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ABSTRACT

Micro simulation models have increasingly been used for intersection safety modelling.
Simulation models, developed for road safety assessment, utilised different conflict
techniques to find out the number and severity of conflicts as a safety measure at
intersections. According to the literature review of safety modelling, there is no micro
simulation model capable of considering number of conflicts, severity of conflicts, crash risk
and crash severity risk together as a measure of safety evaluation. This paper outlines the
application of a new simulation based road safety index (RSI) to evaluate the risk of right
turning manoeuvres at a signalised intersection in Melbourne, Australia. The RSI is
calculated as a function of traffic volume, number of conflicts, severity of conflicts, crash risk
and crash severity risk. The number and severity of conflicts is estimated using Time-To-
Collision (TTC) calculated for right-turn-against conflicts at the intersection. Historical crash
data of the intersection is used to find out the crash risk. A three step modelling approach is
used to model the relationship between crash severity and conflict characteristics. VISSIM
simulation model is calibrated to present traffic volume, number of conflicts and severity of
conflicts at the intersection. The final results showed a good level of consistency between
the estimated RSI and the historical right-turn-against crash data at the intersection.
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RESEARCH BACKGROUND

Micro simulation modelling approach grew out of the conflict analysis literature and
considered surrogate safety measures for indicating the safety of facilities (Sayed et al.
1994; Archer 2005). Recently, Laureshyn et al., (2010) ; Archer and Young (2010), Cunto
and Saccomanno (2008), and Federal Highway Administration (2008) incorporated the
traffic conflict approach into traffic simulation models in order to estimate the number and
type of conflicts. Archer and Young (2010) studied the application of surrogate safety
measures for intersection safety assessment and their application in micro-simulation
modelling and used a probability approach for developing a gap acceptance model for
unsignalised T-intersections in order to determine the number and severity of conflicts.
Cunto and Saccomanno (2008) developed a methodology for intersection safety evaluation
using micro-simulation. They defined a “crash potential index” to assess the safety
performance of intersections. The main contribution of this study was to calibrate and
validate a simulation based surrogate safety measure to investigate safety performance of
intersections using micro-simulation models. The Federal Highway Administration (2008)
undertook further research that considers intersection safety evaluation. They developed
Surrogate Safety Assessment Model (SSAM) for assessing the safety performance of
different types of intersections. In order to do this, they developed a software package that
supports traffic simulation models including VISSIM, AIMSUN, PARAMICS and TEXAS.

Although researchers endeavoured to define and utilise different conflict techniques to
estimate various surrogate safety measures (explained above) to assess safety level of
intersections using micro simulation models, there is not any simulation model capable of
considering number of conflicts, severity of conflicts, crash risk and crash severity risk
together as a measure of safety evaluation. This study outlines the application of a
simulation based road safety index (RSI) to assess risk of right turning manoeuvres at a
signalised intersection in Melbourne, Australia. The RSI is the first simulation based
surrogate safety measure that is calculated as a function of traffic volume, number of
conflicts, severity of conflicts, crash risk and crash severity risk. The main contribution of this
study is to show the validity of the developed RSI to assess the risk of right turning
behaviours at signalised intersections.

The next section of this paper outlines the theoretical framework developed to derive the
simulation based RSI. The RSI is then applied to assess the risk of right turning manoeuvres
at a signalised intersection in Melbourne, Australia. This is followed by results discussion
and conclusions.
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METHODOLOGY

This section provides a brief explanation to the theoretical framework developed to estimate
the RSI. The framework consists of three main components each of which is explained in the
following sub-sections (Figure 1).

Component 1: micro simulation model

The first component of the framework is to estimate the number and severity of conflicts
using a micro-simulation model. Researchers have developed several conflict techniques to
find out the number and severity of conflicts using micro simulation model (Hyden 1987,
Hyden 1996; Archer 2005). The role of this component of the framework is to utilise one of
these previously developed technigues to measure number and severity of conflicts depends
on the road safety application (e.g. road type, road layout, control type, etc).

Inputs into the first component are the geometry and traffic characteristics of the road
system. The output of the first component of the simulation framework is the characteristics
of the serious conflicts, which have been generated in the micro simulation model.

Component 2: severity model

The second component of this framework is the measurement of the potential injury severity
of each simulated conflict. In other words, crash severity risk is estimated here. The
characteristics of the simulated conflict are used as input. These are the output of the first
component of the simulation framework.

A three-step modelling approach is used to estimate the potential injury severity of conflicts.
The detailed explanation of the models have been outlined in Sobhani et al. (2012).

In the first step, expected speed change of the subject vehicle (AVs) in the crash is
estimated given the condition that the conflict leads to a crash. The expected AVs is
estimated using conflict characteristics and driver’s reaction before crash.

The second step is to utilise Newtonian Mechanics to estimate the magnitude of kinetic
energy applied to the subject vehicle. Equation (1) shows the calculation formula of this
kinetic energy according to the mass of subject vehicle and estimated AVs.

f,:KE, :%xms % (AV. )’ @)
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Figure 1: General framework for developing the mathematical road safety index

In Equation (1), KEs is the kinetic energy applied to the subject vehicle; mg is the mass of the
subject vehicle; and AV is the speed change of the subject vehicle.

In the third step of this component, the expected Injury Severity Score (ISS) of the conflict is
measured using estimated kinetic energy of the subject vehicle and the impact type of the
expected crash.

Component 3: average number of crashes

The third component of the framework is to estimate average number of crashes. The
average number of crashes is calculated using two methods:
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e The first method is to simply calculate the average number of crashes based on
historical crash data of the road location.

e The second method is to calculate average number of crashes based on the
available crash prediction models. Lord and Mannering (2010) have conducted a
comprehensive comparison among the available crash count models.

The second method is used when the historical crash data of the road location is not
available.

Road safety index (RSI)

The final output of the framework is the safety level of the studied road location. The safety
level of the road location is measured using a road safety index (RSI) derived based on the
output of the three components of the framework. The RSI is derived based on the definition
of crash severity risk (CSR). Equation (2) shows the definition of the CSR.

Crash Severity Risk (CSR) = Average Expected Severity x Probability of Crash 2)

In the Equation (2) the CSR indicates the road safety index, and average expected severity
is the arithmetic average value of expected ISS which is the output of the severity model
(see Equation (3)).

AISs =(>'188) /n,, 3)
i=1

Where:

AISS : The average expected ISS for serious conflicts
The probability of crash is calculated using the decision tree shown in the Figure 2.

Equation (4) shows the mathematical form of the road safety index derived based on the
decision tree.

RS =[(nci ISS>/nwanncr / p (4)

In the Equation (4), ne, ISS, nen and W can be estimated from the output of the developed
framework.

CONFLICT ANALYSIS FOR TURNING MOVEMENTS

Estimates of the level of conflict are calculated using the TTC. Time-To-Collision (TTC) is a
surrogate safety measure which has been extensively used by the researchers to estimate
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number and severity conflicts. 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 occur since the vehicles approach each other with different angles.
They have investigated various 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.

TRAFFIC

N

NO CONFLICT CONFLICT

|

NO CRASH

NO SERIOUS CONFLICT  SERIOUS CONFLICT

NN

NO CRASH CRASH NO CRASH CRASH

Figure 2: Decision tree for calculating the probability of crash

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 of the other
car in a crash 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. In their study
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. Therefore, an equation should be developed to
calculate TTC for crashes that involve turning manoeuvres.

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 carried out. 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.
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Figure 4 shows the situation in which the point and the line sections collide. In Figure 4,

(Xp’yp)is the current coordinates of the point; (X Yina) and (Xinz: Yinz) are the current
coordinates of the line section ends.

First the derivation process based on Figure 3 (a) and Figure 4 (a) 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 coordinates of the line section ends. Equations
(5) to (8) show the mathematical formula.

) ®)
Xlnl XI’nl + aIn xt + Vln xt
, 1 6
Yin1 = Yina _'_Ealnyt2 +Vlnyt ( )
1
Xinp = XI'n2 + E a, xt2 +Vi, xt (7)
;1 8
Yine = yln2+5alnyt2+vlnyt ( )
(Xllnlxyllnl ) (XIInZ!y'InZ ) (X'p rylp )
I zi(vlnvaln) (Vp 'ap)?
.- ad
, ’ ’ ’ ‘ -

(Vp'ap)él o (Vln'ain):,’ ’
(Xp ¥p)

Kin1Y'in1)  Kin2Y'in2)

Y (@ (b)
L X

Figure 3: Calculation of TTC for turning movement:
(a) the point takes turning movement
(b) the line section takes turning movement
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Figure 4: The collision of the point and the line section:
(a) the point takes turning movement
(b) the line section takes turning movement
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Where 3nxand iy are the projections of the line acceleration on X and Y axes and t
shows the time. Equation (9) shows the mathematical representation of the line section.

Y=Y = k(X - Xlnl) (9)

k = Yinz = Yina — yI’n2 B yllnl (10)
Xin2 = Xin1 XI’nZ - Xl’nl

The collision point shown in Figure 4 (a) is a point of Equation (9) which represents the
mathematical shape of the line section. Therefore, we have:

Yo =Y = k(xp - Xlnl) (11)
As was shown in the Figure 4 (a), the Equation (11) is correct when the vehicles hit each
other. Therefore, the associated ! is TTC. The TTC can be calculated using Equations (5),
(6), (10) and (11). Before solving these simultaneous equations, Xp and Y, should be

Yo

estimated based on the known initial coordinates of the point which are P and “P. In order

to estimate Xp and Yo , the length of the turning curve should be determined. Figure 5 shows
the calculation process of the turning curve length.

Let | be the length of the curvature. According to the Figure 5 we have:

1=, (12)

Therefore:

I—Z (——= Xp P) +[f(X +i(——— Xp ~ p)) f(x (- Xp ~ p))] (13)

Y= f(X

L

3

= >7 (% ¥p)

- :

y =f(x)

Figure 5: Calculation of the length of a curvature
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Equation (14) shows the calculation formula of | using Newtonian Mechanics.

I=latavt (14)
2 p P

Therefore, we have:

%at +vt—z - p) FLE (K i p)) F(X, + (-1 p))] (15)

From equation (15) Xp can be calculated as a function of (t).

x, = f(t,a,,v,, X)) (16)

As it is shown in the Figure 5 Yris a function ofxp; therefore, Yo can be estimated as a
function of (t).

y, = f(x;) (17)

From Equations (5), (6), (10), (11), (16) and (17) TTC is calculated as a function of known
parameters shown in Figures 3 (a) and 4 (a).

TTC = f2 (X;J!alnx’vlnx’a‘lny’vlny’ XI,nl’ yllnl’ k’ap’vp) (18)

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

X, =X +%apxt2 +V,t (19)
Y, =Y, +%apyt2 +V,t (20)
k = Yin1 ~ Yin2 — f (Xlnl) — f (Xlnz) (21)
Xin1 — Xin2 Xin1 ~ Xin2
= zl -z (P '"1> ST O + I £ (4 -2y '"1»]2 (22)
n
| = 1a,nt2 +,t (23)
2
At +Vt = Z\/ Gty 4, i) 1, - 24)
i1 n
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From Equation (22) we have:

XInl = f3 (t1 a'In ’Vln ’ X|'n1) (25)

From Equations (11), (21), (22), (23), (24) and (25) TTC can be calculated as a function of
known parameters shown in Figures 3 (b) and 4 (b).
TTC = f4 (X;) ' a'In ! Vln ! a'px’Vpx’ Xl,nl’ XI’nZ’ y;) ! apy’vpy (26)
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.

APPLLICATION OF THE METHOD

In this section the application of the simulation based road safety index (RSI) to assess risk
of right turning manoeuvres at a signalised intersection in Melbourne, Australia is presented.

The studied intersection

The signalised intersection between Stud Road and Boronia Road, Wantirna, Melbourne,
Australia (Figure 6) was chosen for the case study. The type of the intersection is a cross
intersection controlled by traffic lights in the both approaches. Information associated with
the geometric design, the traffic volume, traffic signals, the origin destination matrix and
drivers’ behaviour were collected from a video recorded at the intersection.

In this study, the turning behaviour of the vehicles turning right from the Stud Road (South)
and Stud Road (North) has been investigated. These turning manoeuvres are not fully
protected, so in some circumstances drivers must give way to opposing vehicles. If a driver
fails to choose an appropriate gap then a conflict takes place.

Table 1: Vehicle movements at Stud Rd/Boronia Rd intersection for morning peak

Stud Rd (N) Stud Rd (S) Boronia Rd (E) | Boronia Rd (W)
Stud Rd (N) 538 veh/hr 18 veh/hr 132 veh/hr’
Stud Rd (S) 678 veh/hr 211 veh/hr~ 62 veh/hr

Boronia Rd (E) 59 veh/hr

31 veh/hr

481 veh/hr

778h/hr

1423 veh/hr

Boronia Rd (W) 35 veh/hr

* The number of vehicles doing give way maneuver is 26 veh/hr
** The number of vehicles doing give way maneuver is 35 veh/hr

Table 2: Vehicle movements at Stud Rd/Boronia Rd intersection for afternoon peak

Stud Rd (N) Stud Rd (S) Boronia Rd (E) | Boronia Rd (W)
Stud Rd (N) 710 veh/hr 11 veh/hr 97 veh/hr
Stud Rd (S) 706 veh/hr 315 veh/hr 48 veh/hr
Boronia Rd (E) 51 veh/hr 46 veh/hr 730 veh/hr
Boronia Rd (W) 24 veh/hr 561 veh/hr 1491 veh/hr

* The number of vehicles doing give way maneuver is 19 veh/hr
** The number of vehicles doing give way maneuver is 61 veh/hr
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Table 1 and Table 2 summarise vehicle movements for morning and afternoon peaks
respectively.

Micro simulation model

The VISSIM traffic simulation model was used to model traffic movements in the
intersection. The main reasons for selecting VISSIM is its flexibility regarding roadway
design, vehicle performance and road user behaviour (Archer, 2005). The driver reaction
model, AVs model and ISS model described in the previous section are incorporated in the
VISSIM model using COM Interface programming.

STUD RD

NORTH

\

____________\____>

Figure 6: Intersection layout

13th WCTR, July 15-18, 2013 - Rio, Brazil
11



Using a simulation based road safety index to assess risk of turning behaviour at signalised
intersections
SOBHANI, Amir; YOUNG, William; SARVI, Majid; BAHROLOLOOM, Sarech
Model calibration

The model was calibrated to represent the headway and accepted time-gap distributions at
the intersection with 95% confidence level.

Headway distribution is the main calibration concern to show time-gap distributions. Initially,
the standard default car following parameters in the Wiedemann 74 model was used. The
comparison of time-gap distributions revealed a poor level of agreement between observed
and simulated data. Wiedmann 74 model has two parameters related to safe distance of
vehicles when they are in following status. These two variables were adjusted to achieve a
better fit between the observed and simulated data.

In order to validate the gap-acceptance behaviour of the drivers it is necessary to compare
the accepted time-gap distributions. Both “conflict areas” and “priority rules” have been
tested in VISSIM to model the gap-acceptance behaviour of the drivers turning right from the
Stud Road (South) and Stud Road (North). The “conflict areas” provided better calibration
results for the model (Huang et al. 2013).

Conflict analysis

In this case study two conflicts have been considered (see Figure 6).

o The first conflict is the conflict occurring between the vehicles turning right from Stud
Road (South) to Boronia Road (East) and the vehicles driving straight in from Stud
Road (North) to Stud Road (South)

¢ The second conflict is the conflict taking place between the vehicles turning right from
Stud Road (North) to Boronia Road (West) and the vehicles moving straight from
Stud Road (South) to Stud Road (North).

Figure 6 shows the right turn from Stud Road (South) into Boronia Road (East) used in this
study. The type of crash occurring in this case is an angle crash. Thus, the conflict analysis
method explained above is used to calculate the TTC for this conflict.

In order to conduct the TTC calculation process explained above the function of y=f(x)
should be determined. This function is determined using vehicles trajectory information
collected from the recorded video at the intersection. Equations (35) shows this function for
Stud Road (North) to Boronia Road (East) and Stud Road (South) to Boronia Road (West)
manoeuvres.

f,(x)=-0.0468x* + 3.2537x—32.153 @)
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In order to determine conflict severity required braking rate (RBR) measure is calculated for
each conflict (Archer, 2005). According to the definitions proposed by Hyden (1996), a RBR
of more than -4 (m/s2) was considered as a serious conflict.

Results

The VISSIM simulation model was run for a three hour for morning peak and afternoon peak
periods. Ten runs of each simulation model are undertaken and the average values of the
outputs used to describe the safety performance of the manoeuvre. The overall results of the
model is summarised in Table 3 and Table 4. Tables 3 and 4 show the value of average
number of conflicts, the average expected ISS for all conflicts, and the mathematical road
safety index. Table 5 shows the number and severity of the observed crashes for the
considered right turning manoeuvres in this case study. As can be seen from the Table 5,
historical crash data of the intersection illustrates that during day time the risk of Stud Rd (S)
Boronia Rd (E) manoeuvre is more than the risk of Stud Rd (N) Boronia Rd (W) manoeuvre
since more number of severe crashes occurred in this manoeuvre.

Two samples t-test with 95% confidence level was performed to compare the simulation
results for the two manoeuvres. The results showed that there is significant difference
between the average mathematical road safety index for the two simulated scenarios during
morning peak period. Therefore, the model results for morning peak period shows that the
risk of being involved in a severe crash for Stud Rd (S) Boronia Rd (E) manoeuvre is more
than the risk of being involved in a severe crash for Stud Rd (N) Boronia Rd (W) manoeuvre.
This is in accordance with the observed data which indicated the number of severe crashes
for Stud Rd (South) Boronia Rd (East) is higher than the Stud Rd (North) Boronia Rd (West).
On the other hand, the results showed there is no significant difference between the average
mathematical road safety indexes for the two simulated scenarios during afternoon peak
period. Therefore, the results of this example show that the mathematical road safety index
(RSI) can measure the risk of being involved in a severe crash through quantifying traffic
flow, conflicts, severe conflicts, crash risk and severe crashes risk.

CONCLUSION

This study outlined the application of a simulation based road safety index (RSI) to assess
risk of right turning manoeuvres at a signalised intersection in Melbourne, Australia. The
developed RSI is the first simulation based surrogate safety measure that is calculated as a
function of traffic volume, number of conflicts, severity of conflicts, crash risk and crash
severity risk. VISSIM simulation model was calibrated to represent traffic flow, humber of
conflicts and severity of conflicts. . In this study, the turning behaviour of the vehicles taking
right turning manoeuvre at the intersection was investigated. The number and severity of
conflicts is estimated using Time-To-Collision (TTC) calculated for right-turn-against conflicts
at the intersection. The severity of conflicts was determined using the magnitude of the
Required Braking Rate (RBR) for the conflict. The final results showed a good level of
consistency between the estimated RSI and the historical right-turn-against crash data at the
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Table 3: Final results of the model for morning peak period

Average number of conflicts

Actual Value of

Average ISS

1000*RSI

Manoeuvre [95% Confidence Interval] The Number of [95% Confidence Interval] [95% Confidence Interval]
Conflicts

Stud Rd (N) i i i

Boronia Rd (W) 5.6 [2.7-8.5] 4 28.5 [21.3-35.7] 0.0397 [0.0366-0.0428]

Stud Rd (S) 7.8 [43-11.3] 5 417 [36.2-48.2] 0.0453 [0.0429-0.0477]

Boronia Rd (E)

Table 4: Final results of the model for afternoon peak period

Average number of conflicts

Actual Value of

Average ISS

1000*RSI

Manoeuvre [95% Confidence Interval] The Number of [95% Confidence Interval] [95% Confidence Interval]
Conflicts

Stud Rd (N) i i i

Boronia Rd (W) 4.1[1.9-6.3] 2 20.5[11.6-29.4] 0.0377 [0.0289-0.0465]

Stud Rd (S) 11.1[6.4-15.8] 7 38.1 [27.0-49.2] 0.0242 [0.0182-0.0302]

Boronia Rd (E)

Table 5: Number and severity of observed crashes for the studied manoeuvres

Manoeuvre Time of Day Crash Severity Level No of Observed Crashes for Studied Manoeuvres
Fatality 0
Stud Rd (N) . Injury 2
Boronia Rd (W) Day Time Fatality 0
Injury 4
Fatality 0
Stud Rd (S) . . Injury 0
Boronia Rd (E) Night Time Fatality 0
Injury 0

14
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intersection. This paper contributes on safety modelling through investigating the validity of
the developed RSI to assess the risk of right turning behaviours at signalised intersections.
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