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System Strategies for Adaptive Lighting Systems 

Michael Hamm, Automotive Lighting, Germany 

1 Introduction 

While driving at nighttime, illumination for the driver is predominantly provided 
by the car�s headlamps. This implies a particular responsibility and challenge 
for the headlamp technology. In past years in an effort to bring the day closer to 
the night (in terms of illumination), illumination quality as well as the luminous 
flux of the headlamps had been constantly improved. All improvements had 
been related to the standard illumination device: the low beam or dipped beam 
as it was defined decades ago in the �20s. In the early days of motor vehicle 
traffic, the low beam was used when other cars were passing by, for that 
moment replacing the high beam or main beam.  

Nowadays, with roughly 50 million cars in Germany alone, this situation is 
history. Low beam is the light function used most often, with a share of about 
95% having limited visual range and lateral spread. 

The new leap of innovation in lighting technology are the intelligent headlamps, 
that provide an adaptive light distribution in all traffic situations with and without 
oncoming traffic.  

Figure  1: 
Design ideas for new 
intelligent headlamp 
systems in future 
cars 

The car�s sensors analyze and evaluate the driving situation and generate a 
light distribution that is adapted to that particular situation. In this process, not 
only the driver�s comfort is increased but the visibility is improved also. This has 
a direct positive impact on traffic safety. 
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HID Technology 

The most important characteristics of HID Technology is the generation of light 
by discharge technology. The discharge arc has a significantly higher 
luminance and the whole system a lifetime that exceeds the car�s lifetime. 

Since 1999 HID systems are available for low- and high beam application, 
coming out of one single module. 
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Figure  2:  
Bifunction HID- 
System for Low and 
High Beam out of 
one projection 
module 

 

In projection systems, the actor moves the shield in order to set the high beam 
light contribution. In reflection systems the HID bulb is moved. This changes the 
focal geometry in the system and leads to a perfect high beam. Both systems 
include a fail-safe system that returns low beam operation in any failure 
situation. 

HID Bifunction Technology allows both main headlamp functions to be supplied 
in a very limited volume. HID quality is available also for high beam. Important 
is in this technology that one ECU is sufficient to drive the actors, control the 
ignition and operation and supply the automatic levelling function. Additionally 
the microcontroller allows several options as end-of-line-programming, 
diagnosis, software update etc. This solution is the maximized compromise 
between driving comfort, glare reduction, good street illumination and 
maximized traffic safety.  

Starting with HID Systems, Adaptive Lighting Strategies have to improve this 
now well introduced technology by using new approaches in a new system 
environment. 
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Adaptive Lighting Systems 

In the Eureka-Project 1403 AFS (Advanced Frontlighting Systems) the 
European car manufacturers and their headlamp and bulb suppliers began 
investigating the object of an improved lighting technology. During the activity of 
this working group some American and Japanese car manufacturers had been 
involved. This gave AFS a worldwide foundation and importance.  

 
Figure  3: Selected Driving Situations with improvements by using intelligent 

adaptive headlamps 

 

While driving the research projects and doing market investigations the 
emphasis of research was turned to improvements in the driving situations 
Highway driving, Adverse weather driving, Curves, Turnings, City and Country 
road driving.  

The first experimental headlamp setups were used to investigate the lighting 
requirements to form an adaptive light distribution. In total 10 modules per side 
had been used to run the investigations. Although form and size had not been 
applicable for series implementation it was shown, in which way improvements 
in the light pattern would be possible. In parallel to these investigations the 
requirements for sensor informations available from the car network had to be 
defined. Modern car lines provide a large variety of sensors and data 
information systems (ABS, ESP, CAN) such that, in general, most information 
that might be relevant to adaptive lighting are already available, and new 
sensors need not be implemented in the car. 
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Information, Sensors and Actors 

Basic informations that are needed to drive an adaptive headlamp system are, 
for example, speed, steering angle, body inclination, precipitation information 
(rain, fog) and the lighting devices status.  

The utilization of additional sensor information as is available in some cars, as 
for example yaw rate, GPS navigation data and distance radar information is 
currently being tested. Based on the initial functional and electronic concept, 
first styling samples have been presented to the public.  

For fulfilling the different requirements on the illumination of the street scenery, 
several approaches are considered: 

The easiest way is switching on or switching off additional modules in the 
headlamp. This means a relatively low using time of each module and a big 
waste of construction volume. Significantly better is the sophisticated approach 
of multiple use of elements. This means the use of actors in the headlamp that 
swivel, switch or change parts inside the headlamp.  

A simple, but tricky approach is the power control of the HID system. 
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Figure  4:  Power control of gas discharge bulbs with intelligent ECU 

 

Without changing the light colour and in the lamp specifications the possibility is 
given to achieve 36% more light out of the same module, the same space 
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without switching additional devices. All light values can be shifted at once or 
continuously.  

The variation of luminous flux in the lamp specification range is equivalent to 2 
halogen low beam headlamps, that can be added as the variable part of the 
light distribution. Especially when using motorways, when an increase of visual 
range from 65 to 130 m should be provided this seems to be an appropriate 
solution. The power control is given by the ECU with the input parameters 
available, e.g. speed, navigation date etc. 

For the realization of curve lighting functions a horizontal movement of parts of 
the reflector with DC or stepper motors must be realized. In order to allow the 
light distribution to follow the course of the street, car specific informations as 
yaw rate, lateral acceleration, steering wheel angle or wheel angle are required. 
Ideal and predictive informations can be supplied by navigation and video 
systems. The following evaluation of three different driving situations shows the 
importance of the control and software concept. A car specific application from 
e.g. steering wheel angle and the photometric requirements for optimal 
illumination is needed.  

Curved road driving Motorway driving Town driving

-20
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20

0 50 100 150 200 250 300
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Figure  5: Examples of required swiveling angles for adaptive light patterns 

 

On motorways the large curve radii show now big impact on the swiveling of a 
headlamp reflector, except the maneuvers for passing or exiting on the 
motorway. If the driving is done in mountain regions on serpentines or in town 
crossings and turnings, swiveling angles are exceeding 20°. Considering the 
construction volumes nowadays available this seems a hard challenge and 
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barely not to be realized in a standard sized headlamp. So multiple step 
concepts have to be found, that help in such extreme situations.  

The interactions described create an additional amount of adaptation to 
hystereses, swiveling speed, switching time and switching point of all modules 
used in the concept.  

 

 

Figure  6:  
Modular elements 
may swivel and 
show the new 
functionality of Curve 
Lighting 

 

Software- and Control concepts 

The definition of type and content of the information that is required for the 
control of adaptive lighting systems has an important impact on the efforts that 
have to be scheduled for the development of an AFS-ECU. The system 
architectures in a car use more and more bus systems. Due to standardization 
development CAN bus seems to be one of the potential winners of the bus 
competition. The ideas shown in the following pictures are therefore based on 
CAN.  
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The structure of the control is defined in modular levels, that allow a joint base 
and a diversification on car manufacturers ideas and requirements.  

Hardware
Operating System System Functions

Input              Output
Library

Software Modules

Application Specific Functions:
CAN, EOL, Diagnostics, Levelling,

Swivelling Control, PWM

Customer Specific Functions:
Switching Parameters and Strategy

Priority Override Options

 

Figure  7:  
Modular system 
design to combine 
customer specific 
requirements with 
independent platform 
design 

 

The functions available in the concept are stored in software libraries. The 
control and steering parameters are part of customer specific modules that can 
be depending on the car manufacturer�s concept and the switching and control 
strategy as well as from marketing conceptions.  
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Figure  8: ECU concepts for adaptive light control 

 

Implementing the adaptive control in the car electronic can be made on 
different ways. Dominating factor is the availability of an appropriate bus system 
for deciding the implementation and location of an interface box.  
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Basic module

Spot module

Turning module

ACC Distance Sensor

Llight Switch

Turn Indicator Switch
Body Inclination

Speed

Video sensor

Steering Anglel

Rain sensor

Navigation

Step 1             Basic
Body Inclination, Speed

Step 2           Comfort
Steering Angle,  Rain Sensor,
Light Switch, Turning Indicator 

Stufe 3          Prediction
ACC, Video Sensor, Navigation

 

Figure  9:  
Multiple Step 
approach on sensor 
information available 
in the car to be used 
for adaptive 
headlamp control 

 

The minimal requirements for the control of an adaptive system are 
informations about speed and levelling. Secondly, informations about the 
direction of the car as given by the steering wheel angle are required. European 
cars using HID systems usually have speed and levelling available. Cars using 
ESP systems also can supply the steering wheel and yaw rate.  

 

Adaptive Headlamp systems Impact on Traffic Safety 

When introducing adaptive elements in headlamp technology, high priority is 
given to the improvement of traffic safety. The improvement of the vision 
conditions and the seeing distances has direct influence to the ability of the 
driver to detect potentially dangerous situations in time.  

The increase of seeing distance provides the driver with additional reaction time 
that can be used for breaking or evasive maneuvers. An earlier start for a 
braking maneuver means a decrease of accident fatality. To show this 
experimentally, several driving situations had been investigated  

Different light distributions had been generated by a H4 system, a modern HID 
Xenon system and the new adaptive headlamp system. In static tests the light 
distributions were presented to 11 test persons who had to analyze the visual 
conditions. Grey visibility objects had been placed on the side of the street. In 
order to obtain comparable results, all object surfaces reflected with the same 
reflection coefficient. Depending on the light distribution, different numbers of 
visibility objects could be detected in the experimental setup.  
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The results show, that significant improvements can be proven by the adaptive 
headlamp system, without generating additional glare for oncoming traffic.  

 

Curve Lighting 

The results presented show that the detection distance of objects in a left curve 
is increased from 53m to 89 m. This is an improvement of 68% compared to the 
standard halogen light distribution.  

It can be assumed that, if the object will be detectable in longer distance, the 
driver will experience an increase in time to decide further actions. This gain in 
detection distance for left hand curves corresponds to a gain in detection time 
of appr. 1,9 seconds, assuming a speed of 70 km/h. This additional time is now 
available to the driver, who can decide to break earlier, and in more controlled 
fashion, leading to a possible stop in time, before reaching the detected object.  

53 m

89 m

R = 250 m

65 m

Curve Left

Halogen
Xenon

Adaptive
Lighting

 

Figure  10:  
Static test: Results of 
the investigations 
about visibility 
distances obtained 
with halogen-, HID- 
and adaptive 
headlamps. 
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Motorway lighting 

The improvements in motorway situations could become even more important. 
The results of the investigations are shown. The detection distance doubles 
from 70m to 148m (211%).  

Assuming a speed of 130km/h (recommended on German highways) this 
improvement means 2,16 seconds more travelling time before the object will be 
reached. Within that time the driver is able to evaluate the situation he is 
approaching. Additional reaction scenarios can be checked and this gives the 
chance to make optimized decisions, to brake, stop or pass. 

Assuming the maximum speed on US highways with 70 mph the improved 
detection distance equals 2,49 seconds.  

Since the braking distance increases nonlinearly with increasing speed, this 
dramatic increase in detection time may constitute one of the most effective 
measures that can be taken to reduce the number of fatal accidents during 
travel at night. 

Due to the fact that accidents or dangerous situations will be avoided before 
becoming serious, this also corresponds to the comfort of driving at night time.  

The increased detection distance is available at any time and gives more 
information about the course of the street in distances below the standard one. 
The driver will be better prepared for any change and will therefore drive with 
higher comfort. 
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Figure  11:  
Static test: Results of 
the investigations 
about visibility 
distances obtained 
with halogen-, HID- 
and adaptive 
headlamps  

 

Turns/Crossings Lighting 

Driving through turns or crossings with adaptive headlamp systems will open a 
new dimension in experienced driving safety. When approaching a typical 
crossing or intersection, conventional headlamp illumination just barely reaches 
the areas where pedestrians are crossing.  

The pedestrians are often only visible after the turning or driving maneuver has 
already fully developed. Often enough will the driver have a feeling of driving 
into a �black hole�, into a situation that he or she was not able to evaluate 
before. The adaptive headlamp system will enable the driver to triple the 
distance for detection. This will mean a drastic improvement over all previously 
uncertain turning and crossing maneuvers. 
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Detection Distance Curve Lighting Motorway Turning/Crossing 

Halogen / m 53 70 13 

Percentage 100% 100% 100% 

Xenon / m 65 85 17 

Percentage 122,6% 121,4% 130,8% 

Adaptive Lighting 89 148 32 

Percentage 167,9% 211,4% 246,2% 

Table 1: Comparison of improvement in detection distance between Halogen, 
HID and Adaptive Lighting Systems 

 

Summary 

With the Adaptive System, an optimal illumination can be achieved even in 
challenging situations, thus eliminating to a large extent risky or fatal driving 
situations because more time is available to judge the driving situation correctly 
and to take the appropriate steps in time. 

The introduction of Adaptive Lighting Systems will generate an even more 
integrative simultaneous engineering process. Additionally,  Adaptive 
�intelligent� headlamps will bring the headlamp from its isolation in the front 
module back into the world of electronics and car networking systems.   
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