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Abstract

An experimental field investigation is described that compares the off-axis
visual performance of HID forward lighting systems with comparable halogen
systems to determine the relative visual effects of HID lighting. This has been
accomplished for European beam patterns; North American beam patterns are
currently being examined. The goal of the investigation is to determine if the
higher off-axis intensity levels combined with the spectral properties of HID
lamps provide any benefits to visual performance over conventional tungsten

halogen lamps.

In this study three current production European headlamp systems, one HID
and two halogen, are compared. These systems are used to illuminate a fixed
scene. Subjects perform a visual tracking task, cognitively similar to driving,
while, simultaneously, small targets located at various angles in the periphery
are activated. Subjects release a switch upon detection and reaction times and

missed signals are measured.

From the results, comparisons are made among the HID and halogen systems
in terms of reaction time to signals at different peripheral angles, and in terms
of numbers of missed signals. The results are compared to a model that
predicts visibility at nighttime (mesopic) light levels. Potential implications of the
results on driving safety and on the development or refinement of forward

lighting standards are discussed.

Introduction

In the United States and in Europe, automotive forward lighting must adhere to
specifications regarding the luminous intensity distribution along the forward

direction of view. These specifications ensure that the vehicle forward lighting
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allows for safe, comfortable driving at night without causing glare to oncoming
drivers. Historically, tungsten, and then tungsten halogen, filament lamps have

been used in headlamp systems to achieve these lighting standards.

In the early 90’s high-intensity discharge sources were developed for vehicle
forward lighting systems. HID lamps employ gas discharge rather than an
incandescent filament to produce light. They offer the advantages of greater
light output, higher luminous efficacy, and longer life than conventional systems

using halogen lamps.[1]

Typically HID lamps produce two to three times more luminous flux than
comparable halogen lamps. In general, most of this extra flux is distributed at
larger angles creating a wider beam. HID headlamps also have a different
spectral power distribution (SPD), being discharge rather than graybody
sources. These SPDs tend to be shifted more toward the shorter visible

wavelengths compared to the SPDs of tungsten halogen headlamps.

As HID headlamps increase in popularity, so do questions on their relative
benefits and drawbacks. While incidental reports from drivers may indicate
increased glare from HID headlamps there is also evidence of increased visual
performance and safety as well. In 1999 Hamm and Steinhart reported on a
static field experiment comparing visual detection thresholds of a small, low
contrast target with halogen and HID headlamps.[2] From the study results,
Hamm and Steinhart calculated the relative benefit, in terms of detection time

and distance, provided by the HID headlamps, due to their greater light output.

Until now the impact of HID headlamps on off-axis vision was still unknown.
Off-axis vision is important for driving in detecting edge-of-roadway hazards,
such as pedestrians and animals, as well as providing a feeling of comfort. The
properties of HID lamps may make them ideal for improving off-axis vision. As
stated above, the width of an HID beam typically exceeds the width of a
halogen beam pattern. This results in more peripheral light. HID lamps also
produce light with different spectra than halogen lamps. While driving at night,
off-axis human vision is in the mesopic response range. The mesopic range
lies in-between the photopic (high light levels) and scotopic (almost no light)

ranges. In this response region the eye’s sensitivity shifts towards shorter
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wavelengths. At mesopic light levels off-axis vision is enhanced (faster reaction
times, larger detection range) by the use of a lamp more closely matched to the
shorter wavelength sensitivity range.[3][4] In combination, these factors may
endow HID headlamps with greater nighttime off-axis visual performance that

may translate into greater driving safety.

Methods
Experimental geometry

This experiment was designed to measure off-axis visual performance under
different vehicle frontlighting systems. Three headlamp systems were used,
one HID system and two halogen systems, all considered relatively “high
quality” lighting systems and all having beam patterns corresponding to
European standards. The HID system employed a Philips DS2 lamp. The
measured illuminance distribution for the HID headlamp system is shown as an
isolux diagram in Figure 1. The halogen A system employed an H7 Philips
lamp. The measured illuminance distribution for the halogen A headlamp
system is shown as an isolux diagram in Figure 2. The halogen B system
employed an H4 Philips lamp. The measured illuminance distribution for the

halogen B headlamp system is shown as an isolux diagram in Figure 3.
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Figure 1. llluminance distribution of HID test headlamp system.
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Figure 2. llluminance distribution of halogen A test headlamp system.
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Figure 3. llluminance distribution of halogen B test headlamp system.

In addition, two target contrast levels were used to examine the effect of
contrast on visual performance under these conditions. Subjects were shown
off-axis targets lit with the test headlamps and asked to respond as soon as the
target was seen. If no response was given within 1 sec the target was
considered missed. This process was repeated many times and the subject

reaction times and numbers of missed signals were recorded.
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In order to increase application validity, this experiment was performed in the
field. A disused runway at Schenectady County Airport in Scotia, NY was
chosen as the study location. This location offered a straight, flat, paved
surface with little stray light. The tarmac is asphalt and exhibited reflection

characteristics similar to a typical roadway surface.

The experimental geometry, shown in Figure 4, is as follows. The subject sits
in the driver position in a stationary test vehicle. A tracking task is placed 15m
away from the front of the test vehicle directly in the subject’s line of sight. Six
targets are placed at a contestant distance of 60m from the vehicle. The
targets have a 5° angular separation, with four to the right of the driver and two
to the left. In both directions the targets start at 2.5° from the line of sight. This
geometry results in targets at the angular positions shown in Figure 4, where

negative angles indicate to the left of the driver and positive to the right.
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Figure 4. Schematic diagram of experimental geometry.

The headlamp systems were placed on a rack in front of the car. The subject
could not see the rack from the driver’s position, so it appeared that the lighting
came from the vehicle. Headlamps were mounted and aimed at the correct
vehicle height and separation. Aiming was performed visually using a screen at
10m.

The tracking task used consisted of an LED “bar graph”. This was a vertical

column of LEDs that mimicked a moving bar graph. The subject is asked to
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perform the tracking task throughout the experiment. This ensures that the

subject’s line of sight is fixed and targets are presented off-axis.

The targets used in this experiment were a 7”’x7” grids of “flip dots”. The flip
dots are small 0.5” diameter electromagnetic disks that are white on one side
and black on the other. When a current is applied the disks flip completely
within 20ms, showing the white or black face. The dimensions and relative
position on the targets were constructed to match other studies of roadway
visibility. [5][6] The illuminance levels were measured at the targets each time

the headlamps were mounted.

Figure 5 shows the average target illuminance as a function of angular target
position. Each point represents the average illuminance measurement with the
error bar length equal to twice the standard deviation. Note that at 2.5° all three
headlamps produce approximately the same illuminance. However, as the
angle increases the HID lamp provides significantly more illuminance. At 17.5°
the illuminance from the HID headlamp is an order of magnitude greater than
that produced by the halogen lamps. Also note that the halogen A headlamp

produces less illuminance at larger angles than the halogen B headlamp.
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Figure 5. Plot of average target illuminance.

© PAL 2001 Symposium; Darmstadt University of Technology 999



Changing the target contrast was accomplished by placing neutral density filters
over the targets. Neutral density filters were used so the light spectrum would
be minimally affected. For high contrast the target was used with no filter. The
lower contrast condition was accomplished by placing a 0.15 optical density
filter mounted on glass substrate over the target. This resulted in a contrast
level of ~50%.

Procedure

The experiment was conducted as follows. Subjects were asked to sit in the
driver’s position with the scene already illuminated. Subjects did not see which
lamp system was being used. Once seated the subject was given a control
box. It contained a knob to control the LED tracking task and a reaction time

switch.

Targets were presented to the subject in a random order at random time
intervals. Subjects were asked to release a switch when a target was seen. If
the subject did not respond in one second to the target presentation, it was
considered a missed signal. The reaction time and number of missed signals
was automatically recorder by a computer. In one data collection period each
target was presented to the subject four times. Care was taken to randomize
the order of headlamps and target contrast levels presented. This was done to

counterbalance any order effects.
Subjects

Twelve subjects were used in total. Six subject were less than 30 years old and
six were over 50 years old. This age grouping ensured a relative sample of the
driving population and allowed analysis of age related effects. Each subject
was tested to ensure they had at least 20/20 corrected acuity and no color

blindness.
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Results
Reaction Times

Figure 6 shows reaction time versus target location for the high contrast target
case. The y-axis shows reaction time in milliseconds. The x-axis shows target
location in degrees. Each reaction time data point is the average of all
subjects, the error bar length corresponds to twice the standard deviation.
Reaction times that exceed the scale correspond to targets where no reaction
time data points were collected (all targets were missed). The impact of target
location on reaction time was found to be statically significant for these data
(p<0.01).
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Figure 6. Average reaction times for high contrast targets.

Several things are evident from the graph in Figure 6. Generally, reaction time
is lowest at the small angle targets where illuminance is highest. Reaction time

increases as the target angle increases and the illuminance decreases.

For the high contrast condition, reaction times for all three headlamps are
statistically similar at small target angles. As the target angle increases the

reaction times for each headlamp type begin to separate. This is particularly
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evident at the 12.5° and 17.5° target locations. The halogen A headlamp
produces the longest reaction times at these target locations and the HID
headlamp system produces the shortest reaction times. In fact at 17.5° all
target presentations were missed for the halogen A system and the HID system
produced reaction times that are ~150ms less than that produced by the

halogen B system.

Figure 7 shows a plot of reaction time vs. target location for the 50% contrast
target case. Each reaction time data point is the average of all subjects, the
error bar length corresponds to twice the standard deviation. Reaction times
that exceed the scale correspond to targets where no reaction time data points
were collected (all targets were missed). The impact of target location on

reaction time was found to be statically significant for these data (p<0.01).
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Figure 7. Average reaction times for 50% contrast targets.

Overall reaction times have increased compared to the high contrast case.
However, once again the same general trends are seen as in Figure 6.
Reaction time increases with target angle and decreasing target illuminance.

However, for the lower contrast case, this trending is more severe and the
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separation between reaction times produced by the different headlamp types is

larger.

At only 2.5° there is a significant separation between reaction times for the
Halogen A lamp and the other headlamp systems. By 12.5° all signals are
missed for the halogen A headlamp. This is consistent with the narrow beam

pattern observed for the halogen A headlamp.

The halogen B and HID headlamps produce similar reaction times through
12.5°. However, as seen in the next section, the halogen B lamp is producing
significantly more missed signals so the variation and error of the remaining
reaction time data is greater (fewer samples). At 17.5° there is significant
separation with the halogen B system producing only missed signals and the

HID headlamps still resulting in reaction times under 1 second.
Missed Signals

Figure 8 shows a plot of missed signals vs. target location for the high contrast
target case. The y-axis corresponds to the percentage number of totals targets
missed. Each target is presented 4 times to the 12 subjects for a total of 48

target presentations. The x-axis shows target location in degrees.
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Figure 8. Percent missed signals for high contrast targets.

The same general trends as seen in the above reaction time graphs are

present in Figure 8. For all headlamps, at small angles few targets are missed.
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The missed targets shown in figure 7 from —7.5° to 7.5° are experimental noise.
As the target angle increases, and the target luminance decreases, the number

of missed signals increases.

The increase in missed signals does vary among the headlamps used. The
HID lamps show the least amount and the slowest increase of missed signals.
Halogen A headlamps produce a significant number of missed signals at only
12.5°, more than twice as much as the HID headlamps produce. At 17.5° the
halogen A lamps results in all of the signals being missed. Missed signals also
increase rapidly, more than double, for the halogen B headlamp between 12.5°
and 17.5°.

Figure 9 shows a plot of missed signals vs. target location for the 50% contrast
target case. The y-axis corresponds to the percentage number of totals targets
missed. Each target is presented 4 times to the 12 subjects for a total of 48

target presentations. The x-axis shows target location in degrees.
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Figure 9. Percent missed signals for 50% contrast targets.

The total numbers of missed signals have increased over the high contrast
case. However, the same general trends are seen again. As with reaction

time, the trending is more severe with the 50% contrast targets than with the
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high contrast case. The numbers of missed signals increases more rapidly as
the target angle increases and the target illuminance decreases. At only 2.5° in
both directions the number of missed signals start to significantly increase. By

17.5° degrees all targets are missed for all of the headlamps except for the HID.

Once again the increase in missed signals is not equal for the three headlamp
types. The HID lamps show the least amount and the slowest increase of
missed signals. This is particularly true at 12.5°, where the halogen A lamps
produce almost three times as many missed signals and the halogen B produce

more than twice as many missed signals.

Discussion

The results of this study indicate that for these representative headlamps the
HID system provides relative visual benefits for off-axis vision. The increase in
visual performance is evident in both reaction time and number of targets seen.
Under HID illumination, subjects had shorter reaction times and fewer missed

signals at larger angle targets. This trend occurs regardless of subject age.

Another way to examine these data is to look at subject response as a function
of target angle and illuminance, without regard to lamp type used. This
approach ignores any light source spectral effects but is still useful for exploring
the increasing effects of target contrast at decreasing illuminance levels. Figure
10 shows subject response, both reaction time and missed signals, for the 2.5°
and 7.5° targets as a function of target illuminance. This includes the targets

both to the passenger’s and driver’s sides.

For the 2.5° targets, shown on the top row of Figure 10, it is evident that
contrast has minimum effect on performance. These targets have relatively
high levels of illuminance. The reaction times show no noticeable variation over
the illuminance range and the number of missed signals increases slightly with
decreasing illuminance. However, little separation is seen between the two
contrast levels. This indicates that for higher light levels at small visual angles

target contrast is less important.
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For the 7.5 ° targets, shown on the bottom row of Figure 10, it is evident that
contrast is beginning to have a greater effect on performance. As the
illuminance levels on these targets decreases performance in both reaction
time and number of missed signals gets worse. In addition, separation is
beginning to be seen between the two contrast levels, with the low contrast
targets performing worse than the high contrast targets. This is particularly
evident in the number of missed signals. It is evident that for lower light levels
at higher visual angles, low-contrast targets reduce visual performance. This
effect will increase in magnitude with decreasing target illuminance and

increasing angle.
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Figure 10. Subject response with target illuminance level and contrast.

Although the HID headlamps result in performance that also decreases with
contrast level, this decrease is not as rapid as with the halogen systems tested.
Therefore, the magnitude of difference between the HID system performance
and the halogen system performance increases as the contrast decreases.
The relative visual benefits of the HID system increases for lower contrast

targets.
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It is important to note that in this experiment there are two factors that may be
responsible for the increased off-axis visual performance produced by the HID
system: higher target illuminance and different light spectra. Since the test
beam patterns were not controlled, the illuminance at the targets were as they

would be in practice, there is no way to distinguish between the two effects.

Conclusion

In as closely as these systems represent typical headlamp systems, it can be
generalized from this study that HID headlamps do produce greater off-axis
visual performance than traditional halogen systems due to their increased light
output and SPD. The magnitude of the difference in performance depends on

the target contrast, target illuminance, and off-axis angle.

It is important to note however that the same properties that allow HID systems
to produce greater visual performance may cause them to produce more glare.
Further study needs to be performed to quantify the glare aspects of HID
systems and weight them against the visual benefits shown here and
elsewhere. Only then can decisions on regulations and standards be

informatively made on the use of HID forward lighting systems.

Acknowledgments

This work was funded and supported by Philips Automotive Lighting and
performed in cooperation with Dr. Peter Stormberg and Dr. Josef Schug. From
the LRC, Nishantha Maliyagoda, Richard Pysar and Daniel Dyer helped

conduct the experiment.

© PAL 2001 Symposium; Darmstadt University of Technology 1007



References

1. Jost, K., “Anatomy of high-intensity discharge headlamps,” Automotive
Eng., (Nov.):38, 1995.

2. Hamm, M., Steinhart, R., “Xenon light and its impact on traffic safety
aspects,” PAL '99 Symposium, 1999.

3. He, Y., et al. “Evaluating light source efficacy under mesopic conditions
using reaction times,” JIES 26(1), 1997.

4. Bullough, J., Rea, M., “Simulated driving performance and peripheral

detection at mesopic light levels,” Light. Res. Technol., 32(4), 2000.

5. Janoff, M., “The relationship between small target visibility and a

dynamic measure of driver visual performance,” JIES 22(1), 1993.

6. Janoff, M., “Visual performance under positive-contrast test conditions,”
JIES 23(1), 1994.

1008 © PAL 2001 Symposium; Darmstadt University of Technology



PAL

Progress in Automobile Lighting

2001

Proceedings of the Symposium
Darmstadt University of Technology

Laboratory of Lighting Technology

Published by
Prof. Dr.-Ing. H.-J. Schmidt-Clausen

in the Series

Darmstadter Lichttechnik

Herbert Utz Verlag Wissenschaft

Minchen



	Content
	W. Adrian - Visual Acuity and its Dependency on Observation Time and Contrast
	Y. Akashi - The effect of oncoming headlight glare on peripheral detection under a mesopic light level
	D. Armbruster - Motor vehicle signal lamps in a fog environment
	G. Bahnmüller - Headlamp Development - Reduced Time to Market
	G. Bierleutgeb - Interior Lighting Control (ILC) System Aspects for a New Approach
	W.D. Bockelmann - Coloured head-down displays (HDD) from the point of view of information transfer
	D. Boebel - Signal Image in PES Systems
	C. Boehlau - Optical Sensors for AFS – Supplement and Alternative to GPS
	G. Brown - Integrating Pedestrian Impact Protection into Future Headlight Design
	B. Büdel - Clear lenses for lighting components - The actual trend and its problems
	J.D. Bullough - Forward Vehicular Lighting and Inclement Weather Conditions
	M. Burg - Infrared Headlamps for Active Night-Vision Systems
	T.-W. Chang - Driving Performance Analysis on Interactions among Factors of Center High Mounted Stop Lamp and Road Environmen
	C. Chenevier - Thermal Simulation in Lighting Systems – 5 Days / 5 Degrees
	A. Chudaska - Headlamp Cleaning Systems – Trends of Development and Future Demands
	S. Cook - Warning beacon intensity
	F. Cortese - Biological and Statistical Profile of Road Accidents Victims in an Urban Area A One-Year Experience in a Major
	T. Dahlem - Physiological Investigation of the Proportioning of Headlamp Illumination
	M.T. Dalmasso - Signal LAMPs with hidden light sources
	J. Damasky - Trends in Auxiliary Car Lighting and the Influence on OE Development
	A. de Visser - Activities of CIE relevant to automotive lighting
	D. Decker - Aspects of dynamic light control in automotive applications
	C. Dubosc - Lighting Systems and Show Cars
	A. Dubrovin - Optimised Lighting Systems Architecture
	M. Enders - Pixel Light
	J. Ewald - Visual Performance of Fluorescent Retroreflective Sheeting
	F. Ewerhart - Video Based Curve Light System – Sensor, System and Results
	M. Fiegler - PLANON, a mercury-free flat panel light source, with high potential for automotive applications
	M.J. Flannagan - Feasibility of Developing a Headlighting Rating System
	H. Frank - New Aspects for the Photometric Characterisation of Microprismatic Retroreflective Sheeting
	G. Fusco - Headlamps Beam Patterns Evaluation by CCD Camera
	T. Futami - Development of the “Gatling Beam” Headlamps
	R. Gödecker - Hella introduces MOLIS - the world's first, free design' modular lighting system
	M. Grimm - Improved Nighttime Visibility for Drivers through Dynamic Bend Lighting
	M. Grimm - ECE Headlamp Performance Status and Potential for Improvement
	H. Haf - SensorLED – Dual Operational Systemblock to Measure Perceived Brightness and to Simultaneous Adaptive Signal Image D
	M. Hamm - System Strategies for Adaptive Lighting Systems
	M. Hamm - Headlamp Performance Specification: A Summary of New and Comprehensive Evaluation Methods
	T. Hara - Evaluation of AFS from driver’s point of view
	W. Hendrischk - From Xenon, BiXenon to Vario Xenon#
	H. Hogrefe - Headlamp Design with New Double Filament Bulbs
	S. Hong - The Investigation on Chinese Visual Perception
	R. Huber - Flexible SMT LED Submodules
	G. Iatan - Simulation software for complex reflectors
	S.E. Jenkins - Use and Measurement of LED Clusters for Signals
	N.L. Johnson - A comparison of Retroreflective Sign Performance in Europe and the United States based on Market Weighted Head
	J. Kalze - Situation Adapted Light Distributions for AFS-Headlamps
	H. Kanai - Proposition of Road Visual Environment Simulator for Evaluation Visibility of Driver
	T. Kimura - Japan's Plan for Introducing ECE Regulations Into Japanese Safety Regulations
	N. Knollmann - Interior lighting concept on the basis of psychological and physiological influences on night-time driving
	T. Knoop - Digital Light Measurement for Automobile Applications
	S. Kobayashi - Next Generation Lane Indication/Recognition System Study of Phase II
	T. Kondo - Developing
 Highly Efficient LED Combination Rear Lamps
	P. Koppolu - Knowledge-Based Engineering Application for Lighting Design and Development – KBE-SmartLite
	H. Küster - Large Area Coating of Aluminium Coils for Automotive Applications
	P. Lehnert - Disability and Discomfort Glare under dynamic Conditions – The Effect of Glare Stimuli on the Human Vision
	L. Yandan - Visual Performance at Mesopic Light Levels
	T. Luce - Optimized Light Source for High Incoupling Efficiencies in Distributive Lighting Systems (DLS)
	P. Ludwig - Wiring Integrated Illumination
	K. Manz - The Influence by Size of Headlamp on Discomfort Glare
	K. Manz - Tolerances of Cut-Off-Measurements
	J. Mazur - Computer Visualisation into Effect of Lighting Road by Car Projector with Using Programs from Group CAD
	S. Milch - Pedestrian Detection with Radar and Computer Vision
	W. Möhl - Coating Technology and Materials for Lighting Applications
	U. Möller - Non Dazzling Reading Lamp
	K. Morita - Theoretical Analysis of Effect of Daytime Running Lamps on the Visibility of Automobiles
	M. Mühlenberg - Vision Sensors and Image Processing – a Contribution to Intelligent Light Function Control
	J. Muschaweck - Constructive design of free-form optical components for illumination
	K. Narisada - Role of Adaptation in Perception under Traffic Lighting Conditions
	R. Neumann - Future Rear Lighting Trends – Safety and Styling Aspects
	B. Newe - Improved Signal Lighting
	H. Oyama - The Development of the “Vertical Shape Line-Beam Headlamp”
	S. Pierro - Plastic Transparent Reflectors for Clear Lens Signal Functions
	W. Pohl - Enhancing Visibility by reducing Glare of Street Luminaires and Headllamps
	T. Reiners - Introduction of Optical Features into Light Sources
	J. Rennilson - International Cooperation in Establishing Requirements for Traffic Control Devices
	L.M. Rice - Predictive Tools for Automotive Lighting
	B. Richter - Innovative Tail Lamp Concept Enhances Perceptibility Under Bad Weather Conditions
	H. Riehl - Interference Coatings in Signal Lighting
	J. Ripperger - Luminance: the Future Photometric for Rear- and Brake-lights
	E.-O. Rosenhahn - Adaptive Headlamp Systems concerning Adverse Weather: Fog
	K. Rumar - Intensity of High-Beam Headlights
	K. Rumar - Night traffic and the zero vision
	A. Rupp - Discharge Lamps in Automotive Lighting
	T. Ruths - Vehicle signature
	L. Sardi - Light Guides for new Lighting Systems
	T. Sato - The Smart Headlamp System with Variable Low-Beam Pattern
	T. Schnell - The Development of a Nighttime Driver Visibility Model for ultra-violet activated Pavement Markings
	G. Schwab - GEOSim – a Tool for the Development of Adaptive Frontlighting System Control
	T. Shiozawa - Thermal Air Flow Analysis of an Automotive Headlamp
	M. Sivak - Quantitative Comparisons of the Benefits of Applying Adaptive Headlighting to the Current U.S. and European - Low-
	T. Targosinski - Analysis of the Properties of the ECE Requirements Concerning Headlights
	Q. Tu - Perspectives of LED Automotive Signal Lights in China
	W.v. Bommel - Road Lighting Research: yesterday, today and tomorrow
	M.v.d. Berg - Development of High Brightness LED’s for Automotive Applications
	J.v. Derlofske - Evaluation of High Intensity Discharge Automotive Forward Lighting
	S. Völker - Investigation of the visible range of different types of headlamps
	A.v. Hoffmann - Analysis of Adaptive Light Distributions with AFSim
	P.L. Walraven - Required changes in Vm(Lambda)
	H. Wambsganß - Innovations in Lighting Technology in Vehicle Interiors
	T. Watanabe - The Research on the Effectiveness of AFS Bending Lamp in Japanese Road Environment
	C. Weber - Micro controlled LED rear combination lamp with innovative signal configurations
	T. Weber - Virtual Night Drive#
	P. Weissleder - The Demand for Attraction – Styling meets Design
	G. Werner - Conspicuouity of road workers at night and day, experiences of two Swedish studies
	W. Xu - The Measurement of Photometric Parameters of Lamps
	W. Żagan - Chosen luminance measurement results of the cars’ signal lamps
	J. Zhang - Computer Simulation of Headlamp Beam Pattern and Its Potential Utilization
	L. Zhou - The Monte Carlo Method in Design of Automobile Lighting
	W. Zhou - Measurement of the Temperature Distribution on the Filaments of the Automotive Lamps Using the Spectroscopic Method
	Publications in the Series of Darmstädter Lichttechnik (Laboratory of Lighting Technology)
	cover.pdf
	Content
	W. Adrian - Visual Acuity and its Dependency on Observation Time and Contrast
	Y. Akashi - The effect of oncoming headlight glare on peripheral detection under a mesopic light level
	D. Armbruster - Motor vehicle signal lamps in a fog environment
	G. Bahnmüller - Headlamp Development - Reduced Time to Market
	G. Bierleutgeb - Interior Lighting Control (ILC) System Aspects for a New Approach
	W.D. Bockelmann - Coloured head-down displays (HDD) from the point of view of information transfer
	D. Boebel - Signal Image in PES Systems
	C. Boehlau - Optical Sensors for AFS – Supplement and Alternative to GPS
	G. Brown - Integrating Pedestrian Impact Protection into Future Headlight Design
	B. Büdel - Clear lenses for lighting components - The actual trend and its problems
	J.D. Bullough - Forward Vehicular Lighting and Inclement Weather Conditions
	M. Burg - Infrared Headlamps for Active Night-Vision Systems
	T.-W. Chang - Driving Performance Analysis on Interactions among Factors of Center High Mounted Stop Lamp and Road Environmen
	C. Chenevier - Thermal Simulation in Lighting Systems – 5 Days / 5 Degrees
	A. Chudaska - Headlamp Cleaning Systems – Trends of Development and Future Demands
	S. Cook - Warning beacon intensity
	F. Cortese - Biological and Statistical Profile of Road Accidents Victims in an Urban Area A One-Year Experience in a Major
	T. Dahlem - Physiological Investigation of the Proportioning of Headlamp Illumination
	M.T. Dalmasso - Signal LAMPs with hidden light sources
	J. Damasky - Trends in Auxiliary Car Lighting and the Influence on OE Development
	A. de Visser - Activities of CIE relevant to automotive lighting
	D. Decker - Aspects of dynamic light control in automotive applications
	C. Dubosc - Lighting Systems and Show Cars
	A. Dubrovin - Optimised Lighting Systems Architecture
	M. Enders - Pixel Light
	J. Ewald - Visual Performance of Fluorescent Retroreflective Sheeting
	F. Ewerhart - Video Based Curve Light System – Sensor, System and Results
	M. Fiegler - PLANON, a mercury-free flat panel light source, with high potential for automotive applications
	M.J. Flannagan - Feasibility of Developing a Headlighting Rating System
	H. Frank - New Aspects for the Photometric Characterisation of Microprismatic Retroreflective Sheeting
	G. Fusco - Headlamps Beam Patterns Evaluation by CCD Camera
	T. Futami - Development of the “Gatling Beam” Headlamps
	R. Gödecker - Hella introduces MOLIS - the world's first, free design' modular lighting system
	M. Grimm - Improved Nighttime Visibility for Drivers through Dynamic Bend Lighting
	M. Grimm - ECE Headlamp Performance Status and Potential for Improvement
	H. Haf - SensorLED – Dual Operational Systemblock to Measure Perceived Brightness and to Simultaneous Adaptive Signal Image D
	M. Hamm - System Strategies for Adaptive Lighting Systems
	M. Hamm - Headlamp Performance Specification: A Summary of New and Comprehensive Evaluation Methods
	T. Hara - Evaluation of AFS from driver’s point of view
	W. Hendrischk - From Xenon, BiXenon to Vario Xenon#
	H. Hogrefe - Headlamp Design with New Double Filament Bulbs
	S. Hong - The Investigation on Chinese Visual Perception
	R. Huber - Flexible SMT LED Submodules
	G. Iatan - Simulation software for complex reflectors
	S.E. Jenkins - Use and Measurement of LED Clusters for Signals
	N.L. Johnson - A comparison of Retroreflective Sign Performance in Europe and the United States based on Market Weighted Head
	J. Kalze - Situation Adapted Light Distributions for AFS-Headlamps
	H. Kanai - Proposition of Road Visual Environment Simulator for Evaluation Visibility of Driver
	T. Kimura - Japan's Plan for Introducing ECE Regulations Into Japanese Safety Regulations
	N. Knollmann - Interior lighting concept on the basis of psychological and physiological influences on night-time driving
	T. Knoop - Digital Light Measurement for Automobile Applications
	S. Kobayashi - Next Generation Lane Indication/Recognition System Study of Phase II
	T. Kondo - Developing
 Highly Efficient LED Combination Rear Lamps
	P. Koppolu - Knowledge-Based Engineering Application for Lighting Design and Development – KBE-SmartLite
	H. Küster - Large Area Coating of Aluminium Coils for Automotive Applications
	P. Lehnert - Disability and Discomfort Glare under dynamic Conditions – The Effect of Glare Stimuli on the Human Vision
	L. Yandan - Visual Performance at Mesopic Light Levels
	T. Luce - Optimized Light Source for High Incoupling Efficiencies in Distributive Lighting Systems (DLS)
	P. Ludwig - Wiring Integrated Illumination
	K. Manz - The Influence by Size of Headlamp on Discomfort Glare
	K. Manz - Tolerances of Cut-Off-Measurements
	J. Mazur - Computer Visualisation into Effect of Lighting Road by Car Projector with Using Programs from Group CAD
	S. Milch - Pedestrian Detection with Radar and Computer Vision
	W. Möhl - Coating Technology and Materials for Lighting Applications
	U. Möller - Non Dazzling Reading Lamp
	K. Morita - Theoretical Analysis of Effect of Daytime Running Lamps on the Visibility of Automobiles
	M. Mühlenberg - Vision Sensors and Image Processing – a Contribution to Intelligent Light Function Control
	J. Muschaweck - Constructive design of free-form optical components for illumination
	K. Narisada - Role of Adaptation in Perception under Traffic Lighting Conditions
	R. Neumann - Future Rear Lighting Trends – Safety and Styling Aspects
	B. Newe - Improved Signal Lighting
	H. Oyama - The Development of the “Vertical Shape Line-Beam Headlamp”
	S. Pierro - Plastic Transparent Reflectors for Clear Lens Signal Functions
	W. Pohl - Enhancing Visibility by reducing Glare of Street Luminaires and Headllamps
	T. Reiners - Introduction of Optical Features into Light Sources
	J. Rennilson - International Cooperation in Establishing Requirements for Traffic Control Devices
	L.M. Rice - Predictive Tools for Automotive Lighting
	B. Richter - Innovative Tail Lamp Concept Enhances Perceptibility Under Bad Weather Conditions
	H. Riehl - Interference Coatings in Signal Lighting
	J. Ripperger - Luminance: the Future Photometric for Rear- and Brake-lights
	E.-O. Rosenhahn - Adaptive Headlamp Systems concerning Adverse Weather: Fog
	K. Rumar - Intensity of High-Beam Headlights
	K. Rumar - Night traffic and the zero vision
	A. Rupp - Discharge Lamps in Automotive Lighting
	T. Ruths - Vehicle signature
	L. Sardi - Light Guides for new Lighting Systems
	T. Sato - The Smart Headlamp System with Variable Low-Beam Pattern
	T. Schnell - The Development of a Nighttime Driver Visibility Model for ultra-violet activated Pavement Markings
	G. Schwab - GEOSim – a Tool for the Development of Adaptive Frontlighting System Control
	T. Shiozawa - Thermal Air Flow Analysis of an Automotive Headlamp
	M. Sivak - Quantitative Comparisons of the Benefits of Applying Adaptive Headlighting to the Current U.S. and European - Low-
	T. Targosinski - Analysis of the Properties of the ECE Requirements Concerning Headlights
	Q. Tu - Perspectives of LED Automotive Signal Lights in China
	W.v. Bommel - Road Lighting Research: yesterday, today and tomorrow
	M.v.d. Berg - Development of High Brightness LED’s for Automotive Applications
	J.v. Derlofske - Evaluation of High Intensity Discharge Automotive Forward Lighting
	S. Völker - Investigation of the visible range of different types of headlamps
	A.v. Hoffmann - Analysis of Adaptive Light Distributions with AFSim
	P.L. Walraven - Required changes in Vm(Lambda)
	H. Wambsganß - Innovations in Lighting Technology in Vehicle Interiors
	T. Watanabe - The Research on the Effectiveness of AFS Bending Lamp in Japanese Road Environment
	C. Weber - Micro controlled LED rear combination lamp with innovative signal configurations
	T. Weber - Virtual Night Drive#
	P. Weissleder - The Demand for Attraction – Styling meets Design
	G. Werner - Conspicuouity of road workers at night and day, experiences of two Swedish studies
	W. Xu - The Measurement of Photometric Parameters of Lamps
	W. Żagan - Chosen luminance measurement results of the cars’ signal lamps
	J. Zhang - Computer Simulation of Headlamp Beam Pattern and Its Potential Utilization
	L. Zhou - The Monte Carlo Method in Design of Automobile Lighting
	W. Zhou - Measurement of the Temperature Distribution on the Filaments of the Automotive Lamps Using the Spectroscopic Method
	Publications in the Series of Darmstädter Lichttechnik (Laboratory of Lighting Technology)


