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Driving Situation at Night
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Low Beam 

High Beam 

Low Beam 

This Situation happens quasi every night. Do we know exact numbers how often ?
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Literature Data on High Beam Usage
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Source:  Mefford, Flannagan, Bogard,, Sivak: Real-World Use of High Beam Headlamps. 

ISAL 2007

Authors Year Region Test Type HB Usage (AVG)
Mefford, Flannagan, 

Bogard, Sivak
2007 USA South East Michigan

Every Day Use 3,1%
(most favorable condition 25,4%)

Böhm, Krems, Locher 2009 D Rural Roads 19,1%
Sprute 2012 D 3 different Rural 

Straight Roads 25,5%

High Beam Usage in USA 2007
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LED Low Beam + HD Matrix
LED Low Beam 

+ SmartMatrix

LED/ Xenon  Low Beam + 

Partial High Beam

ADB and Matrix: Many Solutions 
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Usage Time of MXB Systems
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Variable Segment Number and 
Fixed Traffic Density 
(3,1 veh./km → ~ 240 veh./hr, ISAL 2013

80% > 3°

90% > 8°

70% > -3°

90% < -10°

From: 
Austerschulte, A., Dreier, B., Rosenhahn, E.-O.: “Analysis of Safety Aspects for
LED Matrix High Beam Functions”. ISAL 2013, Vol 15. 
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Matrix LED in Series production (2018)

Audi TT
LandRover Velar

Audi A3

Audi A5

Audi A4

Audi A6

Audi Q5

Audi A7

Audi A8

Audi Q7

Porsche Panamera

Mercedes CLS-Class

Opel Astra

Mazda CX-5 & 6

Audi A8

Roewe RX5

Mercedes E-Class

Opel Insignia

Audi etron

Mercedes S-Class

Lexus LX

Jaguar ePace

VW Touareg

BMW Mini
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2018: Many ADB names have been invented
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➢Adaptive LED Headlights

➢Active High Beam

➢Dynamic Light Assist

➢High Beam Control

➢ Intelligent Light System

➢Maskiertes Dauerfernlicht

➢Matrix LED

➢Multibeam 

Source: OEM Websites
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➢AHS Adaptive High Beam System

➢ iQ Light

➢ADB LED Array

➢ Intelligent Frontlighting IFS

➢Pixel Matrix LED

➢LED Matrix Vision

➢ Intellilux

➢Adaptive LED 

2021: And even more names…..
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2021: Worldwide Models available with Matrix / ADB

Internet Research Result: 143 Models
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Audi A8 (Start 

2013)

Audi Q8 Audi A7 Audi Q7 Audi A6 Audi e-tron / 

Sportback

Audi Q5 Audi A5 Audi A4 Audi Q4 etron 

Audi A3 Audi Q3 / Q3 

Sportback

Audi Q2 Audi TT Audi e-tron GT BMW 8-series BMW 7-series BMW 6-series / GT BMW 5-series BMW 4-series

BMW 3-series / GT BMW 2-series BMW 1-series BMW Mini 

/Clubman/Country

man

BMW X7 BMW X6 BMW X5 BMW X4 BMW X3 BMW X2

BMW 2-series 

GranTourer

BMW X1 BMW i3 BMW iX3 Bentley Flying Spur Bentley Mulsanne Bentley Bentayga Bentley 

Continental

BYD Tang BYD Quin

BYD Han Chery Yiedu X90 Chery Tiggo 7 Pro Chery Tiggo 8 Pro Changan UNI-T Changan CS55 Donfeng Fengguan 

580

Dongfeng Aeolus 

AX7

HongQi HS9 HongQi HS7

Maserati Levante Maserati Ghibli Lincoln Corsair 

Adventurer

Ford Edge Geely Hoayue Volvo XC90 Volvo S90 Volvo XC60 Volvo S60 Volvo V40

Volvo Polestar Cadillac XT6 Buick Envision Plus Buick Verano GS Wey VV6 Wey VV7 Haval H6 Haval H9 Haval Chitu Honda Civic

Genesis G80 Genesis G70 Genesis GV80 Hyundai Ioniq 5 LR Evoque LR Discovery LR Range Rover Jaguar I-Pace Jaguar E-Pace Jaguar F-Pace

Jaguar XF Mazda Series 6 Mazda CX5 Mazda CX 30 Mercedes S Mercedes S-Coupe Mercedes GLS Mercedes GLE Mercedes EQS Mercedes EQE

Mercedes CLS Mercedes EQC Mercedes GLC Mercedes E /E-

Coupe

Mercedes C /C-

Coupe

Mercedes GLB Mercedes GLA Mercedes CLA Mercedes B Mercedes A

Mercedes EQA Mercedes V Opel Insignia Opel Astra Opel Corsa Opel Mokka Opel Grandland Opel Crossland Citroen DS3 / DS3 

Crossback

Peugeot 5008

Peugeot 308 Nissan Qasqai Renault Talisman Renault Espace Roewe RX5 Roewe Marvel R Seat Leon Seat Ateca Skoda Superb Skoda Octavia

Skoda Enyiaq Skoda Kiodiaq Toyota Prius Toyota Corolla Toyota RAV4 Toyota Yaris Toyota Subaru 

Outback

Toyota Lexus NX Toyota Lexus RX Toyota Lexus UX

Toyota Lexus ES Toyota Lexus CT VW T-Cross Coupe VW ID3 VW ID4 VW Golf VW Touran VW Tiguan VW Passat VW Passat CC

VW Arteon VW Sharan VW Touareg ( Start 

2010) 

Source: OEM Websites, Online Configurators and Internet search for ADB, Matrix etc. Search Timeslot 08/09, 2021
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Worldwide Cars available with ADB
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Source:  https://ihsmarkit.com/index.html
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Produced Volumes - ADB content (IHS Database, OEM communication)

(New Cars or respective Facelifts from 2013…2018) = 51 models
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Audi
A8 
(MY2013) 146000

A8 
(MY2017) 31000

Q8 28000

A7 
(MY2014) 103000

A7 
(MY2018) 25000

Q7 260000

A6 (MY 
2015) 320000

A6 
(MY2018) 75000

Q5 330000

A5 190000

A4 1030000

A3 460000

Q3 23000

TT 182000

Audi e-
tron

5000

3208000

BMW: 7-series 286000

6-series 66000

5-series 487000

4-series 398000

3-series 1033000

2-series 147000

1-series 514000

Mini 192000

X6 93000

X5 415000

X4 112000

X3 145000

3888000

Mercedes: S-Class 484000

S-Class 
Coupe 38000

CLS-Class 36000

E-Class 1183000

C-Class 161000

GLE 58000

GLC 178000

V-Class 129000

2267000

Opel/PSA: Insignia 262000

Astra 780000

Citroen 
DS3 52000

1094000

Volvo: XC90 169000

S90 62000

XC60 71000

S60 55000

V40 184000

541000

VW: Touareg 45000

Arteon 63000

Passat 404000

CC 88000

Tiguan 727000

Sharan 80000

Touran 453000

Golf 1137000

2997000

Others Mazda 270000

Jaguar/Landro
ver 335000

Lexus/Roewe
et al.

100000

705000

Estimated Total produced cars with ADB as an option:

14.700.000 cars (2013..2018)

More details: See DVN Rochester 2019 Presentation

https://www.drivingvisionnews.com/news/2018/10/20/2019-dvn-us-workshop-3/
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Cumulated Produced Volumes - ADB content (IHS Database, OEM Communication) 

New Cars/Facelifts from 2013…2021 (= 143 models)
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Estimated Total produced cars with ADB as an option:

(143 models =                 280 % vs. 2018)

63.970.336 cars = 435 % vs. 2018

Audi A8 (Start MY2013) 241.019

Q8 183.733

A7 (Start MY2014) 174.207

Q7 573.590

A6 (Start MY 2015) 1.256.730

Audi e-tron /e-tron Sportback 189.558

Q5 1.482.290

A5 534.624

A4 2.279.900

Q4 etron 15.004

A3 1.542.404

Q3 / Q3 Sportback 661.065

Q2 231.176

TT 232.495

Total Audi 9.597.795

BMW 8-series 71.057

7-series 503.630

6-series / GT 153.134

5-series 1.915.630

4-series 760.095

3-series / GT 2.577.686

2-series 287.788

1-series 1.277.903

Mini /Clubman/Countryman 1.581.894

X7 154.823

X6 223.620

X5 1.095.171

X4 350.110

X3 1.316.875

X2 377.361

2-series GranTourer 401.179

X1 1.040.321

i3 139.289

TotalBMW 14.088.277

Bentley Flying Spur 8.922

Mulsanne 1.758

Bentayga 16.464

Continental 18.613

Total Bentley 45.757

BYD Tang 59.957

Quin 87.849

Han 135.056

Total BYD 282.862

Changan Changan UNI-T 104.157

Changan CS55 217.488

Total Changan 321.645

Dongfeng Fengguan 580 80.784

Aeolus AX7 25.287

Total Dongfeng 106.071

FAW HongQi HS9 4.585

HongQi HS7 22.346

Total FAW 26.931

FCA Maserati Levante 19.524

Maserati Ghibli 9.990

Total FCA 29.514

Ford/Lincoln Lincoln Corsair Adventurer 72.134

Ford Edge 483.260

Total Ford / Lincoln 555.394

Geely /Volvo Hoayue 75.378

XC90 453.438

S90 190.874

XC60 448.801

S60 216.424

V40 540.602

Polestar 1.358

Total Geely/Volvo/Polestar1.926.875

GM  Cadillac XT6 101.181

Buick Envision Plus 31.367

Buick Verano GS 19.442

Total GM 101.181

Great Wall Wey VV6 64.488

Wey VV7 19.413

H6 50.689

H9 38.779

Haval Chitu 21.504

Total GW/Wey/Haval 194.873

Honda Civic 291.335

Total Honda 291.335

Hyundai Genesis G80 117.137

Genesis G70 23.832

Genesis GV80 52.073

Ioniq 5 33.265

Total Hyundai 226.307

Jaguar 

/LandRover LR Evoque 279.163

LR Discovery 46.176

LR Range Rover 202.040

Jaguar I-Pace 58.740

Jaguar E-Pace 78.810

Jaguar F-Pace 87.068

Jaguar XF 30.956

Total Jaguar/LandRover 782.953

Mazda Series 6 581.730

CX5 1.417.427

CX 30 425.146

Series 2 165.783

Total Mazda 2.590.086

Mercedes S 797.318

S-Coupe 51.157

GLS 138.139

GLE 496.247

EQS 15.661

EQE 1.674

CLS 141.282

EQC 134.091

GLC 1.043.673

E /E-Coupe 2.661.671

C /C-Coupe 1.827.315

GLB 270.047

GLA 708.288

CLA 231.107

B 265.820

A 1.229.003

EQA 52.360

V 695.157

Total Mercedes 10.760.010

Opel Insignia 496.727

Astra 1.388.314

Corsa 536.126

Mokka 112.320

Grandland 103.683

Crossland 374.066

Total Opel 3.011.236

PSA/Citroen Citroen DS3 / DS3 Crossback 515.674

5008 170.785

308 182.208

Total PSA Citroen 868.667

Renault /Nissan Nissan Qasqai 404.272

Renault Talisman 41.272

Renault Espace 14.821

Total Renault/Nissan 460.365

SAIC Roewe RX5 396.146

Roewe Marvel R 6.816

Total SAIC 402.962

Seat Leon 310.185

Ateca 174.193

Total Seat 484.378

Skoda Superb 302.616

Octavia 1.094.713

Enyiaq 248.684

Kiodiaq 116.016

Total Skoda 1.762.029

Toyota/Lexus 

/Subaru Prius 1.168.606

Corolla 1.000.477

RAV4 1.418.764

Yaris 142.044

Subaru Outback 202.407

Lexus NX 627.687

Lexus RX 601.243

Lexus UX 255.729

Lexus ES 417.820

Lexus CT 55.032

Total Toyota/Lexus/Subaru5.889.809

Volkswagen T-Cross Coupe 14.870

ID3 145.664

ID4 96.676

Golf 3.151.605

Touran 533.527

Tiguan 2.538.811

Passat 1.844.267

Passat CC 95.457

Arteon 160.864

Sharan 163.022

Touareg 242.941

Total Volkswagen 8.987.704

Chery Yiedu X90 25.979

Tiggo 7 Pro 53.735

Tiggo 8 Pro 95.606

Total Chery 175.320
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› Total produced cars:  63.970.336 

› Estimated Equipment rate: 10%  

(conservative approach )

› Total cars on roads in ECE and China: 6.397.033

More calculation:

Statistics: Average kilometers 2019 per car EU : 12.000km / a

(Germany was 14.259km/a)

(source enerdata 2019, AutoMotorSport)

Total driven kilometers with ADB cars /(2018):  76.764.396.000     = 76.764 billion kilometers

Assumption: Kilometers driven at night:     33%

Total driven kilometers

at NIGHT with ADB cars /(2021):    25.332.120.000          = 25,332 billion kilometers / yr.

Mathematics
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(= 438% vs. 2018)
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› More than 25 billion kilometers driven at night with ADB cars

› All 143 models have passed ECE/GB/National homologation

› ECE R. 123 requires measurement of ADB functionality

› ECE R.48 requires ADB functionality test

› Not a single field recall or regulation authorities investigations about Malfunctioning ADB

› ADB according to ECE R.123 has passed the largest imaginable field test

Summary Statistics 2018 and 2021
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143 models, 6 Million Cars. 25 Billion kilometers / yr.
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ADB Approval in the World
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ECE Regulation 123: ADB Measurement in R.123, Table 7
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143 models, 6 Million Cars. 25 Billion kilometers / yr.
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ADB Measurement ECE R. 123, Table 7
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143 models, 6 Million Cars. 25 Billion kilometers / yr.
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ADB in USA
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plus 47 pages

….since March 2013…

143 models, 6 Million Cars. 25 Billion kilometers / yr.
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Question to discuss: 143 models. 6 Million Cars. 25 Billion kilometers. 
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Do we really need more weird and spooky tests

to demonstrate ADB does no harm ?

143 models, 6 Million Cars. 25 Billion kilometers / yr.
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AAA : American Automobile Association, April 16, 2019
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https://info.oregon.aaa.com/aaa-u-s-headlights-lag-behind-those-in-canada-and-europe/

https://info.oregon.aaa.com/aaa-u-s-headlights-lag-behind-those-in-canada-and-europe/
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Test Object Detection with Low Beam

Explanation picture
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Test Object Detection with ADB

Explanation picture
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ADB vs. Low Beam

Detection Distance Investigations:

0,0

25,0

50,0

75,0

100,0

125,0

150,0

1 2 3 4 5 6

Object Detection Distance

ADB Detection Distance / m LB Detection Distance / m

AVG

AVG 120m 
ADB

AVG 71m  
LowBeam

49 m = 67,4%  Detection Distance Improvement

Test Setup for Detection Distance
• Static situation
• 5 Testpersons
• Dry Road
• Pedestrian Object moving in driving lane
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Explanation picture

Authors Situation Function Detection distance Delta ADB vs. 

LB
Kleinkes 2013 Static

Oncoming car @100m

Low Beam 82 m + 57 m

Static

Oncoming car @100m
ADB 139 m 

Zydek 2014 Dynamic

Oncoming Cars

LB Halogen 58,8 m + 61,6 m 

Dynamic

Oncoming Cars

LB HID 88,4 m +32 m 

Dynamic 

Oncoming Cars
ADB HID 120,4 m 

Bullough 2016 Dynamic

Walkway Detection

Low Beam 52 m + 64 m

Dynamic

Walkway Detection
ADB 116 m

Light Pattern Detecition Distance

ADB 120 m Delta = 

+ 49 m (67,4%)LB 71 m 
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Hypothetical Accident Analysis
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Source:  Youtube
https://www.youtube.com/watch

?v=pO9iRUx5wmM
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Accident Analysis
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@5lx 
47,6 m
= 2,1 sec

5 lx

3 lx

@3lx 
53,8 m
= 2,4 sec

Detection Object starts
to move at 90m distance

Simulation and Analysis Assumptions: 

- Vehicle speed 50 mph (= 22 m/sec)

- Standard US LED Low Beam with proper aiming
(e.g. IIHS rating 12 demerits = Acceptable )

Simulation: Special thanks to Mr. Eichinger, zkw Wieselburg, Austria
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5 lx

3 lx

Accident Analysis
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Detection Object starts
to move at 90m distance

@5lx

93,9 m
= 4,2 sec

@3lx 
126,6 m
= 5,7 sec

LED of LEFT Highbeam

LED of RIGHT Highbeam

Preceeding car @ 150 m

distance 

/ m

equivalent 

/ seconds

5 lx Low Beam 47,6 2,1

5 lx MXB 93,3 4,2 ---> plus 100%

(2,1 seconds)
3 lx Low Beam 53,8 2,4

3 lx MXB 126,6 5,7 ---> plus 140%
3,3 seconds)

Simulation and Analysis Assumptions: 

- Vehicle speed 50 mph (= 22 m/sec)

- US Std. LB but ADB activated (GTB HSPR Rating: Premium)

Simulation: Special thanks to Mr. Eichinger, zkw Wieselburg, Austria
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Hypothetical Accident Analysis
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Source:  Youtube
https://www.youtube.com/watch

?v=pO9iRUx5wmM

2 Seconds….
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›ADB is the Future Standard Safety Technology. 

143 car models, 6 million cars and 25 billion km / yr.

are no longer negligible.

›ADB improves visibility for about 50..65 m, 

giving detection distance of appr. 120m.

›This is equivalent to appr. 2..3 seconds more reaction time.

›ADB is a Safety Feature. It avoids accidents.

›How are the bets for U.S. ?

Summary
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143 models, 6 Million Cars. 25 Billion kilometers / yr.
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Thank you for your

attention!
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143 models, 6 Million Cars. 25 Billion kilometers / yr.


