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3 Questions

What 1s How do we How do we
Glare? Measure Glare? Predict Glare?






Disability Glare

E Patterson / Understanding Disability Glare Lee Sullivan / Lake Norman Medla

Failure to form a retinal image due to excessive brightness or low contrast



Discomfort Glare

Alstan Jakubiec / Christoph Reinhart Naomi Miller / PNNL

Pain caused by object in the field of view that is brighter than the luminance to which the observer is adapted



Visible Range

Starlight Moonlight Book in shade VDT Sunlight

10¢ 10° 10¢ 10° 102 100" 10° 10" 1® 10* 10 10° 10

We perceive only 3 orders of magnitude in luminance without adjusting our eyes

/ /
Circuar muscies of ins Radial muscles of irs
contracted causing a contractod causing a
constricted pupd diated pupd

Christoph Reinhart / Daylighting Handbook and Peter Lamb



Rules of Thumb
Field of View

Glare
Zone

T~

Field of View
) 0° Assumption:
Don 't look up!

Based on IES DG-18-08



Rules of Thumb
Contrast Ratio

Far objects: 1:10 HH .
N

>

Near objects: 1:3

Note:
Not backed by
scientific study

Based on IESNA Lighting Handbook, 9t edition



Colors might “clash”

but

Color 1s not considered In glare
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How do we-
“Measure |
Glare? :




Photographing Glare
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Jan Wienold and Jens Christoffersen, 2006



Glare Metrics
pmasons | et sors | Smotcsons |
Glare = 2
=1




uminance vs Contrast



How Big Is the Light Source?

L

< -
....!‘nl“
fesuunnt®

Large solid angle Small solid angles

25-30,000 cd/m? 1.5 million cd/m?

CIE JTC7 provides an approach for calculating “effective” luminous area



Position Index

Brow
Shaded

Center of View
High sensitivity

Nose
Shaded




G Iare M etri CS CIE Glare Index

CGI — 8 X 10g10 2

1 +Ed/SOOzL ;

Visual Comfort Probability E, + E; p?
n—0.0914 i=1 !
0.5L;(20.4w; + 1.53w{* — 0.075)
VCP =279 — 110Xlogloz —
EL)44p;
i1 avg i
n Lexpw Unified Glare Rating
L l 2
— 0.25 " L5 w;
Glare E exp nexp UGR = 8 x logy g — z —
L P. Ly & P;
i=1 b 1 =L
_ o For in between sources /
Daylight Glare Probability Electric lights
n
DGP = 5.87 X 107°E,, + 0.0918 X log, (1 + z ET57p 2) +0.16 Daylight Glare Index
t i 116008
DGI =10 X lo 0482
f o0 Ly + 0.07005L;

For large diffuse sources For small bright sources
Sky Sun




Glare Metrics

DGP DGI UGR VCP CGl
Imperceptible | <0.35 <18 <13 80 — 100 <13
Perceptible 0.35-0.40 18-24 13 - 22 60 — 80 13 - 22
Disturbing 0.40-0.45 24-31 22 — 28 40 - 60 22 — 28
Intolerable >0.45 >31 >28 <40 >28

For Daylight

For Electric Light



Unified Glare Rating Limit

UGR UGR-L
Imperceptible <13
Technical drawing 16
Perceptible 13 - 22 Offices 19
Reception areas 22
_ _ Archives, stairs and lifts 25
Disturbing 22 — 28 _
Corridors and passageways 28
Intolerable >28

EN 12464-1
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Simulation

Simulations can match reality with extreme closeness ... ... and now many
software products
let you do this

Radiance
DIALux

 Ladybug
| Tools

Simulation HDR Photograph 8 SOLEMMA

30 300 cd/m? 3000 30000



360° Glare

Imperceptible

Alstan Jakubiec

285

300 315 330 345 O
A

D 105 120 135 150 165

Perceptible

W Disturbing

B Intolerable

180

Lesson:
Your view direction,

the room shape, and
Its furniture and
finishes matter!



Reported Luminaire “Glare”

BY470P 1 xGRN1305/840 WB GC

1x 13000 Im

Polar intensity diagram

1207 180 120°
90°
wo
30°
(cd/1000Im) ©0° LOR=100
——0-180° 90-270°
Light output ratio 1.00

Service upward 0.00
Service downward  1.00

CIE flux code 70 96 100 100 100
S/H ratio crosswise max. 1.5
lenzthwise max. 1.7

UGRecen (4HxBH, 0.25H) 3
UTE71-121: 1.00A5 + 0.00T

LVPOO50300

Quantity estimation diagram
nr. of luminaires

UGR diagram

160
Proom: 28 M Frogm 28 m
Reflectances: 0.70, 0.50, 0.20 m Reefl: 070 0.50 0.20
16 Maintenance factor: 1.0 Caifing mounted
Ceiling mounted
120 |1 viewed endwise
12 Y 1125 : viewed crosswise
135
¥ : Farallel to viewing dir.
8
80
. 750 b |- -
" 500 —F—
- I s 11,1 P —
— 1 40
50 70 90 fml') 4.0 8.0 120 m 160
— X
Utilisation factor table Luminance Table
Reflectances for ceiling, walls and working plane (CIE) Plane 0p| 450| %00
Room Cons
080 080 Q70 070 Q70 070 050 050 030 030 000
450| 40000| 72e85| 35583
Index | 0s0 os0 | 050 050 050 030 | 030 010 | 030 010 | 000
K 030 010 | 030 020 040 040 | 010 040 | 040 040 | 000 00| 21386] S333%] 14700
55.0( 10051 30152 10335
060 | 062 055 | 0£2 060 059 053 | 053 043 | OS2 049 | 047 £00] 7a3el 130311 13348
080 | 073 065 | 072 00 08 061 | 02 058 | 041 033 | 05 65.0] 5%24| 6458| 14050
100 | 082 07e | 0B0 08 075 070 | 069 066 | 049 065 | 0.3 700 s sus| Trel
125 | 030 0 | 088 0Es 081 077 | 076 o072 | 075 072 | 070 750 4335] 4435] maes
200 | 1o 0 | 101 0% 0% 0% | 037 oss | ase os | om ooy 2, N s
150 10% 03¢ 106 101 055 033 051 089 030 088 0s8e a0 110 1377 77
300 | 113 095 | 110 103 058 035 | 054 052 | 053 0% | 08Y o0 - = 2
400 | 147 101 | 134 107 100 038 | 057 055 | 095 034 | 032 (cdim2)
500 | 120 103 | 116 108 102 100 | 058 057 | 057 096 | 093

Ceiling mounted

2017-02-08

Note:
This i1s not what the
occupant experiences
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In Summary
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Glare happens when there is too We can measure glare using Glare measurement must account
much luminance for the eye to photography or simulation for the luminaire, the room, and the
(comfortably) handle — but existing metrics are imperfect  viewer
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