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ABSTRACT

The difficulties of microscopic-level simulation models to
accurately reproduce real traffic phenomena stem not only
from the complexity of calibration and validation operations,
but also from the structural inadequacies of the sub-models
themselves. Both of these drawbacks originate from the
scant information available on real phenomena because of
the difficulty in gathering accurate field data.

This paper studies the traffic behaviour of individual driv-
ers utilizing vehicle trajectory data extracted from digital im-
ages collected from freeways in Iran. These data are used to
evaluate the four proposed microscopic traffic models. One
of the models is based on the traffic regulations in Iran and
the three others are probabilistic models that use a decision
factor for calculating the probability of choosing a position
on the freeway by a driver. The decision factors for three
probabilistic models are increasing speed, decreasing risk
of collision, and increasing speed combined with decreas-
ing risk of collision. The models are simulated by a cellular
automata simulator and compared with the real data. It is
shown that the model based on driving regulations is not
valid, but that other models appear useful for predicting the
driver’s behaviour on freeway segments in Iran during non-
congested conditions.
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1. INTRODUCTION

Traffic simulation has evolved a great deal from its
beginnings in the 1950s and 1960s. This, of course,
is partly related to the development of computer tech-
nology and programming tools. On the other hand, the
research in traffic and transportation engineering has
also advanced during this 40-year period. Simulation
is now an everyday tool for practitioners and research-
ers in all fields of the profession.

The applications of traffic simulation programs can
be classified in several ways. Some basic classifica-

tions are the divisions between microscopic, meso-
scopic and macroscopic, and between continuous and
discrete time approach.

In the following, some of the near-term develop-
ment trends are discussed. Most of these trends are
related to microscopic simulation. One of the oldest
and best known cases of the use of simulation in theo-
retical research is the car-following analysis based on
the GM models. In these models a differential equation
governs the movement of each vehicle in the platoon
under analysis [1]. Car-following, like the intersection
analysis, is one of the basic questions of traffic flow
theory and simulation, and still under active analysis
[2]. Most traffic system simulation applications today
are based on the simulation of vehicle-vehicle interac-
tions and are microscopic in nature.

TRANSIMS is an example of still another change in
the approach. The traditional traffic flow descriptions
are based on continuous speed and distance variables.
TRANSIMS, in turn, uses a discrete approach where
the road and street network is built from elements that
can accommodate only one vehicle at a time unit. In
this cellular automata approach, the vehicles move by
“jlumping” from the present element to a new one [3,
4] according to rules that describe the driver behav-
iour and maintain the basic laws of physics present in
vehicle movements. In cellular automata a basic free-
way segment is divided into cells. Individual vehicles
in each simulation time step occupy single cells and
their movements in these cells describe movement of
vehicles on the freeway [5, 6, 7]. Cellular automata are
used for modelling pedestrian walking behaviour as a
discrete choice model [8], where there are no regula-
tions and no lane to be considered.

Traffic flow simulation rule based approaches, such
as HUTSIM and TRANSIMS, are becoming more and
more common. In this kind of framework the use of
fuzzy logic to describe the human perception can eas-
ily be used, and there are several applications of fuzzy
car-following models available [9, 10, 11].
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In most of the studies dealing with traffic behaviour,
vehicle movements are defined in two models, car-fol-
lowing and lane-changing [12, 13, 14, 15], which are
applied separately. Usually, in car-following models, it
is assumed that drivers reach their desired speed in
their current lane as they prevent any collision with
the vehicle in front. When a driver is not able to reach
its desired speed, lane changing to the neighbouring
lanes is considered [16, 17, 18, 19]. Most of the lanes-
changing models are based on the assumption that
drivers evaluate the current and adjacent lanes and
choose the lane with higher average speed. There are
also a few models that consider untidiness of traffic
flow and lack of drivers’ observance to driving lanes
[20, 21, 22, 23].

Two kinds of microscopic traffic simulator models,
MTS, are studied in this research; separation MTS1
and combination MTS2 models. Time-based simula-
tion software is provided that uses cellular automata
to simulate traffic behaviour. This simulation software
is capable of micro simulating the drivers’ behaviour
with the four models illustrated in Figure 1 and de-
scribed below:

a) Separation model where car-following and lane-
changing models are separated, MTS1;

b) Combination model based on decreasing the risk
of collision, MTS2A;

¢) Combination model based on increasing the speed,

MTS2B; and
d) Combination model based on increasing the speed

and decreasing the risk of collision, MTS2C.

In MTS1 model, the drivers try to drive in their cur-
rent driving lane adjusting their speed according to the
driving regulations. When speed on the current lane
is less than the desired speed of a driver, he will con-
sider the adjacent lanes for lane changing. If the situa-
tion on the left lane is better than the current lane, the
driver will move to the left lane. Otherwise, he will stay
in the current lane. In this way, car following and lane
changing is done sequentially.

It has been shown that drivers’ behaviour in many
countries can not be modelled by the traffic regula-
tions and drivers do not consider driving lanes [24,
25]. The MTS2 models are based on the realities of
drivers’ behaviour in the freeways of such countries.

In MTS2 models, motional behaviour of drivers is
modelled as an optimization process for increasing

| MTS2A | | MTS2B | | MTS2C |

Figure 1 - Relation between the proposed models

speed, or decreasing risk of collision, or increasing
speed along with decreasing risk of collision. In this
way, car-following and lane-changing models are com-
bined as a simultaneous process.

There are many studies that use vehicle trajecto-
ries for calibrating their proposed models [26]. In this
research an Image processing system is used for col-
lecting vehicles positions in the real world. A freeway
in Iran is used as a case study. The data is used for
validating the proposed models.

2. SEPARATION MODEL FORMULATION

In the separation model MTS1, a freeway with four
driving lanes is simulated using the driving regulations
in Iran. The freeway is divided into cells. Each cell is
as long as the vehicle length, about 5 metres, and as
wide as the lane width, about 4 metres.

In car following it is assumed that every driver tries
to increase the speed to their desired speed, consider-
ing the safe distance to the front vehicle. According to
the driving regulations in Iran, for each 10km/h speed,
drivers must adjust their distance to the front vehicle
about 1.5 times the vehicle length, where the safe dis-
tance is calculated as

ds(ID,t) = V(i%, 0 # (1.5 Lyp) (1)
and where
ds(ID,t)- safe distance between vehicle ID and the
front vehicle at time t,
V(ID,t) - speed of vehicle ID at time t in kilometre
per hour, and
Lp - length of vehicle ID in metres.

Using Eg. 1, maximum safe speed for vehicle 1D
with distance d(ID,t) from the front vehicle is calcu-
lated as
10 = d(ID,t)

1.5 L

The algorithm that describes drivers’ behaviour
in MTS1 is depicted in Figure 2. The desired speed
is defined for each driver equal to the speed limit. A
driver calculates the safe speed in the current lane
and compares it with his desired speed. If the safe
speed is lower than the desired speed in the current
lane, the driver will consider changing to the left lane
and calculate the safe speed in that lane. If the safe
speed in the left lane is higher than the safe speed
in the current lane, the driver will change lanes to
the left lane; otherwise he will consider moving into
the right lane. If the safe speed in the right lane is
higher than the safe speed in the current lane, he
will change lanes to the right lane; otherwise, he will
remain in the current lane and will adjust his speed
to the safe speed.

There is some research dealing with potential
collision speeds (PCS) that shows that PCS is a pre-

Vinss (/th) = (2)
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dictor of impact speed in a potential chain collision
that is dependent on visibility, speed and separation
between individual vehicles. The drivers appeared to
respond predominantly to their own perceptions and
reduced speeds when they faced a risky situation,
but not nearly enough to compensate for the risk
ahead [27].

3. COMBINATION MODEL FORMULATION

The MTS2 model is proposed to model the real
drivers’ behaviour. The combination model MTS2 is a
cellular automata model that combines lane chang-
ing and car-following models as a random process for
increasing the decision factor. The freeway is divided
into cells, where each cell is as long as the vehicle

length, about 5 metres, and as wide as the vehicle
width, 2 metres. In the MTS2A model, the decision fac-
tor is risk, which means that this model is based on a
random process for decreasing the crash risk. In the
MTS2B model, the decision factor is speed and in the
MTS2C model, the decision factor is utility, which is
defined as increasing speed along with decreasing the
crash risk. The MTS2 models driver behaviour in three
phases:
a) determining the feasible cells,
b) calculating the decision factor of the feasible cells,
c) randomly choosing a cell with respect to its deci-
sion factor.
Maximum safe speed, risk value, and feasible cells
are defined below. The algorithm for the MTS2A model
is shown in Figure 3.

VMSS,currem (ID' t) =

Calculate maximum safe speed in the current lane
1Odcurrent (ID, t)

150,

No

Is desired speed lower than
the maximum safe speed?

VDSR (ID) < VMSS,current (IDv t)

Yes

Viuss,feft (ID,t) =

Calculate maximum safe speed in the left lane
1Od/eft (ID, t)

150,

A 4 A 4

Is the maximum safe speed
in the current lane lower than the
maximum safe speed in the left lane?

vMSS,current (/D, t) < VMSS,Ieft (ID, t)

Is maximum safe speed
in the current lane lower than the
maximum safe speed in the right lane?

Vuss,current (ID, ) < Viyss rignt (ID, 1)

Yes

Yes

A
Change lane to
the left lane
and adjust

Remain in the current lane
and adjust speed to the
maximum safe speed

Change lane to the right lane and adjust
speed to the maximum safe speed

speed to
the maximum
safe speed

Figure 2 - Algorithm of drivers' behaviour in MTS1
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Determine feasible cells at the next time step for the subject vehicle

A 4

Calculate decision factor for the subject vehicle in the feasible cells

Y

Generate a random number between O tol

A 4

Randomly choose a cell with respect to its decision factor

\ 4
Adjust current speed to maximum safe speed in the chosen cell
with respect to vehicle acceleration or deceleration rate

Figure 3 - Applied algorithm in MTS2A model

According to Figure 3, drivers calculate the decision
factor for their feasible cells using a probabilistic pro-
cess that allows for different behaviours in the same
situation. Drivers prefer to go to the cells with higher
decision factor, but it does not mean that always the
cell with the highest decision factor is chosen. Rather,
it means that the probability of choosing the cell with
the larger decision factor is more than the probability
of choosing the cell with the smaller decision factor.
The probability of choosing the cell (X, Y) by vehicle ID
attime tis calculated from Eq. 3, where the sum of the
probabilities of all of the feasible cells equals 1.

DF(X,Y,ID,t)

Pr(X,Y,ID,t) = <y
( ) > DF(i,j,ID,t)
i.j

where sum is taken over all feasible cells (i,j) (3)
where:

Pr(X,Y,ID,t) - probability of choosing cell (X,Y) by ve-
hicle ID at time t,

DF(X,Y,ID,t) - decision factor of the cell (X,Y) for ve-
hicle ID at time t.

A random number between O and 1 is generated.
This number is used for choosing the cells at the next
time step. After choosing the cell, the driver must ad-
just his speed to the maximum safe speed of the cho-
sen cell with respect to deceleration or acceleration of
his vehicle. If the current speed of the vehicle is lower
than the maximum safe speed, the driver will increase
his speed with respect to the acceleration rate of his
vehicle. If the current speed of the vehicle is higher
than the maximum safe speed, the driver will decrease
his speed with respect to the deceleration rate of his
vehicle.

3.1 Maximum safe speed

Maximum safe speed, Vuss, of a cell is the maxi-
mum speed that a vehicle can reach in that cell avoid-
ing collision with the front vehicle. Maximum safe
speed of a cell is determined by the position and
speed of the vehicles in front of vehicle ID.

Thus, the maximum safe speed of vehicle ID for
preventing collision with the front vehicles is calcu-
lated as [25].

Z

Viss (X, Y, 1D, ) = — bt + \/ b2+ 2byp <d 4 g—;)f) 4)

where Vjss(X,Y,ID,t) is the maximum safe speed
in cell (X,Y) for vehicle ID at time t. As can be seen, the
maximum safe speed in a cell is based on the distance
between that cell and its front vehicle d, speed of the
front vehicle V;, reaction time of the drivers, and brake
deceleration of the two vehicles bip and br.

3.2 Crash risk

The idea of risk is complex, but conventionally its
definition has been consistent, namely, as a measure
of probability and impact of adverse effects. Crash risk
is calculated by multiplying the impact and probability
of crash [29]. In this research, crash risk in a cell for
vehicle ID is the probability of collision between vehi-
cle ID and any other vehicle in that cell multiplied by
the impact of their collision. Impact is 1 for all of the
crashes. As there may be more than one vehicle that
can cause a collision in a cell, crash risk of vehicle ID
in cell (X,Y) at time t is the sum of the risks created by
other vehicles as calculated by

Risk(X,Y,ID,t) = > Impact(X, Y,ID,t).P(X,Y,i,t) =

=D P(X,Y,it) (5)
where sum is taken over all i # ID
where
Risk(X,Y,ID,t) - crash risk for vehicle ID in cell (X,Y)
attime t,

Impact(X,Y,ID,t) - collision impact of vehicle ID in cell
(X,Y) at t which is set to 1 and,

P(X,Y,i,t) - presence probability of vehicle i to be in
cell (X,Y) at t.

An accident occurs when two vehicles occupy the
same cell. Therefore, collision probability is the pres-
ence probability of two vehicles in the same cell.

Supposing that acceleration is distributed as a nor-
mal distribution with average r,, and standard devia-
tion o,,, the presence probability of vehicle i being at

longitudinal position X can be calculated by
|

v
X+2

P(i,X,t + At) = f Normal, (x;x,(t) + V, (i,t).At +

3
X3
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1 21 2
5 oA, 5 0 At ).dx (6)

The position of each cell is determined by the posi-
tion of the centre of that cell. The lengths of all of the
cells are equal to I,. Therefore, the lower and upper
boundaries of the integral are X —[,/2 to X+ 1,/2.

In the same way as for longitudinal position, the
presence probability of vehicle i being in the lateral po-
sition Y can be calculated by

w
Y+
P(i,Y,t + At) = fNormaly(y;y,-(t) +V, (i,t).At +
y
2
1 1
+§ﬂay.At2,§Uay.At2>.dy (7)

Once again the positions of the cells are deter-
mined by the position of their centre. The widths of
all of the cells are equal to W,. Therefore, the lower
and upper boundaries of the integral are Y — W, /2 to
Y+ W/2.

3.3 Feasible cells

Feasible cells for a vehicle are the cells which are
options for that vehicle to be in at the next time step
considering speed, acceleration, or deceleration of
that vehicle. If vehicle ID at time t is in cell (X(ID,t),
Y(ID,t)) and it is moving at longitudinal speed of
V, (ID,t) and lateral speed of V, (ID, t), and acceleration
and brake deceleration rates are a,, and b, respec-
tively, vehicle ID at t + At will be in the range of fea-
sible cells given by

X(ID,t) + At*V, (ID,t) — (bjpAt?)/2 < X(ID,t + At) <
< X(ID,t) + At"V,(ID,t) + (appAt?)/2 (8)

3.4 Driver utility

Utility of a driver is an index for measuring how
much comfort a driver feels when driving. Drivers pre-
fer to increase their speed and decrease the risk of
collision. It is assumed that the utility function is non-
linear and can be calculated as

Vuss (XY, D, t + At)*.o°
Risk(X,Y,D,t + Aty
where @, [, and o are coefficients to be determined.

U(X,Y,D,t + At) = 9)

Table 1 - Decision Factor in different models

As drivers prefer to move straight forward, the cell
that is in front of the vehicle is chosen more often.
Therefore, a dummy variable D is defined to include
the effect of being in the same lateral position as

D= 1 for the cells in the same lateral position
~ |0 otherwise

Eq. 9 can be written in linear form as follows:
In(U(X,Z,ID,t + At)) = a@.In(Vyss (X, Y,ID,t + At)) —
—B.In(Risk(X,Y,ID,t + At)) + DInp (12)

(10)

3.5 Decision factor

All of the combination models are random models
for increasing the decision factor. In the MTS2A model,
the decision factor is risk where inverse of risk is used
in the model. In the MTS2B model, the decision factor
is speed and in the MTS2C model, the decision factor
is utility, as summarized in Table 1.

3.6 Vehicle acceleration and deceleration

When a vehicle chooses a cell to move to in the
next time step, it must adjust its speed to the maxi-
mum safe speed in that cell. This cannot occur imme-
diately and must be done according to the vehicle ac-
celeration or deceleration characteristics.

If the current speed of vehicle ID is lower than the
maximum safe speed, it can increase its speed based
on its acceleration. Thus, the speed of the vehicle in
the next time step can be determined using

V(ID,t + At) = V(ID,t) + ap * At (12)
If the current speed of vehicle ID is higher than
the maximum safe speed, it must decrease its speed
based on its deceleration rate. Now the speed of ve-
hicle in the next time step can be determined as
V(ID,t + At) = V(ID,t) — bp.At
where:
bp - brake deceleration of vehicle ID.

(13)

4. DATA COLLECTION

Two sites, each one covering a basic segment of
about 100-metre of the Tehran-Karaj freeway, are

Model Decision factor Formulation
MTS2A Inverse of crash risk Risk(X,Y,ID,t) = ZP(X’ Y,it)
2 V¢
MTS2B Maximum safe speed Wuss (X, Y,ID,t) = — bip * 7 + \/ bip * 7 + 2bp * (d + 2—[,f>
_ o Vyss (X, Y, ID, t) * P
MTS2C Driver utilit U(X,Y,ID,t) =
erutity ( ) Risk(X, Y, 1D, t)’
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used for videotaped observation. This freeway con-
nects Tehran to a nearby city Karaj. In the selected
segments of the freeway, there are four lanes moving
in each direction where each lane is 3.65 meters wide.
The camera was installed on a bridge over the freeway
giving good view of freeway at two locations. Figures 4
and 5 contain plans of two sites showing camera posi-

‘ To Ekbatan

: Camera

To Tehran, 275m/ : 100m
@ - -------— /e -
_________________ R | —
_________________ b ___
_________________ | b —_
_________________ [ _Z

350m \—// To Karaj

Figure 4 - First site
Bridge

To Tehran Camera
R _ ::}:;Z{::::::
_____________________ _7/_______3___

tion on the bridge and other pertinent distances. The
video taped section is indicated by a gray rectangle.

Duration of observation was about 30 minutes at
each site. Position, time, and vehicle type passing the
segments during the observation in every frame of the
film are detected and stored in a table using an image
processing system. The image processing program
divides the freeway segment into windows for detect-
ing the vehicles. The window size is determined by
the ability to produce a complete view of the freeway
segment with sufficient resolution and accuracy. Suf-
ficient resolution and accuracy depend on the quality
of the image and vehicles image size on the screen. In
this case, 20 rows of windows each one containing 12
windows is used for detecting the vehicles. The win-
dows are arranged in horizontal rows, where each row
contains 12 windows. Figure 6 shows the windows on a
sample image of Tehran-Karaj freeway.

Window positions are determined so that the dis-
tances between rows show a specified distance on the
freeway, where each window is matched to a specific
space on the street [24]. Each window is processed for
detecting whether there is a vehicle in it or not. Vehicle
positions in each frame are saved in a table in the form
of (ID,X,Y,K,t)where

ID - identity number of vehicle,
X, Y - longitudinal and lateral position,
K - vehicle type according to its size (for truck

or bus K = 1, for private car K = 0),
t - time of observance.

Using the table of vehicle positions, the micro-
scopic traffic characteristics of the vehicles are de-

Figure 6 - Windows on a sample image of Tehran-Karaj freeway
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termined. Macroscopic parameters such as average
speed are calculated by averaging the speed of indi-
vidual vehicles.

The first site was observed from 15:30 to 16:00
where 1,392 vehicles were detected. The average
speed was about 83km/h. The second site was ob-
served from 15:30 to 16:00 where 1,397 vehicles
were detected. The average speed was about 82km/h.

5. MODEL CALIBRATION

For calibrating the maximum safe speed V,,ss in Eq.
4, the deceleration rate is set to 5m/s2, L is set to 5,
and reaction time is set to 2 seconds for all the ve-
hicles [30]. With these values Eq. 4 can become

Viss (X, Y,ID,t) = — 10 + /50 + 10d + V/ (14)

Using the above equation, the maximum safe
speed in cells can be calculated according to the dis-
tance to the nearest front vehicle d, and speed of the
nearest front vehicle V;.

The acceleration rate of vehicles a,(i,t) in Eq. 12
must be calculated in order to calibrate the presence
probability of vehicle i in longitudinal position X. Accel-
eration a,(i,t) is calculated for different vehicles i at
different times t. A sample of a, is prepared which is
used for calculating the frequency of different values
of a, in the sample. Thus, the estimate of the distribu-
tion function of a, is given as
min > (frequency(a,) — Normal, (a tax Oax))?

ax
for all observed ax (15)
where:
frequency(a,) - frequency of observing longitudinal
acceleration a, in the sample data,

Normal, (a,; Max, 02x) — Value of a, in normal distribu-
tion with average ., and standard devia-
tion 0,,.

The frequency of a, in the observed sample can
be best fitted as a normal distribution with average
U = 0 and standard deviation o,, = 9. Normality of
a, is tested using the Kolmogorov-Smirnov test and
Chi-square test, which give the distribution function as
normal at 95% level of confidence. Considering I, = 5,

Eq. 6 is calibrated as
X+2.5

fNormaIX (XX (t) + Vi (i,t).At,
X-2.5

P(i,X,t + At) =

4.5.At?).dx (16)

for the same method is used to calculate the pres-
ence probability of vehicle i at lateral position Y, a, (i, t)
for different vehicles i at different times t. A sample of
a, is chosen and the frequency of different values of
a, in the sample are calculated. It turns out that the
frequency of a, can be fitted as a normal distribution

with average u,, = O and standard deviation o,, = 3.
Normality of a, is tested using Kolmogorov-Smirnov
test and Chi-square test. Here, the distribution func-
tion is normal at 99% level of confidence. Considering
W, = 2, Eq. 7 is calibrated as

Y+1
P(i,Y,t + At) = f Normal, (yy;(t) + V, (i,t).At,
Y-1
1.5.At%).dy (17)

For calibrating the utility function in Eq. 11, it is as-
sumed that feasible cells are limited to the 3 front cells,
asinthesample data. Thenthefrequency percentage of
vehiclesthatchoosethefrontcell, U(X + 1,Y,ID,t + At),
left cell, U(X+1,Y—1,ID,t+ At), and right cell,
U(X + 1,Y + 1,ID,t + At) in the next time step t + At,
is calculated using the sample data as 0.97, 0.017,
and 0.013, respectively. Considering the utility of the
feasible cells to be the decision factor in Eq. 3 and
probability to be equal to frequency percentage of the

cells, Eq. 11, can be calibrated with the coefficients «,
B, and p determined using a linear regression meth-
od. Thus

In(U(X,Y,ID,t)) = 16.4.In(Vyss (X, Y, 1D, 1)) —
—4.5.In(Risk(X,Y,ID,t)) + DIn(7.89 * 10*%) (18)

where all of the variables are defined in Eq. 11 and
R? = 0.94 for Eq. 18.

6. AN EXAMPLE OF DRIVERS’ BEHAVIOUR

Figure 7 gives an example of moving vehicles in a
segment of freeway where vehicles are moving from
left to right. The subject vehicle is shown in a black cell
by number 1; other vehicles are shown in gray cells.
Each cell is a 5 by 2 metre rectangle on the freeway
surface. The considered section is a 4-lane freeway,
each lane about 4 metres in width. Thus, the width of
the freeway is separated into 8 cells.

In this example the speed limitis 120km/h. Speeds
of vehicles 3 and 4 are 108km/h and speeds of ve-
hicles 1 and 2 are 72km/h. Assuming the time step
to be 0.2 second, vehicles 3 and 4 will move about 6
metres and vehicles 1 and 2 will move about 4 metres
in the next time step. Since the freeway cells are 5 me-
tres long, the simulation moves all of the vehicles one
cell forward and adds 1 metre to the distance travelled
by vehicles 3 and 4, but subtracts 1 metre from the
distance travelled by vehicles 1 and 2 in the next time
step.

In the MTS1 model, the driver calculates the safe
speed in the current lane in the first phase. Since
there are 3 cells between the considered vehicle and
the front vehicle, there is a 15-metre distance from the
front vehicle. Using Eq. 2, the maximum safe speed
of the considered vehicle in the current lane, left lane
and right lanes are 72km/h, 48km/h, and 120km/h,
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Moving direction

2

Figure 7 - Considered vehicle and other
vehicles on the street

respectively. Using the MTS1 model the considered
driver will change lanes to the right cell.

The maximum safe speed over 3 feasible cells of
the considered vehicle in the MTS2 models are cal-
culated using Eq. 14. The maximum safe speed for
the front cell is 16m/s, right cell 25m/s, and left cell
33m/s.

The presence probabilities of vehicles for the left,
front, and right cells with respect to the considered
vehicle are calculated using Eq. 3 and shown in Table
2. For the cells that are influenced by more than one
vehicle, the sum of presence probabilities is chosen as
the true presence probability.

Table 2 - Presence probability of
vehicles in the feasible cells

2 191

291

Figure 9 - Utility of feasible cells for the considered vehicle

Probability of choosing feasible cells in the MTS2
models is calculated using Eq. 3 and shown in Table 3.

Table 3 - probability of choosing the cells in MTS2 models

MTS2B MTS2C
Pr(left) 0.00 0.34 0.19
Pr(front) 0.00 0.22 0.32
Pr(right) 1.00 0.44 0.49

ID 2 3 4 sum
Left 1.96E-25 | 8.35E-17 | 1.77E-06 | 1.77E-06
Straight || 3.72E-24 | 4.41E-18 | 1.06E-11 || 1.06E-11
Right 1.96E-25 | 2.65E-23 | 0.00E+00 || 2.65E-23

Risk values of feasible cells are shown in Figure 8.

8 1.77E-06

2 1.06E-11

2.65E-23

Figure 8 - Risk values created for the considered vehicle

Vehicle 1 considers the utility of its feasible cells
and chooses a cell accordingly. The utilities of feasible
cells are calculated using Eq. 18 and are shown in Fig-
ure 9.

In(U)) = 16.4.In(25) — 4.5. IN(1.77 * 10°°) =
=112 (19)

In(Us) = 16.4.In(16) — 4.5.In(1.06 * 10™) +

+In(7.89 * 10™°) = 191 (20)
In(U,) = 16.4.In(33) — 4.5.In(2.6 * 10°%°) =

A random number is selected between O and 1.
If the random number is less than Pr(left), the left
cell will be selected. If the random number is great-
er than Pr(left) and less than Pr(left)+Pr(front), the
front cell will be selected. If the random number is
greater than Pr(left)+Pr(front), the right cell will be
selected. In the above example, let us suppose the
random number is 0.25. Then, in MTS2A the driver
will choose the right cell, in MTS2B the left cell, and
in MTS2C the front cell.

In the MTS2A model, the maximum safe speed of
the chosen cell is 33m/s. If the speed of vehicle 1 is
72km/h or 20m/s, vehicle 1 can increase its speed.
Assuming the acceleration rate to be 1.2m/s? and
time step to be 0.2 second, vehicle 1 will increase
its speed about 0.2 * 1.2 = 0.24m/s. In this way, ve-
hicle 1 will go into the right cell and will increase its
speed to 20.24m/s or 72.864km/h in the next time
step.

In the MTS2B model, maximum safe speed of
the chosen cell is 25m/s, so vehicle 1 will increase
its speed by about 0.24m/s. Thus, vehicle 1 will go to
the left cell and will increase its speed to 20.24m/s or
72.864km/h in the next time step.

In the MTS2C model, maximum safe speed of the
chosen cell is 16m/s, so, assuming its deceleration
rate to be 5m/s?and the time step to be 0.2 second, ve-
hicle 1 will decrease its speed about 0.2 *5 = 1m/s.
Thus, vehicle 1 will go to the front cell and will de-
crease its speed to 19m/s or 68.4km/h in the next
time step.

7. PREPARED MICROSCOPIC TRAFFIC
SIMULATION SOFTWARE

Time-based simulation software was prepared
for simulating the movement behaviour of vehicles
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using the proposed models [24]. In the simulation
software, the freeway is divided into cells, each cell
being almost equal to the length of a private car of
5 metres and width of 2 metres. In each time step,
each vehicle occupies a cell and the movement of
the vehicles is described by their movement in the
cells. Vehicles are created in the time and location
where they have been seen for the first time in real
data. Only the first position of a vehicle in the simula-
tion is the same as in the real data and the positions
in the next time steps are calculated using the pro-
posed models.

8. VALIDATION OF THE PROPOSED MODEL

The duration of the observations was about half
an hour at each of the two sites. Data collected from
the first site were used for calibrating the models and
those from the second site for validating the models.
Model validation is done both at the microscopic and
macroscopic levels. At the macroscopic level, the av-
erage speed and the number of lane changes in the
simulation and real world are compared and at the mi-
croscopic level the longitudinal and the lateral position
of the vehicles are compared.

The duration of the observation at the second site
is divided into 6 intervals, each one about 5 minutes.
The simulation is performed for each of the intervals
individually. The vehicles are created in the time and
position where they were seen during the first time
step in the real world.

There are different methods for validating the mi-
croscopic traffic models [31]. In this research, the
paired observation test is used for validating the pro-
posed model. Test statistics of the paired observation
test is calculated by the equation below:

d
too = 7
vn
where
t,, — test statistics,

po
d - average of differences between real and
simulation pairs,

(22)

8.1 Macroscopic validation

All of the four models have been evaluated for sim-
ulating the average speed and number of lane chang-
es in the gathered data of the real traffic. A paired ob-
servation test is used and t,, is calculated for each of
the models as shown in Table 4.

As can be seen, the MTS1 model, which was based
on the traffic regulations in Iran, cannot simulate driv-
ers’ behaviour and it is rejected. Other models are ac-
cepted at the 95% level of confidence.

8.2 Microscopic validations

The root mean square error for the longitudinal po-
sition, t seconds after initial position was used as a
quantitative parameter for validating the models. For
calculating the difference between longitudinal and
lateral position of vehicles in the real world and sim-
ulation t seconds after initial position, RMSSEIX and
RMSSEIY have been used, where RMSSEIX and RMS-
SEIY are calculated from

N+F-1
D (XR(t,,(ID) + t) — XS(t;, (ID) + 1)
RMSSEIX = ID=F N
(23)
and where

RMSSEIX - root mean sum of square error t second
after initial position,
N - number of detected vehicles,
F - index number of the first detected vehicle,
XR(t;,(ID) + t) - longitudinal position of vehicle ID in
the real world t second after being detected
for the first time, and
XS(t;,(ID) + t) - longitudinal position of vehicle ID in
the simulation t second after it is created.
As another quantitative parameter, root mean
square error for the longitudinal position for all of the
time steps was used for the model validation. The
difference between longitudinal position of vehicles
in the real world and simulation relies on RMSSETX,
which is calculated by

S, - standard deviation of differences between NiF 1 fouD)
real and simulation pairs, >, D (XR(t(ID)) — XS(t(ID)))’
n - number of pairs. RMSSETX = ID=F t<”7v>=;fn<1’9>+1
+F-
If | to | > tu2.n-1, validation of the model is rejected Z(tout (ID) — t,,(ID))
at the 1 — a% level of confidence; otherwise, there is ID=F
no reason to consider the model invalid [32]. (24)
Table 4 - Macroscopic evaluation results
MTS2C MTS2B MTS2A MTS1 Model
0.36 1.83 2.07 56.33 t,, for average speed
1.69 1.15 1.15 56 ty, for the number of lane changes
accepted accepted accepted rejected evaluation result
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where:
RMSSETX - root mean sum of square error for all of
the time steps,
N - number of detected vehicles,
F - index number of the first detected vehicle,
XR(t;,(ID) + t) - longitudinal position of vehicle ID in
the real world at t,
XS(t;,(ID) + t) - longitudinal position of vehicle ID in
the simulation at t,
t..:(ID) - last time that the vehicle ID is seen, and
t,,(ID) - first time that the vehicle ID is detected. In
the same way, RMSETY is defined for lateral
position of vehicles.
The results of the evaluation are shown in Table 5.
As can be seen, all of the parameters related to the
MTS2C model are better than for the other models.
It can be deduced that it is better to simulate driver’s
behaviour in Iran by the MTS2C model.

Table 5 - Microscopic evaluation results

MTS2C | MTS2B | MTS2A | MTS1 | Parameter/Model
0.47 0.57 0.60 1.10 RMSSEIX
0.11 0.12 0.17 0.60 RMSSEIY

1.8 2.4 410 | 123.00 RMSSETX
0.67 0.82 1.16 23.40 RMSSETY

9. CONCLUSION

A cellular model is proposed for simulating the
driving behaviour on freeways of Iran. Two kinds of
microscopic traffic simulator models are studied in
this research, namely, separation and combination
models. The separation model is based on the driving
regulations in Iran. Combination models are based on
a non-stochastic process for maximizing the decision
factor. Crash risk, maximum safe speed, and driver
utility are used as decision factors in these models.
Proposed models are micro simulated using prepared
microscopic simulator software. It is shown that the
separation model is not valid. However, combination
models are valid for describing driving behaviour on
freeway basic segments in Iran. Thus, combination
models can be used in traffic simulator software for
simulating drivers’ behaviour in Iran.

This study deals with the basic freeway segments,
where drivers’ different destinations for exiting or en-
tering the freeway or continuing straight ahead do not
affect their movement behaviour. For future studies
the destination factor could be added to the optimiza-
tion process. In this way, the proposed model could be
used not only for basic freeway segments, but also on
other parts of the road network. In this research, the
drivers’ behaviour is modelled under non-congested
situations, where there are empty cells around the

subject vehicle. For future studies, it is advisable to
consider traffic dynamics under congested situations.
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