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ABSTRACT

     Pedestrian computer model validation currently relies on published data from cadaver

tests, which are impact specific.  Both the ethical and cost issues make large scale testing of

various impact scenarios and body sizes unfeasible.  This study focuses on modelling a real-

world accident to determine how such a methodology can be used to further validate and

improve current pedestrian human-body models.  A scaled version of the TNO 5
th

 percentile

female pedestrian model has been validated and applied to reconstruct a fatal accident using a

detailed vehicle model.  Further impact scenarios have been explored to allow the ‘injury

variation’ based on stiffness and pedestrian position.
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PEDESTRIAN ACCIDENTS cost the lives of over 6500 people in the European Union each year,

with a further 90,000 being seriously injured (IRTAD 1998). The majority of these accidents involve

an impact with a passenger car front-end, which has led to over thirty years of research to improve

pedestrian safety (Severy et al., 1963; Ashton et al., 1977; Kuehnel et al., 1978; Nierder et al., 1984;

Yang et al., 1994)

     Figure 1 shows that although the majority of countries are still showing a decline in the number of

fatalities, there are still a few countries that have shown an increase over a one-year period.  Although

the fatality trend has been a declining one for over twenty years due to factors such as speed limit

enforcement, better education and improved vehicle aerodynamic design, they appear to have run their

course.  There is now the need to reduce fatalities through pedestrian friendly car design.

This was recognised by the European Enhanced Vehicle-safety Committee (EEVC) and several

studies in this field were performed by working groups of EEVC (1982; 1985; 1991; 1994; 1998).

Based on this research a number of recommendations for the front structure design of passenger cars

were developed and a test method has been proposed in Europe to assess the pedestrian protection

offered by the front of passenger car (EEVC 1998).



Fig. 1 - Pedestrian Fatalities in 1997 and 1998

     This test procedure consists of a number of component tests on the vehicle front structure with

various types of impactors, representing parts of the human body.  In addition to the use of impactors,

the other main approaches to improve safety have been to use computer models or full-scale testing to

assess the aggressiveness of vehicles.  However, there is still some concern over the representativeness

of these pedestrian sub-system impactors for assessing the injuries that may be received by a real

pedestrian in a real accident.  This is where computer models can be exploited to look at the whole

body response of the pedestrian with current, new and prototype vehicle designs, allowing an engineer

to see how their cars will perform in the real-world.

     Current pedestrian model validation relies on the accuracy of how they behave compared to the

trajectories, velocities and accelerations measured in cadaver tests.  Both the cost and ethical issues

surrounding such testing limit the impact scenarios that can be conducted and thus the level of

validation that can be achieved. This form of validation leads to biofidelity issues surrounding the

differences between a living human being and a cadaver.

     This paper looks at accurately modelling a real-world fatal accident to further validate a human

body model, with the goal of being able to eventually match calculated injury criteria with the real

injuries received.  The added benefits from this would allow vehicle structures to be evaluated from a

variety of pedestrian impact scenarios.  Most cadaver tests only look at the pedestrian standing

perpendicular to the car front-end, lined up with its centre.  This causes problems when trying to

determine a model's validity when struck at different angles.  For a pedestrian human-body model to

be used with any confidence, it has to be able to correctly predict the likely injuries received in real-

world impact scenarios.  The analysis is split in three main parts.  Firstly, a validation of both the 50
th

percentile male and 5
th
 percentile female models is required to illustrate their biofidelity.  Next, with

valid models of both pedestrian and car, a reconstruction of a real-world accident detailing related

injuries to calculated criteria.  Finally, variations in the accident are explored to see their influence on

the pedestrian injury

PEDESTRIAN MODEL

     ANTHROPOMETRY  As described below, literature data has been used to incorporate state of the

art biomechanical data for the most important body areas. These modifications concern not only joint

resistance and contact characteristics but also bending and fracture in the upper and lower legs. Based

on the RAMSIS software, the outer geometry of the model has been updated such that the model better

represents an average male.



Fig. 2 - The MADYMO mid-size male pedestrian model

     CHARACTERSITICS  The human-body pedestrian biomechanical data for the joints and segment

parts have been implemented from a variety of publications, together with detailed validation for the

whole body as well as components. The majority of this data is concerned with the 50
th
 percentile

adult male model. It was decided when creating the model to ensure that the lateral biofidelity

conforms to that of the EuroSID-1 dummy tests (Roberts et al., 1991; ISO-N445, 1996).

     BENDING AND FRACTURE JOINTS  A flexible leg model was implemented. Three

spherical joints are specified in the upper leg dividing the upper leg (femur) into four equal parts. For

the lower leg, also three joints are specified.  For the required bending stiffness, a rotational force

model was implemented. Angular stiffness functions were derived from simulations of quasi static

bending tests done by Yamada (1970).

     In car–pedestrian collisions often fracture of the leg occurs. Therefore leg fracture is

implemented in the body pedestrian model. Fracture joints were sited at the middle femur

joint and at each of the tibia bending joints. The 50
th

 percentile fracture levels were derived

from literature. They can be seen in Table 1 below.

Part Bending

moment [Nm]

Reference Shear force [N] Reference

Upper leg 430 Rodmell (1998) 6300 Rodmell (1998)

Lower leg 285 Nyquist (1985) 4000 Yang (1997)

Table 1 - Fracture levels for the upper and lower leg, based on 50% injury risk

     VALIDATION  Extensive model validations have been made on both the body segments and on

whole body simulations.  For the verification of the lower extremity, the lower extremity model was

separated from the full body pedestrian model. Impact tests with real human lower extremity

specimens (Kajzer et al. 1990 and 1993; Yang et al., 1995) were simulated and results were compared.

     In total, eight full-body pedestrian tests have been used for the validation of the pedestrian models.

Five tests (T1, T3, T6, T8 and T9) reported by Ishikawa et al. (1993) and three tests reported by Yang

et al. (2000) were simulated. With MADYSCALE, the scaling module of MADYMO, models were

created to be as close as possible to the anthropometry of various PMHS used in the experiments. The

chosen subjects have a comparable size and weight to the 50
th
, 95

th
, and 5

th
 percentile human bodies,

respectively. A comparison of the peak force and acceleration values resulting from the experiments

and simulations can be seen in the Appendix, showing the capability of the models to predict peak

values.

     SCALING  The average male pedestrian model was scaled using MADYSCALE to achieve two

female models of the desired bodysize (MADYMO, 1999). The scaling method used has been



developed to generate models representing subjects of varying anthropometry. This method has been

applied to crash-dummy models before (Happee et al., 1998) and is now applied to human body

models. The first step of the method is to generate a set of key anthropometry parameters from a

relevant population. The second step is to scale an existing model towards the desired anthropometry.

     Scaling is relatively simple if all length dimensions scale with the same factor. Such simple scaling

is called geometric scaling. In our study a more advanced scaling method is applied. Different scaling

factors are specified for x, y, and z dimensions and different scaling factors are applied for different

body parts. In total a list of 35 anthropometric parameters have to be specified. In this way the model

geometry can be adapted freely to the desired anthropometry. In the first phase of the scaling, scaling

factors are simply specified as the ratio of desired length divided by the length of the parameter in the

reference model. Thus various scaling factors are derived for separate body parts and for x, y and z

dimensions. The resulting scaling factors are then applied to the reference model. Finally the mass and

the main dimensions of the resulting model are checked. The mass is only an indirect result of the

scaling process and therefore normally deviates slightly from the specifications. The main dimensions

can also deviate slightly due to various factors complicating the scaling. Therefore a second phase of

the scaling is performed to correct the inaccuracies introduced in phase 1. Here the model is simulated

repeatedly to optimise the prediction of mass, erect standing height, seated height and shoulder width.

     In addition to the geometry, the other model parameters are scaled also, so there is scaling of:

• Geometry

• Mass and Moments of Inertia

• All joint characteristics (stiffness, friction, damping and hysteresis)

• Ellipsoids and contact characteristics

• All other force models

• Sensor locations

• Fracture levels

     The scaling rules applied are largely equivalent to those used for scaling and normalisation (Mertz

et al. 1989, van Ratingen, 1997, Irwin and Mertz, 1997). Here it should be noted that scaling was

applied to model parameters where others mostly scale "response corridors". Scaling is performed

assuming that material properties are invariant with subject size. Biomechanically this seems to be an

acceptable approach for adult subjects. The assumption of equal density leads to analytical scaling

rules for: mass, centre of gravity and rotational inertia. For the scaling of stiffness and damping an

identical strain distribution in the scaled objects was assumed. Together with the assumption of

identical material parameters this leads to simple scaling rules. For instance, deformation scales with

the representative length and force scales with surface and thereby with length to the second power.

     Two models resulted from the scaling. One model to be used for the validation of the small female

against the published cadaver tests. The other one was used in the accident reconstruction. Main

anthropometry parameters can be found in Table 2.

50%-ile male Scaled model 1 (Ishikawa) Scaled model 2 (Accident)

Weight (kg) 75.7 54.05 44.53

Standing height (m) 1.74 1.66 1.52

Seated height (m) 0.92 0.88 0.83

Shoulder breadth (m) 0.47 0.36 0.34

Knee height (m) 0.54 0.5 0.47

Table 2 -  Key anthropometry parameters of average percentile male and the scaled female models

     PEDESTRIAN MODEL VALIDATION   The first stage of this work was to validate a small

female model against a published cadaver test, to determine the model's accuracy at predicting motion

and injuries.  A test involving a 36-year-old female of height 1660mm and weight 54-kg was

simulated to achieve this.  Test T10 published by Ishikawa (1993) was modelled using a simplified

representation of the vehicle, with ellipsoids for the bumper, leading edge, bonnet top and windscreen.

Stiffness values were taken directly from the publication. The frontal geometry of the impacting



vehicle for this particular test set up was a 390mm bumper height, a 720mm leading edge height and a

bumper lead of 200mm.  The test was conducted at 40km/h (24.9 mph).

     Figure 3 below shows the pedestrian kinematics for the simulation of test T10 at 50 ms time

intervals.

              
0 ms                                                50 ms                                             100 ms

                        
150 ms                                                             200 ms

Fig. 3 - Pedestrian Kinematics

     In the three figures below, the result of the pedestrian impact simulation is shown together with the

experimental result. Fig. 4 shows the trajectories for head, pelvis, impacted knee and impacted ankle.

Fig. 5 shows the head impact velocity and Fig6 shows the head resultant acceleration.

Fig. 4 - Comparison of head, pelvis, knee and ankle trajectories



              Fig. 5 - Resultant head velocity                               Fig. 6 - Resultant head acceleration

     The trajectories show a good correlation with the cadaver test, especially for the lower extremity

where previous attempts at modelling impacts at high speed have always struggled (Ishikawa et al

1993, Yoshida et al 1998).  In an attempt to model the initial pedestrian position prior to impact, the

arm joints were locked in place across the thorax.  The exact position of this arm was found to have a

large bearing on the results.  In the simulation, as the arm strikes the bonnet, it causes a rotation about

the elbow joint, which in turn resulted in the pelvis being lifted off the bonnet (Fig. 4).  Its influence

on the head impact velocity (Fig. 5) was that it reached the same maximum value, but at an earlier

point in time. This is also the reason why the head acceleration (Fig. 6) has a higher peak and occurs

earlier in the impact.  The cadaver was medically examined after the test and the injuries sustained

were documented.  A rupture of the medial collateral ligament and a partial rupture of the lateral

meniscus were the only injuries and occurred to the impacted lower extremity.  However, in the

pedestrian model, both lower legs were fractured close to the bumper impact level.  A possible

explanation for this is the stiffness values of the vehicle for the simulation appear to be quite high and

if they are not accurate then the impact forces felt by the pedestrian can be over estimated.

     SUMMARY  The results tend to show that the scaled 5
th
 percentile female model is capable of

closely predicting the kinematics and accelerations of the cadaver test. A similar model, scaled to a

smaller size is therefore used to reconstruct the real-world accident.

REAL-WORLD ACCIDENT

     A detailed pedestrian fatal database has been created in conjunction with the local Coroners and

Police and is currently being populated with over 300 cases from the last 5 years in the West Midlands

region.  From this database, suitable cases for modelling are selected based on the depth of available

information.  This must include details on the vehicle involved, scene evidence, witness statements,

pedestrian post mortem, impact speed and vehicle damage.  This study has taken an accident involving

a 49 year old female of height 1520mm and weight 44.5kg, who was involved in an impact with a

family size car travelling at 40.2 to 41.8 km/h (25 to 26 mph).  Therefore a scaled version of the TNO

5
th
 percentile female pedestrian model has been used for this study.  The impact speed is quite low,

and generally associated with less severe injuries, however there is still approximately a 25% chance

that such a velocity can result in a fatal injury (Anderson et al 1979, Ashton et al 1979).

     ACCIDENT  The accident occurred at night on a wet road, although it was not raining at the time

and visibility was good.  The pedestrian had crossed to the centre of the road waiting for traffic to pass

before continuing to the opposite side.  The driver of the impacting vehicle had seen the female but

assumed she would wait in the middle, but as he approached her she began to walk swiftly across in

front of him.  Witnesses stated that he did not take any evasive action until she stepped into his path,

where he began to apply the brakes.  Scene evidence suggested, along with some witness statements,



that the vehicle did not skid, nor did it appear to apply its brakes to the full extent.  The pedestrian was

struck on her left hand side roughly in the middle of the vehicle causing damage to the number plate

and the bonnet leading edge.  A head strike took place to the windscreen close to the bottom nearside

side corner.  She was thrown 10.8 metres down the road and from Police pedestrian throw

calculations, the estimated impact speed was between 25 and 26 miles per hour.  The victim died later

the same day in hospital.  The pedestrian received fractures to the distal part of the left tibia to the

right supra pubic-rami and to the base of the right orbit, all of which were AIS 2.  The other more

serious injuries were a large left subdural haemorrhage (AIS 5), an extensive right subarachnoid

haemorrhage (AIS 3) and a left tension pneumothorax (AIS 5), with these being given as the cause of

death. In the case data, there was no mention of which injuries were directly attributable to the vehicle

and the ground.  By matching injuries with vehicle impact damage it was possible to determine the

pedestrian initial position prior to the accident.

Fig. 7 - Accident Scene Plan

     VEHICLE MODEL  The car has been modelled in MADYMO with 23 ellipsoids to define not only

accurate external geometry, but also under bonnet structures which represent the main vehicle parts

(Figure 8). The standard vehicle configuration consisted of a bumper height of 480mm, the bonnet

leading edge height of 720mm and a bumper lead of 150mm.  The bumper height was adjusted to

460mm to simulate a car with 4 passengers, and the whole car was angled forward to account for the

brake dive at the point of impact.

Fig. 8 - Vehicle model

     The vehicle front-end stiffness was derived from impactor testing on a similar car at a similar

velocity, with impact locations matching those on the accident vehicle.  Extra testing was carried out

to determine the force deflection characteristics of the under bonnet structures.  Stiffness of 200N/mm

for the bumper, 850N/mm for the leading edge and 300N/mm for the bonnet top were used.  The

windscreen stiffness was taken to be 1250N/mm, derived from a headform impact test conducted at

38.6 km/h (Yang et al., 2000). The bonnet was modelled as two separate parts on translational joints

with  local mass values and a joint stiffness that of the bonnet itself, with the actual bonnet being

almost rigid.  This allows the bonnet to move down and strike the under bonnet structures to give the

required impact characteristics. This approach is similar to that followed by Happee et al (1999) with

respect to local mass and inertia.



     RESULTS  With the accident details and an accurately modelled car, the accident was simulated

and the predicted injury values compared to those of the real pedestrian.  The average walking speed

for a small female is approximately 1.5 m/s, (Smithies et al., 1997) so it was assumed that her velocity

was twice this since she was said "to be walking quite fast". Figure 9 shows the damage location

points on the accident vehicle and Figure 10 (a-c) shows the kinematics of the real-world accident

simulation.

     In the simulation, both the legs broke in line with the bumper impact and there was no lower tibia

break on the impacted leg. This did not occur in the real accident and therefore to determine the effect

of this, both upper tibia joint were locked for the whole simulation and the shear force to break the

lower tibia was reduced (modified model).  Fig 10d shows the head impact point when the leg

performed as in the real-world accident, i.e. no upper tibia breaks, causing a slightly lower head

impact point.

Fig. 9 - Impact locations derived from the accident

                           
                       10a. Leg to bumper 0 ms                                10b. Upper leg to leading edge 20 ms

                           
                  10c. Head to windscreen 110 ms                     10d. Head to windscreen 110 ms (modified)

Fig. 10 - Impact point simulation

    Table 3 shows a comparison of body part accelerations for the real accident simulations as well as

the HIC value and head impact velocity.  The data for the real accident is the simulation when the

upper tibias broke and the real accident modified is when the leg breaking properties were adjusted.



Simulation Leg acc.

(g)

Thigh

acc. (g)

Pelvis acc.

(g)

Chest acc.

(g)

Head acc.

(g)

HIC Head vel.

(m/s)

Injury Related

Parameters

(Yang 2000b) 150 60 80 1000

Real Accident
152 192 63 47 171 2875 10.84

Real Accident

(modified) 152 197 63 46 181 3129 11.34

Injuries (AIS) 2 2 5 5

Table 3 - Simulation Comparison

FURTHER PEDESTRIAN SIMULATIONS

     MODEL VARIATIONS  With the real-world accident modelled closely, comparisons between

injury criteria can be made for a variety of possible real-world accident scenarios.  There are countless

possibilities for model variations, but it was decided to limit the variation based on realistic

expectations from the model.  Parameters varied in this study are the front-end stiffness (± 10 and

20%) and pedestrian pre-impact position.  Only the bumper, leading edge, bonnet top and windscreen

stiffness values were altered. All of the tests were conducted with the pedestrian stationary in front of

the vehicle before the impact; therefore test 1 simulates the real-accident for the unmodified pedestrian

without movement relative to the vehicle.  Table 4 outlines the simulations.

Test Limb Positions

Pedestrian Orientation

(0 degrees is

perpendicular to car)

Stiffness of

front-end

Windscreen

Stiffness

1 Real Position (RP) 0 Real Car 1250 N/mm

2 Legs together 0 Real Car 1250 N/mm

3 Opposite RP 0 Real Car 1250 N/mm

4 RP  + 30 (facing away) Real Car 1250 N/mm

5 RP - 30  (facing into) Real Car 1250 N/mm

6 RP 0 + 10% 1250 N/mm

7 RP 0 - 10% 1250 N/mm

8 RP 0 + 20% 1250 N/mm

9 RP 0 - 20% 1250 N/mm

10 RP 0 + 40% 1250 N/mm

11 RP 0 - 40% 1250 N/mm

12 RP 0 Real Car + 10%

13 RP 0 Real Car - 10%

Table 4 - Impact Variations

     PARAMETER VARIATION RESULTS  Similar outputs to the real accident were generated to

enable direct comparisons and are given in Table 5.



Test Leg acc.

(g)

Thigh acc.

(g)

Pelvis acc.

(g)

Chest acc.

(g)

Head acc.

(g)

HIC Head Impact

Velocity (m/s)

1 159 136 39 25 169 2900 12.21
2 135 108 40 30 163 2878 12.71
3 142 148 41 25 156 2454 10.57
4 145 135 40 22 175 3507 13.66
5 132 101 38 24 149 2117 11.52
6 162 146 39 35 170 2904 12.18
7 156 123 39 25 172 2944 12.14
8 164 153 37 24 171 2910 12.15
9 152 134 38 25 170 2919 12.24

10 167 162 37 23 170 2887 12.08
11 142 111 37 27 170 2810 12.43
12 159 136 39 25 180 3173 12.21
13 159 136 39 25 180 2648 12.21

Table 5 - Model variation Results

DISCUSSION

     The information to accurately model a real-world car-pedestrian impact is required in great detail.

A fatal accident has been used for this study because in the UK such incidents are thoroughly

investigated by the Police and Coroner.  The use of at the scene data would be valuable for this type of

work, as much information can be lost quickly from the accident site and in some cases the Police do

not always collect all the relevant data for such modelling work.  Vital data concerning the exact

pedestrian position and orientation, as well as detailed body dimensions were not known for this study,

therefore certain assumptions needed to be made.  The pedestrian models were scaled based on height

and weight only, so no consideration of the joint positions of the real pedestrian was accounted for.

Also, due to the difficulties in modelling a moving pedestrian, the whole model was given the same

initial velocity, meaning that the exact dynamics of the pedestrian were not accurately simulated.

     Real-world accident modelling can prove to be a valuable tool to help validate pedestrian models

and evaluate a wide range of possible impact scenarios.  The results show that it is possible to match

impact points on the vehicle when the pedestrian model is similar to the real-world accident victim.

The accelerations measured by the body are very similar irrespective of the breaking of the lower legs,

but there was a difference present in the head impact response.  Firstly, comparing figures 10c and

10d, one can see that the head impact locations are slightly different, as is the pedestrian position at

this point.  The modified model where only the lower tibia broke, as in the real accident, shows a

closer correlation to the head impact point.  It was found that the maximum bending moment in the

upper tibia reached 270Nm, some 35Nm more than the predicted level in the scaled female model.

However, the testing by Nyquist (1985) had a limited number of female samples tested in the medial-

lateral direction, and the range he found was between 254Nm and 274Nm.  Scaled models can only be

predictive of the average person of that size and cannot account for all tolerance variations.  It can

therefore be assumed that the accident victims' tibia bending strength may have been towards the

upper end of the female spectrum, hence the reason for no fracture at these locations.  The fracture

received at the distal end of the tibia was not possible to simulate correctly in this paper.   It was

considered that this was due to the difficulty in modelling the foot to ground reaction force present in

the real-world with the pedestrians trailing leg pushing off the ground.

     Small variations in impact point for the head, especially close to the edge of the windscreen can

lead to very different HIC values.  In this study, the stiffness of the windscreen was taken from testing

on a vehicle different from the accident vehicle and one value was used irrespective of the location of

impact.  It is therefore not possible to directly relate the HIC value to the head injury received in the

real-world case based on this evidence alone.  The accuracy of all the accelerations is directly

dependent on both the pedestrian model and vehicle characteristics.  Table 3 shows some interesting



points when comparing to the acceleration tolerances published by Yang (2000b).  The HIC value

from the real accident simulation was just over 3000, i.e. 3 times that of the tolerance value, and the

injuries experienced by the pedestrian were certainly towards the more severe (AIS 5), with the head

injury being quoted as the cause of death.  The tibia acceleration measured is slightly greater than the

tolerance value even though not fractures were received.  The acceleration tolerance of 150g for the

tibia is still not fully validated, and methodologies such as this can help relate the population tolerance

variation to similar impacts.  The pelvis acceleration was just above the limit and the chest a little

below, which accounts for the small fracture to the pelvic area.  The chest injury from the real accident

was AIS 5, which clearly was not modelled in the vehicle impact.  On investigating the reasons for

this, it was discovered that the pedestrian landed on the curb at the side of the road after impact, so this

injury may not be directly attributable to the car.  The simulation showed that the pedestrian was

projected roughly the same distance in front of the vehicle as measured in the real accident.  It is

currently not possible to directly relate a calculated injury value from simulation software to any

definite real-world injury.  Further cases need to be modelled accurately to allow the beginning of a

correlation, as one case alone can only really identify the methodology.  This would however require

very detailed information on the vehicle properties, which would probably be best obtained using a

finite element vehicle model.

     From the impact variations it can be seen that the main parameter affecting the HIC value is the

pedestrians orientation relative to the car at impact.  This is explained by the fact that the human-body

is more compliant to bending in the lower extremity when hit from behind, whereas when struck from

the front, the joint resistance is much higher.  This leads to a greater head impact velocity when

walking away from a vehicle and lower when walking into it.  The actual levels of severity have to be

carefully considered, as the pedestrian model has not been validated for such impact conditions.

Again, this is where real-world modelling can be used for further validation.   Varying the front end

stiffness largely has the effect one would expect, lower the stiffness reduces leg accelerations, while

increasing it has the opposite effect.  It is interesting to note that with such a variation in stiffness,

there is relatively little difference in the HIC values, which peaks when the vehicle is 10% less stiff.

Only the stiffness of the windscreen seems to have a direct effect on the head impact severity, but this

factor is not the most severe for HIC, as can be seen from test 4 .  The pedestrian leg positions in front

of the vehicle also display similar characteristics for the orientation.  When the pedestrian has the left

leg in front, it is rotated into the vehicle, where the body is less compliant, therefore giving a lower

head impact velocity and lower HIC value. This methodology can be used to conduct a whole range of

detailed real-world accident reconstructions.  The data gathered from this can then begin to relate the

injuries received by a human being to the calculated injury criteria.  Continued accident severity

modelling could eventually lead to the development of realistic human tolerances for the entire

population, from real-world examples.

CONCLUSIONS

     Cadaver tests are not always the best indicators of the aggressiveness of a vehicle as such tests are

idealised.  The initial positions and body orientations of the pedestrian can greatly influence the level

of injury received (Tables 4 and 5), more so than a 40% change in vehicle stiffness.  The above

methodology can be used to determine the relationship between real injuries received and injury

values calculated by simulations, however considerable correlation's need to be conducted before a

direct comparison can be made.  This would prove an extremely useful tool to designers if the injury

data in absolute numbers could be directly related to a known injury.  It appears to be possible to

match the impact points from a real accident, but the combined contact characteristics between

pedestrian and vehicle need to be accurate for the comparison of injury and the available criteria.  The

use of a detailed Finite Element model of the accident vehicle front-end would prove a valuable tool to

aid this research to reduce the cost of impact testing and also give a far more accurate profile and

deformation characteristics.



FUTURE WORK

     A similar methodology can be used to look at accidents involving both children and elderly

pedestrians, where body tissue and bone fracture properties vary significantly from the 50
th
 percentile

due to the effects of age.  For children, where neither body properties nor tolerance values are known,

scaled human-body models can be used to begin with and modified based on their ability to

reconstruct the real accident.  To aid with this work, research into the effects of muscle tone and

posture need to be initiated, as early simulations show.
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APPENDIX

     Five full body pedestrian tests (T1, T3, T6, T8 and T9) reported by Ishikawa et al. (1993) and full

body pedestrian three tests reported by Yang et al. (2000) have been used for the validation of the

pedestrian models and were simulated. In this appendix an overview of the peak values of the bumper

force, head, chest, upper and lower leg accelerations can be seen below, showing the capability of the

pedestrian models to predict peak values. The data is grouped by impact velocity and the simulation

result is plotted together with the experimental result if the experimental signal is available. The peak

values of the filtered signals have been used.

               

               

               

     The peak values of the filtered signals of the bumper force, lower leg upper leg, pelvis chest and
head accelerations resulting from the simulations (green bars), compared with the corresponding
experimental signals if available (red bars).
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