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Abstract: Urbanization and population growth in cities around the world have increased the degree of motorization, which ultimately results 

in congestion of the transport network within these cities. Traffic simulation tools are essential for the optimization and evaluation of variant 
solutions in road traffic. By analysing traffic parameters from simulation results it can be decided which variant solution is optimal without 

high financial inputs. In this paper, the most important simulation tools are explained. As a case study, one district in the City of Zagreb was 

chosen to present possibilities of simulation tools and their implementation in the evaluation of traffic solutions.  
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1. Introduction 

The organization of traffic flows is an essential element in the 
successful operation of the transport system in a designated area. 

The main goal of traffic optimization is to minimize the cost of 

traffic flow which is achieved by minimization of crossings on 
critical intersections in favor of reducing lost time. If organization 

of traffic flows is not properly optimized, it is possible to create 
traffic congestions on specific locations what finally affects on 

complete traffic system [1]. 

   Transport modeling is an integral part of traffic engineering 
that is used in phases of planning and design. Simulation models are 

developed to test new solutions and how those new solutions or 
changes in traffic organization will affect the flow of traffic in the 

analyzed area. A model is a simplified representation of a part of 

the real world/system, which focuses on the individual and certain 
elements considered important from a point of view. Transport 

models are abstract models based on mathematical formulas and 
laws. The main elements in the development of transport model 

simulation are the relationship between traffic demand and traffic 
supply, where traffic demand is the distribution of activities in 

space, while traffic supply is defined as the capacity of transport 

network elements (road, terminals, hubs).  

The demand for transport services is highly qualitative and 
differentiated. There is a whole range of specific demands for 

transport which are differentiated by time of day, day of the week, 
journey purpose, type of cargo, the importance of speed and 

frequency, and so on. A good deal of the demand for transport is 
concentrated on a few hours of a day, particularly in urban areas 

where most of the congestion takes place during specific peak 

periods. Transport supply is service; therefore, it is not possible to 
stock it and transport service must be consumed when and where it 

is produced. For this reason, it is very important to estimate demand 
with as much accuracy as possible to save resources by tailoring the 

supply of transport services to it [2].  
 

In this paper an overview of the most important simulation tolls will 
be presented and in the other part of paper an example of 

implementation of simulation tool VISSIM in the City of Zagreb 

will be shown. 
 

2. Overview of simulation tools 

Traffic simulation is an indispensable instrument for transport 

planners and traffic engineers. In this chapter some of the most used 
traffic simulation software will be described. 

Modern traffic simulation tools are based on different principles 

and have two main origins: industrial and academic ones. Industrial 

simulators (e.g., Vissim, Aimsun), developed for commercial 
purposes, are generally easier to use and offer user assistance. 

However, they are less extensible and offer less flexibility and limit 
the user to predefined cases. The second group of simulators comes 

from research labs. Developed as part of research work, these 
solutions are usually less complete and not easy to use for an 

uninitiated user [3]. 

Simulation tools offer different levels of traffic modeling 
usually classified into three following groups: macroscopic, 

microscopic, and mesoscopic. In macroscopic models, vehicle flow 

is assimilated to the runoff of a fluid in a pipe and modeled through 
the equations of fluid mechanics. In contrast, in microscopic and 

mesoscopic approaches, each actor of the traffic is respectively 
considered individually and in small homogeneous groups [3]. 

VISSIM is a microscopic, behavior-based multi-purpose traffic 

simulation to analyze and optimize traffic flows. It offers a wide 
variety of urban and highway applications, integrating public and 

private transportation. Complex traffic conditions are visualized in 

high level of detail supported by realistic traffic models. VISSIM is 
a commercial software tool with about 7000 licenses distributed 

worldwide in the last 15 years. About one-third of the users are 
within consultancies and industry, one-third within public agencies, 

and the remaining third is applied at academic institutions for 
teaching and research. VISSIM is a microscopic, discrete traffic 

simulation system modeling motorway traffic as well as urban 
traffic operations. Based on several mathematical models, the 

position of each vehicle is recalculated every 0.1–1 s. The system 

can be used to investigate private and public transport as well as in 
particular pedestrian movements [4]. 

S-Paramics is used on a wide variety of transport-modelling 

projects. The strength of S-Paramics is in its ability to apply 
microsimulation to large area models. The „micro‟ in 

microsimulation reflects the level at which the interactions between 
vehicles are modelled, not a limit to the size of the geographical 

area in a model. Large models may cover tens of squares of 

kilometres with hundreds of zones and hundreds of kilometres of 
road network [4]. 

The Aimsun transport modelling software is a long-term 

research programme at the University of Catalonia (UPC), Spain. 
the software now includes macroscopic, mesoscopic and 

microscopic models. Expanding in response to practitioners‟ 
requirements, Aimsun has come to encompass a collection of 

dynamic modelling tools. Specifically, these include mesoscopic 

and microscopic simulators and dynamic traffic assignment models 
based on either user equilibrium or stochastic route choice [4]e. 

“Simulation of Urban MObility”, or “SUMO” for short, is a 

microscopic road traffic simulation. The work on SUMO‟s design 
began in the year 2000, with the first implementation being started 

in the year 2001. SUMO is available as “open source” under the 
GNU General Public License, both as source code and in compiled, 

executable form for multiple Windows and Linux platforms. The 

reason for building an open-source traffic simulation was that while 
working on traffic simulations within the academic field, it was 

noted that many different, small simulations were developed as 
tools within diploma or doctoral theses, in order to evaluate the 

objective that was the thesis‟ real topic [4]. 
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3. Implementation of simulation tools – City of 

Zagreb example 

Transport network capacity is one of the most important 
attributes while analyzing transport networks. Capacity defines 

maximum number of vehicles crossing a section of road per unit of 

time at any selected period. City of Zagreb Master Plan defines 
current traffic capacities on road network in City of Zagreb area and 

it is used as a starting point in analyzing transport network in that 
area. Master Plan data defines the capacity of all types of roads. 

City avenues have a capacity from 1.000 up to 3.000 vehicles in one 
way per hour, while other road types have a capacity of under 1.000 

vehicles in one way per hour [5].  

Same as capacity, the volume of traffic is another important 

attribute used to analyze traffic congestions on a traffic network. 
Traffic volume presents the number of vehicles crossing a section of 

road per unit time at any selected period. The volume/capacity 
(V/C) ratio is one of the most important elements of transport that 

describes the state of the transport network. The result given by V/C 
ratio expresses road congestion, namely, usage of road capacity on 

the analyzed road. It is also often used as a precautionary measure 
to detect roads that are near to congestion level. Congestion arises 

when demand levels approach the capacity of a facility and the time 

required to use it (travel through it) increases well above the 
average. [2] Congestion level is considered every V/C/ ratio over 

0,75 or 75 %. If the ratio is over 75 % it is necessary to present 
optimal solutions to reduce congestions. If the ratio value is over 

1,00 or 100 %, it is considered that analyzed network demand is 
higher than supply.  

During the development of the Master Plan of the City of 

Zagreb, a transport model of the City of Zagreb and surrounding 

counties were created in the simulation tool PTV Visum, which 
shows the current state of roads in the analyzed area as seen in Fig 

1. 

 

Fig 1. V/C ratio in City of Zagreb area 

 

In this paper, one city district in the City of Zagreb is analyzed 

to evaluate the effects of the proposed traffic optimization solutions 
using simulation tools. The analyzed city district is located in the 

northern part of the city and is characterized by geographical and 
traffic limitations and traffic congestions during weekends due to 

increased recreational and social activities in the area.  

In order to check the relationship between traffic supply and 

demand and to check the possibility of congestion, macro and 
microsimulation models were developed as a part of the proposed 

solution. The macrosimulation model developed in PTV Visum will 
be used to evaluate new traffic solutions for the construction of a 

new road to relieve the existing ones and increase the level of traffic 
safety in the area. The macrosimulation model aims to show the 

current situation on the transport network and to compare it to the 

future situation after the implementation of a new road. The 

microsimulation tool, PTV Vissim, will be used to analyze the 
reconstruction of the busiest intersection in the whole district and to 

determine the movement of traffic on the reconstructed intersection.  

As previously stated, the district is characterized by congestions 
during weekends due to large recreational activities that are going to 

additionally increase in the future with the introduction of a new 

cable car in the analyzed area. The new cable car will contain an 
underground garage and outside parking lot with a capacity of about 

330 parking places and additional problems in form of traffic 
congestion are expected in the analyzed area.  

The proposal of traffic optimization of the analyzed city district 

is reflected in the reconstruction of the busiest intersection and the 
construction of a new transversal road for additional connection of 

the neighborhood with the city center.  

The simulation of the newly proposed intersection 

reconstruction was performed in the PTV Vissim simulation tool by 
creating a model of reconstructed intersection. The creation of the 

model required the creation of modeled intersection from zero.  

As a first step in creating a transport model, traffic counting has 
been carried out. Traffic counting was performed in one hour period 

during afternoon peak hour with a goal to receive traffic data during 
the most congested period of the day. Due to the implementation of 

a new road in the intersection, traffic count was also conducted on 

the following intersection with the goal of gathering additional data 
on traffic distribution. 

After traffic counting was carried out, the creation of a transport 

model in the simulation tool has been started. Firstly, the link and 
connectors were created that are the foundation of every 

microsimulation model. Links, that are stand-alone objects, 
represent roads on the network, while connectors, which must be 

attached to the previously created link, represent turns on the 

network. The microsimulation model was created with 55 links and 
connectors that represent the transport network in the analyzed area.  

 After the implementation of roads, the next steps were to 

determine desired speeds, reduced speed on connectors, conflict 
areas, and priority rules on the analyzed intersection. Data gathered 

during traffic counting is implemented as vehicle inputs and static 
vehicle routes attributes. Those attributes describe the number of 

vehicles passing through the intersection and the distribution of 

vehicles on it. After implementation of all needed attributes, 
transport model creation was complete, and the model was 

simulated as seen in Fig 2. 

 

Fig 2. Simulation process of the developed microsimulation model in PTV 

Vissim 

 

After the simulation of the transport model, evaluation data was 
calculated. Evaluation data were collected to analyze traffic 

elements on the intersection. Analyzed data consisted of the average 

speed of vehicles in the intersection, maximum queue lengths on the 
links, lost time while waiting in the intersection, and level of service 

for each intersection approach. Data for each of the above-named 
data are seen in Table 1 

. 
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Table 1: Data collection measurements from the developed model 

Intersection 

approach 

Average 

speed 

[km/h] 

Maximum 

queue 

length [m] 

Lost time 

[sec] 

Level of 

service 

1 – west 46,56 10,37 2,92 LOS A 

2 – south 44,87 0,00 3,18 LOS A 

3 – east 26,61 54,70 16,33 LOS C 

4 – north 27,02 11,55 3,74 LOS B 

 

Unlike evaluation of results within the microsimulation model, 

within the macrosimulation model, the data of congestion of the 
complete traffic network is analyzed in the monitored area.  

As the most common parameter used to evaluate the transport 

network when monitoring private transport within the 
macrosimulation model is certainly the traffic volume that passes 

through a certain section of traffic in a certain time interval. Within 
created macrosimulation, the traffic volume was presented for a 

period of one day.  

The development of the macrosimulation model was conducted 

within the PTV Visum simulation tool, which is used to show the 
entire traffic network in the analyzed area. Input data of the amount 

of traffic entering the area of the transport network were obtained 
by field research, i.e. by counting traffic on characteristic locations. 

Traffic counting data were obtained in a period of one hour and was 
recalculated to AADT (annual average daily traffic) to implement it 

to the model.  

Macrosimulation models are built from a few network elements 

that recreate the analyzed area. The first element is nodes that 
represent intersections on roads, the second element is links that 

represent transport network, and the third element are zones that 
represent areas from where and where to trips happen. Created 

macrosimulation model contains 145 nodes, 314 links, and 28 zones 
that represent the analyzed area.  

Created macrosimulation model (Fig 3.) was used to test the 
construction of a new road that should relieve the existing transport 

network and ensure an increased level of safety on insecure 
intersections.  

 

Fig 3. Macrosimulation model of the district in City of Zagreb created 

within PTV Visum 

 

After the implementation of the traffic network simulation with 
implemented solution, a major change in the distribution of traffic 

in the analyzed area was visible. Newley implemented transversal 
road took over around 50 % of existing traffic, relieving existing 

busiest road in the area by 50 %. Such relief in traffic congestion 

can ensure a high level of service and a high level of safety for all 
users.  

4. Conclusion 

With the increase in population on the outskirts of the city, 

roads built in the past find it much harder to handle the traffic 
currently passing through such an area. Due to spatial possibilities, 

peripheral settlements in the analyzed area of the City of Zagreb 

have very narrow roads which make it difficult for two-way traffic. 
In such a state is the traffic network in the area of the analyzed city 

district. As part of this paper, an analysis of the current state of road 
transport infrastructure and the transport system in the analyzed 

area was carried out, and based on the obtained results, conceptual 
solutions were given for the purpose of optimizing and improving 

the transport system. 

By developing simulation models and evaluating the results of 

simulations, conclusions were obtained that the implemented 
solutions are suitable and that they fulfill the purpose of 

implementation, ie to optimize and improve the traffic system in the 
entire area of the analyzed district in the City of Zagreb. 
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