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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
light 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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2.4.3 Wlanuiamas (Photo Transistor)
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uas Ilgnsudamesiofiouiululslalenlnlinsudamesazdalideuaiinniiuseunn 100 wih
ualufualdauasan dwmslilsvaudaeesldonluag 200-300 Aladsnd wldaldfiaudn
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nsznUvInTesde nsznadulesannuas () sgnreiaimesnsengvemnudameiilunszua
aa I3 2/ o d' v Q/ d
dlimes (I uazdnludansanvnuanenszuaua () 3nagueniiaegnuenesiniunIzualossInwas
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< vy o P Y a1 ] Y o8 w1
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2.5 YaAuAL
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2. finea duna/odwa 14 goe winuresdmiu fidudagduPwm) 6 tos

3. UNAINBUNA 6 YBY
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sUV 2.8 U839 Arduino Uno R3
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LED DRIVER

AC220V 50Hz

Fluke 438

LED LAMP
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Tugui 4.4 uanspuduiusszuiausuliihdunalassaudiou ¢ nsdfnw Liflgaaiuay
Audesaing dyamiuaniasuiundndadl 15 30 uay 45 asmiawddiu 9 nguuansliitiiuin
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4.2 nansanymeiuaua Il

TunnseenuuuNIshsasdy g usunuviesivednddusemsuiiimginssuveyady
vaoslalamldauas (LED) fiou tiedunuamdluniseaniuuieasnses dewudt wadndiildain

AsAnw g Anssuvssypduvasalalondwuas (LED) 1ussil
14.2.1 ¥aArgnsuoiindvesnasalalonvduas (LED) Aldarusinduyaduvasn

alanwauat (LED) o A (wiausetunsd)

a15197 4.3 151euansdeyatiosnuy yaavaenlaloaluauas (LED) 7lgeusuiu

YaTunannEne A

‘ﬁ'au‘lamd‘lw%ﬁiﬂ 1 naen 9 vanm
Power (W) a4 42.5
Frequency (Hz) 50 50
PF 0.42 0.47
9%THD, 17 2.5
vims (V) 226.5 226.1

% THD; 141.4 174.6

Irms - (A) 0.046 0.40

91nNA157471 4.3 asnudn leldeunasalalaniudsnas (LED) siudugaduvasn
alonwaauas (LED) BtFe A Sruaumndiu Tadwalififdsnsgadelninddiumnntu Tuvasi

AR LYRIN TELE Sua TN AR INTUSIBLUTY druAIAURRHELY0ILTIRUETUD

a & 5 al ¥ oA ol
dndvuilalnalAeeny
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2013,01,03 21:46:18 ¢ o Normal
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: : : T Malns 10k 3> ¢ : : : CH1 10:1
: : : : : : | | 0.100kU Qi
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........ ] Matme
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’Wﬁ {fwr”'”‘rlfl“’l“‘“lhf’"\ru‘ i %’T‘”ﬁr”ﬂ"m*f’iﬁ““’ l ”f‘m\“‘ Edge CH1 §
Auto
) 0.000kV
Ans(C1) ¢ 231.314V FI‘Eq(Cl) 49 .97501Hz

n) JUARULIIIY
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Hathl
P3(C2)

Edge CH1 f
Auto
9.000kV

@Position

-0.20div
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3U% 4.5 surdumnilineivisentomaaalalenUdiuas (LED) Aldnusiuiu

yaduvaonlaloaiaauas (LED) Bve A (1 yadu 1uasn)
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.......... Auto
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0.500 U div
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Edge CH1
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) UAGUNTELA
JUTl 4.6 sUaRumTnaivisenvevasalaleaiduas (LED) #ildausiudu

Y

yndunaonlalonuauas (LED) Bvo A (9 yadu Inaon)

nguR 4.5 way 4.6 Wunsldruvemasalaleandanas (LED) swufuyadunasniivie
A wuisUnduveasnssuaiinufiaiieuluainguaduledduediamnn failinsulddnisldo
ypamasalalaaildues (LED) siuiy gadunasalalonidaas (LED) tunelvilAanszuagniue
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21 111 (neengady)

% THDI

4 9:9 (ana:aady)
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asasus
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ddugnsuaiing

Ul 4.7 Amnatiisunszuagnsueiindiaiinnslfonyadumasslalondauss (LED) 8vie A

nnnamluanslusUil 4.7 Apuileunsuisssteindvomaonlalosaas (LED) &
Tunsdliildyanasalaleaiduas (LED) 1 g iafiansandvivatitedni 1-21 Amsuv83n13
\inarsusiinddwiuA Susuuintesnd nsdlfilldyavasnlaloaatas (LED) 9 ¥a lunns

v a (3 a s o u‘j ] oy v '
ndufunmsanvesninfia srsuetinddvivaliy wuiinsanldyamaoalalaniaas (LED) 9 ¢

nszuasiuadndldifavsaiaionnndiafisuiu asdnligavasalalanaauas (LED) 1 %n

4.3.2 ¥aAngriveiindveaanlaloauasuey (LED) nldarusinduyadunaen

Talonwaauas (LED) d%e B (viinusediunci)

A19199 4.4 e NEReUBYalTBIAY vasvasnlalenauas (LED) Mldeausinny

o o v
?gﬂ‘U‘U‘MaaﬂEma B

Foyamalwiiin 1 viaan 9 viaan
Power (W) 5.5 50.5
Frequency (Hz) 50 50
PF 0.38 0.4
%THD, 1.7 2
vrms (V) 225.7 227.1
9%THD, 75.6 76.3

rms (A) -0.09 0.55




49

MNA5199 4.4 3znudn Waldunasalalentdasuas (LED) srudugaduvasa

P = @ =
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[ 3 13
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HMathi
PS(C2)

Edge CH1 f
Auto
0.000kY

¥) jUmduNTELA
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ngUR 4.8 uay 4.9 Wunsldiurewmasalaleaaeas (LED) swuduyadunasndvie
B wuhgUnauvesnszuaiinnufiaieullansuerduladiduegrann Jeilinsulainmsldou
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JUT 4.10 Frruilsunseuastsuotinddadnisldruyatunaenialaniuaueas (LED) 8vie B
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(LED) Fslunsdilfyauasalalondinas (LED) 1 ya ifaRmsandidusisueiin 1 - 21
AN siineueindd Ul fuinuiitesndt nsdiiildyavasslalonidauas (LED) 9
gn Tunenduunimsiuvesnnia ersueinddisudiu wuinsdinldgnnaanlalonaaduas
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4.3.3 Yadrg1iuelindvemasnlaloaUaiuas(LED) Wldrusiufuyndunasa

IalomLUaauas (LED) dvio C (wiansEuansi)

A15197 4.5 mswanidoyailesiy vesaenlaleadwas(LED) Wildausiudu

Ynduviaenie C

lurgAAIALRAL

%’agamﬂﬂﬁwﬁi&m 1 asn 9 viaan
Power (W) 8.9 p 80.1
Frequency (Hz) 50 50

PF 0.78 0.78 -
%THD, 24 2.4
vrms (V) 225.6 223.6
%THD; 56.0 235
Irms —(A) 0.051 0.46

91nAN3199 4.5 aznudn Weldeiunasalaleaidduds (LED) saufuyadunasn
Ialeaidduds (LED)
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) JUARUNTZLA
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¥) sUpAuNITULA
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9nnswlugud 4.13 wanIFA LN TEasn Sualindvasmasalalanidsuas (LED)
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NuTmduyadursanlnlonauas (LED) vlia A B wag C 31uiu 1.y

21nnsluzuil 414 uananisiUSeuliisudn %THD, vasgauasnlalamudauas (LED)
F1uau 1 90 Fnuingnduvasnuie A Lag B AIUUUUNS AT (constant voltage) ﬁ?uﬁmqa
nimdunanntiin C Aiduuuunsguaasil (constant current) Wounndudy . uasdiewouiiteu
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Feusniuaiind

U 415 WisuifieuArmanfiaiieunsuuagiveindvavasalalonudwuas (LED) Wk

nuswivgadunasalalenudauas (LED) viia A B uaz C 33U 9 40

annsluguil 4.15 uannisiueuilaudn %THD, vasgnvaanlaloniudauas (LED)

117 9 9 Fawuinye C dn %THD, Aian wazyn B %THD; gaiga. LilevhnislSeuiisudu

nsdlAld yomaonlalagauas (LED) $1uau 1 g (Ul 4.19) nudanszuasnsueiindeidu

U

eD_

s '

wgldusnseiassuetindamuatanniiuy
naaInMsiTeamnsazllan yadunaselalonanes (LED) Aliiunnsgiulag 835y
Anlifiaanduieliinnszuassueindludiinuuan dugadunasalaleniuaaas(LED) Wl

Susownsgiuse dudeliiAanssuasnsueindludinanies lurnmdsaiunanssnuduens

'
°

vadindfiinaingaiunasalaloadues (LED) asfiArrautandaifonldiiuyatunaen

vy L%
o

Ialenudsuas (LED) fiflamnwuazdssavdnmgaisideiueyfuanuinlunisasildaiudn
ansaseuiusitaiindiduntiondadamowuiu snfeg W lulsimeiuna asligunsaii

t o < 1 o O ca & o ed a £ = Y [
"Lmaazgzgwcusmamﬂuaa'mmn muuqﬂnimaLaﬂmsaunaWLaanimﬂaiuuwmgﬁuiaﬁuma 1y

du udlutlagsusamesaiunasalnleawasuas (LED) fdumsgrutiufisianreudiegs og
TugsUseanas 1000 — 1500 v daugntunaenlalonduas (LED) Thifnmsgila q sasdy
Shisisnanftesszana 300 - 500 v TasiTideisdldfnoeniulsesnsesdyaasuniun
nsesdanasunuiiAnangadunasslalaadwuad (LED) Alildunasgruvdoldunsguu
aunwlialifiauindefielndidvniefiouniiiy gatunasnlaleaiuduas (LED) if
QzuqumsiﬁﬂmLLwaLﬁaL‘TJumiaiaLa%u’[,ﬁﬁmﬂﬁ’fwaaﬂlmiamuJa'aLLaa (LED) Fardugunsallutit
Ui:?m%quﬂﬁlﬂuﬁLLwiuaﬂsJW'?a:uﬁw’v’muﬂﬁﬁﬂizaw%mwéasﬁu waziiefunisandilidne
Tuguilnalaglizeasnsesitesnuuusauiugaduvaenlaleadauas (LED) Afsagnuasd

AN 529 LilesTIRUszr U ssmeslafiuyssvdandsanu



4.3 wan15Uszendld199INIaIRIRULUY

{ewndyarasunuiietududeilisfesnislifieg e luszuulai Fetfugaduiu
rspensasdyusumutuill Sdygrasunmuiieiuanyadunasnlalendsuas (LED)
ﬁlzjﬁaamﬂumﬁ%’afzﬂfu%Lflué’avjzyﬂwumuﬁwﬁuﬁﬁa 3.5 7,9, 11,21 laguwuwiAnlunis
E]E]ﬂLLU‘U’N%iﬂSEN5@@WLUEUHJU€UL%NQTﬂﬂ?iﬁ?@ﬂﬁ@ﬂﬂma (f) Fefidarusumudiuil 3
ﬁuazﬁmmﬁagjﬁ 150 (Bsnd uenanidsldimunvuin ffulsaifuionuviomaialiia

widu 11 laswhse wisunuimislunismisuiavessiwvideiiinelu

1
21N - e (4.9)

WA f = 150 Hz, C& 44 uF asluaimisi (4.9) HamiaT L
1

2nVL x 11 x 1076

L=-102.34 mH

wls 150 = (4.10)

Aviue A vitienun 102.34 mH

ndINMALAas 9IRS hsadfMAULyURATEIY - lduamaaauna st uAu gt uvaen
IalealUaslas (LED) Bhe-A. WlTyTusuiunasalalaaiuaiias (LED)-Fsa1aTugindiiuan

NI

JUT 4.16 Wesnsesdyanasuniudmiunaealaleaasuas (LED) 4w 1 viaan

NUT 4.16 avasnsesdygasuniuildlumsveaesialddunieainvuieg

102 fiadioud wavdunuuszaruin 11 lulasie
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2013,61/26 21:062:40 1ox  Normal
YOKOGAWA 4 19 1 180kS/s  10nsfiv
B BE33 Hﬂin?lﬁk » .

: i : : : : CHz 1:1
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Edge CH1 f
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Hathl
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Ml 4.6 wanInTIaiamveviasavaenialeadas (LED) Aldanuswdugaduvaen

alomauas (LED) 8% A $1uau 1 9@

naonlalaalladiat (LED) 1 viaem
sﬁagaﬁi’mm nauldrsainges wialdeasnsed
drygaisuniu Ayey1adsunuy
Real Power (W) | 4.4 6.4
Frequency (Hz) 50 50
%THD, 1.7 1.9
Vs (V) 226.5 2275
% THD; : 141.4 10.2
lns (A) 0.046 0.79

salo

NPT 4.6 wumnssuas sueindninlmilounwsnsesduanusumuifuLuy
uldnusuiuradunasalalansidiuas (LED) axildhanasndgaduvasnlalenaas (LED) ¥
Filadleldrmsnsosduainsuniufe anasen 1414 Weswud Wy 10.2 Weslaud 31niuih

mnszuagiuetindfiinlaainyaduvaantalonidauas (LED) nldanusamiulsasnsasdyain

=

sumuaviin1stlsauvisuiulins gl 1IEC 1000-3-2 (EN 61000-3-2) “ﬁwwmammmlﬁﬁagﬂ
4.24 :
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DTSR e

i o e
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daugsuaiind

JUT 4.18 1fSeuiflsuminseiasndeiindvidounazuasldnninsesdygrnsuniuismans

TalomUasuas (LED) 313U 1 nasaiuunsgu IEC1000-3-2

903U 4.18 wuddisldrnsnsesdygusunumdilihusiugaduwase

)
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A19519% V-1 %a:gaLLazﬁqﬁ%éW%’umﬂﬁmu

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

usedby. bootteader

SRAM 2 KB tATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16 MHz

3Uil ¥-2 uefa Arduino Uno R3

-2
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Aauaulfvaifiingady

715197 ¥-2 AnaniRYeIRINgIITY

ltems Min
PCB Size 2.0cm*2.0cm
Interface ‘ 2.0mm pitch pin header
IO Structure SIG,VCC,GND,NC
ROHS YES
AuaulAn1Banysaiing
a31eft v-3 amayiinsdidnnsetng
ltems | Conditions Min Type Max Unit
System Characteristics
VCC - 3 5 30 v
Supply Current - 0.5 - 3 mA
Photoresistor Characteristics
Light 10lux 8 - 20 kQ
resistance
Dark resistance Olux - 1 - kQ
100Y10 - - 0.6 - 4 -
Reponse time Rising S 20 - S
Falling - 30 - S
Peak - - 540 - nm
Wavelength
Ambient - 430 - +70 °C
temperature

-3
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A15199 ¥-5 AN YLV LU

Interface 1-10V

Rated Number of ) B 2 pieée -
Lamps

Rated Ballast-Lamp 14-35

Power

Rated Lamptype | % TL5

Application code Ell

Line Voltage 220-240V

Line Frequency f 50/60 HZ

Housing

L 360x30x21

Ignition Method

Lifetime 90% surv.@Tcaselife

Programmed | Start

50000 -hr

Energy Efficiency

Index

Al

P 9 fa & a o6
3‘1]1/! -5 yaardngranniaung
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2.5 TsunsuAuauAId

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
intval2 = 0; // variable to store the read value
float PWMvall = 0; // variable to store the PWM value
float PWMval2 = 0; // variable to store the PWM vaL.ue

void setup()

{
pinMode(PWMoutput1,OUTPUT); // sets the pin as output
pinMode(PWMoutput2,OUTPUT); // sets the pin as output
PWMvall = 255; // sets the PWM value to maximum
PWMval2 = 255; // sets the PWM value to maximum
}
void loop()
{
F7/PRUNn. . W, S R DI DY Co - Ph ol . 8]

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

}

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

} .

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

}

if (PWMvall >= 255){

PWMvall = 255;

}
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if (PWMvall <= 0}
PWMvall = Q;

}
analogWrite(PWMoutput1,PWMvall);

val2 = analogRead(analogPin2); p
if (val2 >= 10 && val2 <= 200}
PWMval2 = PWMval2+0.25,

}

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

}

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

}

if (PWMval2 >=255)

PWMval2 = 255;

}

if (PWMval2 <= 0){

PWMval2 = 0;

} ,
analogWrite(PWMoutput2,PWMval2);
delay(20);
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1. P. Chiradeja, A. Ngaopitakkul, and C. Jettanasen, “Energy savings analysis and
harmonics reduction for the electronic ballast of T5 fluorescent lamp in a
building’s lighting system,” Energy and Building, Vol. 97, June, 2015, pp. 107-117.

‘ (IS Impact factor 2013 = 2.465)

2. S. Bunjongjit and A. Ngaopitakkul, “Relation of influential parameters to back-
flashover on the insulators in transmission tower,” International Review of
Electrical Engineering (IREE), Vol. 10, No. 2, April, 2015, pp. 244-256.

3. A. Ngaopitakkul, and C. Jettanasen, “A Discrete Wavelet Transform Approach to
Discriminating among Inrush- Current, External Fault, and Internal Fault in Power
Transformer using Low-Frequency Components Differential Current Only,” IEEJ
Transactions on Electrical and Electronic Engineering (TEEE), Vol. 9, No. 3, May,
2014, pp. 302-314. (sl Impact factor 2012 = 0.343)

4. T. Patcharoen, and A. Neaopitakkul, “A novel discrete wavelet transform based on
travelling “wave technique for identifying. the fault location for - transmission
network systems,” IEEJ Transactions on Electrical and Electronic Engineering, Vol.
8, No. 5, September, 2013, pp. 432-439. (ISl Impact factor 2012 = 0.343)

5. A. Ngaopitakkul, and'S. Bunjongjit, “An application of a-discrete wavelet transform
and a back-propagation neural network algorithm for fault diagnosis on single-
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No. 9, September, 2013, bp. 1745-1761. (IS Impact factor 2012 =1.305)
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Committee : IEEJ-EIT Joint Symposium : Advanced Technology in Power Systems (2008-2009)
Committee : Illuminating Engineering Association of Thailand (TIEA) (Jan 2008 — Present)
Committee : Thai Mechanical and Electrical Design and Consulting Engineer Association (MECT)
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Head of Research Project “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” {Supported by the

National Research Council of Thailand, Thailand}

Head of Research Project “Study and Analysis on Impact and
Performance of Distribution System  Connected to Multi-
Distributed Generation” {Supported by the King Mongkut’s
Institute of Technology Ladkrabang Research Fund, Thailand}

Head of Research Project “Analysis of -Energy Consumption
and  Electromagnetic Interference - (EMI) - Prablems ' for Light
Emitting Diode (LED) Street Light” {Supported by the King
Mongkut’s Institute of Technology Ladkrabang Research Fund,
Thailand}

Head of Research Project “Development of Earth Terminal
Configuration— of _Towers Using Impulse Characteristics”

{Supported by the EGAT Research Fund, Thailand}

Advisor of Research Project “Study and analysis the effect of
harmonics noise of LED lamp” {Supported by EPPO Fund,
Thailand}

Head of Research Project “An Application of Discrete Wavelet
Transform and Artificial Intelligent for Fault Diagnosis in
Distribution System” {Supported by the National Research
Council of Thailand, Thailand}

Advisor of Research Project “Study and analysis of harmonics

issued from electronic ballast of T5 fluorescent lamp”
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{Supported by EPPO Fund, Thailand}

Researcher of Project “The Classification of fault in power
transformer using Discrete Wavelet Transform” {Supported by
the Faculty of Engineering Fund, King Mongkut’s Institute of
Technology Ladkrabang, Thailand} ‘

Advisor of Research Project “Feasibility and System Impact
Study of Energy Saving using T5 in Building” {Supported by
EPPO Fund, Thailand}

Head of Research Project “An Application of Discrete Wavelet
Transform and Artificial Intelligent Algorithm for Simultaneous
Fault Diagnosis in Electrical -Power Transmission Systems”
{Supported by the King Mongkut’s Institute of Technology
| adkrabang Research Fund, Thailand}

Head ‘of Research Project “Fault Diagnosis in Underground
Cable Systems using Discrete Wavelet Transform” - {Supported
by the Faculty of Engineering Fund, King Mongkut’s Institute of
Technology Ladkrabang, Thailand}

Researcher of Project “Fault  Analysis on Single Circuit
Transmission line Using Discrete Wavelet Transform and Fuzzy -
Logic” {Supported by the Faculty ‘of Engineering Fund,

Srinakarinwirot, Thailand}

Researcher of Project “An Application of Discrete Wavelet

Transform and Neural Network for Fault Diagnosis in

Transmission Systems” {Supported by the Faculty of

Engineering Fund, Srinakarinwirot, Thailand}
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