dobro za ciljeve uzeti poboljġane 

vrijednosti veĺ dostizanih ciljeva. Organizacija, kod izbora ciljnih vrijednosti treba teģiti da 

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

organizaciji. 

U drugom koraku organizacija utvrĽuje svoje stvarne moguĺnosti. Za utvrĽivanje 

stvarnih vrijednosti indikatora, kao ġto je veĺ istaknuto, organizacija moģe angaģovati 

pojedinca ili pak tim, zavisno od raspoloģivog vremena za provoĽenje ocjenjivanja. Kao izvor 

informacija za tu svrhu, organizaciji mogu posluģiti razliļite vrste poslovne dokumentacije, 

ocjenjivanja ļlanova tima (procjene, sud) i sl. 

U treĺem koraku vrġi se utvrĽivanje Ăpoloģajañ stvarnih vrijednosti indikatora u odnosu 

na definisane ciljne vrijednosti. Zavisno od postignutog poloģaja indikatora ocjenjivaļ 

dodjeljuje odgovarajuĺe ocjene. Koriġteni indikatori se meĽusobno razlikuju kako prema 

dimenzijama tako i po karakteru trendova. Da bi se omoguĺilo posmatranje koriġtenih 

inikatora iz Ăjedne ravniñ uvedene su ocjene za kriterij prema kojem se vrġi ocjenjivanje 

indikatora prema tabeli 2. 

Tabela 2. Kriteriji za ocjenjivanje stvarnih indikatora kvaliteta efikasnosti marketinga u saobraĺaju 

Kriterij za ocjenjivanje indikatora kvaliteta marketinga  Ocjena 

Vrijednost indikatora  je nepovoljnija  od ciljne vrijednosti 0 

Indikator ima ciljnu vrijednost 1 

Vrijednost indikatora je veĺa od ciljne vrijednosti 2 

Ukupna ocjena efikasnosti marketinga se dobija tako ġto se saberu ocjene stvarnih 

vrijednosti indikatora kvaliteta marketinga u saobraĺaju, i podijeli sa ukupnim brojem 

izdvojenih indikatora kvaliteta marketinga u saobraĺaju za praĺenje, a zatim se koliļnik 

pretvara u procenat, prema formuli (1). Navedeni postupak predstavlja ocjenu efikasnosti 

marketinga u saobraĺaju. 
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%-3
В
 ρππ Ϸ   [%]  (1) 

Gdje su: EMS-efikasnost marketinga u saobraĺaju; ВὛὠὍ- zbir ocjena stvarnih 

vrijednosti indikatora; ὲ ï broj indikatora kvaliteta marketinga u saobraĺaju. 

Ocjena indikatora kvaliteta marketinga u saobraĺaju (koja se izvodi prema tabeli 2), 

predstavlja transformaciju stvarnih indikatora u tzv. mjerodavne indikatore kvaliteta (MIK). 

Treba napomenuti da se ocjena Ănulañ daje i za indikatore koji se ne prate, a ocjena Ădvañ se 

moģe dati ako je ciljna vrijednost ujedno i maksimalno moguĺa vrijednost. 

3. REZULTATI  ISTRAĢIVANJA 

Eksperiment ļiji su rezultati koriġteni u ovom radu je proveden u tri transportna 

preduzeĺa, koja spadaju u grupu malih preduzeĺa. Podaci su  za periode od po ļetiri mjeseca 

za 2016. godinu. Preduzeĺa su ġifrovano predstavljena sa TPI, TPII i TPIII. U tabeli 3 su 

predstavljeni ukupni rezultati mjerenja i ukupna efikasnost marketinga. 

Tabela 3. Pregled vrijednosti ocjena indikatora kvaliteta i ocjene efikasnosti marketinga  

Vrijednosti mjerodavnih indikatora kvaliteta  

O
z
n

a
k
a

 

in
d

ik
. 

TPI  TPII  TPIII  

I-IV V-VIII  VIII -XII  I-IV V-VIII  VIII -XII  I-IV V-VIII  VIII -

XII  

0 1 1 1 2 1 1 1 1 Iq1 

2 2 2 2 1 2 1 1 2 Iq2 

1 0 0 1 1 1 1 0 0 Iq3 

0 0 0 2 1 1 1 1 1 Iq4 

0 0 0 0 0 0 0 0 0 Iq5 

0 0 0 1 1 1 2 1 1 Iq6 

1 1 0 1 2 1 0 0 0 Iq7 

1 1 1 1 1 1 1 1 1 Iq8 

1 2 1 0 1 1 2 2 1 Iq9 

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 Iq13 

1 1 1 1 1 1 1 1 1 Iq14 

1 0 0 1 1 1 0 0 1 Iq15 

1 1 1 1 2 1 1 1 1 Iq16 

0 0 0 1 0 0 0 0 0 Iq17 

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 Iq20 

0 0 0 1 1 1 0 0 0 Iq21 

0 1 1 0 1 1 1 0 0 Iq22 

1 1 1 1 1 1 1 1 1 Iq23 

12 13 12 24 26 24 19 17 18 Zbir MIK  

52,17                                                                                                                                                                                                                                                                                                                                    56,52 52,17 104,34 113,04 104,34 82,61 73,91 78,26 EMS % 

50 55 50 100 100 100 85 75 80 Po MH % 

3.1. Regresiona i korelaciona analiza rezultata mjerenja 

Ako se za ulazne veliļine uzmu vrijednosti zbira mjerodavnih indikatora kvaliteta a kao 

izlazne veliļine vrijednosti efikasnosti marketinga u saobraĺaju odreĽen po EFQM-MH 

modelu izvrsnosti, moguĺe je formirati matrice X, XÌi Y (2) 
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50

55

50

100

100

100

85

75

80

,

1     12
1     13
1     12
1     24
1     26
1     24
1     19
1    17
1    18

i  ǋ 1      1      1       1      1       1      1       1     1  
12  13   12     24     26   24   19     17  18

 (2) 

Ako naĽemo proizvode X'X i X'Y, i sreĽivanjem matriļnih jednaļina, pa onda 

prelaskom na sistem normalnih jednaļina, dobija se sistem od dvije jednaļine sa dvije 

nepoznate (3). 

9 0    +   165 1      =  695  (3) 

165 ὦ0   +  3259 ὦ1           = 13641    

Rjeġenja datog sistema su: ὦ0 = -0,25 i ὦ1 = 4,20. Pa je jednaļina regresione prave:  

y=-0,25+4,20 x ; a to je ujedno i regresioni model koji zapisujemo: 

= -0,25 + 4,20 x  (4) 

Dakle, jednaļina (4) je matematiļki model primjene indikatora kvaliteta za ocjenu 

efikasnosti marketinga u saobraĺaju. 

Grafiļki prikaz mjerenja moģe se dati i pomoĺu dijagrama na slici 1. 

  

Slika 1. Grafiļki prikaz rezultata mjerenja i jednaļine prave (matematiļkog modela) 

 

Slika 2. Dijagram rasipanja kod eksperimentalnih mjerenja 
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Prvi korak u sagledavanju korelacije izmeĽu promjenjivih, je izrada dijagrama rasipanja 

na osnovu ureĽenih parova (x, y), ġto je prikazano na slici 2. Vidljivo je da su sve taļke 

mjerenja rasporeĽene unutar elipse, ļija je jedna osa znatno manja od druge, ġto znaļi da 

postoji velika korelacija izmeĽu promjenjivih x i y.  

3.2. Provjera taļnosti indikatorske metode 

Za provjeru taļnosti ove metode ocjene efikasnosti marketinga u saobraĺaju 

najpogodnija je metoda testiranja jednakosti srednjih vrijednosti dva osnovna skupa. 

(Seferoviĺ, Baġiĺ, 2005; str. 86)  Prvi skup ļine rezultati mjerenja po poznatoj metodi   EFQM-

MH, a drugi skup rezultati mjerenja pomoĺu nove metode. Radi komparacije uzimaĺe se 

vrijednosti mjerenja istih dimenzija, odnosno, procentualne ocjene za data transportna 

preduzeĺa.  

Procjena varijanse za razmatrana dva skupa rezultata mjerenja raļuna se prema izrazu: 

ί     (5) 

Gdje su: ί Ὥ ί varijanse skupova 1 i 2. Standardna greġka razlike sredina ὼӶ
ὼӶ je: 

ί
1 2 ί ,  (6) 

dok se veliļina ὸ raļuna po formuli: 

ὸ 1 2 1 2 

1 2 
  (7) 

Odnosno, za Studentovu raspodelu sa brojem stepeni slobode ‮ ὲ ὲ ς, ako je 

hipoteza Ὄ ‘ ‘  taļna; 

ὸ 1 2

1 2 
  (8) 

Testiranje nulte hipoteze se izvodi na osnovu vrijednosti za ὸ . Iz tabele B2 (Seferoviĺ, 
2005.) oļitava se vrijednost ὸȠȟ ςȟωςρ ġto je veĺe od raļunate vrijednosti t=0,026, te je 

s pouzdanoġĺu od 99 % nulta hipoteza prihvatljiva tj. razlika izmeĽu aritmetiļkih sredina je 

sluļajna i zaguġenost proizvodnih linija je jednaka. 

 

 

Tabela T-4: Rezultati testiranja nove metode za efikasnosti marketinga 

ὲ 9 ίӶ Ӷ  

 

 

94,42 ὲ 9 

ὼӶ 77,22 

ὼӶ 79,71  

ὸ 
 

 

-0,026 
 

ί  400,62 

ί  406,81 

ί 200,3 

Dakle, skup 1 (mjerenja efikasnosti po EFQM-MH) i skup 2 (mjerenje efikasnosti 

marketinga novom metodom) imaju jednake srednje vrijednosti, ļime je prihvatljiva nulta 
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hipoteza po studentovoj raspodjeli, ġto dovodi do zakljuļka da se nova metoda moģe 

primjenjivati za mjerenje efikasnosti marketinga u saobraĺaju. 

Poġto se navedeno testiranje izvodi samo uz predpostavku da normalne raspodjele imaju 

jednake varijanse ġto utvrĽujemo F-testom. Sam naziv govori da se testiranje sprovodi 

varijablama F-raspodjele. 

Neka je nulta hipoteza da su varijanse dva osnovna skupa jednake tj:        Ὄ ί ί  

Onda je:    Ὂ =1,015; varijabla F-raspodjele sa stepenom slobode brojnika ‮

ὲ ρ = 8, i nazivnika ‮ ὲ ρ= 8.  

Tabliļna vrijednost Ὂ za vjerovatnoĺe ὖὊ Ὂ πȟπυȾπȟπρ i navedene stepene 

slobode nazivnika iznosi: 3,44/6,03 (Seferoviĺ, 2015;B4, str 209). 

Moģe se konstatovati da je:     Ὂ 1,015 3,44 i Ὂ 1,015 6,03 ġto znaļi da nema 

signifikantne razlike u varijansama varijabli za dva skupa, pa je nulta hipoteza za    F-test 

prihvatljiva, a time je studentov test valjan. 

Dakle, nova metoda je taļna, i kao takva moģe se primjenjivati za ocjenu efikasnosti 

marketinga u saobraĺaju. 

4. DISKUSIJA  

Posmatrajuĺi regresionu i korelacionu analizu uticaja efikasnosti marketinga u 

zavisnosti od indikatora kvaliteta u marketingu, vidljivo je da postoji direktna veza izmeĽu 

pojedinaļnih ocjena indikatora kvaliteta marketinga i ocjene ukupne efikasnost marketinga u 

saobraĺaju.  

TakoĽer, vidi se da je marketing efikasniji kod transportnog preduzeĺa koje prati najviġe 

indikatora od ostalih. Premda, je dobijen matematiļki model zavisnosti efikasnosti marketinga 

od indikatora kvaliteta marketinga, potrebno je biti oprezan pri njegovoj primjeni u praksi zato 

ġto je on dobijen na osnovu malog uzorka istraģivanja. 

Nepobitna je ļinjenica da je ovo veoma malo istraģena oblast pa bi bilo potrebno 

provesti istraģivanja na veĺem broju saobraĺajnih preduzeĺa, pri ļemu bi se uzeo u obzir i 

ġirok asortiman njihovih djelatnosti, ġto bi dalo znaļajne rezultate za planiranje i sprovoĽenje 

marketinga u saobraĺaju. 

Pri ocjenjivanju indikatora kvaliteta marketinga, prisutna je subjektivna ocjena 

(procjena) menadģera. Zato je potrebno naĺi relativnu vrijednost mjerodavnih indikatora ļime 

bi se poveĺala objektivnost i moguĺnost uporedbe sa konkurencijom. 

5. ZAKLJUĻAK 

Sam postupak ocjene efikasnosti marketinga u saobraĺaju je veoma sloģen. Izdvajanje 

setova indikatora je na menadģeru ili timu koji analizira uļinak marketinga u konaļnoj 

uspjeġnosti preduzeĺa. Sigurno da praĺenje pojedinih indikatora kvaliteta marketinga, moģe 

doprinijeti detektovanju slabih mjesta, ġto je jedan od uslova za pravovremeno donoġenje 

ispravnih odluka u tom smislu. 
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Bitna je i ļinjenica, da preduzeĺa nisu ograniļena u pogledu odabira indikatora kvaliteta 

marketinga, veĺ sami mogu odluļivati uz predhodne analize ġta je bitno za njihovo preduzeĺe. 
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Apstrakt: Zbog izraģenog kvantiteta proizvodnje i potroġnje, neizbeģan je kopneni transport 

Sumporne kiseline ģeleznicom. Iako se obavlja u reģimu opasnih materija pod naglaģenim 

uslovima bezbednosti, akcidentni su neminovni. Zbog koncetracije velike koliļine opasnih 

materije u transportnim jedinicama, akcidenti u sluļaju Sumporne kiseline obiļno izazivaju velike 

ekoloġke katastrofe. Istraģivanja posledica dva reprezentativna akcidenta iz 2014 i 2015 godine 

su u toku i oļekuju se znaļajna unapreĽenja saznanja u dugoroļnim ekoloġkim posledicama koje 

mogu nastati posle akcidenta sa opasnim materijama. 

 

Kljuļne rijeļi: opasne materije, transport, kiseline, akcident 

 
Apstract: Because of the quantity of production and consumption, the land transport of sulfuric 

acid is inevitable by rail. Even though it is performed in hazardous substances under urgent safety 

conditions, accidents are inevitable. Due to the concentration of large quantities of dangerous 

substances in transport units, accidents in the case of sulfuric acid usually cause major 

environmental disasters. Research into the consequences of the two representative accidents from 

2014 and 2015 are ongoing and significant improvements are expected in the long-term 

environmental impacts that may arise after an accident with dangerous substances. 

 

Key words: dangerous goods, transport, acids, accidents 

1. UVOD 

Sumporna kiselina je neorganska kiselina molekulske formule H2SO4, bezbojna uljasta 

teļnost.  

Ulje ili ñduhò Vitriola, poznat je od davnina, Sumerskog perioda preko antiļke Grļke 

(zapisi Dioscoridesa, I vek nove ere), Rimske imperije (zapisi Plinija, 23-79 nove ere), 

ļuvenog Galena od Pergamona (129-200 nove ere) i Persije (Jabin ibn Hayyan, 721-815 nove 

ere). 

Prva industrijska proizvodnja Sumporne kiseline je realizovana 1736. godine iz sulfata 

GvoģĽa i Bakra u Engleskoj. Ovaj postupak je davao male koliļine. U Sjedinjenim Ameriļkim 

Drģavama, industrijska proizvodnja poļinja 1793. godine. Velike koliļine sumporne kiseline 

su postale dostupne postupkom sagorevanja ġalitre uz dodatak vode. Ļistoĺa ovako dobijene 

Sumporne kiseline je uobiļajeno bila preko 70%. Danas je aktuelan kontaktni postupak 
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(sagorevanje sumpor dioksida u sumpor trioksid) koji se izvodi u prisustvu Platine kao 

katalizatora, patentiran joġ davne 1831. godine. 

Sumporna kiselina je strateġki proizvod i ima izuzetnu industrijsku primenu: u 

proizvodnji veġtaļkog Ľubriva, u metalurgiji ï proizvodnji bakra, ļelika i urana, rafinacija 

goriva u petrohemiji, u industriji boja, u proizvodnji eksploziva, u industriji deterdģenata, 

proizvodnji akomulatora (kao elektrolit), u petrohemiji za rafinaciju petrola, papirnoj 

industriji, za dobijanje veĺine mineralnih kiselina i soli, itd. (Jankoviĺ, 2016) 

Sumporna kiselina ima veliki afinitet prema vodi, zbog ļega burno reaguje sa vodom 

uz oslobaĽanje velike koliļine toplote: 83,35 kJ/mol, a reakcije sa vodom dovodi do 

kontrakcije zapremine. U kontaktu sa organskim supstancama (nitrati, hlorati) moģe se 

izazvati poģar. Sumporna kiselina ugljeniġe organske supstance (drvo, skrob, papir, koģa). 

Zbog ovih karakteristika, preko 30% akcidenata sa Sumpornom kiselinom ima smrtonosan 

ishod (Milner i dr., 1996). Ustanovljeno je da se kod preģivelih u akcidentu javlja velika 

smrtnost u 10-to godiġnjem periodu po akcidentu (Wei i dr., 2013). Inhalacija parama 

Sumporne kiseline izaziva trajna, nepopravljiva oġteĺenja respiratornih organa ili fatalan 

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 tela (total body surface area - TBSA), a u 

66,7% povredu glave koje u pravilu prati delimiļno ili potpuno slepilo (Asaria i dr., 2004). 

2. PROIZVODNJA  SUMPORNE KISELINE  I RASPODELA RIZIKA PO 

LOGISTIĻKIM PODSISTEMIMA  

Po dostupnim podacima, godiġnja svetska proizvodnja sumporne kiseline je poļetkom 

II decenije XXI veka na godiġnjem nivou od oko 200,000,000.00 tona, a po podacima iz 2012 

godine, obim godiġnje proizvodnje je 290,000,000.00 tona.  

Od proizvedenih koliļina, procenjeno je da se oko 50% se koristi u fosfatnim 

fertilizerima za proizvodnju veġtaļkog Ľubriva a 10% u metalurgiji. Za proizvodnju 

Fluorovodoniļne kiseline se koristi oko 2% Sumporne kiseline. Najveĺi proizvoĽaļ je Kina, 

USA, EU, Rusija.  

Za 454 akcidenata koji su evidentirani u bazi FACTS u 35-to godiġnjem periodu, rizik 

od akcidenta po proizvedenoj toni iznosi R=0.0447Ö10-6 akcidenta/toni.  

Verifikacije statistiļkih hipoteza o uticaju logistiļkih podsistema na ishode fatalnih 

dogaĽaja za opasnu materiju ima sledeĺe raspodele (Jankoviĺ, 2016): 

¶ U proizvodnji, akcidenti sa sumpornom kiselinom imaju visok rizik od fatalnih ishoda, 

¶ U procesima skladiġtenja, akcidenti sa sumpornom kiselinom ne pokazuju 

signifikantne uticaj na na fatalne ishode, 

¶ U pretovaru, akcidenti sa sumpornom kiselinom imaju izuzetni nizak rizik od fatalnih 

ishoda, tj. operacije pretovara sumporne kiseline su pouzdane sa malim brojem 

akcidenata i poginulih radnika. 

¶ U transportu, akcidenti sa sumpornom kiselinom imaju nizak rizik od fatalnih ishoda, 

tj. operacije transporta sumporne kiseline se i dalje smatraju pouzdane, sa malim 
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brojem akcidenata i poginulih radnika (oko 6% okcidenata se zavrġi sa minimum 

jednim fatalnim ishodom). 

¶ U upotrebi, akcidenti sa sumpornom kiselinom opet imaju visok rizik od fatalnih 

ishoda, 

MeĽutim, iako pouzdan po radnike koje uļestvuju u transportu sumporne kiseline, 

akcidenti imaju izuzetno velike negativne posledice na ekoloġki sistem. Zbog obima 

proizvodnje, kopnene transportne zahteve mogu da realizuju samo ģelezniļkim sistemima. 

Iskliznuĺa ģelezniļkih vagona za prevoz opasnih materija, su najļeġĺi uzrok akcidenata - oko 

54% akcidenata sa opasnim materijama je realizovano indirektno, posle iskliznuĺa.  

Iskliznuĺa su najļeġĺe realizovana u stanicama, tokom voģnje preko skretnica. 

Nepoģeljno, stanice su uobiļajeno u gradskim jezgrima. Manji broj iskliznuĺa je realizovan na 

otvorenoj pruzi. Odnos rizika u stanicama (gradska jezgra) i otvorene pruge je 5:2 (raspodela 

54% akcidenata opasnih materija zbog iskliznuĺa). 

Ograniļenja brzina u stanicama i voģnje preko skretnica dovode do iskliznuĺa manjeg 

broja vagona ï uobiļajeno pojedinaļno, sa manjim fiziļkim ili ļak bez oġteĺenja taknova 

vagona. Zbog toga, veĺi broj akcidenata u stanicama se ļesto zavrġi bez isticanja opasnih 

materija. 

MeĽutim, na otvorenoj pruzi, zbog veĺih brzina, iskliznuĺa prouzrokuju serijsko 

ispadanje vagona sa izrazitim mehaniļkim oġteĺenjima i obaveznim isticanjem velike koliļine 

opasnih materija. 

Za reprezentaciju ovakvog stava, za opasnu materiju Sumporne kiseline, odabrana su 

dva akcidenta: Sonora u Meksiku i Queensland u Australiji. 

3. REPREZENTATIVNI AKCI DENTI U ĢELEZNIĻKOM TRANSPORTU 

SUMPORNE KISELINE  

3.1. Akcident Sonora u Meksiku 

Akcident Sonora se realizovao 12. Avgusta 2014. Meksiko, oblast reke Sonore slika 1. 

(severozapadni deo Meksika). Za potrebe jednog od najveĺih rudnika bakra u Meksiku, 

Buenavista, obavljan je ģelezniļki prevoz Sumporne kiseline kanjonom reke Sonore.  

Zbog iskliznuĺa kompozicije vagona ï cisterni za prevoz Sumporne kiseline, doġlo je 

do nekontrolisanog istakanja oko 40000 litara Sumporne kiseline u reku Sonoru. Time je u 

potpunosti onemoguĺeno skromno snadbevanje vodom u celoj oblasti. Posle proglaġenja 

vanrednog stanja odmah je zatvoreno 80 ġkola, nizvodno od mesta akcidenta! U potpunosti je 

uniġten riblji fond i ribnjaci bez procene moguĺnosti oporavka, a dugoroļno je uniġtena 

poljoprivreda i stoļarstvo kao osnovna privredna delatnost regiona. Istraģivanja o dugoroļnim 

posledicama su u toku. 
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Slika 1. Reka Sonora, bliģi izgled reke posle akcidenta 

3.2. Akcident Queensland u Australiji  

Akcident Queensland se realizovao 28. 12. 2015. Godine, oblast Queensland, Australija. 

Koliļina od 31500 litara od ukupno 800000 litara je nekontrolisano istekla iz vagona 26 

vagona ģelezniļke kompozicije slika 2. Vlasti su odmah proglasile vanredno stanje. Sva tri 

vozaļa lokomotive su povreĽena. Pruga je odmah zatvorena za saobraĺaj, a oblast iznad 

akcidenta je zatvorena za letove svih sredstava vazduġnog saobraĺaja. 

 

Slika 2. Queensland, ģelezniļki akcident, prevoz sumporne kiseline 

Za sada, izveġtaj u pisanoj formi o zagaĽenjima zemljiġta i podzemnih vodotokova nije 

dostupan javnosti zbog odnosa sa osiguravajuĺim druġtvima do potpunog utvrĽivanja 

odgovornosti. Oblast je trajno zabranjena za ģelezniļki saobraĺaj, a nova obilazna pruga je 

izmeġtena  u radijusu na 2 km od mesta akcidenta. 

 



 

145 

 

4. ZAKLJUĻAK 

Bez obzira na znaļajan tehnoloġki napredak u izgradnji pruga i konstrukcijama vagona, 

akcidenti sa teļnim opasnim materijama su posebno karakteristiļni. Tokom voģnje, promene 

momenta inercije teļnosti u tanku obavezno izazivaju nepredviĽene longitudinalne, 

transverzalne i lateralne oscilacije transportnog vozila. Moguĺnost njihove rezonance do danas 

nije u potpunosti utvrĽena, ali se smatra da je ona najļeġĺi uzrok iskliznuĺa ģelezniļkih 

vagona. Najnoviji katastrofalni akcidenti iz 2014 i 2015. godine su potvrda neophodnosti 

daljeg usavrġavanja ģelezniļkih stabilnih i mobilnih postrojenja za prevoz opasnih materija. 

Sumporna kiselina ima posebne specifiļnosti opasnih materija koje pre svega imaju 

potencijal dugoroļnog ugroģavanja ģivotne sredine. Iako je po fatalnim ishoda pri akcidentu 

daleko iza energenata (oko tri puta manji rizik), energenti posle akcidenta ostavljaju daleko 

manje ekoloġke posledice, intenzivan akcident sa uobiļajenom izraģenom toplotnom emisijom 

i mehaniļkim dejstvom je vremenski ograniļen. Ipak za sada ne posoje precizne instrukcije u 

delu direktiva SEVESO II, o duģini dejstva i vremena potrebnog za potpuno uklanjanje 

posledica od sumporne kiseline. Jedino je poznato da je veliki broj direkno povreĽenih u 

akcidentima sa sumpornom kiselinom preminuo u najduģem roku do 10 godina posle 

akcidenta. Najļeġĺi oblik posledica je prouzrokovan potencijalom karcinomogeneze 

Sumporne kiseline. Saznanja o drugim negativnim uticajima treba da proisteknu upravo posle 

analize posledica navedenih akcidenata. 
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Apstrakt: Savremen koncep odrģivog razvoja druġtva sve veĺu paģnju poklanja principu koji se 

odnosi na druġtvenu odrģivost, koji podrazumeva i raspoloģivost usluga svim druġtvenim 

grupacijama i generacijama. Lica sa posebnim potrebama su vaģan segment druġtva, njihov broj 

u svetu nije zanemarljiv, pa se svaka inicijativa ili istraģivanje koje unapreĽuje njihov kvalitet 

ģivota moģe se smatrati vaģnom i korisnom. Rad prezentuje metodologiju i rezultate istraģivanja 

koja su sprovedena u nameri da se utvrdi dostignuti nivo primene standarda kojima se definiġu 

obavezne tehniļke mere i uslovi za planiranje, projektovanje i izgradnju objekata, kojima se 

osigurava nesmetano kretanje i pristup osobama sa invaliditetom i starim osobama, kao i ostalim 

kategorijama lica sa posebnim potrebama. Na osnovu rezultata dobijenih analizom prikupljenih 

podataka moģe se konstatovati da ima dosta prostora za unapreĽenje pristupaļnosti saobraĺajnih 

povrġina licima sa posebnim potrebama, ġto nije moguĺe realizovati bez prateĺih aktivnosti na 

jaļanju svesti o znaļaju zadovoljenja potreba lica sa posebnim potrebama. 

Kljuļne rijeļi: saobraĺaj, elementi pristupaļnosti, invalidi i stara lica 

 

Abstract: The modern concept of sustainable development of society is paying increasing 

attention to the principle of social sustainability, which also implies the availability of services 

to all social groups and generations. Persons with special needs are an important segment of 

society, their number in the world is not negligible, so any initiative or research that improves 

their quality of life can be considered important and useful. The paper presents the methodology 

and results of research conducted in order to determine the achieved level of implementation of 

standards that define the required technical measures and requirements for planning, designing 

and constructing facilities, which ensure smooth movement and access for persons with 

disabilities and the elderly, as well as other categories of persons with special needs.  Based on 

the results obtained by analyzing the collected data, it can be concluded that there is a lot of 

space for improving the accessibility of traffic areas for persons with special needs, which canôt 

be realized without accompanying awareness-raising activities on the importance of meeting the 

needs of persons with special needs. 

Key words: traffic, accessibility elements, disabled and old people 

1. UVOD  

Odrģivi razvoj je koncept koji dugi niz godina zaokuplja ļoveļanstvo. 

Multidimenzionalnog je karaktera jer je zasnovan na principima ekonomske i druġtvene 

odrģivosti i odrģivosti ģivotne sredine (Fricker, 2001). Sve tri vrste odrģivosti ļine sistem   koji 
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moģe da funkcioniġe uzajamnim podrģavanjem politika (lokalnih, nacionalnih i globalnih) u 

procesu realizacije zacrtanih ciljeva odrģivosti (Burger i Mayer, 2003).  

Kada je reļ o saobraĺajno, transportnom sistemu, pored ekonomske i odrģivosti ģivotne 

sredine sve aktuelnije postaju i teme vezane za druġtvenu odrģivost, koja izmeĽu ostalog 

podrazumeva i raspoloģivost usluga svim druġtvenim grupacijama i generacijama. Razlog za 

to leģi pre svega u ļinjenici   da se poslednjih decenija u svetu razvio novi pokret u ļijem 

fokusu je pravedniji odnos druġtva prema licima sa posebnim potrebama, odnosno nova 

humanistiļka ideja inkluzije u druġtvo ili ukljuļivanja svih onih koji su do sada bili u velikoj 

meri iskljuļeni, segregirani, diskriminisani. 

Shvatajuĺi vaģnost problematike, Generalna skupġtina Ujedinjenih nacija je 13. 

decembra 2006. godine usvojila Konvenciju o pravima osoba sa invaliditetom i Opcioni 

protokol uz nju, koji je Narodna skupġtina Republike Srbije ratifikovala 29. maja 2009. godine 

izglasavanjem Zakona o potvrĽivanju Konvencije i Opcionog protokola (ĂSl. glasnik RSñ, broj 

42/09).   

Konvencija ne stvara nova prava za osobe sa posebnim potrebama, veĺ predviĽa mere 

kojima se   obezbeĽuje pristupaļnost fiziļkog okruģenja ravnopravno sa drugima, u cilju 

samostalnog ģivota i punog uļeġĺa u svim sferama ģivota. Te mere, izmeĽu ostalog, ukljuļuju 

identifikovanje i uklanjanje barijera koje ometaju ili oteģavaju pristup zgradama, putevima, 

prevoznim sredstvima i drugim objektima u zatvorenom i otvorenom prostoru.  

U skladu sa preuzetim obavezama na nivou drģave je doneġen Pravilnik o tehniļkim 

standardima pristupaļnosti (ĂSl.glasnik RSñ br.19/2012.), kojim se detaljnije propisuju 

tehniļki standardi kojima se obezbeĽuje nesmetano kretanje dece, starih, osoba sa oteģanim 

kretanjem i osoba sa invaliditetom, razjaġnjavaju urbanistiļko tehniļki uslovi za planiranje 

prostora javnih, saobraĺajnih i peġaļkih povrġina, prilaza objekata i projektovanje objekata, 

kao i posebenih ureĽenja u njima. 

Primena navedenog Pravilnika postaje imperativ jer se Republika Srbija, kada je reļ o 

saobraĺaju, u poreĽenju sa drugim evropskim zemljama nalazi u grupi najnebezbednijih 

drģava. U Strategiji bezbednosti saobraĺaja na putevima Republike Srbije za period od 2015. 

do 2020. godine (ĂSl. glasnik RS, broj 64/2015) je potencirano da saobraĺajne nezgode nisu 

samo saobraĺajni, veĺ ekonomski, zdravstveni i socijalni problem druġtva koji nastaje, pre 

svega kao posledica razliļitih propusta. One su isto tako i posledica pogreġnih stavova, 

neobrazovanosti, nekulture, nerada, neznanja, nepoġtovanja zakona i tuĽih ģivota i vrednosti, 

neposveĺenosti upravljanju bezbednoġĺu saobraĺaja i prihvatanja stava da je normalno stradati 

u saobraĺajnim nezgodama.  

Peġaci  se mogu smatrati jednom od od najugroģenijih kategorija uļesnika u saobraĺaju, 

jer oni ļine 25% ukupno stradalih lica, pri ļemu su  lica starija od 65 godina najugroģenija, jer 

gotovo 50% poginulih peġaka pripada starosnoj kategoriji "65+". Na ģalost, do danas u Srbiji 

nisu raĽena ozbiljnija istraģivanja o uļeġĺu lica sa invaliditetom, ili drugim licima  sa 

posebnim potrebama u saobraĺajnim nezgodama, a nema sumnje da su takva lica  

najugroģenija u saobraĺaju zbog svojih fiziļkih i mentalnih karakteristika. 

Polazeĺi od te ļinjenice, moģe se reĺi da se svaka vrsta istraģivanja u ovoj oblasti moģe 

smatrati dobrodoġlom i vaģnom. Zbog toga se u ovom radu autori prezentuju istraģivanje 

pristupaļnosti javnih saobraĺajnih povrġina starijim i invalidnim osobama u centralnim 

zonama beogradskih opġtina: Novi Beograd, Zemun i Surļun. 
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Cilj istraģivanja je bio utvrĽivanje dostignutog nivoa primene  standarda kojima se 

definiġu obavezne tehniļke mere i uslovi za planiranje, projektovanje i izgradnju objekata, 

kojima se osigurava nesmetano kretanje i pristup osobama sa invaliditetom i starim osobama, 

kao i ostalim kategorijama lica sa posebnim potrebama. 

2. METODOLOGIJA ISTRAĢIVANJA  

U fokusu velikog broja inicijativa koje imaju za cilj  da pomognu licima sa posebnim 

potrebama  je izmeĽu ostalog i koriġĺenje javnih saobraĺajnih povrġina, za ġta postoje brojni 

primeri dobre prakse, ļija druġtvena korist je takva da opravdava troġkove sprovoĽenje mera 

pristupaļnosti (Shrestha1 i dr., 2016). 

Da bi se licima sa posebnim potrebama, odnosno invaliditetom omoguĺilo nezavisno 

ģivljenje i omoguĺilo uļestvovanje u svim podruļjima ģivota veoma je vaģno shvatiti znaļaj 

pristupaļnosti i mobilnosti osoba sa hendikepom. Sliļna je situacija sa starijim osobama, tzv. 

populacijom +65. Svako lice sa posebnim potrebama je specifiļno po stepenu oġteĺenja, ali 

sve njih povezuje ģelja da ģive kao sav ostali ñnormalanò svet, uprkos velikom broju teġkoĺa 

sa kojima se svakodnevno suoļavaju.  

Lica sa posebnim potrebama su vaģan segment druġtva, njihov broj  u svetu nije 

zanemarljiv, a ima tendenciju daljeg rasta. Pored lica sa posebnim potrebama u veĺini 

ekonomski  razvijenijih druġtava prisutna je tendencija  njihovog starenja, odnosno drastiļnog 

poveĺanja broja starih lica. U tom smislu svaka inicijativa ili istraģivanje koje ĺe pomoĺi i 

unaprediti kvalitet lica sa posebnim potrebama, moģe se smatrati vaģnom i korisnom. 

Moģe se reĺi da i u Srbiji sve viġe jaļa svest o znaļaju zadovoljenja potreba lica sa 

posebnim potrebama. Postoji veliki broj kvalitetnih inicijativa, ļija realizacije je  ļesto 

onemoguĺena nedostatkom finansijskih sredstava. Sa namerom da se utvrdi  dostignutog nivo 

primene  standarda i tehniļkih mera  kojima se osigurava nesmetano kretanje i pristup osobama 

sa invaliditetom i starim osobama, kao i ostalim kategorijama lica sa posebnim potrebama 

sprovedeno je istraģivanje u centralnim zonama tri beogradske opġtine Novi Beograd, Zemun 

i Surļin u opsegu od 500 metara, a obuhvata sledeĺi prostor: 

Novi Beograd - okolina ĂStarog Merkatorañ, sa domom zdravlja, sudom, osnovnom 

ġkolom ĂNadeģda Petroviĺñ, Institutom za zaġtitu majke i deteta, IX-om beogradskom 

gimnazijom, ulicom Pariske komune i novim Merkatorom 

Zemun - od Dunavskog keja do Toġinog bunara i od KaraĽorĽeve do Zmaj Jovine ulice, 

dakle sama centralna zona opġtine sa osnovnim ġkolama, Poljoprivrednim fakultetom, KBC 

Zemun, glavnom poġtom i pijacom  

Surļin - centralna zona mesta oko Opġtine, Osnovne ġkole Ă22.oktobarñ, poġte i doma 

zdravlja. 

U prvom koraku metodologije definisani su elementi pristupaļnosti koji ĺe biti predmet 

istraģivanja. Za svaki izabrani element uz kraĺi opis dati su osnovni zahtevi koji bi u praksi 

trebalo da budu primenjeni, ġto je u saģetom obliku prikazano u tabeli 1. 

 

 

 



 

149 

 

Tabela 1. Elementi pristupaļnosti  - predmet istraģivanja 

Element 

pristupaļnosti 
Opis elementa Osnovni zahtevi 

Savladavanje 

visinske razlike 

1) rampe za peġake i korisnike 

invalidskih kolicima, za 

visinsku razliku do 76 cm; 

2) spoljnim 

stepenicama, ram-pama, 

stepeniġtem i podiznim 

platformama, za 

visinsku razliku veĺu od 

76 cm 

Nagib rampe nije veĺi od 5% (1:20), a ako nema 

uslova za rampu nagiba od 5% moģe iznositi 8.3% 

(1:12) za kratka rastojanja (do 6 m); Najveĺa 

dozvoljena ukupna duģina rampe u posebnom 

sluļaju iznosi 15 m; Rampe duģe od 6 m, a najviġe 

do 9 m u sluļaju da su manjeg nagibaé.. 

Trotoari i 

peġaļke staze 

Trotoari i peġaļke 

staze, peġaļki prelazi i 

druge povrġine u okviru 

ulica, trgova, ġetaliġta, 

parkova i igraliġta po 

kojima se kreĺu osobe sa 

invaliditetom 

Nagibi ne mogu biti veĺi od 5% 

(1:20), a izuzetno 8,3% (1:12). Najviġi 

popreļni nagib uliļnih trotoara i peġaļkih 

staza upravno na pravac kretanja iznosi 

2%. Ġetaliġta u okviru javnih zelenih i 

rekreativnih povrġina su dobro osvetljena, 

oznaļena i sa obezbeĽenim mestima za 

odmor sa klupama duģ pravaca 

kretanjaé. 

Peġaļki 

prelazi 

Mesto peġaļkog 

prelaza je oznaļeno tako 

da se jasno razlikuje od 

podloge trotoara. 

Peġaļki prelaz je 

postavljen pod pravim 

uglom prema trotoaru 

Opremiti pored svetlosne i 

posebnom zvuļnom signalizacijom, a na 

mestima gde kolovoz prelazi veĺi broj 

dece (obdaniġte, ġkola i sl.) peġaļke 

prelaze je potrebno opremiti svetlosnom 

signalizacijom sa najavom i zvuļnom 

signalizacijoméé 

Parking 

mesta 

PredviĽaju se u 

blizini ulaza u stambene 

zgrade, objekata za 

javno koriġĺenje i drugih 

objekata i oznaļavaju se 

znakom pristupaļnosti 

Najmanja ġirina mesta za 

parkiranje vozila sa posebnim potrebama 

u prostoru iznosi 350 cm; Mesto za 

parkiranje za dva automobila koje se 

nalazi u nizu parkiraliġnih mesta upravno 

na trotoar veliļine je 590 x 500 cm s 

meĽuprostorom ġirine 150 cm; Izlaz s 

parkiraliġta na trotoar osiguran je 

ukoġenim iviļnjakom nagiba najviġe 

10%, ġirine najmanje 120 cm éé 

Pristupaļnost 

javnog prevoza 

Odnosi se na  

stajaliġta javnog prevoza 

Plato (peron) za peġake ġirine 

najmanje 200 cm, a na stajaliġtima u 

blizini ġkolskih objekata, kao i na 

stajaliġtima podzemne i prigradske 

ģeleznice, plato za peġake ġirine najmanje 

300 cm; Visina platoa (perona) odgovara 

visini prvog ulaznog stepenika vozila 
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javnog prevoza ili poda vagona, a kada se 

koriste vozila sa visokim prvim 

stepenikom, na visini koja je do 18 cm 

niģa od prvog stepenika vozilaé.. 

Raskrsnice 

Povrġina na kojoj 

se spajaju ili ukrġtaju 

viġe puteva, kao i ġira 

saobraĺajna povrġina-trg 

Na raskrsnici koja se nalazi u 

podruļju naselja gde je smeġtena 

graĽevina u kojoj uļestalo borave slepe i 

slabovidne osobe mora postojati semafor 

sa zvuļnom signalizacijom i taktilne crte 

voĽenja ġirine najmanje 40 cm, s 

uģljebljenjima upravno na saobraĺajnicu. 

Taktilna crta upozorenja se izvodi do 

ukoġenja iviļnjaka na prelazu, u duģini od 

najmanje 110 cm voĽenja, ġirine 

najmanje 40 cm s uģljebljenjima u smeru 

voĽenja i oznaku pristupaļnostié.. 

U drugom koraku je izvrġeno snimanje i popis svih navedenih  elemenata na terenu, 

odnosno lokacijama koje su napred navedene. Na osnovu prikupljenih podataka izvrġena je 

njihova sistematizacija formalizacija rezultata sprovedenog istraģivanja. 

Istraģivanje je organizovao Centar za odrģivi razvoj u saradnji sa uļenicima Saobraĺajne 

ġkole u Zemunu, koji su volontirali na ovom projektu. 

3. REZULTATI ISTRAĢIVANJA 

Tokom istraģivanja intenzivna paģnja svih uļesnika u projektu je bila usmerena na 

prepoznavanje i uoļavanje elemenata pristupaļnosti na definisanim lokacijama. Dobijeni 

rezultati istraģivanja elemenata pristupaļnosti po opġtinama su sledeĺi: 

Novi Beograd 

Savladavanje visinske razlike izmeĽu peġaļke povrġine i prilaza do objekta je 

omoguĺeno pomoĺu rampi u svim objektima od znaļaja, sem u zgradi Vlade Republike Srbije 

tzv. ĂSIV-u 2.i 3.ñ gde su smeġtena mnogobrojna ministarstva i drģavane institucije  gde 

postoje samo rampe za pristup sluģbenim vozilima.  Konstatovano je da  veĺina banki, 

kompanija, firmi I trgovinski objekti koji se ne nalaze u nivou trotoara nemaju rampe za 

klijente sa posebnim potrebama.  

Trotoari i peġaļke staze su uglavnom pristupaļni za osobe sa invaliditetom, ali je 

evidentiran problem sa iviļnjacima koji se ne odrģvaju i uglavnom su oġteĺeni. Profili reġetki, 

poklopaca i ġahtova su uglavnom bezbedni za kretanje uļesnika u saobraĺaju. Na koridoru 

peġaļkih tokova nema stubova, reklamnih panoa ili drugih prepreka, sem na jednom mestu u 

Pohorskoj ulici. Ġirina uliļnih trotoara i peġaļkih staza iznosi 180 cm, izuzetno 120 cm. 
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Slika 1. Trotoari i peġaļke staze za osobe sa invaliditetom u Novom Beogradu 

Nisu primenjene kontrastne  boje i materijali kako bi se obezbedila  je uoļljivost glavnih 

tokova i njihovih promena u pravcu. Peġaļka ostrva na sredini kolovoza su  izvedena sa 

iviļnjakom, u nivou kolovoza pri ļemu nisu ispoġtovane tehniļke norme, radovi su pri tome 

loġe izvedeni, objekti se ne odrģavaju redovno, zbog ļega je teġko manevrisati kolicima. 

Povrġina prolaza kroz peġaļko ostrvo nije izvedena sa taktilnim poljem 

bezbednosti/upozorenja, na celoj povrġini prolaza kroz ostrvo.  

Peġaļki prelazi nisu opremljeni zvuļnom signalizacijom.  

Parking mesta za invalide na parkiraliġtima uglavnom nisu izvedena u istom nivou sa 

obliģnjom peġaļkom stazom i izlazi sa parkiraliġta nisu obezbeĽeni spuġtenom peġaļkom 

stazom maksimalnog nagiba od 8,3%.  

Platoi stajaliġta javnog prevoza nisu u istom nivou sa peġaļkom stazom, a pristup 

platformi nije obezbeĽen pomoĺu rampe. TakoĽe, zone ulaska u vozilo javnog prevoza ispred 

prednjih vrata vozila nisu vizuelno obeleģene kontrastom, a ne postoje ni taktilna polja, a 

raskrsnice na kojima postoji svetlosna signalizacija nemaju prateĺu zvuļnu signalizaciju. 

Zemun 

Savladavanje visinske razlike izmeĽu peġaļke povrġine i prilaza do objekta je 

omoguĺeno rampama za peġake i korisnike invalidskih kolica samo kod Poljoprivrednog 

fakulteta i dve osnovne ġkole. Banke, prodavnice i sliļni objekti nemaju rampe za klijente sa 

posebnim potrebama.  

 

Slika 2. Trotoari i peġaļke staze za osobe sa invaliditetom u Zemunu 

Trotoari i peġaļke staze su nepristupaļni za lica sa oteģanim kretanjem i invalidska 

kolica, iviļnjaci, koji su graĽevninski izvedeni kao zakoġeni, su uglavnom oġteĺeni i gotovo 

neupotrebljivi. Horizontalna signalizacija je na celom istraģivanom terenu gotovo nevidljiva. 

Kao i na Novom Beogradu. 
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Peġaļki prelazi nisu opremljeni zvuļnom signalizacijom. 

Parking mesta za invalide na parkiraliġtima uglavnom nisu izvedena u istom nivou sa 

obliģnjom peġaļkom stazom, sem kod pijace gde je sve istog nivoa. Parkiraliġta sa manje od 

20 mesta koja se nalaze uz ambulantu, apoteku, prodavnicu prehrambenih proizvoda, poġtu, 

restoran i deļiji vrtiĺ, nemaju obezbeĽeno najmanje jedno mesto za parkiranje vozila osoba sa 

invaliditetom.  

Pristupaļnost javnog prevoza je ista kao i na Novom Beogradu, platoi nisu izvedneni 

u nivou sa javnim prevozom, odnosno nigde nema rampe koja bi omouĺila ulazak u vozilo, a 

raskrsnice  nemaju prateĺu zvuļnu signalizaciju za osobe sa oġteĺenim vidom. 

Surļin 

Zanimljivost Surļina je da u centru postoje rampe za savladavanje visinske razlike 

izmeĽu peġaļke povrġine i ulaza u sve objekte od javog znaļaja, osim u poġtu.  

 

Slika 3. Trotoari i peġaļke staze za osobe sa invaliditetom u Surļinu 

Trotoari i peġaļke staze su veoma loġi i oġteĺeni, jer su vlasnici objekte sami betonirali 

ispred svojih kuĺa i to, u najveĺem broju sluļajeva, priliļno davno. Ġirina uliļnih trotoara je 

vrlo razliļita i u najboljem sluļaju doseģe 120 cm. Sve je neobeleģeno, nema kontrastnih boja 

za horizontalne oznake tokova, nema taktilnih povrġina. U najveĺem broju sluļajeva iviļnjaci 

nisu zakoġeni.  

Peġaļki prelazi nisu opremljeni zvuļnom signalizacijom.  

Parking mesta na parkiraliġtu kod doma zdravlja i ispred crkve u centru nisu dostupna 

za invalide jer nemaju spuġtenu peġaļku stazu, niti rampu.  Situacija koja se odnosi na 

pristupaļnost javnog prevoza  je potpuno ista kao i u Novom Beogradu i Zemunu. Autobusi 

su potpuno nepristupaļni za lica sa invaliditetom, a raskrsnice  nemaju prateĺu zvuļnu 

signalizaciju za osobe sa oġteĺenim vidom. 

4. DISKUSIJA  

Rezultate istraģivanja je moguĺe generalizovati ocenom da je u opġtinama Novi 

Beograd, Zemun i Surļin pristupaļnost javnim saobraĺajnim povrġinama  starijim licima i 

licima sa  invaliditetom, odnosno licima sa posebnim potrebama veoma loġa.  

Istraģivanje takoĽe ukazuje i na ļinjenicu da se i pored obimne zakonske regulative 

situacija nije znaļajnije promenila u odnosu na period kada su vrġene prve analize 

pristupaļnosti, pa se nedvosmisleno moģe reĺi da je pristupaļnost i dalje veliki problem u 

Republici Srbiji. 

PoreĽenja radi, intersanto je istraģivenje koje je u Srbiji u decembru 2011. godine 

sprovela Organizacija CHRIS-Mreģa odbora za ljudska prava, o pristupaļnosti i dostupnosti 

objekata u javnoj svojini u pet gradova i opġtina Srbije. Istraģivanjem su obuhvaĺeni organi 
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lokalne samouprave, pravosudni organi, poreske uprave, javna preduzeĺa, institucije socijalne 

zaġtite, zdravstvene institucije, institucije kulture, obrazovne institucije, odnosno, sve one 

institucije u kojima graĽani svakodnevno ostvaruju neka prava.  

Na uzorku od 156 institucija koje su dostavile informacije, utvrĽeno je da 67% 

institucija nije pristupaļno osobama sa invaliditetom, kao i da pet od ġest anketiranih institucija 

ne pruģa moguĺnost vertikalnog kretanja kroz objekat koriġĺenjem liftova i drugih pokretnih 

platformi. Tek jedna od deset institucija ukljuļenih u istraģivanje poseduje toalete i ġaltere 

koje su prilagoĽeni osobama sa invaliditetom.  Veliki problem koji je uoļen u ovom 

istraģivanju je  nepostojanje rampi za pristup objektima. Na primer, od osam ġkola u Niġu koje 

su odgovorile na upitnik, samo jedna ġkola ima rampu za pristup objektu. 

U okviru druġtveno odgovorne kampanje ĂPristupi za pristupaļnostñ koju su realizovali 

Edukacioni centar iz Leskovca, ASB (Arbeiter Samariter Bund) Srbija, Centar ģiveti uspravno 

Novi Sad i Udruģenje za reviziju pristupaļnosti iz Beograda tokom 2012. godine mapirana je 

pristupaļnost objekata u Srbiji, stvaranjem internet baze pristupaļnih i nepristupaļnih 

objekata.  

Tokom kampanje procenjivana je pristupaļnost ġkola, zgrada opġtine, policijskih 

stanica, ali i manjih objekata kao ġto su radnje i pekare koje su podjednako vaģne za 

svakodnevni ģivot osoba sa invaliditetom. Od 4882 mapiranih objekata osobama sa 

invaliditetom je pristupaļno 832 objekta, 686 je delimiļno pristupaļno, dok je kao 

nepristupaļno obeleģeno 3360 objekata. 

Oļigledno je da se od 2012. godine do danas situacija nije znaļajnije promenila, zbog 

ļega je nakon sprovedenog istraģivanja u tri beogradske opġtine Centar za odrģivi razvoj I 

bezbednost saobraĺaja iz Beograda pokrenuo niz inicijativa prema svim drģavnim organima 

koji su zaduģeni za sprovoĽenje i unapreĽenje regulative koja se odnosi na pristupaļnost 

javnim saobraĺajnim povrġinama.  

Jedna od tih inicijativa je i predlog da se uvede nov saobraĺajni znak, koji ĺe vozaļe 

motornih vozila upozoravati na mesta gde se najļeġĺe pojavljuju starije osobe, kako bi obratili  

paģnju na njih (slika 1). Ovakav saobraĺajni znak se primenjuje u velikom broju zemalja ġirom 

sveta od Rusije i Japana, preko zemalja EU, Malezije, Australije do SAD.  

                   

Slika 4. Saobraĺajni znaci upozorenja na mesta gde se pojavljuju stara lica 

U velikom broju zemalja ovaj znak upozorenja se primenjuje i na osobe sa invaliditetom 

ili sa bilo kojim problemom koji moģe da utiļe na bezbedno uļeġeĺe tih lica u saobraĺaju. 

Predlog da se ovakav znak uvrsti u Pravilnik o saobraĺajnoj signalizaciji  poslat je  

Ministarstvu graĽevinarstva, saobraĺaja i infrastrukture. Gradskom sekretarijatu za saobraĺaj,  

Ministarstvu rada i socijalnog staranja itd. 

5. ZAKLJUĻAK 

Pristupaļnost javnim saobraĺajnim povrġinama predstavlja jedan od osnovnih 

preduslova za ravnopravno uļeġĺe lica sa posebnim potrebama u svim sferama druġtvenog 
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ģivota. Nepristupaļnoġĺu javnih povrġina i objekata one se dovode u situaciju u kojoj im je 

onemoguĺeno ili veoma oteģano ostvarivanje osnovnih ljudskih prava, koja su dostupna svim 

drugim graĽanima. Problem pristupaļnosti se ne moģe reġiti bez veĺeg angaģovanja svih 

druġtvenih ļinilaca, a od posebnog znaļaja je angaģovanje lokalnih samouprava. MeĽutim joġ 

uvek je mali broj onih koje su ozbiljno i na sveobuhvatan naļin pristupile prevazilaģenju ovog 

problema. Ohrabruje postojanje opġtina, koje su u saradnji sa organizacijama civilnog druġtva 

zapoļele reġavanje problema pristupaļnosti okruģenja u kome lica sa posebnim potrebama 

ģive i rade. Lokalno planiranje pristupaļnosti i aktivnosti na  snaģnom podizanju svesti na 

nivou zajednice o slobodnom kretanju, kao pitanju ljudskih prava, je proces od kljuļnog 

znaļaja za implementiranje neophodnih promena, koje omoguĺavaju slobodno kretanje osoba 

sa posebnim potrebama.  

Analizirajuĺi podatke dobijene u opġtinama koje se smatraju vodeĺim po pitanju 

ekonomskog razvoja s  pravom se moģe postaviti pitanje: Kakva je situaciju u opġtinama koje 

su manje ekonomski razvijene i koje raspolaģu sa joġ manjim finansijskim sredstvima koja se 

opredeljuju za reġavanje problema vezanih za pristupaļnost javnim saobraĺajnim povrġinama. 

Odgovor na to pitanje ĺe sigurno dati neka nova istraģivanja kojima je potrebno intenzivnije 

pristupiti. 
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ANALIZA TRANSPORTNIH  POTREBA KORISNIKA S ISTEMA TAKSI 

TRANSPORTA PUTNIKA U  BANJA LUCI * 

ANALYSIS OF TRANSPORT NEEDS OF USERS OF THE TAXI  

TRANSPORTATION  PASSENGER SYSTEM IN BANJA LUKA  

Tarik Sinanoviĺ 

Saobraĺajni fakultet Doboj, Vojvode Miġiĺa 52, BiH, sinanovic.tarik@gmail.com  

Apstrakt: Sistem javnog transporta putnika postao je neizostavan element svakodnevnog ģivota 

stanovnika gradskih i prigradskih podruļja. Najveĺe koncentracije transportnih potreba jesu u 

centrima veĺih gradova, gdje najveĺu potraģnju imaju podsistemi fleksibilnog transporta putnika 

(paratranzita). Podsistemi paratranzita u veĺim gradovima Evrope i svijeta imaju ġirok spektar 

primjene, ġto nije sluļaj i na naġim podruļjima. Podsistem paratranzita se uglavnom sveo na 

koriġtenje sistema taksi transporta putnika, pa se javlja potreba za analizu potreba tog sistema u 

cilju poboljġanja i adekvatnog upravljanja, sa najvaģnijom funkcijom ï zadovoljenja potreba 

korisnika. U ovom radu dat je pregled trenutne situacije funkcionisanja sistema taksi transporta 

putnika, odnosno analiza transportnih potreba prema ovom sistemu. Cilj rada je prvenstveno 

analizirati postojeĺe trģiġte transportnih potreba, kako bi se na osnovu zahtjeva korisnika sistema 

taksi transporta putnika izvrġila odreĽena unapreĽenja. 

 

Kljuļne rijeļi: javni transport, mobilnost, transportne potrebe 

 
Abstract: The system of public passengers transport has become an indispensable element of the 

everyday life of the inhabitants of urban and suburban areas. The largest concentrations of 

transport needs are in the centers of big cities, where the bigest demand have subsystems of 

flexible passenger transport (paratransit). Paratransite subsystems in big cities of Europe and 

the world have a wide range of applications, which is not the case in our areas. The subsystem of 

the paratransit is largely reduced to use of the taxi system, so there is a need to analyze the needs 

of that system in order to improve and adequately manage, with the most important function - 

meeting needs of the users. In this term paper is presented an overview of the current situation of 

the functioning of the taxi passangers system, apropos the analysis of transport needs according 

to this system. The purpose of this study is to analyze the existing transport needs market in order 

to make certain improvements based on the requirements of the users of the taxi passangers 

system. 

 

Keywords: transport, mobility, transport needs 

1. UVOD 

Sa porastom motorizacije i konstantnim unapreĽenjem sistema transporta putnika, 

mijenjaju se i naļini funkcionisanja sistema, odnosno sistemi transporta putnika se mijenjaju 

i danas predstavljaju jedan od najvaģnijih sistema u ukupnom gradskom sistemu. U 21. vijeku 

mnoge studije se fokusiraju na stimulaciju koriġtenja sistema javnog transporta putnika, 

odnosno podstiļe se upotreba sistema javnog gradskog transporta putnika uz ograniļeno 

                                                           
* Struļni rad 
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koriġtenje privatnog putniļkog automobila. Kako bi se smanjilo koriġtenje privatnog 

putniļkog automobila, naroļito u gradovima, sprovodile su se brojne studije iz razliļitih 

nauļnih oblasti saobraĺajne nauke.  

Oblast transporta putnika je ponudila veliki broj podsistema transporta putnika kako bi 

se korisnicima pruģila viġesistemska ponuda u cilju maksimalnog zadovoljenja njihovih 

potreba. Tako danas imamo veliki broj podsistema razliļitih tehniļko - tehnoloġkih 

karakteristika. Svaki od podsistema javnog gradskog transporta putnika ima izezetan znaļaj u 

ukupnom transportnom sistemu, tako da je i pored brojnih podsistema javnog masovnog 

transporta putnika znaļajnu ulogu naġao i fleksibilni transport putnika (paratranzit). 

Razvoj i velika transportna potraģnja za ovim podsistemom opravdava ļinjenica da je 

paratranzit ñosvojioò onaj dio trģiġta transportnih usluga koji je ostalim sistemima neosvojiv, 

odnosno, osnovna karakteristika ovog sistema jeste to ġto podsistem paratranzita ne saobraĺa 

po fiksnim trasama niti ima fiksne redove voģnje. Neki od podsistema paratranzita imaju 

fiksne trase, meĽutim, fleksibilni su u pogledu redova voģnje. 

Na naġim prostorima, podsistem fleksibilnog transporta putnika je joġ nerazvijen (u 

odnosu na gradove Evrope i svijeta), odnosno najzastupljeniji i korisnicima najpoznatiji 

podsistem paratranzita jeste taksi prevoz. 

Taksi predstavlja podsistem javnog fleksibilnog transporta putnika koji korisnicima 

pruģa cjelodnevnu javnu uslugu vozilima malog kapaciteta (obiļno putniļkim automobilom 

ili ñvanò vozilima), na kratkim relacijama, prema zahtjevima korisnika, po unaprijed 

definisanom tarifnom sistemu. Transportnu uslugu obezbjeĽuje operator prema definisanom 

zahtjevu korisnika (u pogledu vremena otpoļinjanja, trase i duģine transporta), za koju 

korisnik plaĺa cijenu koja se odreĽuje na osnovu odreĽenog modela koji obiļno definiġe 

nadleģni organ lokalne uprave. (Tica, 2016) 

Prema (Cooper i dr., 2010) taksi igra znaļajnu ulogu u realizovanju transporta u svim 

dijelovima svijeta, pruģajuĺi odmah prepoznatljivu konzistentnu uslugu. Konzistentnost taksi 

usluge podrazumijeva cjelodnevnu javnu uslugu koja je dostupna svim korisnicima pod istim 

uslovima. TakoĽe, taksi transport putnika pruģa mobilnost stanovnicima (najļeġĺe u urbanim 

sredinama) i igra vaģnu ulogu u javnom transportu putnika. Taksi obezbjeĽuje prevoz od taļke 

do taļke, od vrata do vrata, kao i dijeljenje usluge transporta. Neke od osnovnih karateristika 

ovog sistema prema (Vujiĺ i dr., 2014) su: 

¶ Neopipljivost, 

¶ Neodvojivost, 

¶ Promjenljivost, 

¶ Prolaznost. 

2. METOD ISTRAĢIVANJA 

Istraģivanje je sprovedeno u julu i avgustu 2017. godine na podruļju grada Banja Luka. 

Istraģivanje je najviġe koncentrisano na centar grada, kao i na mjesta velike koncetracije, 

odnosno velikih transportnih zahtjeva. Istraģivanjem je obuhvaĺeno 300 korisnika sistema 

taksi transporta putnika, sluļajnim uzorkom, kako mlaĽih (studenti i Ľaci) tako i starijih 

korisnika (penzioneri, zaposleni itd.).  
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Prema podacima sa popisa iz 2013.godine, u Banja Luci ģivi 185 042 stanovnika. 

(http://www.banjaluka.com/drustvo/2016/06/30/evo-koliko-banjaluka-ima-stanovnika/, 

10.10.2017.)  

MeĽutim, podaci o ukupnom broju korisnika sistema taksi transporta putnika ne postoje. 

Kao metod prikupljanja podataka u istraģivanju koriġten je metod anketiranja korisnika.  

Taksi transport putnika u Banja Luci je regulisan zakonskim i podzakonskim aktima, i 

to: Zakonom o prevozu u drumskom saobraĺaju RS, Odlukom o taksi-prevozu na podruļju 

grada Banja Luka i Pravilnikom o tehniļko-ekpoloatacionim uslovima i naļinu obiljeģavanja 

vozila kojim se vrġi transport. 

Ovakvu vrstu transporta u Banjoj Luci vrġi devet registrovanih udruģenja i dva 

preduzeĺa za obavljanje taksi transporta, i to:  

¶ Taksi-udruģenja: Bel taksi, Banjaluļki taksi, Euro taksi, Mobil taksi, Maksi taksi, 

Ideal taksi, Hallo taksi, Radio Bel taksi i Big taksi. 

¶ Taksi-preduzeĺa: "Patrol taksi" d. o. o. i "Avala A" a. d.  

Vaģno je naglasiti da u ovom gradu nema Ădivljihñ taksi prevoznika! 

Za vrġenje registrovanog taksi prevoza fiziļka lica moraju imati rjeġenje o odobrenoj 

djelatnosti taksi prevoza, a pravna lica saglasnost za taksi vozilo. Nakon predaje zahtjeva i 

ispunjavanja propisanih uslova, fiziļka/pravna lica se stavljaju na jedinstvenu rang listu 

ļekanja. (http://www.banjaluka.rs.ba/front/article/108/?right_mi=280,  03.08.2017.) 

Rjeġenje, odnosno saglasnost se daje ukoliko postoji slobodno mjesto s obzirom na 

utvrĽeni maksimalni broj taksi vozila u Gradu Banja Luka, koji iznosi 265, a koji je 2005. 

godine utvrĽen Zakljuļkom gradonaļelnika. Od tog broja, 231 vozilo je u posjedu samostalnih 

taksi prevoznika, a 34 vozila u posjedu pravnih lica. Svako taksi vozilo mora da ima i 

evidencioni broj - naljepnicu, istaknutu u gornjem desnom uglu unutraġnje strane prednjeg 

vjetrobranskog stakla, sa rokom vaģnosti od jedne godine i izdaje se za tekuĺu godinu.  

3. REZULTATI  

Na slici 1. predstavljena je polna struktura anketiranih korisnika sistema taksi transporta 

putnika. Na slici je uoļljivo da neġto veĺi broj ispitanih ļine muġkarci. 

 

Slika 1. Polna struktura 
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Na slici 2. prikazana je dob anketiranih korisnika sistema. Kao ġto moģemo primijetiti 

najveĺi dio uzorka ļine mladi (od 19-30 godina). 

 

Slika 2. Godine starosti anketiranih lica 

Na slici 3. predstavljeni su rezultati o zanimanju korisnika sistema taksi transporta 

putnika, odnosno kojoj od navedenih grupa pripadaju (zaposlen, Ľak, student, penzioner, 

nezaposlen i oni koji ne pripadaju ni jednoj od navedenih grupa ï ostali). Kao ġto je i 

oļekivano, najveĺi broj korisnika (u uzorku) ļine oni iz kategorije zaposlenih. 

 

Slika 3. Zanimanje korisnika 

Putovanje bilo kojim podsistemom javnog gradskog transporta putnika ili pak 

individualnim prevozom ima odreĽenu svrhu, pa sa tim u vezi su i korisnici sistema taksi 

transporta putnika upitani o svrsi njihovog putovanja odnosno razloga za koriġtenje ovog 

sistema. Rezultati su prikazani na sljedeĺoj slici. Korisnici su na ovo pitanje mogli da daju 

viġe odgovora. 
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Slika 4. Svrha putovanja korisnika 

Na slici 5. prikazani su rezultati o mjeseļnim primanjima korisnika sistema taksi 

transporta putnika. Rezultati pokazuju da se osobe sa ñsrednjim primanjimaò (200-350 i 350-

-500) najļeġĺe odluļuju za koriġtenje sistema taksi transporta putnika. 

 

Slika 5. Mjeseļna primanja korisnika (u eurima) 

Na osnovu svega do sad iznenesnog neophodno je bilo i znati koliko ļesto korisnici 

koriste ovaj sistem. Na slici 6. su prikazani rezultati. Rezultati pokazuju da je najveĺi postotak 

u uzorku onih korisnika koji vrlo rijetko koriste ovaj sistem.  

 

Slika 6. Intenzitet koriġtenja sistema 
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Na slici 7. su prikazani rezultati o prioritetima koriġtenja za korisnike kada je u pitanju 

sistem taksi transporta putnika. Korisnici su izabrali po tri najvaģnija (za njih) razloga 

koriġtenja ovog sistema. Rezultati su prikazani na sljedeĺem djagramu. 

 

Slika 7. Prioriteti koriġtenja sistema 

4. DISKUSIJA REZULATA S A PRIJEDLOGOM MJERA  

Na osnovu analiziranih podataka utvrĽeno je da muġkarci ļine neġto veĺi dio uzorka 

(58%) u odnosu na ģene (42%). Kao ġto je veĺ prethodno izneseno najveĺi dio uzorka ļine 

mladi od 19-30 godina (46%), zatim oni mlaĽi od 18 godina (15.3%), dok ostali dio uzorka 

ļine stariji od 30 godina po kategorijama. 

Analiziranjem podataka takoĽe je utvrĽeno da najveĺi dio uzorka ļine zaposleni 

(42.7%), dok je ostala raspodjela na osnovu zanimanja korisnika dosta manja. Ovaj podatak 

je u osnovi i oļekivan, jer se smatra da najveĺa primanja i imaju zaposleni, dok oni sa manjim 

primanjima ili bez njih su primorani na koriġtenje javnog gradskog transporta putnika kao 

jeftinije alternative. TakoĽe, slika 4. pokazuje da najveĺi postotak korisnika koristi sistem taksi 

transporta putnika zbog posla, ġto ustvari potvrĽuje i oļekivanja.  

 Rezultati o mjeseļnim primanjima (slika 5.) pokazuje da su najļeġĺi korisnici sistema 

taksi transporta putnika ustvari oni sa primanjima od 350-500 ú (24%), zatim korisnici sa 

primanjima od 200-350 ú (21.7%), pa zatim korisnici bez primanja, sa uļeġĺem u uzorku od 

20.3% ġto ustvari i predstavlja pomalo ļudan podatak. MeĽutim, ukoliko sagledamo rezultate 

moģemo zakljuļiti da, kao ġto je pomenuto najveĺi dio uzorka ļine mladi kao i da je druga po 

vaģnosti (na osnovu rezultata - slika 4.) svrha koriġtenja ovog sistema ustvari ñzabava 

(rekreacija)ò, se taksi transport putnika najviġe koristi u veļernjim satima kada se mladi 

vraĺaju kuĺi. 

TakoĽe, fascinantan podatak je taj da, iako na osnovu svih stavova i navika korisnika 

ovog sistema, moģemo zakljuļiti da se samo 13.3% korisnika opredjeljuje na stalno koriġtenje 

sistema, a ļak 44% korisnika se izjasnilo da sistem taksi transporta putnika koristi ñvrlo 

rijetkoò, ġto i potvrĽuje prethodnu pretpostavku, a potvrĽuju i podaci (slika 7.).  

Naime, korisnici na pitanje: ñĠta je za Vas najvaģnije u auto ï taksi prevozu?ò su 

odgovorili da ima je vrijeme putovanja najvaģniji (25.3%). TakoĽe, veliki procenat korisnika 
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se izjasnio da im je cijena prevoza jedan od najvaģnijih faktora transportne usluge (21.7%), 

kao i pouzanost (20.9%). 

U konaļnici, na zadnjem pitanju u anketi korisnici su davali slobodne odgovore, 

odnosno na pitanje o prijedlozima unapreĽenja sistema taksi transporta putnika u Banja Luci. 

Najveĺi postotak korisnika se izjasnio da nemaju prijedlog, odnosno da su zadovoljni sa 

postojeĺim stanjem u ovom sistemu (26%), takoĽe, veliki procenat korisnika se izjasnio da 

poveĺanje kapaciteta vozila bi bilo adekvatno unapreĽenje na ovom podruļju (19.3%). Jedan 

od prioriteta za unapreĽenje (prema stavovima korisnika) jeste i niģa cijena usluge (12.6%). 

Ostali udio u ukupnom procentu se rasporedio na nekoliko rjeġenja sa procentom niģim od 10 

% - slika 8. 

 

Slika 8. Prijedlozi za unapreĽenje sistema na osnovu zahtjeva korisnika 

Na osnovu prikazanih rezultata moģemo zakljuļiti da najveĺi postotak anketiranih 

korisnika smatra da su nedostaci trenutnog stanja u sistemu uglavnom mali kapacitet vozila i 

cijena transportne usluge. 

Sagledavanjem cijelog problema, kao i pronalaska optimalnog rjeġenja za unapreĽenje 

sistema taksi transporta putnika u gradu Banja Luka, na osnovu zahtjeva korisnika sistema, 

kao i na osnovu prikazanih rezultata, smatra se da je najbolje rjeġenje uvoĽenje grupnog 

linijskog taksija ï jitneys. 

Grupni linijski taksi predstavlja podsistem javnog fleksibilnog transporta putnika koji 

korisnicima pruģa javnu uslugu vozilima malog kapaciteta (obiļno minibus vozilima 

kapaciteta od pet do petnaest mjesta/vozilu) na fiksnoj trasi linije, bez fiksnih redova voģnje. 

Sistem funkcioniġe tako ġto se duģ trase linije, izmjena putnika vrġi na zahtjev putnika. (Tica, 

2016.) 

Prema (Galiĺ, 2015.), jitneyi su vaģno prevozno sredstvo u mnogim gradovima u 

svijetu, ġto potvrĽuju i podaci da veliki broj gradova koriste ovaj sistem transporta putnika. 

Neki gradovi u kojima se koriste jitneys usluge su Caracusa, Manili, Beirut, Buenos Aires, 

Hong Kong, Carigrad, San Juan, Teheran, Mexico City, itd. 

Kako ovaj vid paratranzita funkcioniġe po fiksnim trasama, neophodno je u narednom 

periodu uraditi istraģivanje i o transportnim zahtjevima, odnosno potrebama korisnika, kako 
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bi se mogle uvesti linije novog podsistema fleksibilnog transporta putnika ï jitneys, u cilju 

potpunog zadovoljenja zahtjeva korisnika javnog gradskog transporta. 

5. ZAKLJUĻAK 

Fleksibilni transport putnika ili paratranzit u posljednje vrijeme privlaļi sve viġe paģnje 

kako kod korisnika ovog sistema, tako i kod mnogih nauļnih i istraģivaļkih studija. 

Paratranzit, kao ġto je veĺ navedeno, predstavlja sistem koji je ñosvojioò i koji osvaja onaj dio 

trģiġta transportnih usluga koji je nedostupan ostalim sistemima.  

Kada govorimo o konkretnom podruļju (grad Banja Luka), sistem paratranzita se i dalje 

razvija i neophodno je u narednom periodu posvetiti odreĽenu paģnju razvoju ovog sistema, 

kako kroz odreĽene studije, tako i permanentnim istraģivanjima zahtjeva korisnika u cilju 

jasnog definisanja njihovih zahtjeva. Ovim radom, kao ġto je veĺ izneseno, ispitano je 300 

korisnika sistema taksi transporta putnika i ustanovljeni su odreĽeni nedostaci ove usluge. Kao 

prijedlog unapreĽenja predloģeno je uvoĽenje novog vida paratranzita, smatrajuĺi da bi se 

znatno poveĺao kvalitet zadovoljenja najveĺeg broja specifiļnih potreba korisnika. Ġto 

potvrĽuje i konstatacija (Tica, 2016): savremeni pristup upravljanju sistemom javnog 

gradskog transporta putnika zahtijeva da se od koncepta ñputnika treba transportovatiò, mora 

preĺi na koncept ñkorisnika treba opsluģitiò. To direktno implicira da se umjesto koncepta 

ñkvaliteta uslugeò, podsistemi orjentiġu ka konceptu ñkvalitetnog zadovoljenja najveĺeg broja 

specifiļnih potreba korisnika sistemaò.  

U tom smislu, kako bi se zadovoljio veliki broj potreba korisnika sistema, smatra se da 

korisnici sistema transporta putnika trebaju imati na raspolaganju viġesistemsku transportnu 

ponudu. TakoĽe, smatra se da bi se prilikom uvoĽenja jitneys-a znatno poveĺao kvalitet 

zadovoljenja veĺeg broja specifiļnih potreba korisnika. 

6. LITERATURA  

Cooper, J., Mundy, R., Nelson, J. (2010). Taxi! Urban Econimies and the Social and Transport Impact 

of the Taxicab, Ashgate, UK 

Galiĺ, A. (2015). Konvencionalni naļini javnog prijevoza putnika, Sveuļiliġte u Zagrebu fakultet 

prometnih znanosti 

Tica, S. (2016). Sistemi transporta putnika, Elementi tehnologije, organizacije i upravljanja, Saobraĺajni 

fakultet Univerziteta u Beograd 

Vujiĺ, N., Vasiljeviĺ-Blagojeviĺ, M., Periĺ, N. (2014). Analiza krakteristika taksi usluga kao preduslov 

njihovog unapreĽenja, Beograd 

http://www.banjaluka.rs.ba/front/article/108/?right_mi=280  (03.08.2017.) 

http://www.banjaluka.com/drustvo/2016/06/30/evo-koliko-banjaluka-ima-stanovnika/  (10.10.2017.) 



 

163 
 

KORIĠĹENJE OTPADNIH AUTOMOBILSKIH PNEUMA TIKA KAO 

GORIVA U ENERGETSKE SVRHE* 

USAGE OF WASTE CAR TYRES AS FUEL FOR ENERGY PURPOSES  

Milan M. Milotiĺa, Slavko N. ņuriĺb, Petko Ļ. Stanojeviĺa, Milutin J. Rakiĺc 

a Faculty of Transport and Traffic Engineering, University of East Sarajevo, 74000 Doboj, Bosnia and 

Herzegovina, milanmilotic@yahoo.com, petko.stanojevic@yahoo.com. 
b Faculty of Technical Sciences, University of Novi Sad, 21000 Novi Sad, Republic of Serbia, 

djuric@uns.ac.rs 
c High textile vocational school, 11000 Belgrade, Republic of Serbia, rmilutin@gmail.com 

 
Apstrakt: U radu su prikazane karakteristike (tehniļka i elementarna analiza) otpadnih 

automobilskih pneumatika. Prikazana je i hemijska analiza pepela. Analize ukazuje  da je maseni 

udio ugljenika u otpadnoj gumi oko 64%, vodonika 5% a toplotna moĺ 27181 kJ/kg. Ovo ukazuje 

da su otpadni automobilski pneumatici dobar materijal za termiļku preradu a posebno za 

sagorijevanje. U radu se od termiļkih postupaka prerade otpadnih automobilskih pneumatika 

razmatra samo sagorijevanje. Prikazane su peĺi za sagorijevanje otpada (sa nepokretnim slojem, 

pokretnom reġetkom, fluidizovanim slojem, rotacione peĺi) i njihove radne karakteristike. 

Poznavanje sastava otpadnih automobilskih pneumatika, postrojenja za sagorijevanje otpada i 

njihovih radnih karakteristika predstavlja polaznu osnovu u fazi projektovanja istih i 

projektovanja postrojenja za preļiġĺavanje dimnih gasova nastalih sagorijevanjem otpadnih 

automobilskih pneumatika.  

 

Kljuļne rijeļi: otpadni automobilski pneumatici, sagorijevanje, peÞi 

 

 
Abstract: The paper presents characteristics (technical and elemental analysis) of waste car 

tyres. Chemical analysis of ash has also been shown. The analyses suggest that the carbon mass 

fraction in the waste tyre equals about 64%, hydrogen 5% and heat output is 27181 kJ/kg. This 

indicates that the waste car tyres are a good material for thermal processing and especially for 

combustion. In this paper, from all thermal processes, only combustion has been considered. 

Combustion furnaces and their operating characteristics have been presented (with fixed layer, 

movable grate, fluidized bed, rotary kiln). Knowing the composition of waste car tyres, waste 

combustion plants and their operating performance, presents a starting point in their design and 

design of plants for flue gas purification created by waste car tyres combustion. 

 

Key words: waste car tyres, combustion, furnace  

1. UVOD  

Masovno koriġĺenje drumskih vozila prouzrokoju brojne ekoloġke probleme. Pored 

emisije gasovitih zagaĽujuĺih kopmonenti (NOx,SOx,CO2,CO) i ļaĽi koje nastaju 

koriġĺenjem drumskih vozila  i otpadne automobilske gume imaju ġtetan uticaj na ģivotnu 

sredinu. U Bosni i Hercegovini se do pre nekoliko godina otpadne gume odlagane uglavnom 

                                                           
* Struļni rad 
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na divlje deponije i zato su predstavljale ozbiljan ekoloġki problem. Usaglaġavanjem zakonske 

regulative u  ovoj oblasti sa zakonima Evropske Unije odlaganje otpadnih guma na divlje 

deponije je zabranjeno a otpadne gume se tretiraju kao vaģan energetski materijal  i kao 

sirovina za proizvodnju raznih gumenih proizvoda. Gume sadrģe veliku koliļinu isparljivih 

materija i ugljenika ļija je toplotna moĺ veĺa od toplotne moĺi uglja. Zato je guma dobar 

materijal za sagorevanje, pirolizu i gasifikaciju (D.Y.C. Leung and G.C.K. Lam, 1995). 

Odlaganje guma na deponije u svetu se pokazalo kao veoma loġe reġenje (glomazne su i 

zauzimaju veliki prostor i ne degradiraju se na deponijama). Prema tome pored ekoloġkih 

problema koje prouzrokuju otpadne gume na deponijama radi se i o gubitku korisnog 

energetsog izvora. 

Osnovni termiļki procesi prerade otpadnih guma su sagorijevanje, piroliza i 

gasifikacija. Piroliza otpadne gume i biomase predstavlja zagrijevanje ļvrste biomase u 

inertnoj atmosferi u odsustvu kiseonika kako bi se proizveli gasoviti proizvodi, teļni i ļvrsti 

proizvodi. Proces pirolize otpadne gume obavlja se uglavnom u peĺima sa fluidizovanim 

slojem i rotacionim peĺima. 

Cilj ovog rada jeste istraģivanje moguĺnosti koriġĺenja otpadnih automobilskih 

pneumatika (OAP) u energetske svrhe postupcima sagorijevanja a time i redukcija uticaja OAP 

na ģivotnu sredinu. 

2.  SASTAV AUTOMOBILSKI H PNEUMATIKA  

Pri raznim inģenjerskim proraļunima a naroļito pri proraļunima sagorijevanja goriva u 

loģiġtima ili pri proraļunu preļiġĺavanja dimnih gasova, potrebno je poznavati tehniļku i 

elementarnu analizu goriva koji sagorijeva. Tehniļka i elementarna analiza kao i analiza 

pepela OAP prikazana je u tabeli 1. Moģe se uoļiti da OAP imaju veoma visok maseni udio 

ugljenika (64.20%), vodonika (5%) ġto predstavlja dobro energetsko gorivo. 

PoreĽenje toplotne moĺi OAP sa nekim drugim gorivima prikazano je u tabeli 2. Moģe 

se uoļiti da je toplotna moĺ OAP mnogo veĺa nego kod drugih navedenih goriva. U poreĽenju 

sa ugljevima (Stanari i Gacko) toplotna moĺ OAP veĺa je skoro 3 puta. Ovo opravdava 

moguĺnost koriġĺenja energije upotrebom otpadnih automobilskih guma u raznim termiļkim 

postupcima (sagorijevanje, piroliza, gasifikacija). 

Tabela 1. Tehniļka i elementarna analiza OAP i analiza pepela (Rudarski institut Beograd-Zemun, 

2007) 

Elementarna analiza (maseni udio, %) 

C  64.20 

H  5.00 

N  0.10 

O  4.40 

S  0.91 

Donja 

toplotna moĺ 

(Hd, kJ/kg) 

27181 

Tehniļka analiza (maseni udio, %) 

Vlaga 0.19 

Volatili  - 

Fiksni 

ugljenik 

- 

Pepeo 25.20 

Hemijski sastav pepela (maseni udio%) 
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SiO2 4.36 

Al 2O3 0.71 

Fe2O3 86.44 

CaO 0.48 

MgO 0.05 

K2O 0.03 

Na2O 0.34 

TiO2 0.28 

P2O5 2.41 

ZnO 4.8 

Mn2O3 0.04 

Tabela 2. Komparacija donje toplotne moĺi OAP sa nekim drugim gorivima  

Gorivo 

Otpadni 

automobilski 

pneumatici 

(OAP) 

Komunalni  

otpad (smeĺe) 

(Miloġ 

Kuburoviĺ, 

1998) 

Biomasa 

(kukuruzovina) 

(Aleksandar 

Petrov, 1996) 

Biomasa 

(drvna) 

(Tijana 

Kosaniĺ, 

2015 

Ugalj 

(Stanari) 

(Slavko 

ņ., 

 i 

dr.2012) 

Ugalj 

(Gacko) 

(Slavko 

ņ., 

 i 

dr.2012) 

Donja 

toplotna 

moĺ 

(kJ/kg) 

27181 11304  

 

15679 

 

15542 

 

9100 

 

 

9491 

 

3. POSTUPCI PRERADE OTPADNIH AUTOMOBILSKIH PNEUMA TIKA  

OAP su specifiļna vrsta otpada koju stvaraju sve vrste vozila. OAP sastavljeni su od 

gumenih materijala u CxHy formi uz prisustvo nekih vlaknastih materijala (slika 1). OAP 

sadrģe veliku koliļinu isparljivih materija (54,23 ï 68,70%) i fiksnog ugljenika (18,72 ï 

33,60%) ļija je donja toplotna moĺ veĺa od toplotne moĺi uglja. Donja toplotna moĺ OAP 

kreĺe se u opsegu 27181 ï 39144 kJ/kg (Milotiĺ M., 2015.). Zato su OAP dobar materijal za 

termiļku preradu. Procesi pirolize, gasifikacije i sagorijevanja se smatraju najpraktiļnijim 

metodama za koriġĺenje energije i materijala iz OAP. 

 

Slika 1. Struktura OAP ( Stanojeviĺ D., Rajkoviĺ M., 2011.) 

(1.gazeĺi sloj, 2. tijelo, 3. peza (stopa)) 

3.1. Fiziļka svojstva OAP 

Najvaģnija fiziļka svojstva OAP koja su bitna pri termiļkim postupcima prerade 

(piroliza, gasifikacija i sagorijevanje) su: 

¶ veliļina i distribucija veliļina ļestica 
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¶ oblik ļestica 

¶ poroznost ļestica. 

Pored veliļine ļestice, oblik ļestice je takoĽe bitan za termiļku preradu OAP. Brzine 

heterogenih reakcija koje se odvijaju pri procesima  sagorijevanja OAP zavise od povrġine 

ļestice na kojoj se odvijaju reakcije.  

Fiziļke karakteristike OAP ļine ih pogodnim za ġirok spektar primjene u svim oblicima: 

prah, granulat, sjeļene i cijele (slika 2). 

 

 

Slika 2. Veliļine i oblici OAP koji se koriste pri termiļkim postupcima prerade 

( a- prah, b ï granulat, c ï sjeļeni pneumatici, d ï cijeli pneumatici)  

3.2. Sagorijevanje otpadnih automobilskih pneumatika 

Sagorijevanjem OAP raspoloģiva energija prevodi se u fiziļku energiju dimnih gasova 

definisanu temperaturom dimnih gasova. Pored koriġĺenja toplotne energije bitan znaļaj 

sagorijevanja otpada je smanjenje zapremine otpada (smeĺa, OAP). Tokom sagorijevanja 

otpada (OAP) nastaju dimni gasovi i ļvrst ostatak (pepeo). U dimnim gasovima nalazi se niz 

zagaĽujuĺih komponenti: SO2, HCl, HF, NOx itd. Sumpor-dioksid (SO2) i hlorovodonik (HCl) 

su osnovni predstavnici kiselih gasova. Sumpor-dioksid nema bitnog uticaja na rad generatora 

pare, veĺ samo na emisiju u okolinu, dok sumpor-trioksid (SO3) bitno utiļe na pogonsku 

raspoloģivost generatora pare zbog njegovog direktnog uticaja na tkz. nisko-temperaturnu 

koroziju koja nastaje na hladnijim povrġinama generatora pare. Nisko-temperaturna korozija 

nastupa kada doĽe do kondenzacije sumporne kiseline (H2SO4).  Mehanizam 

nastajanja i kondenzacija sumporne kiseline moģe se prikazati pomoĺu hemijskih reakcija 

3 2 2 4 2 4SO (g)+H O(g)=H SO (g)=H SO (l)  (1) 

U praksi se problem kondenzacije sumporne kiseline (H2SO4) rjeġava na viġe naļina: 

¶ odrģavanjem temperature dimnog gasa iznad taļke rose (ovo ima za posljedicu veĺu 
potroġnju goriva, umanjuje stepen iskoriġĺenja generatora pare i poveĺava toplotne 

gubitke) 

¶ smanjenjem koeficijenta viġka vazduha (viġka kiseonika) do granice pri kojoj ne moģe 

doĺi do oksidacije SO2 u SO3 
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¶ smanjenjem nastajanja kiseline uklanjanjem katalitiļke reakcije gdje dolazi do najveĺe 
konvrezije SO2 u SO3. 

Pri sagorijevanju otpada i OAP mora se zadovoljiti niz uslova. Pepeo iz procesa 

sagorijevanja treba da bude sterilan a gasoviti produkti iz procesa ne smiju sadrģavati produkte 

nepotpunog sagorijevanja CO, H2, CmHn.  

Pri sagorijevanju OAP pokazano je da se produkti sagorijevanja OAP ne razlikuju 

mnogo od produkata sagorijevanja fosilnih goriva, izuzev veĺe emisije cinka. Razlog 

poveĺanog sadrģaja cinka u produktima sagorijevanja OAP je dodavanje cinkïoksida (ZnO) u 

procesu proizvodnje automobilske gume. Literaturni podaci ukazuju da u odnosu na sastav 

uglja, guma iz koje je odstranjena ļeliļna ģica ima pribliģno dvostruko niģi sadrģaj vezanog 

ugljenika, a skoro dvostruko viġi sadrģaj isparljivih komponenata i znatno niģi sadrģaj vlage 

(Milotiĺ M., 2015.). 

Osnovne karakteristike nekih postrojenja za sagorijevanje otpada i OAP koja su 

trenutno u eksploataciji prikazana su na slikama 3 do 6. Detaljnija analiza postojeĺih rijeġenja 

za sagorijevanje otpada i OAP moģe se vidjeti u literaturnim izvorima (Kuburoviĺ M., 1998.,  

ɹ.ʀ., ʃʝʚʠʥ. 1982. ). 

Sagorijevanje otpada u nepokretnom sloju primjenjuju se uglavnom u postrojenjima 

manje snage (ispod 250 kW). Na slici 3 prikazana je ġema peĺi u nepokretnom sloju. Vazduh 

za sagorijevanje ulazi u komoru za sagorijevanje (9) kroz vrata pepeljare (8). Temperatura u 

komori za sagorijevanje kreĺe se u intervalu 700-800ÜC, a pepeo iz taloģne komore (14) vadi 

se ruļnim putem. 

Kod peĺi za sagorijevanje otpada sa pokretnom reġetkom iskoriġĺenje toplote je veĺe 

nego kod peĺi za sagorevanje otpada u nepokretnom sloju. Ġema takve jedne peĺi prikazana 

je na slici 4. Temperatura primarnog vazduha je 100-120ÜC. Paljenje otpada na reġetci je 

odozdo. Kapaciteti reġetki kreĺu se od 1,4 do 5,6 kg/s otpada. Specifiļno toplotno optereĺenje 

aktivne povrġine reġetke je 0,5 MW/m2. 

 

Slika 3. Peĺ sa nepokretnim slojem za sagorijevanje otpada (K uburoviĺ M., 1998.) 

1 ï bunker, 2 ï vrata bunkera, 3 ï otvori za prijem otpada, 4 ï kanal, 5 ï vrata loģiġta, 6 - reġetka za 

loģiġte,7 ï pepeljara, 8 ï vrata pepeljare, 9 ï komora za sagorijevanje, 10 ï komora za dogorijevanje, 

11 ï pregrada,12 ï gorionik, 13 ï pregrada, 14 ï taloģna komora, 15 ï dimnjak, 16 ï vrata za 

ļiġĺenje 
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Slika 4. Kotlovsko postrojenje za sagorijevanje otpada u sloju (Kuburoviĺ M., 1998.) 

1 ï prijemni lijevak, 2 ï ulivna cijev, 3 ï nepokretno postolje, 4 ï pokretni guraļ, 5 ï ġiber, 6 ï 

reġetka, 7 ï transporter ļvrstog ostatka, 8 ï cijev za transport propada, 9 ï sud za hlaĽenje ļvrstog 

ostatka, 10 ï vod za recirkulaciju ļvrstih ļestica, 11 ï kotao utilizator, 12 ï komora za hlaĽenje 

dimnih gasova, 13 ï konvektivne grejne povrġine, 14 ï naknadne grejne povrġine (ekonomajzeri) 

Kod loģiġta za sagorijevanje otpada u fluidizovanom sloju materijal sagorijeva sa 

inertnim materijalom na primjer pijeskom, silikatni materijali i sliļno (slika 5). Cilj inertnih 

materijala jeste da stvaraju fuidizovani sloj sa vazduhom koji struji sa donje strane. 

Eksploataciona iskustva rada ovakvih postrojenja ukazuju da se oko 5% pijeska nadoknadi na 

svakih 300 radnih sati. Temperatura u sloju se odrģava u intervalu 750-925ÜC. Loģiġta za 

sagorijevanje u fluidizovanom sloju uspjeġno se mogu primjenjivati i za  sagorijevanje vlaģnog 

otpada. Pri koeficijentu viġka vazduha 1,25-1,50 ostvaruje se potpuno sagorijevanje. Zbog 

niskih temperatura sagorijevanja otpada emisija NOx je zanemariva. 

 

Slika 5. Loģiġte za sagorijevanje otpadnih materijala u fluidizovanom sloju (Kuburoviĺ M., 1998.) 

a) Ăbubbling bedñ sistem; 1- mlaznice za vazduh, 2-prikljuļak za kreļnjak, 3-ulaz otpada, 4-kotao, 5-

rezervoar vode, 6-parni doboġ, 7-prikljuļak za povrat leteĺeg pepela u loģiġte 

b) Ăcirculating bedñ sistem; 1-otvor za pijesak, 2-termopar, 3-ulaz otpada, 4-ulaz vazduha za 

fluidizaciju, 5-komora za vazduh, 6-gorionik za predgrijavanje vazduha pri stertovanju, 7-mlaznice za 

vazduh, 8-fluidizovani sloj, 9-prikljuļak za probu pritiska, 10-prikljuļak za ubrizgavanje goriva, 11-

gorionik, 12-revizioni otvor, 13-prikljuļak za probu pritiska, 14-slobodna zona, 15-izduvni gasovi i 

pepeo 

Pri termiļkim preradama otpada (piroliza, gasifikacija i sagorijevanje) u najġiroj 

upotrebi su rotacione peĺi (slika 6). Duģine rotacionih peĺi su 8-12m, a ne rijetko u praksi se 
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susreĺu  peĺi duģine i 20m, preļnika radnog prostora 1-5m. Temperatura u peĺi kreĺe se u 

intervalu  800-1400ÜC, vrijeme zadrģavanja otpada u peĺi je 60-90 minuta. Nagib peĺi je 1-3Ü 

a vrijeme potrebno za jedan obrtaj peĺi je 20-40s. Rotacione peĺi sa suprotnosmjernim tokom 

se najļeġĺe koriste za sagorijevanje teļnih industrijskih otpada.  

Prednost rotacionih peĺi u odnosu na druge peĺi koje se koriste u praksi jeste elastiļnost 

u radu pri promjenama kapaciteta, mogu da sagorijevaju i goriva sa niģom toplotnom moĺi. 

To omoguĺava duģi i stabilniji rad peĺi u odnosu na sagorijevanje u peĺima sa reġetkom.  

U odnosu na peĺi sa reġetkom rotacione peĺi su takoĽe fleksibilnije za sagorijevanje 

otpada sa veĺim udjelom mineralnih materija. 

Kod rotacionih peĺi sitnije frakcije ostaju u loģiġtu (peĺi), ne propadaju iz loģiġta kao 

kod reġetke. Time se smanjuju toplotni gubici u propadanju goriva. 

Mehaniļka priprema otpada nije potrebna kao kod drugih postrojenja, koeficijent viġka 

vazduha je manji kod rotacionih peĺi nego kod drugih postrojenja. 

Pored geometrijskih karakteristika rad rotacione peĺi karekteriġu i kapacitet, specifiļna 

potroġnja goriva i stepen korisnosti. Proizvodnost rotacione peĺi zavisi od: geometrijskih 

karakteristika (preļnik peĺi i duģina), ugla nagiba peĺi, brzine rotacije, uslova rada i okruģenja 

(na otvorenom ili zatvorenom), broja obrtaja, ravnomernosti doziranja sirovine, postojanosti 

hemijskog sastava smjeġe, kvalitetnog rada sistema za sagorijevanje goriva i uspjeġnog 

odrģavanja zadatih toplotnih parametara. 

 

Slika 6. Uproġĺena ġema rotacione peĺi (ņuriĺ S., 2003.) 

1 ï rotaciona peĺ, 2 ï vatrostalni izolacioni materijal, 3 ï zaptivaļ,4 ï gorionik za dodatno gorivo,  

5 ï kanal za odvod pepela, 6 ï komora za dogrijevanje 
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4. ZAKLJUĻAK 

Procesi gasifikacije, pirolize i sagorijevanja biomase, ļvrstog komunalnog otpada, 

otpadnih automobilskih pneumatika (OAP) i drugih otpadnih materijala postaju sve znaļajniji 

u energetici, procesnoj tehnici i zaġtiti ģivotne sredine. Istraģivanja koja se sprovode u ovoj 

oblasti u svijetu i kod nas su posebno znaļajna jer omoguĺavaju da Bosna i Hercegovina 

nadoknadi svoj energetski deficit iz obnovljivih izvora energije. U tom smislu u radu su 

prikazane karakteristike (tehniļka i elementarna analiza) OAP. Pokazano je da OAP 

predstavljaju bitno energetsko goriva (visoka toplotna moĺ od oko 27000 kJ/kg) i dosta je veĺa 

od toplotnih moĺi nekih drugih goriva (uglja, smeĺa i biomase). To ukazuje na moguĺnost 

koriġĺenja OAP u termiļke svrhe i moguĺnosti koriġĺenja energije (posebno toplotne energije) 

u praktiļne svrhe. U radu je od termiļkih procesa tretmana OAP prikazano sagorijevanje i peĺi 

u kojima se izvode ti procesi. Razmatraju se peĺi koje se najviġe koriste u praksi kao ġto su: 

peĺi sa pokretnim i nepokretnim slojem (reġetkom), peĺi sa fluidizovanim slojem, rotacione 

peĺi i njihove radne karakteristike. 
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Abstract: Even though the European Directive 2008/96/CE puts a great emphasis on road Safety 

Inspections (SIs) as an effective tool for safety management of existing roads, there are still 

relevant issues to be explored, such as how to use SIs as a source of information capable of 

prioritising measures and the treatment of road sections in the prevention of traffic accidents. 

As part of the IASP research program co-financed by the European Commission in 2004, an 

inspection procedure aimed at improving the effectiveness and the reliability of the methodology 

has been defined. After the first implementation in the IASP project, further developments were 

carried out to improve the quality and efficiency of the safety inspections of road network by using 

low cost equipment (GPS, tablet, camera) and specific software tools to support the inspectorôs 

task. The last implementation of IASP project was to conduct a Road Safety Inspection based on 

roadôs geometric data (cross section, gradients, horizontal and vertical alignment) by using a 

high speed system, ARAN (Automatic Road Analyzer 9000). The paper shows how the IASP 

procedure was adapted to employ the data collected by the system. The conducting of Road Safety 

Inspections (SIs) with three different methods (paper sheet, low cost equipment, high speed 

system) is described and compared. 

 

Keywords: Network Safety Management, Road asset Monitoring, Safety ranking 

1. INTRODUCTION  

The European Directive 2008/96/CE requires member states to establish and implement 

procedures oriented on the improvement of the existing network, namely: road safety 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, and Road Safety Inspections (SIs; 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 SIs as an effective 

tool for the safety management of existing roads stating: ñOnce road sections with a high 

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 an essential tool for preventing possible dangers for all road users, including vulnerable 

usersò. Within the Article 6 ñSafety Inspectionsò (SI) it is also noted that member states shall 

carry out safety inspections on existing roads in order to identify the features related to road 

safety and to prevent collisions and accidents. The use of SIs 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. SIs can be a source of information needed to prioritise 
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treatments in road sections which produce the highest accident reduction and/or the highest 

safety benefit-cost ratio. The inspections should be performed periodically and by a competent 

entity. Member states are also encouraged to apply this directive on other national roads, which 

are not part of the Trans ï European Road Network (TEN). 

The aim of the study presented in the paper is the comparison of two innovative road 

safety inspections procedures based on low cost equipment and high speed system. The IASP 

procedure for SIs (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) with the 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 specific software 

tools have been developed to support the inspectorôs task. The most recent and advanced 

implementation of IASP procedure for safety inspection (Cafiso et al., 2016) was developed 

by using the ARAN (Automatic Road Analyzer 9000), a high performance road asset 

monitoring system recently acquired by the University of Catania, Infrastructures of Transport 

laboratory (ITlab). 

In order to describe the SI procedures developed both systems and to compare results, 

the paper is divided into 4 sections presenting: 

¶ IASP procedure for road safety inspection; 

¶ Hardware and Software tools for in field inspection; 

¶ ARAN system for Road Safety inspections; 

¶ Case study for comparison of the two different methodologies. 

2. BACKGROUND OF SAFETY INSPECTIONS AND IASP PROCEDURE 

A safety inspection (SI) is a formal examination of an existing road, in which an 

independent, qualified team reports on the roadôs crash potential and safety performance. 

Safety inspections are recognized as an effective tool for identifying potential hazards and are 

becoming an accepted practice in many agencies around the world. SIs 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 

inspector or by a group of inspectors even if a team of at least two inspectors is preferable. 

The members of the group should be ñindependentò, i.e. should not belong to any team that 

designed or manages the road. They should have highly specialized and have an in-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 SI the inspection should be made both by car and on 

foot where needed. The road should be 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 

checklists 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 refers to the routine inspection 

carried out at a network level showing how defined operative procedures and methodologies 

for identifying the safety problems can improve both the effectiveness and the reliability of 

the safety inspections. 

As part of the project, IASP procedure (Cafiso et al., 2008) for safety inspections, which 

address two-lane rural highways, have been defined. Albeit many safety inspection procedures 

already exist, the IASP procedures present some innovative elements and, above all, they are 

very operational in nature.  

The IASP safety inspection can assess road sections of up to 50 km a day. At least three 

operators are needed: the driver, the inspector in front seat and the inspector in back seat. A 

recommended equipment include GPS 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. Checklists are 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 features which usually are present along two-lane 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, etc.) are not 

considered since in the IASP safety analysis alignment evaluation is performed as a separate 

quantitative procedure. 

Checklists must be filled in both directions. Front seat and back seat inspectors, who 

have different views of the road, complete different checklists filling the boxes for every 200 

m (24 s at 30 km/h). In order to simplify the inspectorsô task, every checklist is divided in two 

parts: part A has to be completed on site, part B can be completed both on site and during the 

video examination performed in the office. Safety issues are ranked as: 

Å high score problem (rank 2), 

Å low score problem (rank 1), 

Å no problem (rank 0). 

Ranking of safety issues can be used both as an aid for the prioritisation of the safety 

measures and as an aid to road 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 typologies for each 

problem. Recommendations are engineering solutions to the reported problems. They indicate 

the type of measures, without specifying 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 that should be tested in the UK, with 

iRAP Star Rating, NetRisk, SURE, iRAP Risk Mapping, North Yorkshire Route Assessment 

Tool. The six models were chosen based on the scores they obtained from a review process 

and also the impression of how cost-effective they might be, given the lack of good evaluation. 
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2.1. Low cost equipment for 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 inspectors. The 

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 checklists 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 to simplify the operator's work but opens up a whole set 

of issues that the software should solve without userôs concern: 

¶ allows easy data insertion to the user; 

¶ links inspection data with a unique road section travelling the route in both 

directions; 

¶ stores all information to allow the post-inspection review. 

In order to get an easy and low cost solution, it was decided to create an Android 

application. By means of an easy-to-use interface the application allows the user to insert 

inspection data for each section 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 video-camera installed on the vehicle can be geo-referenced 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 

in Figure 1. If the GPS module is the ñheartò of the system, the Data Acquisition Module is 

the ñbrainò. This module uses data from GPS to support the inspector task via the Graphic 

User Interface (GUI). The most important part of the infield inspection is the assessment of 

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 check-list-form are available: one for the operator in the front 

seat and one for the operator in the rear one. The checklist-form 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 two-lane road, after the forward path inspection, the operator 

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 path to those 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 part of the 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 errors before 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 time to 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 Analyzed 9000 (Figure 2) is one of the most advanced high 

performance systems for 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 pass at 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, fully 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 roadôs geometric data (cross section, gradients, horizontal and vertical alignment), 

pavement 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 accurately located using any geographical reference system 

(e.g. Gauss-Boaga 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 odometer (DMI), as well. 

Asset inventory detection is carried out using the ARAN surveying vehicle in 

combination with the HD Videolog system and the SurveyorÈ asset extraction software. The 

high quality of the two front cameras and one rear camera with the resolution of 2750x2200 

pixels ensure a complete detection of the road environment in a 240Á field of view (Figure 3). 

The Videolog and GPS systems work in sync to provide the geo-referencing of digital images. 

Moreover, the inertial aided navigation system ensures that GPS accuracy is maintained even 

during long satellite blackouts with sub-meter 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 to display, 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 comprehensive asset inventory 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 and markings) and, finally, to estimate the safety performance of the network 

(Cafiso et al., 2016). 

 
Figure 3. Road Video Survey 

 
Figure 4. Example of carriageway measurement 
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3. COMPARISON OF THE TW O PROCEDURE 

In order to compare the scores assigned to the road 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 one in the 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 included 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 analyzed with the SurveyorÈ software in 

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 proportion 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 Figure 6 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). 

 
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.: Shoulder width 
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Figure 6 ï Differences in score between the two procedures (absolute value of Score ARAN ï Score 

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 (Cohenôs kappa k) provides a measure of inter-rater agreement for categorical 

scales when there are two raters. That test was chosen because the five assumptions, in order 

to run a Cohenôs kappa, are suitable for the case under investigation (Cafiso et al., 2006): 

¶ the response (e.g. judgment) that is made by two raters is measured on a nominal 

scale and the categories need to be mutually exclusive; 

¶ the response data are paired observations of same phenomenon, meaning that 

both raters assess the same observations; 

¶ each response variable must have the same number of categories and the cross-

tabulation must be symmetric; 

¶ the two raters are independent; 

¶ the same two raters are used to judge 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 whether the level of agreement is statistically 

significant. A level of significance of 10% (p-value=0.10) was assumed as acceptable for 

assuming a significant non-zero correlations at 90%.  

The values of the k statistics and p-values were calculated by using the SPSS Statistics 

software. Results are reported in Table 2. 

Table 2. K statistics and p-value of agreement between the two procedure 

Safety issues k Significance 

Roadside: embankments -0.073 0.032 

Roadside: dangerous terminals and transition - 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 k-value (k=0.175) and the statistical significance pointed out 

the highest 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<0 showed no rank correlation for Embankment, as well. Estimation of the 

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 an almost constant 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 

cost equipment vs. in lab digital analysis and measurement of video recorded with high 

precision systems. 

Both the procedures are characterized by expected pros and cons related to equipment 

costs and human resources (time, skills, competences), but the practical reliability 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 is less 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) are more 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 different than zero (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 non-zero correlations at 90% estimated for Embankments, roadside obstacles, lane 

and shoulder width. However, k-statistic 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 assignments are concerned, 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 process, based on the results from the experimental test, one can 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 curvature, vertical 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, embankment 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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making an infield inspection and expert judgment more effective. For those hazards, infield 

inspection can be considered more reliable and practical if supported by appropriate low-cost 

equipment and tools as presented in the paper. 
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Abstract.: The aim is to evaluate the effectiveness, in order to speed reduction, of three traffic 

calming measures: 1) speed table, 2) chicane, 3) road narrowing. Many researches show the 

effectiveness in reducing the speed of the traffic calming measures. To this effect, field 

measurements were made on street sections with different traffic calming measures. In addition, 

driving simulators and microsimulation-based technique are used. The speed analyses regard a 

series of traffic calming measures located in Italian urban contexts. In order to study the variation 

of the cinematic characteristics of the vehicles, have been chosen various speed measurement 

sections. Subsequently, the following were calculated: 1) the average speed on all the sections; 

2) the 85th percentile speed. The presence of traffic calming measures analyzed in this study 

results in a significant reduction in speeds. This reduction occurs within the following ranges: 

40-50% for speed tables, 40-50% for chicane and 35-40% for road narrowing. It has been 

demonstrated the concrete possibility of "forcing" drivers to reduce speed. If the traffic calming 

measures were implemented systematically in urban areas, it could be obtained, with little 

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 concerned with 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 incorporate a wide range 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, 4) 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 speed of the 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 of similar characteristics but without traffic calming 

measures (Gonzalo-Orden 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 speed. Consequently, speed can be used indirectly as a surrogate safety 

measure in the absence of crash and speed data (Moreno and Garc²a, 2013). 

                                                           
* Original scientific paper 
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In addition to experimental studies the effectiveness of calming traffic measures is 

assessed by using driving simulators and microsimulation-based 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 metrics.  

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 deflections in road 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 include speed 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), safety 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 reduction (-7.24 km/h), being very visible (Lantieri et al., 2015). 

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 obstacles of 18 m. 

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 that 85th percentile speeds at long 

distances from calming devices were 45-55 km/h for horizontally deflected streets and 40-45 

km/h for vertically deflected streets (Daniel et al., 2011). 

The design speeds of two common speed tables in the city of Tehran have been 

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 speed reduction due to the speed 

tables depends mainly on the separation between traffic-calming devices, whereas the speed 

over the speed tables depends crucially on the entrance-ramp slope, the speed table length, and 

the distance from the previous traffic control device (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 considered. 

Yousif et al. (2013) investigate the relationship between road narrowing spacing from a 

priority junction and the "major-to-major movement" driver's delay for different flow levels 

using a microsimulation model. The findings show that for a minor arm with two-way 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 meters. Hadayeghi 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 studies have considered the effect of traffic 

calming devices on the production of atmospheric pollutants and noise. In general, it can be 
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stated that horizontal deflections, narrowing and restrictions result in lower production of 

pollutants. Vertical deflections (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; Watts, 2007). 

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 urban contexts 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 determining speed profiles in sites where the traffic 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 the road 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 premarked (Fig. 1).  

 

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 indicated with ñAò letter, located 30 meters before the first traffic calming 

measure; 2) the ñBò section is placed 10 m before the first speed table;  3) the section ñCò is 

equidistant between the 2 speed tables; 4) the ñDò section is located 10 m after the second 

speed table;  5) the ñEò section is placed 30 meters after the second traffic calming measure. 

The distance described from the sequence of sections A, B, C, D and E, is downhill, with 

longitudinal slope of 2%.  






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































