
IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 

 

 
SECOND AMENDED COMPLAINT FOR PATENT 

INFRINGEMENT  
 

Plaintiff, Torchlight Technologies LLC (“Torchlight” of “plaintiff”), for its Complaint 

against Daimler AG, Mercedes-Benz USA, LLC, Volkswagen AG,., Audi AG, Audi of America, 

LLC, Porsche AG, and Porsche Cars North America, (collectively “Defendants”), states the 

following: 

I. THE PARTIES 

PLAINTIFF, TORCHLIGHT TECHNOLOGIES LLC  

1. Plaintiff Torchlight Technologies LLC (“Torchlight” or “plaintiff”) is a Delaware 

limited liability company with its registered office located at Corporation Service Company, 251 

Little Falls Drive, Wilmington, Delaware 19808, and with its principal place of business located

at 767 Fifth Ave. Fl. 9, New York, NY 10153.  

DAIMLER AND MERCEDES-BENZ DEFENDANTS

2. Upon information and belief, Daimler AG (“Daimler AG”) is a German corporation 

having its principal place of business in Stuttgart, Germany.

TORCHLIGHT TECHNOLOGIES LLC,

Plaintiff,

v.

DAIMLER AG, MERCEDES-BENZ USA, 
LLC, VOLKSWAGEN AG, AUDI AG, AUDI 
OF AMERICA, LLC, PORSCHE AG, AND 
PORSCHE CARS NORTH AMERICA, INC.,

Defendants. 
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3. Upon information and belief, Daimler AG is responsible for and/or is in the 

business of designing, manufacturing, importing, advertising, marketing, distributing, offering to 

sell and/or selling motor vehicles and components under Daimler brands, such as Mercedes-Benz, 

in all 50 states, including in this District, including motor vehicles having certain vehicle 

illuminating devices and components of such devices that are accused of infringement herein, and 

such motor vehicles and components are imported, used, offered for sale, sold and/or made in the 

United States, including in this District, by and/or on behalf of Daimler AG.

4. Upon information and belief, Mercedes-Benz USA, LLC (“Mercedes-Benz USA”) 

is a wholly owned subsidiary of Daimler AG. 

5. Upon information and belief, Mercedes-Benz USA is a Delaware limited liability 

company, with its registered office located at The Corporation Trust Company, Corporation Trust 

Center, 1209 Orange Street, Wilmington, Delaware 19801, and with its principal place of business 

located at 1 Mercedes-Benz Drive, Sandy Springs, Georgia. 

6. Upon information and belief, Mercedes-Benz USA is responsible for and/or is in 

the business of designing, manufacturing, importing, advertising, marketing, distributing, offering 

to sell and/or selling motor vehicles and components, including Mercedes-Benz branded motor 

vehicles and components, in all 50 states, including this District, including motor vehicles having 

certain vehicle illuminating devices and components of such devices that are accused of 

infringement herein, and such motor vehicles and components are imported, used, offered for sale, 

sold and/or made in the United States, including in this District, by and/or on behalf of Mercedes-

Benz USA. 

 

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 2 of 354 PageID #: 2447



3

VOLKSWAGEN, AUDI, AND PORSCHE DEFENDANTS 

7. Upon information and belief, Volkswagen AG (“VW AG”) is a German 

corporation having its principal place of business in Wolfsburg, Germany. 

8. Upon information and belief, VW AG is responsible for and/or is in the business of 

designing, manufacturing, importing, advertising, marketing, distributing, offering to sell and/or 

selling motor vehicles and components under VW AG brands, such as Volkswagen, Audi, and 

Porsche, in all 50 states, including in this District, including motor vehicles having certain vehicle 

illuminating devices and components of such devices that are accused of infringement herein, and 

such motor vehicles and components are imported, used, offered for sale, sold and/or made in the 

United States, including in this District, by and/or on behalf of VW AG. 

9. Upon information and belief, Audi AG (“Audi AG”) is a German corporation 

having its principal place of business in Ingolstadt, Germany. 

10. Upon information and belief, Audi AG is responsible for and/or is in the business 

of designing, manufacturing, importing, advertising, marketing, distributing, offering to sell and/or 

selling motor vehicles and components, such as Audi branded motor vehicles and components, in 

all 50 states, including in this District, including motor vehicles having certain vehicle illuminating 

devices and components of such devices that are accused of infringement herein, and such motor 

vehicles and components are imported, used, offered for sale, sold and/or made in the United 

States, including in this District, by and/or on behalf of Audi AG. 

11. Upon information and belief, Dr. Ing. h.c. F. Porsche AG (“Porsche AG”) is a 

German corporation having its principal place of business located in Stuttgart, Germany. 

12. Upon information and belief, Porsche AG is responsible for and/or is in the business 

of designing, manufacturing, importing, advertising, marketing, distributing, offering to sell and/or 
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selling motor vehicles and components, such as Porsche branded motor vehicles and components, 

in all 50 states, including in this District, including motor vehicles having certain vehicle 

illuminating devices and components of such devices that are accused of infringement herein, and 

such motor vehicles and components are imported, used, offered for sale, sold and/or made in the 

United States, including in this District, by and/or on behalf of Porsche AG. 

13. Upon information and belief, VW AG is the parent corporation of Audi AG, and 

Porsche AG.

14. Upon information and belief, Porsche AG is a wholly owned subsidiary of VW AG.

15. Upon information and belief, Volkswagen Group of America, Inc. (“VW 

America”) is a wholly owned subsidiary of VW AG. 

16. Upon information and belief, VW America is a U.S. sales arm of VW AG

(collectively referred to as “VW AG/America”) and is responsible for and/or is in the business of 

designing, manufacturing, importing, advertising, marketing, distributing, offering to sell and/or 

selling motor vehicles and components under Volkswagen brands, such as VW, Audi, and Porsche

(collectively referred to as “VW motor vehicles”), in all 50 states, including this District, including

VW motor vehicles having certain vehicle illuminating devices and components of such devices 

that are accused of infringement herein, and such VW motor vehicles and components are 

imported, used, offered for sale, sold and/or made in the United States, including in this District, 

by and/or on behalf of VW AG/America.

17. Upon information and belief, Audi of America, LLC (“Audi America”) is a 

Delaware corporation, with its registered office located at Corporation Service Company, 251 

Little Falls Drive, Wilmington, Delaware 19808, and with its principal place of business located 

at 2200 Woodland Pointe Avenue, Herndon Virginia. 
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18. Upon information and belief, Audi America is at least 99% owned by Audi AG 

19. Upon information and belief, Audi America is a U.S. sales and marketing arm of 

VW AG. 

20. Upon information and belief, Audi America is responsible for and/or is in the 

business of designing, manufacturing, importing, advertising, marketing, distributing, offering to 

sell and/or selling motor vehicles and components, such as Audi branded motor vehicles and 

components, in all 50 states, including this District, including motor vehicles having certain 

vehicle illuminating devices and components of such devices that are accused of infringement 

herein, and that such motor vehicles and components are imported, used, offered for sale, sold 

and/or made in the United States, including in this District, by and/or on behalf of Audi America. 

21. Upon information and belief, Porsche Cars North America, Inc. (“Porsche 

America”) is a wholly-owned U.S. subsidiary of Porsche AG. 

22. Upon information and belief, Porsche America is a Delaware corporation with its 

principal place of business located at 1 Porsche Drive, Atlanta, Georgia 30354, and with its 

registered office located at The Corporation Trust Company, Corporation Trust Center, 1209 

Orange Street, Wilmington, Delaware 19801. 

23. Upon information and belief, Porsche America is responsible for and/or is in the 

business of designing, manufacturing, importing, advertising, marketing, distributing, offering to 

sell and/or selling motor vehicles and components, such as Porsche branded motor vehicles and 

components, in all 50 states, including this District, including motor vehicles having certain 

vehicle illuminating devices and components of such devices that are accused of infringement 

herein, and that such motor vehicles and components are imported, used, offered for sale, sold 
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and/or made in the United States, including in this District, by and/or on behalf of Porsche 

America. 

II. JURISDICTION AND VENUE 

24. This is a civil action for patent infringement arising under the Patent Laws of the 

United States, 35 U.S.C. §§ 1 et seq., including 35 U.S.C. §§ 271, 281, and 284-285.  

25. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and 

1338(a). 

26. This Court has personal jurisdiction over the Defendants because Defendants have 

minimum contacts within the State of Delaware and in the District of Delaware and they have 

purposefully availed themselves of the privileges of conducting business in the United States, and 

more specifically in Delaware and this District. Defendants have sought protection and benefit 

from the laws of the State of Delaware by placing infringing products into the stream of commerce 

through an established distribution channel with the awareness and/or intent that they will be 

purchased by consumers in this District. 

27. This Court also has personal jurisdiction over Defendants because they regularly 

transact with entities and individuals in the State of Delaware including one or more dealerships 

located in the State of Delaware, and because they manufacture and distribute infringing motor 

vehicles and other infringing products that they purposefully direct into the State of Delaware, 

including this District, or at least place into the stream of commerce via established distribution 

channels with the knowledge and expectation that they will be sold in the State of Delaware and 

this District.  

28. This Court also has personal jurisdiction over Mercedes-Benz USA, Audi America, 

and Porsche America because they are incorporated in the State of Delaware. 
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29. On information and belief, Defendants have significant ties to, and presence in, this 

District, making venue in this District both proper and convenient for this action. 

30. Venue is also proper in this District as to Mercedes-Benz USA, Audi America, and 

Porsche America under 28 U.S.C. §§ 1391(b)-(c), 1400(b) because they were formed under the 

laws of the State of Delaware and therefore reside in this District and are subject to personal 

jurisdiction in this District. 

31. Venue is also proper in this district under 28 U.S.C. § 1391(b)-(c) as to Daimler 

AG, VW AG, Audi AG, Porsche AG, because they are not incorporated in any of the United States. 

32. Venue is also proper in this District as to Daimler AG, Mercedes-Benz USA, VW 

AG, Audi America Audi AG, Porsche AG, and Porsche America under at least 28 U.S.C. § 1400(b) 

because, upon information and belief at least part of the infringing activities of each take place in 

the State of Delaware and this District. 

 

III. BACKGROUND 

33. On April 24, 2018 and August 19, 2022 respectively, U.S. Patent Nos. 9,955,551 

B2 and 9,955,551 C1 (together “the ’551 patent”) entitled “Detector Controlled Illuminating 

System” were duly and legally issued to Yechezkal Evan Spero. (See Exhibit 1, U.S. Patent Nos. 

9,955,551 B2 and C1.)  

34. Torchlight is the exclusive licensee of the ’551 patent, with the right to enforce the 

’551 patent, and the right to sue Defendants for infringement and recover past damages.  

35. On January 19, 2021, U.S. Patent No. 10,894,503 (“the ’503 patent”) entitled 

“Detector Controlled Headlight System” was duly and legally issued to Yechezkal Evan Spero. 

(See Exhibit 2, U.S. Patent No. 10,894,503.)   
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36. Torchlight is the exclusive licensee of the ’503 patent, with the right to enforce the 

’503 patent, and the right to sue Defendants for infringement and recover past damages.  

37. On December 28, 2021, U.S. Patent No. 11,208,029 (“the ’029 patent”) entitled 

“Adaptive Headlight System” was duly and legally issued to Yechezkal Evan Spero. (See Exhibit 

3, U.S. Patent No. 11,208,029.)   

38. Torchlight is the exclusive licensee of the ’029 patent, with the right to enforce the 

’029 patent, and the right to sue Defendants for infringement and recover past damages 

39. The below excerpt of the exclusive license conveyance, from the patent owner 

Spero to Torchlight via a 3rd party assignment, in which the term “Spero Patents” is defined to 

include the ‘551, ‘503, and ‘029 patents (the “Asserted Patents”) establishes that Torchlight is an 

exclusive licensee of the Asserted Patents with “all substantial rights” and thus has standing to sue 

on its own: 

1.1 (License). On the terms and subject to the conditions set forth in this Agreement, 
Spero hereby grants to Licensee, effective as of the Effective Date, an unfettered, 
exclusive (even as to Spero), worldwide, perpetual, irrevocable [(except as 
expressly detailed below in 2.1)—which addresses patents the Licensee chooses to 
let lapse or abandon], fully paid up,  sublicensable, royalty-free license under the 
Spero Patents including the sole and exclusive right to sue others and take other 
legal actions relating to the Spero Patents and ability to enforce the Spero Patents 
should others be found to have been or be infringing the Spero Patents, and to 
commercially exploit the Spero Patents  for the full term thereof including all 
technologies). Licensee agrees to convey a non-exclusive license back to Spero to 
practice the Spero Patents for the full term of those patents.  For the avoidance of 
doubt, Licensee’s sole and exclusive right to sue others and take other legal actions 
relating to the Spero Patents and ability to enforce the Spero Patents includes 
seeking damages, injunctive relief and any other remedies of any kind for past, 
current and future infringement of any Spero Patent. 

 

IV. COUNT I – INFRINGEMENT OF THE ‘551 PATENT BY 
DAIMLER AG AND MERCEDES-BENZ USA 

 

40. Torchlight realleges the preceding paragraphs as though set forth fully herein.  
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41. Daimler AG and Mercedes-Benz USA (collectively “Daimler/Mercedes”) have

infringed one or more claims of the ’551 patent in violation of 35 U.S.C. § 271(a) by making, 

using, selling, and/or offering for sale in the United States, and/or importing into the United States, 

without authorization, certain motor vehicle illuminating devices including multiple light sources. 

42. Such infringement is described below based on publicly available information with 

respect to example claim 1 as to the example Daimler/Mercedes Multi-Row Headlamp system 

having 84 separately controllable LEDs (“Multi-Row Headlamp system”). On information and 

belief, Daimler/Mercedes has installed these devices in its vehicles and sold the vehicles to or 

through dealers throughout the U.S. 

43. The preamble of Claim 1 refers to a device “for illuminating an area to be lit capable 

of automatically meeting specific illumination requirements of different sub-areas within the area 

to be lit. . . .”  On information and belief, Daimler/Mercedes vehicles equipped with the Multi-

Row Headlamp system include a device for illuminating an area to be lit and the system 

automatically meets the specific illumination requirements of different sub-areas within the area 

to be lit. This is evidenced, for example by the sources attached as Exhibits M1-M6. More 

specifically for example, Exhibits M3 and M2 provide the following: 

 
[T]he next generation on the new E-Class uses a newly developed, high-resolution 
precision LED module as a grid light source, fitted with 84 high-performance LED 
chips. This is able to react even more dynamically, and the light illuminating the 
road is high-resolution and even more precise.  . . .  

 
Each one of these LEDs can be individually electronically controlled. "Gridding" 
the light in this way allows the light distribution from the right and left headlamps 
to be controlled entirely separately and adapted to the traffic conditions with a high 
level of dynamism. This enables the individual areas of the road surface to be 
illuminated in a very specific manner. . . . 
 

^^^ 
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When the camera system recognises either oncoming traffic or road users driving 
ahead, the appropriate pixels are automatically deactivated, with the result that a 
dark tunnel is formed in the pattern of light distribution. The entire scope of light 
distribution is recalculated by the headlamp control units every 10 ms. In this way 
other road users are not dazzled but the driver can continue on his journey still using 
the high beam.  

The multi-function camera placed on the wind-screen, which is also used for 
other driver assistance systems, records the surroundings and the traffic 
situation. The camera then sends this information to four electronic control units, 
which calculate the ideal light pattern 100 times per second.  

44. Claim 1 then requires, “a multiplicity of independently controllable light sources, 

including at least two light sources of directional light output, such that each said source 

substantially illuminates a different sub-area within the area to be lit, the light sources having at 

least one of controllable light intensity and spectral light distribution. . . .” On information and 

belief, the Multi-Row Headlamp system has a multiplicity of independently controllable light 

sources, those being the independently controllable LEDs.  Further, on information and belief, the 

Multi-Row Headlamp system includes at least two of those LED light sources arranged to provide

directional light output, such that each of those LED light sources substantially illuminates a 

different sub-area within the area to be lit, the light sources having at least one of controllable light 

intensity and spectral light distribution. . . .”  This is evidenced, for example by the sources 

attached as Exhibits M1-M6. More specifically for example, Exhibits M3 and M2 provide the 

language quoted in the preceding paragraph of this complaint.  

45. Claim 1 further requires, “a controller for adjusting at least one of a light intensity 

and light spectrum of the light sources. . . .” On information and belief, the Multi-Row Headlamp 

system has a controller for adjusting at least the light intensity of the LED light sources.  This is 

evidenced, for example, by the sources attached as Exhibits M1-M6. More specifically for 

example, Exhibit M3 provides the following: 
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Each one of these LEDs can be individually electronically controlled. "Gridding" 
the light in this way allows the light distribution from the right and left headlamps 
to be controlled entirely separately and adapted to the traffic conditions with a high 
level of dynamism. This enables the individual areas of the road surface to be 
illuminated in a very specific manner. . . . 

 
A camera on the windscreen supplies the system with the information it needs 
about the constantly changing traffic situation and is also used by other 
assistance functions. Four control units per vehicle calculate the ideal light 
pattern 100 times per second and activate all 84 high-performance LEDs in each 
precision grid module individually. 
 

46. Claim 1 further requires “one or more detectors for sensing at least one of objects, 

surfaces and beings within the area to be lit including the specific sub-area location information 

and of passing the sensed information to the controller. . . .” On information and belief, the Multi-

Row Headlamp system includes at least a camera detector for sensing traffic and other road users 

within the area to be lit, including specific sub-area location information, and passes that 

information to a controller. This is evidenced, for example by the sources attached as Exhibits M1-

M6.  More specifically for example, Exhibits M3 and M2 provide the following: 

 
Each one of these LEDs can be individually electronically controlled. Gridding" 
the light in this way allows the light distribution from the right and left headlamps 
to be controlled entirely separately and adapted to the traffic conditions with a high 
level of dynamism. This enables the individual areas of the road surface to be 
illuminated in a very specific manner. . . . 
 

^^^ 
 

When the camera system recognises either oncoming traffic or road users driving 
ahead, the appropriate pixels are automatically deactivated, with the result that a 
dark tunnel is formed in the pattern of light distribution. The entire scope of light 
distribution is recalculated by the headlamp control units every 10 ms. In this way 
other road users are not dazzled but the driver can continue on his journey still using 
the high beam.  

 
The multi- function camera placed on the wind- screen, which is also used for other 
driver assistance systems, records the surroundings and the traffic situation. The 
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camera then sends this information to four electronic control units, which calculate 
the ideal light pattern 100 times per second.  

Further, Exhibit M1 provides that “the camera forwards the angular positions of other road 

users to the headlamp, which then sections out the light in this area.”

47. Claim 1 ends by requiring “a processor for processing the sensed information and 

determining illumination requirements of the at least one of objects, surfaces and beings using at 

least one of artificial intelligence, pattern recognition, video analytics, and look-up tables and for 

directing the controller to adjust the light source for that sub-area to meet the specific illumination 

requirement.” On information and belief, the Multi-Row Headlamp system includes a processor 

that processes the sensed information for determining the illumination requirements of an  object

(such as another vehicle), surface, or being using at least one of artificial intelligence, pattern 

recognition, video analytics, and look-up tables and for directing the controller to adjust the light 

source for that sub-area to meet a specific illumination requirement.  This is evidenced, for 

example by the sources attached as Exhibits M1-M6.  

48. This infringement of the ’551 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damages sustained as a result of the infringement.   

 

V. COUNT II – INFRINGEMENT OF THE ‘503 PATENT BY 
DAIMLER AG AND MERCEDES BENZ USA 

 

49. Torchlight preceding paragraphs as though set forth fully herein.  

50. Daimler AG and Mercedes-Benz USA (collectively “Daimler/Mercedes”) have 

infringed one or more claims of the ’503 patent in violation of 35 U.S.C. § 271(a) by making, 

using, selling, and/or offering for sale in the United States, and/or importing into the United States, 

without authorization, certain motor vehicle illuminating devices including multiple light sources. 

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 12 of 354 PageID #: 2457



13

51. Such infringement is described below based on publicly available information with 

respect to example claim 59 as to the example Daimler/Mercedes Multi-Row Headlamp system 

having 84 separately controllable LEDs (“Multi-Row Headlamp system”). On information and 

belief, Daimler/Mercedes has installed these devices in its vehicles and sold the vehicles to or 

through dealers throughout the U.S. 

52. The preamble of Claim 59 refers to “A vehicle headlight system. . . .”

Daimler/Mercedes vehicles equipped with the Multi-Row Headlamp system include a vehicle 

headlight system.  This is evidenced, for example, by the sources attached as Exhibits M1-M6.

53. Claim 59 then requires “one or more headlamps affixed to a first vehicle, each 

headlamp including at least three directional light sources having different aimings relative to the 

first vehicle. . . .”  On information and belief, the Multi-Row Headlamp system includes 

headlamps affixed to a vehicle with each headlamp including at least three light sources, such as 

three or more of the 84 LEDs, the light from which is aimed at different angles relative to the 

vehicle such that, for example, light sources including one or more LEDs whose lights would 

otherwise shine directly on an oncoming car and potentially dazzle its driver can be turned off 

while the rest of the LEDs continue to illuminate the surrounding areas. This is evidenced, for 

example by the sources attached as Exhibits M1-M6. 

54. Claim 59 then requires “the light sources having one or more controllable 

illumination characteristics. . . .” On information and belief, Multi-Row Headlamp system LED 

light sources can be dimmed or turned off so as to control the illumination characteristics of the 

light sources. This is evidenced, for example by the sources attached as Exhibits M1-M6. More 

specifically for example, Exhibits M3 and M2 provide the following:  
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[T]he next generation on the new E-Class uses a newly developed, high-resolution 
precision LED module as a grid light source, fitted with 84 high-performance LED 
chips. . . .  
 
Each one of these LEDs can be individually electronically controlled. "Gridding" 
the light in this way allows the light distribution from the right and left headlamps 
to be controlled entirely separately and adapted to the traffic conditions with a high 
level of dynamism. This enables the individual areas of the road surface to be 
illuminated in a very specific manner. . . . 
 

^^^ 
 
When the camera system recognises either oncoming traffic or road users driving 
ahead, the appropriate pixels are automatically deactivated, with the result that a 
dark tunnel is formed in the pattern of light distribution. The entire scope of light 
distribution is recalculated by the headlamp control units every 10 ms. In this way 
other road users are not dazzled but the driver can continue on his journey still using 
the high beam.  

 
55. Claim 59 then requires “one or more sensors configured to sense information, at 

least a portion of the sensed information indicating a second vehicle, and communicate sensor data 

reflecting the sensed information to at least one processor. . . .”  On information and belief, the 

Multi-Row Headlamp system includes at least a camera sensor configured to sense information 

indicating a second vehicle and to communicate that information to at least one processor. This is 

evidenced, for example by the sources attached as Exhibits M1-M6.  More specifically for 

example, Exhibits M3 and M2 provide the following: 

 
Each one of these LEDs can be individually electronically controlled. Gridding" 
the light in this way allows the light distribution from the right and left headlamps 
to be controlled entirely separately and adapted to the traffic conditions with a high 
level of dynamism. This enables the individual areas of the road surface to be 
illuminated in a very specific manner. . . . 
 

^^^ 
 
When the camera system recognises either oncoming traffic or road users driving 
ahead, the appropriate pixels are automatically deactivated, with the result that a 
dark tunnel is formed in the pattern of light distribution. The entire scope of light 
distribution is recalculated by the headlamp control units every 10 ms. In this way 
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other road users are not dazzled but the driver can continue on his journey still using 
the high beam.  

The multi- function camera placed on the wind- screen, which is also used for other 
driver assistance systems, records the surroundings and the traffic situation. The 
camera then sends this information to four electronic control units, which calculate 
the ideal light pattern 100 times per second.  

 
56. Claim 59 then requires “wherein the at least one processor is configured to:  process 

the sensor data to identify a first subsection, of a field of view, that includes at least a portion of 

the second vehicle; determine light output for the headlight system that aims illumination at the 

first subsection, the illumination aimed at the first subsection substantially resulting in light below 

a first predefined illuminance in the first subsection, and that aims illumination at one or more 

second subsections of the field of view to either side of the first subsection, the illumination aimed 

at the one or more second subsections substantially resulting in light above the first predefined 

illuminance in the one or more second subsections; and  instruct adjustment of one or more of the 

light sources to achieve the determined output.”  On information and belief, the Multi-Row 

Headlamp system includes at least one processor configured to process the sensor data to identify 

a first subsection of a field of view that includes at least a portion of the second vehicle and to 

determine and instruct a light output such that illumination aimed at the first subsection results in 

light below a first predefined illuminance, and that aims illumination to either side of the first 

subsection resulting in light above the first predefined illuminance.  This is evidenced, for example 

by the sources attached as Exhibits M1-M6. More specifically for example, Exhibits M3 and M2 

provide the following: 

 
[T]he next generation on the new E-Class uses a newly developed, high-resolution 
precision LED module as a grid light source, fitted with 84 high-performance LED 
chips. . . .  
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Each one of these LEDs can be individually electronically controlled. "Gridding" 
the light in this way allows the light distribution from the right and left headlamps 
to be controlled entirely separately and adapted to the traffic conditions with a high 
level of dynamism. This enables the individual areas of the road surface to be 
illuminated in a very specific manner. . . .

^^^

When the camera system recognises either oncoming traffic or road users driving 
ahead, the appropriate pixels are automatically deactivated, with the result that a 
dark tunnel is formed in the pattern of light distribution. The entire scope of light 
distribution is recalculated by the headlamp control units every 10 ms. In this way 
other road users are not dazzled but the driver can continue on his journey still using 
the high beam.

As another example, Exhibit M2 provides and illustrates the following:

[T]here is the long-range module (precision LED grid module). . . . The light 
distribution of this module is divided up into 84 separate controllable segments 
(pixels) arranged in three rows. . . .

The multi- function camera . . . records the surroundings and the traffic situation. 
The camera then sends this information to four electronic control units, which 
calculate the ideal light pattern 100 times per second. 

57. This infringement of the ’503 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover the damages sustained as a result of the infringement.

VI. COUNT III – INFRINGEMENT OF THE ‘029 PATENT BY
DAIMLER AG AND MERCEDES-BENZ USA

58. Torchlight realleges the preceding paragraphs as though set forth fully herein. 

59. Daimler AG and Mercedes-Benz USA (collectively “Daimler/Mercedes”) have 

infringed one or more claims of the ‘029 patent in violation of 35 U.S.C. § 271(a) by making, 
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using, selling, and/or offering for sale in the United States, and/or importing into the United States, 

without authorization, certain motor vehicle illuminating devices including multiple light sources.

60. Such infringement is described below based on publicly available information with 

respect to exemplary claim 1 as to the Mercedes Multibeam system having 84 separate controllable 

segments (pixels) arranged in three rows (“Mercedes Multibeam system”). On information and 

belief, Daimler/Mercedes has installed these devices in its vehicles and sold the vehicles to or 

through dealers throughout the U.S. 

61. The preamble of Claim 1 refers to “A system, for a motor vehicle. . . .”  The 

Mercedes Multibeam system is a system for a motor vehicle.  This is evidenced, for example by 

at least the source attached as Exhibits M1-M6. 

62. Claim 1 then requires, “a plurality of headlamps, each comprising a plurality of 

LED light sources. . . .” On information and belief, the Mercedes Multibeam   system includes at 

least two headlamps, each comprising a number of LED light sources. This is evidenced, for 

example by at least the sources attached as Exhibits M1-M6. 

63. Claim 1 further requires “one or more processors, and a memory storing 

instructions that, when executed by one or more of the one or more processors, enable the one or 

more processors to: receive first data, including at least map data, indicating a road curvature 

upcoming along a road on which the motor vehicle is traveling; determine a light change, the 

change adapting a light pattern of the headlamps in at least one of color, intensity or spatial 

distribution to increase light in a direction of the road curvature ahead of the motor vehicle and 

shaping light based at least in part on the road curvature; and control at least a first plurality of the 

LED light sources to provide light based at least in part on the determined light change and prior 

to the motor vehicle reaching the road curvature . . . .” On information and belief, the Mercedes 
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Multibeam system includes one or more control units having one or more processors and a memory 

storing instructions.  The instructions enable the one or more processors to receive first data, 

including navigation system data, i.e., map data, indicating an upcoming road curve, such as a 

roundabout.  The instructions enable to processor to determine and execute a light change of at 

least intensity or spatial distribution so as to brighten parts of road lying around a coming curve 

before the driver arrives there. More specifically for example, This is evidenced, for example by 

at least the sources attached as Exhibits M1, M2, and M4, M6 and at 

https://www.youtube.com/watch?v=Zur2KcBOUf4. More specifically, for example, Exhibit M2 

provides and illustrates the following: 

The new Multibeam LED headlamp allows a virtually infinite number of light 
distribution combinations, FIGURE 5. The following information describes 
scenarios for . . . driving in a 300-m bend which can only be brought about by 
variable control of the individual LEDs. The implementation of mechanically 
operated parts like actuator units is not necessary. . . . 

***
In addition to its use in the already familiar roundabout light function, data from 
the navigation system can also be used in the new headlamps of the E-Class in order 
to detect junctions and motorways in advance. And, consequently, light distribution 
is automatically adapted to suit such situations as they arise. 
 
The newly developed precision LED grid module enables all the various light 
distributions described before to be swivelled into position virtually (without 
actuator units), also those in the low beam range. Here, by means of variable 
dimming of individual pixels adapted to suit each situation, the light focus in the 
particular setting is shifted so that the driver’s attention is directed towards the 
bend. Such dynamic bend lighting that is implemented purely by electronics is a 
world premiere. 

*** 
As well as the visual information provided by the camera, data from the navigation 
system is also used for these calculations. Thus particular driving scenarios, such 
as those created by roundabouts, junctions or motorways, can be recognised in 
advance and the relevant light distribution then automatically adapted to suit. 
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64. This infringement of the ’029 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover the damages sustained as a result of the infringement.

VII. COUNT IV -- INFRINGEMENT OF THE ‘551 PATENT BY VW AG, AUDI AG, 
AND AUDI AMERICA

65. Torchlight realleges the preceding paragraphs as though set forth fully herein. 

66. VW AG, Audi AG, and Audi America (collectively “VW/Audi”) have infringed 

one or more claims of the ’551 patent in violation of 35 U.S.C. § 271(a) by making, using, selling, 

and/or offering for sale in the United States, and/or importing into the United States, without 

authorization, certain motor vehicle illuminating devices including multiple light sources.

67. Such infringement is described below based on publicly available information with 

respect to example claim 1 as to the example Audi Matrix system having 25 separately controllable 

LEDs (referred to herein as the “Audi Matrix system”). On information and belief, VW/Audi has 

installed these devices in its vehicles and sold the vehicles to or through dealers throughout the 

U.S.
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68. The preamble of Claim 1 refers to a device “for illuminating an area to be lit capable 

of automatically meeting specific illumination requirements of different sub-areas within the area 

to be lit. . . .”  On information and belief, VW/Audi vehicles equipped with the Audi Matrix system 

include a device for illuminating an area to be lit and the system automatically meets the specific 

illumination requirements of different sub-areas within the area to be lit. This is evidenced, for 

example by the sources attached as Exhibits A1-A4. More specifically for example, Exhibit A1 

provides the following: 

 
Each of the matrix LED headlights in the new top-class sedan Audi A8 houses 
25 main beam light-emitting diodes which can be individually dimmed 
according to the situation. As soon as the camera registers a vehicle, either 
oncoming or driving in front, the light that would shine on them is blinded out. 
All other areas in between and to the sides remain fully illuminated by the main 
beam headlights.  
 

69. Claim 1 then requires “a multiplicity of independently controllable light sources, 

including at least two light sources of directional light output, such that each said source 

substantially illuminates a different sub-area within the area to be lit, the light sources having at 

least one of controllable light intensity and spectral light distribution. . . .”  On information and 

belief, the Audi Matrix system has a multiplicity of independently controllable light sources, those 

being the 25 independently controllable LEDs.  Further, on information and belief, the Audi Matrix 

system  includes at least two of those LED light sources arranged to provide directional light 

output, such that each of those LED light sources substantially illuminates a different sub-area 

within the area to be lit, the light sources having at least one of controllable light intensity and 

spectral light distribution. . . .”  This is evidenced, for example, by the sources attached as Exhibits 

A1-A4, and also  https://www.autoevolution.com/news/real-world-test-audi-a8-s8-matrix-led-on-

highway-video-87709.html. 
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70. Claim 1 further requires “a controller for adjusting at least one of a light intensity 

and light spectrum of the light sources. . . .” On information and belief, the Audi Matrix system 

has a controller for adjusting at least the light intensity of the LED light sources. This is evidenced, 

for example by the sources attached as Exhibits A1, A2, and A4.  Exhibit A1, for example, provides 

and shows the following: 

 
The overall system . . .  comprises three main components: 
: the matrix LED headlights with the matrix LED power module 
: the multifunction camera 
: the matrix LED control unit as the “brain” of the system. 
 
The camera system for detecting other road users is accommodated behind the 
windscreen in the base of the mirror. If this camera detects another road user ahead, 
this will be registered by the image processor and classified as a relevant object. 
The camera uses an object list to tell the control unit where the other road users are. 
This list essentially contains the distances in the form of distance classes and the 
vertical and horizontal angles to the object. The image processor is integrated into 
the camera, allowing object lists with the necessary characteristics to be made 
directly available to other vehicle systems. . . .  

 
The function software in the control unit acts as a link between the camera (as the 
sensor) and the headlight (as the actuator in the overall system). It performs the 
alignment between the objects in the camera and the matrix LED segments. The 
camera supplies the function software with the angle coordinates of the other road 
users in the camera coordinates system relative to the dynamic driving axis. The 
function software features a data record which contains the position of every single 
matrix LED segment in the headlight coordinates system relative to the dynamic 
driving axis. The origin of the headlight coordinates system is in the headlight – in 
the geometrical centre of the matrix LED optics. The control unit computes which 
matrix LED segments are dimmed in the fi elds in which the other road users are 
located. The LEDs in the segments concerned are deactivated to prevent glare. 

*** 
The camera sensors detect road users who are to be shielded from glare, and 
transmit the position of such objects to the actuation electronics. The actuation 
electronics compare the transmitted position of the detected objects with the light 
segment. They then switch the LEDs off, or selectively dim them, in the light 
segments in which there are objects which would be exposed to glare. The 
remaining main beam light segments remain available to the driver, enhancing his 
view without dazzling other road users 
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71. Claim 1 further requires “one or more detectors for sensing at least one of objects, 

surfaces and beings within the area to be lit including the specific sub-area location information 

and of passing the sensed information to the controller. . . .” On information and belief, the Audi 

Matrix system includes at least a camera detector for sensing traffic and other road users within 
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the area to be lit, including specific sub-area location information, and passes that information to 

a controller. This is evidenced, for example by the sources attached as Exhibits A1-A4.  More 

specifically for example, Exhibit A1 is quoted in the preceding paragraph of this complaint.

72. Claim 1 ends by requiring “a processor for processing the sensed information and 

determining illumination requirements of the at least one of objects, surfaces and beings using at 

least one of artificial intelligence, pattern recognition, video analytics, and look-up tables and for 

directing the controller to adjust the light source for that sub-area to meet the specific illumination 

requirement.” On information and belief, the Audi Matrix system includes a processor that 

processes the sensed information for determining the illumination requirements of an object (such 

as another vehicle), surface, or being using at least one of artificial intelligence, pattern recognition, 

video analytics, and look-up tables and for directing the controller to adjust the light source for 

that sub-area to meet a specific illumination requirement.  This is evidenced, for example by the 

sources attached as Exhibits A1 and A4, and also  https://www.autoevolution.com/news/real-

world-test-audi-a8-s8-matrix-led-on-highway-video-87709.html.  Exhibit A1 shows such 

illumination as follows: 
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73. This infringement of the ’551 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damage sustained as a result of the infringement.  

VIII. COUNT V – INFRINGEMENT OF THE ‘503 PATENT BY
VW AG, AUDI AG AND AUDI AMERICA

74. Torchlight realleges the preceding paragraphs as though set forth fully herein. 

75. VW AG, Audi AG, and Audi America (collectively “VW/Audi”) have infringed 

one or more claims of the ’503 patent in violation of 35 U.S.C. § 271(a) by making, using, selling, 

and/or offering for sale in the United States, and/or importing into the United States, without 

authorization, certain motor vehicle illuminating devices including multiple light sources.

76. Such infringement is described below based on publicly available information with 

respect to example claim 59 as to the example Audi Matrix system having 25 separately 

controllable LEDs (“Audi Matrix system”). On information and belief, VW/Audi has installed 

these devices in its vehicles and sold the vehicles to or through dealers throughout the U.S.

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 24 of 354 PageID #: 2469



25

77. The preamble of Claim 59 refers to “A vehicle headlight system. . . .”  VW/Audi 

vehicles equipped with the Audi system include a vehicle headlight system.  This is evidenced, for 

example by at least the sources attached as Exhibit A1-A4. 

78. Claim 59 then requires, “one or more headlamps affixed to a first vehicle, each 

headlamp including at least three directional light sources having different aimings relative to the 

first vehicle. . . .”  On information and belief, the Audi Matrix system includes headlamps affixed 

to a vehicle with each headlamp including at least three light sources, such as three or more of the 

25 LEDs, the light from which is aimed at different angles relative to the vehicle such that, for 

example, light sources including one or more LEDs whose lights would otherwise shine directly 

on an oncoming car and potentially glare its driver can be turned off while the rest of the LEDs 

continue to illuminate the surrounding areas. This is evidenced, for example by at least the sources 

attached as Exhibits A1-A4. 

79. Claim 59 further requires “the light sources having one or more controllable 

illumination characteristics. . . .”   On information and belief, the Audi Matrix system includes 

light sources including one or more LEDs that can be controllably switched on or off or that can 

be dimmed so as to control the illumination characteristics of the light sources. This is evidenced, 

for example by at least the sources attached as Exhibits A1-A4. 

80. Claim 59 further requires “one or more sensors configured to sense information, at 

least a portion of the sensed information indicating a second vehicle, and communicate sensor data 

reflecting the sensed information to at least one processor. . . .”  On information and belief, the 

Audi Matrix system includes at least a camera sensor configured to sense information indicating a 

second vehicle and to communicate that information to at least one processor. This is evidenced, 
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for example by the sources attached as Exhibits A1-A4. More specifically for example, Exhibit 

A1 provides and shows the following:

The overall system,, comprises three main components:
: the matrix LED headlights with the matrix LED power module
: the multifunction camera
: the matrix LED control unit as the “brain” of the system.

The camera system for detecting other road users is accommodated behind the 
windscreen in the base of the mirror. If this camera detects another road user ahead, 
this will be registered by the image processor and classified as a relevant object. The 
camera uses an object list to tell the control unit where the other road users are. This 
list essentially contains the distances in the form of distance classes and the vertical 
and horizontal angles to the object. The image processor is integrated into the camera,
allowing object lists with the necessary characteristics to be made directly available to 
other vehicle systems. Modern day multifunction cameras perform a wide range of 
different functions such as Audi lane assist and traffic sign recognition. The vehicle 
camera and headlights are calibrated to each other during the production process.

The function software in the control unit acts as a link between the camera (as the 
sensor) and the headlight (as the actuator in the overall system). It performs the 
alignment between the objects in the camera and the matrix LED segments.  The 
camera supplies the function software with the angle coordinates of the other road 
users in the camera coordinates system relative to the dynamic packs of five in five 
reflectors. Each LED chip generates a main beam segment in the form of a vertical 
strip.
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81. Claim 59 further requires “wherein the at least one processor is configured to:  

process the sensor data to identify a first subsection, of a field of view, that includes at least a 

portion of the second vehicle; determine light output for the headlight system that aims 

illumination at the first subsection, the illumination aimed at the first subsection substantially 

resulting in light below a first predefined illuminance in the first subsection, and that aims 

illumination at one or more second subsections of the field of view to either side of the first 

subsection, the illumination aimed at the one or more second subsections substantially resulting in 

light above the first predefined illuminance in the one or more second subsections; and  instruct 

adjustment of one or more of the light sources to achieve the determined output.”  On information 

and belief, the Audi Matrix system includes at least one processor configured to process the sensor 

data to identify a first subsection of a field of view that includes at least a portion of the second 

vehicle and to determine and instruct a light output such that illumination aimed at the first 

subsection results in light below a first predefined illuminance, and that aims illumination to either 

side of the first subsection resulting in light above the first predefined illuminance. This is 

evidenced, for example by at least the sources attached as Exhibits A1-A4. More specifically for 

example, see Exhibit A1 quoted in the preceding paragraph of this complaint.  Exhibit A1 

illustrates the illumination as follows:  
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82. This infringement of the ’503 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damages sustained as a result of the infringement.

IX. COUNT VI – INFRINGEMENT OF THE ‘029 PATENT BY
VW AG, AUDI AG, AND AUDI AMERICA

83. Torchlight realleges the preceding paragraphs as though set forth fully herein. 

84. VW AG, Audi AG, and Audi America Audi have infringed one or more claims of 

the ‘029 patent in violation of 35 U.S.C. § 271(a) by making, using, selling, and/or offering for 

sale in the United States, and/or importing into the United States, without authorization, certain 

motor vehicle illuminating devices including multiple light sources.

85. Such infringement is described below based on publicly available information with 

respect to example claim 1 as to the example Audi Matrix system having 25 separately controllable 

LEDs (“Audi Matrix system”). On information and belief, VW/Audi has installed these devices in 

its vehicles and sold the vehicles to or through dealers throughout the U.S.
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86. The preamble of Claim 1 refers to “A system, for a motor vehicle. . .  .”  The Audi 

Matrix system is system for a motor vehicle.  This is evidenced, for example by at least the sources

attached as Exhibit A1-A4. 

87. Claim 1 then requires, “a plurality of headlamps, each comprising a plurality of 

LED light sources. . . .” On information and belief, the Audi Matrix system includes at least two 

headlamps, each comprising a number of LED light sources. This is evidenced, for example by at 

least the sources attached as Exhibits A1-A4. 

88. Claim 1 further requires “one or more processors, and a memory storing 

instructions that, when executed by one or more of the one or more processors, enable the one or 

more processors to: receive first data, including at least map data, indicating a road curvature 

upcoming along a road on which the motor vehicle is traveling; determine a light change, the 

change adapting a light pattern of the headlamps in at least one of color, intensity or spatial 

distribution to increase light in a direction of the road curvature ahead of the motor vehicle and 

shaping light based at least in part on the road curvature; and control at least a first plurality of the 

LED light sources to provide light based at least in part on the determined light change and prior 

to the motor vehicle reaching the road curvature . . . .” On information and belief, the Audi Matrix 

system includes one or more control units having one or more processors and a memory storing 

instructions.  The instructions enable the one or more processors to receive first data, including 

navigation system data, i.e., map data, indicating an upcoming road curve.  The instructions enable 

to processor to determine a light change of at least intensity or spatial distribution so as to brighten 

parts of road lying around a coming curve before the driver arrives there. This is evidenced, for 

example by at least the sources attached as Exhibits A1 (in addition to text, see illustration 

excerpted and reproduced below), A2, A3, and A4.  
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89. This infringement of the ’029 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damages sustained as a result of the infringement.

X. COUNT VII – INFRINGEMENT OF THE ‘551 PATENT BY VW AG, PORSCHE
AG, AND PORSCHE AMERICA

90. Torchlight realleges the preceding paragraphs as though set forth fully herein. 

91. VW AG, Porsche AG, and Porsche America (collectively “VW/Porsche”) have 

infringed one or more claims of the ’551 patent in violation of 35 U.S.C. § 271(a) by making, 

using, selling, and/or offering for sale in the United States, and/or importing into the United States, 

without authorization, certain motor vehicle illuminating devices including multiple light sources.

92. Such infringement is described below based on publicly available information with 

respect to example claim 1 as to the example Porsche Matrix system having 84 separately 

controllable LEDs (referred to herein as the “Porsche Matrix system”). On information and belief, 
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VW/Porsche has installed these devices in its vehicles and sold the vehicles to or through dealers 

throughout the U.S. 

93. The preamble of Claim 1 refers to a device “for illuminating an area to be lit capable 

of automatically meeting specific illumination requirements of different sub-areas within the area 

to be lit. . . .”  On information and belief, VW/Porsche vehicles equipped with the Porsche Matrix 

system include a device for illuminating an area to be lit and the system automatically meets the 

specific illumination requirements of different sub-areas within the area to be lit. This is evidenced, 

for example by the sources attached as Exhibits P1-P3.  More specifically, for example, Exhibit 

P1provides the following: 

 
The matrix beam strategically deactivates specific segments of the permanent 
main-beam cone. Eighty-four individually controlled LEDs adapt to the situation 
ahead by switching off or dimming accordingly. Vehicles in front or in the 
oncoming lane are no longer dazzled, while the areas in between and to the side 
continue to receive full illumination. To optimise target fixation, not only are the 
lights selectively dimmed to fade out oncoming vehicles, the area to the right of 
the light void is lit more brightly for better guidance of the driver’s visual 
attention. What’s more, segment-specific dimming of highly reflective traffic 
signs also acts to avoid driver dazzle. LED main headlights with matrix beam 
including PDLS Plus: bright, homogeneous, safe. 
 

94. Claim 1 then requires “a multiplicity of independently controllable light sources, 

including at least two light sources of directional light output, such that each said source 

substantially illuminates a different sub-area within the area to be lit, the light sources having at 

least one of controllable light intensity and spectral light distribution. . . .”  On information and 

belief, the Porsche Matrix system has a multiplicity of independently controllable light sources, 

those being the 84 independently controllable LEDs.  Further, on information and belief, the Multi-

Row Headlamp system includes at least two of those LED light sources arranged to provide 

directional light output, such that each of those LED light sources substantially illuminates a 
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different sub-area within the area to be lit, the light sources having at least one of controllable light 

intensity and spectral light distribution. . . .”  This is evidenced, for example by the sources 

attached as Exhibits P1-P3. More specifically for example, Exhibit P1 provides the language 

quoted in the preceding paragraph of this complaint. 

95. Claim 1 further requires “a controller for adjusting at least one of a light intensity 

and light spectrum of the light sources. . . .” On information and belief, the Porsche Matrix system 

has a controller for adjusting at least the light intensity of the LED light sources.  This is evidenced, 

for example, by the sources attached as Exhibits P1-P3. More specifically, for example, Exhibit 

P2 provides the following: 

 
The brightness of each individual diode is electronically controlled. If the camera 
on the rearview mirror detects an oncoming car or one up ahead, the control unit 
switches off the LED units that could blind those drivers. 

The control unit for the matrix LED headlights always takes into account the human 
factor, explains Dr. Sebastian Söhner, who is in charge of automatic headlight 
settings. “Drivers’ eyes are drawn to the brightest point in their field of vision, 
which is generally the headlights of an oncoming car. That can prevent them from 
seeing what is happening in places like the edges of their own lane. So matrix LED 
headlights not only suppress their glare for other drivers but also increase the 
intensity of light to the sides—for example toward the lane divider—in order to 
provide visual support for remaining on course.” The boost in power for the LEDs 
directed at the edges of the lane comes from the diodes that have been switched off.  

 

96. Claim 1 further requires “one or more detectors for sensing at least one of objects, 

surfaces and beings within the area to be lit including the specific sub-area location information 

and of passing the sensed information to the controller. . . .” On information and belief, the Porsche 

Matrix system includes at least a camera detector for sensing traffic and other road users within 

the area to be lit, including specific sub-area location information, and passes that information to 
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a controller. This is evidenced, for example by the sources attached as Exhibits P1-P3.  More 

specifically for example, see Exhibit P2 quoted in the preceding paragraph of this complaint. 

97. Claim 1 ends by requiring “a processor for processing the sensed information and 

determining illumination requirements of the at least one of objects, surfaces and beings using at 

least one of artificial intelligence, pattern recognition, video analytics, and look-up tables and for 

directing the controller to adjust the light source for that sub-area to meet the specific illumination 

requirement.” On information and belief, the Porsche Matrix system includes a processor that 

processes the sensed information for determining the illumination requirements of an object (such 

as another vehicle), surface, or being using at least one of artificial intelligence, pattern recognition, 

video analytics, and look-up tables and for directing the controller to adjust the light source for 

that sub-area to meet a specific illumination requirement.  This is evidenced, for example by the 

sources attached as Exhibits P1-P3.  

98. This infringement of the ’551 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damages sustained as a result of the infringement.   

 

XI. COUNT VIII – INFRINGEMENT OF THE ‘503 PATENT  BY VW AG, 
PORSCHE AG, AND PORSCHE AMERICA 

99. Torchlight realleges the preceding paragraphs as though set forth fully herein.  

100. VW AG, Porsche AG, and Porsche America (collectively “VW/Porsche”) have 

infringed one or more claims of the ’503 patent in violation of 35 U.S.C. § 271(a) by making, 

using, selling, and/or offering for sale in the United States, and/or importing into the United States, 

without authorization, certain motor vehicle illuminating devices including multiple light sources.   

101. Such infringement is described below based on publicly available information with 

respect to example claim 59 as to the example Porsche Matrix system having 84 separately 

controllable LEDs (“Porsche Matrix system”). On information and belief, VW/Porsche has 
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installed these devices in its vehicles and sold the vehicles to or through dealers throughout the 

U.S.

102. The preamble of Claim 59 refers to “A vehicle headlight system. . . .”  VW/Porsche 

vehicles equipped with the Porsche Matrix system include a vehicle headlight system.  This is 

evidenced, for example by at least the sources attached as Exhibits P1-P3. 

103. Claim 59 then requires, “one or more headlamps affixed to a first vehicle, each 

headlamp including at least three directional light sources having different aimings relative to the 

first vehicle. . . .”  On information and belief, the Porsche Matrix system includes headlamps 

affixed to a vehicle with each headlamp including at least three light source, each including one or 

more of the 84 LEDs, the light from which is aimed at different angles relative to the vehicle such 

that, for example, light sources including one or more LEDs whose lights would otherwise shine 

directly on an oncoming car and potentially glare its driver can be turned off or dimmed while the 

rest of the LEDs continue to illuminate the surrounding areas. This is evidenced, for example by 

at least the sources attached as Exhibits P1-P3. 

104. Claim 59 further requires “the light sources having one or more controllable 

illumination characteristics. . . .” On information and belief, Porsche Matrix system LED light 

sources can be dimmed or turned off so as to control the illumination characteristics of the light 

sources. This is evidenced, for example by at least the sources attached as Exhibits P1-P3. 

105. Claim 59 further requires “one or more sensors configured to sense information, at 

least a portion of the sensed information indicating a second vehicle, and communicate sensor data 

reflecting the sensed information to at least one processor. . . .”  On information and belief, the 

Porsche Matrix system includes at least a camera sensor configured to sense information indicating 

a second and to communicate that information to at least one processor. This is evidenced, for 
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example, by the sources attached as Exhibits P1-P3. More specifically, for example, Exhibit P2 

provides the following: 

 
The brightness of each individual diode is electronically controlled. If the camera 
on the rearview mirror detects an oncoming car or one up ahead, the control unit 
switches off the LED units that could blind those drivers. 

The control unit for the matrix LED headlights always takes into account the human 
factor, explains Dr. Sebastian Söhner, who is in charge of automatic headlight 
settings. “Drivers’ eyes are drawn to the brightest point in their field of vision, 
which is generally the headlights of an oncoming car. That can prevent them from 
seeing what is happening in places like the edges of their own lane. So matrix LED 
headlights not only suppress their glare for other drivers but also increase the 
intensity of light to the sides—for example toward the lane divider—in order to 
provide visual support for remaining on course.” The boost in power for the LEDs 
directed at the edges of the lane comes from the diodes that have been switched off. 
An adaptive thermal management system prevents overheating and extends the 
service life of the lights. 

106. Claim 59 then requires “wherein the at least one processor is configured to:  process 

the sensor data to identify a first subsection, of a field of view, that includes at least a portion of 

the second vehicle; determine light output for the headlight system that aims illumination at the 

first subsection, the illumination aimed at the first subsection substantially resulting in light below 

a first predefined illuminance in the first subsection, and that aims illumination at one or more 

second subsections of the field of view to either side of the first subsection, the illumination aimed 

at the one or more second subsections substantially resulting in light above the first predefined 

illuminance in the one or more second subsections; and  instruct adjustment of one or more of the 

light sources to achieve the determined output.” On information and belief, the Porsche Matrix 

system includes at least one processor configured to process the sensor data to identify a first 

subsection of a field of view that includes at least a portion of the second vehicle and to determine 

and instruct a light output such that illumination aimed at the first subsection results in light below 

a first predefined illuminance, and that aims illumination to either side of the first subsection 
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resulting in light above the first predefined illuminance.  This is evidenced, for example by the 

sources attached as Exhibits P1-P3.     Exhibit P1 illustrates such illumination as follows:

107. This infringement of the ’503 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damages sustained as a result of the infringement.

XII. COUNT IX – INFRINGEMENT OF THE ‘029 PATENT BY VW AG, PORSCHE 
AG, AND PORSCHE AMERICA

108. Torchlight realleges the preceding paragraphs as though set forth fully herein. 

109. VW AG, Porsche AG, and Porsche America (collectively “VW/Porsche”) have 

infringed one or more claims of the ‘029 patent in violation of 35 U.S.C. § 271(a) by making, 

using, selling, and/or offering for sale in the United States, and/or importing into the United States, 

without authorization, certain motor vehicle illuminating devices including multiple light sources.

110. Such infringement is described below based on publicly available information with 

respect to example claim 1 as to the example Porsche Matrix system having 84 separately 

controllable LEDs (“Porsche Matrix system”). On information and belief, VW/Porsche has 
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installed these devices in its vehicles and sold the vehicles to or through dealers throughout the 

U.S.

111. The preamble of Claim 1 refers to “A system, for a motor vehicle. . .  .”  The 

Porsche Matrix system is system for a motor vehicle.  This is evidenced, for example by at least 

the sources attached as Exhibits P1-P3. 

112. Claim 1 then requires, “a plurality of headlamps, each comprising a plurality of 

LED light sources. . . .” On information and belief, the Audi Matrix system includes at least two 

headlamps, each comprising a number of LED light sources. This is evidenced, for example by at 

least the sources attached as Exhibits P1-P3. 

113. Claim 1 further requires “one or more processors, and a memory storing 

instructions that, when executed by one or more of the one or more processors, enable the one or 

more processors to: receive first data, including at least map data, indicating a road curvature 

upcoming along a road on which the motor vehicle is traveling; determine a light change, the 

change adapting a light pattern of the headlamps in at least one of color, intensity or spatial 

distribution to increase light in a direction of the road curvature ahead of the motor vehicle and 

shaping light based at least in part on the road curvature; and control at least a first plurality of the 

LED light sources to provide light based at least in part on the determined light change and prior 

to the motor vehicle reaching the road curvature . . . .” On information and belief, the Porsche 

Matrix system includes one or more processors and a memory storing instructions.  The 

instructions enable the one or more processors to receive first data, including navigation system 

data, i.e., map data, indicating an upcoming road curve.  The instructions enable to processor to 

determine a light change of at least intensity or spatial distribution so as to increase light in a 

direction of the road curvature ahead of the motor vehicle and shape light based at least in part on 
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the road curvature increase to light on parts of the road lying around a coming curve prior to the 

motor vehicle reaching the road curvature. This is evidenced, for example by at least the sources 

attached as Exhibits P1-P3.  More specifically for example, Exhibit P2 provides, “The middle row 

of 28 forms the synthetic curve light . . . which always adapts to the radius of the curve, shines 

dynamically to the right or left by switching through the row, so it doesn’t need to use a servomotor 

or settle for a rigid cone of light,” while Exhibit P3 provides, “The complex headlight module 

consists of several components that can be controlled very flexibly, and independently of each 

other, on the basis of camera data, navigation data and vehicle conditions.” 

114. This infringement of the ’029 patent has caused damage to Torchlight, and 

Torchlight is entitled to recover damages sustained as a result of the infringement. 

XIII. DEMAND FOR RELIEF 

WHEREFORE, Plaintiff respectfully requests that this Court enter judgment against 

Defendants as follows:  

A. Declaring that Defendants have infringed United States Patent Nos. 9,955,551 B2 

and C1, United States Patent No. 10,894,503, and U.S. Patent No. 11,208,029 in violation of 35 

U.S.C. § 271;  

B. Awarding damages to Torchlight arising out of this infringement, including 

enhanced damages pursuant to 35 U.S.C. § 284 and prejudgment and post-judgment interest.  

Relying on the notice of infringement provided in the Original Complaint and First Amended 

Complaint, Torchlight limits its willful infringement claim to cover the post-Complaint period;  

C. Awarding Torchlight its costs and expenses in this action; 

D. Declaring that this case is exceptional, and that Torchlight is entitled to its 

reasonable attorneys’ fees pursuant to 35 U.S.C. § 285; and 
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E. Awarding such other and further relief the Court deems just and proper, including 

any relief that the Court may deem appropriate under 35 U.S.C. § 285.  

XIV. DEMAND FOR JURY TRIAL 

Plaintiff, Torchlight, respectfully demands a trial by jury of all issues triable of right by a 

jury in this action.   

 
      Respectfully submitted,  
 
       
Dated: August 26, 2022 
 

OF COUNSEL:

BROOKS KUSHMAN P.C. 
John Halan 
1000 Town Center, Twenty-Second Floor 
Southfield, Michigan 48075 
Tel.  (248) 358-4400/ Fax:   (248) 358-3351
Email: jhalan@brookskushman.com 
  tlewry@brookskushman.com 
  sshah@brookskushman.com  
  resfahani@brookskushman.com 

/s/ Kenneth L. Dorsney   
Kenneth L. Dorsney (#3726) 
Cortlan S. Hitch (#6720) 
MORRIS JAMES LLP
500 Delaware Avenue, Suite 1500 
Wilmington, DE 19801 
(302) 888-6800 
kdorsney@morrisjames.com 
chitch@morrisjames.com
 
Attorneys for Plaintiff 
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EXHIBIT 3
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AUDI MATRIX LED HEADLIGHTS
Lighting counts as an important safety reason for drivers and road users. Thus, 50 light emitting diodes in both 

matrix LED headlights of the Audi A8 are  working together with a camera in order to present different lighting 

scenarios. Audi developed several pioneering features: The dynamic turn signal is intuitively recognised even in 

poor visibility. The high beam is always switched on but works without glaring. The classic distinction between 

main beam and dipped beam is now a thing of the past.
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MORE SAFETY WITH GLARE-FREE 
MAIN BEAM

Each of the matrix LED headlights in the 
new top-class sedan Audi A8 houses 25 
main beam light-emitting diodes which 
can be individually dimmed according to 
the situation. As soon as the camera reg-
isters a vehicle, either oncoming or driv-
ing in front, the light that would shine on 
them is blinded out. All other areas in 
between and to the sides remain fully 
illuminated by the main beam headlights. 
➊ shows a typical traffi c situation for the ➊ shows a typical traffi c situation for the ➊

use of the glare-free all-time main beam.
In conjunction with the optional night 

vision assistant with marking light, 
pedestrians are recognised and warned. 
This benefi ts both driver and pedestrians 
equally. The dynamic turn signal 
improves the degree to which the direc-
tion can be recognised by 30%, enhanc-
ing safety when turning, even in unfa-
vourable conditions. The bending light is 
linked to the navigation system and 
always provides optimum illumination 
of the course of the road.

OVERALL SYSTEM AND 
FUNCTION SOFTWARE

The overall system, ➋, comprises three 
main components:
: the matrix LED headlights with the 

matrix LED power module

: the multifunction camera
: the matrix LED control unit as the 

“brain” of the system.
The camera system for detecting other 
road users is accommodated behind the 
windscreen in the base of the mirror. If 
this camera detects another road user 
ahead, this will be registered by the 
image processor and classifi ed as a rele-
vant object. The camera uses an object 
list to tell the control unit where the 
other road users are. This list essentially 
contains the distances in the form of dis-
tance classes and the vertical and hori-
zontal angles to the object. The image 
processor is integrated into the camera, 
allowing object lists with the necessary 
characteristics to be made directly avail-
able to other vehicle systems. Modern-
day multifunction cameras perform a 
wide range of different functions such as 
Audi lane assist and traffi c sign recogni-
tion. The vehicle camera and headlights 
are calibrated to each other during the 
production process.

The function software in the control 
unit acts as a link between the camera 
(as the sensor) and the headlight (as the 
actuator in the overall system). It per-
forms the alignment between the objects 
in the camera and the matrix LED seg-
ments. The camera supplies the function 
software with the angle coordinates of 
the other road users in the camera coor-
dinates system relative to the dynamic 

AUTHORS

DIPL.-ING. STEPHAN BERLITZ 
is Head of Development Lighting 

Functions / Innovations at Audi AG in 
Ingolstadt (Germany).

DR.-ING. MICHAEL HAMM 
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➊ With the glare-free all-time main beam in the Audi A8 either oncoming traffi c or driving-in-front vehicles are precisely illuminated
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driving axis. The function software fea-
tures a data record which contains the 
position of every single matrix LED seg-
ment in the headlight coordinates system 
relative to the dynamic driving axis. The 
origin of the headlight coordinates sys-
tem is in the headlight – in the geometri-
cal centre of the matrix LED optics.

The control unit computes which 
matrix LED segments are dimmed in the 
fi elds in which the other road users are 
located. The LEDs in the segments con-
cerned are deactivated to prevent glare. 
In order to guarantee correct glare con-
trol for other road users despite the toler-
ances of the system, a relationship must 
be established by way of calibration 
between the camera and the headlights. 
Only with this calibration information 
which is individual for every vehicle, can 

the control unit deactivate the correct 
segments.

STRUCTURE OF THE HEADLIGHT

The headlights impress with a range of 
different pioneering features. More than 
230 parts are installed behind the head-
light cover, ➌. The low beam unit is pro-
vided by fi ve chambers, each equipped 
with fi fteen 1-mm² high-performance 
LEDs. A technical challenge was the vis-
ual eye-catcher of the aluminium grille 
in front of the dipped beam refl ectors, 
whose design is reminiscent of turbine 
blades.

The high beam unit responds to the 
information in the control software, per-
mitting functions that were previously 
unknown. The 25 LEDs are arranged in 

packs of fi ve in fi ve refl ectors. Each LED 
chip generates a main beam segment in 
the form of a vertical strip.

Even though every individual segment 
is homogeneously illuminated, the edges 
are computed to have maximum sharp-
ness and can therefore create a dark 
zone between the other illuminated seg-
ments, the width of which can be freely 
varied. In contrast to previous mechani-
cal systems, the matrix LED main beam 
works without the use of screens, step-
per motors, etc. Both headlights can be 
used to light up or mask one or more 
objects. Alongside the masked object, a 
lighting intensity of 100 to 150 lx can be 
generated, enabling the driver to con-
tinue driving with main beam function 
despite the presence of oncoming traffi c. 
Without oncoming traffi c, all segments 
together produce a perfect main beam.

Complex active chain analyses have 
been conducted to scrutinise all toler-
ance sequences and mechatronic infl u-
ences from the manufacturing and pro-
duction process at the supplier to assem-
bly and headlight setting at Audi.

MODE OF OPERATION

The classic distinction between main 
beam and dipped beam is now effec-
tively a thing of the past. With the 
Matrix LED headlight, the dipped beam 
has been extended to form a glare-free 
dynamic main beam. Investigations have 
shown that up to 95% of driving situa-
tions outside built-up areas are suitable 
for an active matrix LED main beam.

The light distribution of the matrix 
LED headlight is split into light seg-
ments. Each light segment is illuminated 
by one or more LEDs which can in turn 
be individually actuated. The camera 
sensors detect road users who are to be 
shielded from glare, and transmit the 
position of such objects to the actuation 
electronics. The actuation electronics 
compare the transmitted position of the 
detected objects with the light segment. 
They then switch the LEDs off, or selec-
tively dim them, in the light segments in 
which there are objects which would be 
exposed to glare. The remaining main 
beam light segments remain available to 
the driver, enhancing his view without 
dazzling other road users.

As mentioned before, each headlight 
houses 25 main beam LEDs. That means 
that in theory, there are 966,105,422 pos-

Matrix LED control unit
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LED segment actuation

Multifunction camera

Matrix LED
headlights

Matrix LED 
power module

LEDs individually 
switched on and off
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➋ Linking three main components to an overall system

➌ The matrix LED headlight has 230 spare parts 
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sible light distribution patterns. Even in 
complex situations, the headlights can 
illuminate areas between up to eight dif-
ferent vehicles.

Another characteristic design feature 
of the main beam headlights is that 
when they are switched on, they light up 
in a similar way to the curtain opening 
at the theatre – from the middle out-
wards. It uses the navigation data to 
open and close this curtain when you 
enter and leave towns and villages, or 
when certain speed warning thresholds 
are reached.

BENDING LIGHT, MOTORWAY MODE 
AND MARKING LIGHT

The LEDs of the matrix LED headlights 
assume the function of the bending 
light, ➍. They use navigation data to 
move the focus of the light beam in the 
direction of the course of the road even 
before the steering wheel is turned.

Motorway mode is activated on roads 
with a physical separation between the 
two carriageways. The light function 
reduces the horizontal opening of the 
main beam spread. This has the effect 
that oncoming vehicles are no longer 

dazzled, as the camera is unable to 
recognise them because their head-
lights are hidden by the central barrier. 
Secondly, this light distribution helps the 
driver as the area in front of the vehicle 
is highlighted for foveal vision.

The optional night vision assistant 
with marking light recognises persons in 
the critical area in front of the vehicle. 
Such persons are illuminated three times 
to alert both the driver and the pedes-
trian to a potential danger.

DYNAMIC TURN SIGNAL

Another innovation is the dynamic turn 
signal housed in the Audi A8 head-
light, ➎. 18 yellow LEDs create a turn sig-
nal light whose effectiveness has been 
substantially enhanced by the light-trail 
character. The LEDs are switched on in 
turn within the space of 150 ms, and then 
together form the turn signal. Together 
with the turn signal information, the 
direction is also indicated at the same 
time. A comparable bulb would need 
about 250 ms to light up fully and would 
only provide a static light signal. In this 
time, the Audi A8 has already indicated 
to other road users which way it is going.

Compared to conventional direction 
indicators, the dynamic turn signal gives 
a visual signal which can be quickly and 
intuitively recognised even at great dis-
tance and in poor visibility. Studies have 
proven that a dynamic turn signal 
improves the degree to which the direc-
tion can be recognised by 32 % and the 
recognition time by 38 %.

SURVEY WITH TEST PERSONS

To evaluate and assess the system, 
numerous studies were conducted with 
test persons. A representative sample of 
these was then used to assess the sys-
tem. 29 test persons (nine women, 
twenty men) aged between 23 and 43 
years took part in the survey, most of 
them laymen when it came to lighting 
technology.

The test persons evaluated different 
main beam lighting systems in a ques-
tionnaire. The evaluation, ➏, was deter-
mined by rating different factors on a 
scale from 1(absolutely accurate) to 5 
(not at all accurate). In view of continu-
ous positive response on the part of 
test persons the matrix LED system 
convinces.

➍ Function principle of the matrix LED headlights with bending light using navigation data
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IN-HOUSE DEVELOPMENT

In order to cope with the complexity of 
this head light development, Audi took a 
new approach. A deliberate decision was 
made not to procure the overall system 
from a single supplier. One benefi t of this 
is the internal pooling of know-how. Spe-
cifi cally, that means the LED matrix 
functions were developed “in house” at 
the OEM on the basis of Matlab-Simu-
link. The result was extremely short 
paths from the idea to the fi rst visualisa-
tion of the function.

Once a function has been completely 
modelled and tested it is implemented in 
the overall matrix LED model. The over-
all model is then sent to an external 
partner for industrialisation – applica-
tion with the control unit to be used in 
later series production. Here, the overall 
model is scaled, and self-diagnosis is 
implemented for the device. The result-
ing series production software status is 
then tested at the OEM on a specially 
installed lighting hardware-in-the-loop 
test rig (lighting HIL). Again here, inten-
sive know-how in the setup of an auto-
mated test environment has been built 
up in recent years.

To summarise, it can be said that the 
paths taken in the development of the 
matrix LED function at Audi have led to 
very short software release cycles. Over-
all system responsibility and competence 
resided with the vehicle manufacturer. 
Only the components were outsourced.
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QUESTIONS EVALUATION

*CHRC **DHBC ***Matrix

1 I find this technology interesting 1.57 1.62 1.14

2 The distribution of the masked segments can be clearly seen – – 2.22

3 I can see far enough at all times 1.89 1.79 1.48

4 Such a system improves road safety 1.89 2.17 1.66

5 Pedestrians and cyclists are recognised 2.50 2.34 2.03

➎ Temporal resolution of the dynamic LED turn indicator (picture sequence from top to down)

➏ Questions and evaluation in the test person survey (*continuous headlight range control, 
**dynamic high beam control, ***matrix LED headlights)

COVER STORY LIGHTING TECHNOLOGY
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Audi boosts headlamp functionality with LEDs and intelligent
control
The German automaker has announced that later this year it will offer Matrix LED headlamps with
individually-controlled LEDs that adapt to oncoming traf�c sensed by a camera and to road
topography data supplied by a GPS system.

Jul 1st, 2013
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Audi has announced that the new A8 sedan due later this year will feature a new

Audi Matrix LED headlamp that will increase driving safety via real-time control of

the forward light patterns based on traf�c and road data. The intelligent system

will use GPS data to optimize the lighting for the A8 driver, and forward-looking

cameras to minimize the light shone directly at drivers of oncoming vehicles.

The Matrix design utilizes 25 LEDs, arranged in �ve groups of �ve LEDs with each

group mounted within a re�ector. The control system can dim or switch individual

LEDs in real time to adapt to the conditions at hand and optimize the driver view

without any mechanical moving parts.

The headlamps will adapt to oncoming traf�c based on a camera. And as the

nearby photo illustrates, the lights will put plenty of light on the road for the

driver to see while leaving a dead spot in the beam that is matched to the

passenger compartment of the oncoming vehicle. As the range of the oncoming

vehicle decreases, the system further dims or extinguishes parts of the matrix.

When the other vehicle passes, the system brings the lights back to full power

immediately.

Meanwhile, the system also controls the headlamps to enhance the driver's ability

to safely navigate corners and other road features. For instance, data from the GPS

system would move the beam in the direction of a coming curve in the road just

before the driver would have to begin turning the steering wheel. Audi calls the

feature a cornering light function.

The control system is enabled automatically, assuming the driver sets it to

automatic, based on the location or type of road where the car is driven and the

speed of the vehicle. For instance, in city driving, determined by the GPS, the

system engages at 60 km/h (37.28 mph), or in highway driving at 30 km/h (18.64

mph).

The automaker also claims that the LED headlamp design will in generally deliver

superior light to competing designs. The company said that the lights "produce a

quality of light with a special crystalline sheen."

Audi has been at the forefront of LED headlamp technology, announcing its �rst

all-LED headlamps in 2008. The company also said that it is using LEDs in other

ways to boost vehicular safety. For example, the new A8 will include LED turn

signals that stagger blocks of LEDs at 150-msec intervals to make the indication of a

turn more noticeable.
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Maury Wright Nov 5th, 2020

PDC develops UV-C-enabled disinfection
system for medical radiology bores and
tables (UPDATED)
Cart-based system can disinfect radiology equipment

such as MRI scanners in about six minutes using

distributed UV-C LEDs radiating at 275 nm.

Blogs

Carrie Meadows Oct 30th, 2020

Special demands of UV technology require
particular attention
We're moving our focus away from "trending" to

"indispensable" when it comes to informing our

audience on the application of ultraviolet germicidal

technology.

Architectural Lighting

Maury Wright Oct 29th, 2020

Aalborg University reveals learnings from
Double Dynamic Lighting research
Fagerhult, iGuzzini, Tridonic, and Zumtobel have

sponsored research by Professor Ellen Katherine Hansen

at Aalborg that shows positive response to dynamic SSL

in workspaces.

Horticultural Lighting

Mark Halper Oct 27th, 2020

All LED, all the time, at Canadian vertical
farm
No conventional lighting in sight. It's too darn hot.

Blogs

Carrie Meadows Oct 23rd, 2020

Growers share speci�cs about horticultural
LEDs
HortiCann Light + Tech Closing Plenary put the spotlight

on growers’ experience with horticultural LED lights.

Horticultural Lighting

Carrie Meadows Oct 20th, 2020

HortiCann opens with calls for collaboration
on both standards and integration
The �rst day of the HortiCann Light + Tech virtual

conference generated a clear picture of integration

enabled by collaboration across all stakeholders.

Lighting for Health & Wellbeing

Mark Halper Oct 16th, 2020

Venerable Spanish theaters deploy UV-C to
disinfect coronavirus
Lamps from China’s Goldensea will serve as repeated

surface wipes at Madrid’s Teatro Real opera house and

Toledo’s Teatro Rojas. But not when people are present.
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Load More Content

Horticultural Lighting

Mark Halper Oct 15th, 2020

Scandinavian companies embedding LEDs
into vertical farm shelving
There’s something thin in the state of Denmark, and it’s

working its way into some tight spaces.

Horticultural Lighting

Mark Halper Oct 13th, 2020

Once again, LED moderates the greenhouse
temperature
If you can’t take the heat, get out of the HPS kitchen? Or

maybe try mixing with LED. That’s what Lugt Lisianthus

did in Holland, bene�tting from climate, light levels, and

light recipe rami�cations.

Horticultural Lighting

Carrie Meadows Sep 9th, 2020

EVENT PREVIEW: HortiCann Light + Tech
event prepares virtually for the new reality
of farming (UPDATED)
In a preview of the HortiCann conference, CARRIE

MEADOWS notes that the advance of controlled

environment agriculture rests on applying new data to

test methods, SSL product development, and

speci�cation of technologies into multiple AgTech…

Lighting for Health & Wellbeing

Oct 8th, 2020

Understand the facts about UV-C LEDs and germicidal applications (MAGAZINE)
ROBERT KARLICEK and LEAH SCOTT of the LESA Center at Rensselaer Polytechnic Institute set the record

straight on how packaged LEDs �t into the germicidal UV application space.

Lighting for Health & Wellbeing

Oct 8th, 2020

Industry must move beyond CCT to articulate circadian metrics (MAGAZINE)
(UPDATED)
ALLISON THAYER and colleagues analyze available LED spectral power distributions, exploring how target

circadian stimulus values might be determined and reached, and explaining the impact of spectra.

Lighting for Health & Wellbeing

Oct 8th, 2020

Spectral optimization shows potential to improve energy ef�ciency and quality-of-
light experience (MAGAZINE)
Researcher ALP DURMUS describes an SSL system that relies on optimized spectral output to achieve

integrative lighting’s objective of uniting color science and visual perception studies with intelligent

lighting systems for an improved experience.

Horticultural Lighting

Oct 8th, 2020

Implement light mapping software from a plant perspective to improve cannabis
grows (MAGAZINE)
KEVIN FRENDER explains how light mapping must be approached in a plant-centric grower operation

versus the human-centric built environment, and presents its value in the project plan.
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GPS-Controlled Headlights Turn Before You Do
Audi was the first automaker to bring LED headlamps to the mass market, and now it's upping the game by incorporating GPS, pedestrian detection, and selective
dimming on the headlights of its flagship A8 sedan.

Audi was the first automaker to bring LED headlamps to the mass market, and now it's upping the game by incorporating GPS, pedestrian detection, and selective dimming on the headlights of its flagship

A8 sedan.

Originally, LEDs were touted as a way to conserve energy and enhance visibility. But because the small diodes can work independently of each other -- unlike standard halogen projector bulbs -- Audi is

now able to control the precise placement and amount of light projected ahead thanks to computer-controlled lenses and reflectors.

On the refreshed A8 due out later this year, Audi has incorporated 25 high-intensity LEDs into each headlamp, and linked them up with the front-facing camera

and GPS system to adapt to a variety of driving scenarios on the fly.

When the system detects an oncoming vehicle, it can selectively dip specific sections of the high-beam headlights to avoid blinding the approaching driver, while still illuminating the majority of the road

around the oncoming car. As the car gets closer, more of the LEDs dim, and since it's all controlled via computer -- and not a mechanical system -- the reactions are both instantaneous and precisely

measured. But adaptive high beams aren't anything new.

What is new is the incorporation of the LEDs with the built-in GPS. The new setup relays the path of the road ahead and begins bending the light around the corner just before the driver turns the wheel.

Add in the night-vision assistance system that can detect pedestrians, and when the sensors notice a biped up ahead, it flashes the LEDs three times directly on the person in the car's path of travel. That

makes them easier for the driver to spot and has the added benefit of getting the pedestrian's attention. And like all new tech, it starts at the top and trickles down, so figure most of these features will be

available on models that don't cost six figures within the next few years.

Photos/Images: Audi

TOPICS LEDS SAFETY

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 305 of 354 PageID #: 2750

https://www.wired.com/author/damon-lavrinc
https://www.wired.com/category/gear
https://www.wired.com/images_blogs/autopia/2013/06/AT130145_small.jpg
https://www.wired.com/images_blogs/autopia/2013/06/AT130076_medium.jpg
https://www.wired.com/tag/leds
https://www.wired.com/tag/safety
jhalan�
Highlight


jhalan�
Highlight


jhalan�
Highlight


jhalan�
Highlight


jhalan�
Highlight


jhalan�
Highlight


jhalan�
Highlight




/

New Year, New Ideas.
1 Year for $5

SUBSCRIBE

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 306 of 354 PageID #: 2751

https://www.wired.com/tag/leds
https://www.wired.com/tag/safety
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjstyDgk7zxZ4ulrXywmh_eMgET1P-oe700BdBZt5CjRTqoSYqzpWq7SxHaOCMO_y68LbzVO35H2jBJCu0Qt7Kg47tHutC9r07axfTv2Jgna2GyvvDphbKHgZ3BiEWuv-iKZ-mznwGmIujwymogxwjfRq9UVH-sO6vT0JjSZGLz5nND5UD4PpuF-1iyAxle0-xVL4-44qf2nSQ0P1sdmr_f-i2ee0wTxqYJ2F39hCqcE1geefqnnZSriZALiLR6qL89YCqKGRmRdcED9TXWK9o2GX2Pnfmg&sai=AMfl-YS5YH5zacqVP1TNOQeB-UIzDFfYfoWZSx5Oxqp-hj0l4mD8qxLtXD5fARd4STPSnbmp5i3Nyt2o-iMoFImuNQ-AOs66Flo06vajd7-ExIOq5DjXGxNmhRPF6B7ljRf3KlcTvQW_UZXqqfFezG_T&sig=Cg0ArKJSzPGul84U0ygsEAE&urlfix=1&adurl=https://subscribe.wired.com/subscribe/wired/136108%3Fsource%3DAMS_WIR_DESKTOP_GLOBAL_CM_FOOTER_0_NEW_YEARS_SALE_2020_ZZ%26pos_name%3DAMS_WIR_DESKTOP_GLOBAL_CM_FOOTER


/

FEATURES (/FEATURES) Author: Deepangshu Dev Sarmah

Audi Matrix LED
 
One of the most exciting and important innovations in recent times – exciting from
a design and aesthetic appeal, and important from a safety point of view – is that of
the Audi Matrix LED technology, �rst showcased at the 2013 edition of the Consumer
Electronics Show in Las Vegas, US and later introduced on the Audi A8 that debuted
at the end of 2013. In India, the technology was �rst introduced in the current
generation Audi A6 premium sedan.
Essentially, multiple light emitting diodes work together with a camera in order to
present different lighting scenarios. It helps drivers see around corners and
illuminates more of the road without blinding oncoming motorists. The technology
allows drivers to basically have high beams on at all times, while the cameras and
sensors direct the LEDs to turn off or dim in response to oncoming traf�c to improve
visibility.
Technology Explained
Each Matrix LED headlight houses 25 LEDs that are capable of being dimmed as per
the situation on the road. The system comprises of three main components – the
matrix LED headlights with the matrix LED power module; the multifunction
camera; and the matrix LED responsive control unit as the “brain” of the system.
The system houses an ultra-sensitive camera that detects light sources from
oncoming vehicles and masks out the high beam light distribution around them in
real time. The camera is placed behind the windscreen in the base of the mirror. The
image processor is integrated into the camera, which allows object lists with the
necessary characteristics to be made directly available to other vehicle systems. 
The headlights are calibrated to the camera in the vehicle during the production
process. The link between the camera and the headlight is formed by a function
software in the control unit. It performs the alignment between the objects in the
camera and the matrix LED segments. On the other hand, the function software
records data that contains the position of every single matrix LED segment in the
headlight. The control unit then computes which segments need to be dimmed. The
LEDs in the segments concerned are thus deactivated to prevent glare [1].

(/images/Ducati_Scrambler/Audi_Matrix_LED_Technology/Audi_Matrix_LED_A8_hea
dlight_components.jpg)
Headlight Structure 
Each headlight comprises 25 high-beam light-emitting diodes, arranged in groups of
�ve per re�ector. When the light switch is set to “automatic” and the high-beam
headlights are on, the system is activated from 30 km/h (18.64 m/h) on highways and
from 60 km/h (37.28 m/h) on city streets [2]. The Matrix LED technology splits up the
LED high-beam headlights into numerous individual, small diodes working in
conjunction with lenses or re�ectors connected in series.
Overall, more than 230 parts constitute the entire system. The low beam unit has
�ve chambers, each equipped with 15 1-sq-mm high-performance LEDs. The high
beam unit responds to the information in the control software. Each LED chip
generates a main beam segment in the form of a vertical strip. Even though every
individual segment is homogeneously illuminated, the edges are computed to have
maximum sharpness and can therefore create a dark zone between the other
illuminated segments, the width of which can be freely varied [1]. In total, a lighting
intensity of 100 to 150 lx can be generated, claims Audi, enabling the driver to
continue driving with main beam function despite the presence of oncoming traf�c.
The Matrix LED headlights also function as a cornering light. The system uses
predictive route data supplied by the MMI navigation system on the car to shift the
focus of the beam towards the side the driver intends to move, even before the driver
actually turns the steering wheel.
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Conclusion
The Matrix LED technology is being considered a serious breakthrough in
automotive lighting. As with other technologies, there is no doubt the Matrix LED
technology would gradually percolate down to everyday cars in the near future. For
now, Audi has introduced Matrix LED systems on the A7, TT and Q7, apart from the
A8 and A6 models. 
Audi says the Matrix LED technology would provide much greater safety on roads in
years to come. Looking at the bene�ts it offers, there is no reason to disagree. 
References:
[1] http://www.atzonline.com/Artikel/3/17755/Audi-Matrix-LED-Headlights.html
(http://www.atzonline.com/Artikel/3/17755/Audi-Matrix-LED-Headlights.html)
[2] https://www.audi-mediacenter.com/en/press-releases/leading-the-way-in-
lighting-technology-the-new-audi-matrix-led-headlights-1284 (https://www.audi-
mediacenter.com/en/press-releases/leading-the-way-in-lighting-technology-the-
new-audi-matrix-led-headlights-1284) (https://www.audi-
mediacenter.com/en/press-releases/leading-the-way-in-lighting-technology-the-
new-audi-matrix-led-headlights-1284)
 
Text & Photo: Deepangshu Dev Sarmah
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MOTIVATION

Maximum illumination for the driver 
with minimal dazzling of oncoming traf-
fi c are important criteria in the automo-
tive illumination engineering and was 
even an important topic as early as the 
1950s, when traffi c and congestion started 
to rise for the fi rst time. Computer pioneer 
Konrad Zuse then had the idea [1] of 
using multiple headlamps, each of which 
illuminated one area of the road and 
switched off via photo cells as soon as 
other vehicles were detected. This func-
tion is known as partial high beam.

Due to the size of the bulbs used at the
time, this technology was not able to be 

realised as the headlamp assembly 
would have been extremely large. When 
the blue LED was developed, however, 
it suddenly became possible to miniatur-
ise the light sources to the extent that 
many white light LEDs with luminous 
surfaces in the millimetre range could be 
mounted behind a lens. It is exactly this 
technology that is employed in the Multi-
beam LED headlamps of the new Mer-
cedes-Benz CLS-Class, FIGURE 1.

THE MULTIBEAM LED 
HEADLAMPS OF THE CLS

The turn signal, position and daytime 
running lights are realised using a multi-

function optical fi bre that characterises 
the typical Mercedes-Benz night design 
in three light functions. When the vehi-
cle is unlocked, the welcome-home func-
tion outlines the optical fi bre with an 
additional blue LED.

Three low beam base light refl ectors 
project the light used to illuminate the 
road directly in front of the vehicle. 
Building on this is the range spot of the 
low beam as projected through the out-
side perimeter lens, which can also join 
with the Multibeam LED grid module to 
produce the high beam, FIGURE 2.

A world premiere is the cornering light 
function aditionally with an navigation-
assisted roundabout feature. Before join-

Multibeam Headlights in the 
Mercedes-Benz CLS-Class
In the next-generation Mercedes-Benz CLS-Class Daimler banks on the grid LED lighting technology. 

The new Multibeam LED headlamps are exceptionally bright and automatically illuminate the road 

surface with a previously unsurpassed, precision-controlled distribution of light – without dazzling 

others. Also unique are the anticipatory, camera-based active light function and the cornering light 

function with added, navigation-assisted functionality for roundabouts.
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ing the traffi c at a roundabout the corner-
ing lights are activated automatically to 
ensure the best possible visibility through 
wide-ranging illumination. Also new is 
the anticipatory, camera-based active light 
function. For that the low-beam module is 
accommodated in a swivel frame and can 
point to any curve or corner angle with a 
swivel range of over 20° at a resolution of 
0.1°. The data required for this is provided 
by the multi-purpose camera positioned 
behind the windscreen, which relays 
twists and turns to the headlamp so that 
the light cone can illuminate the curve 
before the driver turns the steering wheel. 

Adaptive Highbeam Assist Plus, which 
is integrated in the Multibeam LED 
headlamps, allows the vehicle to be 
driven with the high beams on continu-
ously. For this purpose, the camera for-
wards the angular positions of other 
road users to the headlamp, which then 
sections out the light in this area.

The light distribution of the Multibeam 
LED grid module, which can be changed 

instantaneously, enables the headlamp 
to alter its light cone in just 10 ms. In 
very dynamic driving situations, the grid 
module assumes full control of the gaps 
in high-beam illumination. To further 
increase performance in smooth and 
consistent driving situations, the low-
beam module provides assistance with 
an additional vertical cut-off line and 
optimises the partial high beam gap 
with its refi ned angular resolution. 

Both modules together generate an 
illumination output in excess of 195 lx 
and achieve a high-beam range of 485 m. 
No competing lighting system currently 
matches this system in terms of range, 
illumination output and precision.

THE TECHNOLOGY OF THE 
MULTIBEAM LED GRID MODULE

The grid module comprises a printed cir-
cuit board with 24 LEDs, a primary optics 
and a secondary lens, which controls the 
distribution of the light cast on the road.

Arranged in a grid pattern, the LEDs 
have a luminous surface of 0.5 mm², can 
be actuated separately and emit 90 lm 
each. By positioning the LEDs in tar-
geted fashion, the thermal power loss is 
spread across a suffi ciently large area, 
which in turn makes it possible to use an 
FR4 printed circuit board with a passive 
cooling system.

The gaps in the LED package are 
closed via the primary optics to project 
a homogeneous light distribution onto 
the road. This optics comprises a highly 
transparent, silicone-based material and 
works on the principle of total internal 
refl ection similarly to an optical fi bre. 
In addition to meeting the optical 
requirements for minimal absorption, 
the material is also compatible with 
intricate geometries that are essential 
to realise this complex optical confi gu-
ration.

Every LED is overlapped by an optical 
fi bre that is positioned in front of the 
luminous fi eld in a strictly maintained 
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FIGURE 3 Effi ciency of an LED optical fi bre pairing with respect to clearance and offset tolerance limits

FIGURE 2 The Multibeam LED grid module (left) and schematic light distribution of a right-aligned module (right)
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clearance gap. The total light fl ux emit-
ted by the LED is aligned and directed 
toward the secondary lens via the exter-
nal geometry of the optical fi bre. This 
convergence enables a high level of over-
all system effi ciency that produces an 
illumination output of 90 lx in 25 m at a 
pixel width of 1.2°. 

In the perimeter angular fi eld, the 
functional requirements for the angular 
resolution of the individual bands and 
their projection height and illumination 
output are less pronounced such that the 
contour chosen for the illumination ele-
ments is wider and a broader solid angle 
segment is realised to improve horizon-
tal coverage.

Unlike matrix high-beam systems that 
use overlapping segments from individ-
ual refl ectors, the concept of directly 
integrating the primary lens as described 
in this article facilitates a distinct sepa-
ration of channels with a high level of 
contrast and illumination output at the 
edge of a pixel. The brightness gradient 
between a fully powered and a dimmed 
pixel is optimised by the targeted micro-
structure of the secondary lens surface 
so that the transition period leverages 
the ideal alignment of perimeter defi ni-
tion and harmonious lighting for the 
driver.

COMPONENT REQUIREMENTS

As in the case with other optical systems 
that utilise small focal lengths, compo-
nent tolerances must be maintained at 
all costs. FIGURE 3 shows the principle 
dependencies at the optical interface. If 
the distance of the light-emitting surface 
to the primary lens deviates from the tar-
get defi ned by 100 µm, the effi ciency of 
the optical system is reduced by 10 %. 
Due to the geometry of the luminous 
LED surface and the associated input 
coupling surface of the optical fi bre, a 
minimal loss of just 2 % is observed for 
a lateral displacement of the same 
amount.

What is easy to achieve with a single 
LED optical fi bre pair represents a con-
siderable challenge when arranging 24 
pairs in a series production process. To 
ensure high system effi ciency while at 
the same time protecting componentry, a 
process for aligning the LED grid to the 
primary optics is employed. Camera-
guided precision robots position the two 
components at the ideal distance calcu-

lated and maintain this position 
throughout the integrated bonding 
process.

The differences in brightness that 
result from the individual tolerance 
clearances of the 24 pairs are measured 
in a subsequent step and counter-cali-
brated electronically to produce homoge-
neous light distribution.

INTEGRATING THE TECHNOLOGY IN 
THE SALOON OF THE FUTURE

In the Multibeam LED headlamp of the 
CLS-Class, the 24 LEDs of the grid mod-
ule generate the dynamic high-beam 
illumination and ensure that the high 
beam adapts perfectly to every traffi c 
situation thanks to the extremely fast 
response and actuation speeds in the 

millisecond range. Future generations 
of the Multibeam LED headlamp will 
have a much higher number of pixels 
and take the next step toward perfect, 
active adaptation of the high beam, 
FIGURE 4.

The concept of the LED grid arrange-
ment with primary optics will be 
enhanced to include 84 LEDs, whereby 
light distribution will be segmented ver-
tically as well as horizontally. In place of 
the 30° inclination observed in conven-
tional low-beam modules, a perpendicu-
lar, or right-angled, inclination is 
favoured that results from the grid distri-
bution pattern. Together with the basic 
light, the bottommost row of the grid 
forms the foundation of the low beam, 
whereby the range sector is actively con-
trolled by the second row.

a)

b)

c)

d)

FIGURE 4 Multibeam LED module with increased resolution: a) schematic depiction with the partial 
high-beam function, b) initial prototype; pixel limits still visible (experimental safety vehicle 2009 [2]), 
c) prototype with optimised lens system, d) isolux measurement of a module in development
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Increasing the LED count allows ever 
fi ner and brighter segments to be actu-
ated such that the resolution of the grid 
can also be increased in the perimeter 
area, and illumination output is elevated 
as a result. Segmentation of the low 
beam makes it possible to implement 
active light using electronics only. With 
no mechanically movable components 
integrated in the assembly, the driver is 
also provided with optimal cornering 
illumination when only the low beam is 
used.

In this context, fi nely graduating the 
wide spread of the low beam places an 
additional requirement on the optical 
system. Projecting the outermost pixels 
necessitates opening angles of over 40°, 
which must be illuminated in a colour-
neutral fashion. To compensate for chro-
matic aberration, a two-component lens 
system with micro-structuring of the 
lens surface is used, FIGURE 4 (b) and 
FIGURE 4 (c). The material mix of PMMA 
and PC meets all optical requirements 
while allowing headlamp designers suf-
fi cient freedom to realise individual lens 
stylings.

BETTER SAFETY WITH 
IMPROVED FUNCTIONS

Promoting social acceptance of state-of-
the-art, high-output headlamps requires 
due attention to be paid to avoid dazz ling 
oncoming road users. Hazard lighting, 
for example, assists the driver by illu-
minating endangered pedestrians or 
 animals close to the road. One of the 
problems with this technology is that 
the person or animal illuminated is also 
dazzled by the headlamp, which can 
lead to a loss of orientation or undermine 
the instinct to fl ee. By illuminating only 
the body of the object with the lower 
light arrays while omitting the head, 
Multibeam LED headlamps can draw the 
 driver’s attention to the danger without 
dazzling the person or animal ahead. 
However, this level of sophistication can 
only be realised if the camera used to 
distinguish the head from the body does 
identify these areas reliably.

The high illumination outputs of cur-
rent headlamps can even dazzle the 
driver by glaring off of retro-refl ective 
objects such as traffi c signs. With the 
Multibeam LED technology, the camera 
senses this danger and selectively dark-
ens the areas in question with a high 

level of accuracy. In driving situations 
that involve heavy rainfall, the benefi t of 
the headlamps is greatly reduced, while 
the potential for the driver to be dazzled 
by the scattered light emitted by oncom-
ing traffi c is greatly increased. Head-
lamps that integrate Multibeam LED 
technology open up new, innovative pos-
sibilities to avoid dazzling of oncoming 
traffi c, thereby making a considerable 
contribution toward improving road 
safety.

SUMMARY

Multibeam LED technology offers the 
driver superior illumination and maxi-
mum functionality. The technology 
incorporated in the grid module is based 
on the positionally-accurate projection of 
an LED grid by a primary optics and an 
outer lens that can be designed as 
required. The contrast achievable in par-
tial high-beam situations by adopting 
this approach can be adapted by adding 
a micro-structure to the projection lens 
and is only defi ned by perceived comfort 
levels. Boasting innovative, adaptive 
light functions, the Multibeam LED tech-
nology sets new standards and taps the 
full potential afforded by integrating 
84 pixels per headlamp.

REFERENCES
[1] Zuse, K: Fotoelektrisch durch Gegenlicht 
steuerbare Beleuchtungsvorrichtung. German 
Patent No. 1190413, 1958
[2] Moisel, J.; Ackermann, R.; Griesinger, 
M.: Adaptive Headlights Utilizing LED Arrays. 
In: Proceedings of the Int. Symposium on 
Automotive Lighting 2009 (ISAL), Darmstadt, 
pp. 287-296
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Multi-row Headlamp System in the 
Mercedes-Benz E-Class
Until now, LED headlamps consist of mechanical actuators and a single, controllable LED row, which simply 

allows the dynamics of the high beam. For the development of the new Multibeam LED headlamp, Daimler 

and Hella rely on three-row technology with 84 individually controllable pixels. Thereby, a variable kind of 

light distribution in the range of low beam and high beam becomes possible which delivers for every traffic 

situation the right road illumination from town light to glare-free high beam.

© Hella
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ACTUATOR-FREE PIXEL 
HEADLAMPS

As opposed to older generations of head-
lamps, which could only offer a straight 
low beam or high beam, modern head-
lamp systems are able to optimise illu-
mination by tailoring it to suit each indi-
vidual driving situation. During this pro-
cess such systems read and make use of 
signals received from the vehicle’s envi-
ronment in order to recognise various 
road traffic scenarios. Today cameras are 
increasingly being used to detect the 
movements of other road users (those 
driving ahead and oncoming traffic) so 
that light distribution can be appropri-
ately adjusted. As a result of details on 
current road conditions becoming more 
and more precise and because informa-
tion density on dynamic traffic situations 
is constantly increasing, lighting sys-
tems, which can adjust illumination to 
suit any one given situation, are now 
most definitely required.

Up to now this has been achieved by 
using mechanical actuators, which, how-

ever, involved all the attendant restric-
tions as regards response time and flexi-
bility. Also pixel headlamps without any 
actuators are in use for the first time, but 
their functional scope is however limited 
to the high beam function.

World premiere as an automotive 
application: The new Mercedes-Benz 
E-Class (model range W213) now boasts 
a multi-row headlamp technology. It ena-
bles the complete flexibility and variabil-
ity of light distribution throughout the 
entire range to be illuminated by the 
high and low beam, and all this without 
using any mechanical actuator units.

STRUCTURE OF THE HEADLAMP

The second generation Multibeam LED 
headlamps in the Mercedes-Benz E-Class 
have come up with a veritable high-end 
lighting technology in a completely new 
guise; the first generation was presented 
in [1] with the model upgrading of the 
CLS-Class. For the new headlamps, 
 FIGURE 1, two light guides generate the 
lighting functions of daytime running 
lights (DRL), position lights, direction 
indicators and so-called coming home 
light in blue appearance, which wel-
comes the driver and creates surprising, 
optical highlights.

The cornering light is located on the 
inner side of the vehicle. The road sur-
face low beam makes up the section of 
the headlamp towards the outside edge 
of the vehicle.

The striking heart of the headlamp is 
the precision LED grid module which is 
arranged between the two light guide 
arms. At the same time it also serves as 
an equally striking part of the head-
lamp’s styling thanks to its fascinating 
blue appearance. The result is the abso-
lutely unmistakable lighting character of 
the new E-Class.

PRECISION LED GRID MODULE 
WITH 84 PIXELS

Headlamp systems with a glare-free, seg-
mented high beam have been on the 
market for about two years (since 2013). 
Up until recently they have consisted of 
a single, controllable LED row, which 
only generated the high beam. But now 
the newly developed precision LED grid 
module produces lighting using a grid 
made up of three rows and a maximum 
amount of 30 columns. The 84 individu-
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ally controllable LED pixels thus enable 
the activation of a variable kind of light 
distribution, bespoke for every road traf-
fic situation. The entire light output is 
obtained from just the one optical sys-
tem with all the permitted light func-
tions, TABLE 1, being controlled by 
switching on or dimming individual  
LED light sources. The use of mechani-
cal components, such as actuator units, 
has therefore become redundant.

VARIABLY CONFIGURABLE  
LIGHT DISTRIBUTIONS IN  
LOW BEAM AND HIGH BEAM

The new, more precisely diffused light 
distribution gives the high beam a longer 
useful life and, consequently, leads to a 
considerably increased safety factor. 
Unlike static high beam systems, the 
Multibeam LED headlamp assists and 
supports the driver even then when 
other vehicles are located in the field 
illuminated by the headlamps. Because 
this system specifically, and indeed 
within a fraction of a second, masks 
these vehicles out of its light distribu-
tion, the driver is able to proceed with 
the high beam switched on at all times. 
This also applies even if several vehicles 
are to be found in the sensing area of the 
headlamps all at the same time.

This results in the vehicles themselves 
being darkened but the areas between 
them and next to them remain illumi-
nated by the high beam. The bottom line 
is that drivers are always assured of the 
best possible lighting technology in out-
of-town locations, without other road 
users being dazzled, FIGURE 2.

Two different kinds of optical systems 
– so-called modules – see to the light
distribution of the headlamp. First, the
road surface light module (or basic mod-
ule) enables not only the field of vision
directly in front of the vehicle but also its
broad peripheral areas to be uniformly
and homogeneously illuminated.

Second, there is the long-range module 
(precision LED grid module). This newly 
developed module is extremely bright 
and generates light distribution that can 
be found at a distance between 20 to 
approximately 435 m in front of the vehi-
cle. The light distribution of this module 
is divided up into 84 separate controlla-
ble segments (pixels) arranged in three 
rows, FIGURE 2. Each one of these pixels 
can be controlled to generate between 

High beam

Low beam and high beam

Low beam

Road surface

Homogeneous illumination of 
the road without other road users 
to be dazzled

1 30

Pixel 1 to 30 of 84

1st row

2nd row

3rd row

Lighting function
Conventional matrix 

(single row)

New precision LED 
grid module
(three rows)

Town light

Adaptive lighting 
functions (AFS)

– ×

Country light – ×

Motorway light – ×

Adverse weather light – ×

Dynamic bend light – ×

High beam
High beam

× ×

Glare-free high beam × ×

FIGURE 2 Schematic of light distribution in horizontal and vertical perspective (© Hella/Daimler)

TABLE 1 Seven lighting functions in comparison – the precision LED grid module enables functions for low 
and high beam to be freely configured for the first time ever (© Hella)

Daytime running light
Position light

Direction indicator
Coming home light (in blue appearance)

Daytime running light
Position light

Cornering light
Multibeam precision
LED grid module Road surface low beam

FIGURE 1 Multibeam LED headlamp in the Mercedes-Benz E-Class with its different light modules  
(© Daimler)
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0 and 100 % of its luminous intensity, 
depending on the light distribution 
required at any one given time.

The long-range module is optically 
split up in such a way that the lower row 
generates the low beam and the upper 
one a part of the high beam, FIGURE 2. 
The middle row fulfils functions 
required for areas covered by both the 
high and low beam. When dimmed, the 
middle row brings about the asymmetry 
of the low beam. When all LEDs are 
powered to their full capacity, this row 
sets up the main part of the high beam 
and provides very high illuminance in 
the central area of light distribution.

When the camera system recognises 
either oncoming traffic or road users driv-
ing ahead, the appropriate pixels are auto-
matically deactivated, with the result that 
a dark tunnel is formed in the pattern of 
light distribution. The entire scope of light 
distribution is recalculated by the head-
lamp control units every 10 ms. In this 
way other road users are not dazzled but 
the driver can continue on his journey 
still using the high beam. Back-glare can 
also be effectively avoided. One example 
of this is the way road signs are clearly 
recognised and specifically darkened.

OPTICAL DESIGN OF THE 
PRECISION LED GRID MODULE

The Light Source Module (LSM) includes 
the light sources (84 LEDs), the neces-
sary control electronics and its thermal 

management system including the fan, 
FIGURE 3. The primary optics create an 
image at an intermediate level, which is 
then displayed into the traffic area by the 
secondary optics. The distance, neces-
sarily conditional of manufacturing, 
between the LEDs on the circuit board 
causes gaps in the illuminance on the 
input side. The challenge facing us is to 
fill these gaps in the optical system in 
such a way that, when adjacent segments 
are switched on, the image produces a 
homogeneous light pattern without any 
masking or blanks. At the same time, 
however, there can be no overlap to the 
adjacent segments to create a sharp con-
trast from light to dark.

A further challenge is the vertical 
brightness curve in the bottommost  
row 1, FIGURE 2. Here it is important that 
this row’s output flows out smoothly and 
radiates into the light distribution shining 
on the road surface without the driver 
noticing any transition (inhomogeneity).

The primary optics take the form of 
Total Internal Reflection (TIR) optics. So 
as to achieve a high degree of lighting 
efficiency, the primary optics have to be 
positioned as close as possible to the 
LEDs. The result is then the creating of 
extremely high illuminance at the points 
of coupling with the TIR optics. Conven-
tional types of plastics are not suitable for 
this kind of illuminance. Glass, which 
would be the preferred material, cannot 
be used for production and tolerance rea-
sons. Therefore, transparent silicone 

material (liquid silicone rubber), specially 
developed for this purpose, is used.

The secondary optics are designed as 
an achromatic PMMA double lens sys-
tem. This ensures that an optimal  
imaging quality of the light module is 
achieved throughout all functions.

DESIGN IMPLEMENTATION OF THE 
PRECISION LED GRID MODULE

The newly developed precision LED grid 
module is made up of the following com-
ponents: the LSM including the circuit 
board with 84 LEDs, the silicone pri-
mary optics and the lens holder with the 
secondary optics, FIGURE 4. In order to 
guarantee optimal lighting function, all 
these components have clear interfaces 
defined with very small tolerances. Or 
they are designed in such a way that 
adjustment, calibration as well as  
focusing and qualification can all be car-
ried out during ongoing production 
processes.

The aim of adjustment is to achieve an 
optimal degree of efficiency between the 
LEDs and the primary optics. The deci-
sive step in the adjustment process is the 
high precision connection of the printed 
circuit board with the LEDs relative to 
the silicone primary optics. In the pro-
duction process one see an automated 
adjustment process taking place for the 
first time. Using image processing data 
and a topology scan, this automated pro-
cess finds the optimal alignment for the 
two components concerned. Fixation is 
then carried out by means of a UV hard-
ening glue.

After alignment the assembly is auto-
matically put to a calibration in a special 
test setup. Here the individual LEDs/ 
pixels are in turn powered one after the 
other and assigned the default set point 
of their brightness level. In this way it is 
guaranteed that adjacent pixels achieve 
the customised light output and that the 
resulting light pattern therefore is 
homogeneous.

Later calibration, the next step is the 
focussing. This involves the secondary 
optics being optimally focused and fixed 
in the module on the basis of lighting 
data extracted from image processing.

In the last step, the qualification, the 
module, now complete, is checked by 
means of lighting image processing to 
ensure that it adheres to the set values of 
the lighting requirements.

Secondary opticsPrimary optics

84 LEDsLSM

FIGURE 3 Optical design of the precision LED grid module with Light Source 
Module (LSM) as well as primary and secondary optics (© Hella)
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PIXEL-CONTROLLED  
LIGHT DISTRIBUTIONS FOR  
SAFETY BONUS

The new Multibeam LED headlamp 
allows a virtually infinite number of 
light distribution combinations, FIGURE 5. 
The following information describes sce-
narios for driving straight ahead and 
driving in a 300-m bend which can only 
be brought about by variable control of 
the individual LEDs. The implementation 
of mechanically operated parts like actu-
ator units is not necessary:
 – The town light function allows a very 
wide light distribution to be generated, 
thus bringing about optimal illumina-
tion of the roadside in built-up areas 
while at the same time preventing 
glare for other road users.

 – In the country road situation, it is pos-
sible for a one-sided, far-reaching light 
distribution to be generated in order to 
direct the driver’s attention to the 
medium and long-range distances of 
his own lane.

 – In the high beam operation mode, all 
the pixels of the precision LED grid 
module are activated so as to provide 
the driver with the maximum amount 
of light output if no other road users 
are located in the area ahead of his 
vehicle.

 – In the partial high beam mode, the 
switching off of individual pixels leads 
to the generating of a dark tunnel 
which masks out oncoming road users 
or those driving ahead.

The newly developed adverse weather 
light reduces reflections on the oncoming 
lane when it is raining by specifically dim-
ming individual LEDs in the low beam 
range and it actively helps to prevent indi-
rect dazzling of oncoming traffic.

In addition to its use in the already 
familiar roundabout light function, data 
from the navigation system can also be 
used in the new headlamps of the 
E-Class in order to detect junctions and 
motorways in advance. And, conse-
quently, light distribution is automati-
cally adapted to suit such situations as 
they arise.

The newly developed precision LED 
grid module enables all the various light 
distributions described before to be 
swivelled into position virtually (without 
actuator units), also those in the low 
beam range. Here, by means of variable 
dimming of individual pixels adapted to 
suit each situation, the light focus in the 
particular setting is shifted so that the 
driver’s attention is directed towards the 
bend. Such dynamic bend lighting that is 
implemented purely by electronics is a 
world premiere.

INTERACTION OF THE HEADLAMP 
WITH THE VEHICLE

In order to generate light distribution 
entirely electronically and to suit a con-
stantly changing traffic situation, it is 
imperative to have a complete system 
which is “intelligent”. The electronic 
components present in a vehicle have to 
harmonise so that an optimal light dis-
tribution can be achieved. The multi-
function camera placed on the wind-
screen, which is also used for other 
driver assistance systems, records the 
surroundings and the traffic situation. 
The camera then sends this information 
to four electronic control units, which 
calculate the ideal light pattern 100 
times per second. Consequently ultra-
rapid and precise adjustments to the 
light required for any driving situation 
are possible.

As well as the visual information 
provided by the camera, data from the 
navigation system is also used for 
these calculations. Thus particular 
driving scenarios, such as those cre-
ated by roundabouts, junctions or 
motorways, can be recognised in 
advance and the relevant light distribu-
tion then automatically adapted to suit. 
The four control units refer to already 
available information on the weather 

Circuit board with 84 LED 
chips (mounted individually) 
integrated in control unit with 
heat sink Primary optics (silicone) Secondary optics (PMMA lens)

FIGURE 4 Design implementation of the precision LED 
grid module – all components have clear interfaces 
defined with very small tolerances (© Daimler)
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situation and activate, if necessary, the 
adverse weather light or the enhanced 
fog light function.

A central head unit allows various light 
settings to be made. Switching on or off 
of the Intelligent Light system functions is 
therefore possible. So is the switching 
over from a left-hand to a right-hand drive 
traffic system (tourist mode). Further-
more, time parameters of the coming 
home light function can be adjusted.

OUTLOOK

The optical system showcased here is the 
first of a new generation. The multi-row 
LED headlamp system makes it possible 
to bring about for the first time ever 
adaptive high beam and low beam set-
tings without using any mechatronic 
components.

In the ensuing vehicle generations the 
trend towards the use of dynamic sys-
tems will continue. With the help of all 

the technology presented here, solutions 
are currently being worked on, which 
will increase even more the number of 
controllable pixels used.

In conjunction with such an aim, it is 
fitting to mention here the publicly spon-
sored project µAFS [2]. This research 
project, under the auspices of a consor-
tium led by Daimler, is set to develop a 
light source which will have more than 
1024 individually controllable segments. 
Research work will be concluded in the 
year 2016. All findings and results will 
then be used for the development of the 
next generation of systems.

In the long term, modules will be 
developed which will have a resolution 
of many thousands of pixels. As well as 
making use of the µAFS technology, in 
research projects of the future we will 
see approaches to solutions using tech-
nologies such as liquid crystal display 
(LCD), digital mirror device (DMD) or 
laser scanning.

Hand in hand with these developments, 
the question of how to ramp up and 
enhance the functions already available is 
very real indeed, perfecting extra func-
tions that are necessary and which make 
sense in assisting the driver of a vehicle. 
In future, high-resolution modules will, 
for example, make it possible to set the 
headlamp beam without the use of any 
mechanical components – it will mark the 
final disappearance of the last mechani-
cally moving part of a headlamp.

REFERENCES
[1] Maier, M.; Moisel, J.; Herold, F.: Multibeam 
Headlights in the Mercedes-Benz CLS-Class. In: 
ATZworldwide 117 (2015), No. 2, pp. 4-9
[2] Reichl, M.: Intelligente LED-Scheinwerfer für 
mehr Sicherheit. http://www.photonikforschung.de/
service/aktuellenachrichten/detailseite/
archive/2013/05/15/article/intelligente-led- 
scheinwerfer-fuer-mehr-sicherheit

Driving straight ahead

Driving in bends
               300 m radius

Town light Country light High beam Partial high beam

FIGURE 5 Lighting function 
examples of the Multi-
beam LED headlamp – 
scenarios which can only 
be brought about by vari-
able control of the indi-
vidual LEDs (© Hella)
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The E-Class with enhanced MULTIBEAM LED headlamps opens up new dimensions in headlamp
technology. Each headlamp is now equipped with 84 individually activated high-performance LEDs
rather than 24, which means that they are exceptionally bright and precise, and automatically illuminate
the road surface with a previously unsurpassed, precision-controlled distribution of light – without
dazzling other road users.

Advances in lighting technology are a tradition at Mercedes-Benz: around 500 LEDs attended to all the
lighting functions on a car for the first time on the S-Class in 2013. In 2014 Mercedes-Benz unveiled new
MULTIBEAM LED headlamps with precision LED grid modules in the CLS, to make night-time traffic safer
for all road users. The statistics show just how important such precision lights are: at night-time, the risk
of accidents increases drastically. At night on rural roads there are basically around five times as many
accidents with serious consequences as during the day. Although night-time driving on this category of
road only accounts for 20 percent of total mileage, this is when and where 40 percent all of all fatal
accidents occur (source: BASt, German Federal Office for Roads and Traffic).

Unlike the MULTIBEAM LED headlamps on the CLS, which each feature 24 individual high-performance
LEDs, the next generation on the new E-Class uses a newly developed, high-resolution precision LED
module as a grid light source, fitted with 84 high-performance LED chips. This is able to react even more
dynamically, and the light illuminating the road is high-resolution and even more precise. In addition, the
"cornering light" function can be implemented without mechanical actuators.

Each one of these LEDs can be individually electronically controlled. "Gridding" the light in this way
allows the light distribution from the right and left headlamps to be controlled entirely separately and
adapted to the traffic conditions with a high level of dynamism. This enables the individual areas of the
road surface to be illuminated in a very specific manner.

When it comes to the number of pixels, the same is true of an LED headlamp as of a monitor: the higher
the number of individually controllable pixels, the higher the resolution and the more detailed the
image. A high number of pixels also allows greater dynamism in the display. In terms of perception, this
leads to a clear increase in precision and brilliance.

With 84 LEDs per precision module, the headlamps on the new E-Class allow the resolution of the light
pattern to be increased by a factor of around 3.5. As a result, other road users can be better protected
against dazzling, and back-glare can be more effectively avoided. This new dimension of precision when
it comes to light distribution allows longer use to be made of the partial main-beam lights, increasing
safety.

The driver also benefits from improved illumination of the road. Compared with the systems prevalent
on the market today, the MULTIBEAM LED headlamps have up to 2.5 times the partial high-beam light
output.

Blue fascination

The 2nd-generation MULTIBEAM headlamps are instantly recognisable. They provide new, visual
highlights with passively illuminated, blue light surfaces. These outline the hallmark E-Class "torch
effect" of the daytime running lamps and side lights and, even when low beam or high beam is switched
on, create a blue setting for a characteristic look.

New safety-enhancing functions

As a result of the freely configurable high-resolution light distribution, it is possible for the first time in
the new E-Class to implement all high and low-beam functions of the Intelligent Light System in all-
digital mode and without any mechanical actuators. As a world first, the dynamic cornering light
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function is all-electronic. In addition, a wealth of new adaptive light functions are possible, which will
make night-time driving safer for both the driver and other road users.

The newly developed adverse weather light function reduces reflections on the oncoming lane when it is
raining by specifically dimming individual LEDs and actively helps prevent indirect dazzling of oncoming
traffic.

The city light function provides the driver with particularly wide light distribution when driving at low
speeds and on lit roads in built-up areas, brightly illuminating difficult-to-see pavements and danger
zones.

Data from the navigation system is not only used for the roundabout light function, familiar from the
CLS, but can also now be used to detect junctions and motorways and to adapt the light distribution
automatically to suit these.

Adaptive Highbeam Assist PLUS has also been optimised: thanks to a larger number of pixels, the dark
areas in the light distribution are more precise and dynamic than ever before in partial main-beam mode,
and the main beam can be used for longer than before.

A camera on the windscreen supplies the system with the information it needs about the constantly
changing traffic situation and is also used by other assistance functions. Four control units per vehicle
calculate the ideal light pattern 100 times per second and activate all 84 high-performance LEDs in each
precision grid module individually.

The added safety provided by the MULTIBEAM LED technology becomes apparent above all in real
traffic situations: in contrast to purely static high-beam systems, some of which have long ranges,
MULTIBEAM LED also supports the driver when there are other vehicles in the field illuminated by the
headlamps. Because it specifically masks these out of its light distribution in fractions of a second, it is
possible to drive with main beam switched on at all times. This assures the driver of the best possible
light performance at all times, without dazzling other road users.

Advantage of LEDs

The LED technology used for the headlamps offers further advantages: by way of example, the light
from the bright LED headlamps is almost the same colour as daylight and therefore in line with normal
human perception patterns. Studies have shown that the closer the colour of artificial light is to
daylight, the less the strain on the eyes. With a colour temperature of 5500 kelvin, LED light is closer to
daylight (6500 K) than xenon headlamps (4200 K). The high-performance LEDs in the headlamps also
help to increase efficiency thanks to their high lumen output/wattage and are designed to last for the
entire vehicle lifetime.

Safety benefits of LEDs in tail lights, too: brightness rather than glare

The new E-Class, too, will launch with tail lights that feature multi-level functionality, still a unique
feature of Mercedes-Benz. The brake lights and indicators are operated with varying light intensity,
depending on the driving situation and ambient lighting (day/night).

If the Mercedes driver presses the brake pedal while stopped at traffic lights at night, for instance, the
brightness of the brake lights will be automatically dimmed to avoid dazzling anyone behind. It goes
without saying that the lights still comply with all statutory requirements.

During the development phase, light experts at Mercedes-Benz carried out experiments at a testing
ground, simulating real traffic situations. The tail lights of the test vehicle were operated with varying
intensity at different times of the day and under different light conditions, and the brightness and
density of the light were measured. With the aid of these values, glare at a specified minimum light
intensity was reduced to the desired level.

Optionally available rear lights provide an additional highlight reminiscent of stardust, the Milky Way or
the glow of a jet engine. This "stardust" effect is created by an innovative reflector technology with a
specially designed surface structure for the tail light and ensures a brilliant appearance. The optionally
available rear light uses all-LED technology.

Pictures 8
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The all-new E-Class is a game changer. Mercedes’ business sedan is a technological tour de
force, carrying over most of the revolutionary systems introduced on the S-Class, seasoned with its own
new features, including the MULTIBEAM LED headlights.

The focus for the new Mercedes-Benz E-Class will be on preventing traffic incidents and paving the way for
autonomous driving. Beyond this goal, though, the new generation E-Class also boasts an improved version of
the Mercedes-Benz MULTIBEAM LED which allows the driver to keep the high beam active at all times thanks to
an 84 LED matrix which can modulate the light around oncoming traffic.

The new Multibeam LED headlamps are able to adjust the light distribution more precisely and faster than ever
for every traffic situation ensuring broad and bright illumination without dazzling other car drivers.

The information required for illumination is supplied by the camera based Adaptive Highbeam Assist Plus
system. When the camera placed behind the front windscreen detects oncoming traffic or vehicles in front, each
of the 84 individual high-performance LEDs (each LED is no bigger than the cross section of a grain of rice)
arranged in a matrix light source is controlled individually so that various areas of the road surface can be
masked out, depending on the situation. Combining the matrix light source with LED Intelligent Light System
technology, the headlamp control system improves the precision of light sources and sets a gap with a minimal
width for the main beam.

In this way, drivers benefit from the best possible illumination and other car drivers are not dazzled.  These anti-
dazzle, main-beam headlamps can be kept on permanently.

Multibeam LED headlamps contain also a module for low-beam headlamp which can be swivelled 12 degrees to
the outside for active light function. But, as a world premiere, the low-beam headlamp does not swivel only in the
moment when the driver turns the steering wheel but anticipates this moment because the function is camera
controlled. With this anticipatory function, the low-beam headlamp swivel before the driver has turned and
therefore bed is illuminated effectively as soon as possible. And vice-versa, the active light function swivels back
to the straight on position before the corner ends.

Another world premiere is at the roundabouts: navigation system supplies the position of roundabouts to the
headlamps system and cornering light function is activated to the light and to the right to ensure maximum
visibility an all sides.

But enough with the talk, we’ll let Mercedes demonstrative video show you exactly how the new Multibeam LED
headlamps work in real life.

Headlamps in the new Mercedes-Benz E-Class: MULTIBEAHeadlamps in the new Mercedes-Benz E-Class: MULTIBEA……
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Back

Multibeam LED headlights by Hella

In early January, the new Mercedes-Benz E-Class celebrated making its
debut at the Detroit Auto Show. Particular attention was paid to the
world premiere of the MULTIBEAM LED headlamp with three-layered
pixel light – a development in partnership between Daimler AG and the
light and electronics expert HELLA. A total of 84 individual controllable
LEDs per headlamp adjust the light distribution depending on the traffic,
weather, and road conditions. The integrated adaptive High Beam
Assistant Plus also ensures that high beam is used more frequently,
therefore offering greater safety and comfort. Recently the trendsetting
design of the headlamp won the Red Dot Award.

Safety plus, glare-free high beam

Unlike manually operated, static high beam systems, the MULTIBEAM
LED headlamp even assists and supports the driver with high beam then
when other vehicles are located in the field illuminated by the
headlamps. The “Adaptive Highbeam“ function takes care of this,
selectively masking the area that the other car is in from the light
distribution within fractions of a second. This also works even if several
vehicles are in the sensing area of the headlamps at the same time. This
results in the vehicles themselves being masked, but the areas between
them and next to them remain illuminated by the high beam. In this way
the driver is under the impression of driving continuously with activated
high beam, while other road users are not dazzled. The newly developed
adverse weather light also reduces reflections on the oncoming lane
when it is raining by specifically dimming individual LEDs in the low
beam. Glare from illuminated road signs is also reduced by the system by
reducing the brightness of individual LEDs. This means that the
MULTIBEAM LED headlamp is making an important contribution towards
road safety.

Trendsetting design wins the Red Dot Design Award

Apart from its high functionality, the second generation MULTIBEAM LED
headlamp in the Mercedes-Benz E-Class with high-end lighting
technology appears in a completely new design which won the
prestigious Red Dot Award in the Product Design category 2016. The
award also takes account of the two light guides which generate the
direction indicators, daytime running lights and position lights in the
beacon design typical of the Mercedes Benz brand. Additional visual
effects are created by the blue Coming-Home light which welcomes the
driver as soon as they open the car with the car key or their smartphone.
The striking key component of the headlamp is the precision LED module
which is framed by two light guide arms and surrounded by a blue
turbine light.

First headlamp with variable configurable low beam and high beam

The precision LED module installed, which is the result of another
development achieved in partnership, has 84 LEDs arranged in three
lines which can each be controlled individually. This allows the light
pixels which can be controlled individually to create an extremely
precise and highly variable light distribution in the entire area lit up by
the high beam and for the first time also by the low beam without
having to use mechanical actuator units. This means that the dynamic
bend lighting being implemented purely by electronics is a world
premiere. Here, variable dimming of individual pixels adapted to suit
each situation allows the light focus in the particular setting to be
shifted so that the driver’s attention is directed towards the course of the
bend.
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Using new materials

In the MULTIBEAM LED headlamp, the primary optics of the lens system
positioned directly in front of the light source is made for the first time
of a transparent silicone plastic specially developed for this project. In
contrast to the thermoplastic plastics used until now, the material is
resistant to the high energy radiation of LEDs. In addition to that, in
contrast to glass, it can be machined much more precisely and thus
meets the high demands made by the minimal tolerances in the
manufacturing process.
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Mercedes Multibeam LED
headlamps - in a class of their
own
HELLA's 84 light pixels provide the best possible light on the road

NEWS PROVIDED BY
HELLA 
Jun 22, 2016, 10:28 ET



LIPPSTADT, Germany, June 22, 2016 /PRNewswire/ -- Daimler's new Mercedes-Benz E-Class is making its debut in 2016

with a world �rst: three-layered multibeam-LED headlamps developed in partnership with lighting and electronics

experts at HELLA.

The three-layered display includes 84 individual controllable LEDs per headlamp that vary light distribution depending

on traf�c, weather and road conditions. The integrated adaptive High Beam Assistant Plus allows more frequent use of

the vehicle's high beams, offering greater safety and comfort.

"The multibeam LED headlamp is making

important contributions to road safety," notes
Steffen Pietzonka, head of global marketing

Original Equipment Lighting, HELLA KGaA Hueck &

Co.

Safety plus, glare-free high beam 

Unlike static high-beam headlamps, Daimler's
adaptive high-beam function can selectively mask

light patterns directed at oncoming vehicles within

a fraction of a second. The system uses a

windshield-mounted camera to assess the driving

environment. The adaptive system blocks light
aimed directly at an oncoming vehicle, but still

illuminates the areas adjacent to oncoming traf�c.

It provides maximum illumination of the roadway for the driver and prevents glare for oncoming drivers.

A newly developed adverse weather light also reduces glare from the roadway when it is raining by speci�cally dimming

individual LEDs in the low beam. The system reduces glare from illuminated road signs by selectively reducing the

brightness of individual LEDs.

Two light guides above the main headlamp generate the direction indicators, daytime running lights and position lights

in the beacon design typical of the Mercedes Benz brand. Added visual effects in the light guides are created by a blue

"Coming-Home" light, which welcomes a driver as soon as the car door is unlocked with either the car key or a smart

phone.

HELLA's 84 light pixels provide the best possible light on the road.
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First headlamp with variable con�gurable low beam and high beam 

The LED module in the E-Class includes 84 LEDs arranged in three lines that can be controlled individually. This allows

precise control of the light pattern for both high and low beams without the need for mechanical actuator units. It
marks the �rst time dynamic bend lighting has been implemented purely by electronics.

Using new materials 

In another �rst, transparent silicone plastics are being used as the primary optics for an LED headlamp. Silicone plastic

replaces thermoplastics used until now on LED headlamps. Silicone is resistant to the high energy radiation of LEDs and,

in contrast to glass, can be machined more precisely to meet strict tolerances in the manufacturing process.

The silicone lens resembles a small scrub brush with distinct "�ngers" that direct the light from the 84 individual LEDs to

the front lens, which is tucked behind a focusing outer lens of the LED headlamp module.

Trendsetting design wins the Red Dot Design Award 

Apart from its high functionality, the second generation multibeam LED headlamp in the Mercedes-Benz E-Class with

high-end lighting technology appears in a completely new design which recently won the prestigious Red Dot award in
the product design category for 2016. The Red Dot design prize is awarded annually by the Design Zentrum Nordrhein-

Westfalen in Essen, Germany.

HELLA KGaA Hueck & Co., Lippstadt: HELLA is a global, family-owned company, listed on the stock exchange, with

around 32,000 employees at 100 locations in more than 35 countries. The HELLA Group develops and manufactures

lighting, electronic components and systems for the automotive industry. HELLA also has one of the largest trade
organizations for automotive parts, accessories, diagnostics, and services within Europe. Complete vehicle modules, air-

conditioning systems, and vehicle electrical systems are also produced in joint venture companies. With more than

6,000 people working in research and development, HELLA is one of the most important innovation drivers on the

market. In addition, with preliminary sales of approx. 5.8 billion euros in �scal year 2014/2015, the HELLA Group is one of

the top 40 automotive parts suppliers in the world and one of the 100 largest German industrial companies.

Photo - http://photos.prnewswire.com/prnh/20160622/382254  

Logo - http://photos.prnewswire.com/prnh/20160622/382255LOGO

SOURCE HELLA
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LED main headlights with matrix beam including Porsche Dynamic Light System Plus (PDLS Plus)
Panamera Models

LED main headlights with matrix beam including Porsche Dynamic Light System Plus (PDLS Plus)
Even greater foresight is achieved with LED main headlights featuring matrix beam technology. The matrix beam strategic-
ally deactivates speci�c segments of the permanent main-beam cone. Eighty-four individually controlled LEDs adapt to the
situation ahead by switching o� or dimming accordingly. Vehicles in front or in the oncoming lane are no longer dazzled,
while the areas in between and to the side continue to receive full illumination. To optimise target �xation, not only are the
lights selectively dimmed to fade out oncoming vehicles, the area to the right of the light void is lit more brightly for better
guidance of the driver’s visual attention. What’s more, segment-speci�c dimming of highly re�ective tra�c signs also acts
to avoid driver dazzle. LED main headlights with matrix beam including PDLS Plus: bright, homogeneous, safe.

PDLS Plus, which includes all the functions of PDLS, now comes for the �rst time with electronic cornering lights and an
intersection assistant function based on navigation data. As you approach a crossroads or T junction, the intersection as-
sistant function activates the le� and right cornering lights, and the light cone becomes wider and shorter – for enhanced
illumination of your surroundings.

Technical Data

Overview Safety
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Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 342 of 354 PageID #: 2787

https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/featuresandspecs/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/
https://www.porsche.com/middle-east


4/15/22, 3:02 PM Porsche Panamera 10 Years Edition - LED main headlights with matrix beam including Porsche Dynamic Light System Plus (PDLS Plus) - Porsche Middle East

https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-dynamic-light-system-plus-pdls-plus/ 2/3

Brakes Porsche Ceramic Composite
Brake (PCCB)

LED main headlights including
Porsche Dynamic Light System
(PDLS)

LED main headlights with matrix
beam including Porsche
Dynamic Light System Plus
(PDLS Plus)

Night View

Brakes

Porsche Ceramic Composite Brake (PCCB)

LED main headlights including Porsche Dynamic Light System (PDLS)

Night View

Build & Find 

Online Services 

Behind the Scenes 

Porsche Company

Connect with Porsche



    

Change country/region:

Select a region 

Select a country/region 

More about

Share Page

Concept Drive & Chassis Safety Assistance Systems Comfort & Audio Porsche Connect Personalisation & Accessories

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 343 of 354 PageID #: 2788

https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/brakes/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-ceramic-composition-brake-pccb/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-dynamic-light-system-pdls/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-dynamic-light-system-plus-pdls-plus/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/night-view/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/brakes/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-ceramic-composition-brake-pccb/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-dynamic-light-system-pdls/
https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/night-view/
javascript:POPUP.OPEN('https://www.facebook.com/porsche/');
javascript:POPUP.OPEN('http://www.youtube.com/user/Porsche/');
javascript:POPUP.OPEN('http://www.pinterest.com/porsche/');
javascript:POPUP.OPEN('http://www.instagram.com/porsche/');
javascript:POPUP.OPEN('https://www.linkedin.com/company/porsche-ag/');
javascript:void(0)
javascript:void(0)


4/15/22, 3:02 PM Porsche Panamera 10 Years Edition - LED main headlights with matrix beam including Porsche Dynamic Light System Plus (PDLS Plus) - Porsche Middle East

https://www.porsche.com/middle-east/models/panamera/panamera-models-1/panamera-10years/safety/porsche-dynamic-light-system-plus-pdls-plus/ 3/3

© 2022 Porsche Middle East and Africa FZE.  Legal notice. Privacy Policy. Licence Agreement.

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 344 of 354 PageID #: 2789

https://www.porsche.com/middle-east/legal-notice/
https://www.porsche.com/middle-east/privacy-policy/
https://www.porsche.com/licenses


EXHIBIT P2

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 345 of 354 PageID #: 2790



4/15/22, 3:00 PM Porsche Lighting the Way - Porsche USA

https://www.porsche.com/usa/aboutporsche/christophorusmagazine/archive/376/articleoverview/article08/ 1/4

Menu

Case 1:22-cv-00751-GBW   Document 97   Filed 02/03/23   Page 346 of 354 PageID #: 2791

https://www.porsche.com/usa


4/15/22, 3:00 PM Porsche Lighting the Way - Porsche USA

https://www.porsche.com/usa/aboutporsche/christophorusmagazine/archive/376/articleoverview/article08/ 2/4

Better visibility and less glare: Matrix LED headlights use 218 spotlights to better illuminate
even more of the road.

It’s not just a matter of bringing light to darkness. Porsche has developed an innovative lighting concept that provides an
extremely high degree of illumination without blinding oncoming drivers—and this is but one major feature of the new
class of automotive headlights.

At the heart of each headlight is a block of 84 light-emitting diodes, arranged in a grid structure with mathematical pre-
cision and known to engineers as a matrix. This constellation is surrounded by Porsche’s typical quartet of daytime run-
ning lights, which dim in bright conditions and shine at full capacity in the dark. Then there are a few more modules for
the auxiliary high beams and the static component of the curve lights—all with LED technology. All of that adds up to
109 light-emitting diodes in each of the two housings on a Panamera—a total of 218 tiny headlights that shine brightly,
yet do not dazzle.

What might sound like a contradiction is made possible by an intelligent control system whose core component is the
matrix consisting of 84 LEDs. The 30 diodes in the lowest of the matrix’s three rows form the basis for the low beam.
The middle row of 28 forms the synthetic curve light. This special Porsche feature, which always adapts to the radius of
the curve, shines dynamically to the right or le� by switching through the row, so it doesn’t need to use a servomotor or
settle for a rigid cone of light. The 28 diodes of the middle row join with the 26 of the upper row to form the new
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high beam. The brightness of each individual diode is electronically controlled. If the camera on the rearview mirror de-
tects an oncoming car or one up ahead, the control unit switches o� the LED units that could blind those drivers.

The control unit for the matrix LED headlights always takes into account the human factor, explains Dr. Sebastian
Söhner, who is in charge of automatic headlight settings. “Drivers’ eyes are drawn to the brightest point in their �eld of
vision, which is generally the headlights of an oncoming car. That can prevent them from seeing what is happening in
places like the edges of their own lane. So matrix LED headlights not only suppress their glare for other drivers but also
increase the intensity of light to the sides—for example toward the lane divider—in order to provide visual support for
remaining on course.” The boost in power for the LEDs directed at the edges of the lane comes from the diodes that have
been switched o�. An adaptive thermal management system prevents overheating and extends the service life of the
lights.

The new generation of headlights retains Porsche’s characteristic four-point daytime running lights. Since 2014,
Porsche has been extending this hallmark of the brand car by car, from the Macan to the 911.

By Hendrik Dieckmann 
Illustration Rocket & Wink
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Intelligent LED headlights for better visibility

Electrics and electronics

Porsche has developed a whole host of new safety and assistance systems for the new 911. The new optional LED matrix headlights with PDLS Plus catch
the eye in particular. These represent the apex of Porsche lighting technology. The energy centre of the matrix headlights is made up of 84 individual LEDs
which work together, with lenses positioned in front of them, and the high-power LED of the auxiliary high beam. The generated light beam corresponds in
range and intensity to laser light. The light is distributed so that the driver always bene�ts from maximum illumination of the roadway without dazzling or
disturbing other road users. The complex headlight module consists of several components that can be controlled very �exibly, and independently of each
other, on the basis of camera data, navigation data and vehicle conditions.

Intelligent control of light distribution means that it has also been possible to integrate additional functions that signi�cantly increase driving comfort and
safety. The system is therefore able to detect and selectively dim highly re�ective tra�c signs. In addition to masking oncoming tra�c on a segment-by-
segment basis, the Boost function also increases illumination of the vehicle’s own driving lane at the same time. This directs the driver’s view in a targeted
way, thereby increasing comfort and safety. The cornering light is switched on and o� with smooth transitions and therefore reduces strain on the eyes.

The 911 is equipped with LED headlights from the factory as standard. These already include auxiliary high beam and dynamic range control. They form the
basis for the optional headlights with PDLS Plus. The latter additionally include dynamic cornering light, high beam assist as well as motorway and fog light
functions. The LED matrix headlights are a completely new development.

Assistance systems with additional options
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The new 911 o�ers a combination of assistance systems as standard. These make driving in everyday tra�c safer and more comfortable. The camera-
assisted warning and brake assist system considerably reduces the risk of collision with vehicles, pedestrians and cyclists. As the �rst stage, the system
warns the driver visually and acoustically. There is then a braking jolt in the second stage if there is a higher level of danger. A braking operation initiated by
the driver is reinforced up to full braking if necessary. If the driver does not react, automatic emergency braking activates to mitigate the consequences of a
collision.

The optionally available adaptive cruise control system considerably extends the functional range. The package comprises automatic distance control with
a stop-and-go function and reversible occupant protection. Using the radar sensor located in the middle of the central air intake and the camera, the
system monitors the distance from vehicles driving in front and automatically adapts. Vehicles that cut in from adjacent lanes are also detected. If
necessary, the system will brake to a standstill when following a vehicle in front. It will also use the coasting function when possible to reduce fuel
consumption. In slow-moving tra�c in particular, the system therefore o�ers increased driving comfort and safety.

Thanks to the stop-and-go function, the 911 is able to independently move o� again a�er braking to a standstill. If the vehicle is stopped for longer than 15
seconds, it is su�cient to brie�y press the accelerator or resume the function with the control stalk to let the vehicle move o� again. The side windows and
slide/tilt sunroof are automatically closed if an emergency braking situation occurs. The reversible belt tensioners for driver and front passenger are also
activated.

Lane Keeping Assist with tra�c sign recognition
Lane changes on roads with multiple lanes are among the most common risk situations. The optional Lane Keeping Assist is camera-based and reacts with
steering assistance if the driver changes lane without indicating. The system ensures greater comfort and considerably improves safety on long-distance
journeys in particular. In addition to steering assistance, an additional acoustic warning can be activated in the PCM. The system is active in the speed
range between 65 and 250 km/h.

Lane Keeping Assist is combined with a tra�c sign recognition function. This makes use of the same camera and detects permanent and temporary speed
displays as well as “no overtaking” signs and indirect restrictions related to place name signs, for example. Operation of the tra�c sign recognition function
is situation-dependent and makes use of other vehicle systems. For example, it takes into account wet conditions based on information from the rain sensor
and displays weather-dependent speed limits. In order to o�er greater safety when driving on unknown and twisting country roads, the system displays
direction information on the instrument cluster display before sharp bends.

Lane Change Assist with visual warning
The further-developed Lane Change Assist function can be used in addition to Lane Keeping Assist. This system uses a radar sensor to detect the distance
and speed of the following tra�c in the adjacent lanes. If the system determines that the speed and distance of following vehicles are too critical for a lane
change, a visual warning is displayed in the le� or right exterior mirror. The system can detect vehicles in a distance range up to 70 metres and is active in a
speed range between around 15 and 250 km/h.

New: Night Vision Assist with thermal imaging camera
Using an intelligent thermal imaging camera, Night Vision Assist detects persons and animals in darkness and shows them to the driver. The system has a
range of up to 300 metres. The electronic system is able to classify the respective heat source and to distinguish between an animal and parked motorcycle
with a warm engine, for example. Night Vision Assist is deactivated in built-up areas in order to prevent false warnings such as may be caused by dogs on a
lead on the pavement, for instance. In combination with the optional LED matrix headlights, the detected persons or animals are also marked by brief
�ashing.

From ParkAssist to Surround View
Assistance systems make manoeuvring and parking with the new 911 much easier. The front and rear ParkAssist – now �tted as standard – supports the
driver with visual and acoustic warnings. This function uses ultrasonic sensors located at the front and rear of the vehicle. ParkAssist can also be optionally
supplemented with a reversing camera. This guides the driver by displaying a colour camera image on the PCM with dynamic guide lines and distances from
potential obstacles. ParkAssist with optional Surround View additionally calculates a 360° top view from four individual cameras. The PCM display now
includes signi�cantly sharper resolution, almost twice as high as it has been in previous models.

New PCM with simpli�ed operation
The new Porsche Communication Management (PCM) with online navigation makes it much easier to control the extended Infotainment functions.
Numerous vehicle functions that were previously operated via the instrument cluster or centre console can now be con�gured in a graphically attractive
way via the 10.9-inch touchscreen display of the PCM in the new 911. Map data for most European countries is pre-installed. Perspective map views and
3D navigation maps are available in many cases.

The system is intuitive to use and can be adapted to suit personal tastes. Using prede�ned tiles, drivers have a quick and easy way to create their own home
screen including their preferred functions, such as favourite radio stations, sat nav destinations, telephone numbers, or the sports exhaust activation
function. An information widget can be added to the right-hand side of the screen, enabling users to access other functions in the PCM. For instance, the
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interactive area in the middle of the screen can be used to display the sat-nav, while the right-hand side is used for the phone function.

It is possible to navigate through the menus with just a few �nger taps and swipe movements. Just as on a smartphone or tablet, scrolling is performed by
simple swiping with a �nger tip. The new PCM is also capable of pinch-in and pinch-out operations or display rotation with two �ngers. As an additional
feature, the display can recognise handwriting: navigation destinations can simply be written on the screen. Many of the PCM functions can be conveniently
used by means of the online-supported voice control function, �tted as standard.

Choice of three sound systems
In addition to the standard Sound Package Plus, sound systems from BOSE  and Burmester  are still o�ered for the new 911. With twelve speakers and a
total output of 570 watts, the optional BOSE  Surround Sound-System o�ers an extremely balanced and true sound experience. The top system remains
the Burmester  High-End Surround Sound System, also with twelve speakers and a total output of 855 watts.

Apps and services from Connect Plus
The new 911 features 100% connectivity. The many di�erent options are part of Porsche Connect Plus, which comes as standard. Using the Porsche
Communication Management (PCM) system, the driver can now access Amazon Music, Smart Home functions from the service provider Nest and Radio
Plus, an intelligent combination of conventional reception and web radio. Thanks to the integrated LTE-capable SIM card, the new 911 is permanently
online. This function is also included in the standard equipment. Also �tted as standard: the Porsche Connect app with simpli�ed operator guidance for the
central Connect functions.

Radio Plus is a further new feature. This service with integrated web radio function means that a favourite radio station has practically an unlimited range if
the chosen station o�ers an online radio channel. If the sports car leaves the range for terrestrial reception via FM or digital radio, the system automatically
switches to online streaming. The 911 features the improved “seamless” changeover function for the �rst time, so that it is practically impossible to hear
the change in broadcasting source.

Online-navigation using swarm-based data
The online navigation function with real-time tra�c information is now even simpler, faster and more comprehensive. The basis for the simple search for
navigation destinations is the central “�nder” – represented by a magnifying glass in the header bar of the PCM. This allows the user to search for
destinations with simple terms. The �nder also o�ers a host of additional information such as fuel prices, car parks with free spaces including prices and
opening hours, or also user ratings for hotels and restaurants.

Voice input of navigation destinations is also just as simple thanks to the new Voice Pilot. The Porsche voice control function has been further developed
once more. Thanks to online voice recognition, voice inputs are now much more intuitive than before. For example, it is possible to simply enter a navigation
destination without address details.

Navigation calculation has also been optimised. This was made possible by simultaneous processing of on-board and online inputs. Route calculation for
navigation therefore takes place at the same time both online and internally in the PCM. The PCM decides independently which navigation function has
calculated the best route, but always starts with the result that has been calculated �rst.

The navigation system also processes so-called swarm data with the new Risk Radar service. This is anonymously recorded and transmitted data from
correspondingly equipped vehicles on the tra�c and road situation. On the basis of information from the vehicle sensors, this data provides warnings about
fog, slippery roads and accidents, for example. In this way, the new 911 can help to minimise dangers and prevent accidents.

Navigation destinations can also be conveniently created not just in the PCM but also in advance of a journey, using the Porsche Connect app on a
smartphone, or outside the vehicle on the “My Porsche” online platform.

One for all: Porsche Connect app for Apple and Android smartphones
The Porsche Connect app now provides the driver with even simpler and more comprehensive access to di�erent vehicle and Connect functions by
smartphone. The app is divided into three main areas: “Navigation”; “My Vehicle” for vehicle-speci�c functions; and “Me” for user-speci�c services and
settings.

Porsche Track Precision app for sporty drivers
The Porsche Track Precision app allows 911 drivers to virtually save their experiences of driving enjoyment: The app permits detailed recording, display and
analysis of driving data on a smartphone. Lap times can be automatically recorded via the PCM precise GPS signal, or manually by way of the steering wheel
button in the optional Sport Chrono Package. Time measurement is even more precise with the lap trigger optionally available through Porsche Tequipment.

The user interface of the Porsche Track Precision app has been completely modernised for the new 911. Use of the app on a smartphone is now even more
intuitive and user-friendly.

® ®

®

®
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