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ABSTRACT

In the context of psycho-physiological model of the
car driver’s behavior a place of behavioral situation «<lane
change» is considered within a common set of factors
affecting the duration of transport correspondence. The

definition of required lane change maneuver by own
vehicleis given. With the help of mathematical calculations
and full-scale video surveillance change in movement of
other vehicles when changing lanes on a multilane
highway is investigated.
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Background. Movement is a mandatory
component in the life of any human being, but
movement in large cities in XXI century cannot be
imagined without transport — so large distances we
began to develop. Moreover, movement scale is
such that any of the vehicle users faces different
driving situations.

Objective. The objective of the author is to
consider lane change maneuver and driver’s
behavior in this situation.

Methods. The author uses general scientific
methods, simulation, comparative analysis.

Results.

Typical in individual

Transport correspondence is made by a modern
man almost every day, and we cannot say that their
duration is always the same. However, there are
several key factors that influence the choice of one
or another variant.

Before determining factors it should be noted
that the traffic consists of movements of individual
vehicles and traffic flows, and is a result of interaction
of the elements of the complex «car—driver—road—
environment» («CDRE») [1]. Consequently, the
factors can be divided into three groups
corresponding to the elements of the complex:

1. Features of a passed section of the road
network (distance between start and end points, the
number of lanes on the roadway, the presence of
regulated and non-regulated intersections, road
surface condition, and others.);

2. Technical characteristics of a vehicle. It is
worth noting that the inevitable modification of the
fleet makes to conduct and maintain a constant
monitoring of changing characteristics of the traffic
flow.

3. Features in the driving style of a driver.

Indeed, the driver’s behavior in different
situations can be put on a par with other factors
which, at first glance, have a greater impact on the
same duration of the transport communication. An
active human role in the transport correspondence
manifests itself in planning, decision-making, exit
from a particular traffic situation and, more often, in
rapid processing of a variety of information in a
limited time. It is he who in this case assesses the
risk and ensures safety while driving [2].

A lot of research on influence of character
features of the driver to drive a car was conducted.
Thus, A. A. Makenov [3] identifies the relationship
between the manner of driving of the car and the
person belonging to different groups of psychological
type. As a result of selective testing of drivers it was
highlighted that psychological group — cholerics,
which is most prone to risk driving. A. A. Oseev [4]
examines the relationship between personality traits
of the driver (courage, elevated moral standards,
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equability of mind, creative imagination) and his
features of a car driving.

Generally those people are most prone to
aggressive driving who are under the influence of
constant psychological stress, as well as those who
are feeling the strong pressure of emotions.
Sometimes this leads to a splash of negative emotions
on others, often a nervous man, and not wanting that,
is unable to control his emotions [5], which manifests
itself in neglecting safety distance with respect to the
vehicle ahead, ignoring warning traffic signals at
controlled crossings, abrupt lane changing.

All features of the behavior behind the wheel have
a huge impact on duration of the transport
correspondence and are unified by a psycho-
physiological model of driver’s behavior.

The psychophysiological model can be viewed
as a set of standard behavioral situations:

1) The behavior of the driver upyt following the
vehicle ahead.

2) The behavior of the vehicle driver when
changing lanes.

3) The behavior of the driver with respect to the
vehicle, located next to him.

4) The reaction of the driver to changing traffic
light signals.

In this case, our aim is not to examine each of
these model types, our interest concerns primarily
the behavior of the driver when lane change
maneuvering and accompanying changes in the
movement of other vehicles. The reason is clear:
lane change is characterized by interaction of several
road users and features of drivers’ behavior in such
a tense situation manifest themselves most clearly.
In comparison, for example, with keeping safety
distance with respect to the vehicle ahead.

«Priority» of six seconds

The tasks of the study include:

— Determining the required lane change
maneuver;

— Study of the maneuver conditions (their
detection and calculation);

— The study of interaction of the vehicle drivers
when lane changing (form, options and calculation
at the section of the road network at the time
moment).

In the analysis of lane change process, the
following basic terms are used:

Lane change maneuver — exit of the vehicle from
the occupied lane while preserving the original traffic
direction.

Own vehicle — a vehicle which driver has
committed to the lane change maneuver.

Vehicle ahead - a vehicle moving in front of own
vehicle on the same lane.

Vehicle behind — a vehicle moving behind own
vehicle on the same lane.
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Pic. 1. Graph of slowing function when performing required lane change maneuver with calculated values of
parameters.

The first vehicle of the interval on the lane — a 1. An arbitrary lane change — lane change
vehicle moving the first in the interval on the desired = maneuver carried out by the vehicle driver for more
lane, in which the driver of own vehicle has an intention ~ freedom of movement and a higher speed.
to integrate while performing lane change maneuver. 2. Required lane change - lane change

The second vehicle of the vehicle onthe lane —a  maneuver carried out by the vehicle driver with a
vehicle moving the second in the interval on the view to further make the maneuver to change
desired lane, in which the driver of own vehicle has traffic direction.
an intention to integrate while performing lane In both cases, when the driver decides to make
change maneuver. a lane change maneuver, the main condition for this

Desired lane — driving lane, which the driver of becomes adequate time interval — suitable interval
own vehicle has an intention to take while performing  on the desired lane. Check for a suitable interval

lane change maneuver. occurs usually occurs while slowing own vehicle.
Position of forced stop — a point on the occupied  Wherein:
lane, where the drive of own vehicle will be forced to 1. There is a consistent slowing of own vehicle
stop if he fails to perform lane change maneuver. up to the position of forced stop.
Interval on the lane - distance between vehicles 2. Vehicle behind own vehicle at this time is
moving one after another in the desired lane. watching the maneuver and starts braking process
Suitable interval on the lane - distance between  [6].
vehicles moving one after another in the desired In aggregate, behavior of drivers when changing
lane, which will allow own vehicle to perform lane lanes can be represented as a graph containing the
change maneuver function of slowing of own and behind vehicles,

It is worth noting that the reason why the driver — depending on the distance to the position of forced
of the vehicle makes a decision about the upcoming  stop (Pic. 1).

maneuver is also important. Depending on this Recall that convergence of two transport flows is
reason lane change can be classified in two ways: possible with the presence of a suitable interval on the
Table 1
Distribution of intervals between vehicles on the lane, seconds
Novehicle |1 (2 [3 [4 |5 |6 |7 [8 |9 |10 [11 [12 |13 |14 |15 |16 |17 |18 [19 |20
Ne min
1 L8 (1,9(1,9]1,7 281 [1,3]|2 |1,4(09 1,1 (0923 |1,8|1,3[1,8[1,7]1,5]|1 0,9
2 2,5 (1,787 (1,408 (2,9 (321,211,116 [1,7[1,9[1,71,8|1,8[1,2[1,6|1,1]1,2]1,1
3 1,306 1,9 (2,5 1,1 1,229 [1,3[0,6 [1,9(1,5]1,9]9,6 [1,5[1,2[1,3]9,7 2,523 2,1
4 L9|L,6 1,812 (2 (121,01 |1,8]|1,5(|25[1,4[2 [31|2 |[1,5(3,5(8,6]35](29]|1,7
Novehicle |21 |22 [23 |24 |25 (26 |27 |28 |29 |30 |31 |32 |33 |34 [35 |36 |37 [38 |39
Ne min
1 0,9 [1,7 {14 |1,5 (0,7 [1,6 |1,3 |14 |25 (1,9 (1,9 (1,3 |1 |23 (13|12 (222,103
2 L5 |14 |16 1,81 |1,7 (1 [1,9(25]|1,1 (12(29 |- |- |- |- |- |- |-
3 1|25 |14 |12 (24 |20 |5 |- |- |- |- |- |- |- [- |- |- |- |-
4 95(291- - |- |- |- |- |- - |- |- |- |- |- |- |- |- |-
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Table 2

Calculated values of the function of change in deceleration when
making required lane change maneuver

Distance to the position of forced stop, m | Calculated value of own vehicle Calculated value of the vehicle
behind
600 0,35 0,33
500 0,35 0,33
400 1,46 1,25
300 2,46 2,25
200 3,46 3,25
100 4,46 4,25
0 5,43 5,25

desired lane. However, not every interval on the lane
will be suitable. For example, at a maximum intensity
of the vehicle movement on one lane (600 vehicles /
h), the average interval on the lane is about 6 seconds.

Presumably, 6 seconds are perhaps insufficient to
perform lane change maneuver. However, due to the
fact that the transport flow is uneven (because of traffic
signalization, pedestrian traffic across the roadways,
etc.), the size of intervals on the lane can either decrease
orincrease. Practice shows that even under high traffic
density there are suitable time intervals for lane change
maneuver.

Check on the roads

The author and his colleagues made a special study
ofthe distribution of intervals on the lane at the 4-minute
time range for one of the streets of Perm. The survey
was conducted with records from CCTV cameras
included in ATCS (Automated Traffic Control System).

The study was conducted as follows:

1. Time (sec.) was noted since the beginning of the
video clip to the moment of entry of the first vehicle into
the zone of visibility.

2. Time (sec.) was fixed from the moment of entry
of the first vehicle into the zone of visibility until the entry
of the second vehicle into the zone of visibility, that is
time, which also characterizes the interval between
vehicles on the lane. The operation was repeated for 5
minutes.

In parallel with the study of distribution of intervals
on the lane the average speed of traffic flow was taken
into account.

As aresult, values of time were obtained, which are
observed between the moments of vehicles’ entry into
the zone of visibility (Table 1). These figures relate to the
transport flow, moving at a speed of 45.5 km / h. The
table shows that generally the duration of intervals
between vehicles on the lane is not more than 3 seconds,
but there are also intervals of 9 seconds.

The next step was to determine the value of a
suitable interval on the lane between vehicles on the
desired lane. Interval size should be such that enables
own vehicle to perform lane change maneuver.

Before proceeding to the calculation, it should be
noted that the interaction of vehicles in the zone of traffic
flow convergence is as follows: own vehicle (0) moves
in anticipation of a suitable interval (Ad) (on the main
(desired) lane, on which car traffic moves at a speed of
V. And it is necessary to make lane change maneuver
S0 as not to create obstacles to the vehicles moving on
the desired lane. That is, they should not slow down,
giving way to own vehicle, but the collision should not
occur.

The duration of a suitable interval on the lane can
be represented using a sum of two quantities:
Ad=d,+d, (1)
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where Ad is a duration of a suitable interval on the lane
(sec.);
d, is a duration of the interval between the first
vehicle of the suitable interval and own vehicle (sec.);
d, is a duration of the interval between the second
vehicle of the suitable interval and own vehicle (sec.).
In turn, d, can again be divided into several
components:
1. The duration of reaction of the driver of own

vehicle ( T,,. ) and duration of the actuation of the

braking system ( T,,,,,ko ). In sum, these two indicators —
one second.

2. Static external dimension of own vehicle (g,,)
and a minimum safety clearance between

vehicles ( &, , ). The sum of two figures was accepted
as4,5m.

3. The difference in braking distances of the first car
at the suitable interval on the lane and own vehicle

(s, —1.,) . This difference was calculated based on
coefficients of operating conditions of braking of front
and rear vehicles ( 1,8), traffic speeds on the main lane
and coefficients of coupling weight (0,5), tire traction
(0,7), road resistance (0,425) and visibility (1,8). As a
result, the difference in braking distancesis 1,5 seconds.

Accordingly, by adding the components the duration
of the interval d, was obtained:
d=1+4.5+1.5=7sec. (2)

To obtain Ad it is necessary also to calculate the
interval d,, which includes:

1. The duration of reaction of the driver of own vehicle

( T,mU ) and duration of the actuation of the braking system

( T,,mkD ). In sum, these two indicators — one second.

2. The minimum safety clearance between vehicles
in relation to the average traffic flow speed on the desired
band. As a result of the calculation the value was set as
0.004.

3. The difference in braking distances of the first car
at the suitable interval on the lane and own vehicle

(i, =1.a,)- This difference was calculated based on
coefficients of operating conditions of braking of front
and rear vehicles ( 1,8), coefficients of coupling weight
(0,5), tire traction (0,7), road resistance (0,425) and
visibility (1,8). As a result, the difference in braking
distances is 1,5 seconds.

Accordingly, by adding the components the duration
of the interval d, was obtained:
d,=1+0.04+1.5=254sec. (3)

Recall that a suitable interval is a sum of intervals
d,and d,. Then:
Ad=7+2,54=9,54 sec.

Waiting for maneuver

It should be noted that some of the indicators included
in the suitable interval is constant regardless of the speed

(4)
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of movement of the vehicle and the road surface
condition, and a part changes based on traction and
speed characteristics of the vehicle. Constant indicators
include safety distance, vehicle external dimensions.
Variables(acceleration time, stopping distance) depend
on power characteristics of the engine, braking system
efficiency, taking into account wear of working elements
and the road surface condition [7].

When comparing the obtained value of the
suitable interval Ad of 9,54 seconds with distribution
of the intervals, shown in Table 1, five suitable
intervals were identified. At their waiting times are
significantly different from each other — waiting time
of the first suitable interval cannot be determined,
waiting time of the second — 74, of the third - 13,7,
ofthe fourth — 57,5, of the fifth — 16,6 seconds. From
these values the average waiting time was derived,
which is equal to 40,55 seconds.

We should not forget that while waiting for a
suitable interval on the lane for lane change
maneuver own vehicle does not stand still, but is
moving along the roadway. To get the distance that
it covers in anticipation of a suitable interval, it is
necessary to multiply the average waiting time by the
speed of the vehicle:
S=V-t=40,55-12,6=510,93~510m. (5)

However, only distance value is not sufficient to
fully characterize the lane change maneuver. It is
necessary to know the value of a suitable
deceleration.

In our case, it was found through studies of
decelerations for different speeds. However, we
were primarily interested in the slowing observed at
a speed of 45,5 km / h, established under the terms
of the study of suitable intervals on the lane. This
value is 0,35 m / s2.

Maximum deceleration was obtained from the
study of technically feasible mode. At a speed of
45,5km / h, itis 5,43 m / 2.

In addition, in the graph of changes of
deceleration when making required lane change
maneuver a slowing function of the vehicle behind is
also taken into account. If the vehicle ahead is
braking, then the vehicle behind should also brake.
At the same time deceleration of the vehicle behind
can be carried out not at the same distance, as
slowing of own vehicle. So, if slowing of own vehicle
occurred along 510 meters, then for the vehicle
behind at a distance of
Sbehind = Sown _'d’ 3 3 3 (6)
where S, ., is a distance at which slowing of the
vehicle behind will occur;

S, Is a distance at which slowing of own vehicle
occurs while lane changing (taken as 510 m);

d is an interval on the lane between S, . and
S, (taken as 20 m).

It was found that the distance, which will be
covered by the vehicle behind during slowing, is
equal to 490 m.

The maximum deceleration and suitable
deceleration of the vehicle behind should also be
slightly different from the values of own vehicle. They

were calculated using the relationship of S, .  to
Sown"
Sbehind = 0’ 96 - Scwn‘ (7)

On the basis of maximum and suitable
deceleration, which were taken as limiting, and the
distance that own vehicle will cover while waiting for
suitable interval on the lane, were obtained the
values of change in deceleration when making
required lane change maneuver (Table 2).

Conclusions. In the course of studies calculation
of conditions was carried out for lane change
maneuver, changes in the movement of own vehicle
and the vehicle behind. The obtained results can be
used to determine the capacity of a vehicle at any
section of the road network, as well as in modeling
traffic flows, carrying out comprehensive research
on the driver’s behavior.
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