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Vehicular movements on two way two lane roads differ significantly from other facilities due to the high
frequency of conflicts between the vehicles in opposing directions of travel. Presence of obstacles like
parked vehicles, construction sites etc. causes an increase in the frequency of conflicts between the vehicles.
These conflicts have a significant impact on the efficiency as well as the safety of such road sections. The
existing driver behavior models assume that the opposing vehicles always have priority over the passing
vehicles which may not always be true. The study tries to propose a framework of an interactive model
between the passing and opposing vehicles on two lane roads and understand the impact of various pa-
rameters on the performance of this model for various scenarios. The developed model is evaluated ana-
Iytically to understand the nature of the model and numerical simulations are conducted to check the per-
formance of the model.
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1. INTRODUCTION

Two lane roads form a major proportion of the
road networks in most of the world. Two way two
lane roads are the roads which have one lane for the
use of traffic in each direction. Vehicular movements
on two way two lane roads differ significantly from
other facilities due to the high frequency of interac-
tions between the vehicles in opposing directions of
travel. Presence of obstacles like parked vehicles,
construction sites etc. increase the frequency of in-
teractions between the vehicles. Passing is one of the
most important driving behaviors on these types of
roads. The vehicle moving in the direction of the
obstacle has to change to the lane used by vehicular
traffic travelling in the opposing direction. The be-
havior of the passing vehicle affects the movement of
the opposing vehicle and vice-versa. These interac-
tions can have a significant impact on the efficiency
as well as the safety of these road sections. The ex-
isting driver behavior models assume that the priority
of passing lies with the opposing vehicle. However in
reality, drivers of the passing traffic may adopt ag-

gressive behavior to obtain priority and the opposing
vehicles may giveway considering such behavior to
avoid any potential conflicts. Assuming full priority
leads to the availability of a fewer number of passing
opportunities which can lead to the formation of
vehicle platoons in the traffic flow. These in turn
cause a decrease in the level of service and nega-
tively affect safety due to the higher risk of conflicts,
fuel consumption and emissions®. The aim of this
study is the development of an interactive passing
maneuver model for two lane roads.

The developed interactive model can be a useful
application for the development of the surrounding
vehicle model for driving simulators. Driving Sim-
ulators (DS) are used for studying various aspects of
transportation including driving behavior, road
safety, road design and traffic flow?. It is very im-
portant to model the behavior of surrounding vehi-
cles in the DS realistically. As it is not possible to
deterministically assume the behavior of the subject
driver of the DS, the surrounding vehicle model
should not consider a fixed priority rule but interac-
tively choose its action.
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The paper is divided in to the following sections:

e DBrief review of existing research on passing
behavior on two lane roads.

e Model development which includes the intro-
duction of the conflict zone and the concept of
decision making zone.

e Evaluation of the model analytically to under-
stand the nature of the model.

e Implementation of the proposed model to a
simulation program to check the performance of
the model.

2. LITERATURE REVIEW

Passing is one of the most difficult driving ma-
neuvers having an impact on the efficiency as well as
safety of two lane roads. Complexity and higher
dispersion of passing process on two lane roads has
been reviewed in many observational studies®*59),
The complexity of the passing maneuver is due to the
number of decisions involved and factors affecting
this decision. The existing driver behavior models”?
assumes that the opposing vehicles always have
priority over the passing vehicles. They do not con-
sider the impact of opposing vehicles behavior on the
passing vehicle. The behavior of each vehicle affects
the other and hence this should be treated as an in-
teraction. Consistent and homogenous driver be-
havior was assumed in these models. However, it is
not realistic to assume such a homogenous behavior.
In reality, the vehicle with the full priority may
giveway due to the aggressive behavior of the op-
posing vehicle. Therefore, it is important to model
the passing maneuver in an interactive manner.
Agent based modeling has been used described as a
successful approach in many studies to study inter-
action®9, This study also tries to model the vehicles
as agents to study their interaction.

3. MODEL DEVELOPMENT

In the presence of obstacle, the passing vehicle has
to change lane causing an interaction with the op-
posing vehicle. The behavior of one vehicle affects
the other and hence this is to be treated as an inter-
action. A multi-agent system approach is adopted
where the vehicles are modelled as intelligent agents
which have the ability to interact and co-operate with
other agents to solve any conflicting goals and hav-
ing the individual goal of reaching their destination
as soon as possible?.

Fig 1 shows the conflict area under study. The light
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shaded vehicle in Figl represents the expected posi-
tion of the passing vehicle on the completion of the
maneuver.

The conflict zone is defined as the area where
there is a potential for both cars to collide if both
assume that priority lies with them i.e. both the ve-

. Length of conllict Zone
Opposing Vehicle - -

\‘7-

Passing Vehicle

Fig.1 Two lane road with conflict zone

hicles occupy the zone at the same time.

The vehicles try to avoid entering the conflict zone
when there is a possibility of the other vehicle also
entering it. The decisions of the each vehicle is hence
simplified and classified into three choices in this
model. They are given as:

1) Giving way to the other vehicle by decelerating,

2) Employing aggressive movement by acceler-
ating to complete the passing maneuver or

3) Moving freely without any interaction when
there is a sufficient gap between one’s exit time of
the conflict zone and the other’s entering time.

The choice of aggressive movement is an extension
of the forced merging concept in lane changing
models introduced by®%V, Forced merging behav-
ior is when a vehicle changes lane even when the
available gap is the target lane is not feasible for a
lane change. The vehicle forces the follower vehicle
in the target lane to decelerate by forcing itself thus
achieving the desired result. Similarly, in this study,
when the vehicle finds the passing maneuver unfea-
sible, it may try to force the maneuver by employing
aggressive maneuver i.e. accelerating to make the
passing maneuver feasible. Each vehicle from its
current position tries to evaluate the expected time
required to enter and exit the conflict zone of its own
as well as the other vehicle. The vehicles can rec-
ognize the position and speed of the other vehicle
with respect to its own with some error. Fig 2 shows

Time (T)
Passing
Opposing Free movement
Passing
|*lopposing Aggressive
Overlap of movement
both vehicles
Passing
Opposing Opposing Giveway

Fig.2 Expected duration of vehicles in conflict zone
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a diagrammatic representation of the expected dura-
tion of vehicles in conflict zone. Based upon this
evaluation, the vehicles try to decide on one of the
three given choices. The Fig 2 is an example of how
the passing vehicle chooses a decision based upon
the expected duration in conflict zone.

The passing vehicle decides to choose free move-
ment when it can exit the conflict zone before the
other vehicle can enter thus avoiding any potential
conflict. When there is a certain overlap of the ex-
pected time duration of both the vehicles in the con-
flict zone, the passing vehicle compares the per-
centage overlap of this time duration with a threshold
parameter £. When this calculated percentage is less
than ¢, the vehicles decides to accelerate and obtain
the priority of passing. This implies that the passing
vehicle accelerates to try to ensure that it can exit the
conflict zone before the opposing vehicle can enter.
This choice is termed as aggressive movement.
When the percentage overlap is greater than ¢, then
the passing vehicle decides to give way to other ve-
hicle by decelerating. The opposing vehicle also
simultaneously makes this choice based upon the
own evaluation of its own as well as the other vehi-
cle’s behavior.

The vehicles try to continually make decisions
rather than making a one shot decision and update it
with time depending upon the surrounding condi-
tions and changes in the system. A new concept
termed as the Decision Making (DM) zone is intro-
duced in this model. It is defined as the area within
which the vehicle units make decisions regarding the
course of action to be adopted. The end point of the
decision making zone is defined as the critical point
which is determined for each vehicle separately.

For the passing vehicle, it is important to define the
time required to abort the passing maneuver. The
time required to abort the maneuver is defined as the
time required to decelerate and return to its original
lane without overtaking the obstacle. This time re-
quired to abort (ta) should always be less than the
time required for the opposing vehicle to exit the
conflict zone (tox) so as to avoid any potential colli-
sion. Therefore, the critical point of the passing ve-
hicle (CP,) is defined as the point where ta = tox. ta is
always less than tox in the decision making zone for
the passing vehicle. Similarly for the opposing ve-
hicle, it is necessary to calculate the deceleration
required for the vehicle to safely stop before entering
the conflict zone (d.) so as to avoid any collision with
the passing vehicle when it approaches in an ag-
gressive manner. This deceleration is compared to
the maximum deceleration allowed for the vehicle.
The critical point for the opposing vehicle is defined

% 53 B LA EFPMARRS - HRE

as the point where dz = Amg. d2 is always less than Amg
in the decision making zone for the opposing vehicle
to avoid any emergency braking and jerking cir-
cumstances.

4. CHARACTERISTICS OF AVOIDANCE
PATTERN CHOICE AT AMOMENT

(1) Mathematical formulation of behavioral

choice
In order to understand the nature of the model, it

is important to evaluate the model analytically. Fig 3
shows a two lane road with all the variables and
parameters used in the model.

CONFEICT ZONE---

Origin

Fig.3 Two lane road with variable labels

In Fig 3, passing vehicle is denoted as vehicle 1 and
the opposing vehicles as vehicle 2. The obstacle is
indicated by the black object in Fig 3. w and | rep-
resent the width and length of the objects. A linear
trapezoidal trajectory is assumed for the passing
vehicle. x and y represent the longitudinal and lateral
position of the vehicles. The coordinates of the origin
is indicated in the figure. The positive direction of
the x and y axes is shown in Fig 3. At any time step,
the vehicles evaluate the expected durations in con-
flict zone from their current location by assuming the
current speed to remain constant along the trajectory.
x11 indicates the longitudinal distance of the passing
vehicle from the far end of the obstacle. The varia-
bles are taken in their scalar form while calculation
various parameters. The length of the conflict zone
from Fig 3 is given by (I, + x11). For simplifying the
calculation, the vehicles are said to have complete
information of the other xi; is a parameter which
varies from driver to driver. From the above figure,
the following are calculated:

Entry time to conflict zone for passing vehicle tpe:

_ \/X12 + (y11 - y1)2
Vi

t

pe

1)

Exit time from conflict zone for passing vehicle tp.:

b VO (1)) (O =)+ (= %))

px
vl

(2)
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Entry time to the conflict zone for the opposing ve-
hicle tee:

X, —(l, +
L= 0= (o4 x) -
V2
Exit time from the conflict zone for the opposing
vehicle tox:

t — (X2 + IZ)
ox —v2 4)
The percentage overlap for the passing vehicle when
tpx IS greater than tee is given by:

t,—t
(t ~te) 10 5
px
Similarly for the opposing vehicle, it is given as:
t,—t
—( ox ~ Lpe) *100 (6)

0X

Based on the definition of free movement, the con-
ditions for free movement for the passing and op-
posing vehicle are given as:
Passing vehicle: typ < teo
Opposing vehicle: ty, < tep
For aggressive movement, the conditions are:

(t X toe)

Passing vehicle: —* *100< ¢,

px
t, —t
Opposing vehicle: (o ~tye)
oX
where &, and ¢, are threshold parameters for passing
and opposing vehicles respectively. The criteria for
giveway is the opposite of the aggressive movement.
Neglecting the y-component of the equation and
solving for the above mentioned conditions, we get:
For passing vehicle:
Vv X, + X
L > 1 "1 - Free movement
Vv, X; — Io — Xy
Assuming (e ,/100) and (e,/100) as mp and mo re-
spectively,

*100< g,

v X, + X
— > (1-7,)(———"—); Aggressive
v, 2 Io — Xy
v X, + X
—+ <(@-n,)(——"—); Giveway
\F 2 Io M
Similarly for the opposing vehicle:
Vv X
—L < (—=2—); Free movement
v, X, +1,
X
vV (x +1I )
L <2 2 - Aggressive
V2 (1_770)
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X
v (x Jil )
L1522 - Gjveway
V2 (1_770)
o X, + X X
Substituting o for —2—-2 and p for —*—,
XZ_O_Xll X2+|2

we can express the solutions in terms of the ratio of
the vehicular speeds in the simplified form.

Hence, the decisions of the passing vehicle can be
classified as follows:

Vv
—L > a; Free Movement
V2

v .
(1-7,)a <=t < a; AggressiveMovement
V2

v :
V—l <(l-n,)a;Giveway
2

Similarly we can express the decisions for the op-
posing vehicle as:

Y < f;, Free Movement
V2
ﬂ<v—l< P
V2 (1_770)
v, f
V2 (1_770)

; AggressiveMovement

; Giveway

Therefore, at any time step, the decisions of the ve-
hicles can be simplified and expressed as a ratio of
their velocities.

(2) Characteristics of conflict avoidance

For a good collision avoidance behavior, when the
decision of one vehicle is free or aggressive move-
ment, then the decision of the other vehicle should be
giveway. Simultaneous aggressive behavior is very
dangerous while simultaneous giveway behavior is
unrealistic as it leads to high travel time for both the
vehicles.

It can be observed that a is always greater than p.
The criteria for choosing the decision as a ratio of
their velocities can be expressed diagrammatically as
shown in Fig.4. F, A, G stand for free, aggressive and
giveway movement respectively and the notation in

G(P) A (P) F(P)

| ( l-l‘1p)u o
|
I 1 1

|
1
B P(ln)

v/,

F (0) A0) G (0)

Fig.4 Diagrammatic representation of the criteria for choosing
the decision
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the parenthesis next to these decisions denote the
vehicle. P represents the passing vehicle while O
denotes the opposing vehicle. From this figure, the
following observations can be inferred:

Vv
B <—<(@-n,)a implies that both
(1_ 770) VZ
vehicles will adopt give way behavior.

G (P) A(P) F(P)

(Impa o
} vi/vy

B P/ing)

F(0) A(0) G(0)

Fig.5 Simultaneous giveway behavior

I

V. L
e (1-n,)a<—<-———— implies that both
V2 (1_ 770)
vehicles will adopt aggressive behavior.
G (P) A(P) F (P)
(l-}np)ul[ o
p Pi1-n,)

F(O) A(O) G (0)

Fig.6 Simultaneous aggressive behavior

e Sincea > £, itimplies that both vehicles never
obtain free movement simultaneously.

v B
V2 (1 - 770)
vehicle adopts free movement while opposing
vehicle takes aggressive behavior.

o a< Implies that the passing

G(P) AP) F(P)

(l‘-qp)a il
[ |

= 1

i(1-n,)

F(O) A(0) G(0)

Fig.7 Free movement for passing vehicle and aggressive
movement for opposing vehicle

vV
e (1-n,)a <—< fImplies that the opposing
V2
vehicle adopts free movement while the passing
vehicle takes aggressive behavior.

B
(1_770)
never overlap leading to no collisions. If the
value of n, is assumed to be equal to mp and
taken as a common threshold parameter for both

e When(l-7,)a= , the decisions will
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G(P) A(P) F(P)

| | | v/vy

F (0) A(0) G (0)

Fig.8 Free movement for opposing vehicle and aggressive
movement for passing vehicle

vehicles 1, then the value of 1 should be equal

to(1—, {ﬁ) for this condition to be satisfied.
a

G(P) A(P) F(P)

(Lnp)e a
\ \ 1
p pi(1-ng)

F(0) A(0) G(0)

Fig.9 No conflict between vehicles

e o is directly proportional to the value of Xu
while B is not related to Xui.
e To avoid any overlapping of free and aggressive

behavior of both the vehicles, 77 < (1 - \/Z)
o

5. TIME DEPENDENT
CHARACTERISTICS OF THE MODEL

In order to analyze the performance of the devel-
oped model, a simulation program was constructed
to check the decisions adopted by each vehicle for
different input parameters. The analytical approach
formulated the decision making of drivers in terms of
the ratio of their velocities at one particular time step.
The simulation program allows us to understand the
time dependent behavior of the drivers. The time
update interval of the simulation program was fixed
to be 0.5s. In order to determine the time dependent
behavior, an acceleration and deceleration model
needs to be formulated. The basic structure of the
acceleration and deceleration model used in this
study is adopted from!?. The acceleration or decel-
eration of the vehicle is dependent upon the decision
of the vehicle obtained at that particular time. An
additional term is introduced here while developing
the acceleration model. It is the desired speed of a
vehicle. Desired speed of the vehicle is defined as the
speed at which the vehicle can achieve the best
course of action for itself. The desired speed indi-
rectly captures the effect of the other vehicles be-
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havior. Desired speed is calculated from the expected
time of occupation of the vehicles in the conflict
zone. Vehicle try to achieve the desired speed in
order to avoid any overlap of their expected duration
in the conflict zone with the other vehicle. The ac-
celeration function is given as:

a(T +1) = 4, (V) =V

) @)
where vyis the desired speed of the vehicle and v is
the speed of the vehicle at time T. 1. is the sensitivity
parameter and is positive and p denotes the aggres-
sivity parameter of the driver. In the case of free
movement, vq will be equal to the free flow speed. In
case of aggressive movement, vy will be the speed
with which the vehicle can achieve feasibility of its
desired maneuver. The deceleration function is given
as: V2
a(T+t)=2,(—)

X (8)

Here, Aq4is the sensitivity parameter and negative in
this case. x denotes the distance of the vehicle from
the obstacle. When the decision of the vehicles is to
decelerate and give way, the aim of the vehicle is to
decelerate safely to avoid entering the conflict zone
and have any conflict with the other vehicle. Hence
the deceleration of the vehicle is given as a function
of v and x. The sensitivity parameters and aggres-
sivity parameter are estimated from experiments. In
the simulation program, for simplicity Aa, Ad¢, and u
are fixed as 1,-1 and 1 respectively. The maximum
acceleration and deceleration allowed in a time step
of 0.5s is set as 0.5 m/s? and -0.5m/s? respectively for
smooth movement of the vehicles. The maximum
deceleration allowed in case of emergency braking is
taken as 2 m/s?for a maximum speed of 50kmph*?,
The values of the various input parameters used in
the simulation program are shown in Table 1:

Table 1 Values of input parameters

Length of the passing and opposing vehicle 4.5m
Width of the passing and opposing vehicle 1.8m
Width of single lane 2.4m
Width of obstacle 2m
Length of obstacle 6m
Threshold parameter &, and ¢, =¢ 5%
Maximum speed 50 kmph
Decision update interval 3s

Speed and location update interval 0.5s

When the vehicles obtain similar decisions, i.e.
when the vehicles accelerate or decelerate simulta-
neously, the expected time to arrive to the conflict
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zone is calculated for each vehicle and compared.
Based on this time, the priority to change decision is
made and this decision is updated after a time in-
terval of 3s which is equal to the decision update
interval. Thus in case of similar decision making,
based on the priority of arrival to the conflict zone,
the decision is changed in the next decision update
interval based on the speed observation of the past 3s.
To evaluate the performance of the model by simu-
lation, two cases observed in the analytical approach
are used. Cases where the vehicles obtain simulta-
neous giveway and simultaneous aggressive behav-
ior are evaluated and the speed and acceleration
profiles are obtained. The simulation is started when
the distance of the vehicles from the obstacle (origin
point specified in Fig.3) is 150m. The value of the
parameter x11 is taken to be 20m. For these values, the
value of o and g are 1.37 and 0.97 respectively.

Case 1: Simultaneous giveway behavior
The criteria for simultaneous giveway behavior is:

B <N L-7,)a
(1_770) VZ

Therefore for the selected values of the input pa-

rameters, to obtain simultaneous giveway behavior,

the ratio of velocities should be:

1.02< 1 <13
V2
In order to satisfy this criteria, the speeds of the
passing vehicle is set as 45km/hr and the speed of the
opposing vehicle is changed so that the ratio of their
velocities satisfies the above criteria.
The time-dependent decisions of the vehicles for
five scenarios is shown in Table 2.

Table 2 Time dependent decisions for vehicles with initial sim-
ultaneous giveway behavior

Scenario 1 2

I~

4 5

Vi
(kmph)
V2

(kmph)
X1 (m) 150 150 150 150 150
X2 (m) 150 150 150 150 150

45 45 45 45 45

43 41 39 375 36

Decision [Passing  [Opposing|Passing  [Opposing[Passing  [Opposing|[Passing  [Opposing|Passing  |Opposing

T=0 N N G
T=3 H H G
=6 e F G
T=9

=
0 2 )
=

G
G G
F
F

Ch R R )
=
(20 20 2 2

The blank column in the table indicates that the
vehicle has exited the decision making zone. It can be
observed from the table that for scenarios 1 to 4, the
passing vehicle continues to giveway allowing the
opposing vehicle to gradually change decision from
giving way to free movement. In scenario 5, the
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passing vehicle changes the decision from giveway
to free movement. It can also be observed from the
multiple scenarios shown in the Table 2 that there is
good collision avoidance behavior. The decisions of
the vehicles for every 3s in shown in Table 2. F, A, G
denote free, aggressive and giveway choice in the
table.The acceleration vs time and speed vs time
graphs as well as the distance to obstacle vs time for
the passing and opposing vehicles for scenario 4 is
shown in Fig 10, 11, 12 and 13 respectively.

Acceleration vs Time (passing)

0 1 2 3 4 5 6 7 8 9
-0.1

10 11 12 13 14

-0.2

-0.3

-0.4

Acceleration (in m/s2)

-0.5

-0.6
Time (in s)

Fig.10 Acceleration vs Time graph for passing vehicle

The passing vehicle decelerates at a constant rate of
-0.5m/s? till the end of interaction while the opposing
vehicle initially decelerates till 3s when it changes
the decision and decelerate. This is based on the
assignment of priority to accelerate due to the com-
parison of the expected arrival time to the conflict
zone for the opposing vehicle. This change from

Acceleration vs Time (opposing)
08
06
04

0.2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Acceleration (in m/s2)

0.4
06

Time (in s)

Fig.11 Acceleration vs Time graph for opposing vehiucle

deceleration to acceleration for the opposing vehicle
and continuous deceleration for the passing vehicle
can also be observed from the velocity vs time graph
in Fig.12. Fig 13 shows the graph of the location of
the vehicle to obstacle vs time. It can be observed
from the graph that the passing vehicle which gives
way to the opposing vehicle by decelerating is
around 30m away from the obstacle when the opo-
posing vehicle crosses the obstacle. After the op-
posing vehicle passes, the passing vehicle again ac-
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celerates as there is no more interaction.

Velocity vs Time

Velocity (in m/s)

B e e
AU N BV O R NWS

0 1 2 3 4 5 6 7 8 9

Time (in s)

10 11 12 13 14

Passing Vehicle Opposing Vehicle

Fig.12 Velocity vs Time

Location of vehicle w.r.t obstacle vs Time

250 1 2 3 4 5 6 7 8 91901 12 13 14 15 16 17 18 19

Location of vehicle w.r.t obstacle (in m)

Time (in s)

Passing Vehicle Opposing Vehicle

Fig.13 Location of vehicle w.r.t obstacle vs Time

Case 2: Simultaneous aggressive behavior
The criteria for simultaneous aggressive behavior is:

I

V.
1-n)a <+ <———
A
To obtain this criteria, the value of ¢ is set to 20%.
Then for the selected values of the input parameter,
the ratio of velocities should be:

1.006 < 2 <1.212
V2

In order to satisfy this criteria, the speed of the
passing vehicle is set as 45km/hr and the speed of the
opposing vehicle is changed so that the ratio of their
velocities satisfies the above criteria.

The time-dependent decisions of the vehicles for
three such scenarios is shown in Table 3.

The acceleration vs time and speed vs time graphs
as well as the distance to obstacle vs time for the
passing and opposing vehicles for scenario 3 are
shown in Fig 14, 15, 16 and 17 respectively.

It can be observed from the acceleration graphs that
the passing vehicle accelerates and decelerates and
accelerates again while the opposing vehicle con-
tinuously accelerates as seen in Fig 15. The decision
for the passing vehicle at T=6s is not given as at this
time interval, it is not in the decision making zone.
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Table 3 Time dependent decisions of the vehicles for initial
simultaneous aggressive behavior

Scenario 1 2 3

V1 (kmph) 45 45 45

V2 (kmph) 41 39 375

X1 (m) 150 150 150

X2 (m) 200 200 200
Decision  [Passing |Opposing |Passing [Opposing |Passing  (Opposing
T=0 A A A A A A

T=3 G A G A G A

T=6 [F F A

Thus the decisions obtained in Table 3 do not lead
to a good collision avoidance behavior.

Acceleration vs Time (passing)

12

Acceleration (in m/s2)

Time (in s)

Fig.14 Acceleration vs Time (passing)

Acceleration vs Time (opposing)

0.6
0.5
04
0.3

0.2

Acceleration (in m/s2)

0.1

0 2 4 6 8 10 12

0.1 —L
Time (in s)

Fig.15 Acceleration vs Time (opposing)

It can be seen from Fig 16 that the vehicles have the
nearly the same velocity at the end of the simulation.
Fig 17 shows the distance to obstacle for the vehicles
vs time. It can be observed that both the vehicles
simultaneously reach the obstacle due to taking the
aggressive decision and thus this will lead to a col-
lision. Therefore, the value of the threshold param-
eter € should be chosen carefully so as to avoid any
collision of the vehicles. The higher the value of the
threshold parameter, the more aggressive the passing
maneuver
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Velocity vs Time

Velocity (in m/s)

0 2 4 6 8 10 12

Time (in s)

—&— Passing Vehicle Opposing Vehicle

Fig.16 Velocity vs Time

Location of vehicle w.r.t obstacle vs Time

200
150
100

50
50 10 12
-100
-150

Location of vehicle w.r.t obstacle (in m)
1=
~
.
o
b0

-200 L
Time (in s)

—&— Passing Vehicle Opposing Vehicle

Fig.17 Location of vehicle w.r.t obstacle vs Time

6. CONCLUSIONS

An interactive passing maneuver model was de-
veloped to study the passing behavior of vehicles on
two lane roads. The current model shows a good
performance of collision avoidance behaviour in
most of the cases. Certain cases exhibit similar de-
cision choices leading to unrealistic behaviour. This
can be attributed to the tuning of the parameter .
Other parameters like xi1 and the decision update
interval also impact the performance of the model.
Scenarios where both vehicles obtain giveway be-
havior though unrealistic is safer than secnarios
where both obtain aggressive behavior. Therefore,
care has to be taken to avoid any such instances.
Future works include Improving the robustness of
the model for all cases. The current model considers
the vehicles to have perfect information of the other
vehicles but in reality this is not the case. Hence,
modelling with imperfect information needs to con-
sidered. It is important to calibrate and validate the
developed model to understand if it provides an ac-
curate representation of the system under study.
Driving simulator experiments will be considered to
collect data required for the calibration and valida-
tion of the model.
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