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Abstract

As the number of modern roundabout installations continues to increase in Greece, there is a need
for a detailed study of their safety performance. The main purpose of this study is to examine
innovative tools and approaches to evaluate roundabouts safety performance. A traffic conflict
analysis was carried out to diagnose unsafe conditions at two recently installed multilane
roundabouts. A lightweight quadcopter UAV was used to record roundabouts performance. Vehicle
trajectories were extracted, and surrogate safety indicators were applied. The severity and the
location of traffic conflict events were identified and further examined to assess the need for the
potential application of effective road safety interventions. Analysis and results revealed that the
severity of conflicts is associated with the geometry of the roundabout and the traffic flow as well.
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Introduction

Traffic safety is an area of transportation engineering characterized by increased attention and
awareness. Traffic fatalities are one of the leading causes of death around the world. The European
Union (EU) has the ambition to reduce the number of road deaths and the number of serious injuries
by 50% between 2020 and 2030 (European Commission, 2018). Upon this, to achieve the long-term
goal of moving close to zero fatalities in road transport by 2050, it is necessary for effective actions to
be adopted.

Roundabouts became an increasingly appealing alternative form of at-grade intersections because of
their effectiveness primarily in traffic safety (Rodegerdts, et al., 2010). Based on that, roundabouts
have gained increased political acceptance worldwide during the last decades and nowadays are
considered a reasonable alternative for intersection design.

Their implementation on a road network is an efficient solution in cases of traffic safety issues and low-
capacity conditions. Roundabouts are statistically safer for motorists than other at-grade intersections
because of lower vehicle speeds, reduced crash angles and fewer conflict points. Several before-and-
after studies of roundabout conversions indicate that modern roundabouts are safer than previous
intersection treatments (Schoon and Van Minnen, 1994; Silva, et al., 2014). However, the most
important reason of this widespread design solution, is the effectiveness in reducing the number of
road fatalities (Rodegerdsts, et al., 2007).

For many years, the traffic safety assessment of new traffic treatments was a difficult task because of
the lack of good predictive models of crash potential (Gettman and Head, 2003). During the last
decades, most studies have relied on analysing historical data to evaluate road traffic safety. However,
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the collection of accident statistics can be a time-consuming process, and in many cases, data are
missing.

As the number of modern roundabout installations continues to increase in Greece, there is a need for
a detailed study of their safety performance. Surrogate safety measures (SSMs) can be considered an
efficient approach to examining potential safety issues, as the lack of historical roundabouts accident
data is a fundamental limitation in Greece. Surrogate safety measures are used to quantify the crash
probability and/or the potential crash severity between two road users in a traffic event.

In the “EU road safety policy framework 2021-2030” package, the European Commission (2019) put
forward a new approach to EU road safety policy. As regards infrastructure safety, the Commission
highlights the need for further research and innovation on infrastructure safety by using the new
technology for monitoring infrastructure conditions. Upon this, the forthcoming gradual changes in
vehicle characteristics and the road environment (e.g., the foreseen coexistence of conventional and
automated vehicles on the same network) require new safety performance criteria and applications of
innovative surrogate safety analysis techniques (Anagnostopoulos and Kehagia, 2020).

Unmanned aerial vehicles (UAVs), commonly known as drones, are recently being used in
transportation field to monitor and analyze the traffic flow. The collection and analysis of high-
resolution data such as vehicles trajectories are challenging concerning the analysis of driving
behaviour (Kehagia, et al., 2022).

According to the existing literature, many studies have been conducted dealing with safety analysis
performance using video processing techniques for detecting and analyzing traffic events (Laureshyn
& Ardo, 2006; St-Aubin et al., 2015). The effort of UAVs in this process is promising and a limited
number of studies address the potential efficiency of this approach.

The benefits of deploying UAVs for traffic monitoring and analysis have been considered in several
studies (Anagnostopoulos and Kehagia, 2021; Khan, et al., 2017; Kanistras, et al., 2015; Salvo, et al.,
2017). UAVs provide a wide field of view, which is efficient for monitoring multiple entries of
roundabouts. Moreover, the drivers’ attitude is not distracted by the equipment and the extracted
data represent naturalistic driving behaviour. However, there are many factors that negatively affect
the performance of this process. Weather conditions (e.g., rain and strong winds), technical issues
(e.g., low battery duration), regulatory issues (e.g., no-fly zones), and safety issues (e.g., the existence
of power lines in the study area) can significantly affect the process of traffic surveys.

The main purpose of this study is to examine innovative tools and approaches to evaluate roundabouts
safety performance. A traffic conflict analysis was carried out to diagnose unsafe conditions at two
recently installed multilane roundabouts. The severity and the location of traffic conflict events were
identified and further examined to assess the need for the potential application of effective road safety
interventions (e.g., pavement marking).

Methodology

A specific methodology was applied to ensure the proper selection of roundabouts for the analysis.
The selection process was based on roundabouts’ geometric elements, traffic volumes, and location
characteristics. Finally, on-field data were collected from two modern multilane roundabouts
constructed recently in Thessaloniki (Greece). Field measurements were conducted during peak
periods to ensure saturated traffic conditions and greater possibilities to capture traffic conflict events.

For the specific experiment, a lightweight quadcopter UAV was used. The selected UAV captured
videos up to C4K analysis with a frame rate of 60 fps and high-resolution images (5472x3078). Its
camera is attached to a gimbal, which stabilize shots. The specific setup has a maximum flight time of
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20 minutes in ideal weather conditions and can be expanded by new batteries if necessary. Finally, 100
minutes were filmed for each roundabout. Figure 1 presents UAV shots of the examined roundabouts.
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Figure 1: UAV shots of the examined roundabouts.

The methodology followed for the evaluation of roundabouts safety performance is briefly described
below and presented in Figure 2. Specific lengths on the ground were measured with high accuracy
using measuring tape during the field surveys and allowed the extraction of reliable geometric
elements of the examined roundabouts using appropriate CAD software.

Following, specific events of traffic interactions and potential traffic conflicts were identified and
selected for further analysis. More specifically, all interactions that seemed dangerous were manually
preselected by the observer. Next, Tracker software was used to accurately measure the severity of
the situation and to decide whether it was a serious traffic conflict or not. A semiautomatic process
technique was performed on the identified video image sequences by adopting a Cartesian coordinate
system and extracting vehicle’s trajectories. The extracted trajectories confirmed where necessary the
existence of traffic conflicts which were further analysed for the calculation of surrogate safety
indicators.

(A) UAV Traffic Survey (B) UAV Video Processing

Figure 2: The general process for performing the safety analysis.

Analysis and Results

Dozens of surrogate safety indicators have been developed over the decades (Laureshyn & Ardo,
2006). In the present study, Post-Encroachment Time (PET) was used as the proximal indicator to
assess the safety of the roundabouts. PET is defined as the time between the first road user leaving a
conflict area and the second one arriving at it (Allen et al., 1978). A lower PET value indicates a higher
probability of collision.

Implementing evidence-based road safety measures - Removing barriers and enhancing public support
FERSI Conference, 6 and 7 October 2022, The Hague, Netherlands | fersi.org


https://fersi.org/

(@ FERSI

Road Safety Research

Several studies have shown that a threshold value of PET between one and two seconds represents an
interaction and a risk of collision between road users (Pessapati et al., 2013; Keshuang and Kuwahra,
2011). Therefore, the threshold of 2 sec was used in this study and PETs larger than two seconds were
removed from the analysis. Moreover, PETs were classified into three time-intervals based on their
risk of collision. PETs less than 1 second represent a high risk, PETs among values of 1 and 1.5 seconds
represented a moderate risk and finally, PETs among values of 1.5 and 2 seconds represented a low
risk.

Results of the analysis, for each entry leg of the roundabouts, are presented in the following Figure.
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Figure 3: UAV shots of the examined roundabouts.

A more detailed approach of the analysis is presented in Figure 4. More specifically, a heatmap of the
spatial distribution of the observed traffic conflicts provides a visual inspection of the safety issues for
Roundabout A. This method encourages the adoption of local interventions (e.g., pavement marking)
for future improvements of the intersections.

Figure 4: The heatmap of the observed traffic conflicts (left) and the location of the traffic conflicts considering severity
(right).

A total number of 48 and 61 PETs have occurred in Roundabout A and Roundabout B respectively.
According to the Figure, it is observed that the most common traffic conflicts observed are conflicts
between entering vehicles and circulating vehicles (41 lateral collisions), while fewer conflicts between
circulating vehicles were occurred (7 rear-end collisions). Moreover, the safety analysis presented
graphically, highlights that the geometric design of the north entrance should be further examined.
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Finally, to determine the relationship between improper driving behaviour (average value of observed
PETs on entry roundabout legs) and the roundabouts geometric features or the vehicular traffic, a
correlation analysis was carried out. The Pearson correlation analysis was applied to examine the
correlation between the variables.

Table 1: Correlation analysis.

Variables Correlation Coefficient

Entry width -0.352**

Entry radius 0.645**

Entry angle -0.530**
Inscribed circle diameter 0.322**
Central island diameter 0.322**

Splitter island width 0.431**
Splitter island length 0.763**
Entry flow 0.689**
Circulating flow -0.434**

values along with "**" are significant at 0.01 level and values along with "*" are significant at 0.05 level.

The highest significant positive correlation is identified between PET and splitter island width (r=0.763,
p < 0.001). According to this, it is concluded that the length of splitter islands can affect efficiently the
safety of roundabouts. On the other hand, it is observed that as the entry angle gets higher, the severity
of the conflict increases (r = -0.530, p < 0.001). Moreover, it is indicated that roundabout approaches
characterized by high circulating traffic volumes should be further examined with respect to traffic
safety.

According to the correlation analysis results, it is revealed that the severity of conflicts is associated
with the geometry of the roundabout and the traffic flow as well. Nevertheless, it is noted that the
sample of the examined roundabout entries is limited (8 cases).

Conclusions and Discussion

The design of the geometry of a roundabout involves choosing between trade-offs of safety and
capacity. The appropriate selection of the geometric parameters for the design of the roundabout can
enhance operational performance and traffic safety.

The main purpose of this study is to examine innovative tools and approaches to evaluate roundabouts
safety performance. A traffic conflict analysis was carried out to diagnose unsafe conditions at two
recently installed multilane roundabouts. Roundabouts’ performance was recorded with the use of a
quadcopter UAV.

In the present study, Post-Encroachment Time (PET) was used as the proximal indicator to assess the
safety of the roundabouts. The severity and the location of traffic conflict events were identified and
further examined to assess the need for the potential application of effective road safety interventions.

According to the developed heatmaps of the spatial distribution of the observed traffic conflicts, a
visual inspection of the safety issues for roundabouts is proposed. This method encourages the
adoption of local interventions for future improvements of the intersections.

Results of the conflict analysis highlighted that the most common traffic conflicts of roundabouts are
conflicts between entering vehicles and circulating vehicles (lateral collisions), while conflicts between
circulating vehicles (rear-end collisions) can occur as well.
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According to the correlation analysis results, it is revealed that the severity of conflicts is associated
with the geometric features of the geometry of the roundabout and parameters of the traffic flow as
well. The highest significant positive correlation was identified between PET and splitter island width.
Finally, the analysis highlighted that the severity of the conflict increases as the entry angle gets higher.
Nevertheless, it is noted that the sample of the examined roundabout entries is limited (8 cases). More
case study roundabouts of various geometric features should be further analysed to validate the
results of this study and develop a reliable tool for road safety assessment.
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