
1 / 47Jakubiec, A Historical Comparison of Glare Metrics

A Historical Comparison of Glare Metrics

J. Alstan Jakubiec
alstan.jakubiec@daniels.utoronto.ca



2 / 47Jakubiec, A Historical Comparison of Glare Metrics

Glare metrics. A history, but why?
• It is pleasant and sometimes useful to 
understand the basis of how we arrived at 
today’s evaluation methods, including sources of 
disagreement.

• There are broad impressions of glare prediction 
equations in research and practice, but we 
rarely have a good comparative understanding 
of how they lead us to interpret the luminous 
environment.

• I thought it was interesting!

Harrison, W. (1922). “Light without glare.” Transactions of the American 
Institute of Electrical Engineers 41: 439-445.
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My own (early) history with glare

Jakubiec, J. A. and C. F. Reinhart (2012). “The ‘adaptive zone’–A concept 
for assessing discomfort glare throughout daylit spaces.” Lighting Research 
& Technology 44(2): 149-170.

• Compared � ve glare metrics 
spatially in three strongly daylit 
spaces. 

• DGP worked the best as per 
expectations in such spaces.

• Now: what about deeper 
� oor plans, etc?

• Received a stern talking 
to from Harvard research 
computing for bring their 
computing cluster to a crawl...
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My own (early) history with glare

Jakubiec, J. A. and C. F. Reinhart (2012). “The ‘adaptive zone’–A concept 
for assessing discomfort glare throughout daylit spaces.” Lighting Research 
& Technology 44(2): 149-170.

• Compared � ve glare metrics 
spatially in three strongly daylit 
spaces. 

• DGP worked the best as per 
expectations in such spaces.

• Now: what about deeper 
� oor plans, etc?

• Received a stern talking 
to from Harvard research 
computing for crashing their 
batch processing system...



5 / 47Jakubiec, A Historical Comparison of Glare Metrics

Methods, history
• (Selected) historical commentary
 - Measurement methods
 - Data collection methods / scales
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Methods, calculations: luminance
• (Selected) historical commentary
 - Measurement methods
 - Data collection methods / scales

• Calculation comparisons
 - Range of luminances
  - source (Ls = 1,000 - 1,000,000 cd/m2)
  - background (Lb = 10 - 3,000 cd/m2)
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Methods, calculations: solid angle
• (Selected) historical commentary
 - Measurement methods
 - Data collection methods / scales

• Calculation comparisons
 - Range of luminances
  - source (Ls = 1,000 - 1,000,000 cd/m2)
  - background (Lb = 10 - 3,000 cd/m2)
 - Range of source solid angles (ω = 0.006, 0.06, 0.6 sr)
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Methods, calculations: solid angle
• (Selected) historical commentary
 - Measurement methods
 - Data collection methods / scales

• Calculation comparisons
 - Range of luminances
  - source (Ls = 1,000 - 1,000,000 cd/m2)
  - background (Lb = 10 - 3,000 cd/m2)
 - Range of source solid angles (ω = 0.006, 0.06, 0.6 sr)
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Methods, calculations: position index
• (Selected) historical commentary
 - Measurement methods
 - Data collection methods / scales

• Calculation comparisons
 - Range of luminances
  - source (Ls = 1,000 - 1,000,000 cd/m2)
  - background (Lb = 10 - 3,000 cd/m2)
 - Range of source solid angles (ω = 0.006, 0.06, 0.6 sr)
 - Range of position indices (P = 1, 4, 12)

1

4

12

foveal, ~0°

within vision, ~30°

peripheral, ~60°
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Experimental procedures and a � rst metric

Nutting, P. (1916). “Effects of brightness and contrast in vision.” Trans. 
Illum. Eng. Soc.

Nutting’s glare threshold (1916)

• 3 participants

• Allowed to acclimate to a background luminance

• Rapidly switched vision to a small, bright source

• Simple threshold metric

• Combined, with some creativity, to design guidelines based 
on inverse square law (Ward Harrison 1920’s)

53 

recommendations for avoiding glare, echoing Bohle’s assertion that short 
wavelength light is less comfortable but not going so far as to place causa-
tion on wavelengths outside of the visual. He recommended that colored 
filters be used to reduce apparent luminosity, and therefore, glare.  

It was Nutting (1916) who published the first explicit glare metric based on 
sudden exposure to bright light once adapted to viewing a large white screen 
illuminated evenly at a ‘background luminance’ before rapidly switching to 
a much more luminous and smaller source. The experiment was only per-
formed for three participants. The equation was presented in units of lam-
berts but has been converted to cd/m2 in Eq. 3-1 below (1 lambert = 10000 
/ 𝜋𝜋𝜋𝜋 cd/m2). 𝐿𝐿𝐿𝐿𝑎𝑎𝑎𝑎 in this case is the luminance that an occupant is adapted to, 
and G is the threshold luminance at which glare occurs. Figure 3–1 illus-
trates this first glare calculation measure. Modern additions to glare identi-
fication such as the size of the source and its position in the field of view are 
not present in Nutting’s formulation.  

𝑊𝑊𝑊𝑊 =  3183.1 ∙ 𝑒𝑒𝑒𝑒3.2+0.32 ln ( 𝜋𝜋𝜋𝜋𝐿𝐿𝐿𝐿𝑎𝑎𝑎𝑎
10000) Eq. 3-1 

 
Figure 3–1 Nutting’s glare threshold based on adaptation luminance 

and rapid source exposure 

Almost every author around this time notes that the transition from simpler 
forms of lighting such as candles and gas lamps (widespread as early as 
1800) to modern lamps capable of producing 200 lumens gave designers a 
mandate to prevent glare and visual discomfort; however, the sun and sky 
have always been present as extreme light sources. In addition, incandescent 
lamps were widespread by the late 1800’s. The refinement of incandescent 
lamps, with the commercial use of tungsten filament in the early 1900’s may 
have been what truly spurred a new attention to glare. Whatever the cause, 
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Measurements ~1928

Cobb, P. W. and F. K. Moss (1928). “Glare and the four fundamental factors 
in vision.” Journal of the Franklin Institute 205(2): 251-252.
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Measurements 1930’s

Lauer, A. (1936). “An experimental study of glare susceptibility.” Optometry 
and Vision Science 13(6): 200-207.

Stiles, W. S. and B. Crawford (1937). “The effect of a glaring light source 
on extrafoveal vision.” Proceedings of the Royal Society of London. Series 
B-Biological Sciences 122(827): 255-280.
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Holladay’s equation, K

Holladay, L. (1926). “The fundamentals of glare and visibility.” JOSA 12(4): 
271-319.

Holladay’s K (1926)

• 3 participants

• Adjustment task to make glare source ‘just not unpleasant’ 
under four background luminances

• A separate study investigated the effect of source size based 
on a single background luminance

• Adjusted mysteriously to the evaluation chart to the right

• Basis of glare analysis for quite some time!

56  

Table 3-1 Values of glare constant K (Holladay) and corresponding de-
grees of glare 

K Degree of glare 
> 2.8 Painful 
2.8 Irritating 
2.6 Boundary between objectionable and intolerable 
2.4 Uncomfortable 
2.2 Perceptibly uncomfortable 
1.9 Boundary between comfort and discomfort 
1.8 Less comfortable 
1.7 Still comfortable 
1.5 Very comfortable 
1.2 At the limit of pleasure 
0.9 Still pleasant 
0.6 Most pleasant 
0.3 Scarcely noticeable 
< 0.3 Not perceptible 
 

 

Figure 3–2 Holladay’s 1926 glare constant evaluated for different 
background luminances, source luminances, and solid angles 

55 

physiological implements as well as statistical fits to subjective data to as-
sess and define glare whereas in modern glare research only the latter is 
typically employed. Holladay (1926) also derived the so-called “Holladay 
formula” which was referenced by glare and vision scientists for many years 
to come (Guth, Hopkinson, Petherbridge, Spencer and Moon all make ref-
erence to this formula). Holladay derived his formula for a sensation of glare 
magnitude, K, based upon experiments using between two and eight partic-
ipants in varied conditions, always with the glare source at a focal point 
within the line of vision. This formula is shown in Eq. 3-2 where 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠 is the 
source luminance, 𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠 is the solid angle of the source (sr), and 𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤 is the lu-
minance of the background which the source is seen against. This early dis-
comfort glare equation did not yet setup to calculate contrast directly (with 
source in the numerator and background in the denominator). Holladay’s 
original units of luminance were in millilamberts, which have been con-
verted to cd/m2 in the equation below (1 mL = 10/π cd/m2). Table 3.x illus-
trates how K should be evaluated.  

Figure 3–2 shows how Holladay’s K evaluates using a range of source size, 
background luminances, and source luminances. This figure will be a stand-
ard format used within this chapter to illustrate how different historical dis-
comfort glare metrics evaluate similar luminous and spatial circumstances. 
The solid angles (𝜔𝜔𝜔𝜔, in steradian) are selected for reasonable sizes of a mon-
itor screen at a typical distance (0.6 sr), a ceiling mounted luminaire at 1.5 
m distance (0.06 sr) or the solid angle of the sun and its circumsolar area 
(0.006 sr). Glare source luminances range from 1,000 cd/m2 to 1 million 
cd/m2, and background luminances range from a dim space (8 cd/m2) to an 
extremely bright space (3,200 cd/m2). 

𝐾𝐾𝐾𝐾 = log10 �
Lsπ
10

� + 0.25 ∙ log10(𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠) − 0.3 ∙ log10(Lbπ/10) Eq. 3-2 
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1940’s measurements, metrics

Luckiesh, M. and F. K. Moss (1942). “Intrinsic brightness as a factor 
in discomfort from glare.” JOSA 32(1): 6-7.

Luckiesh, M. and S. K. Guth (1949). “Brightness in visual � eld at 
borderline between comfort and discomfort (BCD).” Illuminating 
engineering 44(11): 650-670.

• Long(er) exposure to glare sources became common. 

• Luckiesh and Guth: 1 sec, 10 sec exposure times. 
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1949, Position index

Luckiesh, M. and S. K. Guth (1949). “Brightness in visual � eld at borderline between 
comfort and discomfort (BCD).” Illuminating engineering 44(11): 650-670.

• Derived by tracking relative differences in the threshold ‘between
comfort and discomfort’ for different glare source positions with
� xed participant focal points.

• Later extended by Iwata & Tokura (1997) for glare sources in the
lower hemisphere of vision.

• BCD derived based on adjustment task where occupants adjusted
the glare source until it became glaring.

• 50 subjects!!!

• Hopkinson and Petherbridge (1954): ‘experienced’ observers
tasked with more glare evaluations were more sensitive to
discomfort than new participants.
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Hopkinson and Petherbridge’s glare index, 10log10(K)

Hopkinson, R. (1960). “A note on the use of indices of glare discomfort for a code of 
lighting.” Transactions of the Illuminating Engineering Society 25(3_IEStrans): 135-138.

Petherbridge, P. and R. Hopkinson (1950). “Discomfort glare and the lighting of 
buildings.” Transactions of the Illuminating Engineering Society 15(2_IEStrans): 39-79.
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Hopkinson and Petherbridge’s glare index, 10log10(K)

Hopkinson, R. (1960). “A note on the use of indices of glare discomfort for a code of 
lighting.” Transactions of the Illuminating Engineering Society 25(3_IEStrans): 135-138.

Petherbridge, P. and R. Hopkinson (1950). “Discomfort glare and the lighting of 
buildings.” Transactions of the Illuminating Engineering Society 15(2_IEStrans): 39-79.

62

More formal investigation of the effect of criteria used on consistency of
judgment would be of considerable interest and value.”

Because Petherbridge and Hopkinson’s glare constant was derived for the
average person, Hopkinson determined that glare constant limits should be
set based upon space use type and the likelihood that glare would intrude
upon a task (Hopkinson 1960). He referred to this as a scale of ‘glare indi-
ces’ rather than ‘glare constants’ based on a logarithmic translation of the
glare constant K illustrated in Eq. 3-5. A new evaluation framework was
included for this new glare index, illustrated in Table 3-4. For examples, 
classrooms should limit the glare index to 16, operating rooms in hospitals
to 10, and train platforms to 26. Hopkinson explained that these values were
selected as the basis for future lighting codes with the idea that visual dis-
comfort is much more acceptable on a busy train platform than in somber
classroom spaces or spaces where visual acuity must be maximized such as
an operating room. 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑒𝑒𝐼𝐼𝐼𝐼 = 10 log10 𝐾𝐾𝐾𝐾 Eq. 3-5

Table 3-4 Values of glare index (Hopkinson) and corresponding degrees
of glare

Index Degree of glare 
28 Just intolerable 
22 Just uncomfortable 
16 Just acceptable 
10 Just perceptible 

3.2 IES Glare Index – A First Standard and its
Detractors
The Illuminating Engineering Society (of the UK) formed the Luminance
Study Panel to study the problem of limiting glare in interior electric lighting
designs with the goal of describing a glare index. By 1962 (Robinson et al.),
the committee decided to reject a hybrid formulation of glare metrics and
accepted Petherbridge and Hopkinson’s (1950; Hopkinson 1960) “BRS”
glare formula. Specifically, the panel adopted an equation very similar to 
the 1960 version (Eq. 3-4 in the previous section) which is illustrated in Eq. 
3-6 and given in full for clarity. Here a constant of 0.4777 is applied based

• 1950 - Petherbridge and Hopkinson; 1960 - Hopkinson

• First kind of ‘modern’ glare scale. Similar evaluation units to UGR
/ DGI.

• Adjustment task to reach the degrees of glare indicated in the
table to the left. 

• No position index in 1950, by the 1960 version it modi� ed Ls

• Recommendations per space type:
 - classrooms should limit the glare index to 16
 - operating rooms in hospitals to 10
 - train platforms to 26

60

studies in full-sized spaces at similar lighting levels. Later Hopkinson
(1957) indicated that 𝜔𝜔𝜔𝜔 can be modified by Luckiesh and Guth’s position
index (Luckiesh and Guth 1949; Petherbridge 1954) or it can be ignored (P
= 1). By 1960 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠 was always “modified by the position index” (Hopkinson 
1960)—in other words, the source luminance was divided by the position
index squared (Petherbridge 1954; Iwata and Tokura 1997); however, Fig-
ure 3–3 is presented in its original 1950 state and not in this modified form.

𝐾𝐾𝐾𝐾 = 0.4777
∑�𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

1.6 ∙ 𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
0.8�

𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤
 Eq. 3-4

Table 3-3 Values of glare constant K (Petherbridge and Hopkinson) and
corresponding degrees of glare

K Degree of glare
>600 Intolerable discomfort
600 Just intolerable
600 – 150 Uncomfortable
150 Just uncomfortable
150 – 35 Distracting but not uncomfortable
35 Just acceptable
35 – 8 Acceptable but not imperceptible
8 Just perceptible
<8 No glare
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More formal investigation of the effect of criteria used on consistency of
judgment would be of considerable interest and value.”

Because Petherbridge and Hopkinson’s glare constant was derived for the
average person, Hopkinson determined that glare constant limits should be
set based upon space use type and the likelihood that glare would intrude
upon a task (Hopkinson 1960). He referred to this as a scale of ‘glare indi-
ces’ rather than ‘glare constants’ based on a logarithmic translation of the
glare constant K illustrated in Eq. 3-5. A new evaluation framework was
included for this new glare index, illustrated in Table 3-4. For examples, 
classrooms should limit the glare index to 16, operating rooms in hospitals
to 10, and train platforms to 26. Hopkinson explained that these values were
selected as the basis for future lighting codes with the idea that visual dis-
comfort is much more acceptable on a busy train platform than in somber
classroom spaces or spaces where visual acuity must be maximized such as
an operating room.  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑒𝑒𝐼𝐼𝐼𝐼 = 10 log10 𝐾𝐾𝐾𝐾 Eq. 3-5

Table 3-4 Values of glare index (Hopkinson) and corresponding degrees
of glare

Index Degree of glare
28 Just intolerable
22 Just uncomfortable
16 Just acceptable
10 Just perceptible

3.2 IES Glare Index – A First Standard and its
Detractors
The Illuminating Engineering Society (of the UK) formed the Luminance
Study Panel to study the problem of limiting glare in interior electric lighting
designs with the goal of describing a glare index. By 1962 (Robinson et al.),
the committee decided to reject a hybrid formulation of glare metrics and
accepted Petherbridge and Hopkinson’s (1950; Hopkinson 1960) “BRS”
glare formula. Specifically, the panel adopted an equation very similar to 
the 1960 version (Eq. 3-4 in the previous section) which is illustrated in Eq. 
3-6 and given in full for clarity. Here a constant of 0.4777 is applied based

Hopkinson and Petherbridge’s K (1960)
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on units of cd/m2 instead the original units of fL. It should be noted that
Robinson et al. (1962) proposed a more complex, geometric-based method
of calculating glare from multiple sources whereas I adopt current conven-
tions for this. In addition, criteria for glare constants were modified based
on a goal of easy understanding such they are modified to be a factor of four
between major thresholds as depicted in Table 3-5. Hopkinson (1960) seems 
to have already applied these revised values to his 1960 10 log10 𝐾𝐾𝐾𝐾 glare
indices both of which are illustrated in Table 3-5 below. Bennett (1977b)
later confirmed through a study of 97 participants that the IES glare index 
could reasonably differentiate between comfort and discomfort for an aver-
age person.  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑒𝑒𝐼𝐼𝐼𝐼 = 10 log10 0.4777�
𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
1.6𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

0.8

𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
1.6  

Eq. 3-6

Table 3-5 Evaluation of Petherbridge and Hopkinson's Constant K and 
the IES Glare Index

Constant 10log10 Index Degree of glare
640 28 Just intolerable
160 22 Just uncomfortable
40 16 Just acceptable
10 10 Just perceptible

Comparing Figure 3–3 and Figure 3–4 illustrates the differences between
Petherbridge and Hopkinson’s (1950) original glare constant K to the IES
glare index (Robinson et al. 1962), illustrating the extent to which the orig-
inal science changed on its way into a metric: the addition of a position index
without updating subjective-based thresholds, and the adjustment of evalu-
ation scales for conceptual clarity.

Became the 1961 
IES Glare Index



18 / 47Jakubiec, A Historical Comparison of Glare Metrics

IES glare index

Robinson, W., et al. (1962). “The development of the IES glare index system: 
Contributed by the Luminance Study Panel of the IES Technical Committee.” 
Transactions of the Illuminating Engineering Society 27(1_IEStrans): 9-26.

• Assessed discomfort glare in real situations (left) before agreeing 
to accept Hopkinson and Petherbridge’s glare index.
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Hopkinson’s daylight glare index, DGI

Robinson, W., et al. (1962). “The development of the IES glare index system: 
Contributed by the Luminance Study Panel of the IES Technical Committee.” 
Transactions of the Illuminating Engineering Society 27(1_IEStrans): 9-26.

DGI (1971)

• Adapted to ‘large’ glare sources! Daylight!

• Derived using subjective lab experiments with � uorescent 
lamps behind diffusing screens. 

• Semi-validated in hospitals and classrooms where 20 (lower 
end of ‘unacceptable’) was found to be the best limiting 
threshold for glare avoidance. 

67 

errors, acknowledged by the IES, along with new luminaire designs seem to 
have helped bring forward new research in glare index calculations.  

Hopkinson once again emerged as a leading scholar in developing new 
measures after performing work at Cornell with two other scholars (Bradley 
and Atkinson) one of whom is mysteriously lacking attribution in the final 
published paper (Hopkinson and Bradley 1960). Nonetheless, Hopkinson 
and his colleagues developed a new glare index known as the daylight glare 
index (DGI) because it was adapted to large glare sources such as windows 
through which bright skylight could be seen (Hopkinson 1971, 1972). This 
was achieved by having solid angle as well as glare source luminance com-
ponents in the numerator and denominator of the equation, which is depicted 
in Eq. 3-11 below. DGI was initially derived based on subjective data col-
lected using fluorescent lamps behind a diffusing screen (the large source), 
but it was validated in daylit hospitals and classrooms, wherein it was deter-
mined that a limiting index value of 20 was ideal for maintaining visual 
comfort in spaces without being ‘too restrictive.’ Figure 3–5 illustrates how 
DGI evaluates when fed with a variety of source luminances, background 
luminances, solid angles, and position indices and might be compared to 
later figures of glare indices based upon smaller source sizes such as UGR 
and VCP.   

𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 10 ∙ log10 0.4777�
𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
1.6 (𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠 𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

2 )⁄ 0.8

𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤 + 0.07𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
0.5𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

 
Eq. 3-11 
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Measurements 1980’s

Lulla, A. B. and C. A. Bennett (1981). “Discomfort 
glare: range effects.” Journal of the Illuminating 
Engineering Society 10(2): 74-80.

McNelis, J. F. (1981). “A discomfort glare calibrating device: Subjective 
evaluations in a standard environment.” Journal of the Illuminating 
Engineering Society 10(2): 85-89.
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Visual Comfort Probability VCP (a brief note)
VCP (1966, 1972, 1993)

• The most fun to calculate!

• Highly dependent on the number of sources.

• Ceiling mounted luminaires only.

• Evaluates between 0 - 100, a percentage probability of 
comfort. Similar but opposite of DGP. 

• I can’t � nd the 1966 report, so its derivation is a mystery to me.

70  

(1993). The RQQ also proposed limiting luminances for luminaires at dif-
ferent angular displacements from the line of vision, similar to what was 
proposed in Australia in 1942. These are presented in Table 3-7.  Figure 3–
6 represents evaluations of VCP for different contrast ratios, source sizes, 
and position indices. Interestingly, VCP seems to have been largely over-
looked by the visual discomfort researchers developing the primary metrics 
discussed in the next two sections: CIE and UGR.  

𝑀𝑀𝑀𝑀 = �
0.5𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠 ∙ (20.4𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠 + 1.52𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

0.2 − 0.075)
𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣/𝜋𝜋𝜋𝜋

 
Eq. 3-12 

𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = (𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)−0.0914  Eq. 3-13 

𝑉𝑉𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  
100
√2𝜋𝜋𝜋𝜋

� ℯ−𝑥𝑥𝑥𝑥2/2 
6.374−1.3227∙𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

−∞
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

=  50 ∗  𝐸𝐸𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(6.374 −  1.3227 
∙ 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 / 1.4142) +  50 Eq. 3-14 

 

Table 3-7 Limiting luminances as per the 1972 RQQ report 

Angle from vertical nadir (degrees) Maximum luminance (cd/m2) 
45 7,710 
55 5,500 
65 3,860 
75 2,570 
85 1,695 

 
[RQQ] Committee on Recommendations of Quality and Quantity of 
Illumination of the IES (1972). “Outline of a standard procedure for 
computing visual comfort ratings for interior lighting.” Journal of the 
Illuminating Engineering Society 2(3): 328. 
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CIE Glare Index CGI and Uni� ed Glare Rating UGR
CGI (1979)
• Like DGI, can work with large sources. 

• Slightly modi� ed, but similar, evaluation scale to DGI. 

• Einhorn, who developed glare metrics that did not � nd 
popularity in 1961, 1963, and 1969 created CGI as a 
“uni� ed” glare metric, combining existing research without 
new human subject data. 

• Ed is the direct illuminance contribution of glare sources. 

UGR (1995)
• No more than 0.1 str solid angle sources. 

• Derived for mathematical simplicity from CGI, omitting 
direct illuminance. 

• Einhorn on the committee. Committee, C. T. (1995). “CIE 117-1995 Discomfort Glare in Interior 
Lighting.” International Commission on Illumination, Vienna.

Einhorn, H. (1979). “Discomfort glare: a formula to bridge differences.” 
Lighting Research & Technology 11(2): 90-94.
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CGI supports large area sources of glare; therefore, like Hopkinson’s DGI it 
can theoretically be applied to the analysis of daylight apertures that may 
cause glare. Figure 3–7 represents evaluations of CGI for different contrast 
ratios, source sizes, and position indices.  

𝐶𝐶𝐶𝐶𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 8 ∙ log10 �2
1 + 𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠 500⁄
𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠 + 𝜋𝜋𝜋𝜋𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤

�
𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2 𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2 � 

Eq. 3-15 

 
Figure 3–7 CGI evaluated for different background luminances, source 
luminances, solid angles, and position indices 
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early as 1992 (Iwata, Shukuya, et al. 1992; Iwata, Tokura, et al. 1992; 
Poulton 1993). Effectively, CGI was a combination of the IES Glare Index 
and CGI optimized for computational ease. Until today, UGR is the recog-
nized glare standard from the CIE. UGR explicitly states that it is for small 
solid angle sources of glare no more than 0.1 steradian, which likely ex-
cludes windows and daylight. Equation Eq. 3-16 relates the calculation of 
UGR and Figure 3–8 represents evaluations of UGR for different contrasts, 
source sizes, and position indices.  

𝑈𝑈𝑈𝑈𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 8 ∙ log10
0.25
𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤

�
𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2 𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2  

Eq. 3-16 

Nonetheless, UGR has been applied to daylight in many instances. Early on, 
(Iwata, Tokura, et al. 1992) compared the IES Glare Index, DGI, and UGR 
in their capacities to evaluate glare from an artificial window composed of 
an illuminated screen with dimensions of 1 m x 1 m (0.154 sr  – 0.0156 sr 
depending on observer position). They found that both DGI and UGR cor-
related meaningfully with participant glare sensation, but that DGI’s scale 
matched participant glare sensation best. They also found that when the 
glare source was located at the periphery, the discrepancy between DGI and 
UGR increased.  
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Issues held by visual discomfort researchers
• Chauvel et al. (1981): 
 - Existing metrics developed under electric lighting.
 - View could mitigate higher DGI values under daylight!
 - Solid angle of sources in derivation of DGI very narrow.

• Aubrée and Chauvel 1972; Chauvel 1977: Daylight glare 
sources far more dif� cult to assess than electric / controlled 
ones.

• Iwata et al. (1990):
 - DGI performed poorly in bright and indirectly lit spaces. 
 - No binary classi� cation of glare / no glare existed.
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Predicted Glare Sensation Vote (PGSV)
PGSV (1996)
• Iwata et al. performed studies using 
actual windows (1992), but PGSV was 
derived using � uorescent tubes mounted 
outside of the window in a later study.

• Did not make use of the position index.

• Threshold-based results scale: 0, 1, 2, 3, 
4. 

• 240 participants.

• No control over the light source, and 
long exposure (15 minutes!)

TOKURA, M., et al. (1996). “EXPERIMENTAL STUDY ON DISCOMFORT 
GLARE CAUSED BY WINDOWS PART 3: Development of a method 
for evaluating discomfort glare from a large light source.” Journal of 
Architecture and Planning (Transactions of AIJ) 61(489): 17-25.
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own glare index to predict glare sensation which did not make use of the 
position index. It is related in Eq. 3-17. Its evaluation is related in Table 3-8 
following the scale proposed by Inoue and Itoh (1989). It is visualized in 
Figure 3–9.  

𝑃𝑃𝑃𝑃𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑉𝑉𝑉𝑉𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 3.2 log10 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠 − 0.64 log10 𝜔𝜔𝜔𝜔
+ (0.79 log10 𝜔𝜔𝜔𝜔 − 0.61) log10 𝐿𝐿𝐿𝐿𝑤𝑤𝑤𝑤 − 8.2 

Eq. 
3-17 

Table 3-8 Values of glare index (PGSVTokura) and corresponding degrees 
of glare 

𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑽𝑽𝑽𝑽𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 Degree of glare 
0 Not glaring 
1 Slightly glaring 
2 Glaring 
3 Very glaring 
4 Intolerably glaring 

 

 
Figure 3–9 PGSVTokura evaluated for different background luminances, 
source luminances, and solid angles 

Akashi, Muramatsu, and Kanaya (1996) also tested UGR, finding that it cor-
related well with glare sensation but also overpredicted discomfort (by 2-3 
units on the scale indicated by Table 3-8). This effect was especially evident 
when a large number of sources (> 10) are present. A proposal was 
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Technology, luminance image capture

Ashdown, I. (1996). “Luminance gradients: photometric analysis and 
perceptual reproduction.” Journal of the Illuminating Engineering Society 
25(1): 69-82.
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Technology, luminance image capture, HDR

Mitsunaga, T. and S. K. Nayar (1999). Radiometric self calibration. 
Proceedings. 1999 IEEE computer society conference on computer vision 
and pattern recognition (Cat. No PR00149), IEEE.
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Technology, luminance image capture, HDR

Inanici, M. and J. Galvin (2004). Evaluation of high dynamic range 
photography as a luminance mapping technique, Lawrence Berkeley 
National Lab.(LBNL), Berkeley, CA (United States).
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Measurements, evalglare tool

Wienold, J. (2004). Evalglare–A new RADIANCE-based tool to evaluate 
daylight glare in of� ce spaces. 3rd International RADIANCE workshop.
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Measurements, Daylight Glare Probability DGP

Wienold, J. and J. Christoffersen (2006). “Evaluation methods and 
development of a new glare prediction model for daylight environments 
with the use of CCD cameras.” Energy and Buildings 38(7): 743-757.

Test room in Denmark

Reference room in Freiburg
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Daylight Glare Probability (DGP)
• Measurement in actual daylit spaces was taking place:

- Velds (2002): DGI, PGSV overestimate glare sensation
- Fisekis et al. (2003): DGI, UGR correlate with

perception of occupants
- Osterhaus (2005): Current glare metrics inadequate
- Nazzal (2005): Adjustments to DGI

DGP (2006)
• 76 subjects / 349 HDR measurements.

• Actual daylight!

• Derived using linear regression between a calculated DGP 
and the glare probability of groups of participants based 
upon ‘optimized scaling parameters’

• Fractional probability of experiencing discomfort glare.

• Practical interpretation evaluates in a narrow range (5% = 
a threshold change of glare perception)

Wienold, J. and J. Christoffersen (2006). “Evaluation methods and 
development of a new glare prediction model for daylight environments 
with the use of CCD cameras.” Energy and Buildings 38(7): 743-757.
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probability of discomfort independent of the lighting conditions experi-
enced. Later DGP was modified by a low-light correction in Eq. 3-20
(Wienold 2012). DGP is subjectively evaluated using Table 3-9 which in-
cludes originally-derived ranges (Wienold 2009) and later updated thresh-
olds (Wienold et al. 2019).

Table 3-9 Values of glare index (DGP) and corresponding degrees of
glare

Degree of glare Original 
(Wienold 2009)

Current
(Wienold et al. 2019)

Imperceptible ≤ 0.35 ≤ 0.34
Noticeable 0.35 – 0.40 0.34 – 0.38
Disturbing 0.40 – 0.45 0.38 – 0.45
Intolerable ≥ 0.45 ≥ 0.45

Comparing the DGP evaluation plot for different contrasts, source sizes, and
position indices (Figure 3–10) to the one for UGR (Figure 3–8), it becomes
clear that DGP predicts glare for very high background luminances (Lb > 
1,000 cd/m2) whereas UGR does not. At the same time, there are portions
of the evaluation plots where UGR detects glare due to contrast while DGP
does not. 

𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 5.87 ∙ 10−5𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣 + 

9.18 ∙ 10−2 log10 �1 +�
𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2 ∙ 𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣1.87 ∙ 𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2

𝑠𝑠𝑠𝑠

� + 0.16 

Eq. 3-19

𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝑙𝑙𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜−𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒 = 𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 ∙  
𝑒𝑒𝑒𝑒0.024∗𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣−4

1 + 𝑒𝑒𝑒𝑒0.024∗𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣−4
Eq. 3-20

Furthermore, a companion computer program called evalglare (Wienold 
2004) was produced alongside DGP such that glare sources and their solid
angle were automatically extracted from HDR images (Inanici and Galvin
2004) or physically-based renderings (Ward 1994) as the primary means of
evaluation. Whereas before window or luminaire mean luminance was rec-
orded and their solid angle estimated, now glare sources were identified
based on measured contrast ratios. In evalglare’s default state, glare sources
were those greater than 5-times the mean image luminance (𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣/𝜋𝜋𝜋𝜋 cd/m2) or 



32 / 47Jakubiec, A Historical Comparison of Glare Metrics

Daylight Glare Probability (DGP)
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position indices (Figure 3–10) to the one for UGR (Figure 3–8), it becomes
clear that DGP predicts glare for very high background luminances (Lb > 
1,000 cd/m2) whereas UGR does not. At the same time, there are portions
of the evaluation plots where UGR detects glare due to contrast while DGP
does not. 

𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 5.87 ∙ 10−5𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣 +

9.18 ∙ 10−2 log10 �1 +�
𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2 ∙ 𝜔𝜔𝜔𝜔𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠

𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣1.87 ∙ 𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠,𝑠𝑠𝑠𝑠
2

𝑠𝑠𝑠𝑠

� + 0.16

Eq. 3-19

𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝑙𝑙𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜−𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒 = 𝐷𝐷𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 ∙
𝑒𝑒𝑒𝑒0.024∗𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣−4

1 + 𝑒𝑒𝑒𝑒0.024∗𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣−4
Eq. 3-20

Furthermore, a companion computer program called evalglare (Wienold 
2004) was produced alongside DGP such that glare sources and their solid
angle were automatically extracted from HDR images (Inanici and Galvin
2004) or physically-based renderings (Ward 1994) as the primary means of
evaluation. Whereas before window or luminaire mean luminance was rec-
orded and their solid angle estimated, now glare sources were identified
based on measured contrast ratios. In evalglare’s default state, glare sources
were those greater than 5-times the mean image luminance (𝐸𝐸𝐸𝐸𝑣𝑣𝑣𝑣/𝜋𝜋𝜋𝜋 cd/m2) or 
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay)

• Color scales are normalized by something close to ‘disturbing’ glare.
 - Holladay: 2.2
 - Hopkinson’s glare index: 22
 - UGR, CGI: 25
 - DGI: 24
 - PGSV: 2
 - VCP = (1 - VCP / 100) / 0.4
 - DGP: 0.4

• Green colors are sub-disturbing.

• Pink colors are disturbing or worse.
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge)
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP

1979, CGI
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP

1979, CGI 1995, UGR
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP

1979, CGI 1995, UGR 1996, PGSV
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP

1979, CGI 1995, UGR 1996, PGSV 2006, DGP
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Comparison, P = 4 and ω = 0.6

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP

1979, CGI 1995, UGR 1996, PGSV 2006, DGP
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UGR vs DGP

UGR DGP
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PGSV vs DGP

PGSV

DGP

PGSV
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DGP, small changes over time (P = 4 and ω = 0.6)
•2006: base metric derivation

• ~2012: low light correction

• 2018: default source threshold detection
 - old: 5 times mean image luminance
 - new: 2,000 cd/m2 (Pierson, Wienold, Bodart)

• 2019: subjective threshold � ne-tuning
 - imperceptible from 0.35 to 0.34
 - noticeable from 0.34-0.40 to 0.34-0.38
 - disturbing from 0.40-0.45 to 0.38-0.45
 - intolerable stayed the same 

2006

2018

2012

2019
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DGP, small changes over time (P = 4 and ω = 0.006)
•2006: base metric derivation

• ~2012: low light correction

• 2018: default source threshold detection
 - old: 5 times mean image luminance
 - new: 2,000 cd/m2 (Pierson, Wienold, Bodart)

• 2019: subjective threshold � ne-tuning
 - imperceptible from 0.35 to 0.34
 - noticeable from 0.34-0.40 to 0.34-0.38
 - disturbing from 0.40-0.45 to 0.38-0.45
 - intolerable stayed the same 

2006

2018

2012

2019
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A Historical Comparison of Glare Metrics

Thank you!J. Alstan Jakubiec
alstan.jakubiec@daniels.utoronto.ca

1926, K (Holladay) 1950, K (Petherbridge) 1960, IES Glare Index 1971, DGI 1972, VCP

1979, CGI 1995, UGR 1996, PGSV 2006, DGP


