
Direct glare

 Factors: luminance, size, and position of each light 
source in the vision field, the adaptation level of the 
eye (background luminance)

 Glare is proportional to a source’s luminance and its 
apprehended solid angle.
 Source luminance is more important than the number of 

sources. The reduction in glare by 0.5 L is greater than by 
0.5 n. (10 lamps of 1.0 L vs. 20 lamps of 0.5 L)

 A bare bulb vs. luminous ceiling 
 The amount of direct glare is inversely proportional 

to the background luminance (eye adaptation level). 
 A ceiling fixture with a luminance of 4,000cd/m2 with an eye 

adaptation level of 150cd/m2 (indoor space) vs. with an eye 
adaptation level of a daylight condition (1,500cd/m2)

 An automobile’s headlights at night vs. in daylight
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Visual Comfort Probability (VCP)
 Defined as the percentage of normal-vision observers who will be 

comfortable in that specific visual environment. 
 A set of standard conditions for VCP calculation (established by 

IESNA)
 1000-lux illuminance 
 Room reflectances: 0.8 for ceiling cavity, 0.5 for wall, 0.2 for floor 

cavity
 Luminaire mounting height: 2.55, 3.0, 3.9, 4.8m (8.5, 10.0, 13.0, 16.0 

ft)
 Luminaires are fractionally apportioned over the ceiling according to a 

standard scheme
 A given range of representative room dimensions including square, 

long narrow, and short wide rooms
 An observation point: 1.2m(4ft) in front of the center of the rear wall 

and 1.2m(4ft) above the floor
 A horizontal line of sight looking directly forward 
 A head-up field of view limited to 53° above and directly forward from 

the observer
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VCP calculation

n: number of sources

DGR= Discomfort Glare Rating
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Three conditions for avoidance of 
direct glare

 VCP ≥ 70
 Max(Luminaire L)/Average(Luminaire L) ≤ 5 

(preferably 3) at 45°, 55°, 65°, 75°and 85°
from the nadir, crosswise and lengthwise

 Max(Luminaire L) crosswise and lengthwise 
do not exceed:

Fig. 6.24
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Example of published VCP
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Discussions
 Advantages of the standardized procedure (even 

before a specific lighting layout has been made) 
 Simplification of VCP calculations
 Comparison between luminaires 

 Limitations
 In small spaces, VCP has little significance. In such 

rooms less than 6m in length and width, the luminaires 
are largely out of the view.

 Tabulated VCP figures are given for worst viewing 
position. Because VCP varies dramatically with observer 
position, the VCP values given are lower than the 
space’s average VCP.
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Veiling reflections and 
reflected glare 

 Veiling reflections vs. reflected 
glare. Two terms are 
interchangeable. 
 Veiling reflections: related to 

dull finish surfaces 
 Reflected glare: related to 

polished or mirror surfaces

 Nature of problem: Fig. 6.26
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Geometry of reflected glare
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Contrast reduction
 The principal effect of the reflection of a light source in a visual 

object is to reduce contrast between the object and background, 
thus reducing visibility: 광원의 반사가 contrast를 줄임으로, 
visibility를 감소시킴

 Contrast reduction increases: 
 (1) When the incident angle approaches the viewing angle, the 

specularly reflected component of this light becomes more and 
more pronounced, and task contrast drops. 

 (2) When the specular reflectance of the task and background is 
high, as with the glass screen of a visual display terminal. 

contrast: considering specular 
and diffuse reflection both

LBD = Background luminance caused by diffuse reflectance
LBS = Background luminance caused by specular reflectance
LTD = Task luminance caused by diffuse reflectance
LTS = Task luminance caused by specular reflectance
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Why are the values so small?
Many surfaces and finishes used in 
architecture exhibit a reflectance that is 
sufficiently diffuse to be considered perfectly 
diffuse (IESNA handbook, 2001)
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(Task)
(Background)

Ls
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Vellum paper

specular



In general, any contrast reduction of 
more than 15% is undesirable. 

The effectiveness of a 
supplementary desk lamp is 
shown in this example!!
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From Ch.16
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Equivalent Spherical Illumination (ESI)

 In order to approach the problem of contrast reduction 
(reflected glare), it was required to define glare-free 
lighting (reference lighting). Thus, ESI was developed. 

 ESI: diffuse and glare-free illuminance out of its total 
illuminance

There are no high-luminance sources reflected in it. 

The illuminance falling on this 
surface is entirely uniform and 
diffuse.
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10 feet spacing, see Fig. 16.24
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This is glare-free illuminance!!



Luminance ratios
 Contrast is desirable in the object of view. But, high contrast (or 

high luminance ratio) is not always desirable (Fig. 6.33). 
 Thus, the recommended maximum luminance ratios are 

suggested  Table 6.5

light, diffuse linoleum placed over the dark desktop

dark, specular[polished] desktop

Good Bad
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Control of reflected glare

 Will be addressed in detail in Ch.16
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Color Temperature (CT) 

 When a blackbody is heated, it 
first glows deep red, then 
cherry red, then orange, until it 
becomes blue-white hot. 

 The color of the light radiated 
is related to its temperature. 

 By developing a blackbody 
Color Temperature (CT) scale, 
we can compare the color of a 
light source to this scale.

 3400˚K for halogen lamp, 4200 
˚K for fluorescent tubes.
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Image source: https://richbrilliantwilling.com/blogs/light-reading/7988231-understanding-color-temperature-of-led-lighting



CCT (Correlated Color Temperature)

 Why CCT? 
 Strictly speaking, CT can be assigned only to a light 

source that produces light by heating, such as 
incandescent lamp (필라멘트 온도는 3,000℃까지 상승). 

 CCT is for other sources such as fluorescent and LED 
lamps because there is no relation whatever between 
operating temperature of the light sources and the color 
of the light produced. 

 Correlated Color Temperature (CCT): the 
temperature of a black body whose chromaticity 
most nearly matches that of the light source.
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The color of an object is its 
ability to modify the color of 
light incident on it by selective 
absorption. 
An object is technically said to 
be colorless when it does not 
exhibit selective absorption, 
reflecting and absorbing the 
various components of the 
incident light nonselectively. 
Thus, white, black and all 
shades of gray are colorless, 
neutral, achromatic, or more 
precisely, lack hue. 
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Spectral distribution of light sources

 물체의 선택적 흡수와 반사에 의해 우리는 색을
인지하므로, 물체의 색을 보기 위해서는 광원이
그 색을 가지고 있어야 함

 It is necessary that the illuminant (lighting 
source) contain the color of the object in order 
for us to see the object’s color. 
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실제적으로 연속된
선이 아님!
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The principal difference 
is the amount of blue in 
their spectrum. 
A blue object will be 
bright under “cool white” 
and dull under “warm 
white”.

Discharge lamp



Low-pressure sodium 
lamps (저압나트륨등)의
분광분포
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Discharge lamp



As wattage increases, 
the color changes from 
orange-red to white. 
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A continuous line: the 
spectrum of a light 
source that produces 
light as a result of 
heating.



Color Rendering Index (CRI)

 CRI is a measure of how closely the illuminant 
(lighting source) approaches daylight of the same 
color temperature. 

 CRI of 100 indicates an illuminant whose spectral 
content is equal to daylight of that temperature.

 Two sources cannot be compared unless their color 
temperatures are equal or quite close. 

 Refer to Table 6.6
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daylight Artificial 
light

- CRI: a metric to quantify the color rendering properties of a 
particular light source.
- If CRI =100  the object color under the artificial light 

appears equal to that under the daylight of the same color 
temperature. 

Under the same 
CCT 2900 K 



Criticism 

 Current CRI is not a perfect solution for 
measuring the quality of illumination.

 Various CCTs must be adopted: scoring 100 at 
one CCT does not imply equal illumination quality 
as scoring 100 at another CCT. 
 The "warmer" light colors (a 2700K incandescent bulb) vs. a 

neutral white light (4800K direct sunlight).
 Please refer to the figure in the next slide. 
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Source: Basics of Lighting: Efficacy, Color Rendering, and Color Temperature
https://en.wikipedia.org/wiki/High-CRI_LED_lighting 

High noon: 6700K (blue)

Sunset: 2600 K (red)
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Image source: http://www.ledsmagazine.com/articles/print/volume-10/issue-
2/features/understand-color-science-to-maximize-success-with-leds-part-4-magazine.html
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