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Computer Aid Design for Exterior Lighting

Witsaroot Pariyaprasert
Suppachai Tangtrakulwong
4 v

. Sulee Banjongjitr Advisor
1980

Abstract:

In exterior lighting system degign, It is a diff%cult and
complicated work which needs ~diagvéms that show th luminaire
characteristic for helping the syst@m design. The @process in
constructing the diasgrams is 8 complicate calculated, time-consuming
and h;%h—costed work,

This thesis represents a microcomputer.program developed to
help in désigning thé extggiop lightfng system according toc CIE m;thod
(International Commision on Fllumination method). I can be used with
EbothnIG and 32 bBits IBM or IBM compatihle‘microcompute;. This program
rapreaenis.the lighting distribution characteristic of the sexterior
iuminaire sucﬂ ;5 Polar Diagram, Isocandela Diagram, Isalux, Diagram,
Isoluminance Diagram, Utilization Factor Diagram,'lntensity Ratio faor
comparing to the British Standard. -

) This thésis represent only the road lighting characterigtic
which is useful for installation in the road and make the driver drive
safely. This program gives the fast and accurate result which make the

lighting design hetter quality and economic.
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Category of road :

Type and density of traffic

Types of road

’

Examples

Road with separated carriageways, com- .
pletely free of crossings at grade complete .

access control

Motorways
Express road:

Heavy and high speed motorized traffic

Important traffic roads for motorized traffic -

only, possibly separate carriageways for
slow trafTic and/or pedestrians

T.ruﬁk roads
Major roads

Heavy and moderate spced motorized
traffic- ‘or
Heavy mixed traffic of moderate speed

Important, all purpose, rural or urban roads

_Ring roads

Radial roads

mixed traflic imotorized trallic

Fairly heavy mixed traffic of which a major
part may be slow traffic or pedestrians

‘Roads in city or shopping centers, approach

- *roads to official buildings and areas,

where mototized traffic meets heavy slow
traffic or pedestrians

Trunk roads
Commercial
Shopping str
etc.

Mixed traffic of limited speed and moderate
trafTic density :

Collector roads between residential areas
(residential streets) ‘and A- to D-type
roads

ANTI9M 2.2 WaNIMIMTNUAAIN1IUA T80 3 N RN B1E

Cate- Sur- Luminance | ‘Uniformity ratios Glare restriction
pory rounds | leyel : :

s Avcrage Overall Lengthwise) Glare Threshold
roid surfuee | unifority | wniformity | control “increment
luminance ratio ratio murk
L, (cd/m?) & U, s G T
N | P > : > <

A any 2 6 0N =
B 1 bright | 2 0.7 5 10 -
2 dark | B 10
T | bright | 2 0.4 5 « 20
2 dark = 6 10
D bright | 2 0.5 4 20
E= bright 1 4 20
o | dark 0.5 5 20

Collector roz
Local streets
etc.
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Light Source

Colour Temperature (l{)

Candies 1900- 1950
Carbon filament lamps 2100 '
Tungsten Tilament lamps: v
. 40 W 2700
150 W-500 W 2800- 2900
Filmp and projection lamps * 2850- 3200

Carbon arc lamps

3700- 3800 and above

Moonlighi 4100

Sunlight . 5300~ 5800
Daylight {sun + clear sky) 5800- 6500
Overcast sky 6400- 6900
Clcar blue sky 10000-26000
Fluorescent lamps 2600- 7500
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Correlated Colour Témperature (K) Colour Appearance
> 5500 - cool (bluish white) i
3300-5500 intermediate (white) ~ .
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No, Apm oximate Colour appearance under daylight
notation .

i 71.5R6/4 Light greyish red

2 5Y6/4 Dark greyish yellow

37 5GY6/8 Strong ycliow green

4 2.5G6/6 ‘Modecrate yellowish green

5 10BG6/4 Light bluish green

6 SPB6/8 Light blue

7 2.5P6/8 Light violet >/

8 10P6/8 ‘Light reddish purple

9 J4.S5R13 Strong red -
10 5Y8/10 Strong yeliow
i 4.5G5/8 Strong green 4
12 pByit Strong blue :

* 13 . 5YR8/4 Light ycllowish pink (human-complexion)

14 5GY4/4 Moderate olive green (teal green)
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Colour rendering index  Source

R,
100 -Reference illuminan.l (reconstituted daylight. Planckian
radiator)
(92-97) *Special white’ fluorescent Jamps
90 (92-95) Xenon lamps .
. *De luxe white' fluorescent lamps
80
70
*Standard white” fluorescent lamps
60
50 .  *Standard warm-white' fluorescent lamps
90-100 “Truc' colour rendering b
70- 90 .Good colour rendering
50- 70 Modcratc colour rendering
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Class

Description: - ~

— Asphaltic type road surface containing either at least 15 per cent artificial
brightener or at least 30 per cent vary bright anorthosites. )

~ Surface dressirigs containing chippings that cover over 80 per cent of the
road surface, where the chippings mainly consist of ecither artificial
brighteners or are 100 per-cent very bright anorthosites.

— Concrete road surfaces. '

RLY

S

— Surface dressmqs having a harsh texture and containing normal aoo.regates

— Asphaltic surfaces containing 10 to 15 per «cent a:tlﬁcml brighteners.

— Coarse and harsh asphaltic concrete, rich in gravel (> 60% ) of sizes up to
or grzater than 10 mm. i

— New condition mastic asphalt.

)

— Asphaltic concrate (cold asphult, mastic asphalt) having gravel sizes up to
10 mm, but of a harsh texture (similar to sand paper).

— Polished, coarse textured, surface dressings.

v

— Mastic asphalt alter soum monlhs of use.
— Road surfaces having a rathcr smooth or polished texture,
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High-pressure mercury vapour iamps

l:l‘ 15 U‘ '
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echnical data

Min. supply vollage‘

for ignition?)  ~ Average - Average Min. subply >
amp \ . lamp lamp voltage for Average Average Average Run-
esignation oty voltage?) “=gurrent?)  stable operation _luminous flux?)’) red? luminance?) time

+20°C —18°C v A v Im % cd/cm? mint
PL-N 50 W4 180 . 210 95 0,60 198 1800 13,5 .45 5
PL-N 80 W¥) 180 210 115 0,80 198 . 3700 130 5,0 4
IPL-N 125 WH4)e) 180° : 210 125 1,15 198 6300 125 9,0 4
IPL-N 175 W?) 180 210 130 1,50 198 8400 : 12,0 95 4
IPL-N 250 W9) 180 210 135 2,13 198_' 13000 120 _10.0 4
iPL-N 460 ws) 180 210 140 3.25 198 22000 120 1.5 4
{PL-N 700 W3) 180 210 145 540 198 38500 . 10,5 145 4
IPL-N 1000 ws) 180 210 145 7,50 198 58000 10.0 18,0 4
iPL-N 2000 W3) 310 345 270 8,00 342 120000 10,0 260 4
).Al 0 hours. 2) After 100 burning hours. 3) The number of minutes after which the lamp has reached 90% of its final luminous flux

) Normal glass. %) Hard glass. 6) Lamps with base E27 and E40 also available in hard glass. 7) Vertical burning position.




High-presL

we sodium lamps

3113, 15 %a9s 174 AENAINAUAITUINAY 7]
L} L} 7

AN519N 3.7 WEAIATNAILAIIDINAN LT AENADANA B
¥

‘echnical data

Min. supply Min-supply Max. starting Average
voltage Average Average voltage for current luminous
amp Base ' for lamp lamp stable (mains flux?) Average Ru
lesignation ignition') voltage?) ~ current’)  operation current) horizontal luminance tim
Y] Vv A Vv A Im cd/cm? mi
SON  50W-IY) E27 198 85 0.76 200 1.08 3 300 45 5
SON  50W-EY) E27 198 85 0.76 200 1.08 3 300 4.5 b
SON 70W-1*)  E27 198 90 1.00 200 1=356 5 800 7.0 53
SON 70W-EY) E27 198 90 1.00 200 1.35 5 800 7.0 5
SON  160W . E40/45 198 100 1.80 % 200 2.40 13 500 10.0 5
50N 250W E40/45 198 100 3.00 200 4.50 25 000 190 5
SON  400W E40/45 198 105 4.45 200 6.50 47 000 240 b
SON 1000W E40/45 198 110 10.30 200 120 000 36.0 6

) At O hours, between — 30°C and + 20°C.
') After 100 burning hours.

) The number of minutes after which the lamp has reached 80% of its final

luminous flux.

'} E with external ignitor, | with internal ignitor.

14.00
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4.1 AITAINIMAIAIINETNS (11luminence) WALAIN1TADIAINY (Luminence)
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L = q(f,p).1(5,C).Cos (§)
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H

31 4.1 uanamumieraslan #doinauasanniangan (an P YURIOUY
: t 4 -

[l . Al
(59990 R(T,p) = atB.p).Cos (5) Tag R(B,p) AD AIANITEANENT

v
ANRIVBINITADIRINY (Reduced Luminance Coefficient) AJIUU

L = R{F,p).1(5,0)
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Tunstifisnuiuaaelaninafy n arelan asled

n

= s [(§,C).Cas (§)

2

) H

pChor)

n

L =. 3 R(8,p).1(5,0) .

2

H

- v L]
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1(5 ,C).Cas (§.)
1 2
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H
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P
]

R(Gz,p).I(GL;C)
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AP = f (A x-Px)> + (A'y-Py)°

PE" j (Px-E'x)> + (Py-E'y)"

n

E A jr(E‘XrA‘x)% + (E'y-A'y)°
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Lx  Aemuwwiuoy e linnsunu X

Ly  Aemuwievoslanldniueny Y

A'x ﬁpﬁwunﬁanaﬁgnt5enaqTﬂﬁTunﬁuunu X

Ay ﬁaﬁwuwﬁemaogﬂLgouaeTnﬁﬂﬂnﬂuunu Y (= Ly)

E'x ﬁaﬁﬂuuﬁaﬂaeéﬁatnmnwnunu X YusEuY XY

¢ SRttty aeniedauduedarnaninsau o
E'ye AOAIWMNVIINAILOAMINAY Y VUTEUIY XY
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Px ﬁaﬁjuuﬁaanﬁﬁawsmwuuﬁupuunﬁuunu X

L] v
Py ADNTUNUIIANUIITATVURUDUUNINUAOY Y
4



% Cosine Law qvthY

"

-1 2 2 2
o = (Cos AP 4+ PE° = E°A°
2.A"P.PE"
B = B0 - «
W9 AN LWAN ACPL
2 : 2 2
PL = /(Px—Lx) + (Py—Ly) + H
LA = H/Cos(r)
Tﬂﬂqﬁ Cosine Law A¢ ﬁiﬁ
-1 2 2. 2
5, = Cos LA*" + PLT - AP
2.LA° . PL .

Tan = (AP/H)

(=]
1

Tast AP = / (Lx-Px) > + (Ly-Py) "
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PR = (Px-A'x).Cbs(r)
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RS = A'Q = Py-A'y

Tan " (PR/RS)
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4.2 n1§AWIM Dissbility Glare

Jun1aunAn Disenility Glare Taznaldastiansunluinanyasan veiling
o A:lai ( ( X
Luminance (Lv) #59A1 Threshold Increment (TI) ﬁﬁuuuﬂﬂlﬂulﬂOTlﬁuﬂ (%)

v v v
nouuﬂwsﬂwuamna1ﬂuﬂuLﬁuuunautuWan Disability Glare
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cls

grint " Please insert ybur data disk in drive A: "
a$ = inputs(l)

input " What is your -intensity file name "{na$
nam$¢ = na$ + ".dat" ’

open nam$ for output as#l

cls-

dim c(1:500),8(1:500),I1(1:100,1:100)

input " How many plane which you have ?"jplane
input " How many gamma which you have ?";gam

print " Please input plane from -90' to 90"* only"

for a = 1 to plane _ o
print "c("3a3") = "}
input " "4 c(a)

write #l,c(a)
print
next a >
print " Please input damma from 0' to 180' only"
for b = 1 to gam

print "g("$bi") = "3
input " vy #(b)
print

next b

for x = 1 to plane
for y = 1 to gam
print"1("jc(x) ", "s8(y)§™)"
input " "3l(x,y)
print 1{(x,y);
print
next y
next x
b$=input$(1l)
input.” Bp .you want to change your daﬁa? Y or N"ig$
do until a%= "n" ‘
print
input “"please insert plané and gamma"; c,d
for a2 = 1 to hets ‘
if ¢ = c(a) then
for b = 1 to tsag
if d = g(h) then
print I(a,hb)
input" Change it to "jv



1(a,h)=v

if I(a,b} = 1(a,b} then endls
else .
end if
next b
else
end if ol

next

g8

print " not found dats "

endis

input "Will you change snother data? Y or N ";a$

loop

print "Press sny ket to do process"

for x = 0 Lo 36
for vy = 0 to 36
" aa = 5%(x - 18)
bb =y ¥ 5
for m = 1 to plane
if aa >= c{m) then
‘W =.om
else
end if
next m
for n = 1 to gam
if bbh >= 'g(n) then
v = n,
else
end if
next n
i1 =((ag-ctw) )Rl (w1, v+1)=1{w,v+1))/(clw+l)-c(w))
i2 =((aa—c(w))*(l(w+1,v)—l(w}v))/(c(w+1)—c(w))9+l(w,v)
i3 =((bb-g(v))¥(il1-12)/(glv+1)-g(v)))+i2
I(x,y) = i3
write#l, ]l (x,¥y)
next y -
next x '
close #1

print chr$(7)

end

Y41 (w,vt+1)



TisunTad nsut fuASulssngnisana ¢ o a1 8098279

- .
cls

print " Plesse insert yéurdata disk in drive A:
a$ = inputs(l)

input " What is your file name “sna$

nam$é = na$ + “.r"

open nam$ for output as#Hl

cls

dim b(1:500),tg(13500),r(1:100,1:100)

input " How many Beta'which you have ?";beta
input " How many ten(gamma) which you have ?"jtag

write #1,beta,tag

print. " Please input pété from o' to 180' only"
for a = | to beta

print "B("ja3") = "3
input " "3 b(a)
write #1,b(a)
print .

next a

print " Please input tan{gamma) which >= 0 only "
for B = 1 to tag

print "TG(M;bs") = "3
input " "3 btg(h)
write #1,tg(h)

print

next b s

for x = 1 to beta
for v = 1 to tag
print"I("sbB(x)3","sLg(y)§")" 3
input " "jr(x,y) ’
print r(x,y);
print
next y
next x
b$=input$(1)
input" Do you want to change your data? Y or N";a$
do until a$= "no"
print
input "please insert beta and tan{gemma)"} c,d
for & = 1 to bhetsa
if ¢ = b(a) then
for B = 1 to tag
if d = tg(h) then



”

print ra,b)

input™ Change it tao "3V
ris,b)=v

if riayb) = r(a,b) then endtl:

else
end if
next b ’ .
/
else
. end if
next a

print " not found data "
endl: \
input "Will you 6hange anobher dats? Y or N "ja$
laop .
for x = 1 to bets

for y = 1 to tag

write #1,r(x,y)

next vy
next x
close #1
print chr$(7)

end



Tisunsadrniubonlan 1 lrozunsy
cls
screen 2
input"Please input your file name"jfi$
print
print"pleaée insert éata disk in drive-b: and press any key"
a§ = input$(1) ’
f1% = "hi"+fi$ + ".dat"
open fi$ for input as#l
dim 1¢0:36,0:36)
if pl <=~450 and pl >= 90 then c = 8hs(270 - pl)/5 else ¢ = (pl + 80)/5
for w = 0 to 36
for r = 0 to 36

input #1i,1(w,r) 7
next r 1
next w
do until ans$¢ = "n" y
cls .
do ’

input “please input plane";pl
j = pl mod 5

loop until j = 0
if pl <= 450 and pl >= 90, then ¢ = abs(270 - pl)/5 else c = (pl + 90)/5
max = 0 ¢
for r = 0 to 18
ds = "N\ \SBHE\NGEE\ \HiEHER"
print using d$;"i("spls","35%r;")= "3 I(c,r)
if max ‘¢ 1(c,r) then max = I(c,r)
next.r
input. "Press any key"j;sp#$
for r = 19 to 36 '

prinb using d$3"I("3pls",";0¥ry")= "y I(c,r)
if max < I(p,r) then max = I(c,r)
next r ' ‘
print "maximumvlighting intensity value ="{max

input "Press any key"isp$

m = max\80
m=m+1
g = m % 80
cls

line (0,0)-(639,199),,b
ra = 22/(7T%180)
po = I(c,0)%B0/q



sy
]

h = e

for.r = 1 to 36
po = I(c,r)*¥B80/q
s = 90+(5%r)

u

v

Z = -u

po ¥ sin(S0%ra)

po ¥ cos(s ¥ ra)

po ¥ sin(s ¥ ra)

line ((440+2*e),(95+?))—((440+2*u),(95+v))
line ((430+2%h),(85+f))-((440+2%z),(95+v))

e = u
f=v
h =z

next r

close #1
locate 2,2
prihb"
locate 4,4
print" Scale
locate 6,4
print" Angle
locate 8,4
print" Plane

for a = 1 to

circle (440,95),a % 20,,:,1/2

next a

1

(]

1

=%

8

s ite

310 ¥ m3" cd/10001Im"

pl

16 DEG"

for 1 = 0 to 360 step 15
ra = 22%i/(7%180)
x = 150% cos(ra)
y = B0 ¥ sin(ra)-

line (440,95)-(44Q+x,95+y),3

next i
locate 2,585
print" 180"
locate 12,33
print"270"
locate 12,76
print"90"
locate 23,56
print"0"
locate 20,39
print"315"
locate 20,70
print"45"
locate 5,39

POLAR GRAPH



print"225"

locate 7.0

print" 135"

locate 22,4

print"Press any key to see other plan "
{ocate 23,4 ‘ ‘
input”or press N for end"jans$

laop ¢

print, chr$(7)

end



Tsunsudrhmsonlalsian nas Inavunsy

CLS - ‘
SCREEN 2 . .
INPUT " PLEASE INPUT A FILE NAME ";FL$
PRINT '
PRINT " PLEASE INPUT DATA DISK IN DRIVE A: AND PRESS ANY KEY *
A$ = INPUT$(1)
FL$ = FL§ + ",DAT"
OPEN FL$ FOR INPUT AS #1
DIM LIGHT(0:37,0{180)
MAX = 0
FOR C,= 0 TO 36

FOR 1 = 0 TO 36

INPUT #1,LI1GHT(C, 1)
IF MAX < LIGHT(C,1) THEN MAX = LIGHT(C,1)

NEXT 1 '
NEXT C
PRINT
PRINT "MAXIMUM VALUE = "3MAX
PRINT
INPUT "PRESS ANY KEY “;SPS$
PRINT
CLS
LINE (2,2)-(638,198), , B
LOCATE 2,32
PRINT "ISOCANDELA DIAGRAM"
X = 320 :
FOR AMPLITUDE = -80 TO 90 STEP 3D

FOR ANG = 90 TO 180 STEP 1

Y

)
Yie
"

L = AMPLITUDE % SINCANG % 3.14/180) M
HEIGH = ANG.
PSET (X+(2%L),HEIGH) .

IF AMPLITUDE = 90 AND HEIGH MOD 15 = 0 THEN
LINE (X+(2%L),HEIGH)-(X-(2%L),HEIGH)
HEJGH = (HEIGH+10.6)\8
L = (24+X+(2%L))\8
LOCATE HEIGH,L
PRINT 1B0-ANG
END IF
NEXT ANG
POSITION = (X +(2%AMPLITUDE))\B
LOCATE 11, POSITION
PRINT AMPLITUDE
NEXT AMPLITUDE



LOCATE 4,2 .
PRINT “MAX'MUM VALUE =";MAX;" ¢d/1000 lumen”

DIM P(1:100),Q(1:100)

N = MAX .

STE = 0.17 \
LL = -1

LN = 1

L= 1 *

PO% = 1

00% = 1

FOR L = 0.9%N TO 0.05%N STEP -(STE#*N)

LOCATE 4 +.00%,2

PRINT 00%3":"s g
PRINT USING "####";L*%100/MAX;

PRINT " %"
00% = 00% + 1
BEGIN:
J =1
FOR | = 0°TO 36
W=0 ;
Z =0 >

FOR C = 0 TO 36 el
IF L = LIGHT(C,1) THEN

LC7=l6

P(J) = (LC % 5) - 90
Q) = 1 %5

J= g+ 1

ELSEIF L < LIGHT(C,1) THEN
e 7 = LIGHT(C,I)
. 1C = C.
ELSEIF L > LIGHT(C,I) THEN
" W 2 LIGHT(C, D)
WC = C
END, IF
IF Z > 0 AND W > 0 THEN
LC = ((L - WI¥(IC - WC)/(Z-W))+WC

P(J). = (LC % 5) - 30
@(d) =1 %5
J=J+1
IF LC =CTHEN Z =0 ¢ W =0
IF ZC > WC THEN W = 0
IF WC > ZC THEN Z = 0
END 1F

NEXT C



NEXT 1

FOR C = § TO 3¢
—
7 =0 '
FOR I = 0 TO 36
IF L = LIGHT(C,1) THEN
_ Z=0:¥WwW=20
'ELSEIF L < LIGHT(C,1) THEN
Z = LIGHT(C, 1)
Z1 =1 %5
ELSEIF L > LIGHT(C,1) THEN
W = LIGHT(C, 1)
Wi = 1 %5
END IF .
IF Z > 0 AND W > 0 THEN
LT = ((L - ¥W)$(ZI - WII/(Z - W) + WI
P(J) = (C % 5) - 90
Q) =11
J.7 "t A
IF Z1 > WI THEN W =
IF W1 > Z1 THEN Z =
END IF
. NEXT I e
NEXT C
MAXR = 0
B =1
MINL = Q¢1)
C =1
RIGH = 0
D=1
LEFT = p(1)°
E =1 )
FOR A = 1 TO J-1 )
IF MAXR < Q(A) THEN
MAXR = Q(A)
B =A
ELSEIF MAXR = @(A) THEN

I

E
E
END

F P(B) < P(A) THEN
MAXR = Q(A)
B =A
LSE
ND .IF
IF

IF MINL > @(A) THEN

MINL = G(A)



C=A
ELSEIF MINL = Q(A) THEN
IF P(C) > P(A) THEN
MINL = Q(A)
T = A
ELSE
END IF
END IF
IF RIGH < P(A) THEN
RIGH = P(A)
D= A
ELSEIF RIGH = P(A) THEN
IF Q(D) > Q(A) THEN

" RIGH = P(A)
D= A
ELSE
END IF
END IF
1F LEFT > P(A) THEN
LEFT = P(A)
E = A =
ELSEIF LEFT.= P(A) THEN
IF Q(E) > Q(A) THEN -
LEFT = P(A)
E = A
ELSE
END IF :
END- IF
NEXT A

" DIM R(0:100),5(0:100),T¢0:100),U(0:100),V(03100)
DIM X(0:100),K(0:100),Y¢03100) -

PMAX = P(B)

@MAX = Q(B)

PMIN = P(C)

~GMIN = Q¢C)

PRLGH = P(D)

QRIGH = Q(D)

PLEFT = P(E)

QLEFT = Q(E)

N 1t 1}
I i i

IF PRIGH <> 90 AND PLEFT <> -90 THEN

‘ R(1) = O
$(1) =0
T(1) = 0
U(L) =0



V(1) =0
W(1) =0
X(1) =0
K(1) = 0
F=1
G =t
H=1
1=1
FOR A-= 1 TO J-1 o
IF PMAX <= P(A) AND P(A) < PRIGH AND GRIGH < Q(A) AND Q(A) <= GMAX
. THEN '
R(F) = P(A)
S(F) = Q(A)
F = F+l -
- R(F) = 0t S(F) =0 . ’
ELSEIF PLEFT <= P(A) AND P(A) < PMAX AND QLEFT <= Q(A) AND Q(A) <
QMAX THEN - ;
T(G) = P(A)
- UB) = QCA) '
G = G+l °

1

T(G) = 0 ¢  U(B) 0
ELSEIF PLEFT < P(A) AND PMIN >= P(A) AND GMIN <= Q(A) AND Q(A) <

QLEFT ‘THEN
V(H) = P(A)
W(H) = Q(A)
H=H+ 1

V(H) =0 ¢+ WH =20 .
ELSEIF PMIN <.P(A) AND P(A) <= PRIGH AND Q(A) > QMIN AND Q(A) <=

QRIGH THEN
X(1) = P(A)
K(I) = Q(AY
[ = 1+1 ’
X(1>. = 0 ¢ K(I}) =0
END IF
NEXT A '
PSTART = PRIGH
QSTART = QRIGH
F=F -1 _
IF F < 2 THEN GOTO DONE5:
Do
LENGTH = 100000 ’
FOR A = 1 TO F -

LONG = ((R(A) — PSTART)~2 + (5(A) - QSTART)"*2)"0.5
IF LENGTH > LONG THEN



LENGTH = LONG

Z=A
ELSE
END IF
NEXT A- ,
IF R(Z) = 0 AND S$(Z) = O THEN GOTO DONE1:
IF R(Z) = PMAX AND S(Z) = QMAX THEN ENDI1:
K = PSTART*SIN((IBO—QSTART)*B.1%/180I
M. = 1B0 - QSTART
N = R(Z)¥SIN((180-S(Z))%¥3.14/180)
®C = 180 - S(Z)

LINE (820+(2%K),M) - (320+(2%N),0)
PSTART = R(Z) ‘
QSTART = S(Z)
DONE1: :
ASP = F +
FOR A =
R(A)
S(A)
NEXT A
F =-F-1
LOOP UNTIL F = 1 £
DONE5:
K = PSTART#SIN((180~QSTART)¥3..14/180)
M = 180 - QSTART
N = PMAX¥SIN((1BO-QMAX)¥%3.14/1B0)
0 = 180 - GMAX
LINE (320+(2%K),M) - (320+(2%N),0)
END1:

Vi
T

o

TO ASP
RCA+1)
S(A+1)

tl

I

1

PMAX
GMAX

PSTART
QSTART
6=6-1
IF 6 < 2 THEN GOTO DONEG:
DO
LENGTH = 100000

FORB=17T0G

LONG = ((T(B) - PSTART)"2 + (U(B) - QSTART)"2)"0.5

IF LENGTH > LONG THEN '

* LENGTH = LONG
=B
ELSE
END IF
NEXT B

IF. T¢(Z) = 0 AND U(Z) = O THEN GOTO DONE2:



IF T¢(Z) = PLEFT AXD U(Z) = QLEFT THEN GOTO ENDZ:

K = PSTART#S5]N((100-GSTART}%3.14/180)
M = 180 - QSTAKT

N = TCZ)¥SINC(180-U(Z))%3,14/180) .
0 = 180 - U(Z)

LINE (320+(2%K),M) - (320+(2%N),0)
PSTART = T(Z)
QSTART = U(Z)
DONE2:
ASP = G +
FOR B =
T(B)
U(B)
NEXT B
6 =6-1
LOOP UNTIL G = 1
DONEG 3
K = PSTART*SIN((1B0-QSTART)*3.14/180)
M = 180 - Q@START
N = PLEFT#SIN((1B0-QLEFT)*3.14/180)
0 = 180 - QLEFT
LINE (320+(2%K),M) = (320+(2%N),0)
END2:

o

TO ASP
T(B+1)
U(B+1)

"

PSTART = PLEFT
QSTART = QLEFT
H=H-1.:
IF H < 2 THEN GOTO DONET7:
Do
LENGTH = 100000
FORC =1 TO H
LONG = ((V(C) - PSTART)*2 + (W(C) - QSTART)~2)~0.5
IF LENGTH > LONG THEN
LENGTH = LONG
Z=¢C
ELSE
END IF
NEXT C
IF V(Z) = 0 AND W(Z) = 0 THEN GOTO DONE3:
IF V(Z) = PMIN AND W(Z) = QMIN THEN GOTO END3:

K = PSTART#SIN((180-QSTART)*3.14/180)
M = 180 - QSTART '
N = V(Z)%SINC(180-W(Z))%3.14/180)

0 = 180 - W(Z) ‘

LINE (320+(2%K) M) - (320+(2%N),0)



PSTART
. QSTART
DONE3:
ASP = H + 1
FOR C = Z TO ASP
V(C) = V(C+1)
W(C) = W(C+D) \
NEXT C
H=H- 1 .
LOOP UNTIL H = 1 -
DONET: '
K = PSTART#SIN((180-QSTART)*3,14/180)
M = 180 - QSTART
N = PMIN¥SIN((180-QMINJ¥3.14/180) -
0 = 180 - QMIN
LINE (320+(2%K),}) - (320+(2%N),0)
END3:

V()
W(Z)

H

n

1
£

it

PMIN
AMIN

i

PSTART
QSTART
1 =1 -1
IF 1 < 2 THEN GOTO DONEB:
Do
LENGTH = 100000
FOR D = 1 TO I

LONG = ((X(D) - PSTART)"2 + (K(D) - QSTART)"2)70.5
IF LENGTH > LONG THEN
LENGTH = LONG
Z =0
ELSE
~ END IF
NEXT D _
IF X(Z) = 0 AND K(Z) = 0 THEN GOTO DONE4¢
IF X(Z) = PRIGH AND K(Z) = QRIGH THEN GOTO END4:
K = PSTART#SIN((180-QSTART)%3.14/180)
M = 180 - QSTART
N = X(Z)*SIN((180-K(Z))%3.14/1B0)
0 = 180 - K(Z)
LINE (320+(2%K),M) - (320+(2%N),0)"
PSTART = X(Z)
QSTART = K(Z)
DONEA4:
ASP = 1 + 1
FOR' D = Z TO ASP
X(D) = X(D+1) .



=
—~
L]
~

H

K(D+1)

LOOP UNTIL T =1
DONES:
K = PSTART#SIN((1BO-QSTART)#3,14/180)
M = 180 '- QSTART
N = PRIGH*SIN((1BO-QRIGH) #3,14/180)
0= 180 - QRIGH
LINE (320+(2%K),M) - (320+(2%N),0)
END4:s-
ELSE

B(1) =
S(1) =
T(1) =
ULy =
F=1
G =1
FOR A = 1. TO J-1

IF PMAX <= P(A) AND P(A) < PRIGH THEN

o O o O

R(F) = P(A)
S(F) = QCA)
F o= F+i
R(F) =
S(F) =
ELSEIF PLEFT <= P(A) AND P(A) < PMAX THEN
' T(B) = P(A)
U(G)-= QCA)
G = G+1
T(G) = 0
U(G) =0
END IF-
NEXT A
PSTART = PRIGH
QSTART = QRIGH
F=F -1
IF F < 2 THEN GOTO DONE5O:
0o

LENGTH = 100000
FOR A =1TO0F )
LONG = ((R(A) - PSTART)*2 + (S(A) - QSTART)~2)~0.5
LF LENGTH > LONG THEN |
LENGTH = LONG
Z = A

i T F



NEXT A ,

IF R(Z) = 0 AND S(Z) = O THEN GOTO DONE10:

IF R(Z) = PMAX AND S(Z) = QMAX THEN END10: .

K = PSTART*SIN((1B0-QSTART)#3.14/180)

M = 180 - QSTART

N = R(Z)¥SIN((180-5(7))#%3.,14/180)

0 = 180 = S(Z) _

LINE (320+(2%K),M) - (320+(2%N),0)

PSTART = R(Z) .

QSTART = §(Z)

DONE10:

ASP = F
FOR A =

R(A)
S(A)

NEXT A
F =F-1

LOOP UNTIL F = 1

DONE5S0:

K = PSTART#SIN((180-QSTART)#*3.14/180)

M = 180 - GSTART .

N = PMAX#SIN((180-QMAX)#3.14/180)

0 = 180 - QMAX

LINE (320+(2%K),M) - (320+(2%N),0)

END103

H
i

]

N

TO ASP :
R(A+1)
S(A+1)

u

i

PSTART ‘= PMAX
QSTART = QMAX
G=6 -1
IF G < 2 THEN GOTO DONEGO:
Do
LENGTH = 100000
FOR B = 1 TO 6
LONG = ((T(B) - PSTART)*2 + (U(B) - QSTART)*2)~0.5

- IF LENGTH > LONG THEN
LENGTH = LONG
Z =8
ELSE
END IF
NEXT B
IF T(Z) = 0 AND U(Z) = 0 THEN GOTO DONE20:

1

IF T(Z) PLEFT AND U(Z) = QLEFT THEN GOTO END20:
K = PSTART#SIN((1B80-QSTART)*3.14/180)



0

i

180 + QSTART
TCZ)#SINGC180-U(2) 343, 14/180)
180 ~ U(Z)

‘LINE (320+(2%K),M) - (320+(2%N),0)

M
N

- PSTART = T(Z)

END
NEXT
LOCATE

PRINT

Q@START = U(2)
DONE20:
ASP = G. +
FOR B =
T(B).
U¢B)
NEXT B
6 =6 -1
LOOP UNTIL G = 1
DONE60:
K = PSTART#SIN((1B0-GSTART)*3.14/180)
M = 180 - QSTART :
N = PLEFT#SIN((180~QLEFT)#3.147180)
0 = 180 - QLEFT »
LINE (320+(2%K), M) — (320+(2%N),07
END20¢ J
IF
L
00% + 4,2
"STEP = -"3

[ B

TO ASP
T(B+1)
U(B+1)

1

PRINT USING "##";STEX100; |

PRINT
END

#H %lv
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“cls

screen 2 !

input"Please input your Intensity file";fi$
print -
print"Please ‘insert data disk in drive as"
a$ = input&(l)
fl1¢ = fis$ + ",dat"
open fl$ for input as #1 .
dim 1(0:36,0:36)

for w = 0 to 36

for r = 0 to 36

V4

. input#l, I (w,r)
next r
next w
print
do &
beginid:

input"Please input the mounting height in metres (5-14)":h
heigh = h -

' if h > 14 or h < 5 then begin3d:

print

dim EC0:100,0:100)

max = 0

minov = 100

100

pi = atn(1)%4

for x = 0 to 25 step 5 .

1

minst

m = 50 - X .
for y = d to 24
if x = 25 then “
if y =< 18 then
c = 90
else
c = -850
end if .
gaml = ((ébﬂ((18—y)/h))“2)“.5¥180/pi
else
c = atn¢(18-y)/(25-x))%180/pi
gaml = gtn{(((18-y)*2+(25-x)"2)"0,.5)/h)*180/pi
end if 1
p = (c+980)/5

aq = daml/5



]

t

u

light!l
. light2

1ight3,

. 1ight 4
E(X,y)
E{m,y)

if max

= gaml\5h

= pt+l

= s+l

= ((I(pr,u)-I(r,5))%(qg-5))+I(r,s)

= ((1(byu)=1(t,y5))¥(g-8))+I1(k,s)

= ((light2-1ight1)%(p-r))+lightl.
=(light3%(costgami¥pi/180))"3)/(h"2)
= 1ight4%38 ’
1ight4%38

< E(x,y) -then max = E(x,y)

if minov > E(x,y) then minov = E(x,¥y)

-

next y

next x

for a = 0 to 25 step &

for b = 12 to 18

if minst > E(s,b) then minst = ECa,hb)

next b

next a

cls

screen 2%

dim p(1:100),q(1:100)
n = max .

11 = -1

In =1
1

1

lo

for 1 = 0.9%n to Q.1%n step ~(0.1¥n)

bhegin:

=1

for y = 0 Lo 24
w =20
z =0

for x = 0 to 25 step §
if 1 = E(x,y) then

1c = x
p(j) =
q(j) =
jo=3+
elseif 1

X

Y
1

< E(x,y) then

z = E(x,y)

zZzC =-X

elseif 1

5 E(x,y) then

w = E(x,y)

we = X

Al &



end if

if z > 4 end » > then
e ¥ .21 - wi¥ize =~ we)/(z - w))twe
p(j) = lc
q(j) =y
j=a
if lc=xthenz=0:w=0 ’
if zc > wg thenw =0
if we > zc then z = 0
end-:if
next x .
next y
for x = 0 to 25 step &
w =20 ' e
z =0
for y = 0 to 24 v
if 1 = E(x,y) then
; =0+ w=20
elseif 1 ¢ E(x,y) then
z = E(x,y)
zi = ¥y
elseif 1 > E(x,y) then
w = B(x,y)
wi =y
end if
if z > 0 and w > O-then
1i = ((1 - w)¥% (zi - wid/(z - w)) + wi
p(j) = x
q(j) = 1i
j=3+1
if zi > wi then w =
if wi > zi then z =
end if
next y
next x
maxr = 0
b =1
minl = q(1)
c =1 -
righ = 0 '
d =1 .
g =1
left = p(l) ]
e = 1 * a
for a8 =1 to j-1



if maxr < gq(a) then
maxr = qfa)
b =8
elseif maxr = qf(a) then
if p(b) < p(a) then
b =a
else
end if
.end if
if minl > q(a). then

minl = q(s8)
c =8
elseif minl = q(a) then
if p(c) > p(a) then
c = a8 .
else
end if
end if
if righ < p(a) then
righ = p(a)
d = a
g = a
glseif righ = p(a) then
if g(d) > g¢a) then
righ = p(a)
d = a
else
g = 8
end if
end if
if left > p(a) then
'legb = p(a)
e = 8
f =8
elseif left = p(a) then
. if qe) > gq(a) then
e = &
else
end if
end if

next 8

dim r(0:100),s5(0:100),+(0:100),u(0:100),v(0:100)
dim x(0:100),k(0:100),y(0:100)
pmax = .p(h)



Pmai = q(h)
in = plc)
quin = g{c)
pleft = p(e)
gleft = q(e)

primax = p(g) N

qrimax = q(g)-

primin = pl{d)

qrimin = q{d)

r{(i) =0

s(1) =0

t(1) =0

u(l) = 0,

h =1

i=1

for a = I to j-1
if qta) <= qleft and p(a) < pmin and g(s) > gmin then
r(h) = p(a) ° .
s(h) = q(a)
h=hE1
r(h) =0
s(h) = 0O
elseif qla) > qleft and p(a) <= pmax and qla) <= gmax then
L(i) = pla) 3
u(i) = qla)
i=i+1
(i) = 0
u(i) =0
) end if
next a

.a

pstart = pmin

gstart = gmin ’ .
h=h-1

if h < 2 then done5:

do

length = 100000
for 8 = 1 to h ‘
long = ((r(a) - pstart)*2 + (s(as) - gstart)"2)"0.5
if length > long then .
length = long

i

z = 8
else

end if



next g
v rlzy { and s{z) = 0 then donel:
if r(z) * j.eft and s(z) = qleft then endl:
. kk = (pstart*¥11)+5b "
00 = 662 - Kk
11 = {gstart*b) +28
mm = {r(z)%11) +56
pp = 662 - mm
nn = {s(z)%5) +28
line (kk,11)-(mm,nn)
line (oo,11)-{(pp,nn)
pstart = r(z)
gstart = s(z)
donel:
asp = h + 1
for & = z to asp
r(a) = rla+l) . \

s(a) = s(a+l) K . .
next a .
h=h-1 iy
laop until h =1
doneb:
kk = (pstart#¥11)+56

oo = 662 - kk

11 = (gstart*b) +28
mm = (pleft*%1l) +56
pp = 662 -mm

nn = (gleft*h) +28
line (kk,11)-(mm,nn)
line (oo,ll):(pp,nn)

endis

pstart = pleft
gstart = gleft

i-=1i-1
if 1 < 2 then doneb:
d
iength = 100000
for a = 1 to i
= ((t(8) ~— pstart)"2 + (ula) - gstart)*2)°0.5

long
" if lengbth > long then
length = long
z =.a
else
end if



next a

0 and u{z) = 0 then donel;

if L(z) =
if t(z) = pmax and u(z) = gmax then endl:
kk = (pstart#11)+56

oo = 662 - kk
11 = (qstartks) +28
mm = (t(z)*%11) +56
pp = 662 - mm
nn = (u(z)*5) +28
line (kk,11)~(mm,nn)
line (g0o,11l)—(pp,an)
pstart = 4(z)
gstart = u(z)
done2: ‘ o
asp = i + 1
faor é = z to asp Y,
t(a) = t(atl)
u(a) = u(a+l)
next a
i=1i-1 / gy

loop until i = 1

doneb:
kk = (pstart¥11)+56
oo = 662 - kk :

11 = (gstart¥5) +28

: mm = (pmax¥11) +56

pp = 662 - mm

nn = (qmax¥5) +28

line (kk,11)~-(mm,nn)

line (oco,11)-(pp,nn)

end2:

if primax <> pmax and gqrimex <> qrimin then
kk = (primax¥11)+56
go = 662 - kk
11 = (qrimax#5) +28°
mm = {(pmax¥11) +56
pg = 662 - mm
nn = (gqmax#¥5) +28
line (kk,11)-{mm,1n)
line (pp,nn)—(oo{ll)

else

end if

if primin <> pmin then
kk = {primin¥11)+56
co = 662 - kk



11 = (qrimin¥5) +28
mn = (pmin¥11) +56
up = 662 - mm

nn = (qmin¥5) +28
line (kk,11)-(mm,nn)

line (pp,nn)-{(oo,11)

print *
y =0
B =20

line(56,28)~(606,28)

line(56,148)-(606, 148)

for ¢c =1 to 6
for d = 1 to 3

pset (329 + ¢,116 + d)

next d

next ¢

for 8 = 1 to 110

" pset (56 + 5%a,58)
pset (56 + 5%a,B88)
pset, (56 + 5%a,118)

next 8

line (56,28)=(56,148)

line (606,28)-(606,148)

for x = 0 to 550 step 110

for B =1 0 6 . \
pset (56 + x,24 + b)
next b .
next x
locate 4,1
print using "H##. #8"70
locate. 8,1 ‘

print using “"#H#.84":06

locate 15,1

print using "“##.44"318
locate 19,1

print using "##.#H#"124
locate 20,1

print "width (metres)"
locate ‘3,6

print using "H#. #8350

locate B,ZQ

-
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print using "##.54"410
locate 3,34

print using "#§.##";20
locate 3,48

print using ", #3330
locate 3,62

print using "##.4##";40
locate -3, 75

print using "##.#4";50
locate 2,66

print "length (metres)"”
loéate 22,50

print "max illuminande ="
print using "#it#, $HEY smaxy
print" lux"

locate 23,50

print "min illuminance ="4
print using "#i#, B iminovy
print” lux"

locate 23,1 .
print, "show value from 90%-10% step 10%"
locate 22,1

print "file name = "i;fl%
locate 21,50
print "mounting height = "3

print using "##.##"}heighy

print " metres”

locate 24,1

input "Do you want to the others"ib$
loop until b$ = "a"

end
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cls
screen 2
input"Please input your Intensity file";fis$
print
print"Please insert dats disk in drive at"
a$ = input$cl) .
fis = fis$ + ".dat"
open 1% for input as #1
dim 1(0:36,0:386)
for‘w =0 to 36
for r = 0 to 36
inputi#i, [ (wyr) R
qnext r
next w
close #1
print
dim bB(1:100),tg(1:100),55¢1:100,1:100) :
input"Please input your reflection file name"jri$.
rl$ = pris + ".p"
open rl$ for input as #1
input #l,bet,tag
for 8 = | to bet
input #1,b(a)
next 8
for B = 1 to tag
input #i,tg(b)
next b )
for x = 1 to bet
for y = 1 to tag
input #1,ss5(x,y)

next y
next x
print .5
do
hegin3:

.
input"Plesse input the mounting height -in metres (5-12)";h
heigh = h e
if h > 12 or h < 5 then begind:
print
dim E(0:100,0:100),L(0:100,0:100).
pi = atn(l)¥4
for x = 0 to 25 step 5



m =50 - x

fory = 0 to 24

if x = 25 then

if y =< 18 then

c
else

c

end if .

gaml

else

end

if

k2

12

col
co2
teal
ta2
alphal
glpha2
betal

il

beta?

end if

90
-90
({atn((1B-y)/h))"*2)~.5%180/pi

atn((18-y)/(25-x))%180/pi
atn((((1B-y)~2+(25-x)~2)"0.5) /h)%180/pi
(c+90) /5 S
gaml/b

(c+90)\5

gami\g

r+i

s+1

({1 p,uw)-1(r,s))*(q-5))+1(r,s)
(C1(b,u)~1(t,8))%(q=5))+I(t,s)
((light2-1ight1)¥(p-pr))+light1
11ght3/(h"2)

light 4%38 4

1ight.4%38

tan (gsmi*pi/180)

and y = 18 then

1

1]

180
180

(1B = y)*2 + (25 - x)*2)~0.5

((125 - x)*2 + (9.25 - y)~2)*0.5

((18 - 9.25)%2 + (100)°2)"0.5

((18 - y)~2 + (25 - m)*2)"0.5

(125 - m)~2 + (9.25 - y)~2)~0.5

((18 - 9.25)72 + (100)°2)~0.5,

(CC31I72). + ((K1IA2) - ((11)72))/7(2%31%k1)
((C32)72) + ((k2)72) = ((12)72))/(-2%j2¥k2)
((1 - (col)*2)"0.5)/col

(¢1 - (c02)72)0.5)/co2

(abn(ts1)%180/pi)

(atn(ta2)¥180/pi)

salphal

.80 - alpha2



for & = 1| to bek

if botai >= hied then

cc = 8

else

end if

if beta2 >= b{(a) then
cd = 8

else

end if

next a
tang = tan(gaml¥pi/180)
for b = 1 to (tag-1)

if tang >= tg(h) then =
ce = b
" else
end if
next b

rel =((betal—b(cc))*(ss(cc+1¢ce)-ss(cc,ce))/(bfcc+1)-b(cc$))+ss(cc,ce)
re?2 =((hetal-h(cc))¥(ss(cc+l,cetl)-sslcc,ce+l))/(h(cc+l)-b(cc)))+ssl{cct+l,ce)
red =((tang-td(ce))¥(re2-rel)/(tg(ce+l)-tg(cel)))+rel
red =((betaZFh(cd))%(ss(cd+1,ce)jssicd,ce))/(b(cd+1)—h(cd)))+ss(cd,ce)
reb =((betaz—b(cd){*(ss(cd+1,ce+1)—55(cd,ce+L))/(b(cd+1)-b(cd)))+ss(cd+1¢ce)
re6 =(gtang—tg<ce))*(pes—pe4>/<tg(ce+13—t§(ce))7+pe4
L{x,y) = E(x,y)¥re3/10000
L{m,y) = E(m,y)#%re6/10000
next y
next i
minst = 1000
max = 0
mave = 0 >
for a8 = 0 to 50 step b5
for b = 0 to 24
if minst > L(a,b) then minst = L(a,h)
if max < L{a,b) then max .= i(a,b)
mave = mave + L(s,b) )
next h
next a

aver = mave/278 v

cls

screen 2¢

dim p(1:100),q{1:100)
‘n = max:

T = -1



In

lo.

B
1

for 1 = 0.9%n to 0,3%n step —(0.1%n)

bedin:
j=1
for y

i

0 to 24

0

0

X 0 to‘50 step 5
if 1 = L(x,y) then

lc

X

p(J) = x
qg(Jj)
jo=ib 1
elseif 1 < L{x,y) then

z = L{x,¥y)

'y

zc X
elteif 1 > L(x,y) then

w = L(x,y)

we
end if
if z > 0 and w > 0 then

le ((} - w)k(zc - we)/(z

X

"

pt¢j) = lc
ql )
A J
if lc

¥
+ 1

x then z = 0
if zc wc then w =0
if wc zc then z = 0

end if

next x

next y

for x

0 to 50 step B

o

0

¥y = 0 to 24

if 1 = L(x,y) then
z 0 0

elseif 1 < L(x,y) then
z = Li{x,;y)

N

elseif 1 > L(x,y) then

zi

W Lix,y)

wi =y

- w))+we



end if
if z > 0 and w > 0 then
11 = (i1 - w¥ (zi - wi)/(z - w)) + wi

p{j) = x
qt¢j) = 1i
j=g+t
if zi > wi then w = 0
if wi > zi then .z = 0 .
end if .
next y
next x
maxr = 0
B =1 . e
minl = q(1)
c =1
righ = 0
d=1
g =1
left = p(tl)
e = 1 '

for a = 1 to j-1
if maxr < gq(a) then
maxr = qfla)
b =8
elseif maxr = g{(8) then
if p(b) < p(a) then
maxr = q{a)
b = a .
else
end if
end if
if minl > q(a) then
minl = q(a)
c = A
elseif minl = q(a) then
if pl(e) > pla) Qhen
minl = q(a)
c =8
aelse
end if
end if
if righ < pta) then
righ = p(a)
d = =8



elseif righ = p(a) then
if q(d) > gqta) then

righ = p{a)
d =a - -
else
end if
end if
if left > pta) then
left = p(ay
e = 8 “

elseif left = p(a) then

&
if q(e) > q(a) then -
leff = p(a)
e = 8 . ' 3
else .
end if ' '
- R4
end if
next 8 . .

dim r(0:100),s(0:100),t¢0:100),u(0:100)
dim x(0:100),k(0:100),v(0:100),y(0:100)
pmax = p(h)
gmax = gq¢hb)
pmin =
gmin = q(g)
pleft = p(e)
qleft = q(e)
prigh =”p(d)
- qrigh = q(d)
r¢l) =
s(1) =
(1) =
u{l) =
T, vy =
w(l) =
x(1) =
y(l) =
f‘:
g =
h =

o 0o o 0 o 0o o O

i =

—_— o s e

for a = 1 to j-1 -
if pmax <= p(s) and p(a) < prigh and qrigh < g{a) and q(a) <=
qmax then
r(f) = p(a{



s(f) = q(a)
f=f +1
r(f) =0 : s{f} = 0. _
elseif pleft <= p(a) and p(a) < pmdx and qleft <= q(a) and q(a) <
gmax then ’

t(g) = p(a)
u(g) = q(a)
g =g + 1
t(g) =0 ¢ ulg) =0
elseif pleft < p(a) and p(a) < pnin and gmin <= qf{a) and q(a) <
gleft then
v(h) = p(a)
w(h) = q(a) .
h=h+ 1 _ -

v(h) = 0 ¢ w(h) =0
elseif qmin < g(a) and q(a) <= qrigh and p(a) > pmin and p(a) <=

prigh then . :

x(i) = p(a)

y(i) = q(a)

i=1i+1

x(i) = 0 ¢ y(i) =0

end if

next a

pstart = prigh.
gstart = grigh
f=f -1
if f < 2 then doneb:
do :
length = 100000 : b K
for a = 1 to f

long = ((r(a) - pstart)~2 + (sa) - gstart)~2)°0.5 -
if length > long then
length = long
z = a o
- else
end if
next a

if -rn(z) = 0 and $(z) = 0 then donel:

if r(z) = pmax and s(z) = gqmax then endl:
kk (pstart*%11)+56

11 (gstart#¥5) +28

mm = (r(z)¥%11) +56

(s(z)%¥b) +28

line (kk,11)-(mm,nn)

1)

1

nn



pstart ; r(z)

gstart = s(z)
donel:
asp = f + 1
for a = z Lo asp
r(a) = r(at+l)
s(a). = s(a+l)
nextv a C
f=f -1

loop until f =1
done5:
kk = (pstart¥11)+56

11 = (qgstart*5) +28
mm = (pmax #%11) +56. <
nn = (qmax %b) +28

line (kk,11)-(mm,nn)

endl:
pstart = pmax
gstart = gmax

df -

if g < 2 then .doneb:
dao i

length = 100000 ‘

for a =1 to g '

= ((t(a) - pstart)~2 + (u(a) - gstart)*2)70.5

long
" if length > long then
length = long

Z = @&
°
else
end if
next a
if t(z) = 0 and u(z) = 0 then donel:
if t(z) = pleft and u(z) = qleft then endl:

kk = (pstart#¥11)+56

11 (gstart#*5) +28

mm = (L(z)¥1i1) +56

nn = (uf(z)%¥5) +28

line (kk,11)-(mm,nn) T
pstart = t{(z)

qgstart = u(z)

done?:
asp = g + 1
for a = z t0 asp
t(a) = t(a+l)

aF o



nex

g:

ula) = ula+l)
t a
¢ - 1

loop.until g = 1"

doneb:

kk = «p
11 7 (q
mm = (p
nn = (q
line (k
end2:

pstart'=

gstart =
h=h -
if h <2
do
length
for ‘a

long

.

next 8
if viz)
if v(z)
kk
11

LM

(p

(q

(v

nn (w
" line (k
pstart
gstart

done3d:

start¥11)+bb
start¥h) +28
left#11) +56
left¥5) +28

k,11)~(mm,nn’}

pleft
gleft

1

then doneT7:

100000~

1 to h.

((v(a) - pstart)”2 +
if Tength > long then
length = long

z .7 .8
else

end if

i

H

start*11)+56
start¥5) +28
(z)*%11) +56
(z)*5) +28
k,11)-(mm,nn)
= v(z)

= w(z)

asp = h + 1

for

nex
h =

a = z to asp
via) = v(a+l)
wi(g) = w(a+l) -
t a8
h -1

loop until h =1

done7:

kk = (pstart¥11)+56

(w(a)

0 sand w(z) = 0 then done3:

pmin and w(z) = qun then end3:

N,

- gstart)~2)70.5



11 (qstart¥5) +28
Apmin¥1i) +56
(gqmin¥5) +28

line (kk,11)-(mm,nn)

i

™

i

unn

end3:

pstart = pmin

gstart = gmin

i=1i-1
if i < 2 then .doneB:
do
length = 100000
for 8 = 1 to i * A=
long = ¢({(x(a) - pstart)"2 + (y{a) - qsbért)“Z)“O.S

if length > long then
length = long
z = a
else
end if
next a
if x(z) = 0 and y(z) = 0 then doned:
if x(z) = prigh and 'y(z) = qrigh then end4:
kk = (pstart#*11)+56
11 (gstart*¥5) +28
‘mm = (x(Z)*¥11) +56
nn = (y(z)*H) +28

line (kk,11)-(mm,nn)

pstart = x(z)
gstart = y(z)
doneéd:

asp .= i + |

for a = z to asp

x(a) = x(a+l1)

‘y(a) = y(a+l)
next a "
i=1i-=1

leop until i = 1
doneB:

kk = (pstart¥11)+56
11 (gstart¥5) +28
mm = (prigh¥%11) +56
(qrigh#%5) +28
+line (kky11)-(mm,nn)
end4:

un



line(56,28) -

(606,28)

line(56,148)-(606,148)
for c =1 to 6

for d =

pset (329 + c,116 + d)

next d

next ¢

1 o 3

.

for a = 1 to 110
pset (56 + 5%a,58)
pset (56 + 5%¥a,88)

pset (56 + H%a,118)

next a

lime (56,28)-(56,148)

line (606,28)~(606,148)
for x = 0 to 550 step 110

for b =

pset (56 + x,24 + h)

next b
next x
locate 4,1
print using
locate 8,1
print using
locate 15,1
print using
locate 19,1
print using

locate 20,1

1 to 6

THELHET 0

i HEY36

“HE.HH"318

" HE" 24

print "width (metres)"

locate 3,6

print using
locate 3,20
print using
locate 3,34
print using
locate 3,48
print usiné
locate 3,62

print using

e

v, ##"30

"Ht, #8510
"hi, #HY 320
", #7530

“HiL HH#" 540

ISOLUMINANCE DIAGRAM

e




locate 3,75

print using "##.H#H4" ;50
locate 2,66

print "length (metres)”
locate 22,50

print "max luminance ="§
print using "##HHEH" smax;
print" cd/sqm"

locate 23,50

print “average lumi ="}
print using "###.##ﬁ";aver;
print” cd/sgm"

locate 23,1

print "show value from 80%-40% step 10%"

locate 22,1

‘print "file name = ";f1$
locate 21,50
print "mounting height = "j

print using "##.##";heigh;

print " metres”

locate 24,1

input- "Do you want to the others”";jb$
loop until b$ = "n"

end



e v & o 4 o ‘
TﬂsunsMGWﬁiuuaanan1a1ﬁﬁuuﬂa1ﬂas1naaun7u
. -
cls

screen 2 @

input'Please }nput your Intensity file";fi$
print .
print"Please insert détagdisk in drive a®"
a$ = input$(1) ) -
f1$ = fis + “.dat" -
open fl1% for input as #1
dim 1(0:36,0:36) '

for w = 0 to 36

for r = 0 to 36

input#l, I(w,r) e
‘ next r

next w ;
print
do
begind:
input"Please input the moupting height in metres (5-14)"3h
heigh = h

if h > 14 or h ¢ 5 then begin3d:
print

dim E(0:100,0:100)
pi = atn(l)%4
for x = 0 to 25 .step 6
m = 50 - x ' -
for vy = 0 to 24
if x = 25 then-
if y =< 18 then

c = 90
else
c = -90
end if
gaml = ((atn({18-y)/h))"~2)".5%180/pi
else
c = gtn{(18-y)/(25-x))%180/pi
gami =_atn((((18—y)“2+(25—x)“2)“0.5)/h)*lBO/pi
end if ~
p = (c+80)/5
q = gam?/S
r = (c+390)\5
s = gami\5
t = p+i

u = s+1



lighttl

light2 =
light3 =
lightd =
E(x,y) = 1ight4%38
E{m,y) = 1ight4%38
next y
next x

dim pp(0:100)

oo =1

for str = 0 to 17

mass = 0

for x = 0 to 25 step 5
for y = str to 18
mass = mass + E(xX,y)
next 'y
next x
up = 1B - str
down = 114 - (str ¥ 6)
pp(oo) = mass%up*ZS/(BBOOO*doWn)
o0 oo + 1

next str

for str = 18 to 24
ﬁass =0
for x = 0 to 25 step 5.

for y = 18 to str

mass = mass + E(x,y)

next y
next x
up = str - 18
down = (stpr - 18 + 1) ¥ 6
pp(oo) = mass¥upk25/(38000%down)

oo = oo + 1

next str

cls

print "™

far ff = 1 to (a0 - 2)
mm = 150 - (pp(ffI*500)

A A 150 ~ (pp(ff+1)%500)

xx = 600 - (ff%20)
yy = 600 - ((ff+1)%20)

line (xx,mm)-{yy,vv)
next ff
for 1 = 0 to 480 step 60

((I(p,u)-H(r,5))*k(q-8))+I(r,s)

(CIfhb,ul-1¢ty8)){g-5))+I1(L,s)

((Iigth*lightl)ﬁﬁg—r))+1ighb1
(1ight3%(cos(gami%pi/180))°3)/(h"2)

" UTILIZATION FACTOR CURVES"



line (580-1,150)-(580-1,25)

hiext 1

for z = 0 to 125 step 25

line (580,150-2z)-(100,150-2)

next z

locate 5,65

print "roadside"
locate 5,14

print "kerbside"
locate 4,8

print using "#.##J;.ZS
locate 7,8

print using "#.48";.2 .
locate 10,8 : it
print using "H.#H4";.15

locate 13,8

print using “#.H#";.1 ~4

locate 16,8

print using "#.##";.05

locate 19,8

print using "#. 4830

locate 20,11

print using "##.#";-6

locate 20,27
- print using "#.#";0

locate 20,42

print using."#.#";ﬁ

locate 20,57

pfint using "##.#";12

locate 20,72

print using “HE,.H": 18

locate 21,64

print"length (metres)™

locate 341

print" utilizetion factor”

locate 22,1 .

print" file name =";f1%

locate 23,1 'Y

print" mounting height ="}

print using ", ##"3heighy

P

print " metres"

locate 24,1 *

input " Do you want to see the others";h$
loop until b% = "n"

end



- TylsunTud e Ir1A15R5 18 7uAI10L HUUR INT1TAD R4

cls
screeﬁ.z H
input"Piease insert your -Intensity file"ifi$
print
print"Please insert dats disk in drive a:"
a$ = input$(1)
cls
max = 0
print "Pléase wait"
fis = fis$ + ".dat"
open fl1$ for input as #1
dim 1(0:36,0:36) Sl
for w = 0 to 36
for r = 0 to 36
input#l, I(w,r)
if max < l{w,r) then

max = I(w,r) ~

q = w
v =r
else
end if
next r
next w
print
mass = 0 3

for x = 0 to 36
for y = 0 to 2
if x <> 0 or 36 then

mass = mass + (2¥%I1(x,y))

else
mass = mass + I{(x,y)
end if
next f
neib X .
flux(1l) =(mass*¥0.095)/216
mass = 0
for x = 0 to 36
for vy = 2 to 4
if x <> 0 or 36 then
‘mass + (2¥[(x,y))

N

mass

else

mass = mass + 1(x,y)

end if



next vy
next x
flux(2) = (mass*0.,284)/216
mass = 0
for x = 0 to 36
for y = 4-to 6
if x <> 0 or 36 then

mass = mass + (2¥%1(x,V¥))

else )
mass-= mass + [(x.,y)
end if ’
next y
next x
flux(3) = (mass¥0,463)/216 : ' -
mass = O

for x = 0 to 36
for y = 6 to B .
if x <> 0 or 36 then
mass = mass + (Z*Ikx,y))

else .

mass
end if

next ¥y

mass + l{(x,y)

next x A .
flux(4) = (mass¥0.62B)/216
mass = 0O
for x = 0 tg 36
for y = B to 10
if .x <> 0 or 36 then
mass = mass + (2%[(x,y))
else
mass = mass + 1(x,y)
end.if
next y .
next x
flux(5) = (mass*%0.774)/216
mass = 0O
for x = 0 to 36 )
for.y = 10 to 12
if x <> 0 or 36 then
mass = mass + (2%1(x,y))
else
mass = mass + l(x,y)
end if

next y



next Xx
fluy « % (mas5s¥0.,897)/216
mass * 0
for x = 0 to 36
for y = 12 to 14
if x <> 0 or 36 then
mess.= mass + (2¥%1(x,y))
else
mass = mass +-1(x,y)
end if
next y
next x
flux(7) = {mass¥0,993) /216
mass = 0
for x = 0 to 36
for y = 14 to 16
if x <> 0 or 36.then

mass = mass + (2%1(x,y))
else
mass = mass + 1(x,y)
end if
next y

next x
flux(B8) = lmass¥1.058)/216
mass = 0O Iy

for x = 0 to 36
for y = 16 to 18
if x <> 0 or 36 then

mass = mass + (2%1(x,y))

else
mass = mass + l(x,y)
end if
next y
next x
flux(9) = (mass¥1,081)/216
'cls -7
print
maf = 0
for x = 1 to. 9
maf = maf + flux(x)

next x
print "Flux below per 1000 lumwn = "jmaf
total = maf ¥ 38
print "Flux below horizontal (lumen) = “i1total

pi = 3.1415927



mhi = total/(2#pi}

grint "MHI = “jmhi

,prin€ -

print "Peak IR = ";max*3é/mhi
print " dt’plane ="s(q¥5)-80
print " at gamma ="jvkd

mx = 0

mn = 10000

for a = 0 to 36
for B =0 to 6

if mx < 1(a,hb) then mx = I(ag,h)

if mn > I(a,b) then mn = 1(&,b)

next b ’
next a
print

print "In all direction which gamma = 0 to 30"
print * Max IR ="jmx¥38/mhi
print " Min IR =";mn¥38/mhi

print

a = 18

b = 18

~print "In vertical plane”

print " IR at 90' = ";l(a,18)%88/mhi
555 = ((I(a,16)~1(a,15))%3/5)+1(a;15)
print " IR at 78' = "jsss*k3B/mhi
print " IR at 75' = ";1(a,15)%38/mhi

Lt = ((l(a,15)jl(a,14))%2/5)+I(a,14)
print * IR at 72' = "$LLt%38/mhi
print " IR at 65' = ";1(a,13)%38/mhi
ma = 0 . .
for b = 0 to 36 -

if ma < I(a,b) then

ma = [(a,h)
c =h
else .
end if
next b
print * IR maximum = "jms¥38/mhi
print at gammaf= "sc¥5

end
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British Standard’
Luminaires ) S

Part 102. Particular requirements :
Section 102.3 Specification for luminaires for road and street lighting

3.1 Scope

This section of Part 2 of IEC Publication 598 specifies requirements for Juminaires for road and
street lighting, for use with tungsten filament, tubular fluorescent and other discharge lamps

on supply voltages not exceeding 1 000 V. It is to be read in conjunction with those sections of
Part I to which reference is made.
‘ 4

-~

3.2 General test requirements

The provisions of Scction Zero of Publication 598-1 apply. The tests described in each ‘
appropriate section of Part] shall be carried ous In the order listed in this section of Part 2.

*

3.3 Decfinitions

For the purposes of this section, the definitions of Section One of Publication 598-1 apply.

3.4 Classification of luminaires

Luminaires shall be classified in accordance with the provisions of Section Two of
Publication 598-1. - :

Note, — Luminaires for road. and-street, lighting are normally ‘suitable for ane or more of- the following modes of
installation: :

1) On a pipe (bracket) or the like.
2):On.a mast (column) arm.

3) On a post top.

4) (Ja suspension wires.

5) On a wall.

3.5 Marking

The provisions of Section Three of Publication 598-1 apply. In- addition, -the following
information shall be provided in the insfruction leaflet supplied with the luminaire:
I) Design attitide (nbrmal operating position). o .
2) Weight including control gear if any.
3) Overall- dimensions. :
4)"If intended for mounting more than 8 m abové ground level, the maximum projected area
subjected to wind force, see Sub-clause 3.6.4. :

-

3.6 Construction

The provisions of Section Four, of Publication 598-1 apply together with the requirements
of Sub-clauses 3.6.1 t0 3.6.4. ‘

3.6.1 Road and street lighting Iuminaires shall have protection against ingress of moisture of at
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3.6.2

3.6.3

3.6.3.

3.6.4

3.7 Creepage distances and. clearances

38

Devices for suspending luminairés on span wires shail be capable of clamping span wires of cross
sectional arcas between 16 mm? and 25 mm?, in such a way that they cannot move with respect.to
the span wire, They shall not damage the span wire during installation and during normal use of the
juminaire. Compliance shall be .checked by inspection after fitting the luminaire to the span
wire.

Note. — Care should be taken to avoid electrolytic cotrosion between the clamping device and span wire.

The means for attaching the juminaire to its support shall be appropriate to.the weight of the

- juminaire. The connection shall be designed to wighsland_ wind speeds of 150 km/hon the projected

surface of the assembly without undue deflection.

Fixings which carry the weight of the lumihaire and internal accessories ‘shall' be provided
with .means to prevent the dislodgement of any part of the luminaire by vibration, either in
service or during maintenance.

Parts of juminaires which are fixed other than with at least two devices, for example, screws
or equivalent means of sufficicnt strength, shall have such extra protection as to prevent those
parts falling and endangering persons, animals and surroundings, should a fixing device fail

under normal conditions.
M L 3

Compliance shall be checked by inspection and, for mast'arm or-post top mounted luminaires, .
by the test of Sub-clause 3.6.3.1.

Noté. — In considering the possible effects of vibration, the luminaire should be studied in con\junction with the lamp
and the column with which it may be used.

| Wird force test for mast arm or post top mounted luminaires. *

The luminaire is mounted with its largest projected area as viewed in elevation lying in the
horizontal plane, and with the means of attachment secured in accordance with the manufacturer's
recommendations. 2 '

A constant evenly distributed load is applied for 10 imin on the luminaire psing sand bags
providing 1.5 kN/m? of lantern projected area for mountirig heights up to 8 m, 2.0 kN/m? for
mounting heights of 8 m to less than 15 m and 2.4 kN/m? for mounting heights of 15 m and
over. The luminaireisthen turned 1809, in the vertical plane, about the point of attachment, and the

test is repeated. : )
During the test, there shall be no failure or.movement about the point of aftachment and after
either part of this test, there shall bé no permanent set exceeding 1°.

*
-

If the use of a single lampholger does ngt ensure the correct position of the lamp, an adequate
supporting device shall be provided.

Foi adjustable lampholders or optical parts, suitablé reference marks ‘shall be provided.

Compliance shall be checked by inspection.

The-provisions of Section Eleven of Publication 598-1 apply. °*

Provision for earthing

The provisions of Section Seven of Publication 598-1-apply:

i
*
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3.9 Terminals

\ 2]
The provisions of Sections Fourteen and Fiftcen of Publication 598-T apply.

Terminals for supply connection shall allow lht. connection of conductors having nominal
cross sectional arcas according to Table X111 of Séction Fourteen of Publxcauon 598-1, excluding
provision of supply cables with cross sectional areas smaller than 1 mm?2.

Compliance shall be checked by fitting conductors of the smallest and largest cross sectional
arcas specified.

3.10 Extcrnal and internal wiring

The provisions of Section Five of Publication 598- 1 apply together with the requirements
-of Sub-clause 3.10.1.

3.10.1 A luminaire for road and street lighting shall be provided with a cord.anchorage such that the
conductors for supply cables are relieved from strain where they are connected to the terminals, if,

without the cord ancliorage. the weight of the supply cables would exerl a strain on the
conncctions.

Compliance_shall be cheaked by the relevant test of Section Five of Publication 598-1, but
with a pull of 60 N and a torque of 0.25 Nm.

£S

The values for the pull and thic torque 1o be applied depend on the weight of the supply
cables. In general, the specified values are adequate, but for luminaires intended to be mounted

higher than 20 m and where the weight of the supply cables affecting the cord anchorage exceeds
4 kg a pull of 100 N and a torque of 0.35 Nm are applied.

3.11 Protection against clectric'shock

The provisions of Section Eight of Publicafion 598-1 apply.

3.12  Endurance tests and thermal tests

The provisions of Section Twelvé of Publication 598-1 apply but with the modification of
Sub-clause 3.12.1.

3.12.1  When applying the limits given in the tables.of Section Twelve of Publication 598-1, 10°C shall
be deducted from the temperatures measured on the luminaire in the test enclosure to allow for the
effects of matural-air movement which occur in the working environment of the luminaire.

3.13 Resistance 1o dust and moisture

The provisions .of Section Nine of Publication 598-1 apply.

3.14 [Ynsulation resistance and clectric strength
The provisions of Section Ten of Publication 598-1 apply.
3.15 Resistance to heat, fire and trackirng '

. The provisions of Section Thirteen of Publication 598-1 appl):i. -

1R~
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Section 103.1 Specnflcatlon for light distribution
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AMD 5718 Contents

Novamber 1987 Delete the existing text and substitute the following.

. Page
Foreword Inside front cover
Cooperating organizations . Back cover
‘ Specification.
" 1. Scope 1
2. References 1
LA 3. Definitions 1
4. Text deleted 1
5. Lanterns for group B 5/6 lighting mstallatlons 2
6. Text deleted 2
7. Performance data to be provided by the
\ manufacturer, 2
Tables
1. Table deleted 1
2. Table deleted 2
Figure . _ ¢
1. Figure deleted . ¥is ~ X o 3
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AMD 5718 Foreword X , N
November 1987 . Delete'the existing text and substitute the following. N
‘This British Standard has been prepared under the direction
of the Electrical.lllumination Standards Commitree,
BS 4533 has béen revised by adoptmg JIEC Publication 598 :
" Parts 1 and 2 as BS 4533 : Parts 101 and 102 respectively.
However, BS 4533 : Section 102.3 being based on the TEC
text is concerned only with matters of safety whereas the
Section it rep!aced BS 4533 : Section 2.7 : 1976, included
performance requirements. This Section 103.1 has been
produced in order to provide the performance requwements
‘ for-road-lighting lanterns and specnflcally those needed for
4 . ! use in conjunction with BS 5489 Roadhghtmg
. Compliance with a British Standard does not of itself

confer immunity from legal obligations.’
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AMD 5718
November 1987

Clause 1. Scopa
Delete the existing text and substitute the-follgwing.

‘This British Standard &pecifies light distribution requirements ‘ ' ) v
for road-lighting lanterns used in group B 5/6 lighting .
installations as defired in BS 5489 : Part 3.’
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AMD 5718 Clause 3. Definitions
November 1987 Delete definitions 3.2 to 3.6 and substitute ‘3.2.to 3.6 Text deleted’.
Delete definition 3.9 and substitute ‘3.9 Texr deleted’.
____________________ T e e e e e e e
AMD 5718 Clause 4. Lanterns for group A lighting’ lnstallatlons .
November 1987" Delete the existing clause and substitute ‘4. Text deleted".
AMD 5718 Table 1. Light distribution from cut-off and semi-cut-off lanterns
November 1987 Delete the existing table and substitute ‘Table 1. Table deleted".
AMD 5718 Clause 5. Lanterns for group B lighting installations
. November 1987 In the title, after ‘geoun R’ insert ‘58" )
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Clause 5.2
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AMD 5718
November 1987

Clause 5.3

In line 1 delete ‘for group.B 5/6 installations’,

AMD 5718
November 1987

AMD 5718.
November 1987

Clause 6. Lanterns for lighting installations in the vicinity of aerodromes
Delete the exrstmg clause and substutute ‘6. Text deleted’.

Table 2. Light d|stnbutlon from type AIR lanterns in the vicinity of
aerodromes ' . . ,

Delete the existing table and substitute ‘Table 2. Table deleted’,
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"BS 4533 : Section 103.1: 1981

British Standard

s yLuminaires

L 11
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‘Part 103. Pérformance requirements

Section 103.1 Specification for light

distribution from road-lighting lanterns

.

1. Scope
This British Standard specifies light distribution require-
ments for road-lighting lanterns used in:,
(a) group A lighting installations as defined in. BS'5489 :
Part 2;

(b} group B lighting installations as defined in BS 5489

Part 3; ’
(c) lighting installations in the vicinity of aerodromes,
as defined in BS 5489 : Part 8. 3 .

2. References

The titles of the standards publications referred to in this
standard are listetd on the-inside back cover. y

3. Definitions

For the purposes of this Section.of this standard, the

following definitions apply. N

3.1 lantern. A lumjn‘%ire designed for road lighting.

3.2 principal vertical pofar curve (PVPC). The polar curve
of luminous intensity-in the vertical plane taken half-way
between the extremes in azimuth of the solid angle that is
béunded by directions having intensities equal to 90 % of
the maximum intensity on that side of the lantern.

3.3 peak intensity (P1). The maximum luminous intensity
in the plane-of the principat vértical polar curve.

3.4 beam. That portion of the light output from one side
of a lantern contained by thesolid angle subtended at the
photometric centre of the lantern’containing the peak
intensity and all intensities greater than 90 % of this peak
intensity. '

3.5 beam centre. The direction midway between the upper
and lower limits of the beam in the plane of the principal
vertical polar curve. o

¢

3.6 principal, conical polar curve (PCPC). The polar curve
of intensity distribution around a lantern at the ang'e of
elevation of the beam centre.

" 3.7 intensity per thousand total lumens. The luminous
intensity from a lantern in a stated direction per thousand
jumens of the (aggregate) light output of the lamp(s) used
in the lantern, where each {amp is measured separately und
reference coriditions but with a practical ballast where
relevant. .

NOTE. The unit associated with this term is cd/kim,

3.8 light output ratio luminaire (LORL). The ratio of the
light output of a luminaire measured under specified
practical conditions with the lamp (s} connected to a practi
ballast, to the sum of thé individual light output(s) of the
lamp(s) when operating outside the luminaire under referer
conditions but with the same ballast(s].

3.9 .downward flux fraction (DFF). The fraction of the to
Juminous flux of a luminaire emitted below the horizontal
plane containing the photometric centre of the Iumi,na'l.rez

3.10 downwa_rd light output ratio luminaire (DLORL).
The product of the light output ratio luminaire of a
luminaire and the downward flux fraction.

4. Lanterns for group A lighting installations
4.1 General '

4.1.1 When measured in accordance with the methods

specified in BS 5225 : Part 1, the light distribution-from
- cut-off {CO) or semi-cut-off (SCO) lanterns for group. A

lighting installations shall comply with the values in table

4.1.2 The PVPC and the vertical polar curve in the plane
parallel to the road axis shall be smooth and free from
marked re-eritrants in directions below the elevation of th
beam centre. '

Tablé 1. Light distributi_oh fro.rr_x cut-off and semi-cut-;)ff lanterns

Type of light In plane of principal Limits of tn vértical plane
distribution vertical polar curve intensity paralle! to road axis
- — within the +
Angle of Limits of cone from Elevation Intensity”
elevation peak downward at which at 90°
contained intensity vertical to an intdnsity elevation
within the 30° therefrom of 130 cd/kim {g0)
beam : occurs .
-min. max. min, max. min. max. “max.
= -
cd/klm | cd/kim | cd/kim cd/kim cd/kim
CO {cut-off) 65° 200 |[500 |30 250" 72° 78° 15
o - R e Y © oa® .
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Light distribution in azimuth

.1 The direction of the beam centre from the laptern
Il in all cases lie below the plane that passes through the
ytometric centre of the Jantern, is parallel to the road

5, andis inclined towards the road side at 45 ° to the
vnward vertical. In addmon the direction of the beam
e sgall not dlverge by more than 5° in azumuth from
road axis towartls the kerb side.

.2 For lanterns providing a wide lateral sbread or beam
2ntation to meet the recommendations of 2.3.1 of’
5489 : Part 2 : 1974, for a single side arrangement or
individual sides of a twin central arrangement, some

t of the beam: (as defined in 3.4) shall pass through the
ne inclined at 45° defined in 4.2.1. For a single-lantern
tral arrangement, the beam shall extend to pass through
o such planes inclined at 45° towards opposite sides of
 road. (See figure 1.)

Lanterns for group B lighting installations

| The light distribution from lanterns for group B8
htlng installations shall comply with the values given for
ni-cut-off-(SCO) lanterns in table 1.

2 Lanterns for group B5/6 instaliations shall be classified

r light distribution as follows:
{a) limited horizontal intensity {LH/), for lanterns
*emitting 3500 Im or more in the lower hemisphere;
{b) limited downward flux_(LDF), tor lanterns
émitiing less than 3500 Im in the lower hemisphere.

3 Lanterns for group B5/6 installations shall provide
ntrol of glare as recommended in BS 5489 : Part 3, and
such lanterns emit 3500 im or more in the lower
misphere, the intensities at 80° and 90° te the
wnward vertical, in the plane parallel to the road axis,

all not exceed 175 cd/kim and 100 cd/kim respectively.

‘Lanterns for lighting installations in the
cinity of aerodromes

1 Upward light distribution. The upward light distribution

om lanterns for lighting irstallations in the vicinity of
rodromes shall be eithér:

(a) .FCO where the intensity at'and above the harizontal

in any vertical plane through the centre of the lantern,
when the lantern has been erected and adjusted in
accordance with the manufacturer’s instructions, shall
be zero; or .

» (b) A/R, where the intensity at and above the

;horlzontal in any vertical plane through the centre of
the lantern, when the lantern has been erected and

2 adjusted in accordance with the manufacturer’s

instructions, shall comply with the values given in table 2,

.2 Downward light distribution. Fhe downward light
istribution shall be cut-off (CO) or semi-cut-off (sco)
nd shall comply with the values given in table 1.

Lanterns for group 85/6 installations only.
Lo e aarm AAM A AN merallatinne anle

Table 2. Light distribution
from type AIR lanterns in the
vicinity of aerodromes

Angle-from Maximum
downward permissible
vertical intensity
cd

90 750

92 | 300

94° 95

98° 75
100° : 60
110° 40
120° and
above 30

'7. Performance data to be provided by the

manufacturer

The following data shall be stated for a clean lantern mounted
in the design attitude and equipped with a lamp or lamps,
each lamp having its light centre in the correct nominal
position. The data shall be measured in accordance with the
methods specified in BS 5225 Part 1 and shall be prepared
on the basis of 1anterns operating in an ambient témperature
of 15 °C with no wind.

{a} Type of light distribution for lantern.

(b} Light output ratio luminaire (LORL)" or downward
light output ratio lufninaire (DLORL), as appropriate,
for lanterns claimed.to satisfy the recommendations of
BS 5489 : Part 2 for group A lighting installations, or of
BS 5489 : Part 3, for group B lighting installations.

{c) Design attitudes{s).

NOTE 1. The foilowing adéiti‘onal déta may be provided:

T(a) the angle of elevation of the upper and lower limit of the
beam in the plane of the principal vertical polar curve;

T(b) the peak intensity (P1), in candelas per thousand total
tumens.

{c) the maximum {and minimum) intensity in the Zone from
the downward vertical to 30° therefrom expressed in
candelas per thousand total lumens;

ta) the angle of elevation at which an intensity of 130 cd/kim
occurs in the vertical plane-parallel to the road axis;

{e} the intensity at 80° to'the downward vertical (/gg) and at
the horizontal (/90) in the vertical plane parallel to the road
axis, expressed in candelas per thousand tatal lumens;

(f} the principal vertucal.polar curve expressed in candelas per
thousand total lumens; this should be the mean.of both sides
of the lantern;

“#(g) the prmc;pal conical polaf curve expressed in candelas per
thousand total Iumens this should be the mean of both sides of
the lantern;

{h) ‘the polar curve In the vertical plane parallel to the street
axis expressed in candelas per thousand total lumens; this
should be the mean of both sides of the lantern;

(i} for type AIR lanterns, the maximum lighting design lumens
and the lamp type(s) for which the lantern is designed.

NOTE 2. The photometrlc characteristic of lanterns with a
symmetric distribution, about a vertical plane thsough the lantern
axis, can usefully be shown on an isocandela diagram. lf an
isocandela dlagram is used this should preferably be of ‘the
‘zenithal circular equal area web projection’.

- —— b —-——
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