
Australasian Transport Research Forum 2012 Proceedings 
26-28 September 2012, Perth, Australia 

Publication Website: http://wired.ivvy.com/event/DLXB3A/  
 

Calculating Time-To-Collision for analysing right turning 
behaviour at signalised intersections  

Amir Sobhani1, William Young1, Sareh Bahrololoom1, Majid Sarvi1 

1 Institute of Transport Studies, Monash University, VIC 3800, Australia 

Email for correspondence: amir.sobhani@monash.edu  

Abstract 

Intersections are among the most dangerous places on the road network.  Right turn against 
crashs, in countries with left hand drive vehicle or left turn against in other countries,  are a 
major crash type taking place at intersections. Transportation researchers have utilised 
different conflict analysis methods to explore the influence of driver behaviours such as 
acceleration, deceleration, perception reaction time, gap acceptance, and stop/go decision 
at the onset of amber on right turn against crashes. However, there is not any conflict 
technique that is sensitive to the different trajectories taken by the drivers turning right at 
intersections. This paper outlines a calculation method to estimate Time-To-Collision (TTC) 
for right turn against conflicts.  In this method the curvature function of the vehicle trajectory 
is considered in the calculation formula.  This enables the researchers to compare the risk of 
different right turning trajectories taken by the drivers at intersections.  The calculation 
method has been applied to a signalised intersection in Melbourne, Australia and the results 
are interpreted.   
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1. Research background: 

Intersections are among the most dangerous places on the road network. This is due to the 
multiple conflicting manoeuvres occurring at intersections. Furthermore, severe crashes 
such as side crash and angle crash take place at intersections (Abdel-Aty and Keller, 2005; 
Wang and Abdel-Aty, 2008).  

Right turn against crash1 is a severe crash occurring between the vehicles turning right and 
the opposing vehicles moving straight at intersections. Several studies have been conducted 
to investigate the factors influencing the number and severity of right turn against crashes at 
intersections. These studies have explored the issue based on conflict and crash analysis.  
 
Some transport researchers have utilised crash analysis to study right turn against crashes 
at intersections. They have investigated the relationship between the number and severity of 
crashes with road, traffic, vehicle and human characteristics. They have utilised statistical 
analysis techniques such as Nested Logit and Ordered Probit models to model the number 
and severity of right turn against crashes at intersections (Abdel-Aty and Keller, 2005; Wang 
and Abdel-Aty, 2008; Wang and Abdel-Aty, 2008; Wang et al., 2009; Haleem and Abdel-Aty, 
2010).  
 

                                                           
1
 This is “opposing left-turn crash” in left side driving system. 
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The main disadvantage of crash analysis is that the influence of human behaviour is difficult 
to be investigated in details because the relevant information is rarely available in crash 
databases.  Furthermore, the lack of crash data, its slowness in being collected and the 
difficulty in observing some accident situations have encouraged researchers to look at other 
approaches. Other researchers have tended to use conflict analysis instead of crash 
analysis. The researchers to conduct conflict analysis have used two methods. The first 
method is to analyse real word data to explore the conflicts. In this method, researchers 
have utilised real world data to analyse the conflicts based on human behaviour, traffic and 
geometry characteristics of intersection.  Then they have defined a measure of road safety 
to measure the safety level of intersections (Tarrall and Dixon, 1998; Ching-Yao, 2006; 
Mueller et al., 2007; Yan and Radwan, 2007; Oh et al., 2010; Santiago-Chaparro et al., 
2010). The second method is to utilise micro-simulation to conduct conflict analysis. 
Surrogate safety measures have been defined to estimate number and severity of conflicts 
using micro-simulation models (Amundsen and Hyden, 1977; Hyden, 1987; Sayed et al., 
1994; Hyden, 1996; Douglas and Larry, 2003; Archer, 2005; Douglas et al., 2008; Laureshyn 
et al., 2010).  The impact of drivers’ behaviours such as perception-reaction time, gap 
acceptance, red light running and stop/go decision of the driver at the onset of amber have 
been explored by the researchers using conflict analysis.  
 
In summary, the researchers to investigate right turn against crashes have used crash 
analysis and conflict analysis. These studies improve the understanding of factors 
influencing right turn against crashes at intersections. However, no study investigated the 
effect that the different right turning manoeuvres have on crash risk. The different 
manoeuvres affects the crash risk of right turn against conflicts since the drivers take 
different right turning trajectories at signalised intersections. In this paper a conflict technique 
is developed to assess the risk of different right turning manoeuvres at intersections. In order 
to do this evaluation a mathematical equation is derived to calculate Time-To-Collision (TTC) 
for turning manoeuvres. Then, the risk of different drivers’ right turning behaviours is 
evaluated using the developed TTC calculation method.     

The following section of this paper outlines the methodology developed to calculate TTC for 
turning manoeuvres. Then, a case study is presented to show the application of the TTC 
calculation method to evaluate drivers’ turning manoeuvres at signalised intersections.  The 
paper closes with discussion of results and conclusion 

   
2. Calculating TTC for turning movements: 

The aim of the study reported in this paper is to assess different right turning manoeuvres at 
signalised intersections based on TTC analysis. This section of the paper outlines the 
calculation method of TTC for turning manoeuvres. 
 

Time-To-Collision (TTC) is a simulation based surrogate safety measure which has been 
extensively used by the researchers to estimate number and severity conflicts (Hoffmann 
and Mortimer, 1994; Hyden, 1996; Minderhoud and Bovy, 2001; Vogel, 2003; Archer, 2005; 
Kiefer et al., 2005).  Laureshyn et al. (Laureshyn et al., 2010) developed a mathematical 
equation to calculate TTC for angle crashes.  They suggested that for angle crashes 
different collision types are possible to take place since the vehicles approach each other 
with different angles.  They have investigated different angle crashes in their study and 
concluded that it is always the corner of one of the vehicles that hits the side of the other 
one.  If the shape of the cars is assumed to be a rectangle then for each car there are four 
corners and four sides.  Therefore, 32 combinations could be happened in a collision. The 
TTC is calculated for all the combinations of crash possibilities and the minimum TTC is 
considered as the TTC of the conflict.  Since the corner of the first car always meets the side 
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of the other car in a crash [12] the mathematical equation for calculating TTC is derived 
using a point (corner of a car) and a line section (side of the other car) system colliding 
together (Figure 1).  Equation 1 shows the mathematical formula derived to calculate TTC 
for angle crashes by Laureshyn et al. (Laureshyn et al., 2010). 

 

Figure 1: Calculation of TTC for a point and line s ection (Laureshyn et al., 2010) 
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ln xv : Projection of the line speed on the x axis. 
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ln1 ln1( , )x y′ ′
and ln 2 ln 2( , )x y′ ′

: Initial position of the line section ends. 

k : Parameter describing line slope. 
 

In the Equation (1) TTC is calculated based on linear motion of the vehicles.  Also, the 
acceleration of the vehicles involving in the conflict is neglected. This Equation is not 
appropriate for use where there are  turning movements involved. The reasons are: 

• In turning movements at least one of the vehicles involving in conflict does not have 
linear motion.  

• Sometimes in turning movement one of the vehicles should give way to opposing 
vehicles. This vehicle will accelerate to complete its movement. 

 

Therefore, an equation should be developed to calculate TTC for crashes that involve 
turning manoeuvres.  Figure 2 shows a right turning conflict at an intersection.  The type of 
crash occurring in this case is angle crash.  Thus, the point and the line section system 
developed by Laureshyn et al. (Laureshyn et al., 2010) is used to calculate the TTC for the 
type of conflict shown in the Figure 2.  

In the point and line section system either line section or the point can be associated with the 
turning manoeuvre. Therefore, two different derivation processes should be conducted.  The 
first derivation process is conducted when the corner of the turning vehicle hits the side of 
the opposing vehicle.  The second derivation process is based on the condition that the side 
of the turning vehicle hits the corner of the opposing vehicle.  Figure 3 shows the point and 
line section system used for these two derivation processes.  All the parameters shown in 
Figure 3 are known from either micro-simulation modelling or intersection information.  

 

Figure 2: Right turning conflict at intersection 

 

 

Figure 4 shows the situation in which the point and the line sections collide.  In Figure 4, 
( , )p px y is the current coordinates of the point; ln1 ln1( , )x y  and ln 2 ln 2( , )x y are the current 

coordinates of the end of the line section. 
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Figure 3: Calculation of TTC for turning movement: 

(a) the point takes turning movement 

(b) the line section takes turning movement 

 

 

 

 

Figure 4: The collision of the point and the line s ection: 

(a) the point takes turning movement 

(b) the line section takes turning movement 

. 

 

 

 

First the derivation process based on Figure 3a and Figure 4a is explained.  This is when the 
corner of the turning vehicle hits the side of the opposing vehicle.  Based on Newtonian 
Mechanics we can calculate the ends of coordinates of the line section. Equations (3) to (6) 
show the mathematical formula.  
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Where ln xa and ln ya  are the projections of the line acceleration on X and Y axes and t  

shows the time.  Equation (7) shows the mathematical representation of the line section. 
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The collision point shown in Figure 4a is a point in Equation (7) which represents the 
mathematical shape of the line section.  Therefore, we have: 

ln1 ln1( )p py y k x x− = −
    (9) 

As was shown in the Figure 4a, the Equation (9) is correct when the vehicles hit each other.  
Therefore, the associated t  is TTC. The TTC can be calculated using Equations (3), (4), (8) 
and (9).  Before solving these simultaneous equations, px  and  py  should be estimated 

based on the known initial coordinates of the point which are px′  and py′ .  In order to 

estimate px  and py the length of the turning curve should be determined. Figure 5 shows 

the calculation process of the turning curve length. 

 

Let l  be the length of the curvature.  According to the Figure 5 we have: 
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Therefore: 
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Figure 5: Calculation of the length of a curvature 

 

 

 

Equation (12) shows the calculation formula of l  using Newtonian Mechanics. 
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From equation (13) px can be calculated as a function of (t).  

1( , , , )p p p px f t a v x′=
   (14)  

As it is shown in the Figure 5 py is a function of px ; therefore, py can be estimated as a 

function of (t). 

 

( )p py f x=
    (15) 

From Equations (3), (4), (8), (9), (14) and (15) TTC is calculated as a function of known 
parameters shown in Figure 3.  
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2 ln ln ln ln ln1 ln1( , , , , , , , , , )p x x y y p pTTC f x a v a v x y k a v′ ′ ′=      (16) 

The derivation process based on Figure 3b and Figure 4b is the same as preceding 
derivation process. The difference is that the curvature length is estimated for line section; 
therefore, k is not constant.  The mathematical formulas for calculating the TTC for this case 
are shown below: 
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From Equation (20) we have: 

ln1 3 ln ln ln1( , , , )x f t a v x′=     (23) 

From Equations (9), (19), (20), (21), (22) and (23) TTC can be calculated as a function of 
known parameters shown in Figure 3b. 

4 ln ln ln1 ln 2( , , , , , , , , , )p px px p py pyTTC f x a v a v x x y a v′ ′ ′ ′=     (24) 

TTC should be calculated for different combinations of collision of the corner of one car with 
the side of the other car.  Minimum value of the TTC is considered as the TTC of the conflict.  
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In order to conduct the preceding calculation process the function of ( )y f x= should be 
determined.  This function is determined using vehicles trajectory information.  

3. Case study: 

In the previous section a methodology is developed to calculate TTC for turning movements. 
In this section a case study is conducted to show the application of the methodology.  This 
case study is conducted to assess the risk of taking right turning manoeuvres at a signalized 
intersection in Melbourne, Australia.  

3.1.  Intersection characteristics: 

The signalized intersection of Stud Road and Boronia Road in Melbourne, Australia is 
considered for this study.  Figure 6 shows the layout of the intersection.  The required 
information was collected using a recorded video of the intersection.  A video camera was 
mounted on a roof of a hotel located at the corner of the intersection.  The SAVA© image 
processing software (Archer, 2005) was utilized to collect the trajectories of the right turning 
vehicles at intersection. 

 

Figure 6: Intersection layout 

 

3.2. Right turning behaviours: 

In this study, the turning behaviour of the vehicles turning right from the Stud Road-South 
has been investigated.  This turning manoeuvre is not fully protected, so in some situations 
drivers must give way to opposing vehicles.  If a driver fails to choose an appropriate gap 
then a conflict takes place.  Figure 7 reveals the information of the investigated conflict.  It 
can be seen from the Figure 7 that the investigated conflict is the conflict of right turning 
vehicles from Stud Road-South and the opposing vehicles moving straight on Stud Road-
North.  In the Figure 7 these vehicles are vehicle one and vehicle two respectively.  Two 
distinct manoeuvres can be taken by a vehicle in order to complete its turning manoeuvre.  
The main difference of these two manoeuvres is in the location where the drivers choose to 
accept the gap and start the turning manoeuvre.  In the first manoeuvre, the driver gives way 
to the opposing from behind the stop line while in the second manoeuvre the driver drives to 
the middle of the intersection then stop to give way to the opposing vehicle.  In Figure 7 two 

N 
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curves have been drawn to show these two manoeuvres.  In this case study, these two 
turning manoeuvres are assessed by conducting a conflict analysis. TTC of conflicts is 
calculated and compared for these two manoeuvres.  

3.3. Conflict analysis: 

As mentioned in the previous sub-section two turning manoeuvres are taken by drivers to 
turn right at the intersection. In this sub-section the crash risk for each of these manoeuvres 
is analysed using a sensitivity analysis. This sensitivity analysis is conducted based on TTC 
analysis.  
 
In order to calculate TTC, the curvature function of each manoeuvre should be determined.  
According to the drivers’ right turning trajectories, collected from the recorded video, the best 
fitted curve to the turning trajectories is considered as the curvature function of the 
manoeuvre.  The following equations show the determined curvature functions.  

( ) 2
1 0.0468 3.2537 32.153f x x x= − + −      (25) 

( ) 2
2 0.0146 1.0853 3.6437f x x x= − + +  (26) 

The r-square for the Equations (25) and (26) is 0.9872 and 0.9889 respectively.  The 
Equation (25) is related to the first turning manoeuvre and the Equation (26) is related to the 
second turning manoeuvre.  Therefore, the Equation (25) is named “First Turning Curve” and 
the Equation (26) is named “Second Turning Curve”. 
 
Vehicles involving in conflict are assumed to have a rectangle shape.  As shown in the 
Figure 7, there are three rectangles.  Rectangle a-b-c-d shows the turning vehicle which 
takes the first turning curve and rectangle e-f-g-h shows the turning vehicle taking the 
second turning curve.  Rectangle i-j-k-l shows the opposing vehicle moving straight on Stud 
Road-North. Two conflicts are considered since there are two turning curves.  The first 
conflict occurs between the vehicles a-b-c-d and i-j-k-l and the second conflict takes place 
between the vehicles e-f-g-h and i-j-k-l.  

 
For the first conflict four scenarios are considered in the sensitivity analysis: 

 
• Scenario 1: Vehicle number one (a-b-c-d) stops behind the stop line; gives 

way to the opposing vehicle; accepts a gap; takes the first turning curve and 
completes its manoeuvre with constant normal acceleration of 2 m/s2. 

 

• Scenario 2: Vehicle number one (a-b-c-d) drives to the stop line; gives way 
to the opposing vehicle; accepts a gap without stopping; takes the first turning 
curve and completes its manoeuvre with the constant speed of 20 km/hr. 

 

• Scenario 3: Vehicle number one (a-b-c-d) drives to the stop line; gives way 
to the opposing vehicle; accepts a gap without stopping; takes the first turning 
curve and completes its manoeuvre with the constant speed of 25 km/hr. 
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Figure 7: The investigated conflict 

 

 

• Scenario 4: Vehicle number one (a-b-c-d) drives to the stop line; gives way 
to the opposing vehicle; accepts a gap without stopping; takes the first turning 
curve and completes its manoeuvre with the constant speed of 30 km/hr. 

 
The difference of the preceding scenarios is in the initial speed and acceleration of the 
turning vehicles. 
 
For the second conflict, vehicle number one (e-f-g-h) drives to the middle of the intersection; 
stops there; gives way to the opposing vehicle; accepts a gap; takes the second turning 
curve; and completes its manoeuvre with constant normal acceleration of 2 m/s2. Table 1 
shows the detailed information of the vehicles for each conflict. 

Based on the point and line system developed to calculate TTC for conflicts (Figure 3 and 4) 
there are different combinations of collision of the corner of one car with the side of the other 
car.  Table 2 summarises different combinations of collisions for the two conflicts 
investigated in this study. 

Table 1: Vehicle information for different scenarios 
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Conflict Scenario Curve Function Initial Speed (km/hr) Acceleration (m/s2) 

Conflict 1 

Scenario 1 1( )f x  0.0 2.0 

Scenario 2 1( )f x  20.0 0.0 

Scenario 3 1( )f x  25.0 0.0 

Scenario 4 1( )f x  30.0 0.0 

Conflict 2 - 2 ( )f x  0.0 2.0 

 
As can be seen from the Table 2, there are 4 collision combinations for each conflict.  Thus, 
4 TTCs should be calculated for each conflict.  The minimum value of calculated TTCs, for 
different combinations, is the TTC of the conflict.  

Table 2: Collision combinations of the conflicts and related information  

Conflict Curve 
Function 

Vehicle 1 Vehicle 2 Collision 
Combination 

Point 
Coordinate 
(X , Y) (m) 

Line Coordinates (X , Y) (m) 

Point Line Start Point  End Point 

Conflict 1 1( )f x  

a-b-c-d i-j-k-l a i-j (9 , 0) (20.05 , 50) (21.55 , 50) 
a-b-c-d i-j-k-l b i-l (10.5 , 0) (20.05 , 50) (20.05 , 54.5) 
a-b-c-d i-j-k-l j a-d (21.55 , 50) (9 , 0) (9 , -4.5) 
a-b-c-d i-j-k-l i a-b (20.05 , 50) (9 , 0) (10.5 , 0) 

Conflict 2 2 ( )f x  

e-f-g-h i-j-k-l e i-j (9 , 17.11) (20.05 , 50) (21.55 , 50) 
e-f-g-h i-j-k-l f i-l (10.5 , 17.11) (20.05 , 50) (20.05 , 54.5) 
e-f-g-h i-j-k-l j e-h (21.55 , 50) (9 , 17.11) (9 , 12.61) 
e-f-g-h i-j-k-l i e-f (20.05 , 50) (9 , 17.11) (10.5 , 17.11) 

It should be mentioned that the coordinates of i, j, k and l are subject to change based on the 
distance of vehicle i-j-k-l from the stop line.  

3.4. Results: 

In this study two steps are taken to conduct the conflict analysis.   
 
In the first step we determine if the vehicle is bound for a collision.  A collision course is a 
pre-condition for a collision (Laureshyn et al., 2010).  The collision course means two 
vehicles are in situation that if they continue their trajectories without any change in their 
initial speed and acceleration those vehicles will be involved in a collision.  The “collision 
course bound” is a range of accepted gap that put both vehicles on a collision course.  
Larger “collision course bound” increases the risk of being involved in the collision course. 
 
In the second step, TTC of conflicts is calculated given that the vehicle i-j-k-l is in the 
“collision course bound”.  Thus, a range of TTC is calculated for each conflict. Equations (1) 
to (24) are used to calculate TTC of conflicts.  
 
The results of “collision course bound” and TTC analysis are summarised in the Table 3. 

A comparison of the width of “collision course bound” is outlined in Figure 8.  
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Table 3: Results of the conflict analysis  

Conflict Curve 
Function 

Collision Course Bound TTC (Sec) 
[Min-Max] 

Average 
TTC (Sec) Accepted Gap (m) 

 [Min-Max] 
Distance From Stop Line (m)  

[Min-Max] 
Conflict 1 

(Scenario 1) 1( )f x  [108-126] [67-85] [4.22-4.94] 4.56 

Conflict 1 
(Scenario 2) 1( )f x  [85-118] [44-77] [3.18-4.58] 3.86 

Conflict 1 
(Scenario 3) 1( )f x  [71-98] [30-57] [2.55-3.68] 3.095 

Conflict 1 
(Scenario 4) 1( )f x  [62-85] [21-44] [2.15-3.09] 2.60 

Conflict 2 2 ( )f x  [75-93] [51-70] [3.26-4.08] 3.66 

 

Figure 8: Width of “collision course bound” for ana lyzed conflicts 

 

3.5. Discussion of results: 

In this sub-section the analysed conflicts are compared based on the results of the conflict 
analysis (Table 3 and Figure 8).  

Comparison Based on “Collision Course Bound” 

The risk of being involved in a collision course increases by increasing the width of the 
“collision course bound”.  This is because it is more likely to accept a gap which is inside the 
“collision course bound” as the “collision course bound” width is increased. 

As shown in the Figure 8, the width of “collision course bound” is the same for the first 
scenario of conflict 1 and conflict 2.  However, the driver of vehicle 1 can accept smaller safe 
gaps in conflict 2 in comparison with the first scenario of conflict1. 

0 5 10 15 20 25 30 35

Conflict 1 (Scenario 1)

Conflict 1 (Scenario 2)

Conflict 1 (Scenario 3)

Conflict 1 (Scenario 4)

Conflict 2

Conflict 1

(Scenario 1)

Conflict 1

(Scenario 2)

Conflict 1

(Scenario 3)

Conflict 1

(Scenario 4)
Conflict 2

Collision Course Bound Width 18 33 27 23 18

"Collision Course Bound" Width



ATRF 2012 Proceedings 

On the other hand, the “collision course bound” of the second, third, and fourth scenario of 
the conflict 1 is larger than the “collision course bound” of the conflict 2.  This means the risk 
of being involved in a collision course is higher for the second, third and fourth scenarios of 
conflict 1.  Also, this risk is decreased as the constant speed increases in the last three 
scenarios of conflict 1.  Similarly, smaller safe gaps can be accepted as the constant speed 
of vehicle 1 is increased. 

Comparison Based on Time-To-Collision (TTC) 

The value of TTC is related to the risk of being involved in a crash.  Lower values of TTC 
shows more risky conflicts.  This is because there is less amount of time for the driver to 
take an evasive action.  As can be seen from the Table 3, the average value of TTC for 
conflict 2 is less than the average value of TTC for the first and second scenario of conflict 1.  
However, the average TTC of the third and fourth scenarios of conflict 1 is higher in 
comparison with the average TTC of the conflict 2.  Therefore, the crash risk is lower in first 
scenario of conflict 1 based on the average value of TTC. 

Similarly, the second, third and fourth scenarios of the conflict1 have lower values of the 
average TTC in comparison with the first scenario of conflict 1.  This shows the risk of being 
involved in a crash is increased as the constant speed increases in the second, third and 
fourth scenarios of conflict1. 

Overall Comparison 

Overall, the conflict analysis, conducted based on “collision course bound” and TTC, shows 
that the first scenario is the safest among the four investigated scenarios of conflict 1 since it 
has lower value of TTC and smaller “collision course bound”.  Similarly, based on the same 
analysis the first scenario of conflict 1 is safer than conflict 2, because the calculated 
average TTC is higher for the first scenario of conflict 1.  Furthermore, it is shown that the 
smaller safe gaps can be accepted for the conflict 2 in comparison with the first scenario of 
conflict 1.  This encourages the drivers to take the second turning curve in crowded 
intersections. 

4. Conclusion: 

This paper outlined a calculation method for Time-To-Collision (TTC) to assess the risk of 
different right turning manoeuvres taken by the drivers at intersections. Newtonian 
Mechanics was utilized to calculate TTC of right turn against conflicts.  

The method was applied to a signalized intersection in Melbourne, Australia to assess the 
crash risk of different right turning trajectories.  Two conflicts were investigated in the case 
study.  For the first conflict four scenarios are considered: 

• Scenario 1: The turning vehicle stops behind the stop line; gives way to the 
opposing vehicle; accepts a gap and completes its manoeuvre with constant 
normal acceleration of 2 m/s2. 
 

• Scenario 2: The turning vehicle drives to the stop line; gives way to the 
opposing vehicle; accepts a gap without stopping and completes its 
manoeuvre with the constant speed of 20 km/hr. 
 

• Scenario 3: The turning vehicle drives to the stop line; gives way to the 
opposing vehicle; accepts a gap without stopping and completes its 
manoeuvre with the constant speed of 25 km/hr. 
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• Scenario 4: The turning vehicle drives to the stop line; gives way to the 
opposing vehicle; accepts a gap without stopping and completes its 
manoeuvre with the constant speed of 30 km/hr. 

 
For the second conflict, the turning vehicle drives to the middle of the intersection; stops 
there; gives way to the opposing vehicle; accepts a gap and completes its manoeuvre with 
constant normal acceleration of 2 m/s2.  
 
The results of the conflict analysis showed that the first scenario is the safest among the four 
investigated scenarios investigate for conflict 1.  Similarly, the first scenario of conflict 1 is 
safer than conflict 2, because the calculated average TTC is higher for the first scenario of 
conflict 1.  
 
The calculation method developed to determine TTC enables the researchers to compare 
the risk of different right turning manoeuvres taken by the drivers at signalized intersections.  
 
References: 
 
Abdel-Aty, M. and J. Keller (2005). "Exploring the overal and specefic crash severity levels at 

signalised intersections." Accident Analysis and Prevention 37(3): 417-425. 

  

Amundsen, F. and C. Hyden (1977). Proceedings of First Workshop on Traffic Conflicts, Institute of 
Transport Economics, Oslo, Norway. 

  

Archer, J. (2005). Indicators for traffic safety assessment and prediction and their application in 

micro-simulation modelling: astudy of urban and suburban intersections. Department of 

Infrastructure, Division for Transport and Logistic (TOL), Centre for Transport Research. Stockholm, 

Sweden, Royal Institute of Technology. Doctoral Dessertation. 

  

Ching-Yao, C. (2006). "Characterization of Driving Behaviors Based on Field Observation of 

Intersection Left-Turn Across-Path Scenarios." Intelligent Transportation Systems, IEEE Transactions 

on 7(3): 322-331. 

  

Douglas, G. and H. Larry (2003). Surrogate safety measures from traffic simulation models. Mclean, 

Virginia, U.S. Department of Transportation- Federal Highway Administration Research, 

Developement and Technology. 

  

Douglas, G., P. Lili, S. Tarek and S. Steve (2008). Surrogate safety assessment model and validation: 

Final Report. Mclean, Virginia, U.S. Department of Transportation- Federal Highway Administration 

Research, Developement and Technology 

 

  

Haleem, K. and M. Abdel-Aty (2010). "Examining traffic crash injury severity at unsignalized 

intersections." Journal of Safety Research 41(4): 347-357. 

  

Hoffmann, E. R. and R. G. Mortimer (1994). "Drivers' estimates of time to collision." Accident 

Analysis & Prevention 26(4): 511-520. 

  

Hyden, C. (1987). The developement of a method for traffic safety evaluation: The Swedish traffic 

conflicts technique Bulletin 70. Lund, Sweden, Department of Traffic Planning and Engineering, Lund 

University. 

  



ATRF 2012 Proceedings 

Hyden, C. (1996). Traffic Conflicts Technique: State-of-the-art. Traffic Safety Work with Video-
Processing. H. H. Topp. Kaiserslauten, Germany, University Kaiserslautern. Transportation 
Department. 
  

Kiefer, R. J., D. J. LeBlanc and C. A. Flannagan (2005). "Developing an inverse time-to-collision crash 

alert timing approach based on drivers' last-second braking and steering judgments." Accident 

Analysis & Prevention 37(2): 295-303. 

  

Laureshyn, A., A. Svensson and C. Hyden (2010). "Evaluation of traffic safety, based on micro-level 

behavioural data: Theoretical framework and first implementation." Accident Analysis and 

Prevention 42(6): 1637-1646. 

  

Minderhoud, M. M. and P. H. L. Bovy (2001). "Extended time-to-collision measures for road traffic 

safety assessment." Accident Analysis & Prevention 33(1): 89-97. 

  

Mueller, K., S. L. Hallmark, H. Wu and M. Pawlovich (2007). "Impact of Left-Turn Phasing on Older 

and Younger Drivers at High-Speed Signalized Intersections", ASCE. 

  

Oh, J., E. Kim, M. Kim and S. Choo (2010). "Development of conflict techniques for left-turn and 

cross-traffic at protected left-turn signalized intersections." Safety Science 48(4): 460-468. 

  

Santiago-Chaparro, K., X. Qin and D. Noyce (2010). "Proposed Safety Index Based on Risk-Taking 

Behavior of Drivers." Transportation Research Record: Journal of the Transportation Research Board 

2147(-1): 51-57. 

  

 

Sayed, T., G. Brown and F. Navian (1994). "Simulation of traffic conflicts at unsignalised 

intersectionswith TSC-Sim." Accident Analysis and Prevention 26(5): 593-607. 

  

Tarrall, M. and K. Dixon (1998). "Conflict Analysis for Double Left-Turn Lanes with Protected-Plus-

Permitted Signal Phases." Transportation Research Record: Journal of the Transportation Research 

Board 1635(-1): 105-112. 

 

Vogel, K. (2003). "A comparison of headway and time to collision as safety indicators." Accident 

Analysis & Prevention 35(3): 427-433. 

  

Wang, X. and M. Abdel-Aty (2008). "Analysis of left-turn crash injury severity by conflicting pattern 

using partial proportional odds models." Accident Analysis and Prevention 40(5): 1674-1682. 

  

Wang, X. and M. Abdel-Aty (2008). "Modeling left-turn crash occurrence at signalised intersections 

by conflicting patterns." Accident Analysis and Prevention 40(1): 76-88. 

  

Wang, X., M. Abdel-Aty, A. Almonte and A. Darwiche (2009). "Incorporating Traffic Operation 

Measures in Safety Analysis at Signalized Intersections." Transportation Research Record: Journal of 

the Transportation Research Board 2103(-1): 98-107. 

 

Yan, X. and E. Radwan (2007). "Effect of restricted sight distances on driver behaviors during 

unprotected left-turn phase at signalized intersections." Transportation Research Part F: Traffic 

Psychology and Behaviour 10(4): 330-344. 

  

 


