Vol. 05, No. 4 (2023) 781-792, doi: 10.24874/PES05.04.020

Proceedings on Engineering

) PES
Sciences

www.pesjournal.net

CRITICAL SPEED IN PEDESTRIANS’ RELATIVE
MOTION REGARDING LIMITED VISIBILITY
ZONE FROM DRIVER SEAT

Hristo Uzunov *

. Received 17.04.2023.
Silvia Dechkova Accepted 23.11.2023.
Vasil Uzunov UDC - 656.052.5

Keywords: ABSTRACT

Visibility, Stopping, Automobile,

Safe driving is related to the choice of speed by automobile drivers accordin
Pedestrian, Movement, Critical Speed ving ! ! P y al ! " ng

to atmospheric conditions, as well as when driving in zones of both reduced
visibility and of limited visibility. Reduced visibility is associated with natural
phenomena, such as fog, rain, snow, darkness, etc. Limited visibility is related
to objects located on the traffic lane and near it, as well as topography of the
area that obstruct the visibility of the driver. This paper outlines a dynamic
study of a significant problem in driving connected with limited visibility from
the driver’s seat due to automobile interior equipment. The research was done
implementing experimental and numerical study, obtaining the relative motion
of a zone of partially limited visibility from the front left and right car pillars
in relation to the trajectory of the pedestrian. At the moment of pedestrian
detection, they fall into the danger zone for the car.

© 2023 Published by Faculty of Engineering

1. INTRODUCTION stop while driving (Lyubenov et al., 2019; Lyubenov et
al., 2022).
The distance of visibility for the driver in the overview
glass is directly related to the speed of motion of the car
center of mass, and this is determined by the so-called
danger zone for the car (fig. 1-6), (Zhang & Ma, 2014;
Uddin & Ahmed, 2018; Campbell, 1974; Taki et al.,
2019). Automobile drivers of a moving car should take
into account the speed of the car's center of mass in
order to be able to stop in the visible area, in other
words, the distance from the moment the driver
perceives danger to the final position of rest should be
greater than the danger zone for the car. The danger
zone for the car is also known as the vehicle total
stopping distance, which occurs during an emergency

Figure 1. Reduced visibility due to fog
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Figure 2. Reduced visibility due to snowfall

Figure 6. Limited visibility due to a moving object
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The danger zone represents the amount
So = SptScnt+suts, Q

where it contains the following elements:

s, - the distance the vehicle travels during ‘driver’s
reaction time’ to:

Sen - the distance the vehicle travels during ‘brake
activation time’ t;

s, - the distance the vehicle travels during braking delay
rise time from zero to maximum” t,;;

s - effective braking distance, which is the distance the
vehicle travels during driving with maximum braking
delay tg, and during this movement the car leaves skid
marks.

The danger zone for the car has the form (Fig. 7):

VZ
So=(tp +te +0,5.t,).V+ 77 (2)
where t, - delay rise time from zero to maximum; t, -
time to actuate the braking system; ¢, - driver reaction
time; j — deceleration.

Figure 7. Elements of the total stopping distance/danger
zone for the car

2. INVESTIGATION OF PARTIALLY
RESTRICTED VISIBILITY FROM THE
DRIVER’S SEAT DUE TO AUTOMOTIVE
INTERIOR COMPONENTS

Perception of objects in front and on both sides of the
car in their relative motion is essential to car safety
(Henderson et al. 2022; Dimitrov et al., 2021;
Damyanov, 2020; Saliev & Damyanov, 2022; Jaksch,
1973; Severy et al., 1967).

The characteristic features of the compartment in certain
cases serve as an obstacle for the driver to perceive a
moving object - a car, a cyclist, a moped rider, a
pedestrian. This problem is particularly significant in
intersection areas, where the intensity of traffic flows is
significant. The front two pillars are of different sizes,
designs and constructional features, their location being
further forward than the position of the driver's head
relative to the car's own coordinate system, invariably
connected to the car. When looking aside to the pillar, a
cone-shaped zone of limited visibility is featured. (Fig.
8).

In the relative motion between the investigated car and
the moving object /pedestrian, motor vehicle/ there is a
critical speed for the object under investigation, at
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which this moving object falls permanently into the
zone of limited visibility. This means that the
displacement of the zone of limited visibility coincides
with the time of the relative motion of the moving
object under study.

Figure 8. Equipment elements and partially limited
visibility from the front pilla

A special area of the present study is cars passing
through an intersection. In order to ensure unhindered
passage through the intersection, the driver should yield
the moving vehicles on the right-of-way or the moving
pedestrians on the crossing. This means that, in addition
to stopping at the stop line or at the level of the border
of the intersection, when entering the intersection,
moving objects that have the right of way should be
perceived.

Low-end car Mid class

Volkswagen Polo

L adm
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[
T

27T m

73m

Schematic diagram of geometric dimensions

With a relatively constant driver position in the
passenger compartment, the zone of limited visibility is
displaced with the moving coordinate system and in
accordance with the speed of motion of the car center of
mass (Fig. 9).

A study of the areas of limited visibility was carried out
for low-end, mid class, luxury cars and SUVs (Fig. 10-
14).

E E

Figure 9. Zones of partially limited visibility

Luxury car
Figure 10. Areas of restricted visibility for cars

Photographs of the measurements

Figure 11. Volkswagen Polo
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Figure 12. Volkswagen Golf
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Zones of limited visibility are especially dangerous
when the car is moving straight at an intersection, when
maneuvering a left or right turn. For this purpose, a
specific analysis of a mid-range car in a right-turn and
left-turn intersection was carried out. Specific data on
the relative motion of the restricted visibility area was
obtained.

Example 1: The first experiment is a right turn for a
mid-size car moving in the intersection area. A
Volkswagen Golf car is positioned at the intersection
before the stop line (Fig. 15).

B Orange cone-shaped landmark Net

Four cone coloured markers were used to mark
individual positions. The measurement is at a
displacement step of a mid-range car of 2.5 m. The
zones of step-by-step movement of the car are marked
with a different color, as follows: 1 - orange, 2 - red, 3 -
green, 4 - blue. In the final position, the appearance of a
pedestrian in the area visible to the driver is recorded in
the windshield visibility.

At the relative displacement of the vehicle and the
pedestrian, there is a critical speed of the pedestrian's
center of mass, at which he falls permanently into the
sector of partially limited visibility and out of the
driver's view during the right turn maneuver.

Red cone-shaped landmark Ne2

Green cone-shaped landmark Ne3

p———_
— =D

Example 2: The second experiment is a left turn for a
car moving in the intersection area. A Volkswagen Golf
car is positioned at the intersection before the level of
the stop line (Fig. 16).

Four cone coloured markers were used to mark
individual positions. The measurement is at a
displacement step of a mid-range car of 2.5 m. The
zones of step-by-step movement of the car are marked

R Oreoe cons-shaped andmark Net

» A

Blue cone-shaped landmark Ned

e

Figure 15. Right-turn experiment for a car moving in the intersection area

with a different color, as follows: 1 - orange, 2 - red, 3 -
green, 4 - blue. In the final position, the possibility of
the appearance of a pedestrian in the area visible to the
driver in the windshield visibility is taken into account.
At the relative displacement of the vehicle and the
pedestrian, there is a critical speed of the pedestrian's
center of mass, at which he falls permanently into the
sector of partially limited visibility and out of the
driver's view during the left turn maneuver.

R Red cone-shaped landmark Ne2 [§

Figure 16. Left turn experiment for a car moving in the intersection area
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A dynamic model of the relative motion of the zone of
limited visibility of the car and the pedestrian has been
developed. Based on this model, it has been determined
whether there is a critical impact speed of pedestrian
motion, at which the driver could not have perceived
him/her earlier.

Macro simulation of vehicle motion in case of loss of
lateral stability is observed in an arbitrarily accepted
absolute coordinate system OXYZ (Niehoff & Gabler
2006; Brach & Brach, 2011; Stronge, 2000; Dechkova,
2018; Uzunov et al., 2021). To study the car motion, it
has been assumed that its own coordinate system
Cx'y'z' is movable and permenantly connected to the
vehicle center of mass C (Fig. 17). In addition, a
permanently connected Cxyz coordinate system is
attached to it, parallel to the absolute and translationally
movable one.

Coordinates of the vehicle center of mass C x., y., z. in
the fixed coordinate system are selected for generalized
coordinates of the car motion.

Rotational motion of the car is expressed by the Euler
transformations and corresponding angles, namely
Y,0 and ¢. The precession angle of vy, taking into
account the rotation around the axis Cz; respectively,
the angular velocity of v is obtained; the angle 6 of
nutation, taking into account the rotation with respect to
the axis Cp, the intersection of the planes Oxy and
Cx'y.

Therefore, the force of gravity G will lie on the axis Oz.
The spatial arrangement model of the car is a plane
located on four elastic supports, which are marked by
K;(i=1+4) (Fig. 18) (Kolev & Kadirova, 2019;
2020).

Figure 17. Spatial dynamic model of an automobile
with elastic suspension
4
2P
i=1

4
Z in
i=1

m-X= ymey =

F;(i = 1+ 4) is elastic force generated by the elasticity
of tires and springs; N;(i = 1 + 4) is normal reaction at
the contact point of automobile tires, corresponding to
elastic force; V;(i = 1+ 4) is velocity of the contact
point P; in the plane of the road Oxy; T;(i = 1 + 4) is
friction force at the contact points that lies in the plane
of the road Oxy; R;(i =1+4) is resistance force

generated by damping elements in suspension; Ci,%(l =

1 + 4) elasticity of suspension, taking into account both
coefficient of elasticity of tires and suspension;

bi,%(i = 1 + 4) coefficient of linear resistance.

The car motion according to the studies of kinetic
energy and generalized forces is defined by six
differential equations with six generalized coordinates.
These equations are valid if the friction force is in
accordance with Coulomb's law and the wheels slide on
the ground without rolling. According to (7), the wheels
keep a continuous contact with the road (Karapetkov, &
Dimitrov, 2022; Karapetkov et al., 2019).

Generalized forces and moments in the right-hand sides
of the differential equations (4) are determined by
assuming that the absolute coordinate system has a
vertical axis of Oz.

0

Figure 18. Model of the forces acting on a car in its
spatial motion, taking into account the elasticity of tires
(suspension)

1K 3)

Ay Pt ag Pta-6= (4)
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We substitute the equations before §,,; and &, using the
notation
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looks like as follows:
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(6)

The relative motion of the wheels, the differential(s) and
the engine are characterized by a system of four

[1)/] [Vl = [Myi];

-

F;; is tangential component of the tire-road friction
force, the positive direction of which is taken
backwards, in the more frequent cases of braking or loss
of stiffness.

788

differential equations derived by the Lagrangian
method, which has the form of

My; = {Fi -1y + sign () - [Mg; — fi - Ny — Mg;]} )

Where p is friction coefficient depending on slipping
speed on the contact spot; # — radius of the wheel; f; —
coefficient of rolling friction; N; — normal reaction of
the road on wheels; [I, ] - a square matrix of coefficients
in front the actual angular acceleration of the drive
wheels, depending on the moment of inertia of the
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wheels and the engine; y; /i = 1+4/- wheel angular
velocity; [y] - a matrix-column of the actual angular
acceleration of the wheels, two or four of which are
propulsive; M,;, Mg; - corresponding engine and brake
torque applied to each whee (Uzunov, et al. 2021).

Figure 19 shows the dynamic model of an active
suspension system. Figure 20 shows the dynamic
diagram of a driving or sliding wheel.

Figure 19. Dynamic model of an active suspension
system

Figure 20. Drive wheel diagram

The solutions of the system of differential equations of
motion (3) are shown graphically (Fig.21-25).

m

0 5 10 15 20 25 30
X, m

Figure 21. Scheme of relative motion between a car and
a pedestrian in dynamic aspect

The dynamics of the pedestrian displacement is
investigated in steady motion according to the law:

s
= P

I/p - tp’ (8)
where S, — pedestrian’s path; t, — pedestrian's travel
time.

The solution in dynamic aspect is shown by the graphic
dependencies:

Center of Mass Velocity Projections

Y, [/s],V,, [mis], om, 3B

X

0 0.2 0.4 0.6 0.8 1 1.2 14

Figure 22. Change in center of mass velocity and
angular velocity projections about a vertical axis for the
car

Pedestrian speed projections
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Figure 23. Change in the projections of the velocity of
the center of mass and angular velocity about a vertical
axis for the pedestrian
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Figure 24. Trajectory of the pedestrian's center of mass
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‘r;l'rajeclory of the center of mass of the pedestrian and the vehicle

My kM)
n
3l 1
E 2f ]
a
>
=1t 1
ol 1
At 1
=2 . . ‘ ‘
6 8 10 12 14 16 18
X0 X [M]

Figure 25. Trajectory of the car and the pedestrian’s
center of mass

The dynamic study thus carried out found that there is a
critical speed of motion of the pedestrian's center of
mass, which coincides with the relative speed of motion
of the zone of limited visibility. When the car driver is
able to perceive the pedestrian in the overview of the
panoramic windshield, the pedestrian is already in the
danger zone for the car.

Analogously, the dynamic study is the same when the
car turns right (Fig. 26). In this case, the pedestrian falls
into the invisible sector of the front right pillar, right
into the blind spot behind the windshield pillar of the
vehicle.

25 | | | L L | ]

Figure 26. Scheme of relative motion between a car and
a pedestrian in dynamic aspect

The solution in dynamic aspect is shown by the graphic
dependencies (fig. 27-30):
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Figure 27. Change in center of mass velocity and
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Figure 28. Change in center-of-mass velocity and
angular velocity projections about a vertical axis for the
pedestrian
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Figure 29. Trajectory of the pedestrian's center of mass
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P S'I'rajecmry of the center of mass of the pedestrian and the vehicle nlght) and on the equipment of the car — the front
windshield pillars.

-2

-25

3. The relative motion between a pedestrian and the
zone of limited visibility from the front pillars may
cause objects to fall into the danger zone for the car.
There is a critical impact speed of relative displacement
at which the accident is unavoidable, there is nothing
the driver can do to avoid it.

&

Yar Ypr (M

A

-45

5t

55 | [ty ) ] 4. The dynamic model presented in this way could be
. N N S R R implemented to investigate vehicle accidents in the
T ee 8 [ij; ootes s judicial system on a global scale.
a' "p’
Figure 30. Trajectory of the car and the pedestrian’s 5. To prevent unwanted events, car manufacturers could
center of mass add an additional mirror determined by the limited

visibility sector for the given class car.
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