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3. Color Temperature
Blackbody
' Blackbody
800° K 3000“ K

5000° K 8000° K |

Temperature Colour

Colour

Rendering



4. Colour Rendering (Ra)
Colour Rendering
5 , Colour Rendering

Ra 100

80% ,

1.

Colour Rendering

2. Low Pressure Discharge Lamp

Colour Rendering
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High Pressure Discharge Lamp ,
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High Pressure Mercury Fluoresent Lamp
Colour
Rendering
Metal Halide Lamp Colour
Rendering High. Pressure Discharge Lamp
High Pressure Sodium
Colour Rendering
Type of lanp Initial lu-  Lanp Ballast Uniiwus Ininance ifcare.it 0 10ur rende- Life Run-up Re-ignition
minous fl < rarirg losses efficacy ( ;) (cdinr colour tem- ring index ( rune rime
() () @ b X 1) pératurc(K)  (Ra) min * ninutes
(after 1CO*) ballast losses » secorris
included excludel
Tunesten lamps
General service lamp* too- 40XX)  40-2000 - - 10- 20 700*  ca. 2800 100 1000
Turgsten halogen lamps 5200- 44000 300-2000 - - 17- 1000 3000-3200 100 1000-20
*| pressure discharge lamps
Fluorescent titular lanps 1400-7300 18-85 5-15 50-75 77-95 0.5-1.3 3000-4000- 50-95
>5000 7500 <3 <10 8
low pressure sodiun lanps 1000- 330U0 15-1ft) 7-40 65-115 1C0—183 10 1700 - 8000 7-12 min 0-10 B
High-pressure discharge 1lairps
High pressure flUDrescent
morcury lanps 2000-120000  50-2000 9- 63  X.- 57 40- 60 4.5-18 3500-4000 40-50 7500 4 min > 10 min
Metal halide lamps
Clrsr envelope 14000-300000 175-3500 25-150  72- 32 8 - 35 1100-330  4000-6500 70-66 5000/2500 5 min > 10 min
Diffusiiv ewelop* 14000- 80XX) 175-1 25- 50 62- 75 70- 80 10-23 4000-6500 70-86 5000/2500 5 nin > 10 min
High pressure cidiun lamps
Clear envelope 5800-1X100) 70-1000  14- 65  70-120  82-130 300-650' 2100 25 7500 5-10 min 1-5 min
Diffusing ervelope 3300-120000 50-1000  12-65 53-112  66-120 5-36 2100 25 7500 5-10 min  1-5 min
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winch harde

no.1

115

Hexible steer Wire rope

.
g : Termfﬂtim_mxa%'aj
by otres.
Mutipole plug & sacket coupler
Resin bondcd
plywood beckbooard
: IC ol
\ o :




116

‘Knurled captive fixing knob

Galvarised shet sted cover
Soedid casting to provice
© e for
o — aﬂwﬁe\gaﬁ* o
N '
Attachnent to recave SR
sdfety rainterance equiprent ? S
0 i 7
- A Dwderl:ﬁrgfoer&rf
: Separation
' arncddednrr%]es
[ rasirg
Lartem cariace in Do | : 7 A '
00 Fel\es for e i | i 3 4 — Cade dap
assently L& . —
N
Corrbined guicks ad \ o mE
a four pos%Jm i \\ -, Hectrical junction box
d i :
eei )|
i i i
gdvan nm}r?;ge o o |
AR HL
_ I
Muticore fiexble poner cddle——— - : . Hexible sted wire rape



FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY

X-Y

100

X-Y



H-V

(Interpolation)
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3.
(1)
1(C,g).Cos(y.)
% -
H ( C-1)
= 1(H,V).Cos(il)
H2 ( H-V)
c-U H-V 3
.3
Quadratic Interpolation

1 .4
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Area Light Design Disk 360

1
? Main
Main Drive A OPTI Dos
A > OPTI
Enter Main
? Drive A & MAIN MENU
6.1 MENU MENU' Pull
Down Menu MENU ' Esc
MENU Enter
MENU
Enter MAIN MENU
MENU 3 MENU
FILE OPERATION
FILE OPERATE MAIN MENU
6.2 ? Drive Directory

Port
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1. DATA PATH NAME
Drive Directory

*£

2. LUMINAIRE PATH NAME
Drive Directory

2

3. LUMINAIRE TYPE NAME

3FILE
MENU
FILE
6
6.5
' LUMINAIRE TYPE NAME
4. PRINTER PORT NO.
, 1 2 2
1 0

6.6

5. SAVE or EXIT

SAVE EXIT

Enter
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GENERAL CALCULATION

MAIN MENU ' 6.7

1. AREA LIGHTING CALCULATION

AREA 1ighting CALCULATION

6.8 3 Serial
Number
GERENAL CALCULATION AREA LIGHTING CALCULATION,
AREA LIGHTING OPTIMIZATION LUMINAIRE OPTIMIZATION
Serail Number 1? Serail Number
Y

Serail Number

Serail Number

Serail Number Serail

Number

MENU

6.9 MENU
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DESCRIPTION MENU

' 6.10 ! 1ol

MENU

1. AREA DESCRIPTION MENU

' 6.11 ! !

- AREA CALCULATION
!
X Y
- AREA AVERAGE
!
AREA
CALCULATION
- SPACE !

! 1-10

2. LUMINAIRE DESCRIPTION !

MENU 6.12 !

! FILE OPERATION LUMINAIRE

TYPE ! Page Up-Page Dowm

- BEAM LAMP FLUX '

- NUMBER OF LUMINAIRE

! !



128

DATA OF LUMINAIRE

c-tf

3. GEOMETRY OF LUMINAIRE
MENU 6.13
1
LUMINAIRE DESCRIPTION
PAGE UP

Page Down

- MOUNTING HEIGHT

- AIMING = POINT

X-Y

-  LUNINAIRE POSITION

X-Y

MENU

MENU RUN PROGRAM MENU 6.10

6.14



Number Drive Directory
OPERATION DATA PATH

MENU

CALCULATION

DISPLAY DATA

Enter ( DISPLAY

6.15

PRINT DATA

Enter

EXIT

Serail Number

MENU

AREA

DATA

129

Sérail
FILE
Enter

LIGHTING

AREA LIGHTING

CALCULATION MENU GENERAL CALCULATION

Enter



13G

2. AREA LIGHTING OPTIMIZATION

MENU GENERAL CALCULATION AREA

LIGHTING OPTIMIZATION ' 6.16

MENU

DESCRIPTION MENU

) 6.17

1. AREA DESCRIPTION

' 6.18

- AREA CALCULATION

SPACE

1-10

2. LUMINAIRE DESCRIPTION

' 6.19

BEAM LAMP  FLUX
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- NUMBER OF LUMINAIRE
*1

- DATA OF LUMINAIRE

?2( C-
0
3. GEOMETRY OF LUMINAIRE
' 6.20
- MOUNTING HEIGHT 2(
¢
- AIMING POINT
X-Y
- LUNINAIRE POSITION
X-Y
DESCRIPTION MENU
AREA LIGHTING OPTIMIZATION AREA

LIGHTING CALCULATION
AREA LIGHTING CALCULATION

AREALIGHTING OPTIMIZATION

RUN PROGRAM MENU CALCULATION
?2( Drive
Directory
' 6.21
?2( :

Serail Number
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DISPLAY DATA

Enter DISPLAY DATA

Serail Number

DISPLAY DATA AREA LIGHTING

CALCULATION 6.15

PRINT  DATA

?(
1

Enter

EXIT

4
MENU AREA
LIGHTING OPTIMIZATION MENU GENERAL CALCULATION
3. LUMINAIER OPTIMIZATION
MENU GENERAL CALCULATION

LUMINAIRE OPTIMIZATION

Serail Number 6.8

Enter 6.22 MENU
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DESCRIPTION MENU

MENU 6.23

1. POLE DESCRIPTION MENU

f ' 6.24

- TOTAL OF POLE

- POSITION OF POLE

X-Y
- MOUNTING HEIGHT
2. ZONE DESCRIPTION '
6.25 MENU
- ZONE CALCULATION
X-Y
SPACE
1-10
- COMPARE POINT
X-Y

Eav, eu



Enter Esc

RUN
Directory

Enter

Serail

Enter

OPTIMIZATION

Enter

Serail Number

134

3. LUMINAIRE DESCRIPTION

' 6.26

BEAM LAMP FLUX ‘

PRICE OF LUMINAIRE

- DATA OF LUMINAIRE

C-V
0
MENU
Drive
DATA PATH '
3 6.27
Number

MENU LUMINAIRE

DISPLAY DATA

DISPLAY DATA



11 Page Up-Page Down

PRINT DATA

DATA

INTENSITY TABLE

INTENSITY  TABLE

6.29

1. WRITE I-TABLE

2. CORRECT I-TABLE
WRITE [I-TABLE

.31

3. PRINT I-TABLE

.32

135

.28

DISPLAY

MAIN MENU

CIE

.30
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j AREA LIGHTING DESIGN |

— m——— 1 MAIN MENU I
FILE GENERATION
GENERAL CALCULATION
HTTEMSITY TABLE
EXIT TO DOS

Use Arrow up, Arrow Down and press enter on your selection

01 ., MAIN MENU

OPTI

I FILE OPERATION I

J TARGET SETTING |
PATH NAME
LUMINAIRE PATH NAME
LUMINAIRE TYPE NAME

PRINTER PORT NO.
SAVE UPDATH) CONFIG
EXIT WITH OUT SAVE

Use Arrow up, Arrow Down and Press OTTER when your selected

FILE OPERATION

MAIN MENU
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I FILE OPERATION I

DATA PATH D:\THESIS\

— I TARGET SETTING I

N V4

LUMINAIRE TYPE NAME
PRTFfPWU PHOT un

SAVE UPDATED CONFIG
EXIT WITH OUT SAVE

Press ENTER when correct ESC to delete

.3 ' DATA PATH. NAME

FILE OPERATION

I FILE OPERATION I

LUMINAIRE PATH D:\THESIS\

—————— 1 TARGET SETTING |
DATA PATH NAME
LUMINAIRE PATH NAME
LUMINAIRE TYPE NAME
PRINTER PORT NO

SAVE UPDATED CONFIG
EXIT WITH OUT SAVE

Press ENTER when correct ESC to delete

LUMINAIRE PATH NAME

FILE OPERATION



LUMINAIRE TYPE
LUMINAIRE TYPE
LUMINAIRE TYPE
LUMINAIRE TYPE
LUMINAIRE TYPE
LUMINAIRE TYPE

o P WN R

NEMA2
NEMA3
NEMA4
NEMAS
NEMAG
NEMA7

EX

Press ENTER when correct

PRINTER PORT

Press ENTER when correct

| FILE OPERATION I

IT WITH OUT SAVE

ESC to delete

LUMINAIRE TYPE

FILE OPERATION

| FILE OPERATION |

1 TARGET SETTING |

DATA PATH NAME

LUM
LUM

INAIRE PATH NAME
INAIRE TYPE NAME

PRINTER PORT NO.

SAV

E UPDATED CONFIG

EXIT WITH OUT SAVE

ESC to delete

PRINT PORT

FILE OPERATION



OPTIMIZATION IN AREA LIGHTING DESIGN

-m CONFIG ~mmmrmmv
MENU1
DATA PATH
DA\THESIS\
LUMINAIRE OPTIMIZATION LUMINIRE PATH
AREA LIGHTING CALCULATION DATHESIS\
AREA LIGHTING OPTIMIZATION
EXIT TO MAIN MENU DATE
JoB
S/N
. 1. GENERAL CALCULATION

MAIN MENU

AREA LIGHTING CALULATION

JOB DESCRIPTION

DATE (ran/dd/yy)
JOB NAME
SERIAL NUMBER

CONFIG

DATA PATH
D:\THESIS\
LUMINAIRE PATH
DRTHESIS\

DATE

JOB
S/N

Number

139
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AREA LIGHTING CALULATION

— r-- CONFIG
CALCULATION DATA PATH
D\THESIS\
LUMINIRE PATH
DESCRIPTION MENU D:\THESIS\
DISPLAY DATA
PRINT DATA DATE
EXIT TO MENU1 JOB
S/N
.9 . AREA LIGHTING CALCULATION
GENERAL CALCULATION  MENU
AREA LIGHTING CALULATION
l== 1 MIG
1
' DATA PATH :
DESCRIPTION MENU D:\THESIS\
LUMINIRE PATH :
D:\THESIS\
AREA DESCRIPTION
LUMINATRE DESCRIPTION ——1 | DAIE :
GEOMETRY OF LUMINATRE JOB :
RUN PROGRAM S/N :
EXTT
. 10 DESCRIPTION MENU

AERA LIGHTING CALCULATION
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AREA LIGHTING CALULATION

CONFIG
DATA PATH
D:\THESIS\
AREA DESCRIPTION LUKLNIRE PATH
D:\THESIS\
AREA CALCULATION DATE
X FROM 0 TO 0 JoB
Y FROM 0 TO 0 S/N
AREA AVERAGE
X FROM 0 TO 0
Y FROM 0 TO 0
SPACE ( 1 - 10 ) = 0
.11 ' AREA DESCRIPTION
DESCRIPTION MENU
AREA LIGHTING CALULATION
1
1
_____________________________________________ . 1 DATA PATH
LUMINAIRE DESCRIPTION LUMINIRE PATH
MAXIMUM OF LUM. TYPE 6 DATE
LUM. TYPE 1 IS JOB
S/N
BEAM LAMP FLUX
NUMBER OF LUMINAIRE
DATA OF LUM. (C/H)
* ENTER 0 : C & GAMMA
1 :H&V
.12 ' LUMINAIRE DESCRIPTION

DESCRIPTION MENU



AREA LIGHTING CALULATION

GEOMETRY OF LUMINAIRE

TYPE 4:

MOUNTING HEIGHT =
AIMING POINT

X = 0.00 Y 0

LUMINAIRE POSITION

X = 0.00 Y = 0

.13

ELS400 No.

0 (B)
.00

.00

CONFIG
D m PATH
D:\THESIS\
LUMINIKE PATH
D\THESIS\
DATE
JOB
S/N

GEOMETRY OF LUMINAIRE

DESCRIPTION MENU

AREA LIGHTING CALULATION

142

............... = LUMINAIRE STATUS = =ir wic....= = CONFIG
FLS400 NO. 1 DATA PATH
CALCULATE AREA (X) = 20 TO 40 D:\THESIS\
CALCULATE AREA (Y) = 20 TO 40 LUMINIRE PATH
AVERAGE AREA (X) 20 TO 40 D:\THESIS\
AVERAGE AREA (Y) = 20 TO 40
MOUNTING HIGHT = 25 DATE
AIMING POINT (X,Y) = 30,30 JOB
LUMINAIRE (X,Y) = 20,0 S/N

[ CALCULATE POINT =

X - Axis Y - Axis

40 40
. 14

AREA LIGHTING CALCULATION
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AREA LIGHTING CALULATIQN

r- - CONFIG
CALCULATION RESULT
DATAPATH
11.4704 (lux) D:\THESIS\
LUMINIRE PATH
At (X,Y) (0,0) (») D:\THESIS\
Enin 1.5355 (lux) DATE 01/01/91
At (X,Y) (20,20) (») ; 02
Eavg 5.7108 (lux)
Enin/Enax 0.13390
Enin/Eavg 0.26890
Press any key to continue
. 15 7 DISPLAY DATA
AREA LIGHTING OPTIMIZATION
CONFIG
........................................... Ak
DATA PATH
DESCRIPTION MENU DI\THESIS\
LUMINIRE PATH
D:\THESIS\
AREA DESCRIPTION
LUMINAIRE DESCRIPTION DATE
GEOMETRY OF LUMINAIRE JOB
_ RUN PROGRAM S/N
- EXIT
.16 ' AREA LIGHTING OPTIMIZATION

GENERAL CALCULATION MENU



AREA LIGHTING OPTIMIZATION

CALCULATION

DESCRIPTION MENU
DISPLAY DATA
PRINT DATA

EXIT TO MHKJ1

] CONFIG

DATA PATH
D:\THESIS\
LUMINIRE path
DI\THESIS\
DATE

JOB

S/N

144

.17

DESCRIPTION MENU

AREA LIGHTING OPTIMIZATION

AREA LIGHTING OPTIMIZATION

AREA DESCRIPTION

AREA CALCULATION
X FROM 0 TO 0
Y FROM 0 TO 0
AREA AVERAGE
X FROM 0 TO 0
Y FROM 0 TO 0
SPACE ( 1 - 10 ) — 0
Ejiin / E_avg = 0.00000
E-jnin / E-jnax = 0.00000

mm'T «-~- CONFIG

DATA PATH
D:\THESIS\
LUMINIRE PATH
D:I\THESIS\
DATE

JOB

S/N

. 18

AREA DESCRIPTION

DESCRIPTION MENU



AREA LIGHTING OPTIMIZATION

1=

LUMINAIRE DESCRIPTION

MAXIMUM OF LUM. TYPE 6
LUM. TYPE 1 1S FL1400C
BEAM LAMP FLUX 0
NUMBER OF LUMINAIRE 0
DATA OF LUM. (C/H) C
* ENTER O C & GAMMA
1 H &V
. 19 ,

| - — , CONFIG
DATA PATH
D\THESIEN
LUMINIRE PATH
D:YffIESIS\
DATE
JOB
S/N

LUMINAIRE DESCRIPTION

DESCRIPTION MENU

AREA LIGHTING OPTIMIZATION

145

CONFIG
DATA PATH
D:\THESIS\
GEOMETRY OF LUMINAIRE LUMINIRE PATH
D:\THESIS\
TYPE 1: FL1400C No. 1
DATE
MOUNTING HEIGHT = 0 (®) JOB
AIMING POINT S/N
X = 0.00 Y = 0.00
LUMINAIRE POSITION
X = 0.00 Y = 0.00
.20 ' GEOMETRY OF LUMINAIRE

DESCRIPTION MENU
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AREA LIGHTING OPTIMIZATION

OPTIMIZATION STATUS CONFIG
FL1400C NO. 1 DATA PATH :
ATHING POINT A:\

(X,Y) = 25.23438,25.00000 LUMINIRE PATH :
TILE ANGLE = 35.1379 A:\
TRUN ANGLE = 44.7327
CALCULATE POINT DATE : 04/17/81
X - Axis Y - Axis JOB : TEST
5 5 S/N : 01
Eavg = 8.4859
Emin = 0.0274 AT(x,y) 50,50
Emax = 83.4787 AT(x,y) 20, 5
U1 =0.0003 U2 = 0.0032
STEP = 13 STAGE = O
4 3 A
ZUn 2.21  WRAYIBAWINENINITAIUAI AREA LIGHTING

OPTIMIZATION

LUMINATRE OPTIMIZATION

CALCULATION

DESCRIPTION MENU
DISPLAY DATA
PRINT DATA

EXIT TO MENU1

DATA PATH :
D:\THESIS\
LUMINIRE PATH :
D:\THESIS\

S/N

CONFIG ———

<
5U7 3.22 WH@9aBATwWLAALAAN LUMINAIRE OPTIMIZATION
w .

417l GENERAL CALCULATION MENU
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LUMINAIRE OPTIMIZATION

CONFIG
DATA PATH
DESCRIPTION MENU D:\THESIS\
LUMINIRE PATH
D:\THESIS\
POLE DESCRIPTION
LUMINAIRE DESCRIPTION DATE
ZONE DESCRIPTION JOB
RUN PROGRAM S/N
EXIT
. 23 DESCRIPTION MENU

LUMINAIRE OPTIMIZATION

LUMINAIRE OPTIMIZATION

p ——— mG

..................................... 1
Y DATA PATH :
D:\THESIS\
POLE DESCRIPTION LUMINIRE PATH :
D:\THESIS\
TOTAL POLE = 0 DATE :
JOB :
POSITION OF POLE NO. 1 S/N :
AT X = 0.00
Y = 0.00
MOUNTING HEIGHT 0 (»)
.. 24 ! POLE DESCRIPTION

DESCRIPTION MENU
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LUMINATRE OPTIMIZATION
; CONFIG
— DATA PATH :
D:\THESIS\
ZONE DESCRIPTION LUKINATRE PATH :
D:\THESIS\
TOTAL ZONE O DATE :
ZONE NO. 1 J0B
X FROM 0.00T0 0.00 S/N
Y FROX 0.00 TO 0.0
SPACE (1-10)= O
COMPARE AT X = 0.00
Y = 0.00
Eav = 0.00 CU = 0.00
.25 ' ZONE DESCRIPTION
DESCRIPTION MENU
LUMINAIRE OPTIMIZATION
CONFIG
1 DATA PATH
LUMINAIRE DESCRIPTION UJtmtIRE™NAra
D:\THESIS\
MAXIMUM OF LUM. TYPE 6 DATE
LUM. TYPE 1 IS NEHA2 JOB
BEAM LAMP FLUX 0 S/N
PRICE OF LIMINAIRE 0
DATA OF LUM. (C/H) c
* ENTER 0 : ¢ & GAMMA
1 : H&V
.26 ' LUMINAIRE DESCRIPTION

DESCRIPTION MENU
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LUMINAIRE OPTIMIZATION

— — LUMINAIRE STATUS = = = F= CONFIG —mmmmmmmmm
FL1400C NO. 1 DATA PATH
CALCULATE AREA (X) = 0 TO 20 D:\THESIS\
CALCULATE AREA (Y) = 0 TO 20 LUMINIRE PATH
AVERAGE AREA (x) = 0 TO 20 D:\THESIS\
AVERAGE AREA (y) = 0 TO 20
MOUNTING HIGHT = 25 DATE
AIMING POINT (X,Y) = 10,10 JOB
LUMINAIRE (X,y) = 0,0 S/N 01
------------ CALCULATE POINT _

X - AXxis Y - AXxis
15 0
.27 1

LUMINAIRE OPTIMIZATION

LUMINAIRE OPTIMIZATION

CONFIG
ZONE NO.
DATA PATH
POLE TYPE NUM. Eavg PRICE D:\THESIS\
LUMINIRE PATH
1 D:\THESIS\
2 DATE 01/04/91
3 \
4
5
8
28 ' DISPLAY DATA

LUMINAIRE OPTIMIZATION



.29

ENTER FILENAME TO SAVE

.30

INTENSITY TABLE

MENU

WRITE I-TABLE
CORRECT I-TABLE
PRINTOUT I-TABLE
EXIT TO MAIN MENU

) INTENSITY

MAIN MENU

INTENSITY TABLE

MENU

WRITE I-TABLE
CORRECT I-TABLE
PRINTOUT I-TABLE
EXIT TO MAIN MENU

INTENSITY TABLE

TABLE

WRITE |-TABLE

150



151

INTENSITY TABLE

MENU
WRITE I-TABLE
CORRECT I-TABLE

PRINTOUT I-TABLE
EXIT TO MAIN MENU

ENTER FILENAME TO CORRECT INTENSITY TABLE

.31 / CORRECT I-TABLE

INTENSITY TABLE

MENU

WRITE I-TABLE
CORRECT I-TABLE
PRINTOUT I-TABLE
EXIT TO MAIN MENU

ENTER FILENAME TO PRINT INTENSITY TABLE

0! ' PRINT I-TABLE
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