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Compact 

Lighting design and lighting technologies from Audi 

 

Audi is the world’s leading brand for automotive lighting technology, and 

new solutions such as Matrix laser headlights continue to drive progress. In 

addition to its function, the lighting of Audi models is also of central 

importance as a design element. The lighting visualizes the brand’s core 

values – progressiveness, sportiness and sophistication to a great extent.  

 

For Audi, lighting design is more than just styling, it is the aesthetic expression of 

the brand values. It is a bold, unequivocal signature that lets an Audi be 

recognized as such, even at a great distance. Audi also further enhances road 

safety substantially with groundbreaking lighting innovations. The most recent 

lighting signature in the model range is characterized by the Matrix LED headlights 

with their individually controlled light-emitting diodes. They light the road superbly 

without blinding opposing traffic. 

 

Interaction: Light as a living information medium 

 

Audi lighting is not only aesthetic, it also functions as an information medium.  

The light comes alive; it moves and takes on new forms of expression and 

differentiation.  

 

One of Audi’s next steps will be Matrix laser technology, in which a laser 

produces the light. This will enable the ideal light pattern for virtually every 

situation, such as special lighting for construction zones and similar bottlenecks. 

In this case, two strips of light about 15 meters (49.2 ft) long are projected onto 

the road to indicate the vehicle’s width. The new light pattern is a great help when 

driving through construction zones or similar bottlenecks. The driver can follow 

the light as if it were rails. 
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New Audi Lighting Assistance Center 

 

Audi has now created a powerful new development tool at its Ingolstadt site to 

further expand the Vorsprung durch Technik: the new Lighting Assistance Center 

(LAC) supplements the facilities already in place. With its 120 meter (393.7 ft) 

light tunnel, it is specially designed for the functions of the high beams and 

camera-based lighting assistance systems. It is the largest drivable light tunnel in 

all of Europe. 
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Summary 

High-tech and design – Lighting from Audi 

 

A high-beam spotlight with a range of several hundred meters. Matrix LED 

elements that can be intelligently controlled to create several million light 

patterns. A laser projection light with hundreds of thousands of 

microscopically small, individually controlled mirrors: Current and future 

lighting systems from Audi are high-tech and characteristic for the dramatic 

Audi design. 

 

Aesthetics, dynamics and interaction – these terms characterize all lighting 

technologies developed by Audi. Their design brings Vorsprung durch Technik to 

life and underscores the brand values of progressiveness, sophistication and 

sportiness. Audi puts vehicle lighting into motion to create new, dynamic forms of 

expression. The light interacts intensely with the driver and the surroundings.  

 

The next step: Matrix laser technology 

 

Audi is steadily expanding its role as the global leader in lighting technology with 

constant innovation. One of the next steps will be the Matrix laser technologies.  

A chip fitted with hundreds of thousands of individually controlled micromirrors 

divides the light of a laser into tiny pixels. This technology makes it possible to 

create the ideal light pattern for virtually any driving situation or even to project 

graphical information onto the road. 

 

Aesthetics: Light as an expression of the brand’s core values 

 

For Audi, design is more than just styling, it is the aesthetic expression of the 

brand values. The exterior lighting – LED daytime running lights up front and 

two-piece LED rear lights in back – is an important element of the exterior design. 

It is a bold, unequivocal signature that lets an Audi be recognized as such, even at 

a great distance.  

 

The most recent lighting signature in the model range is characterized by the 

Matrix LED headlights with their individually controlled light-emitting diodes. They 

light the road superbly without blinding opposing traffic. Audi also further enhances 

road safety substantially with these innovations. 
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Dynamics: The light comes alive 

 

Audi lighting is not only aesthetic, it is also dynamic. The light comes alive; it 

moves and takes on new forms of expression and differentiation. The adaptive 

brake light, for example, pulses during emergency braking, and the dynamic turn 

signals run in the direction the driver is turning. Both technologies have been 

available in production vehicles for some time now. These were joined in 2014 by 

the laser spot for the high beam. It has a range of several hundred meters. 

 

This will enable the ideal light pattern for virtually every situation, such as special 

lighting for construction zones and similar bottlenecks. A chip with hundreds of 

thousands of micromirrors than can be individually controlled extremely quickly 

divides the light into tiny pixels. This will enable the ideal light pattern for virtually 

every situation, such as special lighting for construction zones and similar 

bottlenecks. The extremely high resolution also makes it possible to project 

navigation arrows or other important information onto the road in front of the car. 

 

Organic light-emitting diodes (OLED) at the rear or on the flanks will also enable 

novel functions in the future that clearly indicate to other road users the intentions 

of the driver in front of them. When braking, for example, their light flows quickly 

forward, augmenting the brake light at the back of the car. 

 

Interaction: Light as an information medium 

 

The Audi lighting of the future will interact with other road users and with the 

driver. It will increasingly become an information medium. In the future, a novel 

laser tail light that assumes the shape of a warning triangle in the fog or rain 

could effectively keep trailing vehicles at a safe distance.  

 

Interaction carries over into the cabin. In future Audi models, decorative elements 

could also incorporate lighting functions that warn the driver of hazards or send 

them important signals during piloted driving. 
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Networking with other cars and the surroundings will further enhance safety and 

also reduce fuel consumption. Cars could, for example, share the task of 

illuminating the road in the future so that each vehicle has to expend less energy. 

According to the machine learning principle, the headlight controllers could use 

data they collected themselves to further improve the light pattern. The algorithms 

required for this can be stored on board or even in the Cloud, in which case the 

transfer to the server would be via the cellular phone network. 

 

Benchmark: the new Audi Lighting Assistance Center 

 

Audi is pulling out all the stops in development work. A new, drivable light tunnel 

120 meters (393.7 ft) long for the high beam and camera-based lighting 

assistance systems was recently commissioned. The Lighting Assistance Center 

(LAC) is the largest of its kind in Europe. The Audi engineers collaborate 

particularly closely with the designers. Racing – the world’s toughest test bed – 

also repeatedly delivers valuable inspiration. 

 

Innovation: Inspiration from racing 

 

All customers benefit from Audi innovations. After debuting in the R8* high-

performance sports car in 2008, LED headlights today are also available in the 

compact A3* model series. The brand’s top race cars have also used LED 

headlights for years. Racing and production developers traditionally collaborate 

closely on lighting technology as well.  
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Full version 

Aesthetics in motion –  

Lighting design and lighting technologies at Audi 

 

For Audi, design means more than just styling – it is an expression of the 

values that characterize the company. Audi lighting is an important element 

of the design. It underscores the sportiness, the sophistication and the 

progressiveness of the brand – the Vorsprung durch Technik. Audi is 

further extending its leading role with new technologies such as Matrix 

laser headlights. 

 

“Audi established vehicle lighting as an unmistakable design feature more than ten 

years ago,” explains Prof. Dr. Ulrich Hackenberg, Audi Board Member for 

Technical Development. “Even then we understood how important lighting systems 

are for active safety, bringing technology to life and design differentiation. Since 

then we have been driving progress strongly with a steady flow of new ideas.”  

 

Ricky Hudi, Head of Electrics/Electronics Development of AUDI AG, says: “Light 

has always been very important at Audi. We work closely with our colleagues 

from Design to perfectly combine technology and appearance.”  

 

Marc Lichte, Head of Design at Audi, says: “Our lighting design stands for the 

perfect interplay between technology and designis a subtle design tool we use to 

express the character of our models even more clearly. The lighting signatures at 

the front and rear of the car demonstrate our excellent lighting technologies and 

in the process have a great impact on how our models look on the road.” 

 

Interview: Lighting from Audi 

 

Dr. Wolfgang Huhn is Head of Development Light/Visibility at Audi. Stephan Berlitz 

is Head of Lighting Functions and Innovations; Cesar Muntada Roura is Head of 

Lighting Design. 
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Dr. Huhn, Audi is the acknowledged global leader in lighting technology. How 

was this leading role achieved? 

Dr. Huhn: With the development of the LED daytime running lights, at the latest, 

we introduced a new topic with a new pace to the industry. We had instant 

success in the market, which also greatly benefited our development partners. 

This success, which we systematically expanded on, enables us to make new 

technologies affordable. For example, we can offer the new TT* with Matrix LED 

headlights at an affordable price. 

 

Berlitz: We are the drivers for the entire market – and that also includes such 

areas as legislation. And we are still the pioneer when it comes to the 

collaboration between Design and Engineering, where we have been very 

successful from the very beginning.  

 

“The key factor is understanding” 

 

What makes this collaboration so successful? 

Muntada: The key factor is the understanding on both sides. We designers 

understand what Development needs, and the technical side respects our 

requirements. We discuss all the opportunities presented openly and without 

qualification. 

 

Berlitz: We even conduct joint predevelopment, during which each side leaves 

the other plenty of freedom. This enables us to establish a very broad framework 

for later production development. Our colleagues in Design help themselves to 

our idea pool, and in return contribute their own suggestions. 

 

“Integral elements of the design” 

 

What significance does lighting have for Audi’s exterior design? 

Dr. Huhn: The headlights and rear lights are already integral elements of the car. 

Today it would be impossible to build even a clay design model without them, 

which was still common not all that long ago.  
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Muntada: The vehicle sculpture communicates with the light sculpture – it is no 

longer possible to separate the two. That also applies to the eyes – the dominant 

element of the face – in which you can recognize the character of the car, just like 

with a person. We are now beginning a new chapter in our design history in order 

to make the Vorsprung durch Technik even more clearly apparent. The cars’ 

proportions are changing, and that is having a great influence on the headlights 

and rear lights. 

 

Dr. Huhn: With the lighting systems of the future, there will be a second 

differentiating factor besides design: the software. We are sitting on pole position 

here, too, because we develop our own software and functions, and can make 

intelligent use of the vehicle’s resources and surroundings. We are thinking in a 

great number of different directions here, including machine learning, where self-

learning algorithms continuously improve the illumination. 

 

“Innovations that we can barely imagine today” 

 

What will Audi lighting look like in 2030? 

Berlitz: The Matrix laser and Matrix LED technologies still have a lot of potential. 

We will use camera systems to control the light very precisely. And where our 

field of vision ends, we can use Car-to-X technologies, i.e. information from other 

cars and the infrastructure. 

 

Muntada: Headlights are becoming somewhat smaller while at the same time 

even clearer and more cleanly structured, so that we can present the new 

technologies more distinctly than ever before. But the expression, which 

describes the progressive character of Audi, will not change significantly 

 

Berlitz: The primary driver will be the interplay of aesthetics, dynamics and 

interaction. Our light will react more dynamically and strongly to the customers 

and the surroundings. In the next ten to 15 years, we will experience innovations 

that we can barely even imagine today. After all, laser light and Matrix LED 

headlights were still science fiction ten years ago. 

 

Muntada: My vision for 2030 is a light that is in motion and interacts continuously 

with the customer from the moment they approach the vehicle. It will be 

extremely precise and functional, and the headlights that produce it will appear 

delicate, yet aesthetic. 
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“Light and body fuse” 

 

Will we even still need headlights and rear lights 15 years from now? 

Berlitz: One of our next steps will be the introduction of OLED technology to 

production vehicles – as tail lights. We are working in predevelopment with 

solutions where we apply OLED coatings directly to the body’s sheet metal. But 

we still have some questions to answer before this can be used in production. 

 

Muntada: We have already succeeded in fusing light and the body in a few 

design models. It is a very attractive idea that we continue to pursue. When the 

light leaves its box and plays over the entire car, it can reinforce the brand’s 

presence on the road in an entirely new way. 

 

Lighting from Audi: Aesthetics 

 

For Audi, design means more than just styling – it is the sensuously tangible 

expression of the characteristic values. Audi lighting gives Vorsprung durch 

Technik an aesthetic form and underscores the progressiveness, sportiness and 

sophistication of the brand. 

 

Exterior lighting as a signature 

 

In each Audi model, the headlights and rear lights comprise an integral, 

characteristic element of the sculpture. The make the Vorsprung durch Technik 

particularly apparent – by day and by night. The daytime running lights are a 

powerful signature, complemented by the rear lights and – in the most recent 

models – the dynamic turn signals. Even at a great distance an Audi is 

recognizable as an Audi. As the car gets closer it quickly becomes apparent 

which model it is. No other brand works with such a large number of signatures. 

 

The concept of lighting signatures began with the introduction of LED daytime 

running lights in 2004, one of the brand’s first lighting innovations. In what at the 

time was the top model, the A8 W12*, five LEDs inside the headlight formed a 

graphic resembling the five on a die. Two years later the new A6 Avant* was given 

an eye-catching signature for the rear lights: 27 separate light-emitting diodes 

formed a flat trapezoid. They changed the streetscape permanently – as did the 

A4/A5 family*, which followed somewhat later with distinctive LED signatures at 

the front and rear. 
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The next step in this development at Audi were the homogenous daytime running 

lights introduced in the new Audi A6* in 2011. LEDs behind thick-wall optics 

formed an elegant wave in the headlights oriented on the outer contour. The tail 

lights in the form of a flat U-bend were also continuous.  

 

Audi is making another statement with the new third-generation TT*: The tail 

lights, which are continuously active once the ignition is switched on, follow the 

design of the daytime running lights for the first time. Both are grille-shaped 

structures with emphasized verticals, a motif derived from the R18 e-tron quattro 

Le Mans race car. In the new Q7*, Audi has further refined this look to a double 

arrow. 

 

Besides the design aspect, the daytime running lights and the tail lights are also 

very important for safety, and the same is true of the turn signals. The dynamic 

turn signals, which send unequivocal signals to the surroundings, quickly moved 

into additional models following their 2012 debut in the Audi R8*. As an animated 

element, it represents a new highlight. Furthermore, other road users recognize 

the situation as much as one second sooner.  

 

The lighting signature strengthens the presence of Audi models in the 

streetscape. It gives the cars a self-confident and focused look – with different 

nuances. Compact models such as the A1* have a more youthful signature, 

whereas that of the flagship A8* emphasizes the car’s supreme control. 

 

Matrix LED technology 

 

The Matrix LED headlights available for several model series underscore the 

Audi’s groundbreaking expertise in automotive lighting technology. They 

illuminate the street extremely well in any situation without blinding other road 

users. The high beam comprises small light-emitting diodes – twelve per 

headlight in the Audi TT and 25 in the Audi A8 – with groups of five LEDs shining 

through a common reflector. 
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When the light switch is set to Automatic and the high beams are on, navigation 

data are used to switch the system on outside of urban areas at speeds of just 

30 km/h (18.6 mph) and above. As soon as the camera with which it works 

detects other vehicles, the controller immediately switches off individual LEDs or 

dims them in 64 stages, creating several million possible light patterns. Oncoming 

and preceding vehicles are excluded from the light pattern, while all other areas 

between and adjacent to them continue to be fully illuminated. As soon as the 

oncoming traffic has passed, the high beam once again shines homogenously 

and at full power.  

 

The LEDs in the Matrix LED headlights also assume the function of cornering 

lights, selectively brightening or dimming to shift the focal point of the light along 

the curve. They do this shortly before the wheel is turned based on predictive 

route data provided by the MMI navigation plus. Audi is the first manufacturer to 

completely replace the otherwise mechanical elements with software. 

 

Lighting from Audi: Dynamic 

 

Audi brings vehicle lighting to life. New luminous surfaces and flowing 

movements transform light from static to dynamic. This creates entirely new 

forms of expression, perception and differentiation. They enhance safety while 

also honing the brand’s appearance. 

 

Dynamic turn signals 

 

The dynamic turn signals that Audi offers for many of its models send clear, 

unequivocal signals to the surroundings regarding the intended turning direction. 

Other road users can quickly detect this even if visibility is poor or with their 

peripheral vision – an important contribution to safety. 

 

Depending on the model, the turn signals are either individual LEDs or LED 

blocks. When the driver activates the turn signal, these light up sequentially from 

the inside out. After 150 milliseconds, all segments are bright; for another 

250 milliseconds they illuminate with full intensity. The LEDs then go dark before 

repeating the lighting sequence.  
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Laser spot 

 

In summer 2014, the laser spot for the high beam made its production debut in 

the Audi R8 LMX* high-performance sports car, the exclusive special-edition 

model in the R8 series*. It was used shortly before that in the Audi R18 e-tron 

quattro race car at the 24 Hours of Le Mans. 

 

With the new laser high beam spot, which will be available in additional models in 

the future, one laser module per high beam generates a cone of light extending 

several hundred meters. There are four powerful laser diodes in each module, 

each only three-tenths of a millimeter (0.01 in) in diameter. They generate a 

monochromatic and coherent blue laser beam with a wavelength of 

450 nanometers. A phosphor converter converts it into white light suitable for 

roadway use with a color temperature of 5,500 Kelvin. 

 

The laser spot, which is active at speeds of 60 km/h (37.3 mph) and above, offers 

the driver major advantages with respect to visibility and safety. An intelligent 

camera sensor system detects oncoming road users and dips the lights 

automatically. 

 

Adaptive brake lights 

 

Audi introduced the adaptive brake lights to its model range back in 2008, and it 

is now standard in all models. If the driver brakes strongly enough at speeds 

above 50 km/h (31.1 mph) that deceleration exceeds 0.7 g, the brake lights send 

a clear alarm signal to the trailing traffic by pulsing three times per second. 

Shortly before the car comes to a stop, the emergency flashers activate with 

normal frequency. 

 

Matrix laser technology 

 

Audi is taking the next step in the development of automotive lighting technology 

with the Matrix laser headlights. Broken down into tiny pixels, the beam of light 

and illuminate the road in high resolution and with precise control. The brand’s 

developers and designers have thus opened up entirely new possibilities. 
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The technology that Audi uses in the Matrix laser headlights is abbreviated DMD 

(digital micromirror device) and is also used in many video projectors. At its core 

is a matrix of hundreds of thousands of micromirrors, whose edges measure just 

a few hundredths of a millimeter in length. With the help of electrostatic fields, 

each individual micromirror can be tilted up to 5,000 times per second. The light 

is projected onto the road as a function of the position of the individual mirrors, 

optimally adapting the illumination of the road to the ambient conditions for the 

driver.  

 

DMD technologies makes it possible to create a nearly infinite number of light 

patterns. The car can thus generate the ideal light for any driving situation. The 

technical possibilities are virtually unlimited. Targeted light helps the driver to stay 

in the lane through construction zones, for example. When turning or moving 

through intersections, it can show the driver the way, even projecting arrows or 

similar graphics onto the road, if desired. The high-resolution light can highlight 

important traffic signs or very precisely prevent the blinding of other road users 

with glare. 

 

The Matrix laser headlights mean a huge degree of added safety for the driver 

and others nearby, as well as for the piloted driving of the future. In urban traffic, 

for instance, they can lay down a pattern of light and dark zones directly in front 

of the car. This acts as a sort of crosswalk and indicates to pedestrians that they 

can cross the street safely.  

 

Construction zone lighting 

 

Construction zone lighting is a new, future function of the Matrix LED or Matrix 

laser technology. It projects two strips of light about 15 m (49.2 ft) long onto the 

road to indicate the vehicle’s width. The new light pattern is a great help when 

driving through construction zones or similar bottlenecks. The driver can follow 

the light as if it were rails. 
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The exterior lighting of the future 

 

External lighting design using OLED technology, which Audi is preparing for 

production use, will be as intelligent as it is attractive. One plausible scenario is 

that the light reacts to the driver as they approach the car. It moves with them 

and indicates important vehicle contours or the door handle. When the driver gets 

in, the light follows as subtle OLED lighting is activated. 

 

Unlike classic LEDs, which consist of semiconductor crystals, OLEDs are made 

from an organic material. In its initial condition the material is a paste that is 

spread extremely thinly – the coating is only a few thousandths of a millimeter 

thick – on an absolutely flat surface such as highly polished display glass. 

 

When an electrical voltage is applied, the molecules in the paste emit photons 

and the surface lights up. Depending on the distribution of the electrical input, the 

illumination can be either uniform, include specific light-dark effects or – typically 

Audi – generate dynamic movement. 

 

Lighting from Audi: Interaction 

 

The Audi designers and developers are increasingly turning vehicle lighting into 

an information medium by replacing one-way signals with interactive lighting 

technologies. The lighting adapts to the prevailing conditions and communicates 

with both the driver of the car and its surroundings.  

 

OLED lighting  

 

Audi is working on the use of organic light-emitting diodes (OLED) in the rear 

lights. One of the models for this is a light unit in which several OLED surfaces 

are positioned upright and one behind the other. It creates fascinating three-

dimensional effects. Since the material can only withstand temperatures up to 

80 degrees Celsius, OLED lighting requires extensive thermal management. 
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Laser rear fog light 

 

The laser rear fog light – another predevelopment project at Audi – fulfills an 

important safety function. Generated by a laser diode at the rear of the car, it 

presents the trailing driver a bright, clear signal, thus keeping them at a safe 

distance. If visibility is good, the beam from the laser rear fog light, which is fan-

shaped and inclined slightly downwards, is seen as a red line on the road. The 

width of this line depends on the distance to the trailing vehicle: At a distance of 

30 meters (98.4 ft), the line is about as wide as the car. This clear signal is an 

unmistakable warning to the driver behind to maintain a safe following distance. 

 

In fog or spray, the laser beam strikes the water droplets in the air and makes 

them visible; the line is then seen as a triangle. The laser rear fog light looks like 

a large warning triangle.  

 

Car-to-X communication 

 

Car-to-x communication – the networking of cars among themselves and with the 

traffic infrastructure – also offers considerable potential in the lighting area. If cars 

share data among themselves, they can fine-tune the brightness of their headlights 

to one another. Consequently, together they can brightly illuminate the road, yet 

prevent glare at intersections or when facing oncoming traffic. When stopped at a 

red light or in a traffic jam, the headlights can be dimmed. 

 

Interior lighting 

 

Besides road lighting, the second major field of work for the Audi lighting 

developers and designers is interior lighting. The interior light directly affects the 

driver and the passengers. It influences their mood and sends them important 

signals to further enhance safety.  

 

The Audi experts take cues from architecture when it comes to interior lighting 

design. In many museums, lighting is used to showcase objects or rooms. A 

picture, a sculpture or a vase can look quite different depending on the lighting 

and illumination. The surface, the outline or even the texture can be emphasized. 
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In a car, small spots of light can enhance the surface effect of the upholstery and 

decorative inlays. Leather can appear velvety soft; a carbon fiber-reinforced 

polymer (CFRP) facing reflectively glossy. Carefully deployed lighting produces 

an exciting interplay of light and dark zones. At the same time, illuminating the 

walls can make a room appear larger. 

 

Another topic is the moods and emotions evoked by colors of light – the color 

white alone has a wide range. Audi generally uses cool, “technical-looking” light 

corresponding to the progressive character of the brand. 

 

In the new Audi Q7*, the owner can adjust the color of the light virtually at will if 

the vehicle is equipped with the top version of the ambient lighting. A choice of 

32 colors is available both here and for the marker lights, which are extremely 

narrow light guides that trace the contours of the instrument panel, in the doors 

and on the center tunnel console. 

 

The marker lights work intelligently together with the Exit Warning assistance 

system. If either the driver or a passenger want to open the door even though a 

bicycle or a vehicle is approaching from the rear, the light guide lights up in signal 

red and pulses at short intervals. 

 

An interior model shows just how far the new information and safety functions 

could go in the future. The layered oak used as a decorative inlay on the center 

tunnel console, in the doors and on the instrument panel is backlit by LEDs. The 

light serves as a warning when exiting the car or parking. If the driver activates 

piloted driving in a traffic jam – a future assistance system – portions of the 

steering wheel rim light up in green. As soon as the driver has to take over the 

wheel again, the lighting changes color to red. 
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Lighting from Audi: the technologies 

 

The new Lighting Assistance Center 

 

One foundation of the leading role Audi has assumed in vehicle lighting is the 

current Audi light tunnel on the grounds of Technical Development (TD) in 

Ingolstadt. Located in the basement of the Center for Electrics and Electronics, it 

is 40 meters (131.2 ft) long, ten meters (32.8 ft) wide and four meters (13.1 ft) tall. 

The light tunnel serves as a tool for all developments having to do with the low 

beams, from the junction lights to lighting for interurban roads. 

 

The new Lighting Assistance Center, in which Audi has invested 4.5 million euros 

and will commence operation in March 2015, is an improvement over the light 

tunnel both with respect to technology and size. It is located in the third basement 

of an adjacent, newly constructed, eleven-storey building, whose construction 

with no intrusive pillars represented an enormous challenge for the structural 

engineers. 

 

The new facility is 120 meters (393.7 ft) long, 12 meters (39.4 ft) wide and five 

meters (16.4 ft) tall. Over the last 25 meters (82.0 ft), these figures are 18 meters 

(59.1 ft) wide and nine meters (29.5 ft) tall. It is equipped with a street-like floor 

surface, a turntable and a scale for the cars, a laser laboratory, a workshop, a 

media room and separate rooms for the development of interior lighting 

technologies. 

 

The developers at the new Lighting Assistance Center are focused on innovative 

solutions for the high beams and future camera-based lighting assistance 

systems. This has eliminated the need for many nighttime road tests. New ideas 

and developments make it to the street even faster. The new facility can also 

provide valuable service when it comes to fine-tuning lighting signatures. 
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Innovative materials 

 

Innovative materials are a prerequisite for innovative lighting technologies. One of 

these new materials is MID (molded interconnected devices). With MID, lighting 

assemblies can be developed in any desired form – a giant step forwards 

compared with today’s two-dimensional printed circuit boards. The first result for 

visualizing the design possibilities at Audi is an illuminated sphere approximately 

15 centimeters (5.9 in) in diameter. It is made up of two half-shells with a number 

of apertures, and has 52 integrated LEDs.  

 

MID technology is based on an innovative polymer that contains an organic metal 

complex. The first step is to produce the required shape by injection molding. In a 

second step, a laser inscribes the electrical circuit on the component. The 

uppermost polymer layer is vaporized and the metalized core to which metals can 

adhere is exposed. The circuits that provide power to the LEDs are created 

during the third step, galvanizing. 

 

New trends in flexible silicone and foamed polymers are also promising. Silicone 

lenses and the extremely small radii they make possible offer refracting angles 

similar to those of glass lenses, but weigh less and can withstand very high 

temperatures. Foamed polymers also offer advantages with respect to weight, 

design freedom and surface finish, and potentially could be used as clasps for 

daytime running lights. 

 

Optic fibers are another field of the future. They can be made of polymer or 

quartz glass. Depending on their structure, they either emit the light at the tip or 

over their entire length, in which case they can be woven to produce luminous 

textiles.  
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Virtual Engineering Terminal 

 

Audi turns its lighting technology into a sensory experience for the public at trade 

fairs and exhibitions using a tool taken straight from the development labs. At the 

Virtual Engineering Terminal, the viewer can move various vehicle models with 

their hand. The light patterns change depending on the situation. They can be 

seen in the top view and on a monitor. The Virtual Engineering Terminal can 

model the function of the construction zone lighting, the cornering light, the 

marker lights, dynamic turn signals, Matrix LED and Matrix laser headlights 

extremely precisely and in an easily comprehensible manner. The developers 

use it primarily for visualized comparisons of different software versions. 

 

Thermal management in LED headlights 

 

LEDs do not get very hot compared with other lighting systems. Red light-emitting 

diodes can withstand temperatures up to roughly 120 °C; white up to 150 °C. A 

major portion of their heat is generated as a result of power dissipation in the 

LED chip and in the electronics. The rear section of the headlight is strongly 

heated as a result, whereas the lens up front remains relatively cool. 

 

The developers therefore make sure that the LEDs transmit their heat in a 

targeted manner to the front glass to keep it free of snow and condensation in the 

winter. Packaging reasons preclude the use of massive heat sinks; Audi instead 

uses tiny fans similar in principle to those in computers, but much more robust 

and temperature-resistant. A simulation program originally used in engine 

development enables a precise understanding of the flow conditions. It displays 

the flows of air in three dimensions; with 3D glasses, the engineer can see them 

on a suitable monitor.  

 

Lighting from Audi: Exhibits 

 

The Audi lighting developers and designers are already thinking years ahead. To 

flesh out their ideas, they conceptualize design models, exhibits and even visions in 

the form of animations. Show cars like the Audi prologue piloted driving concept, the 

star of the 2015 Consumer Electronics Show in Las Vegas, Nevada, provide a 

glimpse of the near future. 
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Audi Matrix OLED exhibit 

 

OLED technology (OLED: organic light-emitting diode) is supremely well-suited 

for putting light in motion. Its fascinating aesthetics are focused in a trade show 

exhibit that resembles a work of art. The object’s title is Audi Matrix OLED, and it 

exemplifies the close collaboration between Design and Engineering at Audi. 

 

116 small plates of organic light-emitting diodes, each measuring 40 x 40 mm 

(1.6 x 1.6 in), create a pixel surface in space. When the object is viewed directly, 

they light up a homogenous red. This is used to produce the Audi lettering. When 

viewed from the right, however, the viewer sees the four rings. If the viewer 

moves, the graphic and the lettering disappear, only to return when the viewing 

angle changes. 

 

Design model Landscape 

 

The design model Landscape is about three-dimensional daytime running lights. 

Comprising a multitude of wave-shaped, intersecting layers, its body is 

illuminated via Matrix LED or Matrix laser technology in such a way that the light 

is refracted and reflected in many areas. Fine grooves, depressions and cuts 

make the spotlighting even more effective. 

 

The Audi prologue and Audi prologue piloted driving 

 

Audi presented the dynamic Matrix laser technology for the first time in the  

Audi prologue show car at the 2014 Los Angeles Motor Show. The Audi 

prologue piloted driving show car, which was presented at the 2015 International 

CES in Las Vegas, is also equipped with this technology. A projection lens 

represents the headlight’s pupils. Beneath them in a filigree lightweight structure 

are five additional polymer lenses that expand the light again. The laser is located 

in the engine compartment, and feeds light to the lenses via separate glass fiber 

bundles. This principle offers advantages with respect to the packaging and 

design of the headlights, and also facilitates thermal management. 
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All lighting functions are dynamically animated. The Audi prologue piloted driving 

show car greets its driver with one set of daytime running lights/tail light unit, 

which illuminates in a rapid motion from the center of the vehicle outward. This is 

followed by the reference run of the Matrix laser headlights, during which the 

pupils appear to move to the right and then to the left. Only then do all segments 

shine with full power.  

 

Design model “the swarm” 

 

OLED technology opens up a whole new range of potential with respect to 

dynamics. The model “the swarm” presents some of this potential. Here the Audi 

engineers have converted the rear of the car into a large, continuous light surface. 

Countless tiny points of light flicker over it much like a swarm of bees.  

 

Movements of the red dots take their orientation from movements of the car. 

When a right turn is made, they flow to the right; when the car is braked they flow 

more dynamically and diffusely. The faster the car is going, the faster they move. 

The driver in the car behind can thus always tell at a glance what the driver 

ahead is doing. 

 

Design models and visions: Net, Diamonds and Ray  

 

Audi presents a possible further development of the dynamic turn signals with the 

design model Net. It is a lattice of high-precision light guides, with the daytime 

running lights on the horizontal bars and the turn signals on the verticals. Matrix 

laser models generate a light that seems to run into the headlight body. An ever-

changing array of effects is produced depending on the viewing angle. 

 

The visions Ray and Diamonds are focused on lightweight construction and 

dynamics as Audi core values. These are symbolized by the materials carbon 

fiber-reinforced polymer (CFRP) and aluminum or two bodies in motion, 

respectively. Neither case is about concrete projects, but rather ideas and 

associations. 
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The vision Flow 

 

In the vision Flow, the Audi designers contemplated how vehicle lighting might 

interact with the surroundings and the driver in a few decades. They see the light 

leaving the vehicle, flying ahead and specifically illuminating objects of interest to 

the driver. 

 

Lighting from Audi: Success story 

 

Audi hat already moved into lead role in automotive lighting technology at the 

start of the new millennium. Since then the company has steadily expanded its 

lead, including with inspiration from racing. 

 

Lighting innovations from Audi  

 

Audi repeatedly plays a key role in driving progress with lighting. Here are the 

most important worldwide production innovations as bullet points: 

 

– 1994: Second-generation xenon headlights in the Audi A8*  

– 2003: Adaptive light in the Audi A8  

– 2004: LED daytime running lights in the Audi A8 W12* 

– 2008: Full-LED headlights in the Audi R8*, mercury-free xenon in A4* and above 

– 2010: Headlights linked to navigation data in the Audi A8 

– 2011: Visually homogeneous LED rear lights in the Audi A6*  

– 2012: Dynamic turn signals in the Audi R8  

– 2013: Full-LED headlights in the Audi A3* for the compact class  

– 2013: Matrix LED headlights in the Audi A8 

– 2014: Headlights with laser spot in Audi R8 LMX 

– 2014: Presentation of Matrix laser technology in Audi prologue show car  

 

The innovative power of Audi has also resulted in major awards.  

Dr. Wolfgang Huhn, Head of Development for Light/Visibility at AUDI AG, 

received the prestigious Professor Ferdinand Porsche Prize from the Vienna 

University of Technology in 2011 for the development and use of LED technology 

at Audi. In February 2011, Dr. Huhn was again recognized for the LED 

technology. The European Internet platform Driving-Vision News named him  

Man of the Decade. 
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Lighting innovations in Audi race cars 

 

From the racetrack to the street and vice-versa: At Audi, the developers of race 

cars and production cars collaborate extremely closely. The topic of lighting has 

proved to be particularly fruitful. 

 

In the early days of the collaboration, most of the ideas originated from the 

production developers. In 2003, the reflector for the LED daytime running lights 

migrated from the top model A8 W12 to the racing version of the A4, which 

competed in the German Touring Car Masters (DTM). Three years later, the very 

successful R 10 TDI Le Mans sports car prototype adopted the daytime running 

lights and tail light signature of the R 8. In 2010, the R 15 TDI used the high 

beam reflectors from the LED headlights of the street sports car. 

 

The situation changed in the new decade. Now racing – the world’s toughest test 

bed – is providing inspiration for production. This was the case for the LED 

headlights of the R 18 TDI from the 2011 season, for example. They delivered 

roughly 100 watts of power, around three times as much as in a street car, and 

thus light up the road over one kilometer ahead.  

 

The racing headlights required no electric cooling – the slipstream flowing 

through a special cooling duct was sufficient. It absorbed the heat of the LEDs, 

which was dissipated via tiny cooling elements made of graphite foam. The 

substructure of the reflectors and large portions of the housing were made of 

carbon fiber-reinforced polymer (CFRP). Each headlight weighed only around two 

kilograms (4.4 lb), a model for the production developers, who also wanted to 

reduce weight significantly. 

 

In 2013, the R 18 e-tron quattro Le Mans sports car prototype presented the 

evolutionary step: the Matrix LED technology. A few months later, it made its 

street debut in the updated Audi A8 flagship. In June 2014, the racing and 

production developers documented their close collaboration with a double 

premiere: The new R 18 e-tron quattro and the special edition R8 LMX 

simultaneously presented the laser spot for the high beam at Le Mans. The grille-

like appearance of the racing headlights served as the inspiration for the daytime 

running lights of the new Audi TT* and Q7* production models. 
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In brief: FAQ about Audi lighting 

 

What is Matrix LED technology? 

A technology in which individually controlled light-emitting diodes work together in 

a targeted manner. In the new TT, for example, the high beam is produced by 

12 LEDs per headlight. The controller switches them on and off or dims them in 

64 steps per LED depending on the traffic situation. This enables the headlight 

system to produce several million light patterns. 

 

And Matrix laser technology? 

With Matrix laser technology, which Audi presented at the CES in Las Vegas in 

early 2015, a laser that is spatially separated from the headlight produces the 

light. A chip with hundreds of thousands of separately controlled micromirrors 

breaks it up into tiny pixels. Matrix laser technology is currently in 

predevelopment at Audi. 

 

What are the advantages? 

Separating the light-generating units from the point of light projection makes very 

compact, flat headlights possible. The projectors have extremely fast, intelligent 

and precise control. A nearly infinite number of light patterns can be produced 

this way, and navigation arrows or similar information can also be projected onto 

the road in front of the car. 

 

What does DMD stand for in association with the Matrix laser headlights? 

The digital micromirror device is the heart of the Matrix laser technology. This is 

an array of tiny mirrors with edge lengths measures in microns. There are 

currently hundreds of thousands of mirrors on a carrier. These mirrors can be 

tilted individually – up to 5,000 times per second. 

 

How is the laser spot configured? 

In the Audi R8 LMX, in which the laser spot is used exclusively, four tiny laser 

diodes in each headlight generate a high beam cone with a range of several 

hundred meters. The laser spot supplements the LED high beams, and is speed-

activated at 60 km/h (37.3 mph) and above.  
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Isn’t laser light hazardous to the eyes? 

Not in the slightest. The laser diodes in the laser spot emit a light with a 

wavelength of 450 nanometers; in its natural form it has a bluish shimmer. An 

upstream phosphor luminophore converts the laser into white light suitable for 

roadway use. It poses no risk to drivers’ eyes. 

 

How do the dynamic turn signals work? 

The dynamic turn signals run from the inside out in 150 milliseconds, then remain 

steadily illuminated for an additional 250 milliseconds. This sends an unequivocal 

directional signal to the surroundings. It is made up of LEDs or LED blocks. 

 

What exactly are OLEDs? 

Organic light-emitting diodes. Unlike conventional LEDs, they are based on an 

organic, paste-like material. When a voltage is applied, the molecules enclosed in 

the material release photons, causing the surface to illuminate. 

 

Is that the same technology used in modern televisions? 

In principle, yes. At present, OLED are very well suited for high-end displays in 

the interior, although their brightness is relatively low. Audi is working hard, 

however, to also use them as tail lights, where the requirements with respect to 

light yield and robustness are much higher. 

 

What is construction zone lighting? 

Another safety-related feature intended to make things easier for the driver. 

Construction zone lighting projects two strips of light about 15 meters (49.2 ft) 

long onto the road to indicate the vehicle’s width. When the driver is passing 

through a construction zone or other bottleneck, they just have to follow this 

track. 

 

How heavy is a modern, high-end headlight from Audi? 

The systems weigh six kilograms (13.2 lb) each, with top-of-the-line headlights 

weighing roughly seven kilograms (15.4 lb). Audi intends to reduce the weight by 

half over the next few years with the assistance of the company’s broad-based 

lightweight construction competence and its experience in racing. 
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What does Car-to-X mean with respect to lighting technology? 

Networking with other cars and the surroundings will further enhance road safety 

while at the same time reducing fuel consumption. Cars could, for example, share 

the task of illuminating the road in the future so that each vehicle has to expend 

less energy. Blinding glare will no longer be in issue when driving with opposing 

traffic. 

 

And what is machine learning? 

The principle of machine learning means that the headlight controllers use the 

data they themselves collected to further improve the light pattern. The 

intelligence they use to do this can either be hosted onboard or in the Cloud, in 

which case data transfer is via the LTE module, i.e. Audi connect. 

 

How many people at Audi are working on the lighting of the future? 

Roughly 15 people in lighting predevelopment and design, all in very close, highly 

flexible collaboration with the others. Organizationally the engineers belong to 

Electrics/Electronics, which offers major advantages for the rapid development of 

software and hardware. 

 

 

Fuel consumption of the models named above: 

 

Audi R8: 

Combined fuel consumption in l/100 km: 14.9 – 12.4** (15.8 – 19.0 US mpg);  

Combined CO2 emissions in g/km: 349 – 289** (561.7 – 465.1 g/mi) 

 

Audi R8 LMX: 

Combined fuel consumption in l/100 km: 12.9** (18.2 US mpg);  

Combined CO2 emissions in g/km: 299** (481.2 g/mi) 

 

Audi A3: 

Combined fuel consumption in l/100 km: 8.3 – 1.5** (28.3 – 156.8 US mpg);  

Combined CO2 emissions in g/km: 194 – 35** (312.2 – 56.3 g/mi) 

 

Audi TT: 

Combined fuel consumption in l/100 km: 7.5 – 4.2** (31.4 – 56.0 US mpg);  

Combined CO2 emissions in g/km: 174 – 110** (280.0 – 177.0 g/mi) 

 



28/28 www.audi-mediaservices.com 
 

*The collective fuel consumption of all models named above and available on the German 
market can be found in the list provided at the end of this Basic Info.  

Audi A8: 

Combined fuel consumption in l/100 km: 11.3 – 5.9** (20.8 – 39.9 US mpg);  

Combined CO2 emissions in g/km: 264 – 144** (424.9 – 231.7 g/mi) 

 

Audi A8 W12: 

Combined fuel consumption in l/100 km: 11.3** (20.8 US mpg);  

Combined CO2 emissions in g/km: 264** (424.9 g/mi) 

 

Audi A6: 

Combined fuel consumption in l/100 km: 9.6 – 4.2** (24.5 – 56.0 US mpg);  

Combined CO2 emissions in g/km: 224 – 109** (360.5 – 175.4 g/mi) 

 

Audi A6 Avant: 

Combined fuel consumption in l/100 km: 9.6 – 4.4** (24.5 – 53.5 US mpg);  

Combined CO2 emissions in g/km: 224 – 114** (360.5 – 183.5 g/mi) 

 

Audi A4: 

Combined fuel consumption in l/100 km: 10.7 – 4.0** (22.0 – 58.8 US mpg);  

Combined CO2 emissions in g/km: 249 – 104** (400.7 – 167.4 g/mi) 

 

Audi A5: 

Combined fuel consumption in l/100 km: 10.7 – 4.2** (22.0 – 56.0 US mpg);  

Combined CO2 emissions in g/km: 249 – 109** (400.7 – 175.4 g/mi) 

 

Audi Q7: 

Combined fuel consumption in l/100 km: 8.3 – 5.7** (28.3 – 41.3 US mpg);  

Combined CO2 emissions in g/km: 193 – 149** (310.6 – 239.8 g/mi) 

 

Audi A1: 

Combined fuel consumption in l/100 km: 7.3 – 3.4** (32.2 – 69.2 US mpg);  

Combined CO2 emissions in g/km: 168 – 89** (270.4 – 143.2 g/mi) 

 

 

**The fuel consumption and the CO2 emissions of a vehicle vary due to the 

choice of wheels and tires. They not only depend on the efficient utilization of the 

fuel by the vehicle, but are also influenced by driving behavior and other non-

technical factors. 


