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1 Abstract 

AFS (Advanced Frontlighting System) headlamps have been introduced into the 

market in 2006 and lead to situation specific beam pattern configuration like town 

light, country light, adverse weather light and motorway light. The detection and 

definition of the different situations is based on sensor signals which analyse the 

present dynamic behaviour of the car.  

 

The optical system reacts selective and switches between the defined beam 

pattern mentioned above.  

HELLA is using the VarioX® module (Figure 1) to generate the different light 

functionality by rotating a drum in fixed positions which define the corresponding 

beam pattern by means of certain shapes. 

 

Figure 1: AFS headlamp module VarioX
®
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The integration of intelligent visual sensor systems realised by camera 

technology in cars of the next generation is already fixed. Together with functions 

like traffic sign recognition, lane departure warning etc. this sensor systems are 

able to enhance the performance of intelligent headlamp systems.   

 

In addition to the detected dynamic behaviour of the car itself, visual sensor 

systems are able gather an information base about actual involved traffic 

participants like oncoming traffic, front driving traffic and passing by situations. 

 

This enormous gain of information makes it possible to get a much more variable 

and flexible reacting optical system resulting in a headlamp creating a so called 

Dynamic Cut-Off-Line with variable cut-off geometries. 

 

In this paper we describe optical and lighting aspects of a new AFS module 

generation which realises the technology “Dynamic Cut-Off-Line” in two different 

applications. 

 

The first technology step is the Adaptive Cut-Off-Line. With the help of a special 

calculated drum surface and a high resolution drum actuator the complete 

performance range between town light and high beam can be adjusted 

continuously. The lighting performance level of the headlamp and consequently 

the viewing range for the driver is adapted and optimized to the particular traffic 

situation without glaring or disturbing of other traffic participants. The system 

generates a continuous increasing low beam performance and switches 

automatically to high beam mode. 

 

The next technology step is the Vertical Cut-Off-Line. In this case the drum 

geometry in high beam area is designed in a way that a vertical gradient is 

generated. This gradient can be shifted horizontally with the help of a swivelling 

actuator. The intelligent combination of drum rotation and swivelling actuator 

allows a Glare Free High beam headlamp in most traffic situations. 
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2 Adaptive Cut-Off-Line 

The marking Adaptive Cut-Off-Line already explains the functionality principle. 

We adapt the vertical position of the cut-off line to the position off 

oncoming/preceding traffic. In fact this is only a rough picture to give a first idea 

of this approach. A more detailed explanation is given after the following brief 

description of the effects and the presentation of possible optical systems 

supporting this functionality. 

 

Motorway light represents the AFS light function with the largest possible viewing 

range for a low beam. Motorway light increase the viewing distance compared to 

normal dipped beam from 70m to about 120m. Adaptive Cut-Off-Line will not only 

step into the working range between normal dipped beam (country light) and 

motorway light, but also beyond, hence increasing the viewing range up to 170m. 

Figure 2 shows on the left side the AFS light functionalities town light, country 

light, motorway light and high beam as bird-eye view diagrams. The right side of 

Figure 2 show some of the beam patterns which replace the motorway light by 

using the Adaptive Cut-Off-Line approach. 

 
Figure 2  Implementation of Adaptive Cut-Off-Line in a AFS system 
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The goal is to allow the headlamp to increase the viewing distance whenever this 

is possible. Obviously the maximum output is achieved by reaching the main 

beam light distribution. 

The bird eye view diagrams in Figure 3 showing this concept more detailed, 

starting at high beam function, after detecting oncoming traffic. The viewing 

range is adapted to the oncoming car step by step. 

 
Figure 3: Bird eye view diagrams for oncoming traffic using Adaptive Cut-Off-Line 

 

2.1 Optical systems for realization of Adaptive Cut-Off-Line 

Currently there are two optical approaches in principle able to generate the 

functionality of Adaptive Cut-Off-Line based on state of the art technology: 

 

1. The Mono or Bi-functional projector module where the cut-off-line of the 

low beam gets its defined vertical orientation with the help of a levelling 

actuator. 

2. The VarioX® projector module where the vertical vut-off-line orientation is 

controlled by rotation of a drum into the defined position.  
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Figure 4: projection type headlamp modules for realizing Adaptive Cut-Off-Line 

 

Both systems, fixed shield (Mono/Bi-module) and changeable shield (VarioX 

module), are able to create the necessary modification of the viewing range. The 

following explain the differences between these concepts. 

One main advantage of Vario-Xenon technology is the possibility, to adjust the 

cut-off-line not only in its vertical orientation. But, also to change the cut-off-line e 

geometry from a typical asymmetric design to a symmetric design. This reduces 

the risk of glaring other traffic participiants. 

Besides, the adaption of the cut-off-line to oncoming/preceding traffic the system 

integrates the automatic activation of high beam. In case of a fixed beam pattern 

(Mono or Bi-modul) we are creating a disturbing switch effect of the driver by 

changing from raised cut off line position to high beam due to the necessary zero 

levelling in high beam situation. 

Another important aspect of this technology is that unlike a Mono or Bi-module, 

the drum of the Vario-Xenon module adjusts the cut-off-line without continuous 

movement of the whole module by the levelling actuator. 

 

2.2 Technical basics for system realization 

Chapter 2.1 shows two optical solutions for increasing the viewing range by a 

headlamp. This is necessary for the functionality Adaptive Cut-Off-Line. In the 

following we show investigations with the goal of combining the camera signals 

with the optical system in real traffic situations. 

The camera system is able to provide different information. Beside the vertical 

and horizontal position of the nearest traffic member (the so called relevant 

object) relative to the car we can generate the distance data of the relevant 

object. Actually this last information depends on the technical level of the camera 
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system which consists of the optical system, the camera chip and the processing 

of the picture information. 

With the camera information we can use two ways for adjusting our system. 

Firstly by using the horizontal and vertical position of the relevant object. 

Secondly by using the distance of the oncoming/preceding traffic. 

 

The most important benefit using the camera is the information about the 

presence and position of other traffic participants. 

A huge amount of discussions in automotive lighting during the last decades was 

based on the topic of glare. The dipped beam was introduced at least 90 years 

ago to avoid glare to oncoming or preceding traffic. With the data generated by 

the camera system now we have the information we need to prevent glare. 

The first impression when using Adaptive Cut-Off-Line technique is To have a 

system providing more light for the driver. But, in fact, the system does even 

more: It actually controls the amount of glare. 

The realisation of Adaptive Cut-Off-Line is limited only on the actual values of 

glare respective to regulations. 

 

2.2.1  Adaptive Cut-Off-Line based on Position information 

 

The data generated by the camera system is the declination angel of the 

oncoming traffics headlamp or the preceding traffics taillamp relative to the 

drivers car headlamp (Figure 5). This is the basic information for adjusting the 

cut-off-line. 

To make sure not to exceed glare for other traffic members we take care of a 

virtual eye-position w.r.t. a fixed minimum distance between headlamp/taillamp 

and eye-position of the driver. 

 

Figure 5 declination angle detected by the camera system for example situations  

 

30 130 200 300 40070

declination angle 
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The declination angle does not include any distance information to the relevant 

object, that’s why we can’t use the effect of the reduction of glare depending on 

distance. In fact different distances of a relevant object results in the same data 

as different mounting heights of the lamps. 

So, the adjustment of the system is realised by positioning the light distribution to 

the measured position without exceeding the common 50m glare level. 

Looking on the standard measuring screen we find the eye position of oncoming 

traffic in the critical distance of  50m at +0.57°. The accepted amount of glare for 

the 50m position is about 0.57lx in 25m measuring distance. This means an 

illumination level of 0.28lx in eye-position generated by two headlamps. Founding 

on this value and the virtual eye-position we calculate the corresponding 

headlamp cut-off-line position. 

This relatively defensive strategy ensures a well accepted glare level by using 

Adaptive Cut-Off-Line combined with the best possible viewing range for the 

driver.  

 

2.2.2 Adaptive Cut-Off-Line based on position and distance 

information 

 

The basic principle in this case is the same as we used in 2.2.1. Also, we look for 

the glare at eye-position of oncoming traffic. Also we start with the accepted 

amount of glare in the 50m position, adapting this to 50m distance signal of the 

camera. The position of the cut-off-line for a relevant object detected in 50m 

distance and below is -0.57°. The same holds true to the levelling position of a 

normal dipped beam. 

The important difference is the ability of increasing the viewing range for objects 

detected in a distance >50m. In this case we use the squarish reduction of 

illumination intensity depending on distance.  

Additionally to define a connection between object distance and cut-off-line 

position we have to take into account the angular movement of eye-position 

relative to distance. 

In Figure 6 we show the illumination level in 25m measuring distance not 

exceeding accepted glare level in eye-position at the respective object distance. 

The embedded figure shows the shift of eye-position to distance described 

above. 
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Combining these diagrams with the behaviour of the chosen optical system 

results in a functional specification of object distance to viewing range. 
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Figure 6: illumination level measured in 25m for constant glare founded on 50m 

glare level and movement of eye-position over distance 

 

Looking on greater distances beside illumination level the luminance of the 

headlamps is important for the impression of glare. Due to this the adaption of 

viewing distance stops at object distances greater than 300 to 400m. Maximum 

illumination (high beam) is activated only when no other traffic is detected. 

 

Both methods results in an overall increased viewing distance for the driver 

without glaring oncoming/preceding traffic. The investigation shown before is 

based on glare level of oncoming traffics eye-position in 50m distance. Beside 

this we investigate curve situation, left and right for oncoming and mirror position 

for preceding traffic. Summarized, the 50m oncoming position is the most critical 

and thus suited as a base. 

 

Figure 7 shows the viewing range depending on object distance (camera signal) 

for either application variants in principle. Obviously the distance based method 

results in greater viewing ranges. 



A11.1 

0

5

10

15

20

25

30

35

40

45

0 10 20 30 40 50 60 70 80 90 100

object distance [%]

v
ie

w
in

g
 r

a
n

g
e
[%

]

Viewing range based on declination angle

Viewing range based on distance

Figure 7 Viewing range vs. object distance (relative values based on maximum distance for 

Adaptive Cut-Off-Line) 

 

 

3. Vertical Cut-Off-Line - Glare Free High beam 

 

We mentioned above the introduction of dipped beam several decades before to 

avoid glare to other traffic participants. Before this automotive lighting was based 

on permanent high beam (using a far lower illumination value than today). The 

technique of Adaptive Cut-Off-Line show the possibility to increase the 

performance of dipped beam. After all, this is also just a dipped beam as the AFS 

light distributions. The idea for Glare Free High beam is based on the “old” idea 

of permanent high beam combined with partial de-glaring other traffic members. 

This idea, which is only possible by using a camera, was shown before using 

digital or analog mirror devices. The following explains the possibility of Glare 

Free High beam by using conventional devices. 

Figure 8 shows the implementation of Glare Free High beam in the same manner 

as it was used for Adaptive Cut-Off-Line. The right side shows the actual beam 

patterns, the left side the implementation of Glare Free High beam. 
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Figure 8: Implementation of Glare Free High beam in a AFS system 

 

Figure 9 shows the concept more detailed in bird eye view diagrams starting at 

high beam for an oncoming car. During driving with  

Figure 9: Bird eye view diagrams for oncoming traffic using Glare Free High beam 
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high beam a relevant object is detected. At the moment of detection of an object 

the headlamps generate a “tunnel” with illumination level far beyond 1lx in 25m 

measuring distance. By decreasing the distance of the cars involved, the tunnel 

becomes bigger. 

 

At all times the impression for the driver is full main beam. Simultaneously for the 

oncoming traffic the situation looks like a normal dipped beam. 

 

For the last 20m, the left headlamps switches from high to low beam, directly 

after full high beam is activated again. 

Figure 10 shows the situation of a preceding car on a winding road.  

Figure 10: Glare Free High beam in winding road situation 

 

Summarized, this functionality is able to manage about 80% of night driving in 

non-urban areas with Glare Free High beam. 

 

3.1 Optical systems for realization of Vertical Cut-Off-Line –    

Glare Free High beam 

The Glare Free High beam functionality needs a special light distribution in high 

beam mode with a combination of a horizontal and a vertical gradient 

(asymmetric high beam). The result on a vertical wall is shown in the picture 

below. 
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Figure 11: wall diagrams of left and right headlamp for Glare Free High beam including the 

necessary vertical gradient 

 

In principle there are several optical concepts capable of generating the 

functionality of Glare Free High beam: 

 

1. A Bi-functional projector module with a Vertical Cut-Off-Line high beam 

pattern which is generated by an additional element in high beam area of 

the shield. 

2. A Vario-Xenon projector module with a Vertical Cut-Off-Line high beam 

pattern which is generated by special design of the high beam area of the  

drum. 

3. LED array where the Vertical Cut-Off-Line is generated by activation of 

single LED chips with special orientation. 

 

In this paper we focus on Glare Free High beam functionality using projector 

module systems. For either optical solutions the special shape of the shield as 

well as the actuator for dynamic bend light is necessary. 

Combination of the vertical gradient with the swivelling of the module enables the 

different positions and sizes of the “tunnel”. 
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Figure 12: Solutions for projection modules to generate the vertical gradient for Glare Free High 

beam 

 

Similar to chapter 2.1 the Vario-Xenon projector module shows advantages in 

comparison to a Bi-functional projector module. Overall the basic functions can 

be realized by both types of modules. But the differences are significant in 

performance and system impression (driver comfort). In case of the VarioX 

module every change between different beam pattern is continuous, especially 

changing between low beam function and high beam is very comfortable. 

Also the Vario-Xenon performance for AFS and Adaptive Cut-Off-Line in terms of 

illumination levels is significantly improved. 

 



A11.1 

 

3.2. Lighting Performance Adaptive Cut-Off-Line and Vertical 

Cut-OFF-Line versus Standard Headlamp Systems 

 

Figure 13 shows some lighting performance indicators based on the peak 

intensity level on vertical axis of the diagram and the generated luminous flux on 

horizontal axis of the diagram in principle.  

 
Figure 13: Performance levels for AFS, Adaptive Cut-Off-Line and Glare Free High beam 
 

Obviously, the Bi-Xenon projector generates lighting performance on a high level 

for low beam and high beam without any step in between. The Vario-Xenon 

system shows AFS functionality in four steps, each with a different lighting 

performance level. At the next the Adaptive Cut-Off-Line technology handles 

many traffic situations with a lighting performance level in the working range 

close to AFS country light (low beam) and AFS motorway light. Only the 

functionality of Glare Free High beam allows lighting performance levels that are 

close to nowadays high beam systems without disturbing other traffic 

participants. 
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4 Summary 

In this paper we showed the concept of enhanced light functionalities enabled by 

the usage of AFS systems in combination with intelligent camera systems. 

 

We described the Adaptive Cut-Off-Line as improved dipped beam solution 

which enables an overall greater viewing range. 

 

The technique of Glare Free High beam shows a possibility for a significant 

increase in using high beam mode by active de-glaring of other traffic participants  

 

The increase in headlamp performance for either technology clearly is based on 

the active control of glare for the oncoming/preceding traffic.  
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