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Thank you, Partners and Sponsors
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Why do we light?

ÈVisual performance

üAssembly, reading, accounting

ÈSafety ïcrash avoidance

üVehicle-to-vehicle ïon-axis judgement

üVehicle-to-pedestrian or bicycle ïoff-axis detection

ÈSecurity ïsense of safety

üScene brightness

ÈQuality of life

üCircadian entrainment
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ÈAssembly, reading, accounting

Why do we light?
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Sponsor: National Research Council Canada



© 2017 Rensselaer Polytechnic Institute. All rights reserved.

Why do we light?

Adapted from connectedvehicle.challenge.gov
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Is the gap large enough to turn?

Most crashes are vehicle-vehicle at conflict points (intersections)
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Sponsor: National Academy of Sciences

Crash avoidance
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Analyzing on-axis visibility

ÈApply relative visual 
performance (RVP) model

ÈContrast and background 
luminance based 
upon V(l)
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V(l)

6



© 2017 Rensselaer Polytechnic Institute. All rights reserved.

Driving performance ïon- and off-axis
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Bulloughand Rea 2000

Sponsors: DOE, GE, OSRAM Sylvania, Philips, Venture 
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Analyzing off-axis visibility

ÈApply unified system 
of photometry

ÈAdaptation level based 
upon Vô(l) and V10(l)
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Vô(l) V10(l)
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Why do we light?

ÈUniversity of Washington
Three campus parking lots

üHigh pressure sodium

üMetal halide

üLED
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Sponsor: Bonneville Power Administration

To feel safe
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Analyzing scene brightness judgments

1010

Scene brightness 
ratings are 

proportional to

safety ratings
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Why do we light?

ÈImprove quality 
of life

üSenior facilities
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Sponsor: National Institute on Aging (R01AG034157)

Figueiro M, Plitnick B and Rea M. Research Note: A self-luminous light table for 

persons with Alzheimerôs disease. Light Res Technol. 2015: 1477153515603881.

Better Sleep Less Depression Reduced Agitation
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Potential negative, collateral consequences

ÈBlindness from blue light hazard 

ÈGlare

üDisability

üDiscomfort

ÈCircadian disruption and 
melatonin suppression
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* Morgan, JIW et al. 2008. Light -induced retinal 
changes observed with high-resolution 
autofluorescence imaging of the retinal pigment 
epithelium. Investigative Ophthalmology & Visual 
Science, 49:8, 3715-3729

* 
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Critical considerations before we start
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ñEverything should 
be made as simple 
as possible, but not 
simpler.ò

A. Einstein

ÈAppropriate metrics, quantities and units

üNot ñblue wavelengthsò or CCT

ÈUse cases: exposure/dose 
(amount and duration)



© 2017 Rensselaer Polytechnic Institute. All rights reserved.

Blue light hazard

ÈWhat is blue light hazard?

üTemporary or permanent 
loss of visual photoreceptor 
function following exposure 
to short-wavelength 
radiation imaged on the 
retina 
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V(l) = Photopic
B(l) = Blue light hazard
U(l) = Universal luminous efficiency

function
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Pigment epithelium

15



© 2017 Rensselaer Polytechnic Institute. All rights reserved.

Blue light hazard

Lb1 ɗ ɗô

Ecornea
[W m-2]

Eretina 1
[W m-2]

Lb1, Source Radiance

[W m-2 sr-1]

Depends on short-term 
(hours) cumulative 
retinal irradiance of short 
wavelength radiation 
(~400 to ~500 nm)

Retinal irradiance depends on:
Å Source size
Å Output power 
Å Optics (if any)
Not irradiance at the eye!

Lb2

Ecornea 2

Eretina 2

Ecornea 1 = Ecornea 2 = Ecornea 3

Eretina 1   < Eretina 3   < Eretina 2

Lb1 <  Lb2 eff. <  Lb2

Ecornea 3

Eretina 3Lb2 eff.

ɗ= 0.6°

Radiance
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Blue light hazard comparison

*Permissible exposure times (PET) are not defined for weighted radiance < 100 W m-2 sr-1 

�•Permissible exposure times are not defined for small sources (<0.63°) for weighted irradiance < 1 W m-2

PET = 278 hours/Lb for t < 2.78 hours or PET = 100 seconds/Eb for t < 100 seconds
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Source
Actual 

Luminance
(cd/m2)

Effective 
Luminance

(cd/m2)

Blue Hazard 
Weighted 

Radiance, Lb
(W m-2 sr-1)

PermissibleExposure 
Time per

CIE/IEC 62471 

Noon sun 1,600,000,000 1,600,000,000 1,200,000 ~1 s

Blue sky 4,000 4,000 6.2 Indefinite/44 hrs*

Blue LED light box (600 luxat eye) 9,000 9,000 60 Indefinite/4.6 hrs*

Blue LED 500mW,@ 0.5 m 5,100,000 170,000 2620 �ò�X�ð���u�]�v�•

Royal BlueLED 3W, @ 0.5 m 2,760,000 1,040,000 15,700 64 s

Fluorescent lamp (T8 RE 4100K) 10,000 10,000 5.6 Indefinite/50 hrs*

Incandescentlamp filament @ 0.5 m 12,000,000 2,500,000 858 �î�ì���u�]�v�•

White LED (3000 K) @ 0.5 m 17,000,000 1,000,000 388 �ð�ï���u�]�v�•

White LED (4000 K) @ 0.5 m 17,000,000 1,000,000 510 �ï�ï���u�]�v�•

White LED (6500 K)@ 0.5 m 17,000,000 1,000,000 858 �î�ì���u�]�v�•


