FRPORSCHE



Porsche HD-Matrix:
The Hidden Role of Modularization and a Headlamp Aiming Analysis

Dr.-Ing. Benjamin Hummel
Manager Front Lighting Development, Dr. Ing. h. c. F. Porsche AG

DVN 2026/02 | HD-Matrix: Just Styling and Shiny Functions? | Dr.-Ing. Benjamin Hummel FRPORSCHE




The Porsche HD-Matrix-Concept total illumination
The double HD-System — presented at DVN 2023

Bi-Function modules:
Additional high-beam

above 2500 Im and 300 Ix

+ \

HD-module
Performance

Bi-Function modules:
Ground illumination HD-module

lllumination
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Introduction HD-Matrix

Cayenne — First to Market

Panamera

911
Taycan

Cayenne Electric
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HD-Matrix;: main achievements

4-Point-Styling at night
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HD-Matrix;: main achievements

4-Point-Styling at night

BRAND IDENTITY PRODUCT IDENTITY

“Itis a Porsche” “Itisa911"
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HD-Matrix;: main achievements

4-Point-Styling at night

Micro LED Innovation

HD-module

HD-module lllumination

Performance
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LED Aspect Ratio = 1:4 = double HD concept

HD-module lllumination 10° x 40° (45 Ix)

HD-module

°

Performance

T
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HD-Matrix;: main achievements

Driver information

4-Point-Styling at night

lane light
Micro LED Innovation

Functionality
construction zone light

Animations

coming- / leaving Home
welcome and goodbye animation
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HD-Matrix;: main achievements

4-Point-Styling at night
Micro LED Innovation

Functionality

Performance
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HD-Matrix;: main achievements

4-Point-Styling at night
Micro LED Innovation

Functionality

Performance

Doubling luminous flux for Matrix function in highbeam area
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The hidden Enabler: Synergy due Modularization

Styling: the initital and overall driving force

Strategy: strong commitment to modularization

Synergy &
Efficiency

Positive effect across all project aspects

Styling

Modularization
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The hidden Enabler: Synergy due Modularization

Not just shared modules: Identical modules (COP A) across all 5 projects

Panamera 911

Cayenne Electric Taycan

Cayenne

pictures modified by Al
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Headlamp Aiming Analysis

Headlamp aiming: the hidden foundation for lighting performance & customer facing functions

Test study: visual aiming accuracy with different light distributions

* 13 subjects
» Headlamp Cayenne HD-Matrix
« Headlamp tester: (analog) Maha MLT 1000 on rail system

* Measurement:
test pattern at wall & luminance camera & Matlab code

« Task: 3 x aiming (with Maha 1000) of each light distribution

Picture generated with Al
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Headlamp Aiming Analysis

Headlamp aiming: the hidden foundation for lighting performance & customer facing functions

Test study: visual aiming accuracy with different light distributions

* 13 subjects
» Headlamp Cayenne HD-Matrix
« Headlamp tester: (analog) Maha MLT 1000 on rail system

* Measurement:
test pattern at wall & luminance camera & Matlab code

« Task: 3 x aiming (with Maha 1000) of each light distribution

Picture generated with Al
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Headlamp Aiming Analysis

90° shape improves horizontal accuracy

Overall improvement due sharper cutoff line: 0,32 -> 0,58

Best accuracy with Aiming Cross

vertical [°] standard deviation

0,12 - Low Beam @

0,08 :

0,04 :

0,00 _ . . . . . . . .
0,00 0,04 0,08 0,12 0,16

Lowbeam: digitally softened cutoff

Aiming vertical horizontal gradient view into
Distribution [*]* [T (G)** headlamp tester
Low Beam 0,12 0,16 0,32

horizontal [°]

*standard deviation

** ECER149.01G=log E(B) — log E(B + 0,1°)
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Headlamp Aiming Analysis

90° shape improves horizontal accuracy

Overall improvement due sharper cutoff line: 0,32 -> 0,58

Best accuracy with Aiming Cross

vertical [°] standard deviation
0,12 - Low Beam @
. ® 90° Aiming
0,08 -
0,04 4
0,00 T T T T T T T T
0,00 0,04 0,08 0,12 0,16

90° Shape: shape known from 84 Pixel-systems
& max. digital sharpness

Aiming vertical horizontal gradient view into
Distribution [°]* [°]* (G)** headlamp tester
Low Beam 0,12 0,16 0,32

90° Shape 0,1 0,09 0,58

horizontal [°]

*standard deviation

** ECER149.01G=log E(B) — log E(B + 0,1°)
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Headlamp Aiming Analysis

90° shape improves horizontal accuracy
Overall improvement due sharper cutoff line: 0,32 -> 0,58

Best accuracy with Aiming Cross

Aiming cross — orientation between the two cutoff-lines

vertical [°] standard deviation
Aiming vertical | horizontal gradient view into

0,12 - Low Beam @ Distribution [°]* [°]* (G)** headlamp tester

= ® 90° Aiming
0,08 - Low Beam 0,12 0,16 0,32

1 ® Aiming Cross 90° Shape 0,1 0,09 0,68
0,04 -

) Aiming Cross 0,056 0,07 0,66
0,00 I I I I I I I I

0,00 0,04 0,08 0,12 0,16 horizontal [°] *ECE R149.01 G=log E(B) — log E(B + 0,1°)
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Thank you very much for your attention!
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