21
. 100

2525)

( 2525)

altitude angle

o azimuth bearing angle

azimuth

profile angle

(profile angled

l«  « «
«

azimuth

3ﬂﬁ2.1 use altitude angle, bearing angle usz profile angle

, 2541: 60

* indirect lighting

» ambient lighting

«

*®*



 task lighting

 task-ambient lighting
3
 direct glare

 offending zone

2.2 ,
: (Ultraviolet-UV)

( , 2521: 9-10)

380

780

Infrared
Infrared
100 - 400

Ultraviolet Radiation, 1999:1-2)

V A near-Ultraviolet

770 - 1,000,000

(

(Infrared)fi

21)

315-400

V3

380 - 780

fraredt

frareds
V
(Information Sheet on



V
Vv
uv
Visible
Infrared
7%39%
2.3

21

52%

280-315

100-280

Uv-A
uv-B
uv-C
VIOLET
BLUE
GREEN
YELLOW
ORANGE
RED

NEARINTRARED
INTERMEDIAT INTRARED
FARINTRARED

visible spectrum

380 - 760

v

frarediB

(
315-400

280-315
100-280
380 - 431
436 - 495
495 - 566
566 - 589
598 - 627
627 - 780
770- 1400
1400-5000
5000-1000000

frared

1998:5)

(Hz)

2.2
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Orange

2.2 '
- Mechanical and Electrical Equipment for Building, 1992: 912

130

2.3

1 -
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\ .
bl ,n'1n13‘<uﬂ.‘n31ﬂ‘u

-
ANUNINRK (nm)

, 2521 1 20



24 (The Visual Fiel)
|

180
corporation, 1978:9)

2.5

2.5

60
70

30 (AIA Research

- . ’
719 2.4 uama the visual field

: Ftobbins, 1986: 236

( 2521: 21)

r T

‘ e

5o
00 | R | i 4 o
30 At ‘

60 -

o1
D1
| ' i t

Loy S 1NN O i
1 2 5 1C 20 5 10C '200

, 2521 : 2



2.6

10

'
v
WAINUIIE
LA A angm)
d0InasuE
g‘h-?—: gir&wmwlo'cﬂ
v o
ANBIAIULE (W luues)

o o o o a - o - P Ve
;ﬂ_JYI 2.6 LLﬁﬂQﬂLﬂﬂﬂ?&lﬂ‘ﬂﬂ\imx"ﬂLnﬂqqnn'\?ﬂnnﬁl&lL‘/l”lnu‘ﬂﬂﬁﬂ']”luﬂ']’)ﬂﬁum@ﬂuﬂnﬂ'Nﬂu
, 2542 120

2.6
610

( absorption )

610 - 780



1
2.1
2.1
, 2521 @18
2.7
2.1
( medium )
( absorption ) ( medium )
(heat )
? (reflection )
. ( specula reflection )

(opaque material ) ( polish surface )

11



12

( angle of incident ) ( angle of
reflection )
. ( diffuse reflection )

( perfectly diffusing surface )
( perfect diffuse reflection )
1 (semi diffuse surface )
('semi diffuse reflection )

('specula reflection ) ( diffuse reflection )

(reflectance, p) (luminous flux)vi

( transmission ) ( medium )

absorptance + reflectance + transmittance = 1

. (transparent medium ) (refracted )

. ( translucent medium )
( diffuse transmission )

»



, 1 ( ransmittance.T 1 (luminou
flux)v

28 (‘illumination )

( illumination )

(luminous flux )

( light output )
( power of light source )
(lumen )
r~ —-TAL -
:vail— | J e masnss +
| L /0 AR I Ix
l < wio ! im/m°
i [Favomyanau 1 42 | i '\’ 30 0.0929 fr ¢
AR ) frcd {

»win 1 im/f?

w30 10.76 Ix

UNRIAURALRY 1 cd )
win 12.57 Im

gﬂ?l 2.8 uamazl luminous flux

M Ryad Augpan, 2521013

solid anale ()

: ( steradian )
“ Solid angle is a measure of that portion of space about a point bounded by a conic surface whose

vertex is at the point. It can be measured by the ratio of intercepted surface area of a sphere centered
on that point of the square of the sphere's radius.”

( IES Lighting handbook Reference Volume, 1981, 1-25 )

Solid Angle (00) = A/ R2 steradian

( luminous intensity 1 solid
angle

13



" Luminous Intensity is the luminous flux leaving a point source of light per unit solid angle

given direction " ( IES lighting handbook : reference volume, 1981, 1-19)

(luminous intensity ) (candlepower)
( candela ) ('lumen per steradian )

( point source )

1 (lumen)
1 12.57
12.57

(illuminace ) 1
(‘lumen per unit of area )

1 1
1 1 ( foot-candle )
1 1 1 (lux )
/‘- ’-'-;—f*‘\\\ " <
/ LU
/ ’, i ——
l\'\ :"—d\"?.;"/‘» Cang
\\ // 5
N ~
2.9 candelas, lumens, lux and foot - candles
:IES handbook :Reference volume, 1981: 1-6
2.9
1

14

the



2.9

1
1
1
Solid angle a,b.cd, 1
12.57
1 1 12.57
E=1/d2
E
I
d
3
altitude
la=Lz (1 +2SINA)/3
la A

L7

15

( overcast sky )
3



30 %

16

A=0 =Lz/3
' ' Krochman and Sidel zenith luminance

L. = 123 + 8600 sin A (cd/sqm )

A solar altitude

COMPLETELY OVERCAST SKY
(NONUNIFORM LUMINANCE)

DE sty

\ \
r2Al £ A
2.10 overcast sky

: Mechanical and Electrical Equipment for Building, 1992:974.

( uniform bnghtness )

overcast sky solar altitude

En= 300 + 21,000 sin A { lux)

En (overcast sky)
A solar altitude

(clear sky)
2 (diffuse illumination)
(direct )
(solar altitude)

300 - 2,000 1,000



Fh = 1345+ 14795 sin A (lux)

log Eh = 4.466 +0.31 log A (lux)
azimuth altitude

S CLEAR SKY,
, S NONUNIFORM LUMINANCE

y \ {0 e

P AN
Y RS
- f/A(ea of maumum A'ea\(’\\»

luminance minimum

luminance, assentiaily \\
uniform \

\
DnBl 31.,—‘—3L

A 2.11 usssieaduuy Clear Sky

: Mechanical and Electncal Equipment for Building, 1992 :974

(partly cloudy sky)

10-15

( Nakamura and Oki, 1983 )

solar altitude

Enp = 570 A

partly cloudy sky

2.5



2.10

18

' (Hopkinson.  1996)

(BTU/SQ.FT.)
equation

(R-Square)

211
method

(clear sky)

(footcandle) regression
E=104.8 +31.007 * |
footcandle
btu/hr.sq.ft.
0.97 (standard error) 9.7 footcandles

daylight  factor

(altitude, azimuth)

(sky component)
(externally reflected component)
(internally reflected component)

sky component (SC)
(component overcast sky)

externally reflected component (ERC)

internally reflected component (IRC)

SC ERC
ERC



212

DF (%) =

DF

2.12

daylight factor (DF)

*100%

30% 30%

daylight factor (SC)
(ERC) (IRC)
: Egan 11983 :193

(lamps )
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2.13
2540 12-5
- luminaries

( light distribution curve )
(luminance curve )
( electrical safety )
( class of protection ) ( radio interference )
( mechanical safety ) ( degree of
protection ) (fire safety )



itimjioh
€ o« *yl

. (light distnbution curve )
Lol
bj
()
« (909 (cd/kim )
(spot light )
2 0°
( beam angle ) 10%  50%
J 10%
beam spread 50%
half beam angle
10,000 ( half beam
angle ) & 8
5000 10,000
. (luminance curve )
(luminance ) (glare)
CE

(reflection )
( diffuse )



. -5 (light output ratio )
69 )
L ( direct luminaire )
2. ( semi-direct luminaire )
10-40
3
luminaire )
utilization )
4, ( semi-direct luminaire )

5. (indirect luminaire )

( 12521: 63-

90-100

( general diffuse or direct-indirect

( coefficient of

60-90

( glare )

90-100

22



2,200
2,500
2,800
3,000
3,500
4,000
6,500

(colour rendering index 1CRI )

R 100
(color temperture )
3,500 (black body )
12540 11-14)
3 warm lintermediate cold
warm 3,300 k
intermediate 3,300 k - 5,300 k

cold 5,300 k

23

R

3,500

arm white
cool white

daylight



o« ()
20000 eeeeeeeeeeeeeeee -
5000
1000
500
100
2
2.14
12540 : 1-16
213
L 1) A 1»‘\)1

7 2.15 pihlsznaunmzmuaniussinauLqesieqs

J o ' - -
NHY IR VBnNesa |, 2540 : 4-31

24



E2=1%00 3 [ H2

100

Ne——nnszaoudnallay

A B

2.16

12540 : 4-32
2.16 A B (

2.17 P
C P AB C
200 100 50 P 200+100+50 =350

2.17
12540 : 4-32

25

100

AB



Zone cavity method
E=L/A « ( )
t ( )
2
( coefficient of utilization )
(LLF)

L

. (room surface dirt depreciation ) RSDD

. (luminaire dirt depreciation ) LDD

. (luminaire surface depreciation ) LSD
2. (lamp lumen depreciation ) LLD
3 (luminaire ballast factor ) IBF
4, (luminaire ambient temperature factor ) LAT
5. (voltage to luminaire factor)  VLF
6. (lamp burnout factor ) LBO

LLF = RSDD * LDD * LSD * LLD * LBF * LAT *VLF * LBO

( 12540 : 4-2)
. LLF 0.90
. LLF 0.75-0.80
. LLF 050
E=L/A*LLF
(CU)

Cu 3 (zonal cavity )

26



( cavity ration )

(ceiling cavity )

(room cavity )

(floor cavity )

27

Working Plane

X
douldinunu

2.18
method

12521 : 82

(ceiling cavity ratio CCR)
('room cavity ratio RCR)
(floor cavity ratio FCR)

CCR =5hee (WHL)/ *1
RCR=5hrc( +L)/ *L
FCR=5hfc( +L)/ *L

CU :

CCR,RCR  FCR
(pcc)  (pw) (pfc)

CU

zonal cavity

Cu



L w hce L w hrc L w hfc
v y v y v v
s A A 4 v
CCR RCR FCR
pe pw pw pw pt
v y v v ‘
4 4
pcc pfc

4

cu

2.19

2.14

coefficient of utilization

E=L/A*LLF*CU

50

zonal cavity method

28
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2.20

CIBSE lighting guide art galleries & museums,1993 : 3

( , 2539 :13)
Infrared,

( " ,2539 :40)
uv
William Lam

2 Vv
daylighting reduce the UV component by about 95%)

" (diffuse light)

1

95 % (After the first bounce, each additional bounce of




V frared

(colour rendering indexé
museums, 1993:16)
cool light ~ warm light

Infraredi
spectrum

(vertical illuminance)

90(CIBSE lighting guide art gallenes &

30



2.15

Infrared

2.16

(brightness )
(contrast)

(glare)

3

(Garry,1978:8-10)

4200 k

(quality of light)

uv

dicroic

cool white (BRAWNE, 1965 : 170)



32

4, (eye adaptation)

5. (uniformity of lllumination)

(brightness)yit ( inance)

diffuse reflector

L =(E*p)/5I
L= (E*T)n
L=E*P
L=E*T
L = (
P = (reflectance)
T = (transmittance)
E = (illuminance)
1 / = 0.2919
1 = 3.4263 /
- ACR)
L = |/ACOSO
E ()
L = (

apparent brightness” (eye adaptation”

luminance (objective brightness)



(projected area)i '

(brightness contrast ratio)

«

(Mechanical and Electrical Equipment for Buildings, 1992: 958)

3 1 ' (between task and adjacent surrounding)
10 1 (between task
and more remote darker surfaces)
1 10 (between
task and more remote lighter surfaces)
20 1 (between
luminaires or fenestration and surfaces adjacent to them)
40 1 (anywhere within the normal field of
view)

(brightness and limits of visual comfort)

a 45

™~

221
: Robbin, 1986 : 236

33



45°
35°
25°
15°

5o

(contrast)

glare

Lt

Contrast Grading (Hopkinson, 1969:57)

Darragh and James

750 1.
535 1L
375 1L
250 1L
170 fL

(glare)

2,565 cd/m2
1,829.7 cd/m'
1,282.5 cd/m2
855 cd/m2
581 cd/m2

( . 2540:1-11)

contrast = |( Lg- Lt)/ Ltl

contrast = |(pBpT)/p T

10:3:1

31

34
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10:1 (Darragh and James, 1993 : 263)
« (glare)
( , 2540:1-12)
1 disability glare
(Moore, 1991:28)

2. discomfort glare
(Moore, 1991:28)

3. veiling  reflections

“Veiling Reflections are caused when the reflected

image of a source of light is bnghter than the luminane of the task” (Schiler 1L-4) " "

4. reflected glare

(Mirror angle) ( chiler 1L-4)

(glare zones)

(mirror angle)

2.22 A
- Mechanical and Electrical Equipment for Buildings, 1992:958



’] 2

- 45°-85": direct glare zone

~30°- 607 . relarvely free of

both direct and

30°

222 B »
- Flynn 1AIA and Segil, 1970:33

reflected glare 45 - 8 direct glare zone
30 - 60

UPPER CONCEALMENT ZONE

FOR ANALYSIS
LML

TYPICAL EYE
POSITION:

.8 )" ABOVE FLOOR,
70 FROM WALL

REFLECTED
FIELD-OF VIEW—(

TO MINIMIZE
VEILING IMAGES ON
THE VERTICAL TASK
LOCATE LUMINAIRES
AND BRIGHT BUR-
FACES IN THE CON-
CZALMENT ZONE

LOWER CONCEALMENT ZONE

2.23
- Flynn 1AIA and Segil, 1970:33

reflect glare  veiling reflect glare
reflect glare veiling reflect glare



(Hopkinson . 1963:217)

45

The Glare Index ( Hopkinson . 1963:98-99 )

discomfort glare

(the bnghtness of the glaring light source )

( the apparent size of the the
sources, that is the solid angle subtended bythe sources at the eye of the observer )

! (the general level of adaptation )

( the bnghtness of the immediate surroundings to
the sources )

5

( the position of the sources relative to the
direction of viewing )

The Glare Constant G

= B.'6(li(8
Bof(Bi) 1(0)

Bs =

0) =

Bb =

B =

0 =

Glare Index = 10 logl0X G
29 The Glare Constant
Glare Index llluminationg

Engineering Society of North America (IES) Limiting Glare Index 16

16(Brawne ,1965 : 171)

37



38

( eye adaptation)
( (ES Lighting handbook: Reference Volume, 1981 1-1)
100 : 1 (100%) 15
70% 90 1,000:1
15-25 10% 2 (Robbins, 1986 : 23)

Uniformity of illumination for daylight

2 (Assaf, 1997:207)

or "M <3 T M <3

DFn& Daylight Factor

DF Daylight Factor

Eng>

E
217

? (Japan Lighting
Information Services- Lighting Seminar- Museum Lighting 2-e)
1 ( uniform )
2.
3
4, 1
( colour rendenng index ) 90

Vv



3

, SR fraredu
Vv
(concealed or indirect lighting)
direct glare
0%
(wall lighting)
illuminance 0:1
3.1
(uplighting)
(180 )

(Bnghtness)

(comice lighting)

(bnghtness)



glare
Indirect light

background

( wall side exhibition fighting ) (Japan lighting
information services- Lighting seminar- museum lighting 2-e)

40



c7)

41

(ambient light ) (soft)
( uniform )

(Navaab, 1993 :

(Gordon.1995:233)

2

( uniform of illumination )

2.24
: Gordon 11995 : 234
( nonuniform illumination )



2.25
: Gordon 11995 : 234
? ? (Japan lighting
information services- Lighting seminar- museum lighting 2-¢)
L 140 . 160 .
2. 1.40 . 0.90 .
3 1-1.5
4 , 2°
(
) 30 (Thomson, 1978:34)
?
3

. ('key light )
. (fill light )
. (back light)

3 2.26



LERAUNA
N,

|
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—uden (@I 1UMAa
. j/ RN
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W

WAL UNAN j

& WaNAN
2.26
3 , 2540:5-30
3
3
3 30°- 45°
30°- 45° (Gordon, 1995:235)
2.18
spot lights
P

2.19

43



2.20

2.2

(light pipe)

44

glare
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2.27 offending zone

- CIBSE lighting guide art gallenes 8 museum, 1993 :33
offending zone
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I

. Brawne, 1965:184

glare




low luminance

2.22

( 100 - 300

, 2540 : 5-60)
1978 : 41) Vv
fraredy

(Thomson, 1978 : 175) Vv
500 ) fraredu
10 C 2 (

5°C 2.5
fraredd 1 ' .o,

(Thomson,

uv frared



. (intensity)

Infrareciw

48

(lux) = lux-hr

5 . 500 lux-hr
10
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1 if? v '
3 (CIBSE lighting guide: Art galleriesS museums, 1993:26-28)
300 V 6 /
200
V 6 / ( 150
200 (Michalski, 1990:585 )
50 ' 7 6 /
(Lux- Hours )/ ( / )
(Lux)
50 150,000 75
200 600,000 75
300 - 75
2.2 \
50 lux
150,000 / 50 = 3,000 ./ 1 365 8

1 365%8%6/7=2502

V
frared



2.23

+ Daylight Design Application in Museums

Michigan

V
V
[ \
frared
frared
Infraredm

325 - 400

Mojtaba (Navaahjhe University of

50



 The Lighting of Chinese Painting & Calligraphy Exhibition
Mei-Zhen,Shanghai Institute for Lighting & Fitting Research
(general lighting)
Shanghai Museum
150

2530,

* Lighting Design of The Royal Palace “Phra-rachchawang Bann-puen”
Nuchsaeng, University of London

* Architectural Lighting-Development of The Quality Concept
Institute  of  Technology, Sweden

(physical room)

Zhang Hai-Cong & Dong

50

(ambient light)

Kanokporn

Jan Ejhed, Royal

(atmosphere)

ol
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