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- fucation.

Learning
Objectives

At the end of the this course, participants will be able to

1. Identify luminance design criteria
2. Recognize tools for evaluating luminance design criteria

3. Compare illuminance and exitance as measures of perceived
adequacy of illumination

. Recognize tools for the analysis of mean room surface exitance

9} leducation.org

1. Lighting Design Approaches
2. Designing with Luminance
3. Designing with Exitance

4. Measuring Luminance and Exitance in the
Field
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Lighting Design Approaches

* Design for Visual Performance

— Design lighting to perform a task, e.g., readings
writing, safe egress, etc.

— “Heads down” approach

— Often thought of in terms of delivering the
right quantity of light
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Table 4.1 | Recommended Illuminance Targets

Fewor and esteriw plications

« Highrdensity sitations

- Some indoos 3oual situstiors

Bt ratatact 30 dlark cadmatany ol druations,

senses Of safety ard seciuiny. and casunl
circulstion based on landscope, hardscape,
architacture, and people 2 viual tazks,

5 EL -G

S ndoos socal Aituaton
- Some indoor commerce situstions

tan )
ertrer

- Some cutdoor commerce situabons

- Sorne indoor commerce stusbons

Common secid activity and large and/or
high contrest taska

Visuel performance imvolves hgher level
o Smindngre,

20t paapia snd can be work (ataved

+ Same Indoor cackal situation:
»Some indoor cducation situations
+ Same Indnor commarce Gtunene
- Some indoor sports stustions

- Same Indsor aducation dnatone
+Some indoor commeres situstions
- Same Indoor ports cuatoan:

It and o apkations

Common, relatively small-acale, mare

Vicuad pactormancs i€ ypleatly daily ite- and
wark- miatnd, musch mading and
writing Of hardcogies and electionic media

concrutively endior simultancously.

« Serme induor commeree stustiora

Smatiscale. cognitive visual tasks

s ard Stant fine inspaction. very small
dotad, reaction.

high speed assessment and

SO ST St
- Some ndoor industral situstons
= S health care procedural situtions.

Unecual, extremety mimute and/or ifs
awerainng cognitive tacke
Viessst partormance ke of the highact ordee in
mepactiue feide of health cae, industrial, 3nd
spors.

1ES 1Oth Eeiion

The Lisshting Handbook | 4.33

™ 10t Edition

llluminance
ategories

interior and exterior applications

Interlor and

ommended Target llluminances m

e

door commerce situations

Visual Ages of Observers (years)
where at least half are
<25 25t0 65 =65 Sorhe Typical Application and Task Characteri: Visual Perf D iptie
0.5 1 2 + Dprk adapted situsations
= B@sic convenience
1 l a = V@ry-low-activity situations
= SBbw paced situations
2 £ 4 = L@ve density situations
¥ situa = ori ion, relatively large-scale, physical
3 s 12 s z (less-cognitive) tasks
« Sbw-to-moderate paced situations
4 8 16 « Mpderate-to-high-density situations Visual performance is typically not work related,
but related to dark sedentary social situations,
35 10 20 senses of safety and s=curity, and casual
« Mbderate-to-fast-paced situations circulation based on landscape, hardscape,
7.5 15 30 « High-density situations architecture, and people as visual tasks,
i * S@dme indoor very subdued circulaton situations
10 20 40
1S 30 P1) = Conaested and significant outdoor intersectionsfimportant
d@cision-points, gathering places, and key point nterest
= S§me indoor sodal situatians
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= Some sports situations
750 1500 3000 * Some indoor commerce situations
* Some indoorindustrial situarions

ded Target Illumi (lux)
Visual Ages of Observers (years)
where at least half are
<25 25t0 65 =65 Some Typlcal Appl and Task CF istics Visual Perf: D P
20 40 80
g = Common social activity and large and/or
= 25 50 100 <
S high-contrast tasks
% 375 75 150 * Some outdoor commerce situations Visual pedformance involves highe -level
5 * Seme indoor social situations assessment of landscape, hardscape, architecture,
g S0 100 200 *+ Seme indoor commerce situations and people and can be work related.
©
= 75 150 300
<
2
o0 200 100
:: 4
150 300 600 = Some indoor sadal situations
= Some indoor education situations B
= Some indoor cormmerce situations Common, relatively small-scale, more
- Some indoor sports situations cognitive or fast-performance visual tasks
ded Target Illumi (ux)
Visual Ages of Observers (years)
where at least half are
<25 251065 =65 Some Typlcal Applicati ol Task Char istl Visual Perf D Apti;
200 400 800 ) ] Visual performapce |s.tvplcally daily !lfe- and
+ Some indoor education situations work- related, including much reading and
& = * Some indoor commerce situations writing of hardcopies and electronic media
250 500 1000 o= sbi Rt abeatd! : !
Some indoor sports situations cansecutively and/or simultaneausly.
* Some indoor industrial situations
275 750 1500
s00 1000 2000 Small-scale, cognitive visual tasks

Visuval performance is work or sports related,
close and distant fine inspection, very small
detail, high-speed assessment and reaction.

1000 2000 4000
S| s situati
1500 3000 8000 2ome .sports s.'"” SO, 3 Unusual, extremely minute and/or life-
« Some incoor industrial situations S S g
« Some healthcare procedural situations mutaining cognitive tasks
2500 SOU0 10000 Visual performance is of the highest order in
+ Some healthcare procedural situations respective fields of healthcare, industrial, and
5000 10000 20000 Sports.
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Table24.3| Facilities
Hortzontal (£, Targets Vertical (5,) Targets
M VR NS
Notes <35 ases  >es <35 ases  >es
= S <

Moo £, o5 AFF £l 3 T win ¥ s 7o 0 Avg ===
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- B e & x > 1 1w Ag G 7 13 m A = =
No n¢ ing i v e
[ " B 10 0 Ay D N o 2 A 9 = BB siases
= T tioorE. 67 AFF C— W o e 53 7 PR 5
£ o7 AFFE. ov AFF M o o Aw 1m0 m A S T4 i o
- oy NT.E ov e AT T or Tiew  woos Ave R a0 TSer iow Awa 5 = =
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IS T T =
E S £ - B
TigHeing e cpaser o o e
[
=3 Ty 23 Vi s TR £
Gooro AT g =5 trmes suiience ke = « ke,
E. @2 6 AFF.E o4 AFF [} 250 500 1000 Ava O 100 200 400 Avg n | > L
T e trcteal s o covenagn b T cx Dugraten Area™
o and des
ded E, -
e — = o
= ey x = = o Ag G 7z | 13 2 Aw » =] & Stvetadn e Tk Wiope o
A ¥ s 10 E 3 " = =R
E. Stioor e, &+ AFF = i e - I CE-CHET MY OF IIEFEE XN,
= . ofloor . S ATE C— o o e 5 5 = Ty = e
£, 57 APEE, oV AFE M oo 30 Mg J 3 % s A i | T
eature presentat ET T 5
S s s M )
T Er=n
ToraT S e e
curfac ELo7E AFE =5 fimes sudience GSkE e
FieTe AT STATE T 20 _se_ _twe A O _ % _ e oAy 1) = =
R d
Table 24.2 | Educational Facilities I
Targets (lux)™ "~
Vertical (E,) Targets

#:t'ﬁ-( are:

<25 2565  >65

Casegory Gauge Casegory Gauge

- . w -

A ing i overall bri ions and provides visual ralicf. Accenting i also used for visual
Sonaad ing. Sec 22 |L FOR CC APPLICATIONS/ACCENTING for default sccenting ariteria for

Sec 22 | LIGHTING FOR COMMON APPLICATIONS

with steps, curbs, and ramps,

FHigh degree of flexibility (likely loose zcating)

2 2 2 Min__F 10 20 Avg
Ey. @floor: E, @5° AFF 10 10 10 Min 1 15 30 &0  Avg
See 28 | LIGHTING FOR HOSAITALITY AND
Dedicated to lectures (likely fixed seating)
As the architect coordinates conurast markings with steps, curbs, and ramps, Bghting
mg"yﬂ“& K Pl 30 100 Avg G 7> s 30 Avg
y:’:ﬂomm '.""F‘"z: A"FF‘““‘e‘t F s 10 20 Avg D s © 12 Avg
Ex, @#11007; E, @4° AFF F s 10 20 Avg D 3 ) 12 Avg
E. @2 AFF.E. &4" AFF ™M 50 100 200  Avg 1 20 40 80 Avg
E,, @Y AFF,E, 4 6" AFF T 2000 Avyg R 250 >00 1000 Avg
Cited values are intended for screen plane when screen s in use
10 10 10 Max
S0 50 50 Max
Lighting at the cpaaker or panal of cpeakers
E. 54" AFF Avg <3 times audience task F.
En w2 o~ AFF Avg =3 times audience task B,
E, @2 6" AFF E, 94 AFF R 250 500 1000 Ava O 100 200 400 Avao

As the architect coordinates contrast king
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Lighting Design Approaches

e Design for the Visual Environment

— Design lighting for entire environment, -
taking into account lighting of surfaces and
interaction of lighting elements

— “Heads up” approach

— Often thought of in terms of delivering the
right quality of light

Luminance-Based Design

* J.M. Waldram (1954). Designed Appearance Method: “There has been
a revolution in thought in interior lighting in the past eight years —
beyond illuminating the task plane, includes ‘decoration, brightness
distributions, comfort, emphasis modeling .. ."”

* R.G. Hopkinson (1965). A Proposed Luminance Basis for a Lighting
Code.

* A. M. Marsden (1970). Brightness Luminance Relationships in an
Interior.

* C.A.Bernecker (1980). The potential for design applications of
luminance data. JIES: “The concept of a total visual environment
implies design that accounts for the light distribution and intensity on
all surfaces within an architectural space.”
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Luminance Contour
Mapping

“Photorealistic” Rendering

IESNA Design Guides

IESNA Lighting Design Guide
o Biank = Not IMporant of Not Appical

[ INTERIOR
LOCATIONS AND TASKS

| WMMT&MNMMI E]
uminances of Room Surfaces .
Modeing of Faces or Objects
Point(s) of Inferest &
Insmum-wemdm

Jiotes on Special Consissretors
Eategory or Value (uz)
ategory o Valoe )

_ |paht Distribusion on Surfaces

| [poecial Consideratons

Reflected Glare

| Jluminance (Vertical)

(s0e i in Section V,

|
|
[T

] S I I !

Air Terminate == =] l
I

?

I
[T

Art Galleries (soo Museums) | o S ) ] § 1 I | Ch. 1
|Auditoriums I I I ] | |
Assembly I - | | [ C
Social activity I . 111 B A
Banks (soe Resding) et ot i o T ch
Lobby I 1 | I = .
Senersl — B ] | : () c A
Wilting area - I=T (0} o 1A
Tellors' stations || T (O] E A
ATM facilities — keypad ) A c
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IESNA Design Guides

g |
2 11}
Design Issues
|Appearance of Space and Luminalires
Color Appearance (and Color Contrast) =
=
Daylighting Integration and Control 5| =
a2l m
Direct Glare ol @
g €
Flicker (and Strobe) 3 '_’:
Light Distribution on Surfaces [: g
Light Distribution on Task Plane (Uniformity) || 3 g
Luminances of Room Surfaces % g
{ | B
| L | Modeling of Faces or Objects 2| 8
| [Point(s) of Interest E g
“ted Gla [n]
[ N [ ] Reflected Glare g @
Shadows 3 g
- | 2
l = [Source/Task/Eye Geometry g
Sparkle/Desirable Reflected Highlights %
Surface Characteristics -
| 1 1
| | - System Control and Flexibility =
| | Fpecml Considerations E
e
2
INotes on Special Considerations B

1 llluminance (Horlzontal)

w0 O [Category or Value (lux)

llluminance (Vertical)

> > ICategory or Value (lux)

Jou 10 Juepodul JON

INotes on llluminance - see end of section
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Huminari Engineering Society

IEHE LIGHTINMBOOK
renth Edition | Reference and Application

hting Checklists

IES Lighting Handbook, 2011 10t Edition
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Applications | Lighting for Common Applicotions
J - Tte 3211 Commen ?.1 Appl on Typos
22 | LIGHTING FOR COMMON APPLICATIONS iy ks ol i ..;....‘..ha."\"..»..w..r.,.....'.,'
Scope and Specific Examples wnd Tabde 123 | Sample Vit Task S 1. Ovberwine,
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Bl Lok 174 Cosmc. P e Pt 23 A 732 L ey o s ks et e s ke i
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J-dﬂwlk-- T ol ppl -y Tabike 22.2. Couph s
e 1] TR TS OF LG TTTNG DESICN: 151 LICHT SOUIe- WA e
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Tebke 561 b g
n.-.,.-. -m.—u4mﬁwm.4mwﬂmm
22.1 Projoct Typo and Status Sec alve 31 | LIGHTING FOR OFRCES,
o 22.2.3 As
u_...uv-..n....._u....uqum p‘:‘-t'wﬁu‘::-;:::::‘v'k i A 3 uu—de-7.¢ I
T A i LS LiNRTLIIS
"3 sy o agwn (ol oY u_._n‘v.:;'“ _,._a..f......‘r._..n_...—;..::.—i—.‘..«.-n,:
i sy (e Jaias f lighioyg deasgn Facreus wtoo e 1 13 | COMPONFRETS msmm—.;-——--;h-—w R -‘h-m--w-mwwmuk- S
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Table 22.1| C 1 Applicati " Illuminance
Lighting Checklist - Table 12.6 | Default Illuminance Ratio
Recommendations
_ : Fraured2-22 [ Task Covernge Exaimpie
Accenting iwaer Light Distribution
15.1.1.3 Accent Lighting etore 12.3.2 Subjective Impressions
Table 12.2 | Subjective Impressions et | Luminances
Table 15.2 | Accent llluminam—:e Ratios J— 12:5:2 Limlnance
Table 22.1 | Common Applications Table 12.5 | Default Luminance Ratio
Illuminance Recommendations S Recommendations
aezen
Appearance Maintenance
12.2 Spatial Factors mree 15.4.4 Instaliation and Maintenance
ot Quire
Color veor  Nighttime Outdoor Environment
12.5.6 Color Considerations ——— Table 15.6 | Nighttime Operational
bcarretrid Strategies for Improved Outdoor
tro o 10
Co i :‘.:"W: Environmental Regard
16 | LIGHTING CONTROLS e
e Systems Integration
Daylighting 12.6 Systems Factors
14 | DESIGNING DAYLIGHTING s
" weiling Reflections
Electric Lightin: e
9 9 = A This Chapter: Section 22.3.6
15 | DESIGNING ELECTRIC LIGHTING o 12.5.4 Veiling Reflections
Flicker et
fincid Visual Tasks
4.6 Fl r and T ral itivi 2o
& Flicker and empo al Contrast Sens tvty b This Chapter: Section 22.2
Glare ———— This Chapter: Table 22.2
4.10.1 Discomfort Glare — Table 11.2 | Programming: Inventory
4.10.3 Disability Giare i Scope and Specific Examples
= Scecr
Illuminance iy 12.5.1 Visual Tasks
Svois Vel Table 12.3 | Sample Visual Task Survey

This Chapter: Table 22.2

10
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3.
4,

Designing with Luminance
Designing with Exitance
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Field
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Table 22.1|] Common Applications
Lighting Checklist

- coterts ang oesign esources

Accenting
15.1.1.3 Accent Lighting
Table 12.2 | Subjective Impressions
Table 15.2 | Accent llluminance Ratios

Table 22.1 | Common Applications
Illuminance Recommendations

Appearance
12.2 Spatial Factors

Color
12.5.6 Color Considerations

Controls
16 | LIGHTING CONTROLS

Daylighting
14 | DESIGNING DAYLIGHTING

Electric Lighting

15 | DESIGNING ELECTRIC LIGHTING
Flicker

4.6 Flicker and Temporal Contrast Sensitivity

Glare
4.10.1 Discomfort Glare
4.10.3 Disability Giare
Illuminance
This Chapter: Table 22.2

Illuminance

Table 12.6 | Default Illuminance Ratio
Recommendations

Figure 12.22 | Task Coverage Example

Light Distribution
12.3.2 Subjective Impressions

Luminances
12.5.2 Luminance
Table 12.5 | Default Luminance Ratio
Recommendations
Maintenance
15.4.4 Instaliation and Maintenance

Nig Outd Envir t

Table 15.6 | Nighttime Operational
Strategies for Improved Outdoor
Environmental Regard

Systems Integration
12.6 Systems Factors

Veiling Reflections

This Chapter: Section 22.3.6
12.5.4 Veiling Reflections

Visual Tasks
This Chapter: Section 22.2
This Chapter: Table 22.2

Table 11.2 | Programming: Inventory
Scope and Specific Examples

12.5.1 Visual Tasks
Table 12.3 | Sample Visual Task Survey

11
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Veiling reﬂecti!ns can
ce task gontrast

and provide

alternate fogusing cues

Takla 19 A 1 Pafarle o S s fmeunT e
Table 12.4 | Defaultl i wceand L ire Intensity Recommendations for VDT Applications
VDT Viewing ge Initial L L L Initial L
VDT M Screen Refl Properties
Medium-to-good™ Poor” Lumi Candi
CSAASO Types [ and Il Monitors CSA/ISO Type Il Monitors Limits
Positive Polarity  Negative Polarity ~ Postive Polarity  Negative Polarity
Secondary - Industrial <2570 cd/m’ at 65° and above NA
- Conference Room 300 cd @65°, 185 cd @75",
—_— 2 - .
E — Speee =1715 cd/m* at 65° and above 60 cd @85°
Normal - Classroom

- Office

= High-tech industrial

<1500 cd/m” at <1000 cd/m” at <500 cd/m”at =200 cd/m” at
65°and above 65°and above 65°andabove 65%and above

300 cd @65°, 185 cd @75°,
60 cd @85°

High - Call Centers
- Programming'

<1500 cd/m” at <1000 cd/m” at <500 cd/m’ at =200 cd/m’ at
55°and above 55°and above 55°andabove 55%and above

300 cd @55°, 220 cd @65°,
135 cd @75°, 45 cd @85°

-CAD

- Monitoring

Critical - Air Traffic Control

- Programming?
- Command Centers
- Medical Lab

<200 cd/m? at 55° and above

300 cd @55%, 220 od @65°,
135 cd @75°, 45 cd @85°

- Conference Room

<3425 cd/m®

- Transitional Space

- Industrial

<2570 cd/m*

<855 cd/m®

<615 cd/m”

12
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Photometry - 4000K CCT Candela distribution Coefficients of utilization Zonal lumen summary*
] Zonal | 50% | 0% | 2
Report number': 62012327 vertical - HotizontalAngle Celling | _80% Zone _ lumens  %Lamp  %Fixt
P Angle o' 45" 90" lumens  ‘way~ [70]s50[30]50 [30][i0[50[30] 10 | %

I § F PG28LA0ULA 0-30 784 278 278
Catalog number:  CFS22GPG28L40ULAG o [1020 1020 1020 RC Zonal Cavity Method 0- 40 1280 454 454
Delivered lumens: 2820 5 1012 1014 1018 96 RW Effective Floor Reflectance = 20% 0- 60 2256 80.0 800

15 058 G72 987| 2m 1 |109 104 100| 98 95 92|94 91 B89 0-90 2820 100.0 1000
Color®: 4000K 25 | 885 a5k ox0| a3 o 2 |99 91 84|86 80 7682 78 74 90-180 0 0 0
) = 3 |90 80 7275 69 64|73 67 62 0-180 2820 100.0 1000
Input watts: 468 23 KSCHI ) 46| 496 & 4 |83 71 62|67 60D 54|65 58 53 “Total Efficiency
Efficacy: 60.3 Im/w 45 | 594 666 738) 513 25 |7 63 54|60 53 47|58 51 46
! 55 | 428 522 602( 463 &6 |10 57 48|54 47 arf52 46 4
i ag 65 | 288 361 43| 344 E 7 |65 52 a3]a0 42 36|48 41 36
Lamp: LED 75 128 172 201 179 S 8 |Bl 47 39(45 38 32{44 37 32
: 85 28 35 36| 40 9 |57 43 35( 41 34 29{40 34 29
Coffaire recessed LED %0 T 3 3 10 [53 40 32|38 31 27|37 31 26
Luminaire 2'x 2' fixture with
perforated basket 1Tested using absolute photometry as specified Avg Luminance (Cd/m’)
CIE Type: lact inLM7S. |ESNA Aporoved Method for the
1e) Electrical and Photometric Measurements of VeTtar 2 e uunWe -
Plane: 0-Deg 90-Deg Solid-State Lighting Products. Angle 0 45 90

: Haria: 2Conelated Color Temperature within specs as 45 | 2452 2749 3046
Spacing sriteria; 12 13 defined In ANSI_NEMA_ANSLG C78 377-2008 55 | 2178 2656 3063
Plane: 0-Deg 90-Deg Specifications for the Chromaticity of Solid 65 | 1782 2493 2852

) ! St ot e s S
Luminous length: 23.040 23.040 a5 | o3 W72 1206

Table 12.4 | DefaultlL inanceand L inaire Intensity Recommendations for VDT Applications
Average Initial Luminaire Luminance Maximum Initial Luminaire
Dptions B
VDT Screen Reflection Properties
Medium-to-good” Poor® L C
CSAASO Types [ and Il Monitors CSA/ISO Type Il Monitors Limits
Positive Polarity ive Polacity Positive Palarity ive Polarity

- i <2570 cd/m’ at 65° and above NA
- Conf Room = °

< er.ence Hoom [ —— 300 cd @65°, 185?1075 2
- Classroom N . S . "
Wslsoocdlm at <1000 cd/m” at =500 cd/m”at =200 cd/m” at 300 cd @65°, 185 cd @75°,
Tomce | 65°and above 65°and above 65°andabove 65%and above 60 cd @85°
- Call Centers <1500 cd/m” at <1000 cd/m” at <500 cd/m”at =200cd/m”at 300 cd @55°, 220 cd @65°,
< quarnming' 55°and above 55°and above 55°andabove 55°and above 135 cd @75°, 45 cd @85°
- Air Traffic Control
-CAD
- Programming? 2 3 300 cd @55°, 220 cd @65°,
- Command Centers =200/t S5* and 135 cd @75°, 45 cd @85°
- Medical Lab

- Conference Room
- Transitional Space
- Industrial <2570 cd/m*

<3425 cd/m®

=855 cd/m®

<615 cd/m”

13
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Photometry - 4000K CCT Candela distribution Coefficients of utilization Zonal lumen summary*
Report number':  G2012327 VE;“CTI Horizontal Angle f°,':,°',, Celling| 80% | 50% | 30% | zone  Lumens %Llamp  %Fixt
ngle  0° 45 90" Lumens | wan |70[so[30[s0[30]w0]s0]30]10] o-30 784 378 378
Catalog number:  CFS22GPG28L40ULAG o [1020 1020 1020 RC Zonal Cavity Method 0- 40 1280 454 45.4
Delivered lumens: 2820 5 | 1012 104 1018 96 RW Effective Floor Reflectance = 20% 0- 60 2256 80.0 80.0
15 | o058 g2 os7| 2 1 [109104100[ 98 95 92[94 91 89 0-90 2820 1000 1000
Color?; 4000K 25 | 885 895 oz a3 o 2|99 91 84|86 80 76|82 78 74  90-180 0 0
) o = 3 |90 80 72|75 69 64|73 67 62 0-180 2820 1000 1000
{putwalts: 468 35 NI 26| 6 € 4 |83 71 62|67 60 54|65 58 53 “Total Efficiency
Efficacy: 60.3 Im/w 45 | 594 666 738| 513 £5 |% 63 54|60 53 47|58 51 46
) 55 | 428 522 602 463 S 6 |70 57 48[54 47 41|52 46 41
CRI: 838 65 | 258 361 4| 344 €7 |65 52 43|49 42 36[a8 a1 36
Lamp: LED 75 28 172 20T 7 S 8 |6l 47 39|45 38 32|44 37 32
Coffaire recessed LED 85 28 35 36| 4d 9 |57 43 35( 41 34 29140 34 29
Luminaire 2'x 2' fixture with %0 ’ } 3 NIE B AR s
perfoxated basket 1Tested using absolute photometry as speciffed Avg Luminan(e (Cd/m’)
CIE Type: Direct in LM79: IESNA Approved Method for the .
yp Bl s b Vertical  HorizontalAngle
Plane: 0-Deg Angle 0 45 90
i iteria: 2 Conelated Color Temperature within specs as 45 2452 2749 3046
Spacing sriteria; 12 13 defined In ANSI_NEMA_ANSLG C78 377-2008 55 2178 2656, 3063
Plane: 0-Deg 90-Deg Specifications for the Chromaticity of Solid 65 | 1782 2493 2852
. State Lighting Prod 75 | 1444 1940 2267
Luminous length: 23.040 23.040 gk it s | o3 "2 1206
Table 12.4 | L and L R d. for VDT
e e
VDT Monitor
Medium-to-good” ~ Luminaire Candlepower
CSA/ISO Types | and Il Monitors Gelﬁ(?lype Ihﬁonitorfs}A Limits
Maximum Celling Luminance
Av.r-gouﬂdm wmu.-zm»
CSAASOTypestandi CSAASOTypeill
Postive Palarity  NegativePolarity  Positive Polarity  Negative Polarity
Typxcal Spacing of Uplights
8h 128 8 2f BfR 2R 8f 2#

values below are rates of change in units of cdf/m’ per meter of celfing surfoce —this

« n

= ~ . a metes of ceiling
based on the luminance ratios cited in Table 12.5 to minimize veiling reflections

I Ziscdime 196S 1275

1965

25 1 1100 1680 1100
SR SR 980 640 980 640 840 550 840 550
980 640 840 550 840 550 840 550
<615 cd/m” 705 460 600 400 690 400 600 400

Yy - Cc e Room <
e e =3425 cd/m
- Transitional Space
- Industrial <2570 cd/m’
<855 cd/m”
<615 cd/m”
- iranstuonal
- Industrial =2570 cd/m®
=855 cd/m®
<615 cd/m”
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ulation Points - Automatic Placement

Navigate #E] [Jo = bR [P | e A ¥ @@ £ 7 @ | 3 ? Heip X Cancel ok

Propertes

[T Dialog Settings = CLDNDEIRFR OIS D L2HELANROx
[5) Associated Entity -
Entity Type Roon
EntityLabel tthe Test S
Componentt abel . o,
() General (All Calcuiation Points) - iy
FamiyLabel Cuttie Test 2 e
Description _ - = B S
PoNtSpacngLR 2 e i
PointSpacingTB 2 p /
TextSize 0.6 \ 5 /
CenterPointsOnSur face On \ e /
5 Surfaces \ P o/
Number 3 \ D
Tag off — \ ~ /
abel wWall_2 \
WorkPlaneHeght <
B Caladation Points
slculationPont Oon
Sublabel Wall 2
ulationT 2-Diffuse Luminance = -}
actor
CtorDesc
PointsOnSur face O-Normal Sice ( |
UghtMeter Type 1-Normal To Surface
Me terOrient
MeterTilt
.fh,.,.,.h.. L] i |

5] Session History P .
Total Sufaces= 7 Selected/ T agged= 1
1) Surlacels) Changed: CalcPrs T

Total Sufaces-

=8 Display Options T Refresh

29

Diffuse Luminance (Cd/SqM)
Avg =46.15 Maximum =79.2 Minimum =24.1
Avg/Min =1.91 Max/Min =3.29

30
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Table 22.1] C
Lighting Checklist

- coterts ang oesign esources

Accenting
15.1.1.3 Accent Lighting
Table 12.2 | Subjective Impressions
Table 15.2 | Accent llluminance Ratios

Table 22.1 | Common Applications
Illuminance Recommendations

1 Applic

Appearance
12.2 Spatial Factors

Color
12.5.6 Color Considerations

Controls
16 | LIGHTING CONTROLS

Daylighting
14 | DESIGNING DAYLIGHTING

Electric Lighting
15 | DESIGNING ELECTRIC LIGHTING

Flicker
4.6 Flicker and Temporal Contrast Sensitivity

Glare
4.10.1 Discomfort Glare
4.10.3 Disability Giare
Illuminance
This Chapter: Table 22.2

Illuminance

Table 12.6 | Default Illuminance Ratio
Recommendations

Figure 12.22 | Task Coverage Example

12.3.2 Subjective Impressions

Light Distribution

Luminances

12.5.2 Luminance
Table 12.5 | Default Luminance Ratio
Recommendations

Maintenance
15.4.4 Instaliation and Maintenance

Nighttime Outdoor Environment

Table 15.6 | Nighttime Operational
Strategies for Improved Outdoor
Environmental Regard

Systems Integration
12.6 Systems Factors

Veiling Reflections

This Chapter: Section 22.3.6
12.5.4 Veiling Reflections

Visual Tasks
This Chapter: Section 22.2
This Chapter: Table 22.2

Table 11.2 | Programming: Inventory
Scope and Specific Examples

12.5.1 Visual Tasks
Table 12.3 | Sample Visual Task Survey

e Ratio R

dations

Table 12.5 | Default Lumi

Areas of Interest

Intent Areas of Interest

Table 12.5 | Default Luminance Ratio Recommendations

Maximum
Luminance Ratio”

imum
Lunjinance Ratio”

Maintain - Paper task to VDT screen

task attention - paper to negative-polarity VDT screen 3:1
- paper to positive-polarity VDT screen 13
« Task to immediate background surfaces 3:1

- Task to distant background

- task to dimmer distant background

10:1

- task to brighter distant background

1:10

ceiling and/or wall zone

- CSA/ISOlandll

= AlICSA/1SO | and Il positive polarity monitors

ceiling and/or wall zone

polarity
- brighter ceiling and/or wall zone to dimmer

s in normal/secondary situations

8:1
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Luminance Ratio Calculation

1. Create task (e.g., planar object = paper task,
reflectance = 65%)

2. Place luminance calculation points on task
surface(s)

3. Place luminance calculation points on immediate
background

4. Again, generate luminances of all room surfaces,
task, and immediate surround

5. Compute ratios and compare to figure 12.5

33

o e b« CSA/ISO | and Il negative polarity monitors in critical/high sithations

Table 12.5 | Default Luminance Ratio Recommendations

Maximum
Intans Draacof 1 Batia®

Maintain - Task to light source
visual comfort - task to daylight media 1:40

- task to luminaires 1:40

- Light-source-adjacent-surfaces to light source
- daylight-media-adjacent-surfaces to daylight media 1:20
- Iumin-aire—adjacent-surfaces to luminaires ;- 1:20

« All CSA/ISO Il monitors

- brighter ceiling and/or wall zone to dimmer

4:1
ceiling and/or wall zone

« All CSA/1SO | and Il positive polarity monitors
« CSA/ISO I and Il negative polarity monitors in normal/secorndary situatipns

- brighter ceiling and/or wall zone to dimmer

8:1
ceiling and/or wall zone

17
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Table 22.1] C

1 Applic

Lighting Checklist

Accenting
15.1.1.3 Accent Lighting
Table 12.2 | Subjective Impressions

Table 15.2 |

Accent llluminance Ratios

Table 22.1 | Common Applications
Illuminance Recommendations

Illuminance

Table 12.6 | Default Illuminance Ratio
Recommendations

Figure 12.22 | Task Coverage Example

Light Distribution
12.3.2 Subjective Impressions

Luminances

12.5.2 Luminance
Table 12.5 | Default Luminance Ratio
Recommendations

Appearance

12.2 Spatial Factors

Color

12.5.6 Color Considerations

Controls

16 | LIGHTING CONTROLS

Daylighting

14 | DESIGNING DAYLIGHTING

Electric Lighting
15 | DESIGNING ELECTRIC LIGHTING

Flicker

4.6 Flicker and Temporal Contrast Sensitivity

Glare

4.10.1 Discomfort Glare
4.10.3 Disability Giare

Illuminance

This Chapter: Table 22.2

Maintenance
15.4.4 Instaliation and Maintenance

Nighttime Outdoor Environment

Table 15.6 | Nighttime Operational
Strategies for Improved Outdoor
Environmental Regard

Systems Integration
12.6 Systems Factors
Veiling Reflections

This Chapter: Section 22.3.6
12.5.4 Veiling Reflections

Visual Tasks
This Chapter: Section 22.2
This Chapter: Table 22.2

Table 11.2 | Programming: Inventory
Scope and Specific Examples

12.5.1 Visual Tasks
Table 12.3 | Sample Visual Task Survey

Table 15.2 | Accent llluminance Ratios

Focal-point
U S Role Reflectance  lHluminance Ratio® Application Notes® Exampie Applications
Strong D =50% ~20:1 focal-point-to-task Used very sparingly for short - House of Worship: reverent focal element
<50% ~40:1 focal-point-to-task duration on one or a few relatively during dark-house ceremony
small focal points for momentous - Retail: highly-exclusive indoor small
occassion or experience. Long-term displays such as an extraordinary piece of
exposure may fade/degrade focal. jewelry
Focal point lighted to these ratios
may be a fraction of total focal area.
Focal plane may be different from
task plane.
D >50% ~10:1 focal-point-to-task Used sparingly on one or several - Corporate and hospitality lobbies:
<50% ~20:1 focal-point-to-task focal areas for significant effect. Long-  exclusive wail materials such as granite
term exposure may fade/degrade - Retail: exdusive indoor display such as
focals. Focal point lighted to these vignette at department or store entry
ratios may be a fraction of total focal
area. Focal plane may be different
from task plane.
T Feature =50% ~5:1 focal-point-to-task Used on focal points for visual - Hospitality: destination features such as
<50% ~10:1 focal-point-to-task attention. Focal point lighted to concierge, front desk, wall-material

these ratios may be a fraction of total features
focal area. Long-term exposure may - Retaik dazzle and highlight of feature
fade/degrade focals. Focal plane may displays

be different from task plane.

18
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Table 15.2 | Accent llluminance Ratios

Focal-point
L. Role Reflectance Illluminance Ratio® Application Notes® Exampie Applications
Soft Visual Edge =50% ~2:1 focal-point-to-task Used on focal points or features for - Conference rooms: artwork, wall-material
<50% ~5:1 focal-point-to-task visual interest. Long-term exposure features
may fade/degrade focals. Focal plane . Contemporary residences: artwork
may be different from task plane. - Reception: artwork, wall-material features
Subtie Visual Rellef =50% ~1:1 focal-point-to-task Used liberally on focal points for - Office: artwork, wall-material features
<50% ~2:1 focal-point-to-task visual relief. Long-term exposure - Traditional residences: artwork

may fade/degrade focals. Focal plane
may be different from task plane.

a. Ratio of E, (average illuminance on focal point typically of vertical ori o to Ep € ge illumi e on primary task plane typically of horizontal
orientation).
b. See 21 | LIGHTING FOR ART for criteria related to preservation-worthy objects.

Designing with Luminance and Exitance

1. Lighting Design Approaches

2. Designing with Luminance

3. Designing with Exitance

4. Measuring Luminance and Exitance in the
Field

38
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Cuttle: Mean Room Surface Exitance

¢ In the 21st century when most things that need to be seen have been designed to be seen,
the function of general lighting in most spaces should shift from providing an amount of light
related to task difficulty to providing an amount of light that meets the expectations of most
occupants in appearing adequately bright or dim.

* For designers, Cuttle proposes a change in design approach from specifying levels of
illuminance for task to providing levels of light that yield predictable assessments of
surrounding brightness on a scale the runs from distinctly bright on the upper end to very dim
on the lower.

* Perceived Adequacy of lllumination [PAI] is a binary judgement of whether or not the
illumination is adequately bright or dim for a specific use.

* Mean Room Surface Exitance [MRSE], as a measure of the overall density of inter-
reflected flux within a space, has been proposed as a reliable indicator of surrounding
brightness and, for the purposes of design guidelines and standards, that correlates with
PAI.

MRSE (|m/m2) Perceived Brightness

10 Lowest level for color discrimination

30 Dim appearance

100 Lowest level for ‘acceptably bright’ apperance
300 Bright appearance

1000 Distinctly bright appearance

Cuttle’s proposed range of subjective assessments of lit appearance related to MRSE.
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100% 100%
F-d =
o 20% o 90%
8 — ] 2 som
R*=0.19 8
70% t 2 0%
2 ° §_ R =082 °
K 60% t 3 60%
.3 m 2 m
T oao% £ %
[+]
, 30% B
20% § 2056
10% :._ 10%
o m‘ | “
o 100 200 300 400 500 600 700 0 20 40 60 80 100 120
Mean Horizontal llluminance {lm/m?)} Mean Room Surface Exitance {Im/m?)
Figure 8 - Yes responses to PAl against Horizontal Illuminance. Figure 9 - Yes responses for varying levels of MRSE against PAI.

Duff J, Kelly K, Cuttle C. (2017) Spatial brightness, horizontal illuminance and mean room
surface exitance in a lighting booth. Lighting Research and Technology; 49(1): 5-15.

2018 Annual Conference

August 9 -11 | Westin Boston Waterfront | Boston, MA

Surface Exitance: Approach, Method + Analysis
Sean Casey, Parsons School of Design + Tillotson Design Associates
Dr. Craig Bernecker, The Lighting Education Institute + Parsons School of Design

S

Sl [lluminating

ENGINEERING SOCIET ies.org/ac
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East Wall

PR P A TR L@ 7
= & BREIRDCIIO D OGit N
£ >
;/,"
An exitance calculation grid is placed on an enclosing surface.
East Wall Exitance (Lms/SgM)
The calculation is run. Average = 4.02 Maximum = 6.1 Minimum = 1.2 Avg/Min = 3.35 Max/Min = 5.08
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An exitance calculation grid is placed on all enclosing surfaces.

Ceiling Exitance (Lms/SqM)
Average =4.14 Maximum = 6.7 Minimum = 1.2 Avg/Min = 3.45 Max/Min = 5.58

East Wall Exitance (Lms/SqM)
Average = 4.02 Maximum = 6.1 Minimum = 1.2 Avg/Min = 3.35 Max/Min = 5.08

Floor Exitance (Lms/SqM)
Average = 48,59 Maximum =91.1 Minimum = 0.5 Avg/Min = 97.18 Max/Min = 182,20

North Wall Exitance (Lms/SqM)
Average = 4.14 Maximum =5.9 Minimum =1.3 Avg/Min =3.18 Max/Min = 4.54

South Wall Exitance (Lms/SqM)
Average = 4.07 Maximum = 5.8 Minimum = 1.3 Avg/Min = 3.13 Max/Min = 4.46

West Wall Exitance (Lms/SgM)
Average = 407 Maximum = 6.2 Minimum = 1.2 Avg/Min = 3,39 Max/Min = 517

Surface VAvq, Exitance (Im/m¥) Surface Area (m?)
Celling axa 108

Floor 48 59 108

North Wall '-1‘\-1 26

East Wall 402 27

South Wall a.07 56

West Wall a0? 27

Total Surface Lumens

44702

5247.72

HHluminance @ workplane: 3271ux

From the mean exitance of a single surfaces to the mean exitance of all enclosing surfaces. Calculating the diffused field of inter-reflected flux within the

volume of a space.
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MRSE (Im/m?2)

Perceived Brightness

10 Lowest level for color discrimination

30 Dim appearance

100 Lowest level for ‘acceptably bright’ apperance
300 Bright appearance

1000 Distinctly bright appearance

Cuttle’s proposed range of subjective assessments of lit appearance related to MRSE.

Room Surface Reflectance Values

Modeling the test site.

Ceilng 064

el joess

Claset Door 044 —
Entry Door

|Fioor

Object Surface Reflectance Values

Column

0.93

| Table

O.m8

—| Chair

015
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3Iux

Surface Exitances

Surface Avg. Exltance (Lm/m?)  |Surface Area (m®) Total Surface Lumens
Bulknead 2415 s 26.93
Bump Out 2523 0488 1231
Ceiling 33.74 32189 1086.06
Closet Door East 1259 1951 24.56
Closet Door West 1287 1951 25
East Wall 2993 17.054 510.4%
Entry Door 7.50 1.95 14.63
Entry Door Surround 27.02 3369 91.03
Floor 28.92 32189 930.91
North Wall 3358 15155 508.90
South East Closet Surround 1812 0.375 6.80
South Return Wall 19.41 2021 3923
South Wall Between Closet and Door 38.73 3745 145.04
South West Closet Surround 19.97 0.375 7.49
west Wall s0.48 15.521 a7s.08
I Total: 129.45 Iaeran o Lumens:

Total Spatial Lumens,/
Total Surface Size

Bright

Colorful
Relaxed
Lively
Adequate for reading/writing
Adequate for socializing

for

The semantic differential scales.

.
® e 7
0@ i
“

Dim

Colorless

Tense

Subdued

Inadequate for reading/writing
Inadequate for socializing

for
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MRSE amym®) Percelved Brightness MRSE Assoc. Mlum. Venue
380.69Imy/sgM |75fc (807lux) |Class experiment
10 Lowest level for color discrimination 50fc (538lux) | Class experiment
=0 D S trancs B 132.99Im/sqM | 25fc (26%ux) | Class experiment
oo Lowest level for ‘acceptably bright’ 98imy/sgM 2001ux Individual expeniment
bk 82imy'sqM 183lux Individual experiment
S0 Bright appearance 65im/saM T26hax Individual experiment
1000 Distinctly bright appearance SOlrysaM S Idiiiant Sk
42my'sqM 88lux Individual experiment
27Im/saM S56lux Individual expenment
T.5im/zaM 24hux Individual experiment
7 5lm/zaM 16lux Individual experiment
4dlm/saM Blux Individual expeniment

51

Table 1. Semantic-Differential Ratings Relative to Mean Room Surface Exitance for
Coggorful-Colorless , Relaxed-Tense, Lively-Subdued, and Bright-Dim Rating Scales

7.00
T
i 1

6.00 T EANS
Kj\ {

5.00 I ~=

——
——

ing

S_D Ratin,
&
(=3
8
l
[—4 wf-u ——
; R
f
b

3.00 T

2.00 -

MRSE Value (lumens/m2)

1.00
0.00 4 7.5 115 27 42 50 65 88 98
===Colorful-Colorless 5.50 5.28 4.72 4.28 4.11 3.78 3.50 3.44 3.39
===Relaxed-Tense 1.89 1.94 2.28 2.83 2.94 3.22 3.17 4.28 4.00
Lively-Subdued 6.11 6.24 5.22 5.00 4.67 4.56 4.44 3.67 3.83
Bright-Dim 6.50 6.39 5.44 4.72 4.39 3.72 3.72 261 3.03
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Table 2. Semantic-Differential Ratings Relative to Mean Room Surface
Exitance for Bright-Dim Rating Scale and Adequate-Inadequate for
Reading-Writing, Socializing and Contemplation Scales

8.00
7.00 _
—1
6.00
u \\\ /P—{
£
= 5.00 I
&
a
“
T
L
T
MRSE Value (lumens/m2
1.00
0.00
4 7.5 115 27 42 50 65 88 98
e Bright-Dim 6.50 6.39 5.44 4.72 4.39 3.72 3.72 2.61 3.03
= A/| Reading,Writing 6.06 5.50 4.94 4.28 3.44 278 2.83 2.39 2.33
A/l Socializing 3.78 3.17 2.78 2.72 2.89 261 2.83 3.72 3.11
@ /| Contemplation 1.94 1.78 2.50 3.28 4.00 4.11 4.83 5.39 5.50

53

MRSE (Im/m?)

|
|Parcaived Brightness
|

10 Lowast lavel for color dizcrimination

30 |Dim appearance

S |Lowest lovel for “acceptably bright'
Pt

300 |eriht sppearance

1000 |Distinetty bright appearance

MRSE (Im/m?y

Perceived Brightness

Lowest level Tor color discrimination

for C4 +

Subdued Atmosphers

Dim appearance

Rulaxudt Atmosphare

Adequate for Reading + Writing (Short Duration)

Lowaest level for ‘acceptably bright” apperance
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Lighting Design
Objectives
(LiDOSs)

Ilumination Hlumination

Efficiency Hierarchy

Perceived Perceived

Ambient 4 &
Noriietion Adequacy — m—fl  Brightness
of lllumination of lllumination

MRSE

Visual

y
Target Flux
illumination Utilization

Emphasis

Direct Flux
Distribution
(DFD)

lidos-procedure/

Figure 1. The Lighting Design Objectives (LIDOs) Procedure. The procedure guides the practitiones from having

specified lighting design objectives (LIDOS) that refate to how llumination qusntity and distribution may Influence

the appearance of alit space, to developing a specification of & direct flux distribution (DF D) that would achieve the

required balance of LIDOs. Throughout the process, the practitioner may give priority to achieviag Humination

efficiency or ¢

ating an lllumination hierarchy.

https://www.ies.org/fires/
the-lighting-design-objectives-

55

Perceived Brightness MRSE
of lllumination (PBI) (Im/m?)
Bright 150
Slightly bright 120
Neither dim nor bright 90
Slightly dim 60
Dim 30

Table 1. Tentatively Proposed PBI/MRSE Relationship.

Visual Emphasis (VE) TAIR
Emphatic 40
Strong 10
Distinct 3
Noticeable 15
Absent 1.0

Table 2. Tentatively Proposed Visual Emphasis/Target-Ambient

llluminance Ratio Relationship.

56

9/4/20

28



9/4/20

Designing with Luminance and Exitance

1. Lighting Design Approaches
2. Designing with Luminance
3. Designing with Exitance

4. Measuring Luminance and Exitance in the
Field

57

High Dynamic Range Imaging

Ay

.
[

Digital Camera
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High Dynamic Range Imaging

moonhight candie at one museum modem  near shade full sun
meter aisplay office windows ouldoors beam
m:;om | naw cotour vision
T - — — ]
001 0.1 1 10 | 106 | 1000 10,000 100,000

50 300
Loganthmic scale of kight intensity (lux)

| | PP & tukan e
1 2

] Digital camera range ofl
| sensitivity
] Human vision range of
sensitivity

High Dynamic Range Imaging
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HDR Requirements (what you typically need):

=y’ @ Wikon

[ @&
L \ - <

HDR Software &

.- . Lapto
Dl,gltal camera with I[WW M@ﬂ'@f@ﬁlﬂi PhotosphereF:/ersl?on 1.8.6U,
variable shutter speed Gray Card for Copyright 2010
and good tripod Calibration Greg Ward, Anywhere
Software

F

* B Exp T 33 W Aute L
Dec 5 2010 4.18:090

JiHdiodseien

-
-
o,
»
M
-
-
LA
-

ININAE NP
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Opportunities:

* Explore interpretation of human responses to entire
visual field to inform design recommendations

* Assessment of brightness and glare

* Assessment of uniformity ratios and perception of
uniformity across a surface

* Validation of photorealistic renderings

* Exploration of psychological responses to lighting
(Flynn Modes)
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Benefits:

* Relatively simple, widely-available technology for capturing a

large quantity of lighting measurements

* No longer solely reliant on illuminance as the quantitative
design metric (enable luminance- based design
recommendations)

* Implications for energy codes to enable a true evaluation of
quality of lighting system

Table 12.2 | Subjective Impressions

Reinforcing T¢ Typical Aps
- Usa pori i - Awi wall or ing 3 wall - Most spaces
ighti i effectshelp,  aAND - See Figure 1212
but not necessary. & ing wall art or ing one or sovaral - Sce Figure 12,13
i or s and/or using
ve ( such as sconces, or

tahie or fioor ights placed intermittently arcund
edges of room or area

- Use y demn - Dwm and somewhat spotty lighting effects from = Upscale dubs

lighting. Emphasis at downlighting or using dim decorative lighting. such . Upzcale restaurants
iphery helps, but not &3 pendants, sconces, or table or floor lights - Some residential spaces
necessary. - Meditation spaces

- See Figure 12.13

-Use i - i one or two darker-toned wolls or « Casual areas
Dimmer effectshelp,  features or dim wallwashsng one or two lighter- « Conference rooms
but not necessary. toned walls or features - Lounges
AND - Sit-down restaurants
= Softly accenting select art and/or several - Waiting areas
i or - and/or using
such as sconces, of
table or floor lights placed intermittently around
edges of room or arca
- Use weall - wals for at least two walls and/or = Girculation
i effects help, but not wallwashing at least two walls ; : weall - spaces
necessary. reflectances of 60% or more for ot least half the - See Figure 12.14
walls to be lighted
- Create bright ceiling and - Skylights, relatively bright recessed lensed modular - Wark spaces
with some inaires, i g - See Figure 12.15
emphasis on periphery. luminaires, or mixed with
Uniform effects help. butnot  consider ceiling reflectances of 90%
nocessary. AND
- walls

a. Lighting modes are listed in order of Most Influential Nrst.

b. Dim and bright arc uzed in a relative senze. No quantitative design values are available. Surface reflectances affect zenzas of dim and bright.

<. Nonuniform as used here means that the patterns of hight are apphed butnotina or Uniform indi-
catec that the pattern or of ight are i or

d. Dayhght or electric bght can be employed to achieve reinforcing tec Subjective ions’ tec are with other lighting techniques as
nocezzary to moet other design criteria.
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Designing with Luminance and Exitance

Learning Objectives

Participants will be able to:

1. ldentify luminance design criteria
2. Recognize tools for evaluating luminance design criteria
3. Compare illuminance and exitance as measures of perceived
adequacy of illumination
4. Recognize tools for the analysis of mean room surface exitance
67
“I believe light is the maker of all material. Material is spent light.” - Louis Kahn
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This concludes The American Institute of Architects Continuing
Education Systems Course

& leducation.org
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