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Pupil

Iris

49 The retina. Light travels through the layers of blood vessels, nerve fibres 47

and supporting cells to the sensitive receptors (‘rods’ and *
These lie at the back of the retina, which is thus functional

but is connected via three layers of cells, which form part of the
externalised in the eyeball.

rltr

LIGHT
4-1 The human eye. The most important optical instrument. Here lies the focusing
lens, giving a minute inverted image to an incredibly dense mosaic of light-sensitive
receptors, which convert the patterns of light energy into the language the brain
can read - chains of electrical impulses.

ve nf)-es |

aqueous humour

6-2 Increase in sensitivity of the cye in the dark, known as dark adaptation.
The red curve shows how the cone cells adapt, while the hlack curve shows
rod adaptation, which is slower and proceeds to greater sensitivity. In dim
light only the rods are functional, while they are probably inhibited in
brighter light used by the active cones.

—3

light sensitivity (log units)

0 5 10 15 20 25 30
time in dark (minutes)
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Table 2

The components of the drivers’ reaction time in
different conditions

The place of the experiment

l.:llml:-’th'r:}' | Keal conditions

The duration of the re- . m—— |
sponse time components | imple |Complex| Simple |Complex
reaction, | reaction, | reaction, | reaction,

s s b b SC
TI'IE' R of in- T @YD AN aoda ndan fat
formation to the 0,034
cerchral cortex , F
laTl:L:l The detection - .
| neriod and identification| 0109 0290 0,151
Pe of the stimulus )
! TEI:'E::I::;' 0.127 | 0465 | 0295

Appropriate action | 0.503 1.131 | 0.710
The overall response time | 0.773 1.920 1.150
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Table 4. Recommended maintained lighting levels for externally and internally lighted roadway signs, dur-

ing hours of darkness.

Ambient

light level
VP AR AT

(ojn'72) v7wn 7¥ PAIXN NNnXY

Maintained Average
Sign llluminance

lux footcandles

(vnm1) VW U nyxIMn NiE'NA
Maintained Average

Sign Luminance*

Candelas/ Candelas/
sq. meters sq. foot

Low 171N Y12 ININ ITX

140 13 20 1.9
Medium 1112 ypa aRm TR 280 26 40 3.7
High N2 Y12 IR TN 560 52 80 7.4

* Sign luminance is based on maintained reflectance of 45 percent for white sign letters, assumed to be dif-

fuse. For luminance in footlamberts (unit now deprecated), multiply the candelas/sq. foot value by 3.142.

Digital LED Billboard Luminance Recommendations
How Bright Is Bright Enough?

DRAFT LED 07w v nyxinn nip'na

Christian B. Luginbuhl, U.5. Naval Observatory Flagstaff Station
Howard Israel, Phoenix, Arizona

Paul Scowen, Arizona State University

Jennifer and Tom Polakis, Tempe Arizona

9 November 2010

Summary

Careful and sensible control of the nighttime brightness of digital LED signage is critical. Unlike previous

technologies, these signs are designed to produce brightness levels that are visible during the daytime;
should too large a fraction of this brightness be used at night serious consequences for driver visibility
and safety are possible. A review of the lighting professional literature indicates that drivers should be
subjected to brightness levels of no greater than 10 to 40 times the brightness level to which their eyes
are adapted for the critical driving task. As roadway lighting and automobile headlights provide lighting
levels of about one nit, this implies signage should appear no brighter than about 40 nits. Standard
industry practice with previous technologies for floodlit billboards averages less than 60 nits, and rarely

exceeds 100 nits. Itis recommended that the new technologies should not exceed 100 nits.
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