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ABSTRACT

This paper presents an empirical analysis of interior illuminance from natural lighting
transmitting through clear glazed window into the reference room located in Bangkok, Thailand,
during February 2007 to January 2008 as a case study. Point illuminances measured by
photoconductive sensors were collected every 5 minutes and the average interior illuminance
from natural lighting were then calculated instantaneously. In this study, natural lighting also
aims to reduce the requirement of electric lighting during work hours (8.00-16.00) of the
reference room. If natural lighting alone could not supply the light at the required value, the
electric lighting were switched on and controlled by using top-up control method to maintain the
standard illuminance level. The average interior illuminance, comprising of natural light and
eiectric light, was controlled to be stable at Illuminating Engineering Society of North America
(IESNA) standard level of 500 lux. Nine sets of high performance lamp, 56 Im/W of efficacy,
were assumed to be supplied electric lighting to meef the standard condition. The requirements of

supplementary lighting and possible savings during the test months were finally estimated.
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Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1.0350 1.0306 1.019 1.0014 | 0.9845 | 0.9717 | 0.9666 0.97 0.9814 | 0.9976 | 1.0155 1.0291

1.0351 1.0303 | 1.0185 1.0008 0.984 0.9714 | 0.9666 | 0.9703 | 0.9819 | 0.9982 1.0161 1.0295

1.0351 1.03 1.018 1.0002 | 0.9835 | 0.9712 | 0.9666 | 0.9705 | 0.9823 | 0.9988 | 1.0166 1.0298
1.0351 1.0297 1.0174 | 0.9997 0.983 0.9709 | 0.9666 | 0.9708 | 0.9828 | 0.9994 | 1.0171 1.0301
1.0351 1.0294 | 1.0169 | 0.9991 0.9825 | 0.9706 | 0.9666 | 0.9711 0.9833 | 0.9999 1.0177 1.0304
1.035 1.029 1.0164 | 0.9985 | 0.9821 0.9703 | 0.9666 | 0.9713 | 0.9838 1.0005 | 1.0182 1.0307
1.035 1.0287 | 1.0158 | 0.9979 | 0.9816 | 0.9701 0.9666 | 0.9716 | 0.9834 1.0011 1.0187 1.031
1.035 1.0283 | 1.0153 | 0.9973 | 0.9811 0.9698 | 0.9666 | 0.9719 | 0.9848 1.0017 1.0192 1.0313
9 1.0349 | 1.0279 1.0147 | 0.9976 | 0.9806 | 0.9696 | 0.9667 | 0.9722 | 0.9854 1.0023 1.0197 1.0316
10 1.0348 1.0276 | 1.0142 | 0.9961 0.9802 | 0.9694 | 0.9667 | 0.9726 | 0.9859 1.0029 1.0202 1.0319
1 1.0347 1.0272 1.0136 | 0.9956 | 0.9797 | 0.9692 | 0.9668 | 0.9729 | 0.9864 | 1.0035 1.0207 1.0321
12 1.0347 1.0268 | 1.0131 0.995 0.9793 0.969 0.9668 | 0.9732 | 0.9869 1.0041 1.0212 1.0324
13 1.0346 1.0264 | 1.0125 | 0.9944 | 0.9788 | 0.9687 | 0.9669 | 0.9736 | 0.9875 1.0047 | 1.0217 | 1.0326
14 1.0344 1.026 10119 | 0.9938 | 0.9784 | 0.9686 | 0.9697 | 0.9739 0.988 1.0053 1.0222 1.0328
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15 1.0343 1.0256 1.0114 0.9932 0.978 0.9684 0.9671 0.9743 0.9885 1.0058 1.0226 1.033
16 1.0342 1.0251 1.0108 0.9927 0.9775 0.9682 0.9672 0.9746 0.9891 1.0064 1.0231 1.0332
17 1.034 1.0247 1.0102 0.9921 0.9771 0.968 0.9673 0.975 0.9896 1.007 1.0235 1.0334

18 1.0339 1.0243 1.0097 0.9915 0.9767 0.9679 | 0.9674 | 0.9754 | 0.9902 1.0076 1.024 1.0336
19 1.0337 1.0238 1.0091 0.991 0.9763 | 0.9677 | 0.9675 | 0.9758 | 0.9907 1.0082 1.0244 1.0338

20 1.0335 1.0234 1.0085 0.9904 | 09759 | 0.9676 | 0.9677 | 0.9762 | 0.9913 1.0088 1.0249 1.0339
21 1.0334 1.0229 1.0079 0.9899 | 0.9755 0.9675 | 09678 | 0.9766 | 0.9918 1.0093 1.0253 1.0341
22 1.0332 1.0224 1.0073 0.9893 | 0.9751 0.9673 0.968 0.977 0.9924 1.0099 1.0257 1.0342
23 1.033 1.022 1.0067 | 0.9888 | 0.9748 0.9672 | 0.9681 0.9774 0.993 1.0105 1.0261 1.0344

24 1.0327 1.0215 1.0062 0.9882 0.9744 | 0.9671 0.9683 | 0.9778 0.9935 1.0111 1.0265 1.0345
25 1.0325 1.021 1.0056 | 0.9877 0.974 0.967 0.9685 | 0.9782 0.9941 1.0116 1.0269 1.0346

26 1.0323 1.0205 1.005 0.9872 0.9737 0.9669 | 0.9687 | 0.9787 | 0.9947 1.0122 1.0273 1.0347
27 1.032 1.02 1.0044 | 0.9866 | 0.9733 | 0.9669 | 0.9689 0.9791 0.9953 1.0128 1.0277 1.0348
28 1.0318 1.0195 1.0038 | 0.9861 0.973 0.9668 | 0.9691 0.9795 | 0.9959 1.0133 1.0281 1.0349
29 1.0315 0 10032 | 0.9856 | 0.9727 | 0.9667 | 0.9693 0.98 0.9964 1.0139 1.0284 1.0349
30 1.0312 0 1.0026 | 0.9851 0.9724 | 0.9667 | 0.9695 | 0.9805 0.997 1.0144 1.0288 1.035
31 1.0309 0 1.002 0 0.972 0 0.9698 0.9809 0 1.015 0 1.035
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4 a A: 4 a Y Y] = J
YDINANNUINIATUITYANBUINIUN IRONITANTY  TaslimsWanngasmandiamnans
A 4 y ' da 4 a I A a d o
e lddoanumnovesmsdesaing  NMNATUMINAETIIAYBIAa NURINUAaZNMSHAM
HazANnANY
X
2.4.1 MITBIATNUBABNIZING INGHAlUNUAIUITY

¥ ¥ v
ﬂ'lillﬁﬂ‘iﬂ'nllﬂll'w‘uﬂ\iﬂ'ﬁl!ﬂgﬂaﬁﬂqﬂ'J‘N'lJuﬁuﬁ')llu'Ji'lﬂﬁu aunsaneg

(K}
o

fmuagasdmsunnariuanaredu1d Taodu ¥ T Tu @ou uazdudnluddund
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2.4.2 FAIUWHINTADITNIUUNUA I

[

> > ) 1 1 4 1 ) 3 H
Tuhwla@iud ¥ 7, dwlSinasiddesaisiiannsznudemizeiuiieasmse

a = @ [ 47 a ady Yo o A a =
M3 Inisea (991319DINAY) nuwumﬂﬂﬁn"lmmammmmmm Taegn

Im=1(r,/r)*=I_E, (2.5)

Y o ~ & a v 1 a 1 ] dy ~ Ay a
uazuﬂm"lﬂmgﬂw 2.9 BT MNUTITADIANINANNTENUADUUIWNUNVUNUA?

s aansaden 185y
jo = g cosGZ, (2.6)
Tawi cos 0, lannaums
10 = iscEO (sind sing + cosd cosgcos @) Q.7

NAAUMS (2.5) - (2.7) Tmidudludadaenislayas

¥ v
YSuausiddesanne (Snnuusanasny) dIO Tugaaaduaiiu dr ezl

dl,=1 oo cos 0,dl, (2.8)

'
=)

l-é Q'I IS { o 1T

Fan dr Wudlue wariianaindanuuas (Solar constant) (I 9'liifiye) 1u
Sc

mizgwdaan, ilagademsnamnidalue ludrunievesaunis, coso wilsznevlidae

' ' ' v
yundsnuesia luailu o duesmmios@on Tasnailumiwd luniuizannse

wilaalidy Hour Angle fafi
Taol¥

& <
Q Ao AN lumanyuseuunuveelan

_27rad _do
, 24h dt
nnaumstezla dt =(12/7) dw
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HORIZONTAL |

IRRADIANCE 7
NORMAL o

IRRADIANCE /0n
HORIZONTAL SURFACE

6,

§ v @ d ' to
31]‘?] 2.9 ﬂ'ﬂﬂﬁuwu‘ﬁ5314'31“]15llNiQﬁl!UUTﬂﬂﬂiﬂuuuu'JSTU

' Ed
vInauMsh 2.8 aag) 1Adsi

dI0 s (12/7:)ISCE0 (sind sin @ + cosd cos ¢ cos w)dw 2.9)

T

1Y & : ~ A oy a '
DUHUIUUITIAINTONIT K IO'ﬂﬁj‘anﬁllNiQﬁ‘lﬂﬂlﬂﬂ'lﬂﬂ'N@'WlﬁElclu‘lnﬂl')ﬁ'l'lu

M v a 2 1 o s T a  d [
1 %l Taeliisiwasan ith udags luaninsudssduisinalonnas lunainaiaiu

@ A’I’ { ) "o a J ]
IUae w. %:L‘flu Hour angle muuﬁ‘u’nnmwm‘uﬂm ﬂ'ﬁluﬁQﬁﬂlﬂﬂﬂ')ﬂﬂ'lﬂﬂﬂ‘ﬂﬂﬁ‘if?ﬂna'l
l

T 1 ¥ Tusezminu 1

-r/24
A\= (1—2—)1 E f‘ (sin o sin ¢ + cos S cos ¢ cos @)dw (2.10)
\\ B SOy xh7s
N30
I0 = ISCE0 (sin ¢ sin @ + (24/7) sin (/24) cos 6 cos ¢ cos @; ) (2.11)
iiio

(24/7)sin (7 /24) =0.9972 ~ 1
1esuauMs (2.11) 18

I0 = Isch (sind sin¢ + cosd cos ¢ coscol.) (2.12)

aums (2.12) awnsadouluginaduld 1ingilinsesmueves Tasms@Woulugivesyun

v
waannnsznuiiuAl lanlusiananarsiudsaums (2.13)

—singsind

2413
cos@cosd B

COSW, =
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o, =cos”' (—tan ¢ tan 5) (2.14)
wazimsaagy aumsi (2.12)

I0 =IscE0 cos O cos ¢ (cos m, —cos m,) (2.15)

a @ = 1 ' a =) ay a
M1919N 2.2 anymzﬂmﬂauuuﬂawmqu o maamsﬂmmmaﬂmmzmsTmsﬂaiuwum

HUIIY
Month Date Jd(degrees) Day number d ,
January 17 -20.84 17
February 14 -13.32 45
March 15 -2.40 74
April 15 +9.46 105
May 1% +18.78 135
June 10 +23.04 161
July 18 +21.11 199
August 18 +13.28 230
September 18 +1.97 261
October 19 -9.84 292
November 18 -19.02 322
December 13 2% 12 347

N8N mslaguuilasvesmsdesanaziiuniues 35 saruniio

I, dusundsvesdn lusvesmsdesanei 1d5ulussvesdazidounaz s

s ldnnaums (2.16)

! ilo (2.16)

nZ_nl m

I =

iife nuaz n, Wuswauusudunaznvoaudaziion



14

] 1
EQUINOX
|~ JUNE SOLSTICE
DEC. SOLSTICE

a

x107(kJm™h™)

I,

EQUINOX

4~ JUNE SOLSTICE
DEC. SOLSTICE

x10?(kJm?h™)
N
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T
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4 5 6 7 8 9 10 11NOON{3 14 15 16 17 18 19 20

3N 2.10 luuvauadnve iy

Al 1 1 Y

2.5 ﬂTﬂ]]NﬂﬂQﬁ'ﬂ\i“ﬂQﬂ1

TuanudAgunaszmsniriiudemsiumanudesainuessiosih ensm

' ' Y
ANuaINd lAnnuaesssura waziiiyuannsznunuiulanluszuny dildléansvuay
Whlvhuaennsssuana  idnSnadeanudesainaneg 1éi I l9se Tond  annnasgu
CIE 1ag IESNA
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2.5.1 sanaunearl (Sky Ratio)

@ 1 9 A (- a St =< 9 pu g 1

dasidmneshie midulsz@ninuendiaamussnmeosihniinadouda
53541 1Au CIE uag IESNA lanmualiainsilatiaveamua (Cloud Cover Index) Hin10g

@

' v
11923 0.0 - 1.0 Taw 1.0 Wurrnvesihfwaduiiosdh uazdslasausnoonilu 3 saudadl

4' Y [l Y
MINN 2.3 dasiauan e

an e il dasaunesh
noafweula 0.0-0.3 <3

Y =1 1

NoahTia vaaiu 04-0.7 0.3<, <0.8
NoarhiiunoudaInd N 08-1.0 >0.8
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OAMNAINIILADIMIAUNITYDIANNAINDURUAIN IS uasuunus 11 Taoisy
NNAUNS

E,=E,|1+0.034 cos(ﬁ) .17)
364

o

E,_ 1D 1 standard extra-terrestrial NWAIL1 1w CIE 191100 128 klux

Ja Ao 111 uv04 Julian day

J L4 a da { n’;’ g 1
ﬂﬂﬂ]iﬂ'\ﬂaﬂ“ﬁ’uﬂﬂllﬁﬂinﬂﬂ'NE]']‘VIWUﬁN']uﬁ%u'UiEU']ﬂ1ﬁﬁ\1ﬂ1ﬂuﬁuiﬁﬂﬂ‘lﬂ'ﬂll

v
amnauuiuswlnalilag

E,, =E, exp(-cxm) (2.18)

2 . h 9/ )
B ¢ = Atmospheric Extinction Coefficient

m = Optical Air Mass , m =1/sin¢,

M13197 2.4 A Atmospheric Extinction Coefficient

an e ¢
nosfwsula 0.21
Tutha 0.80

2.5.1.1 UaUAA Sunlight
' a da 3 {
Llﬁﬂllﬂﬂlﬂuﬂ'ﬂnﬂﬁ“i)'lﬂl.lﬁ\iﬂ'lﬂﬂﬂﬁﬁﬂﬂll'l%']ﬂﬂ']Uu@ﬂ‘iﬂ«!‘lﬁ5ﬂ1ﬂ’]ﬁ ﬁtﬂu

a 1 1 o [ a ' 1 a do o °
ﬂ‘ill'liuﬂENﬂ'J'N . W]ll‘ﬁu»1maﬂi$Uﬁﬁﬁ'l»ﬁ:‘,ﬂ'.l'l\‘lﬂ'Nﬂ'l‘nﬂUﬂ‘UTﬁﬂ Tﬂﬂﬁ'liJﬁﬂ‘ﬂ']ﬂﬁﬂTﬂ'Jm

vy
AMANUADIA N A uaumIaane 1l

' 4
1) MAaNuEBIaINNNUIZUY
E,, =Ep,, sina, (2.19)

a o g
a; lﬁui{llﬂﬂﬂi$Wﬂﬂlﬂﬂllﬁﬂl!ﬂﬂT)Tﬂﬂ'!ﬂﬂ’lﬂﬂﬂﬂuﬁui%unl

v Y v
2) AANUADIAINNULUIA

E, =E,, cosn (2.20)

U v A a-~ d 4” a
n tﬂuqnﬂnniznmzn’mNﬁummmuuazwuﬂnm
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2.5.1.2 uaaneavh Skylight

1 <1 @ & @ 1 4
Mg NN Nazadrenunsgiveuadunn ¥1ldasaunisae i
E, = A+ B(sina,)" (2.21)

Taean 4, B uaz € v1aana131en 2.5

4' 1 4
M990 2.5 Munnaes 4, Buag C

a0 Mnearh A B c
noarhusula 0.8 15.5 0.5
noethiie vieau 0.3 45.0 1.0
noavhlmuaoudanndiwn 0.3 21.0 1.0

Muminance (klux)

d' N Ay = o A =
§1.lﬂ 2.11 ﬂiTﬂﬂ31111131\11‘111521111]‘“%1!33“”“Nnﬂ')u‘l’l 15 ya3ndu

nngduaaalfifhulSinannuaisvestesfhuasiimavemmdonluyniun 15
vouAeu lagsznnudeu wpeu-funou sxiiags
2.5.2 ANMAINATIATYE (Zenith Luminance)
MANNAINATAT VEARMINUendInUdea e Idvnuasaiaveanndumiia
9 et v o da o T 9 a ) ] 1 9 4"
vuiesihiianuduiusdudwmisddddugadumis anwahaiesihluiuszum

Y
(Horizontal Sky Hluminance) AN &5 srT e Idanminsae il



y \ 17
. fuinvomanan navvomnamangzl

L,=Z,xE, (2.22)

L, o MANNAINATIATHE

.
v o do @

A Jd 1 1 =) ! 1 v
ZL A0 UMD TAINNUAINIATIATHENTUNUT UNUYY a; Tﬂﬂﬂﬂﬂmﬂﬁl’li'\\‘l

G; 1 o 4 ~
M3 2.6 AuNRBIANNAINIATIATHE ZL

YUANNTENY Z
uaaeiad (esen) | Hesrhwsula LR TR R oY
90 1.034 0.637
85 0.825 0.567
80 0.664 0.501
75 0.541 0.457
70 0.445 0413
65 0371 0.375
60 0.314 0.343
55 0.2269 0315
50 0.206 0.272
45 0.206 0.272
40 0.185 0.255
35 0.169 0.241
30 0.153 0.23
25 0.148 0.221
20 0.142 0.214
15 0.139 0.209
10 0.139 0.205
5 0.14 0.202
0 0.144 0.201

117117
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2.6 anyazilszine
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AnananAAtly 14.3% vosnun

~
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&' yw ' & { o = @ o A a o o o’:d
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1 o o [ alhy o i 4
A7 16 WAZIA/MINNAT-IY TINNTIAUINTITTINV8A N0 MATT I TumAvADTlvesiun
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lseme nuhliannny 182 mnzgamisiawas-1u naai ldduaaslimuinlssme
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2.7 BanMIaANNINADDE

nAMsAuAd  dnvuzvesdnaasindesmsneziimstiuiiniednugaineg

Y

yga a o & o, o A ' £ =
ﬂwalﬂm’lﬁ‘wa‘umﬂthuﬁuaﬂﬂﬂﬂi)i]tluuL{‘luﬁJLL"IJSLL'U‘IJ“VIIJﬂ’JmuGIﬂﬁN HINAITY

v
AA v

U d'l s :: 9/ a = a . d'
aotoInuNY wldvanmsvesaumsnanoy nsunlAulsoase (Independent variable) x N

v
= 1

saa a ° Y &£ @ a <& g v ' y
Uﬂ“ﬁ“ﬁﬂ'ﬂﬂ y “BQlﬂUﬂ')llﬂ5ﬁ1ﬂnﬂ'ﬂ“l!ﬂﬂ¢n\uﬂﬂﬂu Tﬂﬂinﬂmsm‘uﬂlﬂgﬁi:ﬂﬂ&ﬂﬂﬂﬁ‘n

V¥

D.

D.

15 & Ao 1 ' 3 ) v o Jdo 1 '
910 ADC (Analog to Digital) NNA10¢321 314 0 — 1024 HuiianuduiusiumnuaIem
Y ~ v da d d'dyd 1 1 L dyy
1890 msaeusunndndiwmesedals Taslunid y Mumanuaing uaz x Wuanld
v v
911N ADC ¥1Aved aumsoanoniuiiognaisyiauaazriaiinnuuanaanuliuegiuniag

o [

v « ¥
ulsoase x Huwea Iﬁtﬂu‘ﬁuvlﬁu‘llﬂ'lﬂaﬂﬂ'liﬁllﬂﬁﬂﬂﬂﬂﬂ nﬂﬂi’fﬂm‘vuﬂ"lﬁ'un
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A Simple Linear (One X) A Curvilinear (One X)
> S
X X
) V)

s 2.12 n) nswlaumsoaneouuFUdY (Linear)

¥) nslaumsnanoetiuy 1A (Non linear)

s o v @ Ja 1 Y] a
ﬂixiﬂ‘lfu‘llﬂﬁﬂut’fﬁﬂﬂﬂﬂﬂﬂZﬂ'lﬂlﬁlulg{ﬂ'J"lllﬁﬂwuﬁl"lﬂﬁuﬂ1553ﬂ31\3?\')&!1’58?\’53

v @

fuanlsay Tasaumsaaassvzuen linsunerdvaumsuur IWusenaedulsoase

@ @

Audulsay tlfisiensansnsaingans suvesanuduiusuaziiiligms1daulu
aunsdszynd l¥aunisnanoy Taum3§anisnisduaunisonneui i@ s auen
dnvazvesauniseaniu ldaeunfo aunisnanoouuLFdy (Linear Regression) 11AZ
aumsnanoouyy Tiifudady (Non Linear Regression)

2.7.1 aumsonsesuy s udu

Y 3 v o o 1 v @ @
nnvanmdesdy s ldaniuanuduiusserieauliaeda Asaums
B
log(P)= 4 T (2.23)
4 Al ) é 4 1 =)
dio 4 naz B Wusmasiiees seaunsdauuiiiiuaums lududadu

2.7.2 aumsanosudnilsuaiua

b4 v
= va o o @ o 3
aumsoanvlguanianatiln (x,y )0, )-(x,,»,) Nnduhaumson s
= ' Y Be a ¢ 'ﬂ ' = ]

amraaInHIugatoya y=ac®™ WMo a uaz b Wumasnvesilandudnllsua
= A 9
1Fua uag x, Aedoya
E =y, —ae™ (2.24)

1

WA3IUAAIA09 (Sum of the square) YBIAIUTIHADAD

S, =) E} (2.25)
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(2.26)

Il
o~
=
|
Q
aQ
g
~—3

o 1 ~ g = Ay ~
MMsmmni auaz b vosaumsnldswada smmnvesiigaves S,

Taonsaieisudoaive 17 1daves auaz b uazldmidugud

2, = i2(y,. —ae™ X— e )= 0
i=l

oa
E;‘Sl;’ = Z2(yi —ae"™ X— ax,e™ )= 0 (2.27)
EL)
- Zn:y‘.eb"’ - aiez"x" “ g
i=1 i=1
Zn: y,.xieb"* - ai x,.e?'b"" =0 (2.28)
i=1

i=1

aums (2.27) uaz (2.28) Wuaums idusuduly ¢ vaz b IWhmsnud
1 . v Vv
’(Tilﬂ"lilﬁﬂﬂ'liﬁllﬂ'liﬂﬂﬂﬂm‘%\ﬂﬁu IﬂUﬁ’)vlﬂ%zﬁﬂiﬁ'!ﬂ'liﬂ1ﬂ1ﬂﬂﬁﬁjllﬂiﬁﬂﬁﬂﬂiﬂﬂuuﬁ1
1 < ¢
mitmummaumsmz"lﬁ'ﬁumsamﬂﬂauusa‘f (Such as Gauss-Newton iteration method,

Method of Steepest Descent, Marquardt's Method, Direct search, etc)

4
a5 luaums 2.27), @ ansadsuesmnlugilvounew b 1dasii

n

Z Yy iebxi

i=

a=+"—

1
C 2
bx,
2
i=1

(2.29)

UNUANNS (2.29) adluaums (2.30) w214

n

Z yiebx, .

z": y,.xieb"' - H—Zx,.e““ =0 (2.30)

n

i=1 Zebe.- i=1
i=l
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1 @ a a‘ v o d 1 i @
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s

9y 1w a v @ d A Adw 2 Y
gnuMduszanFandunusuasianianyaz 0 SR <1 cm%zuen"lmwm
v
o v o d 1w [} a v W
ﬂlumw?aszﬂmmmmﬁnwuﬁmmu "liJfT'l?J'liﬂ‘lJi’Jﬂ'Vlﬁ‘VlNﬂlﬂiﬂ’ﬂﬁﬁiﬂ"ﬁlﬂﬁ Iﬂﬂli’]
1w a v @ b 9 1 g
ﬁ11115ﬂ1'1'lﬂ'lﬁiJlliSﬁV]ﬁﬂﬂﬁuwuﬂﬂﬁ'mﬁllﬂ'li (2.31) nd_luﬁnmimumﬂixmmmmmﬂ

Tuvairea

¥y, = byb{10% 2.31)
wmsudasauns 1y
log y, =logh, +(logh, )t +e, (2.32)

13eusan logh, ¢ uaz logh, an
logb, 1
logh = =(e"t) " lo (2.33)
ab=| o |- () o,

(2.34)

LHag

1
t"logy, :[ Z 08V ] (2.35)

Zt~logy,

NNAUNTT (2.31) — (2.35) &A1 Indetermination coefficient

A~ \2
o2 = 2llosy, ~log ) 236)

> (logy, ~log¥,)

aums (2.37) laa R?

R*=1-¢° (2.37)
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2.18 famunlas (Light Dependent Resistor)
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msdady  vinmsnadeunuNaumsluguuy  Exponential  @unsoudasnuduwuT
sz unzdoyaldnamiivdoya Taeldm R? widu 0.988 vhifevzannsa
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313N 3.2 MIma dudseanFanduius senieniue (ux) uaz%ga ( Data)

| logY, t t*log Y, | fitted log Y, | logYfitted log Y, | (logYfitted log Yy* | (logYmean log Y,)*

110{  2.041 234256 988.03 1.975 0.066 0.004384103 0.357018984

522 130 2.114 272484 1103.48 2.076 0.038 0.001461695 0.27558299
525 133 2.124 275625 1115.02 2.084 0.040 0.00161634 0.265278254
552 150 2.176 304704 1201.20 2.155 0.021 0.000441561 0.214195023
599 180 2.255 358801 1350.91 2.279 -0.024 0.000583054 0.147172618
623] 200 2.301 388129 1433.54 2.343 -0.042 0.001754132 0.114158398
640| 230] 2.362 409600 1511.51 2.388 -0.026 0.000684291 0.076826261
658| 250f 2.398 432964 1577.84 2.436 -0.038 0.001411264 0.058063328
68§j 300f 2.477 473344 1704.26 2.515 -0.038 0.00142523 0.026173443
704 30 2.519 495616 1773.03 2.557 -0.039 0.001496794 0.014493608
710 50| 2.544 504100 1806.29 2.573 -0.029 0.00084 1444 0.008993734
722 70| 2.568 521284 1854.24 2.605 -0.037 0.001341071 0.004998719
726 380] 2.580 527076 1872.92 2.615 -0.036 0.001268855 0.003495144
732 400| 2.60Z 535824 1904.71 2.631 -0.029 0.000853687 0.001357432
741 420 2623 549081 1943.83 2.655 -0.032 0.001013698 0.000245049
750 450 2.653 562500 1989.91 2.679 -0.026 0.00065974 0.000204752
765! 500 2.699 585225 2064.71 2719 -0.020 0.000384601 0.003608004
790 600 2.778 624100 2194.74 2.785 -0.007 4.31503E-05 0.01938998
805 669 .825 648025 227447 2.824 0.001 1.0458E-06 0.034790746
813 685| 2.836 660969 2305.42 2.846 -0.010 9.7562E-05 0.038725214
815! 700| 2.845 664225 2318.75 2.851 -0.006 3.3189E-05 0.042516254
800! 700] 2.845 640000 2276.08 2.811 0.034 0.001150725 0.042516254
1 720| 2857 657721 2317.30 2.840 0.017 0.000290896 0.047711296
18 724| 2.860 669124 2339.27 2.859 0.001 8.88998E-07 0.048768197
20 730f 2.863 72400 2347.92 2.864 -0.001 5.8362E-07 5036412
2 743| 2.871 74041 2357.08 2.867 0.004 1.81173E-05 0.053863667
22 750 2.875 675684 2363.30 2.869 0.006 3.23004E-05 0.055770564
314 750 .875 662596 2340.30 .848 0.027 0.000720804 0.055770564
15 760{ 2.881 664225 2347.86 2.851 0.030 0.000897276 0.05852057
817 770{ 2.886 667489 2358.26 2.856 0.030 0.000920551 0.061299513
817 770{ 2.886 667489 2358.26 2.856 0.030 0.000920551 0.061299513
820 780| 2.892 672400 2371.52 2.864 0.028 0.000784436 0.064105815
823 800| 2.903 677329 2389.24 2.872 0.031 0.000965128 0.069794584
824 806 2.906 678976 2394.82 2.875 0.032 0.001002736 0.071519715

0.029501501 2.448592306
t 34 24986 tflog 89.723 mean log y,
24986 18707406 Y | 66850.0369 2.639
dett't 11751608
indetermination coeff. 0.0120
determination coeff. 0.9880

Tone1 1.5691902 -0.002126 0.6954&
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19197 3.3 MANNAIN (lux) 7 Idmanudeyaszn Nadeunn AN-FUNAN 2551

Time Jan Feb Mar Apr May | Jun | July | Aug | Sep Oct Nov Dec
7:00:00 38 66 156 181 205 275 264 244 213 120 83 30
7:05:00 41 96 165 201 226 277 288 245 216 146 107 65
7:10:00 49 111 190 210 240 287 290 243 233 195 136 76
7:15:00 60 124 204 231 256 313 306 260 244 218 154 82
7:20:00 59 146 238 247 271 319 339 296 273 234 185 98
7:25:00 83 190 264 276 295 353 360 318 292 257 208 112
7:30:00 97 193 264 286 312 375 369 320 303 284 221 116
7:35:00 103 214 291 311 355 388 420 340 314 293 262 132
7:40:00 | 117 237 328 344 385 406 465 356 342 357 299 139
7:45:00 | 128 244 328 351 390 429 449 373 362 336 305 146
7:50:00 | 136 283 356 397 420 | 445 473 392 365 349 328 174
7:55:00 | 145 289 361 394 417 | 453 500 414 369 367 336 168
8:00:00 155 323 389 439 451 465 512 417 382 366 374 187
8:05:00 | 187 343 413 445 466 486 527 424 416 436 397 223
8:10:00 | 238 371 446 477 509 521 534 450 412 442 433 257
8:15:00 262 403 476 515 538 523 548 463 434 443 473 279
8:20:00 | 278 446 485 532 571 554 585 477 455 516 493 276
8:25:00 334 471 521 566 576 567 628 518 496 538 542 282
8:30:00 350 480 536 586 592 557 629 520 501 535 575 306
8:35:00 | 396 522 574 599 606 574 663 584 512 554 564 372
8:40:00 423 563 595 649 632 594 617 552 516 575 620 420
8:45:00 446 549 594 640 626 590 681 560 545 621 592 431
8:50:00 448 555 618 647 651 601 681 573 538 594 606 447
8:55:00 475 573 639 642 637 605 686 585 560 602 628 477
9:00:00 523 592 671 697 712 623 712 613 562 645 654 508
9:05:00 | 531 620 684 707 713 | 637 688 616 602 637 673 563
9:10:00 547 648 700 714 729 | 655 708 635 606 654 707 596
9:15:00 564 651 699 718 719 647 746 643 616 672 688 623
9:20:00 | 616 675 727 741 729 671 752 652 623 673 688 626
9:25:00 646 678 733 755 739 675 766 694 642 665 704 634
9:30:00 | 648 687 742 765 743 | 675 785 693 662 686 728 646
9:35:00 648 709 760 783 756 707 777 699 667 708 754 656
9:40:00 657 713 762 772 750 704 793 725 676 721 752 701
9:45:00 | 664 721 759 778 752 707 809 723 684 726 763 690
9:50:00 665 736 785 801 772 739 811 746 702 730 772 716
9:55:00 | 680 743 790 811 773 746 806 782 733 713 796 749
10:00:00 | 708 760 800 814 783 752 800 769 731 726 804 708
10:05:00 | 698 778 805 828 791 | 753 827 783 753 744 837 731
10:10:00 | 698 769 801 815 780 748 846 802 793 789 831 766
10:15:00 | 727 791 830 842 802 764 827 794 748 776 860 753
10:20:00 | 763 791 842 850 811 761 838 803 778 763 855 801
10:25:00 | 758 786 840 859 810 771 845 825 787 800 849 795
10:30:00 | 747 805 863 876 829 784 861 812 797 798 884 776
10:35:00 | 745 794 851 861 811 761 867 829 800 785 838 780
10:40:00 | 759 797 856 868 828 762 859 818 807 833 854 816
10:45:00 | 759 819 859 885 831 783 864 825 828 834 893 779
10:50:00 | 766 806 859 880 823 772 860 803 825 824 867 807
10:55:00 | 776 836 885 911 840 782 878 810 826 836 878 812
11:00:00 { 780 845 895 913 854 793 900 863 830 792 883 831
11:05:00 | 792 847 903 921 845 | 797 885 842 819 807 868 846
11:10:00 | 788 855 901 933 853 790 914 841 818 817 886 811
11:15:00 | 783 859 904 931 849 793 910 838 848 818 901 834
11:20:00 | 800 851 905 935 850 803 897 847 855 820 871 833
11:25:00 | 813 846 885 920 838 786 927 871 835 834 880 831
11:30:00 | 820 841 885 914 833 794 909 853 824 806 896 840
11:35:00 | 838 872 916 953 877 | 830 909 856 863 812 873 853
11:40:00 | 826 873 929 953 885 837 947 857 840 847 916 851
11:45:00 | 817 851 897 927 867 | 836 921 860 872 823 874 860
11:50:00 | 817 833 887 910 854 819 918 890 856 828 870 878
11:656:00 | 834 845 896 928 865 | 825 948 869 849 847 874 850
12:00:00 | 841 871 927 959 890 863 919 863 830 820 922 825
12:05:00 | 826 865 918 955 875 861 932 875 834 861 879 848
12:10:00 | 840 858 916 950 884 857 957 878 860 833 903 856
12:15:00 | 827 858 911 950 882 854 960 891 852 814 867 830
12:20:00 | 814 852 906 942 874 851 944 877 853 836 849 863
12:25:00 | 801 855 906 947 877 | 857 917 874 867 801 835 876
12:30:00 | 835 852 899 943 865 843 916 872 837 803 890 876
12:35:00 | 812 839 884 926 845 833 928 875 847 805 870 856
12:40:00 | 783 836 888 925 861 831 944 866 859 809 860 851
12:45:00 | 782 828 879 915 842 | 826 926 872 845 801 865 857
12:50:00 | 782 830 875 920 855 836 925 869 838 781 819 827
12:55:00 | 798 823 865 916 854 | 821 940 861 850 805 838 836
13i00:00/{ 1759 816 863 913 844 829 914 853 823 777 858 795
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SCR Circuit LOAD
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A13190 4.3 HANMINARBINIHI LA NIUN 10 FUNAN 2551

Position of Lux meter

°
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5 Current | Time Watt.h| Power |Power
Kme L Lo M (Amp.) | min. Hour our |before| after saying
7:00] 672 180 129 1.1 5| 0.083] 20.2| 20.2 242 0.0
7:05| 720 202 136 1.1 5| 0.083] 20.2| 20.2 242 0.0
7:10] 760 203 146 1.1 5] 0.083 20.2 20.2 242 0.0
7:15] 796 223 150 1.1 5| 0.083 20.2 20.2 242 0.0
7201 832 223 160 1.1 5/ 0.083] 20.2| 20.2 242 0.0
7:25| 867 243 163 1.1 5] 0.083| 20.2| 20.2 242 0.0
7:30] 880 236 169 1.1 5| 0.083] 20.2|] 20.2 242 0.0
7:35] 900 253 170 1.1 5| 0.083 20.2 20.2 242 0.0
740 910 244 175 1.1 5] 0.083 20.2 20.2 242 0.0
7:45] 930 261 175 41 5/ 0.083| 20.2| 20.2 242 0.0
7:50] 857 230 165 1.1 5] 0.083 20.2 20.2 242 0.0
7:55] 900 253 170 1. 5| 0.083 20.2 20.2 242 0.0
8:001 940 300 180 1.1 5| 0.083 20.2 20.2 242 0.0
8:05| 1300 375 230 1 5| 0.083 18.3 20.2 220 1.8
8:10] 1120 372 218 0.9 5] 0.083 16.5 20.2 198 3.7
8:15] 1795 400 246 0.8 5] 0.083 14.7 20.2 176 5.5
8:20] 1760 460 259 0.6 5| 0.083 11.0 20.2 132 9.2
8:25| 1825 477 250 0.6 5] 0.083 11.0 20.2 132 9.2
8:30] 2230 515 253 0.5 5] 0.083 9.2 20.2 110 11.0
8:35] 2350 552 270 0.5 5| 0.083 9.2 20.2 110 11.0
8:40] 2650 577 300 0.5 5] 0.083 9.2 20.2 110 11.0
8:45|] 2830 618 335 0.3 5| 0.083 55 20.2 66 14.7
8:50] 2990 682 346 0.0 5] 0.083 0.9 20.2 11 19.3
8:55] 2900 673 300 0.05 5| 0.083 0.9 20.2 1 19.3
9:00f 330 693 328 0.05 51 0.083 0.9 20.2 11 19.3
9:05] 2610 648 328 0.05 5| 0.083 0.9 20.2 11 19.3
9:10] 3150 747 374 0.05 5| 0.083 0.9 20.2 11 19.3
9:15] 3500 725 340 0.05 5] 0.083 0.9 20.2 11 19.3
9:20] 3460 820 370 0.05 5] 0.083 0.9 20.2 11 19.3
9:25| 3580 840 360 0.05 5] 0.083 0.9 20.2 1 19.3
9:30] 3370 813 355 0.05 5{ 0.083 0.9/ 20.2 11 19.3
9:35] 3400 866 445 0.05 5| 0.083 0.9 20.2 11 19.3
9:40| 3960 850 370 0.05 5] 0.083 0.9 20.2 11 19.3
9:45] 4000 880 457 0.05 5| 0.083 0.9 20.2 11 19.3
9:50] 3500 860 420 0.05 5| 0.083 0.9] 20.2 11 19.3
9:55] 3540 865 463 0.05 5{ 0.083 0.9 20.2 1 19.3
10:00f 3750 870 428 0.05 5] 0.083 0.9 20.2 11 19.3
10:05| 3640 895 415 0.05 5] 0.083 0.9 20.2 11 19.3
10:10] 3460 864 415 0.05 5| 0.083 0.9 20.2 11 19.3
10:15] 3530 870 428 0.05 5| 0.083 0.9] 20.2 11 19.3
10:20f 3700 1066 476 0.05 5| 0.083 0.9 20.2 1 19.3
10:251 3910 1010 446 0.05 5| 0.083 0.9 20.2 11 19.3
10:30] 4100 1090 480 0.05 5] 0.083 0.9 20.2 11 19.3
10:35] 4150 1100 500 0.05 5] 0.083 0.9 20.2 11 19.3
10:40] 4000 1075 540 0.05 5] 0.083 0.9 20.2 1 19.3
10:45| 3500 920 450 0.06 5| 0.083 1.1] 202 13.2 19.1
10:50] 2600 376 350 1 5| 0.083] 18.3] 20.2 220 1.8
10:55] 4150 1150 580 0.05 5| 0.083 0.9/ 20.2 11 19.3
11:00] 3900 1146 538 0.06 5| 0.083 1.1 20.2 13.2 19.1
11:05| 3950 1131 533 0.06 5| 0.083 1.1 20.2 13.2 19.1
11:10f 3910 1120 565 0.05 5| 0.083 0.9 20.2 11 19.3
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A15191 4.3 HANINARDINTNI LA NIIUN 10 TUNAY 2551 (AD)

Position of Lux meter
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. Current | Time Watt.h| Power |Power

e ™ o N (Amp.) | min. Hour our |before| after Saving
11:15] 3850 1255 518 0.05 5| 0.083 0.9 20.2 11 19.3
11:20] 3680 1200 540 0.07 5| 0.083 1.3 20.2 15.4 18.9
11:25] 3700 1214 510 0.07 5| 0.083 1.3] 20.2 15.4 18.9
11:30] 3800 1247 550 0.06 5| 0.083 1.1 20.2 13.2 19.1
11:35] 3850 1219 556 0.06 5| 0.083 1.1 20.2 13.2 19.1
11:40]1 3670 1162 560 0.06 5| 0.083 1.1 20.2 13.2 19.1
11:45] 3720 1070 546 0.06 5] 0.083 1.1 20.2 13.2 19.1
11:50f 3870 1113 551 0.06 5| 0.083 1.1 20.2 13.2 19.1
11:55] 3910 1216 566 0.06 5| 0.083 1.1 20.2 13.2 191
12:00f 3960 1232 680 0.05 5| 0.083 0.9 20.2 1 19.3
12:05] 3790 733 578 1 5| 0.083 18.3 20.2 220 1.8
12:10| 2540 491 270 1.1 5| 0.083 20.2 20.2 242 0.0
12:15] 2820 815 402 1 5] 0.083 18. 20.2 220 1.8
12:20] 3960 1144 559 0.5 5] 0.083 9.2 20.2 110 11.0
12:25] 3850 1075 661 0.05 5] 0.083 0.9 20.2 11 19.3
12:30] 3800 1061 540 0.06 5] 0.083 Vel 20.2 13.2 191
12:35] 2600 376 310 1 5] 0.083 18.3 20.2 220 1.8
12:40] 2460 525 290 0.9 5| 0.083 16.5 20.2 198 3.7
12:45] 3100 977 438 0.05 5| 0.083 0.9 20.2 11 19.3
12:50] 3400 1072 913 0.05 5] 0.083 0.9 20.2 11 19.3
12:55| 3310 910 470 0.05 5| 0.083 0.9 20.2 11 19.3
13:00f 2880 792 340 0.07 5] 0.083 113 20.2 154 18.9
13:05| 3270 904 385 0.05 5| 0.083 0.9 20.2 11 19.3
13:10] 3400 940 534 0.05 5| 0.083 0.9 20.2 1 19.3
13:15] 3100 853 468 0.05 5] 0.083 0.9 20.2 11 19.3
13:20f 2910 805 414 0.05 5] 0.083 0.9 20.2 11 19.3
13:25| 2560 708 302 0.05 5| 0.083 0.9 20.2 11 19.3
13:30f 2290 630 270 0.1 5] 0.083 1.8 20.2 22 18.3
13:35] 1990 550 313 0.1 5| 0.083 1.8 20.2 22 18.3
13:401 1730 476 213 0.9 5] 0.083 16.5 20.2 198 W
13:45] 1530 421 217 0.2 5 0.083 3.7l 202 44 16.5
13:50f 2330 644 275 0.05 5| 0.083 0.9 20.2 1 19.3
13:55| 2600 850 350 0.05 5] 0.083 0.9 20.2 1 19.3
14:00f 1175 500 270 1.1 5| 0.083 20.2 20.2 242 0.0
14:05] 2300 800 380 0.05 5| 0.083 0.9 20.2 11 19.3
14:15] 2330 687 300 0.05 5| 0.083 0.9 20.2 1 19.3
14:20f 2030 700 335 0.05 5] 0.083 0.9 20.2 11 19.3
14:25] 1980 689 267 0.08 5| 0.083 1.5 20.2 176 18.7
14:30f 2000 645 300 0.06 5| 0.083 1.1 20.2 13.2 19.1
14:35] 1950 672 322 0.08 5| 0.083 1.5 20.2 17.6 18.7
14:40f 1600 508 255 0.5 5| 0.083 9.2 20.2 110 11.0
14:45| 1700 529 257 0.5 5| 0.083 9.2 20.2 110 11.0
14:50| 1680 579 226 0.09 5] 0.083 10 20.2 19.8 18.5
14:55{ 1660 527 249 0.1 5] 0.083 1.8 20.2 22 18.3
15:00] 1620 510 258 0.5 5| 0.083 9.2 20.2 110 11.0
15:05] 1600 552 255 0.4 5| 0.083 7.3 20.2 88 12.8
15:10] 1580 502 239 0.6 5] 0.083 11.0 20.2 132 9.2
15:15] 1550 530 300 0.6 5| 0.083 11.0 20.2 132 9.2
15:201 1700 548 280 0.7 5] 0.083 12.8 20.2 154 7.3
15:25| 1465 500 290 0.6 5| 0.083 11.0 20.2 132 9.2
15:301 1430 489 228 0.8 5] 0.083 14.7 20.2 176 55
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M319N 4.3 HANINARDINIHILAIANITUN 10 TUNAY 2551 (AB)

Position of Lux meter
2 Current | Time Watt.h | Power |Power -
lime sy - an | (Amp.) | min. Houy) our |before| after gy
15:35) 1400 539 232 0.7 5| 0.083] 12.8] 20.2 154 7.3
15:40] 1395 476 270 0.8 5| 0.083 14.7] 20.2 176 5.5
15:45| 1375 514 240 1.1 5] 0.083] 20.2| 20.2 242 0.0
15:50] 1290 497 255 0.9 5| 0.083 16.5 20.2 198 3.7
15:55| 1266 470 230 1.1 5] 0.083] 20.2| 20.2 242 0.0
16:00] 1225 458 203 1 5] 0.083 18.3| 20.2 220 1.8
16:05] 1157 482 213 1.1 5] 0.083 20.2 20.2 242 0.0
16:10f 1110 412 194 1 5] 0.083 18.3 20.2 220 1.8
16:15] 980 410 200 N 5] 0.083] 20.2| 20.2 242 0.0
16:20f 950 396 173 1.1 5] 0.083 20.2 20.2 242 0.0
16:25] 945 351 157 14 5] 0.083 20.2 20.2 242 0.0
16:30] 930 345 171 1.1 5] 0.083 20.2 20.2 242 0.0
16:35] 897 333 157 3 5] 0.083 20.2 20.2 242 0.0
16:40] 864 321 176 1.1 5] 0.083] 20.2] 20.2 242 0.0
16:45] 830 308 151 41 5] 0.083 20.2 20.2 242 0.0
16:50] 788 293 131 W1 5| 0.083] 20.2| 20.2 242 0.0
16:55| 743 276 137 1.1 5| 0.083 20.2 20.2 242 0.0
17:00] 675 251 118 1.1 5] 0.083 20.2 20.2 242 0.0
Total

] a o | & ) : 1 o
Tﬂaimmsmui’fagaﬂwmauw 10 TUIAN 2551 AALALIAT 7:00 — 17:00 Y. LA
9y a J -é o @ - ' q’;l
msnaassldnisns Iuasahuitenisydssndanasan Tasas1an 4.3 uiadluna g
v ' '
UAUUIAILAIN 1 NTUNna
H 1 1 ) = P [ 1
U 2 Wi a I nnNANT UMD I NIZELHIA 1 IWATINLUUIVOUHIIA
4 ' ' Y a P 1 [
107 3 U AN INENTUABI NILULHIA 2 WATINUUIVOUH TR
{ 1 1 o da 4 [ '
1o 4 1y sa NN ANFUIRDI NITZELHIA 3 IWASTNUUIVOUHITIA

102 5 Wumnszua lihnewnniaatimes

I
I ! o IS

d' U 9 ] =)
102 6 Wumszeznan sondsnuiiniasduuii

w2 7 Wumszeznamnly

SondanuiimizodiuiiTue
o 8 Wusmdanuiimizodiuiad-92Tus

1o 9 Wusmdanumdsmsns fhiimihuduSad-92Tua
o 10 Wusmdanuaoumsns Wihiimihoiluiad-42Tus

v v . v '
uoan 11 Wusmdanuidseudal@nnmsus i e naniu fwnieduiad-9lus

° — 1 ' o u n’: o o
1nMsimsys Ifhuasa g 1d i 1dvims indaanu lnavua 1028 Jaa-

o [ q’: P =1 H ' " W o, <
#2139 Panasanands 191 lutinaans Whwuaeerdd many 2120 Sea-#2lue 910



107

manaaesiilfisnlszndandaa 1188 1392 Jad-d2lue udilefinsanfeveuivave
Tnoriinug Tasliimsiszndandanuaadsianm 8:00 - 16:00 1. 1AMIeH 43 s
At Tiemaianag 2 $aTuaezldh niaRldlde 5458 Sad-9alue andanu
Fanuaidealadr hifinswd Ithuaeae whdy 1936 Jad-92T9 mnmsnaaesiim i

Uszudangaans 1168 1390 Sad-92Tua Taoldnwaasiios 28 %

e
B

§ 88 8¢ 8

E O P v?.e“\g)? § S ‘6’ R °~'P* 5? \‘) .@.&o".p a" \6

0-25

310 4.7 MAarwa e A wAAE 5E82AIUMIIYBY LDR TUH 10 T1IAY 2551

e S L T Mesare

g1l 4.8 uaaaussau Iihing

S 2 = Y o [ v - = & v Y o ¥ L% [%
enanstiluenansianubidmiunisidauiensnyivingu lieugalmhluldusslevdiunise

Lidnnsdllasau Snvaudilvidaudasiion wazfeeg1sddiadvesenarsynasaninisunluly



108

Trigi®
vew o,eu ¥ o § _%Q_

i1: 9, 310me

-
@cHi EDeE FOC

. _eSeeatiRz

31 4.9 vaawsadulviiiodinisws i

o ' o d' g g e 3 1
msdfunasahailumsdSuipilaussus i TasmsdSusmussdudaug 0-180

A [ 1 < = ' A a o o v a d o
83f iausaduanazon Inaa Nezlinszud Inaru Wieypulaou lfvei ldussduensidn

o i i v ° ) sy ' ) ~ ° 9 o i ‘f‘_] ' Pl
LﬂﬂHUUﬂTUQUaQﬂTGlﬁﬂigllﬁuﬂ']uE]Ua\?ﬂ'uIﬂ'uﬁQﬂu llagnwaﬂ']‘lﬁﬂ'lwa\i\nuﬂl HADI

o 1 v a9 @ ~
WPUDWFUNUNATUDYAT ANA1T1IN 4.4

M319N 4.4 LAAIAIUNTNUDINIHS IHABM M InUNanas

0 10 20 30 40 50 60 70 80 90 100 110 120
283.5 )1243.1 |190.1 (133.6 (825 |42.9

U3
wdaau (Fad) 398.7 [398.5 |397.1 [393.0 3859 |374.5 [358.5 [337.0 3128
180.3 (1634 |142.3 [1166 |889 [62.1 |[385

unﬁ'ud‘mvﬁ) 2300 |229.7 |228.9 |226.6 |222.4 |[2159 |206.7 [194.8
1.19 1.15 1.10 1.04 {09 087 |0.76 [062 |048 |033 |0.21

assua woamnldd) [ 123 123 {122 |12
wediFunyuni 0 6 1| 17|22 |28 |3 |39 |a |s0o |s6 |61|61 |72 |78
nlefiFuausaiu 0 0.1 |05 15|33 |62 |01 [153 [216 |29.0 {381 |493 |61.3 |730 [833

4.4 Mo invh
nansnaaoan 1a laen1sus Ihuasanandnamamany i needes

Y1 A 1 [ a 9 & o " W v ¢ o 9 Y 1w & A 1
1vveunou mnasnunlFlunia Sy 545.8 Taa-2 Tue a1 s unil afoum
v ¢ o
545.8x30=16,374 IA-F2 114
A [ a o o ;l
130 NNV 16.374 A ladaa-92 114
Y a’: " W v ¢ o
WAINUNIHVANIAY 1.1A x 220v x 8hr = 1936 Taa-942 T4

1936 30day = 58080 Jaa-42Tua

3 1w a o o O'J
W IERTUWMAD 58.08 A lataa-42 119



109

s

v '
antiniundnnam IWdhdsaamms ¥ iihedn dszian 12 msld i
150 miededou uaza1 Mihiuls o Iitiansimdy 1 esaia anlwihdunalsidhy
' v
amasnuntuneaa i lusaiu  Tesudaz@ouaziionlimiiu  Tasaien Iiihduls

b4
o

14 '
yuagiuawsa iy niovhiuilFlumssia T uiudy

M319N 4..5 Msmuua i

wienly @laiad ¥2lu9) 58.08 -

faufindotniacniin wdodadandaoniv
Waztnn 12 na3 19 A uAY 150 M aoApiaeY
150 ¥1i2ousn (MR 1-150) Wiitwaz 1.8047 UM =58.08 x 1.8047= 104.817 =16.374 x 1.8047= 29.5502
250 miawAe'l (niiavi 151-400) midwaz 2.7781 ym 0 0
1HUN1 400 wide (Miiaui 401 Wudu'l) miiasaz 2.9780 un 0 0
Arln 104.817 29.5502
a Ivhiuls o =58.08 x 1 = 58.08 =16.374x 1= 16.374
MU 40.9 40.9
3w 203.797 86.8242
Vat 7% 14.26579
FWEY 2780628 ]

. v '

nmstanluaisien 4.5 Tasmsias i mansfeds 16374 Aladaa-92Tua
4 a ' ya 1 g Q’l’
Fauszmavoaniens Id lasaalu 150 wieusnliaaniisay 1.8047 1In Aaly
o 1 d’ "a :l' o Yy 1 @
Sunen 14 ludundmuaBimnu
IPMIAIUIN
Al 16.374 x 1.8047 =29.5502 UM

Ed
alhduals (Fo Taeldiawiiny 100% lunsdidnuiil awgasae

amasa Wi x ar T duuds gy = 16374X 1 = 16374 UM
mu3ms Taoms IfhAasusms lutszinnd = 409 VN
FIWNINY = 295502 +16.374+40.9 = 86.8242 UM
mmiyasi 7% = 86.8242X7% = 6.07769 RN
Y = 929018 UM

3 \J A
4.5 msmnam Iivluasuaainu 2551 — ey 2552
v

namsiudoyalasmaiudeyadadidon qaian 2551 s wwiew 2552 WUN
Tugraudeugaiay - unsa anvazms ldnasan ihlumslduasadnzdeoss launn
4 A = Y da Y o Y IS Yy oo o N
Yu uaziiorudouunsay luudniimsldwdsaudesas Tasiimaldwasaudaud 21-27
a o d o =K 1 @ @ 4 @
Alatadnmiufdesnoesaaasvesamaan i viamsldndaanu e dioldiuuas

ansdinsnndlugagedeuiisasin



110

. o

M9197 4.6 Awasan Idhideunaian 2551 - oy 2552

Ao qaay | woadmou| Funay | unsaw | quaniug | S| wwou
wianndu (RTatnd-52Tua) 0.66 0.66 0.79 0.86 0.65 041 | 055
wasansnadou @latad-#2Tu) | 2056 19.82 24.49 26.73 18.13 12.59 | 16.58
ndnndndou Rlatad-daTuy) | 12378 119.79 12378 | 123.78 11180 | 123.78] 119.79

25

15

10

Ta
Lo S

BRI G LELREN fuUNAL uas1AN AuAus flunau SR R T

3N 410 asulamasa Iihdmsunasahadeunainu 2551 — ey 2552

4.6 manfSsumeuszrnavasa lanuvasalszrianainy

v 1
Tusiadeiieg IdnantamsalSoudoudusznin . vasaldmiminiuguiliung
1 o v o o o 4 A & Y 1 U Al
ueraee19oa Tusianunasatlsendandsnundlaldnunnawidy Tashiimsdsuuasans

Mraweiuuassssusiamiiouotanasald

4 o 1 A a 1 s
M31an 4.7 msnfSouivundanuszunamaea 1dnldinsaiuguilimamasainedy

naealsznda I lulimsnauguilsinamas

naeadazndalv 20 Jad
fil MUY
Smundsau 120 Sad
$wunaealyl 9 naoa
NHIUTW 180 Jad
Falualdaudefu 10 FaTug
N U 1800 Saq
maaﬂﬁ’qtﬁau 54 iladaa
Amdsan ihwadeu 20582 | um
Amdsmmaenlddaunsnuguiiadeu 113 um
.| Yszniald . 9282 | um
wnanstid orera TR Tet s o R T e T S AT T TR ey Tt T s Leidanunasen

lidnsdllaniedu Snvtavhudlvidaudasiiom wazdesdnsddiadvesenarsynasaninisialuly



111

s s

v 47 dumsuSeudesmsld senhanaealdiIdtinsaingy
Winamasahe laovamoduuaasssund fuvasadszudaliithifimsaiuguiSinaes
aedasszdaluiadedalfounaeandy  TaoimsnSoudeusuluseiingd
Tfwasahalunaivhdududousnaay 3 2552 Fawainomsldvaoalddaoms
muqnﬂ?mmuma'in“lﬁmﬁifu wansadsendam 199101809 45% uazilszndandanu
1884 43% ansailszninld 92.82 1mAenasa namsAaia 18 sruunmeated
ﬁmsﬂmﬂuumffhﬂﬂmmmuﬁmmmssmnaifu fuiivuiunasanenasnsaqunufe
Uszaina 1 @ou d1smvasasgszuna 100 UM

doyanSeuiisumludilSunannuaineseninasa lddunasailszndaln
wapA SL 9 IAR =N00ATIINATA0 AR =400 QN

o d o d
#iaoA SL 13 19 =Hasadtisual 60 196

Il

600 Qi

naoa SL 18 3a@ = 1aoasIsual 75 3ad

900 Ly

1aeA SL 25 Ta@ =VapABITIA1 100 IR = 1200 Qi



112

unn s

Y
ajUnanazvatauBIUY

1 A o o : 4 4 o @ 1 1 M 1
agl & diehimisdadunieans i Ifawnsadsendani 19310 ludaus
o ' e & = 1 U’ 1
wasa fhwasainldfudesnsdidau dedriinsdaliuasadnedeudna 7:00-17:00

Wik szansnlsendaldte 72 nlesidud

M3n 5.1 uaasm d9wh Idninmslssndandsaugainy 2551 - amou 2552

UTunaumsldou
aqany | ngadmon | funay | unawen | quaniud | Twee | senou
feuAada (um) 381.47 370.58 381.47 381.47 348.79 381.47 370.58
wdnAnd (Wm) 105.46 103.24 117.26 123.98 98.17 81.55 93.52
tszuda’ld (um) 276.00 267.33 26421 257.49 250.62 299.92 277.05
wesidud 7235% | 72.14% 69.26% | 67.50% 71.85% 78.62% | 74.76%

NN 5.1 Inamnsessagiluazmemsel 1491 suedemstseniandaa
b4

v .
veanaithivegi 3,244 1w sodl

25

20

15

10

' ¥
71 5.1 msdszdiuswdsanu Infhyesisdl

gl s Tdihmanwahaeiovesluudazi@owindnnamamdsny Inih
v

1 o o o A '
Tavaz I lwdoutuman — unsiaw 2552 Wudins ldwdasmunnitesnndugeggnun
4 1) y L z : o J ' 1 .
Faludtumealunmnmsiuveslszmainniudu  mldmaswaieluesas i
= o bR - Q’l e’: Yt o Y 1
oswe  vildyanawesnsniiudunazidlumg Idiims Mdwdsnusuuasaiiann  uas

b 4
lusrwdeuiiguisu-nsngian 2552 lusanmiilszmanos I5unawannnning



113

A b 0’4 1 - 0’/ o o
nuniiissnnanemadiuzeglimainld  uazduguiganiuviyy 235 ssmduan
= J 4 - \ o $ v 1
o1iad Fangilit 5.1 Tdnswhdnsazvessmfsnuildfunmsaiesidhudulfimag
¥ ' ]
sazmvosmanuiuiunudulfnh  mswludeunsngiaunasainen 1diuenaas

a Jd A o ° 9/ o ° 1 o o’o -
oadaiiannniiga hldismunsoiimsdnnusiwdanuvesist 14

M3 5.2 uaasm 199en 1dnnmsisendandsnu Tasmsszdiv 2552

Wnaumslifou

wnay | quahed | Fhoew oy wquann | Siquiew | nwngmu daoonn | dusew | qemn wqeinww | Fuomu
sowhowiaum) | 33147| 38147 | 38147 | 38147 | 38147 | 38147 | 38147 | 38147 | 38147 | 38147 | 38147 | 38147
vivlwwiaow | 1384 9754 9307 | 8182 79.15 84.28 7692 8743 | 9328 | 9970 10048 | 11540
thondal (wm) 267.93| 28393 | 28840 | 29365 | 30232 | 297.19 | 30454 | 29404 | 28819 | 28177 | 28099 | 266.07
nlerdud 7024%| 7443% | 7560%| 7698%| 7925% | 7191%| 7983% | 17.08%| 7555%| 738% | 73.66% | 69.75%
a a d d” ° 4 9 a d Aa 1 1 9 '
’J‘VIU’“JWNﬁN‘ﬁ'ﬂ’lﬂ'ﬁlﬂﬂﬂEllgﬁ‘!lfNﬂ’NiﬂﬂﬂU NUATADITINNUVNIVINNYOY

wihamsieansdiny enideyamdinswuas Ifannsafnmdnvasvesasaieluusd
o & ar o [ @ g Yy o

azgamananiuuiemstszndandesnu i - woazdirnnsossdaassams ldndsam

' 1 _a a z ’ 1 L
i 1¥ednaiitlse Tomliazedniilszd@niam  Tavldgunsaifugedieie wu msld

o ' [ < g4 9 a d o o
LDR fna9smsiiassdu memsinudeyavesasomad misldsasqadagud uozaees
-i - & o o o Y
w3 M nadnginseins W lemsdsendandssnndh awsadsendandaanldds 72%
#o1)
t 4

InnimusiannsadiliiszgaaldfudesSouvesmineds  lunsisynda

wasn i 1dduedd uazezdrvannseanmldsludinveandam Inihweuas
(] . L4
ain1d mliesiigamuguiliuasainnanaaeannane tazdsannsa lihlszgnady
aowiideg Alnsauguuasainiineild Tasms@ouTusuasusnundnnua g
[ i 1 1 1 o 3 ° [l
m3dfums dhlugremnnuaingladld  udszdesiiniseenuuudmominiims duas
ainlmidiosnn  manwaunsalunsazfouvssvunaies  manugavesInsunaiu
- 2’ A’ cl::' 9 o ; ; ] = Y

ANUYeAN Taudeanuay Twsany anldm dnpazyesny vz NAMIYeInina
s2u09m3 19 Ty inalimaneg waou'ly

a o (d’o o ' ] A -

Inontinusibh A ldnswdnvazvewmsainvewdazggnia - Mandounves
Tanssuaemial - Awmisaziemevesreanimaiinadeuasanandsadunluuday
nawazggma maszgna lddeyamensszudandaa Trih

oo 0 a a g g4 g ' - o

dodralumsiiinoninuti  msfudeyauasainisszdesdimsinudeyn
Snunannlaszannialddeyailndifoinnuiiusildiige uazdevihmanudeyonaea
(] & v = ° v ' a t4 : ]
e Funsmaiimanah ifruesasiinassediulunsdssnamsaiiu i

miud aamnadysvosneuiamesiazanuadusvesseun IWfhsaudalusaniduanth



114

o ' & Y ' H '
azussszih I ddoyahiisaeiioann Wi ldduassznhamafudeymiu vuginm
v
vamoll 1 nvesgemanlsilsunieliduanuenggmassilddengueslud@emiv
v [] b4
Aadoul)  m3tanszuadiuiiunssdeathuunddraeninesez ldnnszudldnasanagag
' 4
aumsi ldnnnsdunswiiiunnamsmaunisonney
= a (; o ' o
vndoyavedinniinufil  annsessszinams ldndsnuuaaieldduves

¥
aoiu laaail

4 ' - 1 1 { o & o o/
MmN 5.3 uaasinlszdiumdhenanniolssnia ldielszgnatuaaniv

msdszanamsdsendandaanluaaniufiom

fda innu fdaan ni¥sanws/ arltdh arnids ndsaws/ v tizuia

vaoa | waems i vuAdeu wm) MUBI% | vuadew @m) mlvdw

(nd) (Fan) (add) @la¥nd) m)
MR

L2 36 100 3,600 576 2,254 1,296 207 724 1,530

ABYY

mMsd

.2 1,200 43,200 6,912 29222 15,552 2,488 10,392 18,360
#8 12 ¥u

i d
Tassmstismnsaztinmlszgoaldluaenfon Taonis lduasainnnmouen
a ' ' 2 | la o
wiouassssusanolumsiduasadn  Feeunsond Iluuetvesnaea In@any
Y A - o ar A -
wimadiotinaadhunnmssiassms lFnuvesaaniumsanu lunila@ou RITAEL

Usznda’ldng 18,360 UM wazamsavzilsenda’ld = 18,360 1w X 12 (Ao = 220,320 UM

a0l



115

UIIUIYNIY

[1] 3nga r3saug, usesuaznsudaveslunugammnisy, Bagindu nganmd, 2550

21 daueusmalulad, mall dmiy adanssy, TaueudmalTulad, 2551

(3] fyad Auggay, mIsenuuuszuUME Y, FIBAgRdY, njaMNA, 2535

[4] ewudgngmi Sunigaiay, lenmsdszneumamen IAINTINGBIAIN, UNIINOTAY
maTuTadwszremndmszunsivile, 2552

[5] S. Chirarattananon, Building for Energy Efficiency, Asian Institute of Technology,
Bangkok, Thailand, 2005

[6] Witsarut Sriratana, “Automatic Illuminance Controlling System with Processing and
Analyzing Unit for Energy Saving purpose”,KKU Engineering Journal, Vol.33 No.2(89-
97) March-April, 2006

[7] Douglas A.Skoog, Donald M.West, Principles of Instrumentation Analysis,2nd Holt-
Saunders Japan,Ltd., Japan, Section 2-3, 1981

[8] Muhammad Igbal, An Introduction to Solar Radiation, Academic Press Cannada, Toronto,
Chapter 4,1983

[9] Pippenger, Dele E., Linear and Interface Circuits Applications, 2™ McGraw-Hill, New
York, Section 7 and 11, 1988



116

23

<
= Lo i LA L
‘I‘l:‘""..-'.'"ll"’ll
By

[
>

dy 1 tdl ¥ o U ¥ ﬂl = 1 5 1 Y o ¥ c v 1%
wnansiiduenashanulidmiunsidnuienisnyiviniu ey wlvmiluliusslovisunisi

Laidnsdilaensdu Snvievnuiilvidaudadiiont wazdesdnsddudivedenarsynasaninisinluly



117

d’l < lﬂl Y o U ¥ tﬁl = 1 Q’.’I 1 Y o ¥ L% ¥
wnanstluenasianulidmsunislidnuienisfinewing eugelihlulgusslevimunisin

Lidnsdilaensdu dnvievnuiilvidaudadiiiont wagdesdneddiadivedenarsynasaninisinluly



118

unit U_main;
interface
uses
Windows, Messages, SysUTtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, ExtCtrls, TeeProcs, TeEngine, Chart, ComCitrls, XPMan, StdCtrls,
Series, CPortCtl, CPort;
type
TForm1 = class(TForm)
XPManifestl: TXPManifest;
PageControll: TPageControl;
TabSheet1: TTabSheet;
TabSheet2: TTabSheet;
Chart1: TChart;
Chart2: TChart;
Chart3: TChart;
Series1: TFastLineSeries;
Series2: TFastLineSeries;
Series3: TFastLineSeries;
Timerl: TTimer;
Chart4: TChart;
FastLineSeries1: TFastLineSeries;
TabSheet3: TTabSheet;
Edit5: TEdit;
Edit6: TEdit;
Label9: TLabel;
Label10: TLabel;

Timer2: TTimer;



GroupBox1: TGroupBox;
Editl: TEdit;

Labell: TLabel;
Label2: TLabel;
Edit2: TEdit;

Label3: TLabel;
Edit3: TEdit;

Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Edit4: TEdit;

Label8: TLabel;
ComPortl: TComPort;

ComTerminall: TComTerminal;

Edit8: TEdit;
Edit9: TEdit;
Edit10: TEdit;
Editl1: TEdit;
Edit12: TEdit;
Edit13: TEdit;
Edit14: TEdit;
Labell1: TLabel;
Labell2: TLabel;
Labell3: TLabel;
Labell4: TLabel;

SaveDialogl: TSaveDialog;
OpenDialogl: TOpenDialog;

GroupBox2: TGroupBox;
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Labell5: TLabel;

Edit15: TEdit;

Button7: TButton;

Button6: TButton;

Button8: TButton;

GroupBox3: TGroupBox;

Label16: TLabel;

Edit16: TEdit;

Button9: TButton;

Button10: TButton;

Chart5: TChart;

FastLineSeries2: TFastLineSeries;

GroupBox4: TGroupBox;

Button3: TButton;

procedure Timerl Timer(Sender: TObject);

procedure Timer2Timer(Sender: TObject);

procedure FormShow(Sender: TObject);

procedure Button3Click(Sender: TObject);

procedure ComTerminal 1 Char(Sender: TObject; Ch: Char);

procedure Edit8Change(Sender: TObject);

function call(val:real) : real;

function cal2(val:real) : real;

procedure Edit12Change(Sender: TObject);

procedure Button7Click(Sender: TObject);

procedure Button6Click(Sender: TObject);

procedure Button8Click(Sender: TObject);
private

{ Private declarations }

public



{ Public declarations }

index2 ,cnt: integer;

index: Int64 ;

temp _.

vall :

str : string;

array of integer;

myFile : TextFile;

text

: string;

i,start_save : integer;

data_save : string;

end;

var

Form1:

TForm1;

implementation

{$R *.dfm}

function TForm1.call(val:real):real;

begin

if val <= 18 then result :=0

else if val <= 50 then result :=(val /3.4)

else
else
else
else
else
else
else
else
else
else

else

if val <= 105 then
if val <= 200 then
if val <= 250 then
if val <= 300 then
if val <= 320 then
if val <= 360 then
if val <= 400 then
if val <= 450 then
if val <= 500 then
if val <= 550 then
if val <= 600 then

result :=(val /2.9)
result :=(val /1.9)
result :=(val /1.8)
result :=(val /1.7)
result :=(val /1.6)
result :=(val /1.5)
result :=(val /1.4)
result :=(val /1.3)
result :=(val /1.25)
result :=(val /1.28)
result :=(val /1.18)
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else if val <= 700 then result :=(val /0.95);

end;

function TForm1.cal2(val:real):real;

begin

if val <= 18 then result :=0

else if val <= 50 then result :=(val /3.4)

else
else
else
else
else
else
else
else
else
else
else
else

end;

procedure TForm1.Timer1 Timer(Sender: TObject);

if val <= 105 then
if val <= 200 then
if val <= 250 then
if val <= 300 then
if val <= 320 then
if val <= 360 then
if val <= 400 then
if val <= 450 then
if val <= 500 then
if val <= 550 then
if val <= 600 then
if val <= 700 then

var i: integer;

begin

randomize;

inc(index);

result :=(val /2.9)
result :=(val /1.9)
result :=(val /1.8)
result :=(val /1.7)
result :=(val /1.6)
result :=(val /1.5)
result :=(val /1.4)
result :=(val /1.3)
result :=(val /1.25)
result :=(val /1.28)
result :=(val /1.18)
result :=(val /0.95);

{/index:=strtoint(trim(edit7.Text));

index2 := strtoint(edit12.Text);

Chart1.Series[0].AddXY (index,index2);

index2 := strtoint(edit12.Text);

Chart2.Series[0].AddXY (index,index2);
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index2 := strtoint(edit14.Text);
Chart3.Series[0].AddXY (index,index2);
index2 := strtoint(edit11.Text);
Chart4.Series[0]. AddXY (index,index2);
if (index mod 100 = 0) then
begin
chartl.Series[0].Clear;
chart2.Series[0].Clear;
chart3.Series[0].Clear;
end;
data_save :="[+edit5.Text + -
"+edit6. Text+']'+'$"+edit] 2. Text+', +edit13. Text+', +edit14. Text+, +edit]1 1. Text+#';
if start_save = 1 then

begin

Writeln(myFile,data_save);
end;
end;
procedure TForm1.Timer2Timer(Sender: TObject);
begin
edit5.Text:=datetostr(date),
edit6.Text:=timetostr(time);
ext[8];
end;
procedure TForm1.FormShow(Sender: TObject);
begin
edit5. Text:=datetostr(date);
edit6. Text:=timetostr(time);

ext[8];
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index :=0;
SetLength(val1,100);

end;

procedure TForm1.Button3Click(Sender: TObject);
begin
ComPort1.ShowSetupDialog;
ComPort1.Connected:=true;
GroupBox4.Caption := 'connected!!!";

end;

procedure TForm1.ComTerminallChar(Sender: TObject; Ch: Char);
begin
if Ch="$' then
begin
cnt:=0;
temp_str:=";
end
else if Ch='," then
begin
inc(cnt);
if cnt=1 then
begin
edit8.Text := temp_str;
temp_str:=";
end;
if cnt=2 then
begin

edit9.Text ;= temp_str;
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temp_str:=";
end;
end
else if Ch < '# then
begin
temp_str:=temp_str+Ch;
end
else if Ch ='# then
begin
edit10.Text := temp_str;
temp_str:=";
end;
end;
procedure TForm1.Edit8Change(Sender: TObject);
var numl,num2,num3 : real;
num_i: integer;
begin
if edit8.Text < " then
begin
num 1:=strtofloat(edit8.Text);
num?2 :=call(numl);
edit12.Text := formatfloat("###',num2);
end;
end;
procedure TForm1.Edit12Change(Sender: TObject);
begin
if Edit12.Text ="then Edit12.Text:='0";
end;

procedure TForm1.Button7Click(Sender: TObject);



begin
if SaveDialogl.Execute then
begin
editl5.Text:=SaveDialogl.FileName;
end;

end;

procedure TForm1.Button6Click(Sender: TObject);

begin
AssignFile(myFile,edit15.Text);
ReWrite(myFile);
start_save:=1;

end;

procedure TForm1.Button8Click(Sender: TObject);
begin
//AssignFile(myFile,edit15.Text);
closefile(myFile);
start_save :=0;
end;

end.

126



127

‘da’ 1 ldl Y o % ¥ tﬂl = 1 gj 1 Y o ¥ L 8% 14
nanstiluenasnanulidmiunisldnuienisfinewinuu eygrelnhluldusslevimunisén

Laidnsdilaqvsdu Bnvsinuilisauadilen wazdesdnediadivadenalsynasaninisluly



128

4 o
wihvef 1aulsznonlidre 3 uiudail

. ] 1A A o 1 1 A a 1w
1. Setting (Huunulumsldmndesmslfiniesihimsmuquuazdenunenadeny

lulnsaeuInsames

A ;| o
2. Real Value iuniiuiuaasmvssuaaazndsnuiiunsidu

A A L o
3. Save data (Thuftui M lunsidendoyaiioglugidoyarinmaenduns

7' Program Luminance control

171190 Setting

4 @ 1 -4 4
Y190 Setting 1 Text block NfuA10HAIY

1.

- . P e U A o .
Scanning Time S°™™0Tme (80 [sec fos crlWluTnsneuInsames

4

1 1 1 \ o A - A
msomuazann i funionsuninestouuaana lunsm

=\ 1 ' A 1 1
Normal oM @;_—-}'“"1i'lumnnmmmmmquma‘lﬁmuﬂmmﬁm

N A ' 1 ' 3 N Q'
anuainaumglétowdhll  Taediidesndiii Tusunsusedalitiman

E d 1 v 3
wazmniimannnmil Tdsunsufeeiimsdaliniinas IWauidusinani

4 d’d (]
Moy lux

'm A -] o A 1 H
Cosfrol Dowm  ~orwoiesin Wumaasifaaaveanaan

A > 1 A J 1 °  J J 1 o
auguie W lu Tnsneu Insamessuiidieduasiimdinhidwasiidinuall
4 - ' dp  da
inFestesihimaila MW WAanasana sriifleuiifimizaniiu ux

m . o o ' y
Shutdown ~ huDown Wumdadifauuvesmnuguiive I

1Y A ' T Ao A o o
TuTasnouInsameiTuiiulierwalimgeniiuasiidmuall  n3esneii
B Yt Ay A a ' A
ﬂ‘li‘"i‘lﬂ‘lﬂuﬂ‘“lﬂiﬁ'ﬂwlﬂ‘Uﬂﬂﬁ\uﬂl”ﬂuufﬂﬁ']’l\lﬂ‘lﬂﬂ"ﬂﬂﬂﬂ”“’ﬁﬂm ﬂ'l“ﬂﬂu

Ze
fnviedly lux



129

connect Rs232 y A a a 1w ' & a &
5. Wil ldidlelimsAadeiuszniiunieineununosuay

Tulnsnoulnsames Tasrumanies RS232

Program Luminance control

05110 130138 w0 1 - S0 B (o T it
= - T |

111190 Real Value

111190 Real value Sinsiiamnua 4 naidail

I. Real Nluminance (lux) Hunsmiiuaasruasedai 185 unniaseind

2. Room Hluminance (lux) iluns miluamsduaanisluoandungu

3. Compensation Illuminance (lux) Hunsmifiuaaemidiuradieszning fnanu

aameluesfumeuenyies

%11190 Save Data



130

y7h90 Save Data Alsznov'lUéae 3 daudadl

I Save  dae  dmiwhnstuiindeyaiiTisunsu1éTmssudii ldinen
YulnsnouTnsames Taoldimsldde file uay path tHeMIMS save MAI9IN
v s Guufin data achly Text file Taomsnatly Start save 91MTU

v
Tlsupsufezhmstiunnaiasllu file Aiunives

Save data

fie name r tal J[—T}

[ statsave | [ stopsave |

o N A ° L 3
2. Load date dwfumsaalnddeuqumiildmmstuiinFidunieldlums

' Q $ A o
wasamaalunswl 1Whinsldde file uaz path ifo11M3 Load Nyl

Load data

flo name [ctestba 3 A ]

A o v P 0} o4 N =) 1 @
3. lﬂﬂuTﬂ“lﬂiﬂﬂQﬂ"‘lﬁu'lll'I“ﬂﬂﬂﬂﬂ'lﬂﬁu‘lmﬂﬂﬂﬂ‘l'ﬂﬁi\“u

¥
Qs o o o 3
vinovg  medsimsrgamstuiia File 19%1m3na Stop Save 1nriunvgiimseu

mlu file TaomaiTlalWa *.txt opauigezalsingnmniheedsil

e (O Pt o W N o oo HR N : B

[07/07/2010-17:01:30]$320,350,789,12.7# ol
[07/07/2010-17:01:31)§320,350,789,12.7#
(07/0712010-17:01:32]$320,350,789,12.7#
[07/07/2010-17:01:33]$325,3%0,789, 12.7#
[07/07/2010-17:01:34]$325,350,789, 12.7#
[07/07/2010-17:01:35)5325, 350,789, 12.7#
(07/07/2010-17:01:36]$326,350,789,12.7# .
[07/07/2010-17:01:37]5326,3%0,789,12.7#
[07/07/2010-17:01:38]$326,350,789,12.7#
[07/07/2010-17:01:39)$325,350,789, 12.7#
(07/07/2010-17:01:40]$326,350,789,12.7#
(07/07/2010-17:01:41]$325,350,789,12.7¢
{07/07/2010-17:01:42)$325,350,789, 12.7#

ni, Gt




131

W0

o
. Cash e
a

tﬂy 1 tﬂ' Y o L £ tﬂl = ! 5 1 Y o ¥ B L84 ¥
wnanstluenasianulidmiunislidnuienisfinewing eugrelnhluldussTevtimunisin

ldnsdilaensdu Snvievnuiilvidaudadiiont wagdesdnddiadiveaenarsynasaninisinluly.



132

299INUVY




v \J
WPIAIMUHAN

*

3

»
._8
A 0
o.
o g
o
o *

L] »

»

»

o O ] S
. o

Lk

N

133



JrCC

LDRZ

H 2RI

.|l

Header SN

RALTOCK]
RAS ANSSS

ANG
SANT

RC3SCKSCL
RC4SDESDA
RCSSDO
RCGTN-CK
RCTRXDT

CKIN

OSC2CLROLT

RE7 PGD
RBET'GC
RBS
RI3d
R PGM

RBOINTO SDESDA

RD(/SPPO

Vdd
vad s
vss aduk
V8S

IN4I4S

m
L M2575

Vin FEED

IPs

2 our

ol o)

GND TCATSR

D3

"3
00025V

=3

GND TCA7BS

Vin Vout

decs LED POWE
016V
! R8

etg

A70nhm

GNDTTCATSS

~{VCCIEY

= VUCI5Y

2

g
3

e 1CA785

w2
RST  (SCK)PR7 —
(MISOYPRG e
(MOSIPBS ALY
PRI it
NTALL (OCTHPBA f—
i f—=t
(AN PRI f—td

XTALHANOYPRO

6
(THFDS
(T0)PD4

(INTHPD3
(NTOVPD2
(TXDYPDI
(RXD)PDAO
ATRIT e =

{0kohm
10kobhm
i0kohm

VO VOC VOO

T o

- SCK - Pwa

SI PAD GNDFCA RS

VDD
OUTR
-IND
+INB

|-

5
VR 20K
k22
VRS > hohm
19
— OUTA
-INA
WL /
R23 — +INA
ke T GND
GNDTCATSS  IMIBNS

RI7

Exyr

,..:,.Q_.I—T.?yﬂ, TCATRS

0.op

22
<.,3.$.TI=II|...7= TCA78S

0.luF

Size " Number * Teision
B | i

T ————— S
File: T Projesta0 10 EAOS, Sheet DD | Drawn By,

s ] 6




135

d’l 1 tdl Y o U ¥ dl = 1 gj . 1 Y o ¥ c v 1%
wnanstiluenasianulidmsunisldnuienisfinewingu eugrslihlulgusslevimunisin

Lidnsdilaensdu Snvievnuiilvidaudadiiont wazdesdneddiadivedenarsynasaninisunluly



Organized by
The Society of Instrument and Control Engineers
(SICE), Japan

Supported by

Chofu City, The Univ. of Electro-Communications,
Japan '

Technically Co-Sponsored by

IEEE/IES, IEEE/RAS, IEEE/CSS, IEEE/SMC,

The Instrumentation, Systems and Automation
Society (ISA), Institute of Control, Robotics and
Systems(ICROS).

In association with

China Instrument and Control Society (CIS),
Chinese Association of Automation (CAA),
Chinese Automatic Control Society (CACS),
International Measurement Confederation
(IMEKO), IEEE Japan Council, IFAC NMO-Japan

Ll A :
SICE. [l ¢ IEEE ) Gonros



o

2B02

Time: 13:15-14:35
Place: Room02

Chair:

Opto-Electronic Measurement

Shoji Adachi (Yokogawa Electric Co.), Hiroaki Aizawa (Toyo Univ.)

Enhancement of BOCDA System
for Aircraft Health Monitoring

*Yoshihiro Kumagai (Yokogawa Electric Co.),
Satoshi Matsuura (Yokogawa Electric Co.),
Shoji Adachi (Yokogawa Electric Co.), Kazuo Hotate (Univ. of Tokyo)

We developed a prototype on-board BOCDA system for aircraft
structural health monitoring. We confirmed that the BOCDA system
could be applied to aircraft structural health monitoring.

Optical pH Measurement Method
Using Organic Dye Film

*Hiroaki Aizawa (Toyo Univ.), Kenichi Okubo (Toyo Univ.),
Tooru Katsumata (Toyo Univ.), Shuji Komuro (Toyo Univ.)

Optical pH measurement method based on the color change from the
organic dye film was examined. Six pH indicators were selected for
wide pH measurement range. Absorption spectra of the visible light
were evaluated to six pH indicators. Moreover, pH valuation of the
absorption spectra was evaluated for the optical pH measurement
method application.

Beam Shaping for Detection of Small
Object by Phase Correction Element

*Masato Yamada (Sanyo Electric Co.,Ltd), Tatsuo Arai (Osaka Univ.),
Yoshiyuki Matsumura (Sanyo Electric Co., Ltd),
Yasuyuki Kanou (Sanyo Electric Co., Ltd)

The spot size is determined by the wavelength of the laser and
the numerical aperture of the objective lens. So it cannot be below
the diffraction limit. There is, however, a method of increasing the
resolution of an ideal optical system by varying the state of the laser
light that enters the objective lens. This is a kind of super-resolution.
That method, however, generates side-lobes. We used the phase
correction element to eliminate the effects of side lobes through
beam shaping. We also confirmed effective data reading from an
optical disk using smaller spot than the diffraction limit spot.

An Experimental Study of Natural Lighting for
Energy Conservation Using Top Up Control Method

Chaichana Wangkadilok (KMITL), Witsarut Sriratana (KMITL),
Narin Tammarugwattana (KMITL), *Lerdlekha Tanachaikhan (RU)

This paper presents the experimental study of natural lighting for
energy conservation. The point illuminances were measured by
photoconductive sensors and the average interior illuminance from
natural lighting were calculated. The electric lighting will be switched
on under top-up control method to maintain the standard illuminance
level if natural light alone does not meet the requirement. The
average interior illuminance of a room was controlled to be stable at
the IES standard level of 500 lux. Electric light was assumed to be
supplementary lighting. The requirements of supplementary lighting
and possible savings during the test months were finally estimated.
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An Experimental Study of Natural Lighting for Energy Conservation using
Top-Up Control Method

Chaichana Wangkadilok', Witsarut Sriratana', Narin Tammarugwattana' and Lerdlekha
Tanachaikhan®

'Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520,
Thailand
(Tel: 66-2-739-2407 ext.125, Fax: 66-2-739-2406; Email: kswitsar@kmitl.ac.th)
’Faculty of Engineering, Ramkhamhaeng University, Huamark, Bangkapi, Bangkok 10240, Thailand
(Tel: 66-2-310-8570, Fax: 66-2-314-3783; E-mail: lerdlekha@eng.ru.ac.th)

Abstract: This paper presents the experiment-based analysis of interior illuminance from natural
lighting through clear glazed window of a reference room located in Bangkok, Thailand, during
February to May 2007 as a case study. The point illuminances measured by photoconductive sensors
were collected every 5 minutes and the average interior illuminance from natural lighting were then
calculated instantaneously. In this study, natural lighting also aims to reduce the requirement of
electric lighting during daytime (7 am-5 pm) of the reference room. If natural lighting alone cannot
supply the light at the required value, the electric lighting is assumed to be switched on under top-up
control method to maintain the standard illuminance level. The average interior illuminance, which
comprises of natural light and electric light, is controlled to be stable at the IES standard level of 500
lux. Nine sets of high performance lamp, 56 Im/W of efficacy, are assumed to supply the light to meet
the standard condition. The requirements of supplementary lighting and possible savings during the
test months are finally estimated.

Keywords: Electric lighting, Illuminance, LDR, Natural lighting, Top-up control.

1. INTRODUCTION VA= — e (Volt)
Global warming raises the international (1)
concerns on environmental problems. The uses
of fossil fuels are attempted to be reduced and
wisely considered. One effective way to reduce
energy consumption in buildings is energy
conservation. Under tropical climate of
Bangkok, the potential of natural light is high
and the availability is significant [1]. This study
aims to assess natural lighting performance in
reduction of electric lighting requirement in the

where V;pg is the output voltage, R;pr is the
resistance inversely proportional to natural

light, R, is the constant resistance, and Vg is the
supply voltage.

The exponential relationships of data from
8-bit ADC and natural illuminance were found

reference building. The variation of sky is also
taken into consideration as the interior
illuminance of natural lighting is a function of
exterior condition [2]. To measure the interior
illuminance from natural lighting, light
dependent characteristic of photoconductive
cells or so-called LDR (Light Dependent
Resistance) were used. Three sets of LDR were
placed to measure the interior illuminance and
one LDR was externally installed to measure
the exterior horizontal illuminance.

2. THEORY AND METHODOLOGY

The natural illuminance during work hours
was analyzed from the output of voltage divider
that was then input to 8-bit ADC (1,023 steps)
as givenrin Eq. (1):

as shown in Eq. (2).

y= ae™ (lux)

2

where x is the data from8-bit ADC, y is the
standard illuminance (lux), a is 4.9514 lux, and
b is 0.0061.

The relationships of data and illuminance
according to Eq. (2) are shown in Fig. 1 where
# is the value from regression analysis.
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Fig. 1 Relationships of data and illuminance.

3. DATA COLLECTION AND
ANALYSIS

According to Eq. (2), two graphs illustrated
the interior point illuminances  during
experimental periods are shown in Fig. 2 and 3.

Fig. 2 Point illuminances as a function of time
on 14 February 2007.

2500 4 (ux) -lux | m

Fig. 3 Average point illuminances in February.

The point illuminances measured during 7
am-5 pm were collected in 5 minutes-interval
on 14 February 2007 as shown in Fig. 2. Fig. 3
illustrates the average natural illuminance in
February 2007 obtained from four LDRs which
was horizontally mounted inside and outside the
light blue-painted reference room. The
experimental room is located in Bangkok at
latitude“13.54 °N and. longitude :100.67 °E. The
floor area of the room is 24 m” and the room
height is| 2.2, m. The, window  is  clear-glazed
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facing south-east orientation. Three LDRs were
placed inside the room at 1 m, 2 m, and 3 m
away from window and 0.9 m above floor level
and another one was horizontally placed outside
the room to measure the exterior global
illuminance. The placement of LDRs and room
configuration are shown in Fig. 4 and 5,
respectively.

[ €— 2.5 meter
White curtain

I‘— 2.1 meter —b'

Window mLOR External

1 meter-
White curtain
W LDR1
High 90 ¢cm

1 meter

1meter

WLDR2

h 90 cm
1 meter Heo

WLDR3
High 90 cm

1 meter

2.5 meter u LDR Location

6 meter

Fig. 4 Placement of LDRs.

2.4 Meter R

le-
I

// % 1 Meter

0.9 Meter

Fig. 5 Configuration of experimental room

Fig. 6 shows the resistance variations of
LDRs mounted at 3 points in interior space and
also at a point outside the room. From Fig. 6,
the average resistances were analyzed and
shown the inverse relationships with natural
illuminance during experimental period in
February.

18000

16000 -~ Eaternal Resistance
14000 ~«- Resistance 1 m
=
g 12000 ~— Resistance 2 m
g 10000 —+— Resistance 3 m
S 8000
= 6000
5 2000 ansensant ot
0
1?5‘"\‘)5'»5"'»55"-\?5"'95"'\?’5"-»"5"'\75"'»"
S 's“‘ SIS B
» & & SIS ST Rl \'“

(Time)

Fig. 6 Average resistances of LDRs in February.
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In this study, the data of natural illuminances
were collected during February to May of 2007
as a case study. During the daytime of 7 am-5
pm, the monthly average and overall average
illuminances of data collected are shown in
Table 1.

Table 1 Average illuminances during February

to May 2007.
LDR [lluminance (lux)

Position Feb Mar Apr May Av
Im 1084 980 810 690 891
2m 1022 954 801 665 860.5
3m 570 486 362 272 422.5
Av 892 806.67 | 657.67 | 542.33 | 724.67

From Table 1, Av is the average illuminance
for a given point and for a room in each month
measured by LDRs. The point at 1 m away from
widow shows the highest values of illuminance.
Therefore, this area requires least energy
required for supplementary lighting to maintain
the illuminance level at the standard
requirement compared with other two points.

4. ILLUMINACE CONTROL

The interior illuminance was required and
maintained at 500 lux according to IES standard
[1]. Electric lighting from nine sets of 30 W,
1,700 lumen fluorescent lamp was used for
supplementary lighting. Fig. 7 illustrates the
average illuminance data of 14 February 2007.
If the natural illuminance was lower than 300
lux, the electric lighting was fully equipped
from nine sets of fluorescent lamp and the total
illuminance from natural lighting and electric
lighting was not considered. For natural
illuminance exceeding 500 lux, supplementary
lighting was not required. If the natural
illuminance was in the range of 300-500 lux, the
interior illuminance as a summation of natural
lighting and electric lighting was continuously
controlled at required illuminance level.

Bix Av Control Chart
1300
11004
m.
3
™
= 70
£ I h Power "OFF" Zone
-
w 500
7ol e A}
300
! Power "ON" Zone

Fig. 7 Average point illuminance and control
range.
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Fig. 8 demonstrates the standard deviation
chart of natural illuminance at the middle zone
area measured by LDR2 every 5 minutes during
7am-5pm on 14 February 2007.

G Chart

180
160
140
120
100
80
60
40

204 -~ ‘[

0
3] ] 5 5 5 5 ) 3] Time

L F & FF T

RN A S S - R S

LR S R - A

Sample G

Fig. 8 Standard deviation of natural lighting
data on 14 February 2007.

In the morning (7 am - 12 am), the high
variation of data was observed. It is because the
tropical sky condition is highly non-uniform
and frequently changes [1]. In the morning of
experimental period, the sky was partly cloudy
and sunlight was allowed into the building
interior. Therefore, the variation was
significantly dependent on sky and sunlight
variation. However, in the afternoon (12 am - 5
pm), the sun moved to the opposite direction
and the illuminance was mainly dependent on
skylight only. Therefore, the variation was less
observed.

As mentioned earlier, the output voltage from
voltage divider (0-5 volts) was related to the
measured illuminance (300-500 lux) and then
supplied to dimmer. The output voltage was
designed to be 0 volt for 300 lux of natural
illuminance and designed to be 5 volt for 500
lux  of natural illuminance. The linear
relationships of output voltage and natural
illuminance (slope: m) is therefore 40 lux/volt
as given in Eq. (3) and shown in Fig. 9.

y=mxtc

y =40x+300
(©))

(lux)

500 -
400 -/m=40 tux/V
300 A

200 +

y=40x+300
100 -

0 1 2 3 4 5 (Volt

Fig. 9 Linear relationships of output voltage
supplied: 1 to ¢ dimmer 7 < land : 9/natural
_illuminance.



Table 2 Natural illuminance and resistance of
LDR

Illuminance | Rypg; Riprz | Riprs
(lux) (€2) (€2) ()
144 6260 8534 15519
171 5472 7805 14636
191 5056 7211 14014
225 4513 6338 12607
259 4133 5750 11271
318 3646 4916 9185
368 3278 4353 8050
425 3016 3807 6756
449 3072 3334 6367
468 2977 3217 6121
473 2763 3540 6639
487 2888 3105 5898
508 2798 2986 5652
564 2571 2708 5091
597 2449 2566 4800
659 2243 2324 4350
701 2113 2182 4082
756 1895 2223 4142
793 1849 1919 3608
850 1698 2006 3805
904 1593 1648 3095
949 1497 1552 2931
1000 1349 1536 2907
1052 1286 1385 2636
1080 1247 1317 2490

The output voltage from voltage divider was
analyzed from the resistance of LDR at a given
point in a room as an inverse function of natural
illuminance receiving. According to Eq. (1),
Table 2 shows the resistance of each LDR for
different natural illuminance levels collected in

February.
5. ENERGY SAVING ANALYSIS

From nine sets of 30 W-high performance
lamps (1700 Im at 56 lm/w of efficacy) in the
reference room, the maximum illuminance was
about 637.5 lux. Under top-up control method
together with natural lighting, the savings in
electric lighting while maintaining the average
room illuminance at 500 lux during 7 am - 5 pm
in four sample months are shown in Table 3.

Table 3 Saving Analysis from top-up control
method
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Savings (%) 94 94 69 25

Hours per day without 75 75 55 2

electric lighting

Condition Feb Mar Apr May
No natural lighting 31.9
(KWh) 29.82 33.02 6 33.02
With natural lighting
I (kwh) 1486 2,06 9.99 24,77
Savings (kWh) 27.96.| 309s5. | 219 | 826

From Table 3, the savings in February and
March can be obtained at 94 % and natural
lighting alone can sufficiently applied at
required illuminance level for about 7.5 hours
per day. Moreover, there are about 5.5 hours per
day that natural lighting alone can sufficiently
illuminate the room at the required illuminance
level in April, and about 2 hours per day in
May.

Fig. 10 shows the screen of database program
when collecting the data for analysis and also
monitoring the natural illuminance,
compensation illuminance from supplementary
lighting, total illuminance from natural and
supplementary lighting, and electric lighting
demand which are measured and collected for 5
minutes-interval.

Fig. 10 Database program monitoring

6. CONCLUSION

This paper presents the experimental study of
natural lighting for energy conservation during
daytime (7 am - 5 pm). This study adopted the
simple measurement and control method to
assess the possible saving from natural lighting.
The study was to analyze the potential of
natural lighting for electric lighting reduction
while maintaining the standard illuminance (500
lux). The supplementary lighting using top-up
control method was required to compensate the
interior illuminance to be at the set point. The
output voltage as a function of natural
illuminance from voltage divider circuit was
supplied to dimmer in order to control the
electric lighting during work period. The
beneficial gain of light which can be reduced
the requirement of electric lighting was
analyzed in monthly basis to evaluate the
possible energy saving. The maximum saving
which can be obtained.is about 30 kWh or. 94 %
in’ March.* However, 'in' May-which” is’ in‘rainy
season of Thailand, the exterior illuminance is




®

lower than other months and the saving is
therefore shown the minimum at 8.26 kWh or
25 %. As the significant savings in lighting can
be achieved from natural lighting, the industrial
and office sectors can be then applied this
strategy and the prolonged benefits of natural
lighting can be obtained.
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e s il CALIBRATION LABORATORY

748/12 Phaholyothin Road, Samsen Nal Phayathai, Bangkok 10400,
Tel. 02-616-8031, 02-616-8041, 02-616-8051
Fax. 02-616-8051 Ext. 5501, 02-278-5525 E-mail : scmcal@sangchaimeter.com

E&fjy Sang Chai Meter ~ %

APPROVED SIGNATORY :
NAME : crirsanaponG sumanacEavanun SIGNATURE: ... -
(QUALITY MANAGER) :
CERTIFICATE No. _-95.1:891??:9§ __________ PAGE ....... i OF .....3 ...

Wertificate of @altbration

EQUIPMENT DIGITAL LUX METER

MANUFACTURER

MODEL/TYPE = : . %30

SERIAL No ANNEPRL \ o~V ...
CLIENT . __Schmeider (Thailand)Led. ~ ~ ~ ~ =~ -
CSR. No. . 1807992008

DATE OF ISSUE  : .. 18August2008

The uncertainties are for a level of confidence of approximately 95%.

This certificate may not be reproduced except in full unless permission for the reproduction has been
obtained in writing from the laboratory.

FS:24-01 Rev:No.




Sang Chai Meéter

CAL 80797-08 2 3

CALIBRATION REPORT

Equipment : DIGITAL LUX METER

, DIGICON Model LX-50 ,

Date of Receipt : 06 AUG 2008 — '
Date of Calibration: 13 AUG 2008
Environment : Temperature {22 +3)°C

Relative Humidity : (50 +10) % RH

Customer : Schneider { Thailand ) Ltd.
540 Soi 9 Bangpoo Industrial Estate, Sukhumvit Road,

Muang District, Samutprakarn 10280 Thailand.
Reference / Procedure Used :
" This Instrument was calibrated by substitution with reference illuminance meter,
the instrument and reference illuminance meterwere mounted with the plane of its diffuser
vertical and normal to the direction of measurement. Calibration was illuminated by the
luminous standard lamp (operated at colour temperature 2856K) according to Sang Chai

Meter Calibration Laboratory work instruction No. 502 _
All data shown below were as-received values without adjustment.

Measurement Results :

u.u.C. Standard u.u.C Error Uncertainty

Range (lux) (lux) Reading (lux) (lux) + (lux)

2000 0 0 0 0.6

50 53 3 2.1

250 253 3 9.4

500 503 3 11




Sang Chai Meter

' CAL 80797-08 3 3 -

......................

. CALIBRATION REPORT ;

Measurement Results (cont.)

U.U.C.

Range (lux)

)

Standard

(lux)

u.y.c.

Reading (lux)

Uncedainty

+ (lux)

20 000

1950
3 000

4 000

1920

2980

3950

39

59

77

5000 4940 -60 96

This certification is traceable to :
- Thailand Institute of Scientific and Technological Research ( TISTR ) certificate
No SPL-P 096/51 dated 28 FEB 2008 for Referance Photo Meter

The reported uncertainty of measurement was estimated and based on a standard

uncertainty multiplied by a coverage factor k =2, providing a level of confidence of .

Approximately 95 %.

This report will certify of the calibrated equipment only.
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)

¥o-uuana

o

=) s a
U 1wy Wina

nog

szIamsfnu

mIfneusy

150

o a

meFeruz  NnzAan

25 Thure 2515 Avan I wazuasesoysm

199/569 N TuNgAL1 15 0.4 17 VWD

duauwsne v sunediosaynslims vaynsdsims
10280 In3. 0-83870-8150

2537 enssumnaastiadia au3risans sy g
unINeasAEUNY

1. AugnuosaasnINe s MCB 110y MCCB

2. Six Sigma @A Green Belt va3u51my luiaes diaanin
(Inguaud) $1ia

v
3. [EC60364 1nATg UM sAanss 2y Trvh

d o awo
UszaumsalmamanuiazAauIY

flagiiu

v W

o " a a 1 a a o da
G\"I!lﬁu\ﬂﬁ'lﬂiﬂTﬂﬁ ’d\iﬂﬂ')ﬁ')ﬂi‘ilJFJ'IULT]ﬂNﬂNﬁﬂﬂﬁI"VTl“]Iﬂ‘Sﬂﬂ

d aw d a a . o w
wsnnes UsHnsluwmed draansn (Inowaua) $1na





