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ABSTRACT
The dynamics of development of transport systems in cities makes it harder to control the proper traffic management. 
It happens that decisions on the reorganization of the traffic and utilization of automated control are made on 
the basis of insufficient principles. Due to that, the costs of the technical implementations are spent without a 
simultaneous traffic improvement. For this reason, it is necessary to use tools allowing an efficient analysis of the 
current and future situation of the road. Utilization of a computer simulation seems to be most effective. The paper is 
focused on an example of computer simulation analyses of the two integrated cross roads in Szczecin. Based on the 
simulation model, the assessments of the planned implementation solutions were realized. It includes the analysis of 
the appropriateness of traffic lights utilization for the analyzed road sections.
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1. Introduction
Due to the increasing number of road users contemporary 

traffic control systems require more sophisticated models to fully 
reflect the traffic situation [1-3]. This applies particularly to urban 
traffic, where traffic lights remain a key tool in traffic control. Since 
the first traffic control solutions have been launched, problems 
have arisen regarding the proper configuration of control programs 
that determine the performance of the entire system. There are 
difficulties in assessing the potential effectiveness of the planned 
solution. Taking into account the high cost of implementing 
advanced traffic control systems, this assessment is of paramount 
importance to avoid errors and misuse of public money.

The analysis of urban traffic is a difficult research area, due to a 
number of factors that prevent a clear definition of its characteristics 
and lack of data regarding the traffic flows, classification of vehicles, 

vehicles routes etc. Additionally, an important role in it plays 
the human factor and problems with clear definition of human 
behavior. The above influence on problem with analysis of the 
efficiency of urban freight transport measures and its influence on 
city environment. However, the vehicle traffic is based on space-
time link, which may be determined by mathematical functions. 
Due to that computer simulation could be significant helpful 
in this research area. Therefore, simulation allows for building 
mathematical models, which link input parameters to obtain a 
certain result at the system output [4]. Numerous publications on 
this subject are focused especially on traffic research and modelling, 
developing theory and traffic models as well as the research on 
behavior of traffic participants [5-19]. There are also papers on 
traffic light control issues [20], also in the context of elimination of 
negative environmental factors [21].

It’s possible to identify two major types of simulations:
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• discrete time simulation, which is used to test the behavior of 
real and hypothetical systems

• continuous time simulation, which is generally used to test 
systems, dominated by changes of a permanent nature.

2. Utilization of computer 
simulation for the traffic 
modeling

Existing computer systems enable efficient simulation of 
complex systems, allowing for multiple factors and interrelations to 
be taken into account. This is undoubtedly the result of a significant 
increase in computing power and the development of appropriate 
software. However, in order for tools of this type to be of adequate 
utilization, they must meet certain criteria, including [22]:

• support and integration with ITS instruments and other 
traffic monitoring and management tools;

• consolidation of different modeling levels, including macro, 
micro and mesosimulation;

• conducting ongoing analysis of databases used for modeling;
• use of advanced simulation methods and the ability to optimize 

urban transport, using modal distribution of traffic, taking into 
account urban traffic flows.

Many simulation solutions are now available, using different 
traffic models and simulation levels, results analysis capabilities, 
or more or less developed visualization tools (Tab. 1).

Table 1. Characteristics of selected software for traffic modeling [23]

Software Simulation  
level Main Features / Capabilities

CORSIM Microscopic
Road surface, motorways, traffic lights, 
incidents, variable content signs, 2-D 

animation.

SimTraffic Microscopic Road surface, traffic lights, pedestrians, 
roundabouts, 3-D animation.

AIMSUN Microscopic
Road surface, motorways, traffic lights, 

dynamic traffic allocation, variable 
content signs, 3-D animation, telematics.

PTV VisSim Microscopic
Road surface, motorways, pedestrians, 

traffic lights, , advanced traffic lights 
controllers, 3-D animation

PARAMICS Microscopic 
Road surface, motorways, transit 

operations, animation 3-D, roundabouts, 
network overflow.

Integration Mesoscopic Road surface, motorways, traffic 
allocation, intelligent transport systems.

Dynamit Mesoscopic,
in real-time

Advanced Information Technology 
Systems (AITS) and Advanced Air Traffic 
Management (ATM), dynamic network 
status estimation, different real-time 

scenarios for each
Advanced Information Technology 

System (AITS)

MITSIMLab Microscopic Advanced Information Technology 
System (AITS)

CORFLO Microscopic Road surface, motorways.

SATURN Microscopic junctions

Micmac Hybrid
SITRA B + (microscopic model) and 

SIMRES (macroscopic model) models are 
connected and synchronization between 

them is sequential.

Individual software requires to be modeled with data that is 
most often derived from:

• direct research carried out in a territorially limited area (city 
center, etc.);

• data collected by telematics traffic management systems;
• comprehensive traffic survey organized by individual local 

government units.

3. Analysis of the efficiency of 
traffic lights for chosen cross 
roads in Szczecin

3.1. Research background

Within this research, a two-crossroad system in Szczecin to 
be reconstructed by the city administration was selected. The key 
task was to evaluate the implementation assumptions adopted by 
the city and to verify the appropriateness of implementation of the 
solutions being prepared.

Szczecin is the third largest city in Poland. A significant area 
within the city is Dąbie Lake, which divides the city into two parts: 
Right Bank and Left Bank (additionally the city is divided by the 
Oder River). The center of Szczecin is located on the left bank of the 
city. The residential districts of Szczecin are practically the whole of 
the Right Bank and the further areas of the Left Bank (looking from 
the lake side and the contact of two parts of the city). The described 
layout forces intensive traffic, which takes place through two major 
roads connecting the two parts of the city. The main road (national 
road no. 10) is a 3-lane road with an additional tramway track. This 
way is used by residents of most of the districts located on the right 
bank, those arriving from other parts of Poland and residents of the 
left bank going to the right bank or towards the center of Poland. 
The second road connecting the right and left part of Szczecin is the 
national road No. 31 connected to the A6 motorway. This is a one-
lane road with the two-crossroad system covered by the research 
(Figure 1):

• Granitowa Street – Floriana Krygiera Street (A): crossroad with 
sewer network, traffic lights and lighting. Each road section 
has two lanes at the entrance and one at the exit. Pedestrian 
crossings are located at the southern entrance at Granitowa 
Street and at the entrance at Autostrada Poznańska Street. 
National Road 31 passes the crossroad (Autostrada Poznańska 
- Granitowa towards the south). Granitowa Street is the main 
access from the southern districts of Szczecin (Podjuchy, 



ANALYSIS OF THE EFFICIENCY OF TRAFFIC LIGHT SYSTEM WITH UTILIZATION OF COMPUTER SIMULATION BASED ON 
SZCZECIN EXAMPLE

© Copyright by PSTT , All rights reserved. 201710

Żydówce, Klucz) and the Gryfi no municipality to the center of 
Szczecin. Th e crossroad is covered by public bus routes 55, 61, 
64 and 66.

• Granitowa Street – Marmurowa Street (B) – crossroad with 
sewer network, traffi  c lights and lighting. On the north side 
Marmurowa and Granitowa entrances have two lanes at the 
entrance and one at the exit. Th e entrance on the south side 
has one lane at the entrance and one at the exit. Pedestrian 
crossings are located at the southern entrance at Granitowa 
and at  Marmurowa Streets. National Road 31 (Granitowa 
Street) passes the crossroad. Granitowa Street is the main 
access from the southern districts of Szczecin (Podjuchy, 
Żydowce, Klucz) and the Gryfi no municipality to the center 
of Szczecin. Th e crossroads is covered by public bus routes 55, 
61, 64 and 66. Marmurowa Street connects Granitowa Street 
with A6 motorway (Morvova junction). Bus stops in the bays 
are located on the south side of the crossroad.

Fig. 1. Analyzed crossroads in Szczecin [own study]

Th e above information shows that both roads are intensively 
used by residents and comers. In addition, Road No. 10 is a place 
of in frequent road traffi  c collisions, which cause a few hours of 
paralysis and enormous traffi  c congestion. Although being only 
one-lane road, Road 31 is a safer route (fewer accidents). Hence, 
there are more drivers choosing to travel this road, which in 
consequence leads to bigger road congestion. Th e city has prepared 
a concept of redevelopment of the crossroads located on this road 
and the purpose of the article is to investigate whether the proposed 
concept is right.

3.2. Methodological assumptions

PTV VISSIM soft ware was used to develop the model of the 
road network analyzed, which is a popular tool for modeling at the 
microscopic level, both for urban traffi  c, public transport, cycling 
and walking. Parameters characterizing driver behavior are based 

on the Wiedemann model [24; 25]. Th e basic assumption of the 
model is that the driver can be in one of four driving modes:

• Th e mode in which the infl uence is exerted by the leading 
vehicles, the so-called free driving mode. In this mode of 
operation the soft ware is designed to maintain the preset speed,

• Close-up mode when the driver of the vehicle notices that he 
is approaching a slower vehicle in front,

• Th e mode in which the vehicle before the pair of vehicles 
moves below the maximum speed. In this mode of operation, 
the vehicle ahead can speed up or slow down.

• Slowing down mode when the distance between vehicles falls 
below the required safety distance.

Th e traffi  c model used in the PTV VisSim soft ware also includes 
the psychophysical rules of traffi  c for longitudinal movement of 
vehicles, based on the algorithm of lateral movement (lane change). 
It also simulates the interactions and relationships between road 
users and the projected environment, allowing to analyze many 
diff erent development scenarios. Th e soft ware enables to evaluate 
traffi  c conditions not only at crossroads, but also on the sections 
between them. It also allows to map the real road system as well as 
the associated signaling systems and the controllers used.

For the purpose of the simulation, traffi  c fl ow was measured 
in November 2016. It was carried out using two video cameras, 
located as shown in Figure 2.

Fig. 2. Camera location for traffi  c measurement at crossroads [own 
study].

Th e research was conducted during the aft ernoon peak between 
the hours of 3:30-4:30. Th e vehicles in the fi lm material were then 
counted and classifi ed into six categories using the conversion 
factors in table 2.

In addition, for comparative purposes, the results of traffi  c 
measurements conducted by the city in 2012 were used. Measurement 
of traffi  c intensity was performed within the project “Development of 
the Traffi  c Management System in Szczecin” [27].
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Table 2. Conversion factor for each vehicle group [26]

Vehicle group Conversion factor

motorcycles 0,5
cars 1,0
vans 1,0

trucks without trailer 1,7
trucks with a trailer 2,5

buses 1,7

3.3. Analysis of the present effi  ciency of the 
chosen crossroads

Th e measurements carried out in 2016 showed signifi cant 
diff erences in the traffi  c fl ow compared to the results achieved 
in 2012. Th is means that traffi  c light systems are currently not 
optimized and are not adapted to the current level of traffi  c. 
Th is aff ects the formation of congestion aff ecting other parts of 
Szczecin.

Table 3 presents the calculated values of the capacity of Granitowa 
- Marmurowa crossroad, taking into account both the maximum 
(theoretical) and real capacity based on the traffi  c measured in 2012 
and 2016. It should be noted that the crossroad is not adjusted to the 
current traffi  c and without urgent reconstruction it will not fulfi ll its 
role. Furthermore, the load values for 2012 and 2016 have changed 
signifi cantly and the information indicates that the traffi  c light 
system has not been modifi ed since the implementation, despite 
receiving such recommendations from the Traffi  c Department of 
the Municipal Police Headquarters in Szczecin.

Table 3. The crossroad capacity at Granitowa – Marmurowa Street 
[own study]
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1 2 3 4 5 6 7 8 9 10

1k 497 440 10 47 70 128 654 0,76 0,67

2k 565 790 20 80 70 128 1118 0,51 0,71

3k 511 350 10 25 70 128 372 1,37 0,94

4k 30 198 10 15 70 128 204 0,15 0,97

5k 622 480 20 73 70 128 1020 0,61 0,47

Table 4 presents the calculated values of the capacity of 
Granitowa - Floriana Krygiera crossroad. Observation shows that 
this crossroad is also not adjusted to existing traffi  c and requires 
reconstruction. Th e load values in relation to 2016 have changed 
considerably, and available information also shows that the traffi  c 
light system has not been modifi ed since the implementation.

Table 4. The crossroad capacity at Granitowa – F. Krygiera Streets 
[own study]
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1k 251 720 30 69 64 128 963 0,26 0,75

2k 485 410 15 30 64 128 425 1,14 0,96

3k 577 640 30 85 64 128 1188 0,49 0,54

4k 414 480 15 35 64 128 495 0,84 0,97

5k 513 490 30 81 64 128 1132 0,45 0,43

6k 593 470 15 45 64 128 626 0,95 0,75

Due to the fact that both crossroads operate in an interconnected 
system, congestion on one of them causes congestion on the 
other. Th is results in an increase in the external costs of transport 
operations, a decrease in the quality of travel and a negative impact 
on drivers.

3.4. Analysis of the planned improvements for 
the chosen crossroads

For these crossroads, several reconstruction concepts were 
developed. Within the discussed research three modifi cation variants 
were implemented in the PTV VisSim soft ware. As a result, four 
scenarios were analyzed for the following variants:

• W1 – existing road system without traffi  c lights,
• W2 – existing road system with traffi  c lights,
• W3 – two-crossroad roundabout instead of classic crossroads,
• W4 – road system aft er complete reconstruction in the latest 

version developed in 2016 (Fig. 3).

Fig. 3. Road system after the planned reconstruction [own study 
based on data from Traffi  c Department of the Police 
Headquarters in Szczecin].
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Th ree sets of simulations were performed for each variant, 
including traffi  c data from 2012 and 2016, and hypothetical situations 
where the traffi  c intensity reached over 1k vehicles per hour [V/h]. 
Moreover, the analysis included the following parameters:

• simulation time: 600 seconds,
• number of repetitions in each simulation: 20.

Th e fi rst parameter compared was the average delay experienced 
by vehicles moving on modeled crossroads (Figure 4). Th is parameter 
determines the subjective feeling of the driver as to the traffi  c fl ow. Th e 
lowest values of delays irrespective of traffi  c intensity were observed 
for variant W1. At current traffi  c volume values, the road system 
consisting of two roundabouts (W3) was equally eff ective. Only an 
increase in traffi  c intensity over 1k [P/h] causes lower capacity of this 
variant compared to variant W1. Existing version (W2) and planned 
modernization (W4) do not fulfi ll requirements for the current and 
future traffi  c intensity.

Fig. 4. Average delay experienced by the vehicles in the simulation 
[own study]

Another parameter analyzed was the average speed of vehicles 
moving through the crossroads (Figure 5). With respect to this 
factor only variants W1 and W3 enable to drive through the 
crossroads at an acceptable speed. However, it is important that in 
the case of variant W1 the average speed drops to 30 km/h, while 
in case of variant W3 the average speed drops by half with the 
increase in the intensity of vehicles over 1k. Variants W2 and W4 
show the average speed of driving through the crossroads below 
road users’ expectations.

Fig. 5. Average speed of the vehicles in the simulation [own study]

Th e last parameter tested was the average number of stops 
made by the vehicles crossing the analyzed crossroads (Figure 6). 

Again, the best results, regardless of traffi  c, were obtained with the 
variant W1. Also variant W3 showed the results at an acceptable 
level until the traffi  c reached over 1k [P / h]. Unfortunately, the 
use of traffi  c lights in variant W2 and W4 results in a signifi cant 
increase in the number of stops. Th e simulation results are shown 
in Figure 4.13.

Fig. 6. Average number of stops experienced by the vehicles in the 
simulation [own study]

3. Conclusion
Computer simulation enables to obtain immediate results with 

various input assumptions, such as traffi  c volume, traffi  c restrictions, 
etc. With the help of the selected soft ware, it is possible to construct 
a traffi  c model and simulate any traffi  c incidents and their multi-
sided analysis. Th erefore, the application of this approach shows 
signifi cant utilization both in the formulation of implementation 
assumptions as well as in the analysis of the already developed 
concepts. Th is also applies to the assessment of the effi  ciency of 
traffi  c control applications for telematics systems.

Th e conducted research has shown that the existing solution based 
on the use of traffi  c lights in Szczecin is insuffi  cient. With increasing 
traffi  c volume, it can show low effi  ciency even when compared to an 
existing road system but without control. In addition, remodeling 
variants proposed by the city may also prove to be insuffi  ciently 
eff ective in the future. Obviously, the analyzed three parameters and 
four construction variants do not exhaust the possibility of evaluation 
of the tested road system. However, they allow to emphasize the 
importance of computer simulation for proper solution selection. It 
should be noted that the behavior of individual vehicles during the 
simulation was quite realistic, which was due to the use of advanced 
driving model built into the simulation program.
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