INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

Comparative Analysis of Methods for Defining the Speed of the Vehicle in Vehicle-
Pedestrian Collisions

Zovak Goran!, Ku¢ini¢ Tomislav?, Cindri¢ Josip®, Veli¢ Zelimir?
Centre for Vehicles of Croatia®
Faculty of Traffic and Transport Sciences? — University of Zagreb, Croatia
Mobile Expert® — company for vehicle evaluation

goran.zovak@cvh.hr, tomislav.kucinic@fpz.unizg.hr, josip.cindric@mobile-ekspert.net,
zelimir.velic@fpz.unizig.hr

Abstract: Pedestrians are the most vulnerable road users and traffic accidents involving pedestrians are the most complex type of traffic
accident to analyse. The paper describes the kinematics of traffic accidents involving pedestrians and presents statistical data on pedestrian
traffic accidents. The main element which needs to be calculated regarding a pedestrian collision is the impact speed of the vehicle involved
in the collision. This paper aims to present various models of vehicle impact speed calculation. As a part of this paper, several crash tests
were conducted using a pedestrian dummy to determine the reliability of the models. Additionally, the PC-Crash simulation software was

also used to calculate the impact speed of the vehicle.
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1. Introduction

Traffic accidents are one of the leading causes of death in the
world. If we analyse the number of fatalities in traffic accidents,
20% of them are pedestrians. As pedestrians are the most
vulnerable traffic users, a significant portion of pedestrian
accidents results in injury or death.

Determining the impact speed of a vehicle in a vehicle-
pedestrian collision is one of the most important elements in the
analysis of this type of traffic accident. Accurate and precise
speed estimation is crucial for court and administrative
procedures, but also for understanding and successfully
reconstructing the event. When analysing a traffic accident, it is
necessary to determine the exact cause of the accident in order to
prevent and take action aimed at reducing the number of
pedestrian fatalities.

The paper presents various types of wvehicle-pedestrian
collisions: frontal collision, lateral striking collision and running
over. The paper also analyses several different methods for
calculating vehicle impact speed in vehicle-pedestrian collisions.
These methods were used in realistic crash tests of pedestrian
collisions.

Traffic accident simulation software is used in addition to the
classic methods for determining vehicle speed and their relevance
is demonstrated in the paper. Contrary to the classic methods,
software tools take into consideration all relevant parameters and
incorporate  modules for the visualisation of conducted
simulations, thereby enabling a visual presentation of
pedestrian’s movements from the moment of impact until
stopping.

2. Statistical number of pedestrian casualties

Pedestrians are among the most vulnerable groups of road
users. In the period from 2010 to 2018, in the European Union
there were 280,000 severely injured pedestrians and 51,000
pedestrian fatalities. The number of pedestrian fatalities has
decreased by 2.6% on average each year from 2010 to 2018. In
2019, the EU registered 5,180 pedestrian deaths which account
for 21% of fatalities in traffic accidents [1]. In 2019, 297 people
were Killed in traffic accidents in the Republic of Croatia, with
pedestrians accounting for 26.2% of the fatalities. In 2020, there
were 237 fatalities, with pedestrians accounting for 16%. [2] On
average, 20% of all fatalities in traffic each year are pedestrians.

3. Pedestrian collision

Analysis of traffic accidents involving pedestrians requires a
special approach due to the complex dynamics of pedestrian’s
movements before, at the time of and after the impact. The main
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classification of vehicle-pedestrian collision is shown in Chart 1
below and is divided into frontal collision, lateral striking and
running over. The specified classification of vehicle-pedestrian
collisions was defined during the 1970s and remains unchanged

to this day. [4]
accidents

Lateral striking
collision

Run-over

Typical lateral
striking

Frontal collision

- Roll-over
with full overlap!

Atypical lateral

striking HOrOveY

with partial
overlap

Chart 1 Pedestrian accidents classification

Frontal collision is a collision between the front part of the
vehicle and the pedestrian’s body that fully or partially overlaps
with the outline of the vehicle and is sub-divided into full frontal
collision and partial frontal collision. A full frontal vehicle-
pedestrian collision is a collision where the body of the
pedestrian fully overlaps with the outline of the vehicle and at the
moment of impact partially or fully takes over the speed of the
vehicle. [3].

Partial frontal pedestrian collision is a collision between the
front part of the vehicle with the pedestrian where the body
partially overlaps with the outline of the front part of the vehicle.
Partial frontal exit collision is when the pedestrian is exiting the
outline of the front part of the vehicle at the moment of impact.
Partial frontal entry collision is when the pedestrian is moving
towards the vehicle’s trajectory and partially enters the outline of
the front part of the vehicle [5].

Lateral striking is a type of accident in which the pedestrian
comes into contact with the side of the vehicle. Scientific papers
divide lateral striking impact into typical and atypical. In a
typical lateral striking, the pedestrian’s body comes into contact
with the side of the vehicle which is behind the vehicle’s front
part. In the case of a typical lateral striking, the vector of the
pedestrian’s centre of gravity is directed forward and sideways,
with possible rotation around the central vertical axis. In the
atypical lateral striking, the pedestrian comes into contact with
the protruding parts of the vehicle or parts that have detached
from the vehicle due to contact with the pedestrian, such as side
mirrors or rooftop cargo [6].

The last category of vehicle-pedestrian collisions is run-over.
Run-over accidents are categorised as run-over and run-over by
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wheel [3]. Run-over is described as a traffic accident in which the
pedestrian comes into contact with the vehicle’s undercarriage.
Run-over by the wheel is a run-over in which at least one wheel
runs over a part of the pedestrian’s body. In addition to the above
categories, the run-over can be classified as simple and complex
with respect to the position of the pedestrian’s body immediately
before the run-over. In a simple run-over, the pedestrian was
already laying on the road before the collision, which was not
caused by the previous contact with the vehicle than ran over the
pedestrian. In a complex run-over, the pedestrian is struck down
by the vehicle and is then run over as he is laying on the road [3],

5], [7]-
4. Methods for calculating vehicle impact speed

In order to determine the cause of a traffic accident involving
a pedestrian, the key fact that needs to be determined is the
vehicle speed at the moment of contact with the pedestrian.
Several different models for determining vehicle speed are used
depending on the type of pedestrian collision. Methods for
calculating vehicle impact speed can be classified as methods that
apply to all types of collisions and methods that apply only to
pedestrian accidents. The most commonly used methods that
apply to pedestrian collisions and that will be further discussed in
this paper are the calculation of speed based on skid marks,
pedestrian throw distance, vehicle damage, throw distance of
windshield fragments and determination of speed using data from
the EDR (Event Data Recorder). A proper scene investigation
and analysis of documented traces have to be conducted in order
to apply any of the above methods.

4.1. Calculation of vehicle speed based on skid
marks

One of the simplest methods for calculating speed in a
collision, including collisions involving pedestrians, relies on
vehicle skid marks. This method can be applied if the skid marks
have been documented and if the exact location of impact is
known. In most cases, pedestrian collisions are caused by the
driver’s delayed reaction. As a result, the vehicle forcibly brakes,
leaving skid marks on the pavement. These marks are the result
of the force generated by the vehicle’s braking system which is
through tyres transferred to the pavement. Visible traces must be
reliably measured during the scene investigation and marked on
the situation plan in order to determine the speed of the vehicle at
the start of skid marks. The skid marks alone are not sufficient
for determining vehicle speed. In order to accurately estimate the
speed of the vehicle at the start of skid marks, it is necessary to
determine the deceleration of the vehicle at such braking. To
accurately estimate the speed based on resulting skid marks, the
vehicle’s braking coefficient and the coefficient of friction at the
time of the accident in question must be determined. The speed is
calculated based on the length of the mark caused by hard
braking using the following equation [8]:

V=v2-a-S [

where “V” is the speed of the vehicle at the start of skid
marks expressed as [m/s], “a” is the deceleration of the vehicle
expressed as [m/s?] and “S” is the length of skid marks expressed
as [m]. In order to estimate the speed of the vehicle on impact
with the pedestrian based on the documented skid marks, it is
essential to accurately and unambiguously determine the location
where the vehicle struck the pedestrian. The authors of papers
examining the calculation of vehicle speed based on documented
skid marks specify that with modern vehicles equipped with the
anti-lock braking system (ABS), the hard braking marks are
usually visible only when using photo filters or infrared
spectroscopy [9]. The model for calculating vehicle speed from
skid marks needs to be expanded with the equation for
calculating speed loss when two objects collide, taking into
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account their respective masses. The model for calculating
impact speed is [10]:

v, =" 2 a- S 2]

where, in relation to the main equation, the loss of speed is

calculated relative to the vehicle mass m, and the pedestrian’s
mass mp,.

4.2. Calculation of vehicle speed based on
pedestrian throw distance

The method for defining speed based on pedestrian throw
distance is based on the premise that we know the location of the
primary contact between the vehicle and the pedestrian, i.e. place
where the vehicle struck the pedestrian, as well as the final
location where the pedestrian stopped after sliding on the road.
The total pedestrian throw distance is defined based on the
distance between these two locations, and is used to approximate
the vehicle’s impact speed using the following equation:

n=12- Sodpj [3]

In the above equation, V,, is the car impact speed expressed as
[km/h], and Seqp; is the pedestrian throw distance expressed as
[m]. It must be noted that the above equation can be applied if the
following conditions are met: the braking of the vehicle at the
moment of impact resulted in deceleration greater than 3 m/s2,
the accident was a full frontal pedestrian collision and the results
may vary +10 %. With partial braking or braking resulting in
smaller deceleration, the contact between the pedestrian’s body
and the vehicle is longer, the carrying phase is longer, which may
lead to greater deviations in the results, making them unreliable.
The specified equation was devised during the tests conducted by
the Institute for Motor Vehicles at Technische Universitit in
Berlin, based on the simulations of collisions with a dummy,
175cm high and weighing 75kg. The tests were also corroborated
by the analyses of real-life accidents. [8] Based on the previous
tests, Kramer established that the functional dependence between
the average throw distance of an adult and the impact speed of a
car can be analytically shown using the following quadratic
function:

Sodpj = —0.348+0.28:V;, +0.062- ;2 [4]

The throw distance of children is generally around 20%
greater than the throw distance of adults. If deceleration is taken
into account, the equation is as follows:

2
Sodp = 0.0178-a -V, +0.0271- = [5]

The impact speed can be derived from the following:

Vn=\/0.1-a4+37-a-5‘0dpj—0.33-azi3.6 6]

In order to efficiently apply the above equations in defining
vehicle impact speed, the following conditions must be met:
e  Full collision with the pedestrian (full frontal collision)
e  The collision was caused by a car
e Thecollision is in the braking path
e  Vehicle deceleration is greater than 3 m/s2
e In the case of smaller children that are struck by a vehicle
with greater impact speed, the throw distance is shorter

The above equations for calculating vehicle speed based on
the pedestrian throw distance are used when the accident is a full
frontal collision. In the case of partial overlap with the vehicle,
when less than the half of the width of the pedestrian’s body is
impacted by the front left or right part of the vehicle, the distance
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from the location of impact and the pedestrian’s final location
can be calculated using the following equation:

V,=10"-S,4p [7]
4.3. Determining speed based on vehicle damage

The vehicle impact speed can be determined based on the
position and the intensity of damage to the vehicle [11]-[14].
Determining the vehicle impact speed based on initial contact of
the pedestrian’s head on the parts of the vehicle body.

Figure 1 Determining impact speed based on initial contact of the
pedestrian’s head on the vehicle [14]

Figure 1 shows points on the vehicle where the pedestrian’s head
made initial contact with the vehicle body. The points are marked
by the speed in km/h, used to evaluate the impact speed. The
damage to the vehicle is compared to the vehicle’s earlier image
and the initial contact between the pedestrian’s head and the
vehicle’s body is determined. The approximate vehicle speed is
determined based on this comparison. The downside to this
method of determining vehicle impact speed is that the speed
cannot be estimated accurately and unambiguously, but only the
minimum and maximum speed at which the collision could have
occurred can be determined. The pedestrian’s height and position
at the moment of collision, as well as the structure of the front
part of the vehicle, affect the accurate estimation of the speed of
the vehicle.

4.4, Determining speed based on windshield
fragment throw distance

An approximation of the car’s impact speed in cases when we
know both the location of impact and the windshield fragment
throw distance Sqis, i.6. the distance where approximately 20
glass fragments, 5-10 mm in diameter, are found. The glass
dissipation size R is not included in the calculation. With the
average windshield height (H=1.2 m), the car impact speed can
be estimated relative to the distance Syqs, according to the chart
shown in Figure 2.

1o : i

3 i -
50— +— //
fu« » e
e et
304
204
104
ul‘..‘a.‘,,;....;,.,.{.r,,hfﬁJ
5 10 15 2 25 30

— Sodis (m]

Figure 2 Impact speed relative to the windshield fragment throw
distance [8]

Thus, according to the above chart:
vn= 40 km/h, from 5.8 to 12.5 m
vn= 60 km/h, from 13to 20 m

vn= 80 km/h, from 17 to 25 m

vn= 90 km/h, from 19 to 29 m, from the location of impact.
Based on the experimental results, we can estimate what the

speed of the car was when the breaking of the windshield or

headlight lens occurred. Ten fragments distributed over a surface

area of 1 m? are considered the point when the glass fragments

first fell to the ground.

If we know the distance between the position of the vehicle at
the moment when the glass breaking occurred and the position
where the glass fragments on the pavement begin, we can
estimate the vehicle speed at the moment of glass breaking by
using the following equations:

e For awindshield flush with the front part of the vehicle:
V, = 2.75+ 1.65" Spgps [8]
e For awindshield behind the vehicle hood:

Vo = /20" Spaps [9]
e For headlight lenses:
Vn = 2 + 17 'Sodks [10]

4.5. Determining the speed using the Event Data
Recorder (EDR)

It is not uncommon that the traces at the scene of a pedestrian
accident are not properly documented or visible, or that the
pedestrian throw distance is unknown. Conducting a quality
analysis of vehicle-pedestrian collisions lacking input data for
vehicle speed calculation can be difficult. This is one of the many
reasons why the event data recorder (EDR) was introduced. The
event data recorder is a chip installed in the airbag control
module. All new cars are equipped with an airbag control
module, but not necessary with an EDR. The tendency is to
install an EDR that would record the vehicle dynamics in as
many cars as possible [15].

The EDR continuously records the vehicle’s dynamics,
condition of individual vehicle systems and at sudden changes in
speed or deceleration (characteristic of a collision), detects a
collision through the sensors installed on the vehicle and records
data from approximately 5 seconds before to 250 ms -2 seconds
after the collision. The length of recorded data depends on the
generation of the EDR, with newer devices recording more data.
The data recorded in the EDR during a collision represent new
input data that can be applied to calculate the impact speed. In
some accidents, the impact speed can be estimated solely based
on the data recorded by the EDR as the device records the vehicle
speed [10].

In order to conduct an accurate analysis of an accident, the
data stored in the EDR cannot be the only source of information
but should be incorporated with other data collected during or
after the scene investigation, thereby contributing to a more
accurate analysis of the accident. [15]

The use of the EDR in vehicle-pedestrian collisions becomes
problematic when the vehicle is not equipped with active
pedestrian protection systems. As a result of a significant
difference between the pedestrian and vehicle masses, there is no
significant change in the vehicle speed and consequently, the
EDR fails to recognize a collision. In newer vehicles with
installed active pedestrian protection systems, the EDR records
data that can be used in the pedestrian collision analysis [16]. In
less complex cases, the impact speed can be deducted from the
EDR data. However, in more complex accidents the EDR data
must be loaded into simulation software to accurately determine
the vehicle’s impact speed.

4.6. Calculating speed using PC-Crash simulation
software

The software packages designed for pedestrian accident
analysis enable the visualisation of the pedestrian’s movement
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from the moment of primary contact with the vehicle up until his
final ground impact. The option of creating a simulation of the
collision and conducting a comparative analysis of vehicle
damage and pedestrian injury make such software a highly
efficient tool for clarifying the circumstances of such an accident.

In a 3D simulation of the vehicle-pedestrian collision, the
vehicle is regarded as a single rigid body, whereas the
pedestrian’s body is shown using the Multibody simulation
model, i.e. as a system of interconnected bodies that provides a
realistic view of such an accident and adequately demonstrates
pedestrian’s movements. The pedestrian is modelled as a system
consisting of 16 elements connected by joints, and each of its
positions can be defined along the X, y and z axes. This kind of
imaging makes it possible to precisely determine the pedestrian’s
movement or position at the moment of impact [3], [17], [18].

Figure 3. lllustration of the Multibody system in PC-Crash

Figure 3 shows an illustration of a walking multibody in PC-
Crash simulation software. Depending on the pedestrian’s body
type and position at the moment of impact, the simulation
software adjusts the multibody to fully mimic the pedestrian
involved in the accident.

In order to make a simulation of a vehicle-pedestrian
collision, the first thing that needs to be determined is the exact
location of the impact. Determining the pedestrian’s exact
position and speed vector on impact is also essential. PC-Crash
will calculate the impact speed based on the throw distance,
provided that as much known data as possible is loaded into the
software.

5. Comparative analysis of the methods for
calculating vehicle impact speed

In order to compare the methods for defining the vehicle
impact speed in a vehicle-pedestrian collision described in the
previous section, we will use the data obtained from the crash
tests conducted by the Institute of Traffic-Technical Expertise of
the Faculty of Transport and Traffic Sciences. A total of three
crash tests were conducted, simulating a collision with a dummy.
The tests included a collision between a Renault Traffic
commercial van and a child dummy and two collisions between a
Hyundai Accent and an adult dummy at different impact speeds.
The crash tests were carried out under test conditions, where all
input parameters and test results were known. Regardless of that
fact, we will examine the applicability and relevance of
individual methods in defining vehicle speed.

Crash test 1 involved a collision between a Renault Traffic
commercial van and a child dummy at an impact speed of 54
km/h. The dummy throw distance was 29.20 m. It was rainy and
the surface was therefore slippery. The dummy was wearing a
baseball hat that after the collision was found 7.30 m away from
the impact location. It can be thus concluded that the theory that a
hat falls within a radius of 1.0 m from the impact location cannot
be applied in this example and that in a real-life collision its
application would lead to false conclusions. The collision with
the dummy left significant deformations on the vehicle, as shown
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in Figure 4. Damaged front bumper, dented hood and cracked
right headlight and turn signal light are also visible. The intensity
and height of the dent on the hood can be linked to the impact of
the dummy head. Given the position of the damage and the fact
that the vehicle is a commercial van, the impact speed cannot be
estimated based on the pedestrian head-on-vehicle contact.

Figure 4. Damage to the commercial vehicle

As there is no record in the investigation report that the
vehicle left skid marks, the method for defining vehicle speed
based on skid marks cannon be applied, even though the type and
condition of the pavement are known and could be used to
determine the deceleration of the vehicle.

At the moment of impact with the dummy, the vehicle (a
commercial van and not a car) did not brake and the dummy
represented a child. Therefore, the conditions for applying the
method for calculating speed based on the pedestrian throw
distance were not met in this case. The speed calculated using the
empirical equation designated [3] in this paper, was 64.84 km/h
and using the Kramer’s equation 67.3 km/h.

The second crash test simulated a collision between a
Hyundai Accent car and an adult dummy at the speed of 64.00
km/h. The dummy throw distance was 30.80 m. It was raining
and the surface was therefore slippery. In this case, the dummy
was wearing a hat that after the collision landed within 1.0 m
from the impact location, and we can therefore conclude that the
hat theory applies to this case.

Figure 5. Damage to the vehicle in the second crash test

Figure 5 shows a damaged front bumper, a large dent on the
hood and a cracked windshield in the bottom left part whose
shape indicates that it was caused by the dummy’s head. Based
on the damage and the illustration of the speed estimation
according to the head-on-vehicle contact shown in Figure 1, we
can conclude that the impact speed ranged from 50 to 60 km/h,
which indicates some deviation from the actual impact speed of
64 km/h.
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Skid marks in the length of 24.10 were documented in the
scene investigation report. The average deceleration of 5.4 m/s?
corresponding to the type and condition of the surface was taken
from the literature and applied. The speed calculated based on
skid marks was 58.01 km/h, deviating by approximately 6 km/h,
which can be explained by the deceleration tolerance, which
according to literature can range in this case from 4.0 to 6.8 m/s?,
and the minimum vehicle deceleration resulting from the
collision with the dummy. Since the vehicle began braking only
after it had struck the dummy, it can be assumed that the speed at
the start of the skid marks was also the impact speed. At the
moment of impact, the vehicle did not brake. Therefore, the
conditions for applying the method for calculating speed based
on pedestrian throw distance are also not met in this case,
although the calculated speed of 66.6 km/h does not deviate
significantly from the actual value. If using Kramer’s formula for
the calculation, the resulting speed is 69.4 km/h.

The third test was a collision between a Hyundai Accent car
and an adult dummy at the speed of 80.00 km/h. The dummy
throw distance was 38.00 m and it was also rainy.

Figure 6. Damage to the vehicle in the third crash test

Figure 6 shows a cracked front bumper, cracked front right
headlight, a dent and damaged paint on the hood, a dent on the
right A-pillar and a cracked windshield with penetration into the
cabin around the central right part. Judging from its shape, the
penetration was caused by the dummy’s head. Based on the
damage and the illustration of the speed estimation according to
the head-on-vehicle contact shown in Figure, we can conclude
that the impact speed ranged from 60 to 70 km/h, which indicates
a deviation from the actual impact speed of 80 km/h. For the
impact speed of 80 km/h, the head-on-vehicle point of contact
would be on the very top of the windshield. There is no record of
skid marks in the investigation report; therefore, the method for
calculating speed based on skid marks cannot be applied. At the
moment of impact with the dummy, the vehicle did not brake, so
the conditions for applying the method for calculating speed
based on the empirical equation for pedestrian throw distance
were also not met in this case, although the results do not deviate
significantly from the actual value. The vehicle speed calculated
using the empirical equation was 74.00 km/h and using the
Kramer’s equation 77.99 km/h.

Conducted calculations show that the methods relevant to
these examples are the methods for defining speed based on skid
marks, based on pedestrian throw distance and Kramer’s
equation. Other methods are not relevant since there was no
record in the investigation report of the accident traces that could
be applied in these methods, or the conditions for the application
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of such traces in a specific case were not met. Table 1 shows all
calculated results expressed as km/h.

Testl | Test2 | Test3
Skid marks | - 58.07 | -
P_edestrlan throw 6484 | 66.60 74.00
distance
Kramer 67.30 | 69.40 77.99
Based on head-on- | 5060 | 60-70
vehicle contact
Speed calculated in PC-
Crash 5450 | 64.90 81.10
Actual impact speed 54.00 | 64.00 | 80.00

Table 1. Results of impact speed calculations using different
methods

As can be seen in Table 1, none of the relevant methods for
defining the speed of the vehicle provided satisfactory results in
the first example, i.e. for the commercial van, except the
simulation conducted using PC-Crash software. There was no
record of skid marks left by the commercial van in the scene
investigation report, thus this method could not be applied. Speed
calculations based on pedestrian throw distance and Kramer’s
formula considerably deviate from the actual impact speed. Since
the vehicle in question was a commercial van, the pedestrian
head-to-vehicle contact chart was also excluded as a method for
determining the impact speed.

In the second example, the greatest imprecision with regard
to the impact speed of the vehicle is evident in the data obtained
based on the head-to-vehicle contact (50-60 km/h). In this
example, the speed calculated based on pedestrian throw distance
deviates the least from the actual impact speed if we take into
account just the conventional methods. The most accurate speed
calculation was again obtained by using the PC-Crash simulation
tool.

In the third example where the actual impact speed was 80.00
km/h, the method based on skid marks again cannot be applied,
since no skid marks were documented. The impact speed
determined based on head-to-vehicle contact deviates
considerably from the actual speed, i.e. it is 10-20 km/h slower.
The most relevant conventional method applicable in this
example is the method for calculating speed using Kramer’s
formula, where the calculated speed deviates from the actual
speed by 2.01 km/h. An even more accurate result was obtained
using PC-Crash simulation software.

As the above results show, the vehicle impact speed in a
vehicle-pedestrian collision can be most accurately determined
by using simulation software. PC-Crash simulation program uses
established mathematical and empirical methods for calculating
vehicle impact speed. It is thus evident that it provides the most
accurate result.

6. Conclusion

Traffic accidents are one of the leading causes of death in the
world. Each year, 1,240,000 road users on average die in traffic,
of which 270,000 (22%) are pedestrians.

According to the conducted research presented in this paper,
we can conclude that the traffic accidents involving pedestrians
are the most complex type of traffic accident to analyse. The type
of pedestrian collision dictates which method will be selected for
calculating vehicle speed and the most accurate speed calculation
will be obtained if several different calculation models are used.
As can be seen in the paper, the most accurate calculation of
impact speed was obtained by using PC-Crash simulation
software.
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An issue that became evident during the writing of this paper
is that the models that are still used in the analysis of pedestrian
accidents are outdated. These models were developed some fifty
years ago which, given the technological advances in
infrastructure and vehicles, reduces the relevance of the
calculations. The models that correlate the vehicle speed and the
pedestrian throw distance were empirically derived from tests
and real-life traffic accidents. From today’s standpoint, the
equipment used to test and validate these models is inaccurate
and technologically obsolete. The issue in defining models based
on tests lies in the fact that the collision with the pedestrian is
conducted on a test dummy that is supposed to mimic the human
body and its movements in the collision. The joints of the test
dummies used did not have the flexibility of human joints.
Additionally, these dummies resemble the human body only in
terms of mass and height, and no other properties mimic the
actual pedestrian’s movements on impact with the vehicle.

Yet another issue is the fact that the vehicles that were used
in defining the models are today considered old-timers. As a
result, the pedestrian throw distances were significantly different
due to the front profiles of the vehicles and the materials used to
manufacture the front parts of the vehicle.

To calculate the impact speed of the vehicle as precisely as
possible, simulation tools have to be used as they ensure the most
accurate calculation of wvehicle speed. A downside to the
simulation tools is their complexity and the extensive knowledge
that their application requires.
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