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SPATIAL EVALUATION OF POTENTIAL SATURATION AND CONTRAST

EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Discomfort Glare

Glare that causes discomfort without necessarily
impairing the vision of objects
[EN 12665: 2011 3.223, CIE ILV 17-333]

Discomfort glare metrics (DGP) are starting to be included in
building recommendations and standards (European Standard for
Daylight in Buildings (EN 17037))
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Saturation
DGP = 5.87 %« 10 °Ey Contrast
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Daylight Glare Probability (Wienold and Christoffersen, 2006)

Considers both saturation and
contrast effects of discomfort
glare and is currently most
robust

Developed in daylit office test
rooms

Most robust glare prediction
metric to date
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However, DGPis ...

- Highly reliant on vertical illuminance (E,)
- Low light correction extends outside validated range

- Under-predicts reported glare scenarios in field studies

-
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Type No. Name of metric Abbreviation Reference
Saturation 1 Daylight Glare Probability DGP [18]
and - -
contrast 2 Predicted Glare Sensation Vote PGSV [35,37]
based 3 Experimental Unified Glare Rating UGRexp [38]
(Hybrid)
4 Logistic Regression model Eccologit -
(using DGP development dataset)
Contrast 5 CIE Glare Index CGl [39,40]
based :
only 6 Daylight Glare Index DGI [41,42]
7 Modified Daylight Glare Index DGlmod [38]
8 Predicted Glare Sensation Vote PGSVcon [35]
(contrast)
9 Unified Glare Probability/Unified UGP/UGR [14,40]
Glare Rating
10  Logarithmic Contrast (from DGP) log_gc [18]
11 Daylight Glare Rating DGR [43]
12 Visual Comfort Probability VCP [43]
Saturation 13  Average Luminance of Image Lavg [44]
based
only 14  Predicted Glare Sensation Vote PGSVsat [35]
(saturation)
15  Vertical llluminance/Simplified DGP  E, /DGPs [45]

Quek, G., Wienold, J., Sarey Khanie, M., Erell, E., Kaftan, E., Tzempelikos, T., Konstantzos, I., Christoffersen, J., Kuhn, T., & Andersen, M. (2021). Comparing performance of

discomfort glare metrics in high and low adaptation levels. Building and Environment, Under Review.
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Low adaptation levels High adaptation levels
E, <3000 lux E, 2 3000 lux
ROC-AUCs (Ir 3000) ROC-AUCs (ur 3000)
Type
& Contrast
B Hybrid

[ Saturation

Type

.4 [ Contrast
B Hybrid
[ Saturation
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Glare Metric Glare Metric

Although hybrid metrics perform generally well in both groups, contrast-
driven metrics were found to perform better than saturation metrics in
situations with lower adaptation levels.

Quek, G., Wienold, J., Sarey Khanie, M., Erell, E., Kaftan, E., Tzempelikos, T., Konstantzos, I., Christoffersen, J., Kuhn, T., & Andersen, M. (2021). Comparing performance of
discomfort glare metrics in high and low adaptation levels. Building and Environment, Under Review.
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

3.0

colour
® Ir_3000
® ur_3000

linetype
— DGP=0.38
-- DGP=04

) 2000 4000 6000 8000 10000
E, (lux)

\ 4

The experiments for these studies had
been conducted in controlled daylit
office-like environments, carried out in
Israel, Japan, Germany, Argentina,
and the United States between 2008
and 2016, leading to individual
datasets called, respectively, IL-
DayVICE, JP-Office, DE-Gaze, AR-
DEO, US-Fabric (n = 800).

Lack of user evaluation data in low-light conditions (ongoing)

Quek, G., Wienold, J., Sarey Khanie, M., Erell, E., Kaftan, E., Tzempelikos, T., Konstantzos, I., Christoffersen, J., Kuhn, T., & Andersen, M. (2021). Comparing performance of

discomfort glare metrics in high and low adaptation levels. Building and Environment, Under Review.
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Distribution of Vertical llluminance (Ev) — Field studies vs. Laboratory experiments

Pierson, C., Sarey Khanie, M., Bodart, M., Wienold, J., 2019. DISCOMFORT GLARE CUT-OFF VALUES FROM FIELD AND LABORATORY STUDIES, in: PROCEEDINGS OF the
29th Quadrennial Session of the CIE. Presented at the Proceedings of the 29th Quadrennial Session of the CIE, International Commission on lllumination, CIE, Washington DC,
USA, pp. 295-305. https://doi.org/10.25039/x46.2019.0P41
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SPATIAL EVALUATION OF POTENTIAL SATURATION AND CONTRAST

EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Research input 1

Improving simulation
speeds through
efficient sampling
(e.g. Raytraverse)

Proof of concept

Spatial evaluation of

glare metrics
annually

Research input 2 (ongoing)

Improved glare metrics
for a wider range of

scenarios through

Problem: Contrast-based
metrics needed for evaluating
glare in real life buildings in
lower adaptation levels
(but too time consuming)

further investigation
(e.g. including low-light
scenarios)
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Spatial evaluation of potential

saturation and contrast effects
of discomfort glare in an open-
plan office
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

% daylit hours where E >3000 lux

0 2000 cd/m?
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Per model variation:

1278 viewpoints

X

8 viewing directions

X

8760 hours (annual)

- 89,562,240 simulations

Ev — 12 model variations
(4 orientations X 3 degrees
of urban obstruction)

- 1,074,746,880
simulations

Image based visualizations
— 4 model variations

(4 orientations)

- 358,248,960 simulations

8 viewing directions per viewpoint spread in a 0.75m grid spacing across the floor plan

Quek, G., Wasilewski, S., Wienold, J., & Andersen, M. (2021). Spatial evaluation of potential saturation and contrast effects of discomfort glare in an open-plan office. BS2021.

Building Simulation 2021 Conference, Bruges, Belgium.
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

A stratified subsampling of sun
Positions for 4 orientations
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-1.00,
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

At 10 ° x10° resolution: 292 sources x 1,278 points

373,176 point/sun combinations
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Existing Options For Sampling a Point

Samples 10% samples 103 samples 1 sample
Accuracy High Low Medium
Information High Medium Low
D S O B % Zp P Os N G 4
Cd";mz ce T G o toy, Coy ‘?@% %, 0
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Existing Options For Sampling a Point

Samples 10% samples 1 sample
Accuracy High Medium
Information High Low

cd/m?

[
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

The Potential in Sampling

Samples 10% samples 7 Samples 1 sample
Accuracy High High Medium
Information High Medium Low
7 < 6 7 7 v” q‘ 2 O y/
cdd;m2 T % % % RN %5, 8
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The Potential in Sampling

Samples 10% samples 103 samples 1 sample
Accuracy High High Medium
Information High High Low
7 < 6 7 7 v? q‘ 2 & y/
cdd;mz T % % % RN %5, 8
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Wavelet Decomposition
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Wavelet Compression
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Reconstruction Through Sampling
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

cdim2
100000
63096
30811
25119
15849
10000
6310
3981
2512
1585
1000

Indirect-rays

View-rays only (even sun patches
interpolated)
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Raytraverse

Examples of image-based
visualizations
(Radiance vs. Raytraverse)

Radiance

cd/m2 .

2000
1800
1600
1400
1200

1000
800
600
400
200

o

Quek, G., Wasilewski, S., Wienold, J., & Andersen, M. (2021). Spatial evaluation of potential saturation and contrast effects of discomfort glare in an open-plan office. BS2021.
Building Simulation 2021 Conference, Bruges, Belgium.
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Daylight Glare Probability (DGP) (Wienold & Christoffersen, 2006):

Z-m _
DGP=a-E,+b-log;,(1+X1 1Ti;_‘ +¢)
Ey Ps,i
e '
|
Saturation term Contrast term (log_gc)

(1)

where Lg j refers to the luminance of the glare source for the i-th glare source, wg; refers to the solid angle of
the glare source in steradians, and Ps; refers to the position index of the glare source. E, refers to the vertical
illuminance, and the constants are defined as: a=5.87 - 107°,b=9.18 - 1072 and ¢ = 0.16.

N
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Contoured normalized density plot showing the distribution of E,
and log _gc

4.0
3.5
__DGP=045
3.0 =~
~
A Y
\
\

25 DGP = 0.38 \\
I o
onl B \
%, DGP=034 . \
2

Lack of user experiment data
(studies ongoing)

0 10 100 1000 10000 100000

Legend —— Open-plan model = Past studies

Quek, G., Wasilewski, S., Wienold, J., & Andersen, M. (2021). Spatial evaluation of potential saturation and contrast effects of discomfort glare in an open-plan office. BS2021.

Building Simulation 2021 Conference, Bruges, Belgium.
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% view dir where category occurs most frequently
100%

90%
80%
0% 55% 54% 54% 53%
60%
50%
40%
30%
20%

10%

0%
North South East West

m[High Ev] Ev>3000 & log_gc <0.5
= [High log_gc] log_gc > 0.5 & Ev < 3000
[Both low] Ev <3000 & log_gc <0.5

Note: No view directions have Ev > 3000 & log(gc) > 0.5 as their most frequent
category

Stacked bar plot showing the percentage of space where 4 categories of luminous conditions (high/low E,
and high/low log_gc) occur most frequently for each of the 4 orientations with no urban obstruction

SPATIAL EVALUATION OF POTENTIAL SATURATION AND CONTRAST

EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Quek, G., Wasilewski, S., Wienold, J., & Andersen, M. (2021). Spatial evaluation of potential saturation and contrast effects of discomfort glare in an open-plan office. BS2021.
™ Building Simulation 2021 Conference, Bruges, Belgium.

N
~

Geraldine Quek & Stephen Wasilewski



-
o~

HOCHSCHULE
LUZERN

=PrL

{SMa|ISEAN Usydels % YanD sulp|eien

A== S

=20 Q

w e o« i

5555 3

226 05 e

LI@md 5

VWV Y S

cocooc o =3

VI A VI A S

O 0O O O =3

e D

(o) o) o) M) ©

© 0009 £

oS o8 08 o5 &

(=N N Re) o))

_ S68S ¢

9 P 8885 E
. { (]

= \\:“ DA VI VI A g

K \\\‘ 3330° = > > > = o

. 2

.m. \\ I\ ,\« v " muE Ll 5

~| \ “ v /nmv.VVVJ o u—

A d o) \\\“obc\,ﬂﬂﬂ- e "»% - W

. L g . -

K Y ooy S"ITE0e S_ == 3

S| 8 {8488y~ &4 O Dy —E=E=s 9

3 S Ateies " leeucescase 5

ol = AG vy 0D b&LOOE %

< 3 AV L R Rreheeest g

Ty Y AL =

w8 J02 700 s eletes COLL S

(7] \\ A o » ot (IEYW AN o

Q| £ ISYNISS g 0 <

S AR ceaiay ' &

400k B IS
P~ \N\ »ulf,.nmu; ceceeeedy v c
$3 a4 N 2
/ S, | 8

T~ (XN Z A A, 5

< \ S H3gCe _ 2

2s s g S 3

N~ anav e M Qn, =

TS Qavy N D¢ 3

g w RN ity | k5

() a0 T v\ [T Y¢ ” Q

S S 1 jwwwnw.u.tw eeey | e

Ll - L 4 b4 O

o 4“ ;tﬁ\lh\“ .H. wh@h b & &y & “( . “ 5

wa ¢ & wa o

R Weees =248 e =

S O e T vow @ =

Q ol Ay e =

T N RO 2 Z oy @ >

o © ’/t:wAn\ s AAL @ o

(< \ ’/ (S 2N ).\,A“&. VoL n oo &

£= \ f/lﬂunm g rutohs e g g

Q© i il OLl ObiwwdE O n

S N RT3 55 TSttt 14315 - <

G = NI 7 It eed ) N

0 @ \ SRR A e i e = g

..m w 4// ,.‘\.,‘ PR )\»‘f g‘“ \ Q M

= 3 \ Ju;v,;_,.w%«w X

8 < \ N iy ;

W .4“ / /)’“«“l ;\»‘ A\» <« Q8 m

o= AN M it S

— y / ooe >;;A Al c

S & A\ < otow <

ks .. eSS B

(<) //\/0 % o

nJ (o)) ¥ /oﬂ.s\% . Werwis = =

~ > = :

<= \ o . s e}

N < O

S 5 o< S g

o AR e\ o
woee W \

22 \ 7!(. << e urwrnne W

....a. ﬂ N\ (P oea < ronnPdnaaes »

N 3 waa ?‘flﬂy!r.(( .

N /l» . “InhHeBY N =z

nla I~ e P S N m

S < & \ - z

1] YOV A = =

.m < / ‘> »>» \ /h.\ %

ssq s

-~ .m /(z um.K\ \ @ W,

85 /(i 44 2 o

= T Nt 2 .

T < N2 g X

& S 8

301440 NV1d-N3IdO NV NI 3dV19 Ld04INODSIA 40 S103443
1SVHINOO ANV NOILVHNLYS TVILNILOd 40 NOILVNIVAT TVILVdS

Building Simulation 2021 Conference, Bruges, Belgium.



=PrL

HOCHSCHULE
LUZERN

Spatial visualization illustrating the frequency of annual saturation effects represented by E,
(4 orientations, 0 degrees of urban obstruction)
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Spatial visualization illustrating the frequency of annual contrast effects represented by log_gc
(4 orientations, 0 degrees of urban obstruction)
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SPATIAL EVALUATION OF POTENTIAL SATURATION AND CONTRAST

EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Quek, G., Wasilewski, S., Wienold, J., & Andersen, M. (2021). Spatial evaluation of potential saturation and contrast effects of discomfort glare in an open-plan office. BS2021.
Building Simulation 2021 Conference, Bruges, Belgium.
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EFFECTS OF DISCOMFORT GLARE IN AN OPEN-PLAN OFFICE

Categories:
s b . . i.  E,>3000&log_gc<0.5[High E,]
:A visual comfort ' zone based on illuminance + i.  E,<3000&log_gc > 0.5 [High log_gc]
image based metrics? i. E, <3000 &log_gc < 0.5 [Both low]
iv.  E,>3000 &log_gc > 0.5 [Both high]

\
3N

3
cegs
Se8

000

38588
i

sesss

>50% [l Cat (ii), DA

I Cat (i), DA, >50% | Cat (iii), DA, >50% WM Cat (ii), DA <50% [ Cat Giii), DA, < 50%

300lux

300lux

300lux’ 300lux’

Schematic plan showing five zones of lighting conditions, the result of coupling the three occurring glare condition
categories with daylight autonomy results (300 lux)

Quek, G., Wasilewski, S., Wienold, J., & Andersen, M. (2021). Spatial evaluation of potential saturation and contrast effects of discomfort glare in an open-plan office. BS2021.
Building Simulation 2021 Conference, Bruges, Belgium.
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SPATIAL EVALUATION OF POTENTIAL SATURATION AND CONTRAST
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Percentage of view directions where the saturation effect of glare potentially dominates (where E,
> 3000 lux for more than 50% of daylight hours). Values are calculated based on the
ClimateStudio results. Error marks on the 0°obstruction show the results from Raytraverse.
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Main conclusions:

- For the first time, we simulated the two effects of glare over a large area, as annual
measurements or simulations were not feasible before

- Word of caution when relying on purely illuminance-based metrics to predict
discomfort glare, especially in open-plan offices

- Level of urban obstruction is a bigger factor than orientation on the percentage of
view directions with frequent high E, conditions (for this case)
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Limitations:

- More user evaluation data is needed to establish thresholds for contrast glare (Point
in time)

- Annual thresholds spatially will then have to be corroborated with on-site
measurements and post-occupancy

- Validation of Raytraverse... + Learning curve?
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