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2. Abstract and Summary

The objective of the present study was to find out if accidents could be avoided by
Xenon headlamps instead of Halogen headlamps in cars during accident pre crash
phase.

Therefore the database of GIDAS Dresden and Hannover of 2005 until 2007 was
used. A total number of 4,076 accidents with involvement of passenger cars was the
basis of the study.

The investigations at the sites of accidents are a research project of the
Bundesanstalt fur StraRenwesen, which has been conducted in cooperation with the
Forschungsvereinigung der Deutschen Automobilindustrie FAT since 1999 jointly in
Hannover and Dresden (Otte 2003 ). A scientific research team consisting of
technicians and physicians equipped with special emergency vehicles drives to the
sites of accidents, documents the damages to the vehicles, the injuries and the
accident traces. The injured person is inspected in the hospital, where the initial
treatment was performed. The accidents are reported by the police in case of traffic
accidents with personal injury on the basis of a special sampling process (the
accident that has been reported last). Per year in every investigation region
approximately 1 000 traffic accidents are documented and per accident 1 000 to

2 000 individual data are collected in a special database (Brithning 2008 ). Since
GIDAS (German In-Depth Accident Study) has been launched app. 19 000 traffic
accidents have been documented, involving approximately 34 000 vehicles, of these
22 000 motorcars with 47 000 persons in total. The proportion of pedestrians and
bicyclists corresponds to the general accident statistics of the investigated areas of
Hannover and Dresden, Germany, and can be applied representatively to all of
Germany after statistically weighting the data sets. The injuries were coded in
accordance with the Abbreviated Injury Scale AIS (AAAM 1998 ¥,

GIDAS has accidents of personal damages with all kind of participants gathered on
statistical random procedure sampling plan. Out of this sample a selection of
accidents at nighttimes were looked for, a total number of 762 accidents were found.
Than the accident types  with assumption of an effect of visibility in general were
selected. It could be found seven main accident types with effect of visibility in
general:

» driving accident

* turning off accident (leaving main road)

e turning in or crossing

* pedestrian accident

* inactive traffic (parking, including parking manoeuvres)
* longitudinal traffic

» others

Of these 7 accident types those had to be selected where problems of front view
respectively headlamps visibility could be established, 249 accidents could be found
in the GIDAS database.



The study had to be focused to cars equipped with halogen headlamps but for those
which could be equipped with Xenon headlamps too. 54 vehicles equipped with
halogen headlamps but could be also equipped with Xenon headlamps were found.

From these 54 cases 20 cases of the most frequently accident types were selected
for a detailed analysis and were described for the driving phase of the reaction and
handling phase prior to the impact situation. A replication of the light transmission
field in front of the vehicle was used to understand the effect of halogen versus
xenon light for this study.

These cases were analyzed case by case, starting with real world accident vehicles
equipped with halogen lamps compared with the situation of the same cars with
Xenon lamps. The technical data of the reconstruction of determination of collision
speed were used with detail information of the light transmission field measurements
of the different kind of light sources, given by partners of Clepa LightSightSafety.

The analysis of GIDAS cases shows that ~50% (in 10  out of 20 statistically
representative cases) of the accidents of cars equi  pped with halogen
headlamps could be avoided with Xenon headlamps.

Accident causation in most cases is a summary of di fferent factors and
their interactive merge of single causation paramet  er in the temporal
sequence. In addition to the field and length of vi  sibility often other
causes are present. In 6 of 10 cases with limited |  ight conditions other
accident causations like speed or alcohol were pres ent also in the same
manner than light and reduced the attention of the driver. But in the other

4 cases there were no other causations than limited light conditions
present.
The result of the study is given the statement that in many of the analyzed

accidents a positive effect of Xenon headlamps can be established.
Besides the 50% avoidance potential in one case (~5 %) the collision
speed and consequently the injury severity could be reduced as the effect
of an earlier reaction while longer light transmiss ion field.

This results in the statement, that in total, Xenon light can avoid 16% (50%
of 33% accidents with influence of visibility) of a [l night time accidents
with injuries or fatalities involved.



3. Description of the project and objective

The approach of the present study was to analyze and to describe the influence of
Xenon- and Halogen light on the reaction phase of an accident. Therefore accidents
of the Database GIDAS from Hannover and Dresden were analyzed that happened
between 01.01.2005 and 31.12.2007.

The in depth studies from GIDAS afford detailed information about the accidents and
are statistical representative. The existing database with all the issues of deformation
and injury pattern as well as the determined speed values is predestinated for the
present study. About 2,000 accidents were documented annually and the accident
scenario was reconstructed. For nearly every accident exists scale drawings
including detailed information’s about the accident, for example braking and skid
marks.

For each documented case the information from the existed reconstruction can be
used for a new reconstruction with assumptions about the different ranges of vision
field with Halogen and comparing these with the vision field of Xenon headlamps.
Considering this new assumptions a virtually avoidance speed or a virtually impact
point of the collision can be calculated. With these results an analysis of the
avoidance process can be done and assessment of the potential of accident
avoidance or reduction of the injury severity can be made.

The given task by Clepa LightSightSafety was a selection of 20 cases well described
and animated cases in which the effect of xenon could be established for headlamp
light vision fields. For typical accident types by night, the selection of the cases has to
be a statistical evaluation from GIDAS.



4. Data Basis and Methodology of Accident Research Unit

The value of in-depth accident research studies has been recognized internationally
and many other countries also have such teams. Since such detailed information is
essential for improving the safety of cars, a strong collaboration with automakers
developed. This resulted in a joint project between FAT (Forschungsvereinigung
Automobiltechnik or Automotive Industry Research Association) and BASt
(Bundesanstalt fur Strallenwesen or the Federal Road Research Institute) started on
July 1999. In this project so called “GIDAS” (German In-Depth investigation Accident
Study), the geographical area was extended and a second team was set up in the
Dresden area providing additional cases from a different part of Germany.

Both teams Hanover (MUH) and Dresden (TUD) are using the same systems,
procedures and collecting data in one common database. The joint project of GIDAS
started on July 1, 1999.

4.1. Geographical area of the research studies

Hannover : The geographical area covers both the municipality of Hanover and the
surrounding rural areas. There are 1.2 million residents in this area and the surface
area is approximately 2,289 km2. 10% is designated as urban area.

Dresden : The area includes the city of Dresden as well as parts of the counties of
MeilRen, Riesa-Grol3enhain, Weil3eritzkreis, Sachsische Schweiz, Bautzen and
Kamenz. There are approximately 925,000 residents in the area and the surface area
is approximately 2,575 km?.

4.2. Sample plan

Accidents involving personal injury are investigated according to a statistical
sampling process. In both areas, the respective police, rescue services, and fire
department headquarters report all accidents continuously to the research team. The
team then selects accidents according to a strict selection process and investigates
these cases following detailed procedures contained in a handbook and coding
manual. In order to avoid any bias in the database, the data collected in the study is
compared to the official accident statistics for the respective areas and weighting
factors are calculated annually. This process explains why the data captured by the
research teams can be seen as representative for their areas.

Statements about the national situation are only possible for those accident features
that are relatively independent of regional influences. This is true for the variables
which have an effect on the injuries sustained in crashes and therefore the findings
from the study can be considered as representative for most aspects of active and
passive safety.

4.3. Research studies timing

Accident investigation takes place daily during two six-hour shifts following a 2-week
cycle. This makes it possible to cover all periods of the day throughout the whole
year.

4.4. Accident team and special vehicles

During each shift, a team consisting of two technicians, a doctor, and a coordinator is
on duty. Each centre has two specially equipped vehicles available. These are



equipped with flashing blue lights, sirens, special signals and emergency radio
equipment. Various cameras and instruments are available for measuring and
recording purposes. Accurate scale sketches of the scene of the accident are created
using a technique known as "photogrammetry".

4.5. Scope of data

By the two centres, about 2000 accidents in total are investigated annually. The

studies include such information as:

- Environmental conditions

- Road design

- Traffic control

- Accident details and cause of the accident

- Crash information e.g. driving and collision speed, Delta-v and EES, degree of
deformation

- Vehicle deformation

- Impact contact points for passengers or pedestrians

- Technical vehicle data (e.g. lighting technology)

- Information relating to the people involved, such as weight, height etc.

The information collected "on the scene" is complemented by more detailed
measurement of the vehicles (usually on the following day), further medical
information about injuries and treatment and an extensive accident reconstruction
generated from evidence collected at the accident scene.

By applying established physical principles, the impact events are reconstructed (e.g.
collision speeds) using proven software such as PC-Crashl. The output can be
graphically displayed to allow a full understanding of the crash events.
Approximately 500 to 3,000 pieces of information per accident are obtained in total.
Any personal data included is processed according to data protection regulations.
Medical confidentiality and the rights of the individuals are guaranteed. All
information is stored anonymously within a database produced using SIR (Scientific
Information Retrieval) or MS-ACCESS software and is available for evaluation.



5. Accident Type Definition Used for Case Selection

For getting information about vision field of light transmission of the headlamp effect,
different accident types were selected from the entire accident sample.

The accident types are coded according to the catalogue of the German Insurances
(GDV 1977).The type of accident describes the situation or the conflict that led to the
accident, mainly the driving directions just before impact. The information is coded
with a three digit number.

The misbehaviour of the driver is not regarded and describes the accident causation.
If an accident is for example initiated by the conflict of a vehicle and a pedestrian
crossing the street, then it is a pedestrian crossing accident. Also the fact who had
the right of way or who was at fault or if there was alcohol involved has no influence
for the definition of the accident type.

There are 7 Accident Types in which the light transmission field of the headlamps
could have an effect on the time-distance relation to the driver, i.e. if this length is
longer a benefit for avoidance could be exists.

* driving accident

* turning off accident (leaving main road)

e turning in or crossing

* pedestrian accident

* inactive traffic (parking, including parking manoeuvres)
* longitudinal traffic

» others



5.1. Driving

accident

The accident occurred due to loss of control over the vehicle (because of not adapted
speed or erroneous evaluation of the run of the road or the road condition or similar),
without the involvement of other road users. But as a result of uncontrolled vehicle

movement this could have led to a crash with another road user.
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5.2. Turning off accident (leaving main road)
The accident occurred due to a conflict between a turning off road user and a road

user coming from the same direction or the opposite direction (pedestrians included!)
at crossings, junctions, access to properties or parking lots.
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5.3. Turning in or crossing

None




5.4. Pedestrian accidents
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5.5. Inactive traffic (parking, including parking m

anoeuvers)

The accident occurred due to a conflict between a moving vehicle and a vehicle

which is parking, has stopped or is manoeuvring to park or stop.
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5.6. Longitudinal traffic

The accident occurred due to a conflict between road users moving in the same or in

the opposite direction unless this conflict applies to another type of accident.
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6. Case selection

As selection criterions for the present study accidents were chosen which meet the
following conditions:

* Accidents at night only

» Accidents only with influence of vision

4076 Cases of accidents with cars involved were available in GIDAS. Of these
accidents 762 accidents happens during night time. At 249 accidents an influence of
visibility was established regarding different accident types. Only accident types were
used, where the -visibility to the front within the light transmission field of the
headlamps was of importance.

When looking at the accidents types (Figure 1), more than half of the accidents
(52%) were driving accidents and 25% of the accidents were accidents with
pedestrians. Respectively 11% of the accidents were found to be accidents with
inactive traffic and accidents of other types. And 1% of the accidents were found to
be accidents in longitudinal traffic.

distribution of accident types with effect of visibi lity in
traffic accidents at night
(n=249)
60%
52%
50%
40%
30%
25%
20%
11% 11%
10%
0% 0% 1%
0% I
driving turning crossing  walking inactiv.  logitudinal  others
accident accident accident accident traffic traffic

Figure 1  distribution of accident types with effect of visibility in traffic accident at night

Within these 249 accidents 54 vehicles were indentified having halogen head lamps,
but could also have been equipped with xenon head lamps. 20 vehicles with
availability of both Xenon and halogen light beams were chosen for this study using
statistically randomize procedure (Figure 2).
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Figure 2 distribution of accident types with effect of visibility in traffic accident at night

The 20 cases were selected on the basis of the accident type distribution:

Driving accident: 11 cases
Pedestrian accident: 4 cases
Inactive traffic: 3 cases

Longitudinal traffic: 2 cases



7. Data Analysis and Results

For the present study from 2 accident types (turning and crossing accidents) no
accidents could be found. The accident type “others” was not analysed.
For the data analysis the accidents had to be split into the four accident types.

driving accident study group A
pedestrian accident study group B
inactive traffic study group C
longitudinal traffic study group D

To compare the visibility conditions of Halogen headlamps with the visibility
conditions of Xenon headlamps in the same accident situation the selected cases
were analyzed in a case by case study.

A list of make and type of the involved cars all equipped with halogen headlamps
was sent to the study partners of Clepa LightSightSafety for preparing the two
different light cones for halogen (example see Figure 3) and Xenon (example see
Figure 4) headlamps.
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AUDI A4 XENON 2003
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Figure 4  Light cones of Audi A4 Xenon, manufacturing year 2003

For each documented case the information from the existed reconstruction can be
used for a new reconstruction with assumptions about the different ranges of vision
field with Halogen and comparing these with the vision field of Xenon headlamps.
These results in new speeds and accident circumstances and a new analysis of the
avoidance process can be done and assessment of the potential of accident
avoidance or reduction of the collision speed can be made.

7.1. Study group A: driving accident

The accident type “driving accident” is the most frequent one with 52% of the
accidents with effect of visibility. Thus the major group of analyzed cases (n=11) is
based on this type of accident.

5 of the analysed 11 accidents could be avoided with Xenon headlamps.

7.1.1. Case 1050003

At nighttimes the driver of a car drove a federal motorway without street lighting. In a
right hand curve to a motorway station the car left the road at the left side and
collided with a big stone. The unbelted driver was ejected and fatal injured.






Assumption:

The driver wanted to exit the highway and changed to the deceleration lane. The
reaction of the driver occurred, when the bend was seen in the light transmission field
of the headlamps. At this time the speed of the car was too high and in the following
right curve the vehicle was running off the roadway to the left side.

Detailed results from reconstruction:

driving speed: 138 km/h
time of reaction: 1ls

brake lag: 0.2s
braking: mean deceleration 4.5 m/s2
collision speed: 110 km/h

steering by given path of way

car equipped with ABS and ESP
collision with stone and following rollover
driver eject and fatal injured

Assumptions:

With Xenon headlamps the driver could recognize the right hand curve from a
position 20 m before.

New reconstruction was made with the same values as before, but starting 20 m
before.

Result:

The collision with the stone and the resulting rollover could be avoided.

Conclusions:

With Xenon headlamps the driver is able to see and react 20 m or 0.52 s earlier than
with halogen headlamps. As a result of the earlier reaction he although get into slide
probably, but will not leaving the road and collide with the stone.

The accident was avoidable using Xenon headlamps instead of halogen.



7.1.2. Case 1050833

At nighttimes the driver of a car drove a district highway without street lighting. In a
left hand curve he left the road at the left side and collided with a tree. The street was
wet.




Results from Reconstruction:

driving speed: 70 km/h
time of reaction: Os

skid deceleration 1.5 m/s?
collision speed: 55 km/h

car equipped with ABS
collision with tree
driver was minor injured

Conclusions:

The driver of the car lost control after driving thru the left hand curve. On the rain-wet
road the car started skidding. The reaction of the driver occurred after getting into
skidding.

There was no influence of the headlamps cognizable.



7.1.3. Case 1050920

At nighttimes the driver of a car drove along a district highway without street lighting.
In a left hand curve he left the road at the left side and collided with a tree.




Assumptions:

The reaction of the driver occurred, when the left hand curve was completely seen
into the light cone of the headlamps.

He reacted with braking and steering and lost control because of over steering.

Results from Reconstruction:

driving speed: 100 km/h
time of reaction: 1s

brake lag: 0.2
brake mean deceleration: 5m/s?
collision speed: 55 km/h
steering to the left side

car equipped with ABS

collision with tree
driver was minor injured

Assumptions:

With Xenon headlamps the driver could recognize the left hand curve from a position
17.5 m before.

New reconstruction started 17.5 m before and without over steering.

Result:

The car would not leave the road.

Conclusion:

With Xenon headlamps the driver is able to see and react 17.5 m earlier than with
halogen headlamps. As a result of the earlier braking and steering he wouldn't leave
the road and the accident was avoidable.



7.1.4. Case 1060085

At nighttimes the driver of a car drove a district highway with street lighting. In a right
hand curve he left the road at the left and collided with a wall.

abgesenkter Bordstein

Hauswand
Dresdner Str.
<<< Richtung Dresden

Fahrspur schwach

Fahrtrichtung Audi

2

01 2 3 4 & & T 8 9 10 1 12m




Results from Reconstruction:

driving speed: 55 km/h
time of reaction: 1ls
brake lag: 0,2s
braking main deceleration: 7 m/s?
collision speed: 44 km/h

car equipped with ABS
collision with wall
driver was minor injured

Conclusion:

The driver told the police he was distracted by handling with the radio. The result of
the reconstruction was that there was a minor steering manoeuvre to the left side.
After leaving the road there was no time for reaction and avoiding the impact at the
wall.

Because of the fact that the driver was distracted, no influence of the headlamps can
be seen.



7.1.5. Case 1060087

At nighttimes the driver of a car drove along a straight urban road with street lighting.
The car left the road at the right and collided with a lamp mast. The road surface was

slippery.




Results from Reconstruction:

driving speed: unknown, 50 km/h assumed
time of reaction: 1ls

brake lag: 0,2s

braking main deceleration: 2 m/s2 (icy)

collision speed: 35 km/h

car equipped with ABS
collision with lamp mast
driver was minor injured

Conclusion:
The reason of the accident was the slippery and icy road surface and not the
headlamps.



7.1.6. Case 1070030

At nighttimes the driver of a car drove along a district highway without street lighting.
In a right hand curve he left the road at the left and collided with a tree.



Assumption:
The reaction of the driver occurred, when the right hand curve was seen complete in
the light cone.

Results from Reconstruction:

driving speed: 105 km/h
time of reaction: 09s
brake lag: 0.2s
braking: mean deceleration 7 m/s?
collision speed: 54 km/h

steering to the right side

car equipped with ABS

collision with tree

driver was severe injured (MAIS 4)

Assumption:

With Xenon headlamps the driver could recognize the right hand curve from a
position 4.5 m before.

New reconstruction was made with the same values as before, but starting 4.5 m
before.

Result:

The collision with the tree could be avoided.

Conclusion:

With Xenon headlamps the driver is able to see and react 4.5 m earlier than with
halogen headlamps. As a result of the earlier reaction he is able to avoid the
collision with the tree.



7.1.7. Case 1070341

At nighttimes the driver of a car drove along a district highway without street lighting.
The street was wet. In a puddle the car got into slide, left the road at the left and
collided with a tree.



Results from Reconstruction:

driving speed: 55 km/h
time of reaction: 15s
collision speed: 50 km/h
no braking

steering

car equipped with ABS
collision with tree
driver was injured (MAIS 2)

Conclusion:

The driver undervalued the deepness of the puddle and the reaction was after getting
into slide.

The headlamps had no influence of the accident.



7.1.8. Case 1070739

The driver of a car was driving along the slipway after having left the motorway.
Instead of following the curve to the left he drove straight on and came off the road to
the right. Subsequently he crashed into the concrete wall of an underpass after a
short reaction by steering, no braking.



Assumption:
The reaction of the driver occurred, when he saw the left hand curve in the light cone
of the head lamps.

Results from Reconstruction:

driving speed: 75 km/h
time of reaction: 11s
no braking

collision speed: 75 km/h

steering to the left side

car equipped with ABS

collision with wall

the co-driver was injured (MAIS 2)

Assumption:

With Xenon headlamps the driver could recognize the bend from a position 17 m
before.

New reconstruction was made with the same values as before, but starting 17 m
before.

Result:

The collision with the wall could be avoided by steering

Conclusion:
With Xenon headlamps the driver would have been able to see the bend at least 17
meters earlier. This would have been enough to avoid the collision by steering.



7.1.9. Case 3060109

In the evening the driver of a car drove a district highway without street lighting. In a
left hand curve he left the road at the right and collided with a tree.



Results from Reconstruction:
driving speed:
time of reaction:
brake lag:
Braking: mean deceleration
collision speed:
steering
car equipped with ABS
collision with tree
driver was minor injured

Conclusion:

100 km/h
2s

0.2s

5 m/s2
50 km/h

The reaction of the driver occurred after get into slide. The accident causes were
alcohol and speed. The visibility had no influence to the accident causes.



7.1.10. Case 3060601

At nighttimes the driver of a car drove along a federal highway without street lighting.
In a left hand curve he left the road at the left and collided with tree.



Results from Reconstruction:
driving speed:
time of reaction:
brake lag:
Braking: mean deceleration
collision speed:
steering
car equipped with ABS
collision with tree
driver died at the same day

Conclusion:

115 km/h
1ls

0.2s

4 m/s?
90 km/h

The reaction of the driver occurred after getting into slide. The accident causes were
speed and wet road surface. The visibility had no influence of the accident.



7.1.11. Case 3070089

In the evening the driver of a car drove a district highway without street lighting. In a
right hand curve he left the road at the right and collided with a roadside ditch.



Assumption:
The reaction of the driver occurred, when the bend was seen in the light cone of the
headlamps.

Results from Reconstruction:

driving speed: 120 km/h
time of reaction: 0,6s
brake lag: 0.2s
braking: mean deceleration 4 m/s?
collision speed: 85 km/h

steering to the right

car equipped with ABS

collision with roadside ditch and following rollover
driver was minor injured

Assumption:

With Xenon headlamps the driver could recognize the right hand curve from a
position 16.7 m before.

New reconstruction was made with less steering as before and starting 16.7 m
before.

Result:

The accident is avoidable.

Conclusion:
The driver would be able to react 16.7m earlier if he had have Xenon head lamps.
This would be enough to avoid the crash by steering and braking.



7.2. Study group B: pedestrian accident

With 25% of the accidents, the pedestrian accidents are the second main group of
accidents by night with effect of visibility. 4 cases of this type were selected for
analysing.

Two of these cases could be avoided with Xenon headlamps.

7.2.1. Case 1060902

At evening the driver of a car drove along a straight urban road with street light.
Suddenly two children ran across the road from the left to the right without looking
out for traffic. The driver of the Golf immediately started to brake and steered to the
right but could not avoid the collision with the second child.



Assumption:

The driver drove along the street.

The reaction of the driver occurred, when the children were running on the street and
could be seen in the light cone of the headlamps.



Results from Reconstruction:

driving speed: 59 km/h
time of reaction: 16s
brake lag: 02s
braking: mean deceleration 7 m/s?
collision speed: 21 km/h

steering to the right side
car equipped with ABS
collision with one child

the child was minor injured

Assumption:

With Xenon headlamps the driver could recognize the children from a position 10 m
before.

New reconstruction was made with the same values as before, but starting 10 m
before. The positions of the children were at this time about 1.6 m before. The
children were at this time still running on the sidewalk, but in the direction of the
street so that the driver of the Golf was recognise the risk and could immediately
starting to brake and to steer.

Result:

The collision with the child could be avoided.

Conclusion:
With Xenon headlamps the driver would have been able to see the children at least
10 meters earlier. This would have been enough to avoid the collision.



7.2.2. Case 3050022

In the evening the driver of a car drove along an urban road without street light.
Suddenly a pedestrian crossed the road from the left to the right. The driver
immediately started to brake and steered to the right but could not avoid the collision
with the pedestrian



Assumption:
The driver drove too fast along the street.

The reaction of the driver occurred, when the pedestrian could be seen in the light
cone of the headlamps.

Results from Reconstruction:

driving speed: 70 km/h (speed limit 30 km/h)
time of reaction: 15s

brake lag: 0.2s

braking: mean deceleration 7 m/s?

collision speed: 47 km/h

steering to the right side

car equipped with ABS

collision with pedestrian

the pedestrian was serious injured

Assumption:

With Xenon headlamps the driver could recognize the pedestrian from a position 9 m
before.

New reconstruction was made with the same values as before, but starting 9 m
before. The positions of the pedestrian were at this time about 0.6 m before.

Result:

If the pedestrian stop walking, the driver is able to avoid the collision by steering to
the right.

If the pedestrian don't stop, he will run into the left side of the car.

Conclusion:

With Xenon headlamps the driver is able to see and react 9 m earlier than with
halogen headlamps. If the pedestrian stop walking, the driver is able to avoid the
collision by steering to the right.

If the pedestrian don't stop, he will run into the left side of the car.



7.2.3. Case 3050062

In the evening the driver of a car drove along an urban road with street light. At the
bus station at the left was standing a bus. Suddenly a pedestrian crossed the road
behind the bus from the left to the right. The driver immediately started to brake and
steered to the left but could not avoid the collision with the pedestrian.



Results from Reconstruction:

driving speed: 70 km/h
time of reaction: 1s
brake lag: 0.2s
braking: mean deceleration 6.5 m/s?
collision speed: 65 km/h

steering to the left side

car equipped with ABS

collision with pedestrian

the pedestrian was serious injured

Conclusion:
The pedestrian was masked by the bus, so that the driver couldn’t react earlier. The
headlamps had no influence of the accident.



7.2.4. Case 3070071

In the evening the driver of a car drove along an urban road with street lighting.
Suddenly a pedestrian jumped a red light at a pedestrian crossing from the left to the
right.

The driver of the car immediately started to brake but could not avoid the collision
with the pedestrian.



Results from Reconstruction:

driving speed: 70 km/h
time of reaction: 1s
brake lag: 0.2s
Braking: mean deceleration 7 m/s?
collision speed: 55 km/h

steering to the left side

car equipped with ABS
collision with pedestrian
pedestrian was minor injured

Conclusion:

With Xenon headlamps the driver would not be able to see and react earlier than with
halogen headlamps, because as the pedestrian entered the road he was already
seen in the light cone of the Halogen headlamps.



7.3. Study group C: inactive traffic

The inactive traffic composes 11% of the accidents. Analysing 3 cases of inactive
traffic shows that one case could be avoided and in one case the collision speed
could be reduced.

7.3.1. Case 1060829

At nighttimes the driver of a car drove along an urban road with street lighting. The
driver saw the parking truck trailer too late and collided with the trailer.
The street lighting was masked by trees.



Assumption:

The driver was driving too fast along an urban road. The reaction of the driver
occurred, when the trailer was completely seen in the light cone of the headlamps.
The rear end reflectors of the trailers were extremely polluted.

Results from Reconstruction:

driving speed: 75 km/h (speed limit 50 km/h)
time of reaction: 1ls

brake lag: 0.2s

Braking: mean deceleration 5 m/s?

collision speed: 47 km/h

steering to the left side
car equipped with ABS
collision with truck trailer
driver was minor injured

Assumption:

With Xenon headlamps the driver could recognize the truck trailer from a position 12
m before.

New reconstruction was made with the same values as before, but starting 12 m
before.

Result:

The collision with the trailer could be avoided.

Conclusion:

With Xenon headlamps the driver is able to see and react 12 m or 0.57 s earlier than
with halogen headlamps. As a result of the earlier reaction he is able to avoid the
collision with the trailer by steering and braking.



7.3.2. Case 3050106

At the evening the driver of a car drove along an urban road with street lighting on

the left side from the street. The car collided with another car parking on the right
side at the street.

Assumption:
The driver was driving too fast along an urban road. The reaction of the driver

occurred, when the left rear end reflector was seen in the light cone of the
headlamps.

The driver was drunk.



Results from Reconstruction:

driving speed: 91 km/h (speed limit 50 km/h)
time of reaction: 2,5 s (influence of alcohol)
brake lag: 0.3s

Braking: mean deceleration 4 m/s?

collision speed: 77 km/h

car equipped with ABS
collision with car
driver was minor injured

Assumption:

With Xenon headlamps the driver could recognize the car from a position 8.5 m
before.

New reconstruction was made with the same values as before, but starting 8.5 m
before.

Result:

The collision speed could be reduced of 70 km/h.

Conclusion:
In consequence of the speed the driver wouldn't see the parking car with Xenon

head lamps early enough to avoid the accident. The collision speed would only be
reduced to 70 km/h.



7.3.3. Case 3070855

At the evening the driver of a car drove along an urban road with street lighting. The
car collided with another car parking at the street.



Results from Reconstruction:

driving speed: 60 km/h
time of reaction: 1ls
braking lag: 0.2s
braking mean deceleration: 7m/s?
collision speed: 50 km/h

car equipped with ABS
collision with parking car
driver was minor injured

Conclusion:

The driver of the car told that she was unobservant and viewed to the left side of the
street. When she recognised the parking car it was too late for avoiding the accident.
Even with the present halogen headlamps the driver was able to see the parking car
early enough to avoid a collision. Therefore the light was not the reason of the
accident.



7.4. Study group D: longitudinal traffic

1% of the accidents with influence of visibility are of the accident type longitudinal
traffic.

For this study 2 accidents were selected from this type of accident. In both cases the
driver of a car saw the pedestrian, who were walking along the road, too late. Both
accidents happened on district highways without street lightning. Both cases were
caused by light conditions only.

With Xenon headlamps the drivers could see the pedestrians earlier and could avoid
the accidents by swing out.

7.4.1. Case 1050859

In the evening the driver of a car drove along a district highway without street lighting.
At this time a drunken pedestrian walked in the center of the traffic lane. The driver
immediately started steering to the left but could not avoid the collision with the
pedestrian.



Assumption:

The reaction of the driver occurred, when the pedestrian was seen 10 m inside the 3-
Lux light cone of the headlamps.

The pedestrian was wearing dark clothes.

Results from Reconstruction:

driving speed: 80 km/h
time of reaction: 0.6s
collision speed: 80 km/h
No braking

steering to the left side

car equipped with ABS

collision with Pedestrian

Pedestrian was minor injured (MAIS 2)

Assumption:

With Xenon headlamps the driver could recognise the pedestrian from a position 17.5
m before.

New reconstruction was made with the same values as before, but starting 17.5 m
before.

Result:

The collision with the pedestrian could be avoided by steering.

Conclusion:

With Xenon headlamps the driver is able to see and react 17.5 m or 0.79 s earlier
than with halogen headlamps. As a result of the earlier reaction he is able to avoid
the collision with the pedestrian by steering.



7.4.2. Case 1070017

In the early morning the driver of a car drove along a district highway without street
lighting. At this time a pedestrian walked along the traffic lane. The driver
immediately started steering to the left but could not avoid the collision with the
pedestrian.



Assumption:

The reaction of the driver occurred, when the pedestrian was seen 10 m inside the 3-
Lux light cone of the headlamps.

The Pedestrian was wearing dark clothes.

Results from Reconstruction:

driving speed: 85 km/h
time of reaction: 09s
collision speed: 85 km/h
No braking

steering to the left side

car equipped with ABS

collision with Pedestrian

Pedestrian was minor injured (MAIS 1)

Assumption:

With Xenon headlamps the driver could recognize the pedestrian from a position 14
m before.

New reconstruction was made with the same values as before, but starting 14 m
before.

Result:

The collision with the pedestrian could be avoided by steering.

Conclusion:

With Xenon headlamps the driver is able to see and react 14 m or 0.6 s earlier than
with halogen headlamps. As a result of the earlier reaction he is able to avoid the
collision with the pedestrian by steering.



8. Conclusion

10 cases (50%) of the study were avoidable and 1 case (5%) could be reduced in
accident severity when the vehicles were equipped with Xenon headlamps instead of
halogen (see following table).

case avoidable reduced unavoidable

1050003 X

1050833 X
1050920 X

1060085 X
1060087 X
1070030 X

1070341 X
1070739 X

3060109 X
3060601 X
3070089 X

1060902 X

3050022 X

3050062 X
3070071 X
1060829 X

3050106 X

3070855 X
1050859 X

1070017 X

Accident causation in most cases is a summary of different factors and their
interactive merge of single causation parameter in the temporal sequence. In addition
to the field and length of visibility often other causes are present. In 6 of 10 cases
with limited light conditions other accident causations like speed or alcohol were
present also in the same manner than light and reduced the attention of the driver.
But in the other 4 cases there were no other causations than limited light conditions
present.

The result of the study is given the statement that in many of the analyzed accidents
a positive effect of Xenon headlamps can be established. Besides the 50%
avoidance potential in one case (~5%) the collision speed and consequently the
injury severity could be reduced as the effect of an earlier reaction while longer light
transmission field.

This results in the statement, that in total, Xenon light can avoid 16% (50% of 33%
accidents with influence of visibility) of all night time accidents with injuries or
fatalities involved.
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