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INTRODUCTION

This is the Summary Report of [HRA Pedestrian Safety

Working Group activity, which are completed in the past and

will be completed in the near future.

Back in May 1996, the 15™ ESV International Conference

was held at Melbourne, Australia.

Antecedent this Conference, six items of International

Harmonized Research Activities (IHRA) were proposed and

endorsed in the ESV Government Focal Point Meeting

under the initiative of the U.S.DOT/NHTSA and these items

were formally presented to the 15" ESV International

Conference. As a result, six projects were launched with an

aim to propose harmonized test procedures reflecting the

latest traffic accidents condition.

For each project, a leading country was designated and ESV

participating countries formed a working group (WG) to

achieve assignments within the timeframe of five years.

In 2001, prior to the 17" ESV Conference, IHRA Steering

Committee reviewed each WG activities and decided to

continue their WG activities except one WG.

IHRA/SC agreed continuation of Pedestrian Safety Group

activities for further study to complete their tasks.

The members of the IHRA Pedestrian Safety Working

Group (IHRA-PS-WG) is comprised of experts selected by

the governments of Australia, Europe (EC/EEVC), Japan

and the U.S.A., experts selected by the industrial organization

of OICA and the chairperson selected by Japan.

The primary tasks assigned to the IHRA-PS-WG were:

a) Investigating and analyzing the latest pedestrian
accident data in the IHRA member countries, and

b) Establishing harmonized test procedures that would
reflect such accident condition and would induce
fatalities and alleviation of severe injuries in pedestrian
vs. passenger car crashes.

These tasks would be carried out with the cooperation of all

THRA member countries.

Biomechanics in the aspect of pedestrian accident and

development of test devices based on such biomechanics are
still in the process of research.

Because a suitable pedestrian dummy was not available at
the beginning of this project and it would need enormous
time and/or fund for its development, the IHRA-PS-WG had
to give up the idea of using a pedestrian dummy after
consulting with the IHRA/Bio-WG.

Also, pedestrian dummies have disadvantages when used as
part of test methods to require protection for all statures of
pedestrians.

Therefore, the IHRA-PS-WG decided to make use of the
idea of the existing sub-systems method employed by the
ISO (TC22/SC10/WQG2) and EEVC/WG17, while being
ready to research into areas not covered by these test
methods.

As one of the two primary tasks assigned to the
IHRA-PS-WG was gather the results of detailed research
into the accident data to an agreed format has been collected
from Europe, Japan and USA with Australian data to follow.
The current dataset has been analyzed to determine the
impact areas of vehicles, accident frequency and injured
regions of pedestrian vs. passenger car crashes and to decide
research priorities from these findings.

According to the priorities thus decided, the IHRA-PS-WG
embarked on its research activities to develop adult and child
head test methods, and adult lower leg/knee test methods.
The end of 2002,the WG has completed adult and child head
test methods.

Now experts focusing on the development of lower leg/knee
test method.

ACCIDENT DATA

At the first meeting of the IHRA pedestrian
safety-working group, it was agreed that development
of harmonized test procedures would be based upon
real world crash data. Pertinent pedestrian and
vehicle information contained in accident survey
databases was accumulated. Pedestrian information
included age, stature, gender, injured body region, and
injury severity. Vehicle information included vehicle
type, make, and year, mass, pedestrian contact location,
damage pattern, and impact velocity. Other general
accident information such as pedestrian crossing
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pattern, weather conditions, vehicle and pedestrian
trajectories, alcohol use, etc. were also of interest if
collected. Bicycle or motor-driven cyclists were not
included in the study. Four injury databases from
Australia, Germany, Japan, and United States were
identified as containing much of this information.
Multiple injuries per case were included in the dataset.
In Japan, pedestrian accident data collected by JARI between
1987 and 1988, and in-depth case study data of pedestrian
accidents conducted by ITARDA between 1994 and 1998
were combined for inclusion into the IHRA accident dataset.
A total of 240 cases were acquired in the cities surrounding
the Japan Automobile Research Institute (JARI).

In Germany, investigation teams from both the Automotive
Industry Research Association and Federal Road Research
Institute collected accident information in a jointly conducted
project called the German In-Depth Accident Study
(GIDAS). A total of 783 cases collected between 1985 and
1998 were included from the cities of Dresden and Hanover
and their surrounding rural areas. Accident investigation
took place daily during four six-hour shifts in two-week
cycles. The respective police, rescue services, and fire
department reported all accidents continuously to the
research teams. The teams then selected accidents
according to a strict selection process to avoid any bias in the
database. Accidents where a passenger car collided with
more than one pedestrian or one pedestrian collides with
more than one passenger car were not considered.
Furthermore, accidents in which the car ran over the
pedestrian or the impact speed could not be established were
not considered. The study included information such as
environmental conditions, accident details, technical vehicle
data, impact contact points, and information related to the
people involved, such as weight, height, etc.

Detailed information from pedestrian crashes was collected
in the United States through the Pedestrian Crash Data Study
(PCDS)". In this non-stratified study, a total of 521 cases
were collected between 1994 and 1999. Cases were
collected from six urban sites during weekdays. If, within
24 hours following the accident, the pedestrian could not be
located and interviewed or the vehicle damage patterns
documented, the case was eliminated from the study. In
order for a case to qualify for the study, the vehicle had to be
moving forward at the time of impact; the vehicle had to be a
late model passenger car, light truck, or van; the pedestrian
could not be sitting or lying down,; the striking portion of the
vehicle had to be equipped with original and previously

undamaged equipment; pedestrian impacts had to be the
vehicle’s only impact; and the first point of contact between
the vehicle and the pedestrian had to be forward of the top of
the A-pillar.

The Australian data is from at-the-scene investigations in
1999 and 2000 of pedestrian collisions in the Adelaide
metropolitan area, which has a general speed limit of 60
kmv/hr.  Ambulance radio communications were monitored
from 9 am to 5 pm, Monday to Friday, and from 6 pm to
midnight on two nights per week. Ambulance attendance
at a pedestrian accident was the only criterion for entry into
the study. The sample consists of 80 pedestrian/vehicle
collisions, including 64 with passenger cars, SUV and 1-box
type vehicles, where the pedestrian was standing, walking, or
running, and where the main point of contact with the
pedestrian on the vehicle was forward of the top of the
A-pillar.
wherever practicable, as part of the investigation process.
The reconstruction of the impact speed of the vehicle was
based on physical evidence collected at the scene. Injury

Pedestrians and drivers were interviewed,

information was obtained from hospital and coronial records,
the South Australian Trauma Registry and, in minor injury
cases, from an interview with the pedestrian.

Data from these four studies were combined into a single
database for further analysis to develop a better basis for
worldwide pedestrian impact conditions. From each of
these studies, seven fields of information were identified
which were common to all four studies and were crucial to
providing guidance in test procedure development. For
each injury, these seven fields of data were collected and
input into the unified pedestrian accident database. The
seven fields were country, case number, pedestrian age,
impact speed, AIS injury level, body region injured, and
vehicle source causing the injury. Injury body region and
vehicle source were categorized as shown in Table 1. The
number of cases and total injuries represented in this
combined database are shown in Table 2. Throughout the
remainder of this report, this dataset is denoted as the [HRA
Pedestrian Accident Dataset.

It is recognized that pedestrian injuries in developing
countries are not represented in this dataset; however, this
data is the most comprehensive pedestrian accident database
available to guide pedestrian safety test procedure
development. A total of 3,305 injuries of AIS 2-6 severity
were observed, and there were 6,158 AIS=1 injuries
observed (Table 2).
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Table 1.
Injury Body Region and Vehicle Sources

Injury Body Regions Injury Sources
Head Front Bumper
Face Bonnet/Wing
Neck Leading Edge
Chest Windscreen Glass
Abdomen Windscreen Frame/A-pillars
Pelvis Front Panel
Arms Other Vehicle Source
Leg Overall Non- Contact
Femur Road Surface
Knee Unknown Source
Lower Leg
Foot
Unknown Injury

Table2. THRA Pedestrian Accident Dataset

Region Cases Injuries | AIS1 | AIS2-6
Australia 65 345 182 163
Germany 782 4056 2616 1440

Japan 240 883 523 360

US.A. 518 4179 2837 1342

Total 1605 9463 6158 3305

These minor (AIS=1) injuries were excluded in the
following analysis because they were not believed to be
crucial in test procedure development.

THRA pedestrian injuries of AIS 2-6 severity are shown in
Table 3 according to the part of the body that was injured.
As shown in this table, head (31.4%) and legs (32.6%) each
accounted for about one-third of the AIS 2-6 pedestrian
injuries.  Of the 3,305 AIS 2-6 injuries, 2,790 (84%) were
caused by contact with portions of the striking vehicle, with
head and legs being the most frequently injured (Table 5).
Head injury accounted for 824 occurrences, and legs a total
of 986 injuries when combining overall, femur, knee, lower
leg, and foot body regions. Windscreen glass was the most
frequent vehicle source of head injury, with the windscreen

frame/A-pillars and top surface of bonnet/wing both being
substantial additional sources of injury to the head. A
further breakdown of the injuries and vehicle sources for
children and adults is shown in Tables 6 and 7.  For children,
the top surface of the bonnet is the leading cause of head
injury, while a substantial number of child head injuries also
occur from windscreen glass contact. For adults, the
windscreen glass is the leading source of head injury,
followed by windscreen frame/A-pillars and top surface of
leading source for both child and adult pedestrian leg injury.
Distribution of pedestrian accident victims by age (all AIS
levels) is shown in Table 4 and illustrated in Figurel.
Table 3.
Distributions of Pedestrian Injury (AIS 2-6)

Body Region USA [ Germany | Japan | Australia | TOTAL
Head 32.7% 29.9% 28.9% 39.3% 31.4%
Face 3.7% 5.2% 2.2% 3.7% 4.2%
Neck 0.0% 1.7% 4.7% 3.1% 1.4%
Chest 9.4% 11.7% 8.6% 10.4% 10.3%

Abdomen 7.7% 3.4% 4.7% 4.9% 5.4%
Pelvis 5.3% 7.9% 4.4% 4.9% 6.3%
Arms 7.9% 8.2% 9.2% 8.0% 8.2%
Legs 33.3% 31.6% 37.2% 25.8% 32.6%

Unknown 0.0% 0.4% 0.0% 0.0% 0.2%

TOTAL 100% 100% 100% 100% 100%

When broken into five-year age segments, Table 4 indicates
that the 6-10 year old age group has the highest frequency of
accident involvement at nearly 14% of all cases. In Japan,
this age segment accounts for 20% of the cases, while the
other three regions have lower involvements in this age
group. The percentage involvement in the 11-15 year old
group for Japan, however, drops considerably and is lower
than for Germany, the U.S., or Australia. It is unclear why
this sudden drop occurs in Japan and not in the other regions.
In summary, over 31% of all cases involved pedestrians age
15 and younger. This percentage is 13% higher than the
average overall population of individuals in this age group in
the four countries (18%), which demonstrates the magnitude
of the child pedestrian problem”.

The age distribution data contained in Figure 1 also provides
an opportunity to demonstrate that the THRA Pedestrian
Accident Dataset is representative of the pedestrian crash
situation in the United States. In addition to the Germany,
Japan, U.S., and Australian pedestrian datasets, data from the
FARS and GES are also included. FARS is the Fatal
Analysis Reporting System, which contains every fatal traffic
accident in the U.S. The GES is the General Estimates
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System, and is obtained from a nationally representative

sampling of police-reported crashes. In general, the age o
distribution of the GES data is similar to the others in Figure e S
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Figure 7. MALIS Injury by Country

Since the GES is designed to be a statistically representative

sample, and since the U.S. PCDS and GES distributions are
similar, this would imply that the PCDS is fairly statistically
representative despite the non-stratified sampling scheme
used to collect PCDS cases. However, the FARS
distribution differs significantly from any of the others in
Figure 1. Because FARS contains only fatal accidents, this
may be an indication that the distribution of fatal and
non-fatal injuries differs from each other. An ideal
comparison for the FARS data would have been with the
IHRA pedestrian fatalities. But since the number of fatal
cases is quite limited in the THRA data, the FARS
distribution was compared to the serious and fatal AIS>4
injuries as shown in Figure 2.

Although there is considerable variability remaining in this
distribution due to small sample sizes, the FARS distribution
has reasonable agreement with the [HRA data.

Analysis of the injury level by age group is shown in Figure
3. This figure shows that children aged 15 and younger
tend to have a higher proportion (25%) of AIS 1 and 2
injuries than adults, and persons aged 61 and older have the
highest proportion (near 30%) of moderate and serious
injuries. These observations are likely the result of two
factors. First of all, exposure levels may differ for the
various age groups. For example, younger children tend to
be involved in pedestrian collisions with lower impact
velocities. As shown in Figure 4, the average impact
velocity for children aged 0-15 is about 28 kmvh.  This is
approximately 5 km/h lower than for the other age groups.
A second cause of the injury distribution observed in Figure
3.3 may be that those aged 61 years and older are generally
more frail and less resilient, leading to higher severity injury
for a given impact velocity.

Figures 5 and 6 provide insight into the impact velocity
distribution associated with pedestrian impacts. In Figure 5,
the cumulative frequency of impact velocities on a per case
basis for each country is similar although the U.S. has a
larger percentage of injuries at lower velocities than the other
three countries. This is broken down further in Figure 6,
where lower MAIS injuries occur at lower velocities for all
four countries. In Figure 7, the MAIS injuries are broken
into three categories for the four countries. For MAIS 1-2
injuries, Japan has the lowest frequency (55%) and Germany
has the highest (77%). For MAIS 3-4 injuries, Australia
has the lowest frequency percentage (9%) and Japan has the
highest (24%).  Finally, for the most severe injuries (MAIS
5-6), Germany has the lowest frequency (4%) and Japan has
the highest likelihood of a life-threatening injury (20%).
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Injuries

The cumulative MAIS injury distributions are further broken

100

down by age, body region, and injury severity in Figures 8 —
10. Age classifications are grouped as children (age 15
years and younger) and adults (age 16 years and older). All
body regions are included for both children and adults in
Figure 8, with distributions shown for MAIS 2-6 and MAIS
3-6injuries. ' The injury distribution distinction between
children and adults is evident in this figure. Children (ages 15
and under) are injured at slightly lower impact velocities than
adults in most cases.
Head injury distributions are shown in Figure 9. For adults,
the MAIS 3-6 and MAIS 4-6 injury distributions are almost
identical, while the MAIS 2-6 distribution occurs at lower
velocities. For children, there is similar separation between
the MAIS 2-6, 3-6, and 4-6 injury curves, and the
distributions are roughly the relationship between injury
severity and impact velocity.

Injury distributions for children and adult leg injuries are

shown in Figure 10. This figure shows that for leg injuries,

injury severity is affected less by impact velocity than for
head injuries. Once again, children suffer leg injuries at
lower velocities than do adults.

The major conclusions from this analysis are:

1. The head and legs each account for almost one-third of
the 9,463 injuries in the [HRA dataset.

2. For children, the top surface of the bonnet is the leading
cause of head injury, while for adults the windscreen
glass is the leading source of head injury.

3. Children (ages 15 and under) account for nearly
one-third of all injuries in the dataset, even though they
constitute only 18% of the population in the four
countries.

4. Older individuals are more likely to suffer severe
injuries in pedestrian crashes.

5. Children (ages 15 and under) are injured at lower
impact velocities than are adults

This compilation of pedestrian accident data from Australia,
Germany, Japan, and U.S.A. provides a unique and
important dataset. Issues such as the need for weighting the
information included in this dataset and the problems
associated with weighting are discussed in Chapter 8. In this
chapter, MAIS for each case was used instead of all injuries
in Figures 3. — 10. to eliminate the possibility of cases with
more injuries skewing the data. The cumulative injury
distribution data will provide a basis for establishing
component pedestrian protection test procedures, priorities,
and potential benefits assessments.
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Table S.
IHRA Pedestrian Injuries by Body Region and Vehicle Contact Source — All Age Groups; AIS 2-6

Body Region Head | Face | Neck | Chest Abdomen Pelvis | Arms Legs Unknown | Total
Contact Overall | Femur | Knee | LowerLeg | Foot
Front Bumper 24 2 3 5 3 6 19 59 76 476 31 1 705
Top surface of bonnet/wing 223 15 2 139 44 43 86 23 3 1 1 2 1 583
Part Leading edge of bonnet/wing 15 2 4 43 78 85 35 50 40 6 30 1 389
of the Windscreen glass 344 56 12 30 5 12 23 2 1 1 1 487
Vehicle Windscreen frame/A pillars 168 28 5 35 7 14 31 5 1 2 296
Front Panel 5 1 9 13 7 6 9 14 11 35 3 113
Others 45 7 1 38 12 13 15 15 9 5 39 18 217
Sub-Total 824 111 24 297 164 177 202 123 126 99 582 56 5 2790
Indirect Contact Injury 13 17 1 1 7 1 3 1 2 46
Road Surface Contact 171 2 2 22 2 9 ) 6 4 3 5 15 1 304
Unknown 27 6 3 19 10 16 25 1 7 9 32 3 7 165
Total 1035 139 46 339 177 209 270 130 140 111 620 76 13 3305
Table 6.
IHRA Pedestrian Injuries by Region and Vehicle Contact Source — Ages >15; AIS 2-6
Body Region Head | Face | Neck | Chest Abdomen Pelvis | Arms Legs Unknown | Total
Contact Overall Femur | Knee Lower Leg Foot
Location
Front Bumper 20 2 2 3 3 3 16 29 69 429 29 605
Top surface of bonnet/wing 140 9 1 122 39 35 73 21 3 1 1 2 1 448
Part Leading edge of bonnet/wing 7 2 1 36 65 80 28 46 33 5 24 1 328
of the Windscreen glass 303 52 11 28 3 10 22 1 1 1 432
Vehicle Windscreen frame/A pillars 159 28 5 34 7 14 29 5 1 2 284
Front Panel 1 8 13 6 5 9 9 10 32 3 96
Others 33 7 29 9 12 11 6 4 5 26 13 155
Sub-Total 662 101 18 259 139 160 171 104 79 90 513 49 3 2348
Indirect Contact Injury 12 16 1 7 3 1 2 42
Road Surface Contact 125 18 2 21 2 8 32 6 4 3 5 14 1 241
Unknown 19 6 3 18 9 16 20 1 4 9 28 3 6 142
Total 818 125 39 299 150 191 223 111 90 102 547 68 10 2773
Table 7.
IHRA Pedestrian Injuries by Body Region and Vehicle Contact Source — Ages >16 ; AIS 2-6
Body Region Head | Face | Neck | Chest Abdomen Pelvis | Arms Legs Unknown Total
Contact Overall | Femur | Knee Lower Leg Foot
Location
Front Bumper 4 1 2 3 3 30 7 47 2 1 100
Top surface of bonnet/wing 83 6 1 17 5 8 13 2 135
Part Leading edge of bonnet/wing 8 3 7 13 5 7 4 7 1 6 61
of the Windscreen glass 41 4 1 2 2 2 1 1 1 55
Vehicle Windscreen frame/A pillars 9 1 2 12
Front Panel 5 1 1 1 5 1 3 17
Others 12 1 9 3 1 4 9 5 13 5 62
Sub-Total 162 10 6 38 25 17 31 19 47 9 69 7 2 442
Indirect Contact Injury 1 1 1 1 4
Road Surface Contact 46 4 1 1 10 1 63
Unknown 8 1 1 5 3 4 1 23
Total 217 14 7 40 27 18 47 19 50 9 73 8 3 532

VEHICLE SHAPES AND CATEGORIES

Front shape of passenger car was investigated and
categorized into three groups, Sedan, SUV (Sport

Utility Vehicle) and 1-Box (One Box Vehicle), so that the
effect of vehicle front shape on the pedestrian impact was
studied with computer simulations focusing on the head
impact velocity, head impact angle, WAD (Wrap Around
Distance) and head effective mass.

Figure 10 shows the car front shape corridors for the three
groups obtained from current production cars in Europe,
Japan and U.S.A. Each corridor consists of upper and
lower boundaries of the bonnet and windscreen glass with
the front skirt corridors.

Figure 11 shows the definitions of the measuring points
the bumper lead (BL), center

for bumper
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height (BCH), leading edge height (LEH), bonnet length,
bonnet angle, windscreen angle and the bottom depth and
height of the front skirt. These positions and angles for the

3000

2000

Height (mm)

0

1000 4

Sedan + Light vehicle + Sports type (n=33)

o

3000

1000 2000 3000 4000 5000
Length (mm)

2000

1000

H\\

SUV (n=16)

o

3000

1000 2000 3000 4000 5000
Length (mm)

__ 2000

1000

Height (mm
| \

1Box (n=8)

o

1000 2000 3000 4000 5000
Length (mm)
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each group are summarized in Table 8.
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Figure 11. Definitions of Car Front Shape

Table 8.

Car Fron Shape Corridors

Sedan + Light vehicle + Sports type

Lower Middle Upper

BL (mm) 127 127 127
BCH (mm) 435 475.5 516
LEH (mm) 565 702 839
Bon. length (mm) 1200 917.5 635
Bon. angle (deg.) 11 14.5 18
Win. angle (deg.) 29 34.5 40
Bottom depth (mm) 42 98 154
Bottom height (mm) 182 225.5 269
SUV

Lower Middle Upper
BL (mm) 195 195 195
BCH (mm) 544 640 736
LEH (mm) 832 1000 1168
Bon. length (mm) 1023 933.5 844
Bon. angle (deg.) 11 9.75 8.5
Win. angle (deg.) 36 39.5 43
Bottom depth (mm) 48 123 198
Bottom height (mm) 248 348 448
1Box

Lower Middle Upper
BL (mm) 188 188 188
BCH (mm) 448 576 704
LEH (mm) 864 1004 1144
Bon. length (mm) 361 259 157
Bon. angle (deg.) 40 40 40
Win. angle (deg.) 30 38 46
Bottom depth (mm) 63 95 127
Bottom height (mm) 214 292.5 371
BIOMECHANICS
Head Injury Biomechanics

For the purposes of the IHRA-PS-WG, emphasis has been
placed on pedestrian head injuries resulting from head impact
with the vehicle frontal structure, including the windscreen and
A-pillars. The Head Injury Criterion (HIC) has been selected as
the measure of the risk of brain injury resulting from such an
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impact. It is recognized that HIC does not allow for the
influence of some factors, such as rotational acceleration of the
head, but it has been selected here because, at present, it is used
almost universally in crash injury research and prevention. The
time window for the calculation of HIC has been set at 15 mis,
and the value of HIC shall not exceed 1000.

Two head forms are proposed for use in subsystem testing, one
representing the head of a 50th percentile adult and the other the
head of a 6 year old child. The diameter of each head form is
165 mm and the mass is 4.5 kg for the adult head form and 3.5
kg for the child. The head forms are subject to performance,
rather than design, criteria (see [HRA documents PS/113 and
118). The head impact test areas on the vehicle for the child and
adult head forms correspond to the areas commonly struck by
the head of a child and an adult pedestrian, respectively.

COMPUTER SIMULATIONS
Car to Pedestrian Impact Model

Figure 12 shows three pedestrian models currently used for
the THRA computer simulation study. These are JARI,
NHTSA and RARU (Road Accident Research Unit of
Adelaide University) pedestrian simulation models. The
validity of these adult models was evaluated by comparing
results from
their computer simulations and published PMHS (Post
Mortem Human Subject) tests, and child model was developed
with scaling method. Figure 13 shows a typical overall
pedestrian kinematics from computer simulation and PMHS
test at impact speed of 40 km/h. The lateral rotation of the
upper body segments and the leg bending motion were well
predicted. The trajectories of body segments relative to the car
body were also compared at different impact velocities
between the model and the PMHS as shown in Figure 14.
These comparisons indicate the good reliability of the

computer simulation model.
NHTSA RARU

g =" B

= )
— e ——— |

" LY g0

Figure 12. Pedestrian Models (AM50, 6 year)

1]

NHTSA 1. [l [

RARU

e Pl SRS L

3

(peae

20ms ~  40ms 60ms 80ms 100ms

Oms

Figure 13. Validation Result on Overall Pedestrian
Kinematics

PMHS Impact Condition

V:25,32,40 km/h

Car A
LEH: 763mm
BL: 145mm

BCH: 383mm

VERTICAL DISLACEMENT (m)

Figure 14. Validation Results on Pedestrian Trajectory
Parameter Study

A parameter study was conducted to understand the influence
of pedestrian size, waling position, vehicle shape, vehicle
stiffness, and vehicle impact speed onto the pedestrian impact
condition such as head impact velocity, head impact angle, and
head impact location (Wrap Around Distance: WAD) as
shown in Table 9.

Three walking position was used for the parameter study as
shown in Figure 15, and its definition and applied values are
shown in Figure 16 and Table 10. Two vehicle stiffness, hard
and friendly, was used as shown in Figure 17, and the definition
of the head impact velocity and the head impact angle are
illustrated in Figure 18. WAD was obtained as shown in Figure
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19.

20
Vechicle Stiffness
Table 9 InputParameters 5 Lo S
= —8T1 (Hard)
Pedestrian Size AM50, Child-6YO x '
Walking Position WP1, WP2, WP3 g 10 1 S$T2 (Friendly)
Vehicle Shape Sedan, SUV, 1BOX e
(Upper, Lower, Middle ) 5 - /- - - - - - - - - - - e
+ extend the bonnet length max. 4kN
Vehicle Stiffness ST1, ST2 0
Vehicle Impact Speed 30, 40, 50 km/h
- 0 0.05 0.1 0.15 0.2
Braking 0.5G
Friction Pedestrian-Vehicle: 0.30 Penetration(m)
Pedestrian-Ground: 0.67

Figure 17. Vehicle Stiffness

WP1 WP2 WP3
VRR = \IVRx2 + VR22
/ : NP o= arctan(k]
L "
~

Ve N @
{ )

/
i/
.

Vix : Relative head velocity against vehicle (X)

Figure 15 Pedestrian’s Walking Position Vyz : Relative head velocity against vehicle (Z)
Vir : Head Impact Speed

(BA+) - Resultant of relative head velocity against vehicle -
o : Head Impact Angle
- Obtain from Vyy and Vy, ratio -
BA: Back Angle
(SA+) SA: Shoulder Angle . o .
EA: Elbow Angle Figure 18. Definition of Head Impact Velocity and Head
HA: Hip joint Angle
(EA+) KA: Knee Angle ImpaCt Angle
(HA-) FA: Foot Angle
(FA+) (KA-)

Figure 16. Pedestrian’s Walking Position

Definition Angle
Table 10
ian’s Walki o:
Value of Pe](;esnti"ll:ln sW g Position Figure 19 Definition of Wrap Around Distance (WAD)
WP1 Del on Avizfe WP3
Left | Right | Left | Right | Left | Right
BA (deg.) +5 . .
SA (Geg)| 0 | 0 [ 5 | 5 [ 10 [ +10 Simulation Results
EA (deg)| +14 | +14 | 0 | +27 | +22 | +22
Eﬁ\ (geg-) +g; ?O +122 13 +§$ fg Figure20 shows the several pedestrian head impact conditions
FA Edzg:; _0 ;_1 0 _0 ;22 _0 _0 getting from the parameter study. It is clear that the pedestrian

size and the vehicle category affects to the head impact
condition, especially for the head impact angle. Figure 21
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shows some other simulation results. The results indicate the
head impact location also affects the head impact condition.

It is therefore the IHRA/PS working group decided to obtain
the head impact condition by pedestrian size, vehicle category,
head impact location for the each vehicle impact speed as

Shown in Table 11 and Table 12. These values were utilized for
the development of the Japanese regulation for the pedestrian
head protection, which has a plan to be issued by Japan
Ministry of Land, Infrastructure and Transportation (J-MLIT)

- Pedestrian Size -
AMS50

CHO06

I/‘_‘\
O

- Vehicle Category -

Sedan

SUvV

1Box

Figure 20 Difference of the

Condition (Pedestrian Size, Vehicle Category)

Pedestrian head Impact

Table 11.
%gmmﬁry of Parameter Study for Adult

in 2003 in Japan.

AM50

- Head Impact Location -

Bonnet

Windshield

Q

Child-6YO

Bonnet

BLE/Grille —
/

Figure 21 Difference of the

Condition (Head Impact Location)

(Car Impact Speed: 30, 40 and S0 Km/h)

Shape Car impact speed
Corridor 30km/h
Impact Velocity Impact Angle
(km/h) (deg.)
Bonnet Windsheld BLE/Grille Bonnet Windsheld BLE/Grille
Sedan + | 23.7 +/- 6.0 |27.3 +/- 54 nc 78.3 +/- 56 |48.8 +/- 9.9 nc
Suv 26.4 +/- 3.6 nc nc 73.8 +/- 215 nc nc
One box nc 204 +/- 3.6 nc nc 55.1 +/- 10.4 nc
Shaep Car impact speed
Corridor 40km/h
Impact Velocity Impact Angle
(km/h) (deg.)
Bonnet Windsheld BLE/Grille Bonnet Windsheld BLE/Grille
Sedan + | 304 +/- 7.2 352 +/- 6.8 nc 66.0 +/- 14.0]38.4 +/- 10.9 nc
Suv 30.8 +/- 8.8 nc nc 76.7 +/- 22.2 nc nc
One box nc 29.6 +/- 3.2 nc nc 47.3 +/- 9.6 nc
Shaep Car impact speed
Corridor 50km/h
Impact Velocity Impact Angle
(km/h) (deg.)
Bonnet Windsheld BLE/Grille Bonnet Windsheld BLE/Grille
Sedan + | 37.5 +/- 9.5 [46.5 +/- 11.0 nc 56.8 +/- 11.5(33.5 +/- 11.3 nc
Suv 39.5 +/- 11.0 nc nc 73.5 +/- 25.2 nc nc
One box nc 43.0 +/- 6.0 nc nc 38.4 +/- 12.3 nc

*nc: No Contact
** Linear interpretation to be used to determine impact conditions for in-between speeds if required.
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Table 12. Summary of Parameter Study for Child
(Car Impact Speed: 30,40, and 50 Km/h)

For Child
Shaep Car impact speed
Corridor 30km/h
Impact Velocity Impact Angle
(km/h) (deg.)
Bonnet Windsheld BLE/Grille Bonnet Windsheld BLE/Grille
Sedan + | 216 +/- 3.0 nc nc 65.1 +/- 0.8 nc nc
SuvV 21.3 +/- 1.2 nc 213 +/- 6.0 | 556 +/- 55 nc 26.0 +/- 7.5
One box | 20.1 +/- 0.6 nc 21.9 +/- 51| 475 +- 28 nc 20.3 +/- 8.0
Shaep Car impact speed
Corridor 40km/h
Impact Velocity Impact Angle
(km/h) (deg.)
Bonnet Windsheld BLE/Grille Bonnet Windsheld BLE/Grille
Sedan + | 30.0 +/- 4.0 nc nc 66.0 +/- 6.3 nc nc
Suv 272 +/- 1.6 nc 32.0 +/- 3.6 |59.2 +- 26 nc 225 +/- 42
One box | 27.6 +/- 0.8 nc 33.2 +/- 3.2 1498 +- 1.8 nc 174 +/- 6.1
Shaep Car impact speed
Corridor 50km/h
Impact Velocity Impact Angle
(km/h) (deg.)
Bonnet Windsheld BLE/Grille Bonnet Windsheld BLE/Grille
Sedan + | 385 +/- 5.0 nc nc 652 +/- 6.5 nc nc
SuUvV 34.0 +/- 15 nc 445 +/- 1.0 [61.9 +/- 3.8 nc 18.1 +/- 3.8
Onebox | 36 +/- 05 nc 46.5 +/- 2.0 (474 +/- 21 nc 14.8 +/- 3.6

*nc: No Contact

** Linear interpretation to be used to determine impact conditions for in-between speeds if required.

EXISTING METHODS AND TOOLS

EEVC test methods

The European Enhanced Vehicle-safety Committee (the former
European Experimental Vehicles Committee) performed
several studies and proposed various recommendations on test
methods to assess pedestrian protection. In the spring of 1987
the EEC ad-hoc working group ‘ERGA Safety’ discussed one
of these proposals . It was concluded that the basis of the
proposal was promising, however, additional research was
needed to fill up some gaps. The EEVC was asked to
coordinate this research and at the end of 1987 EEVC Working
Group 10 ‘Pedestrian Protection’ was set-up.

The mandate of this group was to determine test methods and
acceptance levels for assessing the protection afforded to
pedestrians by the fionts of cars in an accident. The test
methods should be based on sub-system tests, essentially to the
bumper, bonnet leading edge and bonnet top surface. The test
methods should be considered to evaluate the performance of
each part of the vehicle structure with respect to both child and
adult pedestrians, at car to pedestrian impact speed of 40 km/h.
EEVC/WGIO started its activities in January 1988 to develop

the required test methods as described by the mandate. These
development studies were performed by a FEuropean
consortium consisting of BASt, INRETS, LAB/APR, TNO
and TRL acting under contract to the European Commission
and under the auspices of EEVC. In 1994 EEVC/WGI10 was
dissolved and its final report was published focusing especially
on the changes and improvements with respect to the previous
version of the proposed test methods. In 1997 a new EEVC
working group - WG 17 Pedestrian Safety — was set up with
two main tasks:

1. Review of the EEVC/WGIO test methods and propose
possible adjustments taking into account new and existing
data in the field of accident statistics, biomechanics and
test results.

2. Prepare the EEVC contribution to the I[HRA working
group on pedestrian safety.

The EEVC WGI17 activities with respect to task 1 were
finalized early 1999 and reported to the EC. Improvements
were proposed with respect to the test procedure, definitions,
tools and requirements. The EEVC/WG 17 methods were used
by the European Commission as basis for further discussions
on an EC Directive in this field.

Figure 22 shows the EEVC pedestrian sub-system tests. The
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EEVC test methods include in order of priority:

1. Child head form to bonnet top test

2. Adult head form to bonnet top test

3. Leg form to bumper test (up to 500 mm bumper height,
above that height optional, alternative upper leg form to
bumper test)

4. Adult upper leg form to bonnet leading edge test

The EEVC test methods fully describe the procedures for

testing, the tools (including certification) and (proposed) test

requirements.

] \Heafform Impactor

/ ﬁ(Adult)
Upper legform
Impactor

(Chxld)

Legform Impactor

Figure 22. EEVC Pedestrian Sub-system Tests
ISO test methods

The International Organization for Standardization (ISO)
created a  pedestrian  protection-working  group
(ISO/TC22/SC10/W@G2) in 1987. The working group has been
focusing on the adult leg form test and the child/adult head form
tests. The proposed test methods were also utilized subsystem
test methods. The mandate for the WG2 is to produce test
methods considering with biodiversity and suitable for
reproducing an accident at any car-impact speed up to 40-km/h.
ISO and EEVC basic aim are similar but study results are
different at several points. ISO head form tests make use of a
free-flight head form, which mass, is intended to match the
effective mass of a human head, when the head impacts a
vehicle in a pedestrian accident. However, the ISO adult head
form mass of 4.5 kg differs from the EEVC. The ISO study
from computer simulations concluded that the effective mass
for adult head is nearly same as the head mass itself Also ISO
made a different conclusion for the child head form mass that
the effective mass for child head representing a 6-year old is
same as the head mass itself'and is decided to select 3.5kg.
These mass of the head forms are finally decided based on the
recommendation from ISO/TC22/SC12/WGS.

The EEVC and ISO studies using computer simulations
indicated that the effective mass for both the adult and child
heads impacting a vehicle is greatly affected by the impact
conditions, such as vehicle shape and stiffhess. The ISO/WG2
concluded that an average value of effective head mass from a
large number of computer simulation runs is almost identical
with their respective head mass itself for both the adult and
child heads impacting a vehicle, as shown in Figure 21.
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1]

S i A o K3
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®

S 100 |

= @ TNO Study
= [e]

g 80 9 = for VDA

£ |

E 60 8

=2

2 40 4 Ishikawa et al.

=

w00

Stiffness

(Bonnet stiffness used for the parameter study with

experimental test data)
25 .
| K3

20 !
. ______ TNO Study for
215 | VDA
g 10 Ishikawa et al.
[

ST

o £ ‘

0 0.05 0.1

Deflection (m)
(An equation used to obtain effective mass)

a(t) [* Fy/atode

m, =
HPC15ms t,—t
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Figure 21 Head Effective Mass vs Head Mass for 6-Year
Old Child by Bonnet Stiffness (PS/166)
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Pedestrian dummy

Using sub-system test, the performance of a specific vehicle
part can be evaluated by impacting a specific impactor against
the body part at different locations and impact velocities. But
with sub-system test, it is almost impossible to obtain an
integrated result of the change in response of the whole body to
changes in design of a specific vehicle. Changes in the
bumper may effect or affect how the rest of the body will
interact with the vehicle. Thus there is a need for the
development of a pedestrian dummy.

Dummies have been used in pedestrian safety research,
including modified versions of Hybrid II and III, the
Rotationally Symmetrical Pedestrian Dummy (RSPD) ¥ and
so on.

However, they produced kinematics that were different from
that observed in PMHS tests”. In addition, there were some
problems with durability and repeatability.

A pedestrian dummy, called Polar (See Figure 24), has been
recently developed in a joint collaboration of GESAC, Honda
R&D, and JART".  The first version of Polar, now called Polar
I, was modified from Thor, the NHTSA frontal dummy. The
modifications were specially designed to improve the
kinematics response during lateral impact with a vehicle at
different impact speeds. The latest version of the dummy is
known as Polar II and includes a human-like representation of
the knee, a flexible tibia, and a more compliant shoulder.
Polar 1T has been recently tested in full-scale impacts by
NHTSA and the results will be presented at the [HRA-PS-WG.

Figure 24 Frontal View of Polar
IHRA-PS-WG TEST METHODS
As has already been noted when the IHRA Pedestrian Safety

working group started their mandate, suitable pedestrian
dummies were not available. Hence, the IHRA Biomechanics

working group was inquired of the possibility of development
of dummies for pedestrians. Their reply was that this possibility
was very low because of taking too much time and due also to
extensive costs. Also, pedestrian dummies have many
disadvantages for use in test methods intended for use in
regulations to require pedestrian protection. The most
significant disadvantage is the need for a whole family of
dummies to represent the range of real life statures found. The
dummy statures would need to cover from small child through
to large adult if the whole of the area of the car likely to be hit
by the head is to be tested. Consequently, the group decided to
adopt the sub-system method, as already used in other test
procedures, such as ISO/TC22/SC10/WG2 and EEVC/WG17.
It was also decided to establish specifications for impactors for
each of these sub-systems. Three subsystem test procedures
(adult head form, child head form and leg form) are proposed in
high priority identified in the analysis of pedestrian accidents in
the IHRA member countries. Table 13 shows a comparison
of head form test conditions proposed by EEVC, ISO and
IHRA. Based on above mentioned parameters were used for
computer simulations and done to check the interrelationships
between the different subsystem tests.

Table 13.
Comparison of Headform Test Conditions Proposed
by EEVC, ISO and IHRA
FRVONMGH BOICS(IMG HIRAVPSWG
1998 2002/1 LI
[Child Head]
Impactor Mass 2.5kg 35kg 35kg
Moment of inertia [0.0036 +0.0003 kgn?®| ~ 0.01£0.005 kgn? | 0.0075-0.020kgn?
guarantee robustness of]| 30 to 50 kmh
Tmpact speed 40knih impactor up to 40 kmvh|  (Vehicle speed)
o ° depend on vehicle
Impact angle 50 53 shape
‘WAD (mm) 1000 to1500 1000 to1500 900 to 1400
Transition Zone (not defined) * H
(mm) 1500<WAD<2100 1400<WAD<1700
Criteria HPC HIC15 HIC15
(Threshold) 1000 (not defined) 1000
[Adult Head]
Impactor Mass 4.8kg 4.5kg 4.5kg
Moment of inertia [0.0125 +0.0010 kgn?] (not defined) 0.0075-0.020kg-n?
guarantee robustness of] 30 to 50 km'h
Tmpact speed 40 kanth impactor up to 40 knmvh (Vehicle speed)
o o depend on vehicle
Impact angle 65 53 shape
1500t02100 and greater
‘WAD (mm) 1500 to 2100 (not beyond ws frame) 1700 to 2400
Transition Zone (not defined) * Hok
(mm) 1500<WAD<2100 1400<WAD<1700
Criteria HPC HIC15 HIC15
(Threshold) 1000 (not defined) 1000

*: Test with either child or adult headform within entire transition zone.
**: Test with both headforms within entire transition zone.
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IMPLICATIONS FOR REGULATION
Societal Benefits

The aim of this section is to estimate the potential benefits in
terms of casualty reductions, from vehicles that have been
made to meet the pedestrian impact test requirements under
development by this Working Group. Measures to protect
pedestrians will also be of benefit to other vulnerable road users
such as pedal cyclists and motorcyclists.

The Working Group is producing test methods and test tools
suitable for the whole of the vehicle front likely to strike a
pedestrian.  Protection is therefore assumed for all impact
locations in frontal impacts.

As protection requirements for the vehicle and the potential
savings of pedestrian injuries are very dependent on the impact
velocity selected for the test methods, benefits for three speeds
(30, 40 and 50 knmvh) have been estimated. These are vehicle
equivalent speeds, which will not necessarily be the actual
sub-system test speeds.

Benefits have been estimated for fatalities and seriously injured
casualties. The latter are defined here as casualties of MAIS 2
to 5 who are not fatally injured.

The global accident dataset was the primary data source, but as
it did not identify fatalities, this information was sought and
gratefully received from the organizations that had originally
contributed the data. Where necessary, national statistics from
Great Britain were also used.

The estimates of the proportions saved are derived from a chain
of estimates, starting with all the pedestrians fatally or seriously
injured. A proportion of these will be injured by vehicles
within the scope of the test procedures, mainly by cars. Of
these, a proportion will be injured by the impact type that the
test procedures are simulating, namely a frontal impact. Of
these, a proportion will be injured at a speed at which the test
procedures can provide protection.  Of these, a proportion of
casualties will be injured by the vehicle rather than by the
ground.

For each speed, two methods were used to calculate the
proportions injured at speeds at which the test procedures could
provide protection: a) A simplified assumption that those saved
above the test speed will match those not saved below, similar
b) An assumption that the
safety measures will shift the whole injury distribution
downward, similar to the method of Davies and Clemo ™. They
assumed that a speed of 25 km/h was ‘safe’ with current cars;
the same speed is used in this current study.

to the method of Lawrence et al *ii.

Preventing some injuries to a pedestrian will not necessarily
benefits the pedestrian; if they should receive a fatal injury from
the ground contact then the result will be the same, however
much improved is the vehicle. Fatalities were assumed to be
saved if all injuries could be potentially prevented for which the
AIS severity was the maximum (MAIS) for that casualty. For
seriously injured casualties it was assumed that the serious
casualty could be potentially saved if all the AIS 2 to 5 injuries
were caused by car contact. However, casualties with both car
contact and ground contact injuries in the AIS 2-5 range were
counted as being 20 percent ‘saved’, to reflect that there was
some benefit in reducing the number of serious injuries.

It is assumed in the estimates shown in Table 14 that fatalities
saved would still be seriously injured.

Table 14

Potential reductions in pedestrian fatal and serious
casualties due to cars passing IHRA test methods, as a
percentage of pedestrians injured by all vehicle types

q 0,
Method Test Speed Fatal Serious (%o)
(km/h) (%)
30 5 17
Safewibin e 40 14 27
speed

50 26 33
30 13 7
Speed-shift 40 35 19
50 48 29

Discussion: The estimates by the two methods differ markedly,
particularly in their relative benefits for the two severities, demonstrating
that estimates of this type are not precise. - The “safe within the test speed”
method will tend to underestimate the potential for saving lives, as most
fatalities oocur above the test speed. - Conversely, the speed shift method
tends to over-estimate the potential for saving lives, as cars are likely to be
optimised to just pass at the test speed, with little in-hand to provide
protection at higher speeds.

OTHER MEASURES

It is recognised that improvement of the level of
pedestrian protection provided by the design of the
front of the car is only one of many ways of reducing
pedestrian casualties. Road and traffic engineering
measures, such as reducing vehicle travelling speeds by
lower speed limits, can also be expected to reduce the
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frequency of collisions with pedestrians and the
severity of those collisions that do occur. ASV
(Advanced Safety Vehicle) technologies on active safety, such
as pedestrian detection warning system, collision avoidance
automatic brake, nighttime pedestrian monitoring system and
so on, could prevent the pedestrian accidents or minimize
the pedestrian injuries by decreasing the vehicle impact
speed.

However, even with advances in road and traffic
engineering, and other measures, there will still be a
need to minimise the severity of injury sustained by a
pedestrian struck by a car.

RECOMMENDATION
Achievements

This project has run for six years since July 1997, when the first
IHRA-PS-WG was held, until the ESV International
Conference in May 2003. twelve experts meetings have been
held so far. The know-how of experts has been fully used and
research in new areas has been conducted.

Over this period, detailed information on pedestrian-involved
traffic accidents in member countries was gathered and
analyzed, and other relevant information from investigations
conducted to date has also been gathered and analyzed. Data for
traffic accidents in member countries reveal that although the
percentages of pedestrian-involved accidents vary with each
country, the percentages are relatively high.

Since some member countries and WP29 intend to introduce
technical regulations like those in the EU, Japan and some
others, the THRA-PS-WG is conscious of the urgent need to
propose appropriate, harmonized test procedures as a potential
basis for harmonized regulations. Pedestrian protection is a
comparatively new field and so the available information is not
yet completely adequate for the development of comprehensive
and validated test procedures.

Pedestrian crash test dummies are not generally available at
present, although a pedestrian dummy is being developed by
the private sector. An inquiry was made to the IHRA/Bio WG,
but they replied that dummies couldn’t be developed yet due to
the time and cost required. It is also the opinion of some
members of the [HRA-PS-WG that the kinematics of the
vehicle/pedestrian collision may prove to be too difficult to
reproduce in a valid and repeatable manner with a pedestrian
crash test dummy. Accordingly, it was decided to use
subsystem test procedures, which, at least at this stage, are more

practical and repeatable. Interactions between the results of the
subsystem tests will be studied using computer simulation of
the collision events once a comparison of existing computer
simulation programs has been completed.

Proposals for head impact subsystem test procedures for adults
and children are completed. These are top-priority issues.
Proposals for test procedures for the adult leg are also being
considered. Other areas of the human body will be researched
in the future.

Continuation of IHRA/PS Activities

The aim of the [HRA-PS-WG is to prepare test procedures for
the child and adult head, and the adult leg, for presentation at
the ESV Conference in 2003, also recommendations for
research activities that will be needed to develop other test
procedures for the further improvement of pedestrian protection
after IHRA/PSS. experts will be discussed and conclude near
future.
In the field of pedestrian crash injury biomechanics, there are
still areas, which must be investigated, and their practical
applications explored. The IHRA-PS-WG plans to first clarify
the issues, necessities and research responsibilities through
detailed investigations. The following issues will be studied.
® Comparative evaluation of the results of, and interactions
between, subsystem test procedures and test procedures
employing a Computer simulation program based on the
best such programs currently available.
® Regarding leg impacts on the pedestrian, the
IHRA-PS-WG started to confirm the injury mechanisms
and tolerance of the leg to impact. This has been following
by evaluation of available and proposed impactors and
development of test procedures based on the results.
® (larification of the importance of injury mechanisms to
arrears other than the head and legs, also, R & D on
impactors to confirm such injury mechanisms.
This work will be greatly facilitated if member countries are
prepared to cooperate and share the cost, conduct further studies,
and assist in the development of essential test procedures.
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