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Challenges with existing models

• Most discomfort glare models include the ratio 
between the luminance of source (Lavg) and 
background (Lb).

- Lavg can be difficult to measure.
- Background areas can include different surfaces with 

widely different luminance levels.

- How do illuminance-based models compare to 
luminance-based models?

- There is a lack of independent analysis using 
multiple data sets
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𝑃𝑃𝑃𝑃𝑃𝑃50 =
𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎1.6 × 𝜔𝜔0.8

𝐿𝐿𝑏𝑏

𝑆𝑆𝑆𝑆𝑆74 = 5 − 2 log10
𝐸𝐸𝑑𝑑

0.003 × 1 + 𝐿𝐿𝑏𝑏
0.04 × 𝜃𝜃0.46

𝐷𝐷𝐷𝐷 = log 𝐸𝐸𝑑𝑑 + 𝐸𝐸𝑖𝑖 + 0.6 𝑙𝑙𝑙𝑙𝑙𝑙
𝐸𝐸𝑑𝑑
𝐸𝐸𝑖𝑖

− 0.5 log 𝐸𝐸𝑎𝑎

𝐵𝐵𝐵𝐵𝑙𝑙08 = 6.6 − 6.4 log𝐷𝐷𝐷𝐷

𝐿𝐿𝐿𝐿𝐿𝐿14 = 3.45 − 𝑙𝑙𝑙𝑙𝑙𝑙10
𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 × 𝜔𝜔 2.21

𝐿𝐿𝑏𝑏1.02 × 𝜃𝜃1.62

𝐿𝐿𝐿𝐿𝐿𝐿15 = 7.09 − 𝑙𝑙𝑙𝑙𝑙𝑙10
𝐸𝐸𝑑𝑑2.21

𝐸𝐸𝑎𝑎1.02 × 𝜃𝜃1.62

𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎

𝐸𝐸𝑑𝑑

Luminance-based models

Illuminance-based models

GCM
Luckiesh and Guth’s model
Bennet CBE
Vos model
Bullough et al. 2011 model
European method
Lehnert model
Alferdinck model
Voelker model
…
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Review of model performance reported in previous studies
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Model Reported performance in model 
development study

Tyukhova and Waters 
2018

Villa et al. 
2017†

Pet50 Not reported - -
Sch74 Not reported r=0.79§ rho=0.75§

Bul08 R2=0.70§ r=0.86§ for predictions 
from Bul08 and Bul11

-

Bul11 Not reported r=0.86§ for predictions 
from Bul08 and Bul11 

-

Lin14 r=0.87§ for 3000K source; r ≥0.95§

for 5000K and 6500K sources
- rho=0.37§

Lin15 R2=0.96** for young subjects, 
R2=0.88** for seniors

- rho=0.75§

† The values reported for Villa et al. are for conditions with one glare source, using the ‘static’ procedure, with the area surrounding target as background area (‘disk zone’).
A correlation coefficient Pearson’s r or Spearman’s rho of 0.3-0.5 is moderate, and a coefficient >0.5 is large.
R2 ≥0.26 is a large effect.
A dash (-) denotes that model performance was not studied. 
** denotes significance at 1% level (p<0.01). 
§ denotes that the p-value was not reported. 
n refers to the number of observations in each study, this being the combination of participant sample and number of scenes evaluated.
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Review of model performance reported in previous studies
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Model Villa et al. 
2017†

Kohko et al. 2015 Sivak et al. 
1999

Bullough et al. 2008‡

Ed rho=0.72§ R2=0.70§ for central; 
R2=0.53§ for peripheral 
viewing

R2=0.99** R2= 0.93§ (exp 2), 0.73§ (exp 
5), and 0.45§ (in/out exp)

Lavg rho=0.74§ R2=0.80§, 0.81§ for central 
and peripheral viewing

- R2= 0.02§ (exp 2)

† The values reported for Villa et al. are for conditions with one glare source, using the ‘static’ procedure, and Lavg being measured luminance of the LED. 
A Spearman rho correlation coefficient >0.5 is large.
The goodness of fit R2 ≥0.26 is considered a large effect. 
A dash (-) denotes that model performance was not studied. 
§ denotes that the p-value was not reported. n refers to the number of observations in each study. 
‡ exp refers to the experiment number in Bullough et al. study.
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Method

Inclusion criteria
• written in English and published in a peer-reviewed 

journal

• addressed discomfort glare from one light source

• measured and reported Ed, Ei, Ea, and Lmax

• presented experimental conditions in a randomized 
or counterbalanced order

• used a static viewing procedure

Literature search

Search results
• Data from four previous studies were included:

 Villa et al. 2017  V17 dataset
 Sweater-Hickcox et al. 2013  S13 dataset
 Tyukhova and Waters 2018  T18 dataset
 Tashiro et al. 2015  T15
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• Villa, C., Bremond, R., Saint-Jacques, E., 2017. Assessment of pedestrian discomfort glare from urban LED lighting. Light. Res. Technol. 49, 147–172.
• Sweater-Hickcox, K., Narendran, N., Bullough, J.D., Freyssinier, J.P., 2013. Effect of different coloured luminous surrounds on LED discomfort glare 

perception. Light. Res. Technol. 45, 464–475
• Tyukhova, Y., Waters, C.E., 2018. Discomfort Glare from Small, High-Luminance Light Sources When Viewed against a Dark Surround. LEUKOS - J. 

Illum. Eng. Soc. North Am. 14, 215–230.
• Tashiro T, Kawanobe S, Kimura-Minoda T, Kohko S, Ishikawa T and Ayama M. Discomfort glare for white LED light sources with different spatial 

arrangements. Lighting Research and Technology 2015; 47: 316–337.

Dataset
V17 
(from Villa et al. 
2017)

S13
(Sweater-Hickcox 
et al. 2013)

T18
(Tyukhova and 
Waters 2018)

T15
(Tashiro et al. 
2015)

Number of 
participants

33 10; 8; 6 47 8; 12; 19; 11

Number of 
observations

1056 108 1692 4410

Lavg (cd/m2) 11,000-152,000 401-1041† 20,477-766,440 1.56-177,617
Lb (cd/m2) 0.034-0.237 0 0.037-1.156 0.1; 1; 10
Eccentricity (°) 23 - 62 0 0; 10 8.5
Source size (sr) 0.00044-

0.00823
0.00096; 0.00383 0.00001; 

0.0001
0.0001-0.0081 

Source size (°) 1.36-5.87 2; 4 0.2; 0.65 0.65-5.82
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Testing Model Performance
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≥5 : non-disturbing
(negative) 

<5 : disturbing
(positive)

Non-disturbing
(negative) 

Disturbing
(positive) 

True positive

False positive

False negative

True negative
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Diagnostic Tests
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True Negative Rate (TNR)
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• Area under the curve (AUC)
>0.6 sufficient
>0.7 good
>0.8 very good
>0.9 excellent

• TPR and TNR
Random result if <0.5

• 1 - Squared distance (SqD)
Larger is better

• Spearman correlation coefficient (ρ)
0-0.3 negligible
0.3-0.5 low
0.5-0.7 moderate
0.7-0.9 high
0.9-1 very high
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Results from individual data set
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Mean of four diagnostic tests (TNR, TPR, AUC, 1-SqD) for the seven models 
using individual data sets. A higher mean value indicates a better performance.
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Results from the combined data set
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Test results for the seven models using the combined data set. A higher value indicates a better performance.

0.00

0.20

0.40

0.60

0.80

1.00

Bul08 Ed Lin15 Lin14 Sch74 PH1950 Lavg

Te
st

 re
su

lt

Models

TNR
TPR
AUC
1-SqD
Spearman rho

Mean



14

Conclusions

• Highest mean performance was for the model proposed by Bullough et al. (2008) 
followed by direct illuminance at the eye

• While the mean performance of direct illuminance at the eye is slightly lower than the 
model by Bullough et al. (2008), the former offers a simpler approach for design and 
installation practice

• Conclusions are specific to the range of lighting conditions in the combined data set

November 27, 2023

Dataset
V17 
(from Villa et al. 
2017)

S13
(Sweater-Hickcox 
et al. 2013)

T18
(Tyukhova and 
Waters 2018)

T15
(Tashiro et al. 
2015)

Lavg (cd/m2) 11,000 - 152,000 401 - 1041 20,477 - 766,440 1.56 - 177,617
Lb (cd/m2) 0.034 - 0.237 0 0.037 - 1.156 0.1; 1; 10
Eccentricity (°) 23 - 62 0 0; 10 8.5
Source size (sr) 0.00044 - 0.00823 0.00096; 0.00383 0.00001; 0.0001 0.0001 - 0.0081 



Thank you

15November 27, 2023

Belal Abboushi

Belal.Abboushi@pnnl.gov


	Discomfort Glare for Pedestrians �Can Any Model Get Us in the Ballpark?
	Discomfort from Glare
	Challenges with existing models
	Slide Number 4
	Slide Number 5
	Review of model performance reported in previous studies�
	Review of model performance reported in previous studies�
	Method��
	Slide Number 9
	Testing Model Performance
	Diagnostic Tests
	Results from individual data set
	Results from the combined data set
	Conclusions
	Slide Number 15

