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Abstract: Trafficmodelling and simulation is one of the fre-
quent tools used in road infrastructure design. Software
tools designed for traffic simulations are an important sup-
portive tool in decision-making and in choosing the opti-
mal solution. The aim of this paper is to introduce the ap-
plication of the VISSIM program, in the design and testing
amodel of the traffic-light-controlled intersection. The traf-
fic on the selected congested intersection is modelled and
simulated first for the current state, then for two models
with modifications that are to increase the throughput of
the intersection. The monitored criterion of the intersec-
tion throughput is the length of queues. Both adjustments
have led to a significant reduction of the number of vehi-
cles waiting in direction of the greatest congestions. In the
first model, the average line length was reduced by 75%,
and in the secondmodel, themodifications lead to a fluent
passage of right-turn vehicles and a significant reduction
in vehicle lines for other directions.
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1 Introduction
Traffic modelling and simulations have an irreplaceable
place in transport infrastructure planning. Designing road
networks and intersections, analysing traffic situations to
eliminate congestion, reducing vehicle delays and improv-
ing road safety are the subject of many research works.
Most of them are based on the creation and analysis of
microscopic models. One of the interesting approaches to
signal programming was introduced by Yu et al. [1]. In or-
der to optimize signal timing for isolated intersection, the
authors proposed a new method based on fuzzy program-
ming approach. This method and the traditional method
was compared and analysed through simulation software.
In the research by Yuniawan et al. [2] a simulation method
was implemented in order to manage the traffic queue. As
the tool to modelling the traffic queue line Arena Simula-
tion software was used. Sommer et al. discussed in [3] the
need for bidirectional coupling of network simulation and
road traffic microsimulation. They developed the hybrid
simulation framework Veins (Vehicles in Network Simula-
tion), composed of the network simulator OMNeT++ and
the road traffic simulator SUMO. Chen et al. [4] proposed
a nearby traffic flow modelling solution based on built-
in Cyber-Physical System sensors of autonomous vehicles.
Their model helps to select the optimal speed, the optimal
distance for timing to brake, and the safe distance from
other vehicles. Mesoscopic traffic simulation is used for
handling large-scale dynamic traffic problems. In [5] an
ideal grid network and a realistic Singapore expressway
network were implemented and compared. Further inter-
esting studies presenting trafficmodelling and simulation
methods were published in [6–11].

Safety is emerging as an area of increased atten-
tion and awareness within transportation engineering [12].
This fact is reflected in many works which are focused on
the traffic safety issue. Wang et al. [13] proposed a com-
bined usage of microscopic traffic simulation and Extreme
Value Theory for safety evaluation. The effect of driver’s
characteristic on the stability of traffic flow was examined
by [14]. The authors investigated the effect of anticipation
parameter with more aggressive drivers, and it was found
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that it has a positive effect on the stability of traffic flow dy-
namics. Essa and Sayed [15] investigated the relationship
between field-measured conflicts and simulated conflicts
estimated frommicrosimulationmodel (PARAMICS) using
the surrogate safety assessment model. The issue of safety
on roads in connectionwithmodelling and simulationwas
dealt with also in [16–19].

Transport modelling uses a wide range of software
tools whose functionality and comparison has been the
subject of a number of research works. A comparison of
17 simulation software tools has been conducted by [20].
An online survey with the focus on traffic simulation tool
developers, functionalities and planned improvements of
softwares was performed. Mahmud et al. [21] critically re-
viewedmicro-simulationmodelling applications for traffic
safety evaluation with respect to the use of different simu-
lation tools. The study by [22] compared the performance
of SimTraffic and VISSIM simulation tool in modelling
dual lane and triple lane roundabouts under different sce-
narios. However, the software tools did not show statisti-
cally significant difference. Bloomberg and Dale [23] used
CORSIM andVISSIM as tools for the traffic analysis and ap-
plied two-model approach to make the analysis more reli-
able and the resultsmoredefensible. The traffic simulation
model AVENUE, developed in Japan, was described by [24]
in terms of its trafficmodelling and applications. As can be
seen, there is a wide choice of simulation tools, but one of
the most widespread softwares used for micro-simulation
modelling in transport isVISSIM. This is alsodue to its very
good performance and outputs quality.Modelling and sim-
ulation in VISSIM are also presented in [25–29].

The paper presents the use of the VISSIM micro-
simulation tool in designing and testing the capacity of a
signalized intersection. The main contribution of this pa-
per is the proposal of two intersection models leading to
the elimination of congestion during peak hours.

2 Research problem definition
The traffic section we will deal with is a traffic-light-
controlled intersection in Spisská Nová Ves, Slovakia. It is
a crossroad of streets Duklianska andSládkovičova,which
is located on the main road of the city and is also an en-
trance to the city center. The problem of the intersection is
the occurrence of traffic congestions, especially in the af-
ternoon, mostly in one direction of the intersection. This
congestion is caused by a few of factors, such as the pres-
ence of a railroad crossing with a long waiting time, an
OMV petrol station, a department store, a bus and railway

station. It is also one of the access roads to the housing es-
tate, causing an increased number of vehicles. Traffic con-
gestions are formed on Duklianska Street in direction to
the city, most often at the time of the afternoon rush hours.
Through a simulation model in the VISSIM environment,
real traffic corresponding to peak hours will be simulated
and analyzed. Subsequently, based on the layout options
of the intersection, its new model will be designed to in-
crease the throughput of the intersection for the most ex-
posed direction.

2.1 Description and analysis of the selected
intersection

The analyzed intersection is four-armed, light-controlled.
Entrance A to the intersection is three-lane (left, straight
and right lane), other B, C and D entrances are two-lane.
The problematic direction D has two lanes. One lane is for
left turn and the other lane is common for straight and
right turn. The other entrances B, C are two-lane (Figure 1,
2).

Figure 1: Satellite view of the intersection

Figure 2: Diagram of driving lanes and sequence of control phases
at the intersection [30]
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Table 1: Usage of signal programs

Working days Saturdays Sundays + State holydays
Time interval Signal program Time interval Signal program Time interval Signal program
00:00 – 06:00 Amber light 00:00 – 06:00 Amber light 00:00 – 06:00 Amber light
06:00 – 21:00 P2/90s 06:00 – 14:00 P2/90s 06:00 – 24:00 P1/75s
21:00 – 24:00 P1/75s 14:00 – 24:00 P1/75s
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Figure 3: Number of vehicles crossing the intersection from direction D

2.2 Time regime of the regulation

The intersection is equippedwith light signals, which is di-
vided into 3 time intervals. The first time interval if the sig-
nal program is P1 from 14:00 to 24:00 and the cycle lasts
75 seconds. It is followed by a flashing amber light from
00:00 to 06:00. From06:00 to 14:00, the P2 signal program
is switched on with a 90 seconds cycle. Overall, there are
four traffic lights for cars and two pedestrian traffic lights
at the intersection. The width of the traffic lanes at the in-
tersection is approximately 3 meters. Time intervals vary
across weekdays, Saturdays, Sundays and public holidays.
The main signal program is P2/90s, which lasts from 6:00
to 21:00 during weekdays. Table 1 shows the daily usage of
signal programs.

The intersection has four control phases for a coordi-
nated controlling mode. Currently the order of the control
phases shown in Figure 2 is used. Since the traffic situa-
tion for the working day will be addressed, the analysis
and simulation concerns only the P2/90s signal program.

2.3 Traflc survey

The term of the traffic survey was 6 March 2018 (Tuesday)
and 13 March 2018 (Tuesday) on the intersection of the
streets Duklianska and Sládkovičova. Due to the fact that

Table 2: Structure of traflc flow

Vehicle type Identification Notes
Cars C Not exceed 3.5

tonnes
Motorcycles M
Heavy Goods Vehicle HGV Over 3.5 tonnes
Buses B

the most problematic situation at the intersection is in the
afternoon on weekdays, the term of the traffic survey was
6 March 2018 from 15:00 to 16:00 and 13 March 2018 from
14:00 to 15:00 at the intersection from the direction D. Ve-
hicle numbers were registered for a 15 minute interval and
recorded in census sheets.

The numbers of vehicles that have crossed the inter-
section from the D direction in both lanes are shown in
the tables (Table 3, Table 4). The course of traffic inten-
sity in individual time intervals is shown in the graph in
Figure 3, where the peak time and the intensity of traffic
in peak time are clearly identified. In addition to the traf-
fic intensity, vehicle types were also recorded. The types of
vehicles crossing the intersectionwere passenger cars,mo-
torcycles,HeavyGoodsVehicle andbuses. Table 2 presents
the structure of the traffic flow and the identification of in-
dividual types of vehicles.
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Table 3: Traflc intensity - results of traflc survey 1st day [30]

Date Time Direction Vehicle type
C M HGV B Total

6.3.2018

15:00 - 15:15 95 1 16 4 116
15:15 - 15:30 97 0 8 2 107
15:30 - 15:45 93 1 9 3 106
15:45 - 16:00 83 0 7 3 93

D-A,B Total 15:00 - 16:00 368 2 40 12 422

6.3.2018

15:00 - 15:15 29 0 4 3 36
15:15 - 15:30 32 0 1 7 40
15:30 - 15:45 29 0 3 3 35
15:45 - 16:00 22 0 5 7 34

D-C Total 15:00 - 16:00 112 0 13 20 145
D Total 15:00-16:00 480 2 53 32 567

Table 4: Traflc intensity - results of traflc survey 2nd day [30]

Date Time Direction Vehicle type
C M HGV B Total

13.3.2018

14:00 - 14:15 78 0 6 3 87
14:15 - 14:30 88 2 12 1 103
14:30 - 14:45 91 0 12 2 105
14:45 - 15:00 92 1 14 2 109

D-A, B Total 14:00 - 15:00 349 3 44 8 404

13.3.2018

14:00 - 14:15 22 0 0 1 23
14:15 - 14:30 22 0 1 2 25
14:30 - 14:45 23 0 4 4 31
14:45 - 15:00 26 0 4 3 33

D-C Total 14:00 - 15:00 93 0 9 10 112
D Total 14:00-15:00 442 3 53 18 516

3 Traflc simulation

3.1 Creation of the intersection model

The VISSIM software tool is used to create the intersection
model and to simulate the traffic. It is used formicroscopic
simulation, showing all traffic users and their interactions
in one model. It enables accurately simulates automobile,
rail and road public transport, pedestrians and cyclists.

The basis for creating the intersectionmodel is a satel-
lite image of the selected section of roads. Based on the
scale in the image, the map is scaled to match the model’s
dimensions to the actual intersection dimensions. The
modelling process starts by drawing straight roads and
connecting themdirectly to the intersectionmap. In places
where roads crossing conflict areas arise where the prior-
ity of vehicles in the event of an uncontrolled intersection

Figure 4: Intersection model - conflict zones visualisation

needs to be defined. In our case, the conflict areas of the in-
tersection remain passive (coloured yellow, see Figure 4),
because it is a traffic light- controlled intersection.
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Table 5: Traflc flow parameters

Traflc
flow from
direction

Intensity of
traflc flow
[vehicles/h]

Division of traflc flow Speed of vehicles in front
of the crossroads [km/h]

Reduced vehicle speed
inside the intersection

[km/h]
D 550 36:40:24

(D–A : D–B : D–C)
40 12

A 300 2:1:2
(A–D : A–C : A–B)

40 12

B 450 2:2:1
(B–A : B–D : B–C)

40 12

C 290 1:1:1
(C–B : C–A : C–D)

40 12

Figure 5: Traflc composition from D direction entered in the simulation environment

3.2 Define traflc parameters for the
simulation

Based on the data obtained from the traffic survey, the pa-
rameters of the traffic flow are defined. The traffic inten-
sity from D direction is approximately 500-600 vehicles
per hour, therefore it is set to 550 vehicles/hour in the simu-
lation. According to the traffic survey, the total traffic flow
from the D-direction is divided into the individual direc-
tions by the following ratio: D-C (24%) and D-A, B (76%).
Its further division between directions A and B is deter-
mined by estimation, aswell as the traffic intensity and the
division of traffic flow from the other directions. The traffic
flow parameters for all directions are given in Table 5. The
traffic flow composition is determined for all directions the
same according to the data obtained from the survey in di-
rection D (Figure 5).

The traffic lights are only installed for vehicles, as the
model only dealswith vehicle traffic. Green for pedestrians
does not affect the signal program for vehicles. The signal
program for the current state entered in the simulation pro-
gramVISSIM is presented in Figure 6. Locations of the traf-
fic lights in the intersection model are shown in Figure 7.

3.3 Simulation results

The results of the simulation during 3,600 s showed the
fact that the intersection has a low throughput. From D di-
rection a series of vehicles quickly began to form, with the
vehicles having to stop several times before crossing the in-
tersection (Figure 8). The second queue of vehicles formed
from theCdirection, although the situationwasnot so criti-
cal, the crossing of the intersection also from this direction
was not fluent.

To evaluate the overall situation, queue counters were
set to the directions D and C tomonitor the length of the ve-
hicle line parameter. Average andmaximum queue length
have been measured. The current queue length is mea-
sured upstream by the queue counter and the arithmetic
mean and the maximum is thus calculated per time inter-
val. Themaximumlengthof the line of vehicles in thedirec-
tion D-A, B reached up to 121 m, the average length of the
line was 79 m. In the direction C-A, D is the second major
delay (max. line length 58 m). The queue length in the di-
rections Cand D is presented in the Figure 9. In other direc-
tions the traffic was without significant delays (Figure 9).
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Figure 6: Signal program - current status

Figure 7: Traflc lights locations - current status

Figure 8: Traflc congestion on the current intersection model

Figure 9: Average and maximum length of the vehicle line: direction
C and D

4 Design and verification of new
intersection models

The problem of low intersection throughput will be solved
in two ways in the following simulation models:

1. In the first model, a separate lane for the D-B direc-
tion will be added. It will be controlled by the signal
sequence red - red/amber - green - orange and by the
program alike direction D-B.

2. In the second model, this separate lane will not be
controlled by traffic lights, with a flashing amber
light. The priority of vehicles in this model will be
defined by the priority rules function when vehicles
from the D direction must give priority to all other
vehicles crossing on green the intersection.
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Figure 10: Driving directions from direction D after adding a new
driving lane

Figure 11: Traflc situation at the 1st modified intersection model

Figure 12:Maximum and average line lengths for the1st modified
intersection model

The simulation of traffic will be in both models un-
der the same traffic conditions as the original intersection
model.

4.1 Design of the 1st intersection model:
added driving lane

The intersectionmodel for the added driving lane is shown
in Figure 10. Division of the original lane into three direc-
tions is at a point approximately 80 m from the intersec-
tion. The results of the simulation show that by adding a
new lane, the throughput of the intersection significantly
improved for direction. The average line length was only
19m (approximately 75% improvement) and themaximum

Figure 13: Traflc situation at the 2nd modified intersection model

Figure 14:Maximum and average line lengths for the 2nd modified
intersection model

line length was 75 m (approximately 30% improvement)
(Figure 11, 12).

4.2 Design of the 2nd intersection model:
added driving lane, change of the signal
program

In the second modified intersection model, the signal pro-
gram was modified by disabling the D-A direction control
and setting a continuous flashing orange light. At the same
time, elements defining priority rules have been inserted
at the intersection, i.e. give priority to drive for the D direc-
tion (orange lane) and the marked directions which have
priority (green lanes). This modification of the intersec-
tion control will significantly accelerate the exit of vehi-
cles from the D-A direction, which leaves the intersection
almost fluently. Thewaiting timeof vehicles and the length
of the line from other directions have not been affected by
this adjustment (Figure 13, 14).

5 Conclusions
At present, one of the frequent tools used in road infras-
tructure design is traffic modelling and simulation. Soft-
ware tools designed for traffic simulations enable to ver-
ify parameters of the future road or intersection in a short
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time and at low cost, they are a supportive tool in decision-
making and in choosing the optimal solution.

The aim of this paper was to introduce the applica-
tion of the VISSIM program, designed for road traffic mi-
crosimulations, in thedesignand testingof the traffic-light-
controlled intersection model. The traffic on the selected
problematic congested intersectionwasmodelled and sim-
ulated first for the current state, then for two models with
modifications that were to increase the throughput of the
intersection. The monitored criterion of the intersection
throughput was the length of vehicles line. The first mod-
ification of the intersection was the addition of a sepa-
rate lane in themost exposed direction, whilemaintaining
the current intersection control conditions by light signals.
The secondmodificationof the intersection represented ex-
cept additional separate lane also adjustment of the traffic
lights. Both adjustments have led to a significant reduction
of the number of vehicles waiting in direction of the great-
est congestions. In the first case, the average line length
was reduced by 75%, and in the second case, the modifi-
cations led to a fluent passage of right-turn vehicles and
a significant reduction in vehicle lines for other directions.
These modifications presented only some of the ways in
which the adjustment of the layout or the signal plan could
improve the traffic situation. In order to select the optimal
solution, it would be necessary to examine more options,
including their cost and safety implications. Because of
that, these additional aspects, mainly costs and safety im-
pacts, will be considered in future work.
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