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Outline

• Needed safety solutions

• Proven technologies

• Uncertain regulations

• Powerful market forces

• Confusing voices

• What do we know?

• Where do we go?
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Need for Improved Safety
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Visual Performance

• Speed and accuracy of 
visual processing depends 
upon:

• Overall light level

• Contrast

• Size

• Age of observer

(Rea and Ouellette 1991)
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• Most roads in the U.S. 
are not illuminated 
(NHTSA 2007) so 
vehicle headlights are 
critical

• Visual performance 
improvements from 
lighting are directly 
correlated with 
nighttime crash 
reductions associated 
with lighting

(Bullough et al. 2013)
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Role of Automotive Lighting
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Driver Behavior is not Always Optimal

(Mefford et al. 2006)
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Lighting’s Implementation is not Always Optimal

In-service vehicles New vehicles

(Skinner et al. 2010)
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Adaptive Driving Beam (ADB) Headlights
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ADB Improves Visibility and Reduces Glare

(Bullough et al. 2016)
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Visual Performance Benefits of ADB

At minimum safe stopping distance for highway driving, ADB headlights are 
predicted to result in (relative to low beam headlights):
• 5.3% nighttime crash reduction for 30 year old drivers
• 12.3% nighttime crash for 60 year old drivers                           (Bullough 2021)
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Value and Benefits of Projected Road Images

(Bullough and Skinner 2022)
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Steps Toward ADB Regulation

• Field tests of an ADB vehicle were 
made along a flat, straight road using 
procedures developed for SAE J3069

• Measurements were feasible and 
repeatable
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Regulatory Uncertainty
• SAE J3069 (1st edition): 14 pages
• Docket No. NHTSA-2022-0013: 111 pages
• Issues include small/restrictive “transition 

zones” that could result in large “dim” regions
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Powerful Market Forces

• Despite ADB’s promise, much 
focus is on low beam 
headlight performance

• Numerous rating systems to 
evaluate vehicle headlights 
have been developed

• Insurance Institute for 
Highway Safety (IIHS) system 
is influential in the U.S.
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Influence of IIHS Rating System

• IIHS tests headlights with vertical aim “as 
delivered” 

• In 2016 the range of vertical aim was 0.9o 
(0.65o down to 0.25o up)
• In practically none of them, the aim was “perfect” (0o 

up/down)

• In 2022 the range of vertical aim was 0.55o 
(0.31o down to 0.23o up)
• In 25% of them the aim was “perfect” 

(0o up/down)
(Bullough 2016)
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Relation between IIHS Ratings and Safety?

Visibility Demerits Night Crash Reduction 

(30 Year Old)

Night Crash Reduction 

(60 Year Old)

40 - -

30 2.8% 10.2%

20 1.6% 4.6%

10 1.1% 2.7%

(Bullough 2023)
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What are Drivers’ Main Concerns?

• Glare, glare and glare

• More specifically, discomfort glare from “bluish” headlights!
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The Squeaky Wheel
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www.softlights.org



What Do the Data Say About Glare’s Causes?

19(Bullough 2013)



What Will Bring Clarity to the Issue?
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What Do We Know?

• Headlights have an important role to play in improving nighttime 
safety of pedestrians and drivers

• Despite their safety benefits, ADB headlights might not be 
widespread on U.S. vehicles for some time

• The driving public’s view of glare is focused on the color of 
headlights
• But compared to headlight aim, which is very widespread, color is a 

secondary issue

Where Do We Go?
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Thank You!

• Light for Transportation Safety Partnership:
• ams OSRAM, Audi, Forvia Hella, General Motors, Lumileds, Varroc

• Contact information:
• John D. Bullough, Ph.D.

Light and Health Research Center
Icahn School of Medicine at Mount Sinai
Web: http://icahn.mssm.edu/lhrc,  http://www.light-health.org
Email: John.Bullough@mountsinai.org 
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