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Research Title : Development of Illumination control for Energy Saving and Electromagnetic
Interference (EMI) Reduction for Light Emitting Diode (LED) and T-5
Fluorescent lamp in Lighting System.

Researcher : Assoc.Prof.Dr.Atthapol Ngaopitakkul, Asst.Prof.Dr.Chaiyan Jettanase.

Faculty : Engineering Department : Electrical Engineering

University : King Mongkut's Institute of Technology Ladkrabang

ABSTRACT

This research project is the development of lighting control with light sensor for fluorescent
lisht bulbs automatically by the microcontroller to work with electronic dimming ballasts of
fluorescent light bulbs. The light sensor is used with the photo-transistor which is changed of current
flowing in the incident light cycle. Signaling through the conversion of analog signals into digital of
microcontroller. To order of the microcontroller will order with DC voltage divider circuits in the
range 1-10 V DC voltage is sent to the electronic ballast for control the brightness of the fluorescent
light bulbs which are education to promote energy savings due to the increase in population results

in a power increase and the use of natural light is optimal.

Keywords : Lighting System, Energy Management, LED Lamp, Electromagnetic Interference
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faalnifinaen 36 06 34 ne
fdsgadedivaaiar 10 et 0 e
magligassIn 46 TR 34 me
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2.4.1 Wlapaudnivia (LDR)
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23U 2.5 uandliiiudn LOR Wugunsaianshsiathede 2 4h Gefleenudiununigludh
Wasuwdasnlfpauasdideannsgmuda LDR duasisnmnnsznutios LDR agilmannudumugs i
LasfiinAnnsENULIA LDR zdidannudiuniutfagiiuisde LDR vianainaisneiniseian
wanideudalild (CADMIUM SULFIDE ) 14dage CdS uazuamiesigialus ( CADMIUM SELENIDE ) 1463
g0 Cdse WuTaniideslfineiinnaibhguwionsiasuulasmnudiuveauasiinnmnnssyu mIneuaues
AuAvesLAITIIIMANTENU Bl CdS azilAnueIAduLAIUTEINY 5000 wesaney ( A) Euluwde
CdSe axiiugnindunasssanal 6000 wosanen ( A) nandildlunissuuaaiionnuidsuutasn
AUAUNY dmTuriia CdS Usennad 100 ms uazwiln CdSe Uszanay 10 ms

2.4.2 Wllglalen (Photo Diode)

Tnlélalen (Photo Diode) WugunsaliBsuasuiianils iUsznoufeasisiiieie P uazans
Asthwdn N sesseazgnviesiusetaniiuasituld 1wy nszanla Tnldlalenazileg 2 uuy Asuuud
povAUBIABLAITIT WO uaziuuTneuauswionadugwBurin lumsuldnuszseselnldlalen
Tudnwarludandu

Tnll#lalon (Photo Diode) azsauliinssualvariuldunuietostiuiuegfuuiinmanuidy
yosuas faguil 2.5 Wlelnldlalenlssuludandu (Reverse Bias) foussfurmisuasiuamnannsynui
U3lhusesse duasfiinannsgnuianuemeauvieuausivszasaziinszualualuises lnonsvuai
Ivalureas azwUswndufumnudivesnasiisnnannszvy dnwazinluvuyludanss (Forward Bias ) ¢

Fanamilaunulalonsssummssaulvnsewaluaniule

Q4 AL

JUN 2.6 uanadyanual uaznisludaldau
Inldlalealoisuiu dadnunmuiwdsatniuwas (LDR) waalnildlalondinisiasunuasen
ANAIUNIWEINTT FadumuAiwdsAmInuas (LDR) u1ndafisninlydszandeauluisasiidednis

< ! 5 v o v v A LY a [d ¥
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Hosnlialaloslfrmaasuuasmenseuaneuasi Aeeglutng 1-10 mA iy feiy
nsldaulnlalalendsdeadidnvenenszuaiisiiy fuandeiusnlinsudanosiusivoenssuaiiuia
sglushdadeatu dadonin Wldnsudames(Photo Transiston)

2.4.3 TllgmsuGawmas (Photo Transistor)

Tnléns1uBanes (Photo Transistor) Useneulusielnldlalendavzsioagseninanuadiu
AoalaAADS TawTudamed figufl 2.6 nssuafiinluaninindisuutasmeuaszgnuensdae
N3 uFanes (Transistor) TunisldnulnldnsuGanes seesasenituva-dlinnes (Base-Emitter) 9¢
soludandu (Reverse Bias) fisasseiiondudiuivliAnnisdsunlasinszuaituagfumudy
was Wlimsudawosiflodioudiulnldlalenlnlimnudamesaziiniuilasonasmnnnitiszana 100 wih
weilugruanudldaugsgn dmsulnlivsusamesldonidugis 200-300 Aladsnd agldenldiiauds

Annlalalan vatedunsLdsng

]
I/
B A,
a——

JUN 2.7 uanadyanwal laseadne uagisasauya vadnlivsudanes

dloludandu (Reverse Bias) fisaamassuinavaiuaoaannes (Base-Collector) waziinasnn
AsENUTiUsNTesRe nzuasudosanuas (1) 99QNVIMIEENTIVE18VBIMIUTAROTITUN T LA
5hmmos (1) wavdnludanseiivuasenssuaiua (1) mﬂmauaﬂﬁazgﬂéumsﬁ'mﬁ’ummal,ﬁaamﬂum
(Ip) e

auidiulginnseua Ie lWasuLUaINnSELE | B987 1 SAnUAsuLUa91n 1-10mA udavhlve
I WAsuuUAI91n 100mA 89 1mA é’m’mmammaéaqwsﬁﬂﬁwamauauaqﬁauawzhﬁﬁu wi vl

nszuailvaaume mszseydevzgnludandu (Reverse Bias)
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2.5 YAAIUAN

YAAIUANUDIA Arduino Uno R3 Fellteyadmiunisldaumana e

1. wseRunkglun1svinau 5 vV

2. fidnea Bunp/ie1dng 14 do1 wunlugesdmiu fiduidagidu(PWm) 6 veq

[ a 1
3. UNRBNDUNR 6 Y

Rl

DIGITAL (PWM~)

bl
NSW WY ARDUIND . CC -

gﬂ‘ﬁ 2.8 UM Arduino Uno R3

[ LY 1 a [

31N3UN 2.8 M5ldauazilunisSuA1Bunady g IuusIiuINAINTITUA TN LAINY DY

=3 a A o [ o aa P o P ¥ o 1
aundendunm wevinisulasludygufdneaierininisussuiana Wealssuianawd wvinIsds
dgranordnnsanludyaiuiidudagdn ( PWM) Ida1aaRlgiAa faus 1 - 100% waIufnis

Y

Uszananaveslusinsy masziaaﬁé’ml,ﬁagl,é‘mmﬁwm ( PWM Output ) @utaeenisuszulanadyiuaz

nadsluungsld
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ANMNEIY
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P I s s i A a o a °
nN3UT 3.2 Wulrladgsnvesynnivaukaainwiliazuinnsilaynaiuny 3995989
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Inggunsalinenglugnageutiuaziimsiesasiniisagui 3.7 dauntglugvegeu
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TVIYUSWTURANIRIFUN 3.8 MIvhauEunTudyaraussiulugvesisuida

g0 Nud199INTEIRNDA waanntudyguezgndudlufivdunnuinvesesuiend
Mroraslunuuiansvensuuuldnduina (Noninverting Amplifier) 9131

aa v

IV 2
Fedyaranerdnnazgnadlliiemuaudaanadidnvseing

12V
o

10k

PWM 10k

Out put

1k
1uF

—— "]

JUN 3.8 199588y 100U 596U



3.3 N1589NLUVANRSTINBANYINAYRIg1sualing

Tnggimsveaadladnindududiuam 3 4u waneiagui 3.9

38

Tunisneasalavinnisveasdesltvasnlalamuaswas (LED) 3nuutuas 9 viaan

UM 3.9 Funaenlninldlunisdny

o
Y

A151971 3.2 uanagUnIalvesyAnAAB LA TY
Fudi F18n1158UNT0d U
1 viaenlalondsuas (LED) 8o A 9
yatunasalalondsuas (LED) Bvio A 9
, viaonlaloniUduas (LED) 8ve B 9
yadunaonlaloniUdauas (LED) Bve B 9
, viaenlalondsuas (LED) 84 C 9
yatunasnalalendsuas (LED) v C 9
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/\/> 3 v @ E LED DRIVER

AC220V 50Hz

Fluke 43B

LED LAMP

5U7 3.10 35 5dnAea
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dnusmgatunasnlaloniUauas (LED)
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ArAuuaIsaz Al 7ldIndnuwand1eiuegsls WefinntgunIniniun uuwadadng
MIEAINTIITULAISTTUU AT IaaANgaasaludriln T5 agannsldnasnulauintdesagials

Iaglaiin1sneaes 2 nsal Ae nsalNdeldlafnAagunInlAIUANLEIAINNAIUAINTIFTULAY

' I
aaa U

SyTUIAvRMARAgealTaluAYila T5 TUseAvgiularnllnanAgUnIalnIuALLaaIngs e,

Y] a s a d' a e ! a
G’]i')"\]"\]‘l_lLLﬁQﬁﬁiM%WWT@QW@@@WQ@@LiﬂL‘lﬁum‘ﬁu@ T5 NUsLAYIVU %QIULL@@%ﬂiﬂJ"\]%W@ﬁ@QIU

o«

szgenanlnalAgeiu

[

a S Y av oy % ] Aa & ¢
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ATUALLAIATNMEMINTIATULAISTINYAvRaenTigeeLsaludyiln T5

. maalni , .,
L59m3(V) ASELLE(A) ANAHLYNLEI(LUX)
(W)
Ha ;
Aou 789
(®3A) | 5 . Lo 5
nou | wae | neu | %A | neu | A o | lew [ Tan |
Tyl | Teu2 | wade LA
1 2

0° | 226.1 | 226.8 | 0.576 | 0.306 | 118 | 62 | 1100 | 1108 | 1104.0 | 550 | 499 | 524.5

15° | 226.2 | 226.9 | 0.535 | 0.297 | 119 | 60 | 1062 | 1067 | 1064.5 | 470 | 480 | 475.0

30° | 226.5 | 226.8 | 0.538 | 0.289 | 120 | 59 | 1057 | 1059 | 1058.0 | 450 | 482 | 466.0

45° | 226.3 | 226.6 | 0.537 | 0.265 | 119 | 53 | 1082 | 1026 | 1054.0 | 365 | 455 | 410.0




41

9INHANITNAABIATIT 1 FLiuinAflaannIsnadeuusazassaziulaiineunsilinlg
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sgdAussnulninlnaidesiuausiulniineunsUsldgunsaliniuae Anseliiuaziaalni
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Iy ! ' ¥ & < ISP 1 ! Y o
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. Al , .
b5IRU(V) nszua(A) ANAIULVHLEI(LUX)
(W)
Ha ; "
nou P
(@3711) | | . , . | .
now | was | fou | waY | Ny | el P UG T G T B
laul | Tau2 | eae 1 , 288

0° (224122420548 |0.281 | 119 | 57 | 1141 | 1091 | 1116 | 462|440 | 451

15° 12231 | 223.8 | 0.536 | 0.246 | 119 | 48 | 1310 | 1186 | 1248 | 590 | 477 | 533.5

30° | 224.0 | 224.0 | 0.532 | 0.193 | 117 | 35 | 1110 | 1428 | 1269 | 209 | 610 | 409.5

45° 12239 |224.0 {0538 | 0.147 | 118 | 22 | 1085 | 1558 | 1321.5 | 60 | 590 | 325

v v & A & Wwi o o Y & A o
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4.2.1 TaArg1suelindvesvasalalontuauas (LED) Wldausiuduyndunasn

Iplonwasuas (LED) %o A (wiinusasiunsd)

A15199 4.3 insuanideyaileiu vewaenlaloniUdanas (LED) Aldausiuiu

1Y) v
ﬁ@muwaaﬁﬁlﬁa A

”a;gamﬂ%lﬂ’]ﬁ‘?m 1 aon 9 iann
Power (W) 4.4 42.5
Frequency (Hz) 50 50
PF 0.42 0.47
%THD,, 1.7 2.5
Vims (V) 226.5 226.1
%THD, 141.4 174.6
Irms (A) 0.046 0.40
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v v a s a 6 o :.; 1 g v 1
NAUNUATNTINYBINIGTNA  1INBDUNAIINUAUY WU’J']ﬂiﬂJV]i‘UsljﬂﬂaaﬂlﬂIaﬂL‘Ua\‘iLLﬁ\‘i (LED) 9 i
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A13199 4.4 ansuanadeyailewiu vewaenlaloaiUdauas (LED) ldausiuiu

Ydunaendne B

Foyansluiiiiin 1 a9n 9 viaan
Power (W) 5.5 50.5
Frequency (Hz) 50 50
PF 0.38 0.4
%THD,, 1.7 2
Vrms (V) 2257 227.1
9%THD, 75.6 76.3

s (A) 0.09 0.55
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) A v
YAVUNaBAYVD C

Foyan sl 1 iaan 9 via9n
Power (W) 8.9 80.1
Frequency (Hz) 50 50
PF 0.78 0.78
9%THD, 24 24
Vims (V) 225.6 223.6
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Irms (A) 0.051 0.46
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CHZ 16:1
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1
00 f = p—e (4.9)

WUA f = 150 Hz, C = 11 uF asluaumsai (4.9) ilewnan L
1
2mVLx11x 106

ala 150 = (4.10)

L =102.34 mH
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M 4.6 WNaNINTIVIRAvDMARAVAentalanaas (LED) Aldanusiuiugadunaen

lolentudauas (LED) B¥o A $1uau 1 9n

waonlaloaauas (LED) 1 vasn
Hoxaitindn neuldr9aInIes GNGPSOPR PR
FYRIUTUNIUY FUayausUNIU
Real Power (W) 4.4 6.4
Frequency (Hz) 50 50
%THD, 1.7 1.9
Vi (V) 226.5 227.5
%THD,; 141.4 10.2
s (A) 0.046 0.79

a sl

NMTNT 4.6 NUPAINIERagTuelindNIinlamiluaasnsesdy g usunIufIAULUY
wlgnusiuiugatunaenlaleaaas (LED) azilrnanaininyntunasnlalanasuieas (LED) 71
delallalarsasnsesdyginsunmude anasan 141.4 Wesiwud 1Ju 10.2 wWesiwud antui

1 s a s o v v ! g v ! % o
ANsekaasusindninlaanyadunasnlaleniuasias (LED) Mldausiuiuisasnsosdayayin

'
a

sumuvisIeuifiouiusInggIu IEC 1000-3-2 (EN 61000-3-2) Geanssauandldiesy
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vaeangeslsaluRvia T5 fail
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¥3n T8 santuvaandnwny
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v 6
36161

Fuumiel/A uae)

86 X 8 X 240

1000 = 165.12

61 X 8 X 240
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At/ (un)

165.12x4 = 660.48

117.12x4 = 468.42
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660.48 - 468.42 = 192

seeIaAunu @)

500
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el Andnlivteas 4 um
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4.4.2 AUANAININATYFAIAATUFINITAAMIYAAIVANKAIATNAIUAINTINTULAS

SITUMFEMTUMREANgRRLTAUR T5 Ngnaaey Wisuiieuiunasnngesisalwudvin T8

M19199 4.8 LWisuiisunsinasviaenngealsaudvila T8 waznsinnvaeangoelsaunviln

T5 flugaauau fe 2 alay (2 viaen/law)
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[

Siannsoindluniglay 2x28

A0 31U 2 1A nauUaly
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¥8a T5 fanulaandn

YAAITUAN
F1ungln/Al ruae) 165 x 8 X 240 52 X 8 x 240
1000 316.8 1000 99.8
At/ (un) 316.8x4 = 1267.2 99.84x4 = 399.36
Rufivsendaned (um/A) 1267.2 - 399.36 = 867.84
sygzaAunuy (@) 4070 _
' 867.84 4.69

*V@J’]EIL‘VIQ ﬁmﬂ'ﬂwmwaz 4 U
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(%)

oL AR 91U 2 Tay raulald
YARIUAY
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1000 30 1000 99.84

Al /A (um)

230.4x4 = 921.6

99.84x4 = 399.36

RunUsendasal (U1n/A)

921.6 — 399.36 = 522.24

seziaAuu ()
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Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins

14 (of which 6 provide PWM output)

Analog Input Pins

6

DC Current per I/O Pin

40 mA

DC Current for 3.3V Pin

50 mA

Flash Memory

32 KB (ATmega328) of which 0.5 KB
used by bootloader

SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz

gﬂﬁ 9-2 Ups$A Arduino Uno R3

V-2
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M1919% U-2 AnENTRVBINTIITY

[tems

Min

PCB Size

2.0cm*2.0cm

Interface

2.0mm pitch pin header

IO Structure

SIG,VCC,GND,NC

ROHS YES
AaaNUAN19Bdnnsatind
A9 -3 gruantAvnadidnnsetind
ltems Conditions Min Type Max Unit
System Characteristics
VCC - 3 5 30 %
Supply Current - 0.5 - 3 mA
Photoresistor Characteristics
Light 10lux 8 - 20 kQ
resistance
Dark resistance Olux - 1 - kQ
100Y10 - - 0.6 - _
Reponse time Rising - 20 - S
Falling - 30 - S
Peak - - 540 - nm
Wavelength
Ambient - -30 - +70 °C

temperature

-3
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Interface 1-10V
Rated Number of 2 piece
Lamps

Rated Ballast-Lamp 14-35
Power

Rated Lamptype TL5
Application code Ell
Line Voltage 220-240V
Line Frequency 50/60 Hz

Housing

L 360x30x21

Ignition Method

Programmed Start

Lifetime 90% surv.@Tcaselife

50000 hr

Energy Efficiency

Index

Al

JUN ¥-5 Uaananaianysetlind
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PWMoutputl = 10; // PWM output to digital pin 10

int PWMoutput2 = 11; // PWM output to digital pin 11

int analogPinl = Al; // sensor connected to analog pin 1
int analogPin2 = A2; // sensor connected to analog pin 2
int vall = 0; // variable to store the read value
int val2 = 0; // variable to store the read value
float PWMvall = 0; // variable to store the PWM value
float PWMval2 = 0; // variable to store the PWM value

void setup()

{
pinMode(PWMoutput1,OUTPUT); // sets the pin as output
pinMode(PWMoutput2,0UTPUT); // sets the pin as output
PWMvall = 255; // sets the PWM value to maximum
PWMval2 = 255; // sets the PWM value to maximum
}
void loop()
{
I vt LamIP L

vall = analogRead(analogPin1);
if (vall >= 10 && vall <= 240}
PWMvall = PWMval1+0.25;

}

if (vall > 240 && vall < 250)
PWMvall = PWMvall;

}

if (vall >= 250 && vall <= 1023)
PWMvall = PWMval1-0.25;

}

if (PWMvall >= 255)

PWMvall = 255;

}



if (PWMvall <= 0){
PWMvall = 0O;

}
analogWrite(PWMoutput1,PWMval1);

val2 = analogRead(analogPin2);
if (val2 >= 10 && val2 <= 2001
PWMval2 = PWMval2+0.25;

}
if (val2 > 200 && val2 < 210){
PWMval2 = PWMval2;
}

if (val2 >= 210 && val2 <= 1023}
PWMval2 = PWMval2-0.25;
}

f (PWMval2 >= 255)

PWMval2 = 255;

}
if (PWMval2 <= 0){

PWMval2 = 0;
}
analogWrite(PWMoutput2,PWMval2);
delay(20);

}

v-7

2.6 amalianunsanluanAiauduueasTiagluszau 300 - 500 lux WiauTusedu

UNUNAATITZAU 60 75 wag 90 997

WNAATISZAU 60 75 Waz 90 94f1 UUNIINLIYINNSUSUSZAUUNULNAATNTERU 60 75 Lag 90

awmanldansnsamuauanuduLadvieglusedu 300 - 500 lux WeususzAuuu

93N AIFUT -6 UAIIINANBUBNEVIAGEUIZANNTENUAUUIMNAALAZUSE U zazTiaUTULUUUE

NAADU ﬁﬂﬁLmeﬂmsuaﬂiaimmiaa'mlﬂ5@ﬁw§maauLﬂumaiﬁﬁﬁuﬁmaauﬁmmLLG?J’@JLLm

anas diuanazeuduluvugnaaeuazylinuainswemasalnanauduiu uazavnsn

Usgnsmhegnaaeuiasianiiuildnudesiiuly



UM v-6 nelugnazaeu

-8



AMARNUIN A

A9 9UIUS NS URIADIABUNILADS DIALUX

JUABUNITINADWRIR08 19 lneldlUTHkNTU DIALUX

LideUalusunsuaiusnia Tiaean New Interior Project

¥ Show ths daiog st next program start

BP  wOb. | drCol | Plu.  HOu |
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o fle fdit Yew CAD Pk fosert LuminsireSelecion Qutput Window Online 2 -8
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Wt (17 = :ﬁm ’ ‘
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4 000 1.400 1400
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= 3 Project1 "
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2D Collection

Win
»

NEHSRAE a9 s el
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e Luminaire Files
 Project manager - P
" General | Maintenance plan method | f

Previous Luminaires Used

3F Filippi
Ahlsel
Arcluce SpA.
Ares.
Artemide

>
>

>

Name: Room 1

150

Desarption: -

- Wall surfaces

asz

Ateljé Lyktan

BEGA

Beghelli

BR///GHT Special Lighting

Brumberg

Castaldi

Dextra

DiALux

Disano

oz

EAE

3

EL8A
Elektroskandia Sverige

0 Emilux

3 Endolighting

ERCO

ES-SYSTEM

ETAP

FAGERHULT

Flash Light A/S

GE Lighting

GEWISS

Ghidini

Glamox

Havells-Sylvania

Sol HoBFrHBERX BN 80
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TROES | mi
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sense and simplicity

Il choose Luminaire Type

Philips Product Selector
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Filter
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5 [ Projectl

%, Luminaires Used Il | —product -

TBS737 WingC

4B

@ Windo
| L-E Windo

pedomance with aesthetics in direct and indrect bghting for
creating a lighting ambience.

B Technical Specification —

Total Lamp Flux: 4900 1Im
Light Output Ratio: 040
System Flux: 1960 Im
System Power: aw
LBxH 120:030008m

-8 Wall3
B Windo

Selected Luminaire
Reference name

B Windo [TBS737 2XTL5-28W HFA M8
LB Walla

I™ Use Luminaire-specific 30 model
™ Add Luminaire as point source

Import from Database

[ Importfrom File )

ForHelp, press F1.
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Fluorescent lamp in Lighting System” {Supported by the
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