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Abstract 
Utilizing Car2Car communication modern mobility concepts will improve in standards like 

safety and comfort. While driving this evolution of connected machines, it is also important to 

keep a high level of Car2X communication to non-machine interfaces like human beings. 

Communication with pedestrians or human drivers is needed to establish a healthy acceptance 

of autonomous driving vehicles. For this communication pathway light plays an important role. 

Therefore, new light sources and optimized car architectures are required to provide this 

Car2Human communication while maintaining legal requirements. Audi’s approach to digital 

light is the first step into a revolution of exterior lighting. The new digital lighting system offers 

features that make driving easier and more secure. Digital OLEDs are applied in a smart way 

to cover the task of communication. New innovative approaches by Audi are modifying the 

complete OLED into a highly segmented display. More than 50 segments per OLED are 

opening up a more or less infinite number of combinations of segments, enabling new taillight 

signatures, animation sequences, or Car2X communication. The functional use of this feature 

has just started and will leap-frog all other standard approaches utilizing LEDs. 

Introduction 
Participating in today’s traffic demands not only to perceive road users and interpret traffic 

situations, but also to communicate with others.  

 

Fig. 1: Evolution of traffic based communication 
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Communication and interaction are essential to guarantee traffic flow, solve unclear situations 

and indicate yielding [1, 2]. Especially pedestrians rely and depend on communication with 

drivers in form of non-verbal cues. When crossing streets, they seek eye contact with drivers 

of approaching vehicles to make sure that they have been seen or that the driver gives them 

the right of way [3]. Pedestrians feel unsafe and do not trust other road users when 

communication is missing [4, 5]. Thus and because pedestrians are the most vulnerable road 

users, authorities such as the NHTSA recommend to establish eye contact before crossing the 

street [6].  

 

Fig. 2: Example for vehicle-pedestrian-communication at zebra crossings [7] 
 

Communicating with pedestrians and other road users becomes especially crucial when 

introducing automated vehicles. Here, no driver is present or actively participating in traffic. 

Therefore, automated driving demands the vehicle to interact with other road users in order to 

restore trust, make pedestrians feel safe and support authorities or law enforcement [8]. Audi 

has conducted several surveys on signs and colours to indicate state, intent and awareness 

of automated vehicles. The results show clearly, that these unfamiliar ways of communication 

are not intuitive and need to be learned [7, 9]. In this context, dynamic signs showed much 

higher recognition rates in comparison to static ones. We could also show that it is possible to 

learn symbols quickly, while simple signs, e.g. using led-stripes or single lamps, are much 

harder to understand. Furthermore, using a blue-green colour, as proposed by SAE J3134 

[10], does not raise intuitivity or learning rate [7, 11].  

VDI-Berichte Nr. 2384, 2021340

https://doi.org/10.51202/9783181023846-339
Generiert durch IP '207.241.231.108', am 19.01.2022, 01:04:34.

Das Erstellen und Weitergeben von Kopien dieses PDFs ist nicht zulässig.

https://doi.org/10.51202/9783181023846-339


 

 

  

 

Purpose of each communication, in automated and manual driving mode, is to minimize or 

avoid hazards [2]. Already in today’s traffic, road users know many established light functions 

that warn others, e.g. rear-end collision alert system (RECAS) or emergency stop signal (ESS). 

These hazard warnings utilize dynamics successfully. Additional, further safety functions in 

vehicles’ taillights can be imagined to warn others and indicate driving modes. In contrast to 

taillight applications that address other road users, headlights address both, drivers and other 

road users in front of the vehicle. A very flexible system is Audi’s digital matrix light that can 

project content on upcoming road. These projections assist the driver, warn others or 

complement existing functions.  

Digital OLED 

DIGITAL OLED = Most flexible Display Technology for Personalisation and Car2X 

communication in Taillighting. The feature of high contrast at small distances between 

segments within one OLED tile can be beneficially used for new applications. Today, only a 

low number of segments (N<5) is used, like in the AUDI A8 where segmentation is used for 

novel dynamic lighting scenarios.  

 

 

Fig. 3: OLED Evolution from Audi TTRS toward Digital OLED @ Audi 
 

New innovative approaches by Audi and OLED suppliers like OLEDworks are modifying the 

complete OLED into a highly segmented display. While utilizing existing processes and 

materials to produce this segmented light source is fulfilling all known reliability requirements 

for automotive exterior lighting.  
More than 50 segments per OLED tile are opening up more or less an infinite number of 

combinations of different segment states. Having those installed in taillight applications it is 

possible to change the shape and appearance of the taillight signature by simple digital 

information. Hence, the OLED light source enables the personalisation of the taillight design. 
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Therefor it is not needed to change the hardware of a rear combination lamp; plenty of designs 

can be covered due to specific OLED and OLED-segment design, as illustrated in figure 6. 

 

 

 
 

Fig. 4: Schematic depiction for software based variation of OLED tile illumination. 
 

In contrast to display technologies, each segment can be designed individually and no regular 

(grid-) pattern is needed. Hence, significantly different segment shapes and sizes within one 

OLED panel are possible. Thus, precise patterns can be directly created by the segment shape 

instead of using a multitude of tiny OLED segments requiring complex driver electronics and 

suffering from edge aliasing effects. In addition, high luminance values of ≥ 2.000cd/m² at deep 

red colour coordinates (λdom ≥627nm) are already possible, outperforming display based 

approaches in this application, by far. 

By following this approach, it is also possible to develop one OLED module that can be used 

in many different cars while still being able to provide an individual design of every taillight 

signature. This is opening up a huge potential to initiate a dramatic cost down process for 

OLED applications also in A- and B-segmented cars [12].  

Next to design driven modifications of the taillight signature, it is now also possible to take this 

highly segmented taillight to display further information in the rear of a car, e.g. for following 

traffic or pedestrians. While sticking to the possibilities that are provided by current regulation, 

digital information within the car or provided by the swarm of connected cars and infrastructure 

can help to improve the safety and gain trust in the field of autonomous driving cars. 

Considering alternative technical solutions for this rear car communication – LED displays – 

are unable to compete with the package, homogeneity and contrast ratio and flexible segment 

configuration of a multi-segment OLED panel that we name DIGITAL OLED. The functional 

use of this feature has just started and will leap-frog all other standard approaches utilizing 

LEDs. 
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After having installed the mentioned high number of segments the real revolution is 

accomplished by combining the multi-segmentation with the possibility to use flexible substrate 

technologies [13]. Today, all mass production OLED tail lamps are utilizing planar glass 

substrates limiting the degrees of freedom in integrating the 2D OLED  panels into a 3D curved 

lamp design. To further utilize the complete package of Audi tail lamps, OLEDs need to follow 

the wrap around of the car. Hence, the application area of OLEDs in exterior lighting can be 

greatly increased and the entire lamp can be covered with OLED panels. 

For this, flexible substrate technologies are needed and have to be adapted for the usage in 

automotive lighting applications. The flexibility of the substrates can be used as means to bend 

the OLED in the lamp production, creating a 3D OLED module that fits the curvature of the 

car. 

 

Fig. 5: Principle illustration, flexible  Digital OLED following curvature of car shape and lamp 
curvature 

 

In combination with its viewing angle independent color point stability and homogeneity, light 

weighted thin flexible OLEDs will be a unique light source for tail lamps which can never be 

mimicked by any other light source. The most flexible display for exterior lighting is born: 

FLEXIBLEDIGITAL OLED. 

First successful developments of OLEDWorks in combination with willow-glas from Corning 

are opening this path into a new lighting future and the revolution has just began. 

Communication with Rear Displays 
In order to find well understood and highly intuitive signs to indicate hazard warnings using a 

60-segment OLED with equilateral, triangular pixels, we conducted a survey in Audi’s light 

tunnel. Furthermore, this evaluation was designed to compare static and dynamic signs. We 

divided the survey in two major parts. In the first part, participants had to intuitively interpret 
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the meaning of four static and six dynamic symbols (see figure 8) in a distance of 10 𝑚 to a 

vehicle’s rear-end. The test object was equipped with multiple digital OLEDs. The above-

mentioned dynamic symbols were blinking in a 3 𝐻𝑧 frequency, as known from RECAS or ESS, 

or swiping, comparable to dynamic turn indicators. In contrast to giving intuitive answers in the 

first part of the survey, in the second part we asked the participants to rank the symbols on a 

six-point Likert scale. We asked, how well the symbols indicate a hazard warning (1: strongly 

agree; 6: strongly disagree). 21 participants, which all were experienced drivers, took part in 

the survey. The participants were aged between 22 and 56 years (mean: 33.1; standard 

deviation: 8.83) and all had good or corrected vision.  

 

Fig. 6: Surveyed static (I) and dynamic (II) symbols 

 

The results of the intuitive questions in part one of the survey show clearly, that road users 

have problems interpreting static symbols correctly. Even though that most given answers are 

related to hazard warnings, some participants interpret the shown symbols with meanings 

“styling object”, “yielding”, “breakdown” or “vehicle stops”. The recognition rate of hazard 

warnings increases when using dynamic, blinking symbols. Even though, the triangle sign 

stands out with 78.6 % recognition rate in static mode, the blinking dynamics of this symbol 

add another 6.1 % to the recognition rate. Resulting in a recognition rate of 83.3 %, this makes 

it the most meaningful sign of this survey. The highest increase of the meaningfulness 

(312.4 %) occurs for the two arrows, which in only 19.1 % were recognized as warnings in static 

mode, but in blinking mode in 59.5 %. Overall, the triangle was rated best (Fig. , A; 78.6 % / 
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83.3 %), followed by the exclamation mark (figure 9, B; 57.1 % / 78.6 %) and cross (figure 9, C; 

31.0 % / 45.2 %). These results confirm that blinking is already associated with hazard 

warnings (see RECAS and ESS) and raises the intuitive recognition rate clearly. The 

participants interpreted swiping arrows mostly as turn indicators or requests to pass the 

vehicle. In these cases, only one participant interpreted the arrow sign as hazard warning.  

 

Fig. 7: Suitable hazard warning symbols 
 

The results of the second part confirm the results from the first part of the survey regarding the 

most meaningful symbol as well as difference between static and dynamic signs. As shown in 

figure 10, participants rank the blinking triangle highest related to the communication of hazard 

warnings (mean: 2.0). It is followed by a blinking cross (mean: 2.3) and blinking exclamation 

mark (mean: 2.6). Dynamics always outperform static symbols clearly. The two arrows are 

ranked much lower, while blinking outperformed the static sign, too. The triangle is the only 

symbol that is rated with a median of 2 for both, dynamic and static appearance. This shows 

clearly that dynamics can raise the meaningfulness of hazard warning and that triangles 

indicate the clearest that the vehicles warns of upcoming hazards. 
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Tab 1: Evaluation of the survey's part two 

 

 

Digital Matrix LED light  

introduced with the Audi e-tron Sportback the world first integration over one million pixel digital 

matrix LED light. The new digital lighting system offers features that make driving easier and 

more secure. One major advantage is the lane and orientation lighting for highways, in which 

the headlights emit a carpet of light up to 50 meters long. It brightly illuminates the driver’s 

current lane and adjusts dynamically during lane changes. In addition, the orientation light uses 

darkened areas masked out from the light beam to show predictively the vehicle’s position in 

the lane, thereby supporting – especially on narrow roads or in highway construction zones – 

the safe lane centering assist. 
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Fig. 8: Explosion view on DML 

 

No matter which lighting array is used in which driving situation, the digital Matrix LED 

headlights produce it with the utmost precision. The digital matrix LED has multiple tasks. The 

low beam creates a precise and harmonious curve lighting, city lighting and the above 

mentioned highway lighting functions. The main headlights can exclude other vehicles from 

the beam of light even more precisely, to avoid blinding them. It also can generate advanced 

dynamic leaving- and coming-home lighting scenarios that appear as projections on a wall or 

on the ground, transforming the area in front of the car into a stage. The marking light function 

is also used in conjunction with the optional night vision assist. The light automatically draws 

attention to any pedestrian it detects, thereby reducing the danger of overlooking pedestrians 

in the immediate vicinity of the lane. 

 

Fig. 9: Function integration within Digital Matrix light 
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The new Audi Matrix LED headlights are based on what is known as DMD technology. It stands 

for Digital Micromirror Device, which is also used in many video projectors. The heart of the 

device is a small chip with around one million micromirrors, each of which has an edge length 

of only a few hundredths of a millimeter. Electrostatic fields allow the mirrors to be tilted at a 

rate of up to 5,000 times per second. Depending on the setting, the light is directed either via 

the lenses onto the road or into an absorber. 

The Audi Digital Matrix light is only the first step in digital light and communication. Further 

ideas will be presented soon. 

Conclusion 

Communication with light will be the major contribution for future light innovations. Using the 

proper light source for projection = LED, for display = OLED will pave the first approach for 

more interaction with surrounding participants in traffic. While projection systems have just 

started, further evolutions will happen on a functuional level. A strong alignment with regulation 

authorities will lead the way to success. The OLED is more than just an area light source which 

is homogeneously illuminated.  New functions have already been implemented by 

segmentation which can only be applied meaningful by OLEDs and no other light source. It 

enables personalization of tail light designs and Car2X communication capabilities, making the 

digitalization of cars visible to the outside world. Flexible DIGITAL OLED technology will boost 

the integration and visibility of OLED-lighting in automotive taillamps. The revolution has just 

began – be part of it.  
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