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Abstract

Roundabouts have been shown to reduce fatalities and injuries at intersections. However, 
there is still room for improvement and a better understanding of their safety performance is 
needed, especially considering the anticipated increase in roundabout construction in the 
future. This study aims to determine the critical Time to Collision (TTC) value for conflicts be-
tween entering and circulating vehicles at modern roundabouts. Three modern roundabouts 
in Izmir, Türkiye, were chosen for data collection. Video data was collected using Unmanned 
Aerial Vehicles (UAVs) and processed using the AIMSUN simulation program to obtain vehi-
cle trajectories. The Surrogate Safety Assessment Model (SSAM) was then used to determine 
the critical TTC value for each roundabout. The calibrated TTC values for the three rounda-
bouts were found to be 1.58 s, 3.00 s, and 4.9 s. These differences are believed to be due 
to variations in traffic volume, composition, and geometry. The results of this study suggest 
that there is no single critical TTC for conflicts between entering and circulating vehicles at 
modern roundabouts. Instead, it is important to consider the specific characteristics of each 
roundabout, such as traffic volume, composition, and geometry. This study also implies di-
rections for future research and practical applications, suggesting the need for pilot studies 
across various intersection types to validate its findings.
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1	 Introduction

The increasing global population has significantly contributed to the increasing transporta-
tion demands in urban areas. The increased volume of vehicles on the roads has also given 
rise to safety concerns. The higher the number of vehicles, the greater the potential for acci-
dents and collisions. Addressing the safety issues requires in-depth research and dedicated 
efforts.
Due to factors such as the infrequent nature of accidents, the need for longer observation 
periods, and incomplete information in the reports, alternative methods have replaced tra-
ditional approaches using accident reports [1, 2]. Since every accident occurs as a result of 
a conflict, the use of conflict data in safety analysis has been widely accepted.. The concept 
of traffic conflict was initially proposed by [3]. They defined traffic conflicts as instances of 
evasive actions, such as vehicle braking or weaving, as evidenced by brake light indication 
or lane change. The use of traffic conflicts in safety analysis has led to the emergence of 
various traffic measures. All these measures can be evaluated under the name of Surrogate 
Safety Measures (SSMs). The most commonly used measure is the Time-to-Collision (TTC), 
which represents the remaining time before two vehicles collide if no evasive action is taken 
by the driver [4].
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Compared to other traffic control types, roundabouts offer greater safety and operational 
benefits [5]. Sadeq and Sayed (2016) conducted a study on conflicts at a modern rounda-
bout in Vancouver, utilizing the TTC measure for conflict analysis. Automatic identification 
of traffic conflicts allowed for a thorough analysis of road user behaviors and facilitated un-
derstanding of the underlying causes of traffic conflicts. The study aimed to improve under-
standing of traffic behaviors and the underlying reasons for conflicts, thus contributing to 
enhanced road safety [6]. Gallell et al. (2017) investigated conflicts at a roundabout in Italy. 
Unmanned aerial vehicles were employed to capture images and determine TTC values by 
plotting vehicle trajectories as they approached the roundabout. The distribution of rear-end 
collision conflicts and corresponding TTC values were obtained using the Surrogate Safety 
Assessment Program (SSAM) [7].
Ozbay et al. (2008) stated that one of the most used microsimulation programs in studies 
was AIMSUN [8]. The most commonly used approach to identify surrogate safety measures 
is to employ a post-processor on the output data obtained from a simulation model. The 
Federal Highway Administration (FHWA) developed the Surrogate Safety Assessment Model 
(SSAM) for this purpose [9]. The SSAM model processes trajectories produced during the 
simulation, including the vehicle’s position, speed, and acceleration profiles, to provide the 
number and severity of conflicts at each conflict point. Vasconcelos et al. (2013) conducted 
a study on the number of conflicts in single-lane and two-lane roundabouts, as well as tur-
bo roundabouts, using the AIMSUN and SSAM programs. Despite the limitations of existing 
simulation models, it was noted that SSAM serves as a valuable analysis tool for safety eval-
uations of new facilities [10]. Some of the studies that used SSAM in conflict analysis were 
conducted by [11-14].
The aim of this study is to determine the critical TTC value for conflicts caused by the entering 
and circulating vehicles at modern roundabouts. The data obtained from field studies were 
used as input in AIMSUN simulation program. The output trajectory files were processed us-
ing SSAM. The conflicts were initially identified manually and compared with SSAM results. 
The critical TTC value was then determined by modifying the TTC value in SSAM.

2	 Methodology

2.1	 Data collection

The study was conducted at three modern roundabouts in Izmir, utilizing Unmanned Aerial 
Vehicles (UAVs) for data collection. UAV-based systems offer cost advantages over manned 
air vehicles, with lower purchase, management, and operational costs. However, their ap-
plication in traffic analysis is limited by factors such as weather conditions, technical instru-
mental problems, physical obstacles, and regulatory issues [15]. Aerial footage was captured 
using UAVs with assistance from traffic police. By flying one UAV while another remained in 
the air, uninterrupted footage was obtained, enabling traffic counting within the intersection 
without visual interruptions. The study utilized UAVs, specifically the DJI Phantom 3 Pro and 
DJI Phantom 4, to capture footage and accurately assess traffic volume.

2.2	Field studies 

On December 22, 2022, a research study was conducted at the Guzelbahce intersection 
to determine the traffic volume during peak and off-peak hours. UAVs were flown between 
13:35:43 and 14:25:43, as well as 15:33:52 and 16:33:52, ensuring continuous monitoring 
without any interruptions in the footage. The Hilltown intersection, located in Karşıyaka is 
situated next to Hilltown Shopping Mall and Sınav College on Flamingo Street. 



201SAFE ROAD INFRASTRUCTURE DESIGN AND MONITORING
8th International Conference on Road and Rail Infrastructure - CETRA 2024

To determine the vehicle counts at the intersection, aerial footage was captured on Janu-
ary 12, 2023, between 13:40-14:40 and 16:00-17:00. Another intersection, situated between 
6108th Street and 6108/1st Street to 7004th Street in the Bornova district, is an uncontrolled 
roundabout. Located in an industrial area, it experiences a high volume of heavy vehicle 
traffic. On January 30, 2023, a total of 124 minutes of aerial footage was captured using a UAV 
between 13:17 and 14:20 in the afternoon, and from 16:06 to 17:07 in the evening. Figure 1 
shows the intersections.

Figure 1	 Observed roundabouts a) Guzelbahce, b) Hilltown, c) Sanayi

2.3	Time-to-collision 

The time-to-collision (TTC) refers to the duration until two or more vehicles would collide 
under specific conditions. The use of TTC in the field of transportation began after Hayward’s 
definition in 1972, which stated the time until two vehicles collide if no evasive action is 
taken [4]. TTC is an effective indicator in assessing traffic safety in studies related to traffic 
conflicts [17]. TTC can be calculated for ‘F’ (following vehicle) at instant ‘t’ with respect to ‘L’ 
(leading vehicle) as shown in Equation (1).

	    	 (1)

where  denotes the speed, x the position, and l the vehicle length. 

While the given formula is applicable for vehicle following situations, the need for a different 
method arises when considering angular collisions. Research [18] treated vehicles as rec-
tangles and studied different configurations. As a result of this study, although there were 
32 possible collision scenarios, they noted that only 10 collision patterns could occur. The 
method adopted for this study is based on determining which corner of a vehicle would reach 
the collision point first, depending on whether the collision angle is smaller or larger than 90 
degrees. For further information, the readers are referred to [18]. 
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2.4	Conflict analysis 

The conflict counts were ascertained through the collective observations of three observers 
who meticulously reviewed the video footage. Traffic conflicts between entering and circu-
lating traffic were manually calculated to enable comparison with SSAM outcomes. The most 
commonly used approach in identifying safety criteria is to utilize a post-processor on the 
data output obtained from a simulation model. FHWA (2008) has developed the Surrogate 
Safety Assessment Model for this purpose. The SSAM method computes safety surrogate 
metrics for each interaction between vehicles, assessing whether each interaction fulfils the 
conditions necessary to be classified as a conflict [9]. The simulation was conducted utilizing 
the Aimsun Next 22. The trajectory data obtained as output was subsequently subjected to 
processing through the employment of the SSAM methodology, thereby yielding the numer-
ical representation of conflicts.

3	 Findings

Using the data obtained from the traffic counts, a vehicle input was generated in the AIM-
SUN program. The traffic volume has been counted by categorizing vehicles into car, light 
commercial vehicle (LCV), bus, heavy vehicle (HV), and motorcycle. The traffic volume values 
incoming from each approach have been presented in Table 1 for off-peak hour observation, 
and in Table 2 for peak hour observation.

Table 1 	  Traffic volume at the observed roundabouts (off-peak hours)

Roundabout Car LCV Bus HV Motorcycle

Guzelbahce Leg 1 515 18 10 28 12

Guzelbahce Leg2 735 78 0 38 15

Guzelbahce Leg3 634 68 9 30 26

Guzelbahce Leg4 90 0 0 0 0

Total 1974 164 19 96 53

Hilltown Leg1 546 19 0 1 19

Hilltown Leg2 17 0 0 0 2

Hilltown Leg3 101 9 0 9 18

Hilltown Leg4 400 14 0 3 18

Total 1064 42 0 13 57

Sanayi Leg1 481 11 5 127 23

Sanayi Leg2 209 84 2 133 12

Sanayi Leg3 323 82 8 150 8

Total 1013 177 15 410 43
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Table 2 	  Traffic volume at the observed roundabouts (peak hours)

The study area was defined by overlaying a map image obtained from OpenStreetMap digital 
map platform with actual geometric data measured in the field. The number of lanes, the 
width of the lanes, entry and exit widths, inscribed circle diameter, speed limit, capacity, and 
turning movements were included in the model for each roundabout.
When comparing traffic volumes, the ‘Sanayi’ roundabout stands out due to its higher heavy 
vehicle traffic, particularly on the first leg. The intersection with the highest traffic volume is 
the ‘Guzelbahce’ intersection, followed by the ‘Hilltown’ intersection.
In Guzelbahçe roundabout a total of 106 conflicts, in Hilltown roundabout 42 conflicts, and in 
Sanayi roundabout 114 conflicts were observed. Based on these observed conflict numbers, 
the Time to Collision (TTC) value in SSAM was calibrated. This process aimed to identify the 
TTC value that aligns most closely with the actual conflict data, providing a TTC value that 
best matches the real conflict values.
In Table 3 the number of conflicts both observed and simulated with default and modified 
TTC values are presented. The defaults value is the initial TTC value used in the analysis 
which is 1.5 s. The calibrated TTC value is the one that has been adjusted through calibration 
to better match the observed conflicts.
In the Guzelbahce roundabout, where 106 conflicts were observed in the field, the calibrated 
TTC value of 1.58 seconds closely aligns with the observed conflicts. In the Hilltown round-
about, 42 conflicts were observed in the field, but after calibration, the TTC value that best 
matches this data is 3.00 s. The highest calibrated TTC was observed in Sanayi roundabout.

Roundabout Car LCV Bus HV Motorcycle

Guzelbahce Leg 1 951 50 19 43 16

Guzelbahce Leg2 1499 100 4 30 11

Guzelbahce Leg3 1115 148 30 63 28

Guzelbahce Leg4 128 64 12 0 0

Total 3693 362 65 136 55

Hilltown Leg1 823 35 0 2 24

Hilltown Leg2 37 3 0 0 3

Hilltown Leg3 165 9 0 1 18

Hilltown Leg4 637 19 4 1 22

Total 1662 66 4 4 67

Sanayi Leg1 516 7 7 142 11

Sanayi Leg2 217 66 1 115 6

Sanayi Leg3 301 94 12 169 12

Total 1034 167 20 426 29
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Table 3 	  SSAM results

4	 Results

Traffic conflicts were observed at varying levels across the studied roundabouts. A total of 
106 conflicts were observed at Guzelbahçe roundabout, 42 conflicts at Hilltown roundabout, 
and 114 conflicts at Sanayi roundabout. These findings are consistent with prior studies sug-
gesting that different roundabouts may experience distinct levels of traffic conflicts due to 
differences in design, traffic flow, and surrounding infrastructure [20].
Upon calibration of the TTC values using the SSAM, variations in the optimal TTC values for 
each roundabout were noted. Guzelbahçe roundabout, with 106 observed conflicts, exhibit-
ed a calibrated TTC value of 1.58 seconds, closely matching the observed conflicts. Hilltown 
roundabout, despite recording 42 conflicts, required a calibrated TTC value of 3.00 seconds 
to best align with the observed data. The highest calibrated TTC value (4.9 s) was observed in 
Sanayi roundabout, consistent with the higher number of observed conflicts at this location. 
The higher number of conflicts observed at the Sanayi intersection can be attributed to the 
prevalence of heavy vehicles compared to cars. This imbalance in vehicle types can lead to 
increased conflicts, particularly due to differences in maneuverability and braking capabili-
ties between heavy vehicles and cars.

5	 Conclusions

The conversion of intersection control types to roundabouts has demonstrated a capacity to 
diminish fatal collisions and injuries. While the decline in accidents constitutes a positive 
stride towards enhancing intersection safety, there remains untapped potential for further 
enhancement. Consequently, a more comprehensive examination of their safety perfor-
mance is imperative, particularly in light of the anticipated increase in roundabout construc-
tion in the future [19].
The objective of this research is to ascertain the critical TTC value for conflicts arising from 
entering and circulating vehicles within modern roundabouts. The differences observed in 
the calibrated TTC values are believed to stem from variations in traffic volume, composition, 
and geometry. Previous studies could enhance the validity of results by conducting valida-
tion studies on intersections that possess characteristics representative of each individual 
intersection. The findings of the current study suggest that in intersections with lower heavy 
traffic volume, a TTC value closer to the default value aligns with the observed conflict count 
more closely. 
The findings of this study corroborate previous research emphasizing the importance of cali-
brating TTC values to accurately represent observed traffic conflicts [7, 12, 13].
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Roundabout Field observation Default Calibrated conflicts

Guzelbahce 106 105 TTC:1.58 s 106

Hilltown 42 11 TTC: 3.00 s 38

Sanayi 114 11 TTC: 4.9 s 108
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