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Summary 

 

Even greater safety and convenience – 

the new assistance systems from Audi 

 

Audi is seeking to further strengthen its leadership position in the area of 

driver assistance systems. The brand’s engineers are working hard to 

develop solutions aimed to provide drivers with even greater convenience 

and safety. Lighting technology is also a key aspect here. 

 

90 percent of all traffic accidents can be attributed to human error. Many of them 

could have been avoided with modern assistance systems. Audi is fervently 

driving development in this area of active safety. 

 

The brand already offers a wide range of assistance systems. They keep the car 

at the desired distance to the car ahead and apply the brakes if a collision 

appears imminent. They help the driver to change or maintain the lane and to 

park. They detect speed limits and see far ahead at night. In many Audi models, 

these systems are tightly networked with one another, making them intelligent, 

versatile and capable. 

 

The importance of driver assistance systems will continue to grow in the future. 

Audi engineers are exploring the entire breadth of this field of technology in all its 

forms while never losing sight of the concrete benefits of the technology. Whether 

radar, camera, laser or PMD diodes – Audi has a number of innovative solutions 

on hand involving the sensors, their function software and the interaction of the 

modules.  

 

Ideas such as the trailer maneuvering assistant or the piloted parking system, 

which drives the car into the garage autonomously, are dedicated to enhancing 

convenience. Another interesting technology is the traffic jam assistant, which 

assumes some of the steering duties from the driver in slow-moving traffic. In this 

and a few other areas, Audi is working closely with governments and the 

responsible authorities so that it can fully exploit the opportunities afforded by the 

law. 
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When it comes to safety, Audi is dedicated to the belief that preventing accidents 

has the highest priority. The assistance systems should provide the driver with 

targeted support in crisis situations, but if a collision occurs nevertheless, they 

should have a de-escalating effect. Audi is also further improving its adaptive 

restraint system in combination with the new technologies. 

 

One important project that the Audi development engineers are currently working 

on is automatic emergency braking, with different versions for city and interurban 

traffic. The intersection assistant provides added safety at intersections and 

junctions. Other systems warn the driver and passengers of hazards when 

leaving parking spaces or when getting out of the car.  

 

One aspect of great importance to all of this development work is the networking 

of the car with the infrastructure and other traffic participants, which at Audi falls 

under the term “Audi connect.” Assisted and piloted driving are milestones along 

Audi’s route to a fully networked car that avoids accidents.  

 

Another key aspect of active safety is lighting technology, a field in which Audi is 

a driving force at the forefront of progress. The headlights are a design element 

that gives Audi vehicles their distinctive appearance. With technologies such as 

adaptive light, they already react to their surroundings and to other traffic 

participants. 

 

Audi engineers and designers are thinking in many different directions as they 

develop the lighting technologies of tomorrow. Two central themes have 

crystallized out of this: The lights of Audi vehicles will react more sensitively to 

ambient conditions in the future and will communicate more closely with the 

vehicle’s surroundings. And new functions and effects will make them even more 

attractive. 

 

Another area of development at Audi is by-wire technology, in which mechanical 

or hydraulic components are replaced by electronics. It offers numerous 

opportunities for integrating new assistance systems into the vehicle. 
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Full version 

The driver assistance systems from Audi: 

New concepts for safety, convenience and light 

 

Audi is the driving force in the area of driver assistance systems. Its development 

engineers are working constantly on new technologies – from the traffic jam 

assistant to automatic emergency braking – intended to make driving even more 

convenient and safe. Lighting technology, a prime Audi domain, is also a key 

aspect of active safety. 

 

Today’s driver assistance systems 

 

From adaptive cruise control with stop & go function to the speed limit display, 

Audi has a broad range of assistance systems in its portfolio that make driving 

more convenient and controlled. In some of the large model series, they are 

tightly networked, which imbues them with a high degree of intelligence, 

versatility and capability. 

 

adaptive cruise control with stop & go function 

 

The central element of the Audi driver assistance systems is the adaptive cruise 

control with stop & go function, an automatic interval-maintenance system. The 

system regulates the speed and the interval to the vehicle ahead by automatically 

accelerating and braking in a speed range of 0 to 250 km/h (0 – 155.34 mph).  

 

The ACC stop & go uses two radar sensors installed at the front of the vehicle 

which are automatically heated when it is cold. They transmit radar waves at a 

frequency of 76.5 gigahertz covering a roughly 40 degree wedge-shaped field 

measuring approx. 250 meters (820 ft) in length. Sensor control units process the 

signals and thus detect vehicles ahead.  
 

The driver can influence the function of the ACC stop & go; the interval to the 

vehicle ahead and the control system dynamics are adjustable in several steps, 

from sporty to comfortable. The maximum rate of deceleration which the system 

allows is limited to roughly 4 m/s² (13.12 ft/s2), which is a good third of what is 

possible. 
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In stop-and-go traffic, the ACC stop & go automatically slows the car to a stop. 

After a brief stop, at traffic lights for example, the vehicle moves off again 

automatically and follows the vehicle ahead. After a longer stop, the driver must 

tap the accelerator or the control lever. Before setting off, the system checks the 

image data supplied by the video camera in the region of the interior rearview 

mirror. In this way it can detect possible dangers, such as pedestrians wanting to 

cross the road at the last minute. The parking system’s ultrasonic sensors 

provide additional detailed information to monitor pulling away. 

 

The adaptive cruise control with stop & go function interacts closely with other 

driver assistance systems; it uses the data from 27 control units to continuously 

analyze the vehicle’s surroundings. This expanse of knowledge enables the 

system to recognize complex scenarios and predictively support the driver. 

Because it also cooperates with the navigation system, it knows the course of the 

selected route in advance and can also compute the lane in curves, for example. 

 

The ACC stop & go uses its knowledge in numerous situations. Whether quickly 

passing a car turning right from an interurban road or if another vehicle pulls into 

the lane occupied by the vehicle on the highway, the system handles many 

situations with the reflection and composure of a skilled driver, making driving 

even more fluid and harmonious. 

 

Audi offers the adaptive cruise control in a number of different versions, including 

without stop & go function, depending on the model series. The function of the 

individual versions varies slightly due to the different degrees of networking and 

the expansion levels. 

 

Audi active lane assist 

 

One of the current Audi assistance systems is Audi active lane assist which is 

available for most model series with electromechanical power steering. At speeds 

above around 60 km/h (37.28 mph), it uses a camera mounted in front of the 

rearview mirror to detect the lane markings. It observes the road to a distance of 

more than 50 meters (164.04 ft) and a coverage angle of roughly 40 degrees. It 

delivers 25 high-definition images per second. 
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Software detects the lane markings and the course the car is following between 

them. If the vehicle approaches a line without the turn signal being activated, the 

system helps the driver to steer back into the lane by intervening gently, but 

perceptibly, in the electromechanical steering. The driver uses the MMI to 

determine how soon the intervention occurs and whether it should be combined 

with steering wheel vibration. If the driver opts for early intervention, the system 

keeps the car in the center of the lane – a function that sets Audi clearly apart 

from the competition. 

 

The color camera of the Audi active lane assist in the A6 and A7 provides highly 

differentiated information. For example, it can differentiate between the yellow 

lines in construction zones and white lines. Its image data are also used by 

additional assistance systems, including the ACC stop & go, the speed limit 

display, the safety system Audi pre sense front and the variable headlight range 

control. 

 

Audi side assist 

 

The lane change assistant Audi side assist is available for a whole host of Audi 

models. It monitors the traffic behind the vehicle and warns the driver as 

necessary prior to critical lane changes. 

 

The system becomes active when a defined speed is reached. Two 24 gigahertz 

radar sensors in the rear monitor what is happening behind the vehicle to a 

distance of 70 meters (229.66 ft). Their data are analyzed by a computer.  

 

When they detect another vehicle in the critical zone – riding in the blind spot or 

approaching rapidly from the rear – the so-called information stage is activated. A 

yellow LED indicator lights up dimly in the housing of the driver’s exterior mirror, 

without disturbing the driver. The driver sees it only when looking directly into the 

mirror. 
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If the driver nevertheless activates the turn signal to change lanes, the indicator 

becomes brighter and flashes multiple times. This signal – the warning stage – is 

clearly perceptible. The optical signal is directed at the driver. The signal’s 

brightness varies with the ambient light and can also be customized via the MMI 

operating terminal. 

 

The night vision assistant 

 

The heart of the night vision assistant is a thermal imagin camera located at the 

front of the vehicle. It has an angle of view of 24 degrees, and its protective 

window is cleaned by a separate nozzle and heated when cold. As a far infrared 

system (FIR), the camera reacts to the heat radiated by objects in the recorded 

scene. A computer transforms the information from the camera into black-and-

white images and displays them on the central display located between the 

instruments. 

 

The far infrared technology can look up to 300 meters (984.25 ft) ahead, far 

beyond the range of the high beams, and is not blinded by headlights and similar 

light sources. Most importantly, it concentrates on that which is most important: 

people. Regardless of whether they appear bright or dark to the human eye, they 

are conspicuously bright in the image due the heat they give off, whereas the 

cooler surroundings appear dark. 

 

The image processing software can detect persons at a range of approximately 

100 meters (328.08 ft). When analyzing the data, it specifically seeks out human 

contours and objects that are bright and round – their heads, in other words. 

Detected persons are highlighted with a yellow marking on the display. If the 

control unit predicts a hazard because a person is walking on the road close to 

the car, for example, the person is marked in red and a warning gong sounds. A 

warning also appears in the optional head-up display. 

 

The marking, the gong, and image contrast can be configured via the MMI. Like 

every assistance system, the night vision assistant also works within certain 

system limitations. Highlighting of detected pedestrians is switched off at air 

temperatures above 28 degrees Celsius (82 degrees Fahrenheit), for example. 
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Park assist 

 

Audi offers a variety of different parking systems for its complete model line-up. 

They use ultrasound, acoustic and optical signals, or a rearview camera whose 

images are displayed on the on-board monitor. One particularly convenient 

solution is park assist. When reversing into a parking space, park assist performs 

all the necessary steering movements – this applies equally to both parallel and 

end-on parking spaces. The system locates parking spaces using side-mounted 

ultrasound sensors that scan the parking spaces on the side of the road in two 

dimensions while driving at moderate speed. A notification appears in the display 

when the system finds a suitable spot. 

 

If the driver wants to park in the space and puts the vehicle into reverse, the park 

assist system is activated and performs all necessary steering movements with 

the aid of the electromechanical steering. The driver must continue to accelerate, 

shift gears and brake. Visual and acoustic signals provide support. When parallel 

parking, it suffices when the space is roughly 0.8 meters (2.62 ft) longer than the 

vehicle. If necessary, the park assist will make multiple maneuvers, forwards and 

backwards. The system provides similar assistance when leaving parking 

spaces. 

 

The latest Audi technology is the parking system plus with surround view camera. 

Four small cameras – in the single-frame grille, in the rear and in the housings of 

the side mirrors – record images of the vehicle’s immediate surroundings.  

 

The driver can call up a variety of views on the large onboard monitor, including a 

top-down view of the vehicle’s direct surroundings. The parking system plus with 

surround view camera increases safety not only when maneuvering, but also in 

narrow exits. Its special views can show the area both in front of and behind the 

car and allow the driver to see cross-traffic in front of or behind the vehicle. 
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The speed limit display 

 

Like all assistance systems from Audi, the purpose of the speed limit display is to 

reduce the burden on the driver. It shows the driver the current maximum 

permissible speed in the instrument cluster or on the optional head-up display.  

 

A camera mounted on the windshield behind the rearview mirror serves as the 

central sensor. Within the limits of the system, it detects speed limit signs erected 

on the side of the road, as well as digital speed limit indicators and pictogram-

based supplemental signs. The detected traffic signs are analyzed and compared 

against the data from the navigation systems, the maximum permissible speeds 

in the respective country and information from the vehicle, such as whether the 

wipers are on and the current time.  

 

The Audi pre sense safety system 

 

Audi pre sense is a technology package for predictive safety. It is available in a 

number of different expanded levels in the larger Audi model series. 

 

In the standard variant – Audi pre sense basic – the system analyzes the 

information from the ESP sensors. When they signal maximum brake application 

or skidding, the control unit intervenes. Depending on the situation, it activates 

the hazard warning lights and begins to close the side windows and the sunroof; 

and it tensions the belts at the front seats. This tensioning process, which is 

reversible, is triggered by small electric motors. If an accident does not occur, the 

belts are released again.  

 

The expanded levels of the new safety system are called Audi pre sense front, 

Audi pre sense rear, and Audi pre sense plus. They work closely together with 

the driver assistance systems adaptive cruise control with stop & go function and 

Audi side assist. 

 

Audi pre sense front monitors the traffic in front of the automobile for potential 

collision hazards. The system provides multiple levels of driver support.  
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The first is a warning signal, and the second a warning jerk caused by brief 

braking. If the driver now simply places his or her foot on the brake, the brake 

assist initiates deceleration. Even an avoidance maneuver – often the better 

solution – would still be possible at this time. 

 

Should the driver remain passive, the third stage follows – partial braking. The 

vehicle is slowed with roughly one-third of the possible pedal force. The windows 

and sunroof begin to close, and the hazard warning lights are activated. The seat 

belt is also tensioned in this case. 

 

If the full version of the Audi pre sense plus is on board, a fourth stage comes 

into play: first another round of partial braking, but now at a moderate level, 

followed by maximum braking, during which the belts are pulled fully taut. This 

occurs about half a second before impact, at which point a collision can no longer 

be avoided. Audi pre sense plus helps to reduce the vehicle’s speed by up to 

40 km/h (24.85 mph) before the crash and thus to mitigate the consequences of 

the accident.  

 

On some Audi models, pre sense front incorporates an additional function to 

protect against impending rear-end collisions in the lower speed range. At speeds 

under 30 km/h (18.64 mph) the function automatically decelerates the car if 

necessary with full force – regardless of whether the vehicle in front is moving or 

stationary. Under 20 km/h (12.43 mph) the new function can often prevent the 

accident entirely. In other cases it significantly reduces collision speed.  

 

The Audi pre sense rear system uses the Audi side assist sensors and mitigates 

the consequences of a rear-end collision. Here, too, it closes the windows and 

sunroof and tensions the seat belts. If the optional front memory seats are on 

board, they move into a better position for the passengers. 
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The adaptive restraint system 

 

Passengers in many models are protected by the Audi adaptive restraint system, 

which in some model series is networked with the predictive safety system Audi 

pre sense. 

 

The adaptive restraint system intelligently manages the interplay between the 

airbags and the belt force limiters to protect passengers of different heights more 

effectively than conventional systems. Sensors on the front seat rails detect how 

far forward or back the seat is positioned. Because the control unit then knows 

the approximate position of the passenger, it can ensure that better use is made 

of the distance over which the upper body is slowed by the belt and the airbag. 

Together with Audi pre sense, it reduces this distance by several centimeters 

because the belts are tensioned before the crash occurs.  

 

If a passenger is sitting close to an airbag, a portion of the air is quickly expelled 

via valves after the airbag inflates so that the head and chest are gathered in 

more gently by the airbag. In other cases the valves remain closed longer. The 

variable belt force limiters are also designed to be adaptive. They control belt 

tension so that the load on the chest remains as low as possible. Bracing 

structures, energy-absorbing pads and crash-optimized pedals reduces loads on 

the feet and legs. 

 

The structural design of the seats and headrests is an important element of 

safety design, especially in the case of a rear-end collision. These types of 

accidents frequently occur at traffic lights, usually with impact speeds between 

15 and 50 km/h (9.32 and 31.07 mph). In these collisions, the seat back is 

accelerated to between 7 and 25 km/h (4.35 and 15.53 mph) within a tenth of a 

second. The integral head restraint system, which is standard in every Audi 

model, acts here to counter the risk of whiplash injuries. 

 

All Audi models are equipped with either two or four side airbags to support the 

hips and chest of the occupants in the event of a side-impact collision. In open-

topped vehicles, in the R8 and in the TT, the side airbags also protect the head. 

In all other models, this function is provided by the head airbag system.  
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It spans the area from the A- to the C-pillars and opens like a curtain from the 

roof frame to the door sill. Three-point automatic belts with belt tensioners and 

Isofix mountings for child seats round out the safety package. 

 

Tomorrow’s driver assistance systems 

 

Driver assistance systems will become dramatically more important in the future. 

Audi engineers are working on a wide variety of solutions intended to make using 

the car even more convenient and safer. The new systems strive to make things 

even easier for the driver and to prevent, or at least mitigate the severity of, 

accidents.  

 

Audi is developing innovative solutions involving sensors, their control and the 

interaction between the modules. The networking of the car with the infrastructure 

and other traffic participants, which at Audi falls under the term “Audi connect,” is 

also very important here. Audi’s ultimate goal is a car that is so intelligent that it 

can avoid accidents entirely. 

 

Traffic jam assistant 

 

The traffic jam assistant is a technology that can assume some duties from the 

driver when driving is not a whole lot of fun, such as in slow-moving traffic. At 

speeds between zero and 60 km/h (37.28 mph), the car helps with steering within 

certain limits. It also accelerates and brakes autonomously. The traffic jam 

assistant can be used both on the highway and in town, provided that the course 

of the road is not too complex. 

 

It is based on the adaptive cruise control with stop & go function, with the addition 

of new components for lateral guidance. Three sensor systems work closely 

together. Two next-generation radar sensors cover wedge-shaped fields, each 

with a 21-degree angle of view and up to 250 meters (820.21 ft) long. A wide-

angle video camera monitors the lane markings, and it can also detect objects 

such as other vehicles, pedestrians and guardrails.  
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Eight ultrasonic sensors monitor the zones immediately to the front and at the 

corners of the car. Their data are used primarily to maintain safety intervals and 

to supplement the information from the camera. 

 

If ACC stop & go is turned on, the traffic jam assistant continuously analyzes the 

speed of the car and that of other surrounding vehicles. The function is available 

when traveling at a speed of less than 60 km/h (37.28 mph) and the data indicate 

a traffic jam. If the driver then pushes a button to activate the function, the traffic 

jam assistant takes over.  

 

The corridor in which the traffic jam assistant moves the car is significantly wider 

than the lane between the lines, which allows for a certain offset relative to the 

car ahead. If it is necessary to make room for emergency vehicles or to navigate 

around an obstacle, the system follows the car ahead. This is where one of the 

radar sensor’s strengths comes into play: It not only detects the car immediately 

ahead, but also additional cars in front of that and can use these data to compute 

a column path. The traffic jam assistant behaves exactly like the ACC stop & go 

when accelerating and braking, and also reacts to cars moving in or out of the 

lane. 

 

Automatic full braking  

 

Many Audi vehicles can already brake automatically the last few meters before 

an impending collision if the driver himself is no longer capable of intervening. 

Audi is developing this function further, both for the city (pre sense city) and for 

interurban traffic.  

 

pre sense city 

 

Automatic full braking in city traffic is based on an innovative compact sensor 

technology, in whose basic development Audi played a significant role some 

years ago. The PMD sensor (PMD = photonic mixing device) is a small chip that 

can measure distances in three dimensions with greater precision than 

conventional sensor systems.  
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PMD technology, which is already established in entertainment electronics, offers 

more than just packaging advantages over other sensor systems. Photo mixing 

devices can detect both moving and stationary targets, and they also work in the 

dark, in the rain and in bright sunshine.  

 

In the event of an impending rear-end collision with the car ahead at speeds up to 

65 km/h (40.39 mph), Pre sense city warns the driver by briefly applying the 

brakes. If the driver does not react, the system applies the brakes with full power 

roughly one second before impact, reducing the collision speed by as much as  

30 km/h (18.64 mph).  

 

Another important function of pre sense city is the predictive protection of 

pedestrians, which the PMD sensor can detect at distances of up to 20 meters 

(65.62 ft). When the sensor reports a precarious situation, such as a pedestrian 

stepping onto the road, the system decides whether full braking is necessary. 

 

If yes, full braking ideally would begin roughly one second before impact in this 

case, too. The maximum possible reduction of speed by 30 km/h (18.64 mph) 

means that in some cases the car can come to stop in time. The predictive pre 

sense technology provides good protection for pedestrians and cyclists. The 

intelligent system can contribute significantly to passenger protection in critical 

situations by rapidly reducing speed.  

 

Active emergency braking 

 

Audi is developing another version of the pre sense system for automatic full 

braking at speeds above 65 km/h (40.39 mph). Its centerpiece is a laser scanner 

offering the advantages of even greater range, a wide field of view and greater 

precision. 

 

The laser uses its wide field of view to also scan the areas to the front and side of 

the vehicles, and can thus also detect buildings and other development on the 

side of the ride. If there is an obstacle in front of the vehicle, such as the end of a 

traffic jam, the system can assess whether the driver can still take evasive action.  
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If evasive action is no longer possible, a timely warning is provided and automatic 

full braking initiated, if warranted. Even if the driver is unable to react himself due 

to a medical emergency, for example, this procedure enables the automatic and 

significant reduction of higher speeds and can reduce the severity of the accident 

dramatically. Braking to avoid accidents is thus possible even from high initial 

speeds in selected scenarios. 

 

Active seatbelt buckle 

 

Audi is also constantly refining the restraint systems on board its vehicles. One 

future innovation could be active seatbelt buckles for the rear passengers that are 

moved by small electric motors. 

 

When the back door is opened, the active seatbelt buckle moves upward a few 

centimeters to make it easier for the passenger to buckle up. It then moves back 

to its starting position. In the event of an impending collision, the buckle moves 

downward a bit, tensioning the belt. This action is reversible. 

 

Audi will network the adaptive restraint system more tightly with the new 

assistance technologies in general. Forward-looking sensors such as the PM 

diodes can usually identify an impending collision a few seconds before it occurs 

while also estimating the speed and size of the other vehicle. Activation of the 

adaptive belt force limiters and the adaptive front airbags is tailored to this 

information, enabling both systems to protect passengers better than is the case 

today.  

 

Intersection assistant 

 

Many traffic accidents occur at intersections and junctions – often with serious 

consequences. The side-impact collision is the second most common cause of 

traffic deaths in Europe today. Audi is developing an intersection assistant to 

mitigate these dangers. The goal is to prevent collisions whenever possible or to 

at least mitigate their consequences. 
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The intersection assistant uses two radar sensors and a video camera with a 

wide-angle lens to scan the areas to the front and sides of the vehicle. The radar 

sensor data play the primary role; the camera provides reference data. If the 

sensors detect a vehicle approaching from the side, the system warns and 

informs the driver in a number of stages.  

 

Audi is exploring a second variant as an extension of the sensor-supported 

intersection assistant. It is based on car-to-x communication, in this case on radio 

contact between the two vehicles potentially involved in the accident. At 

intersections identified as accident hot spots, a modem that reports the status of 

the traffic light would be another possibility. Data transfer would be via radio 

according to the Automotive WLAN (WLAN 802.11p) standard.  

 

Car-to-x technology, whose widespread use is still far in the future, offers 

numerous advantages. It also works at intersections where the sensors’ sight is 

impaired. It can cover great distances and transmit vehicle-specific information. 

This would enable the deployment of the airbag to be adapted specifically to the 

mass of the other vehicle, for example. In combination with the onboard sensors, 

car-to-x technology can substantially enhance the potential level of protection.  

 

Piloted parking 

 

Tight perpendicular parking spaces; garages in which bicycles are also parked – 

parking spaces are often so tight that the driver often struggles to get out of the 

car, and there may also be a risk of door damage. A future Audi assistance 

system, the parking pilot, could solve these problems. 

 

With the technology in Audi prototypes, the driver can exit the car outside the 

garage and issue to command for the car to park itself from outside the vehicle 

using the radio key or a smartphone. With the help of its ultrasonic sensors, the 

car drives into the parking space or the garage, stopping immediately if it detects 

an obstacle. Upon reaching its final position, it shuts off the engine, deactivates 

the ignition and locks the doors. Finally, it sends a confirmation to the driver. 
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Backing out of parking spaces warning system 

 

Backing out of a horizontal parking space can often be tricky. Drivers can’t see 

the traffic flowing behind them and often are forced to cautiously “feel” their way 

onto the road. Another future solution, the backing out of parking spaces warning 

system, makes this process easier. 

 

The system uses the two Audi side assist radar sensors at the rear of the car. 

They measure and interpret the distance, the speed and the likely path of 

vehicles detected in cross-traffic and inform the driver of collision risks predicted 

by the system.  

 

Warning when opening the door  

 

The exit warning system also uses the Audi side assist radar sensors. It is a big 

help when exiting the vehicle in situations with limited visibility. If the driver or a 

passenger tries to open the door, the sensors check whether another vehicle or 

bicyclist is approaching from the rear from a dangerous distance and at a critical 

speed. 

 

The warning in the event that such a hazard is detected could be a bright signal 

light in the door, accompanied by an acoustic signal. Also under investigation are 

haptic warnings that inform the vehicle occupants of the hazard while opening the 

door. 

 

Trailer maneuvering assistant 

 

The trailer maneuvering assistant is a future technology that helps the driver 

while backing up with a trailer. The system steers automatically, relieving the 

driver of the burden of the many steering corrections often necessary in this 

situation.  

 

The system, which uses a sensor in the trailer hitch, steers the vehicle so that the 

pivot angle between the tow vehicle and the trailer remains stable. The driver 

does not use the steering wheel to indicate the desired turn-in, but rather the 

large rotary knob of the MMI control system.  
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The trailer maneuvering assistant works within a defined speed range and can 

prevent impending collisions of the vehicle with the trailer by limiting the 

maximum permissible pivot angle. It adjusts automatically to trailers of different 

sizes. 

 

Today’s lighting technologies 

 

Audi is the leading brand when it comes to lighting technology for the automotive 

sector. The company has been the key driver of progress in this area for years, 

from LED daytime driving lights to the LED headlights available in many model 

series today. A major design feature, the headlights play a key role in the Audi 

models’ distinctive appearance. With their good road surface illumination, they 

also make a substantial contribution to active safety. Technologies such as 

adaptive light already react to the vehicle’s surroundings and to other traffic 

participants. 

 

Xenon plus headlights 

 

Xenon headlights are gas discharge lamps. Two tungsten electrodes are sealed 

in the burner, a thick-walled quartz glass cylinder filled with xenon gas. A 

concentrated electric arc burns between them. The inert xenon gas filling, which 

exerts a pressure of as much as 100 bar, gives off a somewhat violet light. 

Metallic salts in the filling of the gas cylinder reduce its high color temperature to 

the region of daylight. 

 

Xenon headlights provide a much brighter light and illuminate the road better than 

halogen incandescent lamps. Including the power required by the ballast, their 

energy consumption is roughly 20 percent lower. They also last much longer. 

Audi only uses mercury-free xenon bulbs. Audi is also a pioneer in this field and 

has introduced this environmentally friendly technology step by step in all its 

models. Not least due to this initiative, xenon bulbs containing mercury are to be 

banned throughout the EU from 2012. 
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Audi offers xenon plus headlights in every model in its line-up, either as standard 

or as an option. With this technology, a single burner provides both the high and 

low beam. A switchable shutter is used to change between them. The xenon 

module is swiveled electromechanically for the adaptive light. 

 

adaptive light 

 

Adaptive light is an Audi technology for the xenon plus headlights and is available 

in a number of different versions. In the top models A6, A7 Sportback and A8, its 

controller manages the swiveling xenon plus modules so that they always deliver 

the perfect light for urban, interurban and highway driving. The driver can set the 

function of the adaptive light via the Audi drive select driving dynamics system. 

The all-weather light integrated into the headlight replaces the fog lights. 

 

A particularly attractive element of the adaptive light is the variable headlight 

range control. A video camera mounted in front of the inside mirror recognizes 

preceding and approaching vehicles by their lights. In order not to dazzle their 

drivers, a computer adapts the vehicle’s own light through a smooth range that 

always provides the maximum possible illumination. 

 

A technological breakthrough from Audi is the networking of the headlight control 

unit with the optional MMI navigation plus. The navigation system reads the route 

data in advance and relays them to the light computer, so as to activate the 

longer-range highway lighting while still on the on-ramp to the highway, for 

example. The system automatically switches on the cornering lights before 

entering an intersection; in countries like the United Kingdom, it automatically 

switches the headlights from driving on the right to driving on the left. 

 

The high-beam assistant, which uses a small camera in the rearview mirror, is 

available in many Audi models. It detects oncoming vehicles and towns based on 

their illumination and switches automatically between the high and low beams.  
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LED daytime running lights and LED rear lights 

 

The daytime running lights of white light-emitting diodes are an Audi feature that 

underscores the design of the automobiles while simultaneously enhancing 

safety. Having made their first appearance in 2004 on the luxury Audi A8 W12 

sedan, they are now available for every model. 

 

In nearly every case, the LED daytime running lights in a wide variety of designs 

are integrated into the headlight. The A1, for example, uses a single light-emitting 

diode per unit. The LED’s light shines into a transparent polymer tube called a 

light guide to produce a homogenous contour. In the A7 Sportback, the daytime 

running lights of the optional LED headlights are also linear, but comprise 18 

individual LEDs behind a polymer body. 

 

Light-emitting diodes are semiconductors that can convert electrical energy 

directly into light. They are extremely efficient. The LED daytime running lights 

from Audi consume just a few watts of power, are extremely long-lasting and 

practically maintenance-free. 

 

Rear lights using LED technology are available either as standard or as an option 

for all Audi models. They produce a distinctive light pattern that in many cases 

also produces three-dimensional effects. Unlike incandescent bulbs, light-emitting 

diodes reach their full light intensity extremely quickly and without hesitation – if 

the driver has to brake suddenly, the driver behind gains valuable fractions of a 

second. At a speed of 100 km/h (62.14 mph), this extends the braking distance 

available to the driver behind by almost six meters (19.69 ft). 

 

The rear lights of Audi’s A8 flagship are particularly elaborate. Apart from the 

reversing light, they consist entirely of light-emitting diodes; there are 72 LEDs in 

each unit. Chip-on-board LEDs, which can be packed tightly together with high 

precision, are used in many areas. The tail lights, which consume only 9 watts 

per unit, form a trapezoidal contour that appears as an even, homogenous strip. 

Its upper segment consists of a light guide; a pebbled, reflective free-form area 

makes up the lower section.  
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The five-segment brake light is located inside the trapezoid. When the A8 

decelerates sharply, the brake light flashes quickly to warn the traffic behind it, 

and the hazard warning lights are activated when the sedan comes to a stop.  

 

LED headlights 

 

The LED headlights are an area of technology in which Audi is well ahead of the 

competition. They were introduced in 2008 on the R8 high-performance sports 

car; since then the brand with the four rings has repeatedly extended its lead. 

The LED headlights concentrate Vorsprung durch Technik in a visible and 

tangible way. 

 

With a color temperature of 5,500 Kelvin, the light from LEDs resembles daylight 

and is therefore much less tiring for the eyes. The light-emitting diodes are zero-

maintenance and designed for the life of the vehicle. They also score points in 

efficiency with their low power consumption. The low beams, for example, 

consume only around 40 watts per unit, even less than the already highly efficient 

xenon plus headlights. 

 

The innovative technology of the LED headlights has led to a radically new 

design. On the Audi A8, for instance, the low beams comprise ten individual lens 

modules extending through the headlight in a distinctive arc below the chrome 

contour known as the wing, on account of its shape. Just below this is another 

arc of 22 white and 22 yellow LEDs for the daytime running lights and the turn 

signals. Their thick wall technology makes them appear to the onlooker as 

homogenous, continuous strips of light. 

 

The main-beam headlights are located above the wing. Their light is generated 

by two powerful four-chip LEDs and a free-form reflection system; an assistance 

function switches between the low and main beams. Additional high-output LEDs 

generate the highway light and the cornering light.  
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LEDs do not reach especially high temperatures. Red light-emitting diodes 

withstand about 120 and white ones 150 degrees Celsius – much less than 

halogen headlights, which generate temperatures of up to 400°C. Audi’s 

designers therefore make sure that the LEDs transmit their heat in a targeted 

manner to the headlight glass, in order to keep it free of snow in winter and 

prevent misting over. 

 

Audi has developed a simulation program that displays the flows of air in three 

dimensions; by wearing 3D glasses, the engineer can see them on a suitable 

monitor screen.   

 

LED headlights on the Audi R 18 TDI 

 

Audi regards motorsport as an ideal testing laboratory for its technologies, 

including vehicle lighting. The Audi R 18 TDI, winner of the 2011 Le Mans  

24-hour race, demonstrates the considerable potential of LED technology. Its 

headlights are extremely bright, light in weight and effectively cooled. They were 

designed in close cooperation between the specialists from Audi Sport and the 

series-production development engineers. 

 

The rules for the Le Mans 24-hour race provide the designers with a degree of 

freedom that would not be permitted on a road car, and Audi has made full use of 

this. The two LED headlights on the R 18 TDI are rated at more than 100 watts 

each – about three times more than on a roadgoing passenger car. They throw a 

bright, uniform conical beam that illuminates the entire road surface and extends 

more than a kilometre in front of the car. The beam has a power of more than 

1,000 lux, which is again five to seven times higher than on a production car. 

 

The racing car’s headlights need no electrical cooling. The airflow as the car is 

driven enters through an inlet at the bottom and passes through an air duct 

before emerging at the top of the headlight. Inside, the cooling airflow absorbs 

heat from the LEDs that is dissipated through small graphite foam cooling 

elements. These are only one square centimetre in area, but operate at high 

efficiency. The frame holding the reflector and many components of the headlight 

housing are made from carbon-fibre reinforced plastic. Each complete headlight 

weighs only about two kilograms. 
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Tomorrow’s lighting technologies 

 

Audi is already developing the lighting technologies of tomorrow. In cooperation 

with the exterior and interior designers, its engineers are pursuing lines of thought 

in various directions; there are scarcely any limits to their creativity. 

 

Nonetheless, two central topic-areas are emerging: the lighting on tomorrow’s 

Audi models will react even more intensively to environmental conditions, it will 

communicate in various ways with its surroundings and in this way will increase 

active safety still further. New dynamic functions will make the lighting system still 

more attractive. 

 

Matrix Beam 

 

Matrix Beam is the name for Audi’s future headlight technology. It is a principle 

that divides the LED light up into many distinct sources. The small individual 

diodes backed by lenses or reflectors provide excellent illumination in all 

situations without needing a swivelling mechanism. They are simply switched on 

and off or dimmed to suit the situation. 

 

Matrix Beam headlights obtain the information they need from a camera, the 

navigation system or additional sensors. If the camera detects other vehicles or 

the lights of a built-up area ahead, these innovative headlights fade out the 

appropriate area of the high-beam headlights, which contain various light-source 

sectors. They are already aware of the topography of the road and can also vary 

the illumination they provide according to weather conditions, for example rain or 

fog.  

 

During the last two years Audi has exhibited widely differing visual and technical 

versions of its Matrix Beam technology on a series of show cars. The number of 

individual LEDs, their layout and the size and styling of the headlights open the 

way to a broad range of fascinating designs.  
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In technical terms the Matrix Beam principle represents a series of new, exciting 

challenges. They relate to the extremely low tolerances permitted during 

manufacture and assembly, the methods used to energise the headlights and 

control them independently, the overall efficiency of the package, the uniformity 

of the conical light beam and the airflow path through the headlights. Audi is 

already in a position to answer all these questions, so that the new technology 

will soon be introduced on production cars.  

 

LED AFS 

 

Audi uses the acronym AFS for its “advanced frontlighting system”. The term 

defines the next but one step forward in headlight technology – a further 

development of Matrix Beam. The system aims to pick out important individual 

objects in the driver’s field of view by illuminating them more directly. The objects 

concerned may be people or animals on the road that have been detected by the 

night vision system, but also road signs or those used to indicate road works.  

 

AFS technology callss for the LEDs to be movable, and they are therefore 

mounted on the ends of piezo rods. When a voltage is applied, the numerous 

small plates made up of piezo crystals are pulled together. The rod then pivots up 

or down. Another method adopted by AFS technology uses small beamers in the 

headlights that can project navigation arrows on to the road. 

 

Intelligent rear lights 

 

Every driver has experienced the situation: when visibility is poor because of rain, 

fog or snow, there is an instinctive tendency to drive closer to the vehicle in front, 

in order not to lose sight of its rear lights. This can be very dangerous if the driver 

in front has to brake suddenly. 
 

Audi solves this problem by means of its intelligent rear lights. A newly developed 

sight sensor determines visibility and increases rear light intensity if necessary. 

The driver behind can still see the car’s rear lights clearly and therefore has no 

need to drive closer to it. The sight sensor can be located at the rear of the car in 

a position where it measures the the spray thrown up by the wheels. 

Alternatively, it can be installed at the front and its measurements suitably 

converted. 
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Laser rear fog light 

 

The laser rear fog light fulfils a similar function to the intelligent rear lights: it is 

generated by a laser diode at the rear of the car and displays a bright, clear 

signal to the vehicle behins that encourages its driver not to come too close. 

 

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 from the following vehicle: at a distance of 30 

metres (98.43 ft), the line is about as wide as the car. Like a “stop” line, this 

signal is an unmistakable warning to the driver behind to keep a safe distance 

away. 

 

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 then looks 

like a large warning triangle. Altogether, laser light can be said to be of great 

potential interest – for headlights as well. 

 

Wipe-action flashers 

 

The wipe-action flasher is also intended to transmit unmistakable signals to its 

surroundings. With present-day flashers this is sometimes not the case; if the 

vehicle is partly concealed or the flasher has failed, the driver behind is unable to 

tell whether a turn or a hazard warning signal is being indicated. 
 

Audi has now developed “smarter” flasher technology. When a turn is indicated, 

the light always performs a “wiping” movement from the inside outwards. This 

provides information that can be clearly seen and understood even a fairly 

considerable distance away. The signal is provided by a horizontal row of LEDs 

that are energised in successive blocks. 
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OLED technology 

 

OLED technology is yet another example of Audi’s pioneering work in the vehicle 

lighting area. The initials stand for “organic light emitting diode”. Unlike the LEDs 

currently in use, 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 millimetre 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 generate dynamic movement. 

 

OLED surfaces can only be bent to a relatively slight radius, which imposes limits 

on their use on the surface of a vehicle’s body. They are on the other hand very 

suitable for use inside the vehicle or in rear lights. Audi engineers have built an 

experimental 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 lights 

need extensive thermal management. 

 

External light design using OLED technology, which Audi is aiming to adopt, will 

be as intelligent as it is attractive. For example, it is possible to envisage a 

scenario in which the lights react to the approaching driver, follow his or her 

movements and highlight the main contours of the vehicle or the door handle. 

When the driver has entered the car, restrained OLED lighting will become active 

inside. This new technology will not only transform the car into a mobile “light 

sculpture” but generate benefits and emotions at the same time. 

 

OLED swarm 

 

A scenario in the OLED technology area to which intensive thought has already 

been devoted is the “swarm”. With this model, Audi engineers have transformed 

the rear of the vehicle into a large, continuous illuminated surface, on which a 

large number of small points of light fluctuate like individual fish in a swarm.  
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Movements of the red dots take their orientation from movements of the vehicle. 

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

rapidly forwards. The faster the car is driven, the faster the dots move. In this way 

the following driver can always see what the driver of the car in front is doing. The 

OLED swarm combines a highly attractive effect with a specific gain in safety. 

 

MID technology  

 

The initials MID stand for “moulded interconnected devices”. With these new 

components, Audi accesses the third dimension of lighting terminology. They 

enable engineers and designers to develop lighting assemblies in any desired 

form – a giant step forwards compared with today’s two-dimensional printed 

circuit boards. 

 

MID technology is based on an innovative plastic material that contains an 

organic metal complex. The first step is to produce the required shape by 

injection moulding. In a second step, a laser inscribes the electrical circuit on the 

component. The uppermost polymer layer is vaporised and the metallised core to 

which metals can adhere is exposed. The third step is production of the circuit 

paths by galvanising. They are sufficiently thick to supply electric current to LEDs. 

 

The first result from the use of MID at Audi is an illuminated sphere approximately 

15 centimetres in diameter. It is made up of two half-shells with a number of 

apertures, and has 52 integrated LEDs. The new technology still has to prove its 

worth by testing at the loads encountered in a car, but Audi development staff is 

already delighted with the absolute design freedom offered by the MID principle. 

 

Car-to-x communication 

 

Future car-to-x communication – radio networking of cars among themselves and 

with the traffic infrastructure – also offers considerable potential in the lighting 

area. One of many conceivable scenarios is when the car is halted at a red traffic 

light or in a traffic jam. During this period the headlights are dimmed to a large 

extent or switched off completely, to save energy and avoid imposing a possible 

burden on other road users. 
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When cars are able to exchange data directly, they can coordinate the brightness 

of their headlights, for instance in dense stop-and-go traffic or at crossroads. The 

road can always be effectively illuminated without dazzling the drivers. 

 

By-wire technology 

 

One completely new area of research in the field of vehicle control and operation 

is by-wire technology, where mechanical and hydraulic systems are replaced by 

electrical components (by wire). The Audi pre-development department is 

working intensively with this new technology; the A2 concept, the show car from 

the IAA 2011, already had it on board. The latest project is a technology model 

on the basis of the R8 e-tron on which the steering, braking and gear selection 

takes place electrically. 

 

Steer-by-wire 

 

The technology model has no steering column – a sensor on the steering wheel 

detects the turning motions and an electric motor applies them to the steering 

gear. The precise and finely differentiated steering feel to which the driver is 

accustomed is retained or even improved. A small electric motor at the steering 

wheel simulates it based on the forces acting on the steering gear. The driver can 

choose from a variety of ratios and steering setups at the push of a button. 

Furthermore, because the steer-by-wire technology is networked with other 

systems, it can integrate numerous corrective and assistance functions. 

 

By-wire steering can be packaged in various forms. In vehicles with a transverse 

engine, for instance, space can be utilised in new ways by locating the steering 

system ahead of the engine. It enables the steering wheel to be pulled 

temporarily tight against the cockpit, which makes it easier to get in and out of the 

vehicle and enhances safety in a frontal collision. Eliminating the steering column 

creates space in the cockpit for new interior and operating concepts; it also 

makes the development and production of left- and right-hand drive cars easier 

and more efficient. 
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Brake-by-wire 

 

Brake-by-wire technology opens up various opportunities, beginning with a 

hydraulic system in which pressure build-up is decoupled from the pedal, and 

extending as far as electromechanical wheel brakes. At the front axle, the 

technical model makes use of what is known as spindle-brake technology, in 

which electrically actuated ball and thread transmissions press the brake pads 

very rapidly against the discs.  

 

Electromechanical brakes simplify the packaging of the front of the car because 

they eliminate the need for heavy, voluminous hydraulic components. In the 

cabin, the rigid brake pedal can be replaced with a small lever or a sensor 

surface, at which the forces are simulated. Both solutions are advantageous in 

the event of a crash. 

 

The primary advantages to the customer offered by the new technology are the 

extremely precise regulation, which is helpful in conjunction with the chassis and 

assistance systems, and numerous possibilities for customization. Moreover, 

there is no residual torque – that slight scraping of the linings against the discs, 

as can occur with hydraulic brakes. In electric vehicles such as the R8 e-tron, an 

electromechanical system enables the perfect transition between electric 

recuperation and mechanical braking. 

 

The legal situation relating to the brake-by-wire topic presents no problems: Cars 

with electromechanical wheel brakes can be licensed in Europe if they possess 

two independent electric power supplies. 

 

Shift-by-wire 

 

Audi has extensive experience with shift-by-wire. The A2 1.2 TDI from 2001 was 

equipped with an automatic transmission in which commands were sent to the 

hydraulic unit electronically. This is similar to today’s R tronic in the Audi R8 and 

the eight-speed tiptronic in the flagship A8. By-wire transmissions are an 

excellent basis for future assistance technologies such as automated parking and 

piloted driving. 


