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Background

E Present characterization
ofi vehicle headlight
photometry IS based on:

U Photopic luminous
efficiency function

U Luminous Intensity values sool h 600
at specific angular locations wavelength (nm)
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The Perfect Storm?

E In the past.decade, vehicle
headlights have evolved in a
AUMBEr ef:ways (HTsA, 2007)

u New (often “bluer®) and sometimes NIGHTTIME GLARE

AND DRIVING PERFORMANCE

nigher-outputlight:sources
A High-intensity discharge (HID, or-xenon)
A Coated-bulb halogen
A Coming soon: light-emitting diode (LED)
U Increased mounting heights (e.g.,
S{UAYE)]

U Decreased likelihood of proper aim
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Spectral Power Distribution

E The trend with newer headlight:sources is
toward increased short-wavelength light-output

Glare Source Spectral Power Distributions
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Spatial Distribution

E Because of improved luminous efficacy,
HID headlamps have increased peripheral
light-output

—
J I

—&e—HID
—il—Halogen A
—&— Halogen B

— —
-

O

—
o
S
@
o
c
©
e
E

3

B = N N - Y«

i
o

2.5 7.5
angle (degrees)

Lighting -

®
ResearCh Center © 2008 Rensselaer Polytechnic Institute. All rights reserved.

%) Rensselaer




Characterizing Headlight Glare

E Disability glare
U Reduction in visibility caused by luminous velil
due to scattered lightin the-eye

u Well-understooed guantitatively for.decades
(Fry, 1954)

E Discomfort glare

U Annoying or painful sensation when exposed
to a bright-light in the field-of view

U Much less understood (rea, 2000)
Lighting ”

®
ResearCh Center © 2008 Rensselaer Polytechnic Institute. All rights reserved.

%) Rensselaer



Characterizing Headlight Glare

E Visual recovery

U Reduction in visibility caused by increased
visual adaptation followed by several seconds
ofi reduced visual sensitivity: aiter exposure o
a bright-light
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Disability Glare

E Reductions in visibility
from oncoming headlights
with different.spectral
power distributions
depended only on the
photopic llluminance at
the eye (ulough etal, 2003)

u Conventional photometric
characterization has utility
In predicting disability glare _ ) .

oncoming illuminance (Ix)

reaction time (ms)

=

Lightin .
& 5 'Rensselaer

ResearCh Center © 2008 Rensselaer Polytechnic Institute. All rights reserved. L




Discomfort Glare

E Mechanisms are not understood

E Methods to characterize discomfort glare
physiolegically have not been sueeessiul
u Pupil size fluctuation
U Electrophysiological measures
U Squinting

E Psychology surely plays a role, too
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The State of the Art In Discomfort
Glare

E Subjective ratings
U De Boer (1967) scale IS

common IR automotive
lighting research

u Discomfort glare ratings are
strongly correlated with
lliiminance at the eye

A Background light level,
location In field of view, and
even what one IS doing when
rating the glare all influence
the absolute level of

discomfort (Bullough et al., 2002,
2003, in press; Theeuwes et al., 2002)
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Discomfort Glare

E Headlights with greater short-wavelength light-output
produced greater discomfort: (Bullough et al., 2002, 2003; Flannagan, 1999)
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A Possible Mechanism?

E Imagine creating a luminous efficiency. function from the
short-wavelength (S) cone photoreceptor spectral
Sensitivity

U Peak near 450 nm

— Photopic
— S Cone

Wavelength (nm)
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Further Experiments

E Using narrowband filters and a xenon light
source, discomfort glare from 5° off-axis was
measured for several wavelengths and several
lilminances at the eye (bDee, 2003)
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Modeling Spectral Sensitivity
for Discomfort Glare
E A combination of V4(l) (cie, 2005) and short-

wavelength cone sensitivity was the best rectifying
variable for discomiort-ratings

y =-0.94Ln(x) + 4.09
R*=0.97
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E Follow-up study watkinson, 2005) confirmed these results
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s Discomfort Glare Excess
Brighthess? A ke P

E If 'so, peripheral
prightness data from
\Weale @os3) offerran
Interesting hypothesis
forr peripheral angles
other than 5°
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Role of Spatial Distribution

E Disability and discomfort glare are acute
phenomena

E Different headlights provide different
lliiminance “profiles* to oncoming drivers
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Characterizing Headlights for
Visual Recovery

E Dosage: illuminance - duration
E Peak: maximum illuminance

E To what extent to these parameters impact
visual recovery?
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Recovery Laboratory Study

EFour illuminance/dosage Condltlons

ul U x --fior 5.:seconds

u2 .l iux- f-or 2:.-5- s.e ¢ 0N Yy
u2 iU x oot 0er 5.-:.seconads ]
ud ol ux - for 2:.-5- S e C 0N

ETime to detect a target-presented
Immediately after exposure profile was
measured (chen, 2004)
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Recovery Laboratory Study Results

y=0.04x+0.45

R>=0.99

E Recovery
times were
correlated
With ' dosage

E Discomfort ;

ratlngs Were g’; y = -1.05x + 7.16
correlated o
with peak 8
Hluminance 1
(Chen, 2004) llluminance (Ix)
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Implications for Headlight
Measurement

E Conventional headlight photemetry only
partially.characterizes their glare-related
Properties

u Disability glare

600
wavelength (nm)
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Characterizing Discomfort Glare

E A function combining
phoetopic (large-field)
sensitivity and short-
wavelength (S cone)
sensitivity: appears to
rectify discomiort-glare
from different:spectra |
(at59)

Wavelength (nm)
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Characterizing Visual Recovery
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