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Abstract Using motor vehicles, which uses fossil fuels, is connected with emissions. The main goal of cities, towns
and also of the state is to keep these emissions as low as possible. Vehicles move on a traffic network where they are
forced to accelerate and decelerate due to various impacts. Junctions and traffic jams are examples of these impacts.
An important task is to build transport networks and junctions where vehicles can cross the junction as quickly as
possible without unnecessary delay and a significant change in speed. This can contribute to lower vehicle fuel con-

sumption and thus lower emissions.
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1. Introduction

Nowadays the traffic planning software is commonly used
for finding the way how to change the organization of traffic
at junctions or on the whole transport network. Such software
can record not only traffic characteristics, but also vehicle
consumption and emissions [1, 7].

The intersected crossing is located in the centre of Martin.
It is one of the important roads connecting the city centre
with the first class road no. I/65 and the housing estate Podhaj
- Strane. The junction is uncontrolled with four arms and has
only one level. Close to this junction there is an overpass
which allows overcoming the altitude difference between
this junction and next intersection on the first class road no.
1/65. It also allows a smooth crossing over the railway track,
which connects the towns of Martin and Vrutky. This results
in a safer and more fluid traffic.

Close to the junction, there are residential apartments, de-
partment store LIDL, bus stop, overpass, Secondary Com-
bined School in Martin, Development Company in Martin,

district police department, restaurant and other smaller shops.

Figure number 1 shows important civilian objects which
are located near the junction. Objects are marked with fol-
lowing colours:

* red — department store LIDL,

 yellow — Secondary Combined School in Martin,

* purple — Development Company in Martin,

+ green — district police department,

* pink — restaurant and shops.

Figure 1. Junction and important buildings marked with colours.

circular junctions, traffic survey, emissions, simulation

2. Traffic survey

The traffic survey was performed on Wednesday, October
28, 2015. The temperature was 7 °C in the morning and
around 15 °C around lunchtime. At the time of the survey
there was semi-cloudy sky with a wind speed of 1 - 5 m/s.

The total time of traffic survey should be 8 hours. It can be
divided into two 4-hour parts. We performed survey of total
duration of 10 hours. Distribution of traffic during day is un-
even, so the traffic survey was divided into two 5-hour parts
[5, 6]. The first part of the survey lasted from 6:00 to 11:00
am and the second in the afternoon from 13:00 to 18:00 p.m.
Traffic jams at the junction are shown in the following figure.
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Figure 2. Location of inputs and posts

Figure 3. Location of inputs and posts

After the survey, it was possible to start its evaluation. The
information from survey is necessary for capacitive calcula-
tion, transport modelling and simulation. The least loaded in-
put was number 2, where its load over the entire survey time
reached 124 vehicles. Direction of individual vehicles across
the intersection area during the peak hour between 7:30 and
8:30 a.m. is shown in the following table [9, 13].

Table 1. Direction of vehicles during the peak hour

Input Left Straight Right Total
1 2 219 72 293
2 6 1 15 22
3 153 296 8 457
4 116 2 35 153

Total 277 518 130 925

The total number of vehicles that crossed the intersection
from all inputs during the survey was 6,834. The entry with
the highest load was input 3, which was used by 3,170 vehi-
cles during the whole time of survey.
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3. Microsimulation of current state and
future proposal

The transport simulation system - Aimsun was used for
creating the transport model. It is software from the Spanish
company and it is commonly used for traffic planning. In this
case, it was used for creating of two transport models. These
were constructed on the basis of technical conditions TP102
- Capacity Calculations. Traffic models are based on mapped
data and real scale. They reflect reality as accurately as pos-
sible. Ten simulations were created for both transport models
and then the average was constructed. The total length of
each simulation was two hours, i.e. from 7:00 to 9:00 [2, 4].

fi i

Figure 4. Creation of transport models for current and future state,
source: author - processed in Aimsun software

An important recording parameter for each simulation was
the residence time and its course over time. These data were
then to be compared between each other [10].
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Progress of average delay time is shown in the figure num-
ber 6. For the each vehicle in simulation it has value of 23.15

seconds.
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Figure 6. Delay time progress for circular junction
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The average delay time for each vehicle is shown in the
figure number 7. Its value is at a level of 13.17 seconds for
the current state of junction. From the picture it is obvious
that the circular junction achieves lower values than the un-
controlled junction. The difference between these two types
of junctions is 9.98 s for each vehicle [2, 3]. Time savings are
therefore at 43.11%. Additional simulated parameters are
shown in the following table.

Table 2. Direction of vehicles during the peak hour

Parameter Current Proposal Units
status

Delay time 23.15 13.17 sec/km
Density 7.32 7.49 veh/km
Traffic flow 9123 901.1 veh/h
Harmonic speed 25.84 29.38 km/h
Num. of all stops 1.44 0.72 #/veh/km
Stop time 21.4 3.6 sec/km
Travel time 139.35 122.55 sec/km

As can be seen from tab. 3, for most of the parameters rec-
orded, the individual values decreased except for the incre-
mental velocity and density that had increased. A very sig-
nificant decrease was recorded at the time of the station and
up to 17.80 sec/km. This difference represents a decrease of
up to 83.18%. On the basis of the simulations performed, it
can be stated that at the current traffic intensity, the circular
junction can reduce the individual delays, not to a small ex-
tent. Simulated intensity and density are very similar. It is
therefore possible to consider the given simulations as very
objective [8, 13].

The reduction of the above-mentioned traffic characteris-
tics also leads to a reduction of the individual types of emis-
sions produced by vehicles at the junction. Traffic planning
software TSS-Aimsun allowed to choose from two possible
emission calculations: QUARTET, 1992 and Panis et al,
2006. The second option was the second option for calculat-
ing emissions according to the pre-set parameters from the
traffic planning software. Choice of the option is in the figure
number 7 [14, 15].
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Figure 7. Choice of the emission calculation

Totally in traffic planning software 4 emission categories
were recorded - IEM Emission CO2, NOx, PM and VOC.
Recorded values are shown in the table number 4 [11, 12].

Table 3. Direction of vehicles during the peak hour

Current Decrease
Characteristics Proposal | Units
status [Yo]
IEM Emission —
600 040.7 | 480014.35 g 20.00%
CO2
IEM Emission —
4300.2 3800.29 g 11.63%
NOx
IEM Emission —
168.66 12431 g 26.30%
PM
IEM Emission —
353.87 350.33 g 1.00%
VOC

The most significant decrease of 26.30% in emissions was
recorded for IEM Emission — PM. On the contrary the small-
est decrease reaching 1.00% and can be considered a non-
changeable value in these microsimulations. All these indi-
cators are related to previous recorded traffic characteristics.
The drop in emission values is directly related to the reduc-
tion in vehicle consumption, as there are shorter delays and a
smoother passage on a simulated junction, with fewer stops.

4. Conclusions

By changing the organization of traffic at chose junction
in Martin, it is possible to improve some characteristics. The
proposal of a new roundabout can reduce delay time, number
of stops, total travel time and also stop time. The biggest de-
crease from all individual parameters has stop time. It de-
creased by 83.18% and delay time decreased by 43.11%. For
these data, the segment speed was increased by 13.70% on
individual sections of roads. Overall, we managed to reduce
our average emissions by 14.73% on average.

REFERENCES

[1] TSS-TRANSPORT SIMULATION SYSTEMS: Aimsun 8
Adaptive Control Interfaces Manual.

[2] Cernicky I’., Kalaova A., Mikulski J.: Simulation software as
a calculation tool for traffic capacity assessment, In: Commu-
nications: scientific letters of the University of Zilina. - ISSN
1335-4205. - Vol. 18, no. 2 (2016), pp. 99-103.

[3] Barcelo, J. et al.: Microscopic traffic simulation: A tool for
the design, analysis and Evaluation of inteligent transport sys-
tems, 2005 In. Journal of Intelligent and Robotic Systems,
vol. 41, no. 2-3, ISSN 0921-0296, Available on:
http:/link.springer.com/article/10.1007/s10846-005-3808-2

[4] Kalasova, A., Kubikova, S., Paltich, J.: Microscopic Simula-
tion of New Traffic Organisation in the City of Lucenec, In:
Lecture Notes of the Institute for Computer Sciences, Social-



Transport and Communications, 2018; Vol. II.
ISSN: 1339-5130

(8]

Informatics and Telecommunications Engineering - ISSN
1867-8211- Vol. 222, Hyvinkédi, 2017, pp. 102-110FAITH, P.
— PATLO. J.: Cestné a miestne komunikacie. Zilina : EDIS,
2013, 311s. ISBN

978-80-554-0635-0.

Technical conditions 102 Calculation of road communica-
tions capacity, Ministry of Transport and Construction of the
Slovak Republic

Narodny plan SR pre BECEP 2011- 2020, Stratégia zvySenia
bezpe€nosti cestnej premavky, Ministerstvo dopravy,
vystavby a regionalneho rozvoja SR, JAGA Group, s.r.o.
ISBN 978-80-8076-097-7

Kalasova, A., Mikulski, J., Kubikova, S.: The Impact of Intel-
ligent Transport Systems on an Accident Rate of the Chosen
Part of Road Communication Network in the Slovak Republic,
In: Communications in Computer and Information Science. —
ISSN 1865-0929. — Vol. 640, 2016, pp. 47-58

Paluch, J., Kubikova, S., KalaSova, A.: Traffic modelling on
the roundabout in the city of Zilina with capacity assessment,
according to new technical conditions, In: Communications in
computer and information science - ISSN 1865-0929 — Vol.
715, 2017, pp. 121-130

Kupculjakova, J: Possibilities of ensuring urban public
transport priority, In: Archives of transport system telematics
- ISSN 1899-8208 — Vol.5, 2012, pp. 12-16

Rievaj, V., Syndk, F.: Does electric car produce emissions? In:
SCIENTIFIC JOURNAL OF SILESIAN UNIVERSITY OF

[11]

[12]

[13]

[14]

[15]

DOI: 10.26552/tac.C.2018.2.4
19

TECHNOLOGY-SERIES TRANSPORT, — ISSN 0209-3324
- Vol 94, (2017), s. 187 - 197. DOLIL
10.20858/sjsutst.2017.94.17

Skricany, T., Harantova, V., Kendra, M., Barta, D.: Reducing
energy consumption by passenger car with using of non-elec-
trical hybrid drive technology, In: Advances in Science and
Technology-Research Journal, Vol. 11, Issue 1, 2017, pp.
166-172, DOI: 10.12913/22998624/66505

Ondrus, J., Palo, J.: The modelling of transportation and
transport processes of the region of Zilina, In: Advances in
transport systems telematics 2, Section V: Systems in road
transport. - Katowice: Silesian University of Technology
(2007) - ISBN 978-83-917156-6-6, pp. 29-37

Culik, K., Kalagova, A., Kubikova, S.: Simulation as an in-
strument for research of driver vehicle interaction, In:
MATEC web of conferences, LOGI 2017 18th international
scientific conference — ISSN 2261-236X — Vol 134, 2017,

Petro, F., Koneény, V.: Calculation of emissions from
transport services and their use for the internalisation of ex-
ternal costs in road. In: Procedia Engineering. — ISSN 1877-
7058 — Vol. 192, 2017, pp. 677-682

Koneény, V., Petro, F., Berezny, R.: Calculation of emissions
from transport services and their use for the internalisation of
external costs in road transport, in: Perner’s contacts. — ISSN
1801-674X. — Vol. 11, December 2016, pp. 68-82



