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Audi R8 LMX Laser based Headlamp Application 
World Premiere 2014
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2008 – Audi R8
World first Full-LED headlamp

Audi R8: 3 Generations of Pioneering New Technology  

2014 – Audi R8 LMX
World Premier Laser Headlamp

2012 – Audi R8 FL
Facelift Full-LED headlamp
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Laser Headlamp Audi R8 LMX

Official Presentation Audi R8 LMX
LeMans, June 13, 2014
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Laser Headlamp Presentation LeMans June 13, 2014

Audi Sport Quattro Concept
(CES Las Vegas 01/2014)

Official Presentation Audi R8 LMX
LeMans June 14./15., 2014

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential 5



0.4 1 2 4 10 20 40 100

-5 -3 -1 1 3 5

-5

-3

-1

1

3

5

degree horizontal

de
gr

ee
 v

er
tic

al

Audi R8 LMX
Laser Reflexion System as additional High Beam  Boos t

Laser high beam boost

Configuration EMax

LED Highbeam 121 lx 

Laser Highbeam 200 lx

LED Highbeam + Laser >300 lx
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Laser 
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Audi R8 LMX: Optical Laser System

laser light source

including ECU

styling part

reflector:

h = 20 .. 30 mm

W = 52 mm

metal shield

heatsink
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LASER Light Sources for Headlamp Applications

Connector

converter
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Safety Needs
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ECU integrated in laser light source: 
- self diagnosis and safety deactivation

Vehicle speed controlled system  (v > 60 km/h)

Camera controlled activation

Trap in optical system for coherent blue light in c ase of a failure 

Most important Safety Features:
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Audi R8 LMX: Bird’s Eye View High Beam 

2 lx @ 250 m 2 lx @ 450 m

LED High Beam

LED HB + Laser
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Mercedes CLS facelift

Audi TT3 Reflexion System 

AL Matrix-Beam Solutions
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Mercedes CLS – Matrix Beam Version 

base light reflexion

LFX module

Matrix S 
segmented high beammulti-light guide: 

DRL, BGL, BLL, 
„Coming Home“

cornering light

sidemarker
(for SAE-Variant)

Functional scope
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Matrix Beam S module

Mercedes CLS – complex headlamp design  

- 24 Osram Oslon Compact CM (½ mm2 LEDs)

- 18 vertical segments

- Primary optic out of Silicon (ultra-tranparent)

- Passive thermal management

- Single plastic projection lens (3-layer type)
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Matrix Beam: Segmented High Beam

Low beam

Segmented High Beam
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Matrix Beam: Segmented High Beam
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Matrix Beam: Segmented High Beam
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Matrix Beam: Segmented High Beam
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Matrix Beam: Segmented High Beam
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HH

V

V

Matrix Beam S : An extension to the conventional partial high beam (LFX in Mercedes S-class)

LFX low beam

Base light

Matrixbeam S
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Mercedes CLS: Matrix Beam S Module + LFX

LFX glarefree high beam
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AUDI TTS - SOP 2014
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Segmented High Beam
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Segmented High Beam
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Segmented High Beam



EEG Office

What does EEG mean?

E = Entwicklung - Development

E = Elektronik - Electronic

G = Gerät - Device
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- HW design

- Analog design

- Digital design

Cadence Allegro Design CIS

Electronic design based on customer requirements

Electronic simulations:  Bias, Sweep, time domain, 

Montecarlo analysis ecc…

EEG office: competence and tools
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- Layout design

- PCB design

- FPC design

- Panel design

- EMC design oriented

- Industrialization design

- Manufacturing constrains

- Cost optimization

Cadence Allegro PCB Design
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EEG office: competence and tools

PCB and Pannel Layout design 



Software design based on the customer requirements

- SW design & testing

Development tools: ST IDE, Microsoft Visual Studio, Freescale Codewarrior

Configuration management: IBM RTC

Testing and Validation: Gimpel PC-LINT, NI CompactRIO

EEG office: competence and tools
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- Testing & Validation

- Electrical

- EMC

- Thermal

- Optical

Standard & proprietary equipment

Proprietary tools

EEG office: competence and tools



EEG laboratories: EMC tests

Contents:

� Functional and electrical description of DUT

� Test Setup

� Operative modes

� List of Test

� Parameters to be verified 
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Contents:

� Functional and electrical description of DUT

� Test Setup

� Operative modes

� List of Test

� Parameters to be verified 
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EEG laboratories: EMC tests



Contents:

� Functional and electrical description of DUT

� Test Setup

� Operative modes

� List of Test

� Parameters to be verified 
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EEG laboratories: EMC tests



Contents:

� Functional and electrical description of DUT

� Test Setup

� Operative modes

� List of Test

� Parameters to be verified 
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EEG laboratories: EMC tests



Contents:

� Functional and electrical description of DUT

� Test Setup

� Operative modes

� List of Test

� Parameters to be verified 
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EEG laboratories: EMC tests



Contents:

� Functional and electrical description of DUT

� Test Setup

� Operative modes

� List of Test

� Parameters to be verified 
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EEG laboratories: EMC tests



EEG laboratories – EMC/EMI tools

Shielded chamber for EMC testing

Conducted emission

ESD testing

EMI receiver and RF signal generator

Bulk Current Injection
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ESD Test 

Pulses
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EEG laboratories – ESD and pulses tools



Scanner 3D

Integrating spheres for optical simulation 

Microscope
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EEG laboratories – optical tools



Thermal simulation and analysis

Integrating spheres for optical simulation 
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EEG laboratories – thermal analysis tools



Electronics inside rear lamp
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Assembled electronics: complete lighting system

Cables
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Implemented functionalities in rear lamp circuits

• Current regulation

• Over Temperature protection

• Over Voltage Protection

• LED Open Load Diagnostic

• LED Short Circuit Diagnostic

• Dynamic LED Matrix for higher power efficiency

• Multilevel Coding of LED binning

• LED Luminous Flux Decay Compensation with NTC

• uC based application (animations, PWM generation, diagnosys)

• ASIC and ASSP co-design
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From customer requirements to electronic circuits…
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Electronic architectures for LED 

current driving
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LED functionality
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Example datasheet
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Example datasheet
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Example datasheet
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Example datasheet



LED validation

Several optical and thermal tests, life cycle simulations, quality..
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Performances analysis,

result comparison,

best devices selections
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LED validation



LED and resistors

Current regulation with transistors

How to drive a LED: main architectures
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Current regulation with Op-Amp

Current regulation with IC LED Driver 
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How to drive a LED: main architectures



Software design
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Turn Wiping
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WHY IS NECESSARY TO INTRODUCE SOFTWARE?

Wiping effect could be obtained also introducing simple HW delays on the several LED branch switches 

on…

So, why SW is necessary?

Robustness
� In case of glitch on the input voltage, the 

sequence must not be interrupted;

� Fault recovery;
� Robust readings (SW filtering) on the signals 

Flexible design on the animation

Function behavior during fault
� If a LED is faulty, the system memorizes the

fault condition in the internal memory,

in order to stay switched off and avoid
aesthetical defects and to communicate

the fault to the car’s body computer.

LED 
BLK 1

LED 
BLK 2

LED 
BLK 3

25 ms 25 ms

Faulty 
LED

Turn Wiping
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Software architecture design: HW/SW partitioning
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Software decomposition in layers and modules

Modular software design allow us to achieve

� flexibility of design 

� efficiency of implementation

� clean distribution within the architecture

� separation of the software modules in several layers such 

as low-level drivers (Pwm, Adc), and high level functions

Modular design and software architecture
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Microcontroller

� Platform based on 8 bit ST microcontroller

� uC family contains many memory/package sizes options

� Used also in headlamp projects � high volumes

Hardware layer

� Contains all the low-level drivers to access the uC peripherals with standard functions interfaces

� If uC platform is changed, only the hardware layer needs to be adapted � portable solution

Software design: layers
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Real time operating system

� Schedules task execution with definition of 1 ms

� Assure task timing execution

� Manage task priority if multiple tasks occurs in one time 

slice

� Provides a common framework for modular software design 

on the application layer

� Provide mid-level services (error logging, watchdog and 

stack overflow management)

� Can be reused in different project
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Software design: layers



Application layer

� Contains all the application specific functionalities

� It’s the only part that need to be modified in a project that 

use the standard HW platform and Real Time OS

� It’s based on the standard design pattern concept of state 

machine

� Each state of the system contains a different set of real 

time scheduled tasks that implement all the system state 

functionalities
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Software design: layers



Guideline Example: MISRA

Improvements:

� code robustness

� avoids misunderstandings between developers 

� problems / failures are recognized sooner

� improved porting and maintenance of code 

Example:

MISRA-C:2004 Rule 12.7:

no bitwise operation on signed data 

(position of sign bit is compiler specific!) 

signed int8 MyModule_nWhatever; 

// Wrong

if ( MyModule_nWhatever & 0x80u ) {…}

// OK

if ( ( UINT8) MyModule_nWhatever & 0x80u) {…}

MISRA C compliancy
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MISRA C compliancy

MISRA C is a set of guidelines for the development of code in C 

language. It increases the safety, the portability and the reliability of 

the code in embedded systems.

ANALYSIS RESULT
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� uC scouting to improve the function integration, bus  communication and cost reduction

� HW/SW optimization, to improve cost and robustness

� Research on new implementation

Continuous platform optimization 
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Case study: PWM generation



� Customer and market requests for dimmed luminosity:

● Background light during wiping in SAE market;

● Smooth wiping;

● Welcome effects.

� Pulse Width Modulation:

● Simple control of LED branches;

● Mean LED branch current:

▲ ����� = ����
�	


��
��	�
.

● Generated by μController.

Why PWM?
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Not a good news for EMC…

� Spurious harmonics introduced;

● Integer multiples of ������� =
�

 !�����
;

� First pole at #$ = 1 &'����(⁄ ;

● ���� = min ��� , ��.. ;

● Low luminosity requires small ���;

● Very high cut-off frequency!

� Second pole at #� = 1 &'��(⁄ ;
● �� rise time of the signal;

● /� should be quite fast. 
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no PWM

Not a good news for EMC…

67uC PWM with EMC Optimization 10.07.2015
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with PWM

Not a good news for EMC…
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6 LED branches, without PWM and with 2% PWM

Not a good news for EMC…

69uC PWM with EMC Optimization 10.07.2015

NOK

OK

16 MHz μC clock frequency



Phase Shift PWM
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How to reduce PWM harmonics?

� Generally, multiple LED branches controlled by the same ��� ;

� All the signal harmonics sum with the same phase;

● PWM disturbances are emphasized;

� Possible solution: phase shift among the signals;

� It can be easily done by μC;

● Aim: destructive interference between the frequency spectra.

� How to choose phase shifts?

● Simple solution: uniform phase shift;

▲ 0 = 	������� 2⁄ ;

▲ 2 number of LED branches.
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How to reduce PWM harmonics?
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� Generally, multiple LED branches controlled by the same ��� ;

� All the signal harmonics sum with the same phase;

● PWM disturbances are emphasized;

� Possible solution: phase shift among the signals;

� It can be easily done by μC;

● Aim: destructive interference between the frequency spectra.

� How to choose phase shifts?

● Simple solution: uniform phase shift;

▲ 0 = 	������� 2⁄ ;

▲ 2 number of LED branches.



6 LED branches, 2% PWM without and with phase shift

Does it works?

73uC PWM with EMC Optimization 10.07.2015

Yes! ≈16 dB reduction!

16 MHz μC clock frequency



Optimization of the PWM Phase Shifts
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Can we do it even better?

� Are different choices for phase shifts better?

� Uniform phase shift solution is not “customizable”;

● Very small margin in some areas and very large in others;

� We want to “shape” EMC frequency spectrum.

10.07.2015uC PWM with EMC Optimization 75

Huge margin here

Small margin here



Can we do it even better?

� Reduction given by uniform phase:

● Fixed: 20		log89
8
:⁄ , 2 number of LED branches;

● Constant in frequency.

� We want to shape the spectrum with an user-supplied mask;

● To gain margin in a particular frequency range.
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≈16 dB reduction



Can we do it even better?

� Reduction given by uniform phase:

● Fixed: 20		log89
8
:⁄ , 2 number of LED branches;

● Constant in frequency.

� We want to shape the spectrum with an user-supplied mask;

● To gain margin in a particular frequency range.
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Phase Shift Optimization

� We have to consider the sum of the PWM signals:

● ; � = <=>? � + <=>? � + 08 +⋯+ <=>?&� + 0:B8(

▲ <=>? � is the PWM signal;

▲ N is the number of LED branches to be controlled by PWM;

▲ 08, … , 0:B8 are the 2 − 1 relative delays.

� The Fourier transform is:

� ; E = F=>? E + F=>? E G�HI.JK +⋯+ F=>? E G�HI.JLMK =

= F=>? E ∙ &1 + G�HI.JK +⋯+ G�HI.JLMK(

� F=>? E is the spectrum of the PWM signal;

� We can hardly change it, since it depends on ��� and ��;

� We can optimize the delays 08, … , 0:B8.

� Patent pending method.

� Problem: how to choose the best delays?

● “Brute-force” algorithms not feasible (too time-consuming).
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Genetic Algorithm

� Heuristic numerical optimization method;

� Mimics biological life evolution:

1. Random generation of possible solutions;

▲ Random set of phase shifts;

2. Solutions fitness computation;

▲ Distance to a particular frequency mask;

3. Cross-over;

▲ Mixing together solutions can give you better results;

4. Random mutation;

▲ Exploration of new possible solutions.

� Implementation in Visual Studio C++.
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Initial solution, 15.7% fitness.

Example of Optimization
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After one iteration, 24.4% fitness.

Example of Optimization
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After 10 iterations, 29.3% fitness.

Example of Optimization
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After 40 iterations, 33.9% fitness.

Example of Optimization
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After 140 iterations, 72.1% fitness.

Example of Optimization
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Final solution after 160 iterations, 100% fitness.

Example of Optimization
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30 dB reduction in a shorter frequency range.

Another Example
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6 LED branches, 2% PWM without phase shift, with uniform phase

shift and with optimized phase shift

Comparison of different optimizations

87uC PWM with EMC Optimization 10.07.2015

Frequency spectrum better shaped.

16 MHz μC clock frequency



Comparison of different optimizations

88uC PWM with EMC Optimization 10.07.2015

Magnification in the optimized range 100-150 kHz.

Up to 15 dB of further reduction in this range!

6 LED branches, 2% PWM without phase shift, with uniform phase

shift and with optimized phase shift



with PWM

Further results
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shifted PWM

Further results
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Conclusions
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Conclusions

� PWM modulation generated internally by the rear lamp is

required;

� PWM signals may lead to EMC issues;

� Phase shift of PWM signals done by μC reduces spurious

harmonics;

� Uniform phase shifts give simple and effective solution;

� Numerical optimization of the phase shifts permits to further

“shape” the frequency spectrum if required.
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OLED
Innovation topics
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OLED is a light emitting diodes composed with organ ic electroluminescent layers.

LIGHT

Red layer reaches monochromatic radiation up to 630nm

Yellow layer monochromatic radiation working @ 591nm

White light can be achieved depositing in the same device
the 3 RGB layers

Small molecule OLED 
deposited through 
evaporation in vacuum 
chambers

OLED
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PRO:

Large light emitting area and full homogeneity

Thin slice

OFF Appearance: Transparent, mirroring or
milky

Curved shaped pixel

CONS:

Glass substrate for fragility, rigidity

Lifetime at high temperatures/humidity

High Costs

OLED
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OLED: STYLISTIC INPUT
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First Internal AL Design - Application on OLED rearl amp

OLED: CONCEPT
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FRONT VIEW

SIDE VIEW

OLED TURN
BLADE TURN

REVERSE

OLED TAIL

STOP 
RETROILLUMINATION

STOP

STOP

REVERSE

General description of ORING rearlamp

Light functions
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LAMP

Electronic system

General description of ORING rearlamp

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential 99



General description of ORING rearlamp

Light functions
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General description of ORING rearlamp

Light functions
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General description of ORING rearlamp

Light functions

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential 102



Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential

Electronic Control Unit

Innovation topics
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2) ARS

Adaptive light levels
according environmental
conditions

Daily light
Poor visibility

1) Wiping turn 

3) Welcome function

For system with variable 
light intensity, the maximum 
value is increased and could 
be used in poor visibility 
condition

Electronic architecture evolution
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Technology Trend Analysis

Trend

• One ECU per light function

• Non-standard solution

• Non-standard data communication

• Redundancy between light  functions 

(harness, input filters, regulators, 

diagnosis, …)

Ad hoc control electronics Standard Control Electronic

• One standard ECU per rear lamp

• Data bus with body computer

• All advanced features standardized:

• Diagnosis

• Car body communication

• Animations

• Current regulation

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential 105

Electronic architecture evolution



Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential 106

New functionality: ECU with Network interface

The integration of an automotive bus network in the rear lamp, will allow the integration of additional functionality thanks to the 
possibility to exchange information with the car body computer

Management of complex functions in rearlamp will make Intelligent ECU an interesting option for rearlamps.
Functions such as ARS (Adaptive light level), wiping TURN, Welcome functions, Diagnostics, Current control, …., can be 
managed without increase of car cables and without requirin g the development of a new car body computer

Key features of such a ECU

• Standard high speed data 
communication with car body 
computer 

• Management of advanced 
functionalities with a single 
centralized ECU

Electronic architecture evolution



Tolmezzo Plant
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PROUD OF OUR LAND, PROUD OF OUR JOB

Thank you for your attention!!

HR contacts:
alessandra.polonia@al-lighting.com

giulia.sandri@al-lighting.com

Technical contacts:
davide.baccarin@al-lighting.com
alberto.guiotto@al-lighting.com


