diinneauanan nIzveNINAIAIANSIL

ﬂ’]ﬁa'é]ﬂLLUUS#UUWJUQ&JLLENﬁ'h\‘lﬂ"lﬂblu'énﬂ’]iﬁ"lﬁ’ﬂﬂ']uuﬂ‘l]‘d”lm“aﬁﬂﬂ
1n8N150199AUTENBULEIRINGTTUYIR

A SMART LIGHTING CONTROL SYSTEM IN OFFICE BUILDING DESIGN
CONCEPT CONSIDERING THE DAYLIGHTING FACTOR

T13

8776

szl ily

WEERAWAT WANICH
PV
>& UL >
ooH% —
I 1B e g S E—
. Qoo D
DA M ka2 Dt 12 .
ovesssesessassrassansssnsansans
ATRGLT, ?'J.ﬁ.ﬁlm L
14718249
a = 1 = o - "
weinwusiidudiunisvaimsfnmnnamingasuiggrianssudansumUndia
#1913AINIIUINA
AMSIANTIUAENT
doriumalulagnszeaundninaummsaianseus
W.A.2558

KMITL-2015-EN-M-020-128



A SMART LIGHTING CONTROL SYSTEM IN OFFICE BUILDING DESIGN
CONCEPT CONSIDERING THE DAYLIGHTING FACTOR

WEERAWAT WANICH

A THESIS SUBMITTED IN PARTIALFULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF THECNOLOGY LADKRABANG
2015
KMITL-2015-EN-M-020-128



COPYRIGHT 2015
FACULTY OF ENGINEERING

KING MONGKUT’S TUTE OF THECNOLOGY LADK{RABANGL vou @y cu Y
LNATS U LLDNG 13N UL I TTUN T NN s ANS 1MUY e in i luldusslevdaunis

lddnsdllag viedu Bnneinudlvidaulauilen wardesnadadaivesenarsynasminisunluly



Wadaneniinug N1599NKUUITUUAIUANLATATIINE U A Sd TN
KUUYRAIALAENITUIDIAUTZNDULEIIINGTTUYA

unAnE wgdsedand iy
swaunAnE 53610529
Uiy ImnssuemansuUngin
#1913 Fennssuludn
N.A. 2558

d o o 4 14 a
21915NUS N Inetinus HA.ATANT Tugdulm

UNANED

Ineinusatuiliinauonisdanisuasaitsmelusaesfiiuasnsssumdmm
meluerns wnauanudniantlymanuassssunandaanisluenamsvinlvudas
Uihamsyhnuiienaduaclimiaiy @uiddeldvinisutaisimaasuduassdiuvinns
asviarudulalutaiivsansssumAdmn w'ua‘i'ldduﬂaqﬁaaﬁag“lnﬁwﬁﬁdﬁaﬁuﬁ
aruduuasgaiunsglusaens ndulinnutiaiuinn gy dseilldiuave
WUIPIHAR NISEBALUY UAENIVAEBUYARILUUIEUUAURLAATeAneTuB A TiTIua
NNGITUTIRTIM FanseenkuuBamiInsgIu EN15193 nsldiasadasnnsssunanielu
0113 yAdeilldihgunsai¥ann Arduino UNO. iugunsaivdnlunasideusieyaiaua
Tusunsu LabVIEW wazeaeiualasiniinauesihuiaiet sl iansTCP/IP nszuunisviinu
wdnTnelusunsa LabVIEW (LabVIEW 2011 Student version) ¥t idanisniunuesingg
Tumsinuasuazmugulanly yuideithlnslwueadfuuuiusmoudesaingldunldou
TunsTuasadng ssuuiinlausanansavineuldd sanwansvsaevluromeaouszeiim
30 fuwaiduihiowela szvumuauilitaueannsavhouldetrwiugagndios nsvaaeu
InAnE s AN IS UUAIUANAINI T8 U SIS and s ueg1atian 20% Tudiaaan
ey MnHan ageuateldiUTsuitlidae sz uumunuiauseinese
Msldu Ysendanasau LLasa'lu'ﬁnﬁ'ﬂﬂﬁ’wuwia‘lunﬁLﬁug‘lJuuuuazai’wmud'Juﬂ'mqu
msvhauldig visudusnsaivauuasdnisluiosaansevilsivuiu



Title A Smart Lighting Control System in Office Building
Design Concept Considering The Daylighting Factor

Student Mr.Weerawat Wanich

Student ID. 53610529

Degree Master of Engineer

Program Electrical Engineering

Year 2015

Thesis Advisor Asst. Prof. Dr. Chow Chompoo-Inwai
ABSTRACT

This thesis proposes the smart way to manage lighting in office building with
daylighting. The original idea of how: it works starts from the problem of low lighting
quality in the office due to the dissimilarity of the lighting distribution in the
particular office area. This research divides the specific area into two zones and starts
monitoring the illuminance (Lux) using many photo sensors for each zone when the
certain area has the daylight factor. From the observations, the zone adjacent to the
windows has too much light (too bright to work) while another zone has too little
light (inadequate light for work). This research thoroughly explains the design idea &
concept, the control strategies, the implementation and the experimental results,
including the “analyzing results and conclusions. In this research, the EN15193
standard is set as the core standard for daylight definition and all other requirements
to be complied with in the implementation phase. The Arduino UNO microcontroller
is used as a main microprocessor to communicate between the light sensors, the
proposed LabViIEW"" algorithm and. the dimmable LED drivers via wireless
system(TCP/IP). The LabviEw™ algorithm (LabVIEW™ 2011 Student version) uses to
compute and manage the control_strategies from.inputs/outputs of the controller
and light sensors. The dimmable LED driver helps in completing the control process.
The experiment from the Laboratory-tested environment for 30 days yields very
satisfactory results. The proposed control system and devices are capable of doing
its own jobs accurately and reliably. The additional plus from monitoring the power
consumption is that the proposed system helps in reducing the demand for
electricity in such area by at least 20% in the tested criteria. In conclusion, the key
advantage of the proposed control system is that it is simple, reliable, energy saving
and easy to expand the features and work functions as demand. It is capable of
easily increasing the zones of interest and it is also capable of adding the color-
controlled functions for better working environment in the near future to come.
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2.2 mslduaeadnesssuyIanieluenns [4-6]

uasarisssAuLainivsyavinmgauasinnumnsaugeaadmiunisly
Nuvasuyed uarlagiulasunisiigaimadnemansudrinuyediinnuimelsluwasadng
ss5uwd Liesduluesinunielududeieg Tulsadouilduasainasssuwd WniSeu
ansadoudldfnd Bslundnfu uasadinssssuradeideldiuiouie Wuuasadnaildun
wWaqlidesamu uazawsalfnuldnasntasnanldnuveserarsisinisldaulunem
Naeiu

dnfulsamalnedenegluineiniawuuioutiu feniafeunasnied nisthuas
aiesssummdndislunsdesaininislueimstuindudsiviimeainuaunsaves
foonuuuann lesnuasainsessineiaandeudnnlueimsde wasaudouiifuds
esvhudwiuermslulsumalve nglawizegnadienmsitinisuiuennia mswaueu
awvliaszresnsufueniagstu fadfumaiuasaissamadanldolueasiades
wanideeSsdnseniindlaense (Direct. Sunlight) | uasdonldianizuaainnnisduuy
ns¥a1e (Diffuse Daylight) winiu Ussmalysluiimieuilagindidugudans sxilauemues
Franansiuussanm 12 Flugiotu deiuermsildnulutinasiu Wy eimsdninny
wazanuAnwIsaursaesnuuulldulasalsssuyRdunasadnmvandamivenaisie
MARAYINIAINITITUYBIBIATS

M380NLUUDIMTIBNISIF L5 T30YIR WeuasadtssssumAlthunluves
Kumamthene deada vidertltlusaas Arpsdeaieiuinalndiuteatinasiinngaini
vinadeganutluluvies feenuuumsmersmesnuuuliudwaianss medluaelues
Wilsuniign lnsensldniseaniuudauesseansvieldgunsniitaglunsasviounasindaly
feuaioasyieuuasainndlulusinslaaninniu fetrsesgunsaifanannliun e
avviauuas (light  shetf) Tnsisassipunansaviouiasadnmnaeusniulusunniu uds
avvioumauinluduiiandnlurewios sefunarieivinufinanigedusndntes
vaziitussiuLasainuinlndfutesuafiszanas uasiiddgiignie Yasandinu
unnsinswessERUAIAI el 2 USn Feestelviinmwaurgatungldeinns



Direct Light

Diffuse Light

Daylight Window

Vision Window

o ada ° v
:JJ‘IJ‘VI 2.1 35115 LENINNTYUDNLVIEDIAT

Fnsiieuarlsfuinniigelunisesnuuulivasaiiminudluivinasuluves
9115 AenseenuuureadlifegluseAuigeuuniiiennis uasainslidumstosnasiieg
gaszaursaiuduinglueinsifannd A8 siuuirdmiunisesnuuy Ae
mseanuuunhrwiedsallauuuienday (Split Window Design) fiagud 2.1 Tnemtinang
ﬁagja’auéw (lower window) axvihwihidunissdnsunisuaseaniuaisuaneinis e
Wunsinwfauiusssuingldenastviuindeuntousn vagidoadufiuduil
WANATIILAUIUAUUBNTBID1ATS (UTLULNANUNIIRIS) duntaansdauuy (upper
window)  avvimiiiisuLasaiIesIsu AR AT ﬁaazﬁauuaaaiwﬁaéswiw
wiheasap sz divasouliuatainiiiuidnmntiensdanuniidlviuenansidan
W
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2.3 MINTRVIAAATULEN [1, 6]

uas Hundsnueduwivdninilutasmuenadudsanunsanseduseniw (Retina)
wagviliiAansueaiuld aduwiwmdniwiriiusnguulaniiauenadulusisiiniiann
(qUil 2.2) Ao nARVAINYTeliAme1IAAY (Wave length) Hummaviiosnnniniy uieded
Bnd (xray) Fail armemadudundviliunTues (10°wes) uasiinvesyudannse
wouuldeglutasssuing pduing uas¥edidnd wisuwimdnliifinuaudiiduldvs
pluuazaymA wasuiiiameneduni wurduinglinuauireulunniu luvued
wiaudediauemedudu Wy SddndananiRdlugidueynia (Wnow) dafuuasd
pranansaueariuliiufedldnuaziiane fo dauauinaunauszniseiunareynin
finmemadulutae 380 - 770 wiluiing

U 2.2 pauluguaduiianeg [1]

v 2 =3 A = 1 J 4
AdNLAS (Wminance) . MN18Ea YSuamasiannsEnuasuuniaieiug
a o " v v ) (A a
fhuus e iaanuduwadivibedu §nd (Lux) vis Weeuwda (Foot Candle)

1 Wiy = 10.76 dnd

2.3.1 WRAINIUAYDILES

WAIIINGTINYIA (Natural  Lighting) unasiiiinvesuassssuediidrfey fe A
217ind u.aaadwmnvraaﬂlwwsa?“iqﬁuqvémsﬁvﬁﬁu (Artificial Lighting) 1 viaenld aen
ToRguraenuaIduns vaensouas vaeauaadh Wumuy



2.3.2 wanssvuvasUTunnuasiiidaguam

Sunmevemainiuiinansnudeauvhan lunsdl uasainaoudiuly axilnaide
setetim vilinduidenmvirunniAuly nzdsduligihusmdanietu desnnms
wpaiutuliidanu Feddnalumsuesmeandeaunuiy lwdneudlesdvesiind
FoafeBunu aemstem furdue mavdusulasldiedesiogunsaloraiiamanainliin
gURwRIUlY vielududagnauilidusunse uarlunsdl uasadnsitinniduly WY
nuiia amnwliauie wWesdn vinnn furdey nédadentimnszan Jadeu veulindy
msusatuugas eiauaainaiosiuluuazinniiuly wenanezrelhifianamdnle fe
Weminelunsvian wiguasiddalumaiinuanamds SailiiegvRummlumsie
el

2.3.3 \asilauazgunsaflunisasiniaruiduudendne

i3eslotamntutiuvesuasaing fedwandiu dnd (Mungassnsasussnu eafy
3o uaaing Wazidos W.A.2549) w3e Wauauida anvnzlnevlUvenaiesinnuidu
NALARIFITUT 2.3

< Yy v o
sUN. 2.3 insesinpuidniuasialy (1]

\3nafiofniidruuseneuitdndy 2 daufie

1) wasiuuas (Photo Cell) vhesuivsenaradnduluimdeumeansdaneu
(Silicon) vi38 twwaiisy (Selenium) Ywtifiasundsruwandundsaulnih Sand
uasadnann waswlwihiieduazsnnaslududadiu lwadiuuas eragneenuuuliids
yudntieuiiteiuasaniievnasingg annsevulusu 90 asm vislndlfssiigaldseud

2) fmad (Meter) drvilarfundsnulni fiRnonwadsunas wazuansuuntiine
Wumnuduuasaing



audnunzvsaaasiie aunsaiamuduuasaindld dud 0 fwnadn 10,000
&nd pudnvarveunlesinuasiondulumisnnsgiu CE 1931 vesnmEnsTNASTIEWINg
Useimadwneaadesaing (nternational Commission on Illumination) %3 ISO/CIE
10527 visewiguwil Wy JIS Z 8701 wiednd1 (eeiwasuuasdesdinadnumzCosine-
Corrected ioUurvaauasitlaildandianduphoto Cell uazfasil Color Corrected mat
1m3g1u CIE)

2.3.3 MIATRIAAMUTUUAIETN

muvszmensuatainisuarAuATesIN (389 ndninmst FEduiuntsasieTauas
Anesiannznsvinuieaussdumiuieu uasaing viedsanieluaauuszneudnis

uvIAn wasUstamAanmsidosiautiuns Taivusly

o 3 wedndalifinnmsintauarinseianigmaiauisafuauieu uas
e viedsaneluamutszneuiants luanneiidusievesan sy edaesias
1 pfs nediifimsUiuugaviaasuianaiesdng gunsal nszuaumswan 38nsvha
viemssuiiunslng fersslnasenisiwfountasedumiuiey wasain viensiuduns
Taq foniinarensildsuudasseiumniou uasedng viodes Wunedrsiiunsdalis
nsasaeiauasdiasigianynisyiy Wndunioly 90 futivaniuiiiinisusuusmie
Waguulag

1o 8 inneinarudnveuaiaindlugauyseneufamynuseiamionis Tagli
Asvdn Uiy Bhaiuildusslendlunssuaunsadniigndnhey ua
vinaiigninifesinulneldasnsstanizgavieseliaemegsuiluntsvien lu
anmmsvhauunaualussamilaaiausssunatesiian

nsasandapnudiuaaininielueints 38asmsaednlaeialull 235 fe Jaiige
v uazauuueiadsvesivuiivialy

2.3.3.1 JauuuIn (Spot Measurement )
Hunsesaiamniduuasainauinaignitsfeniaulagldareaianzganiedosld
amemegiuiilunsien ms’mi’ﬂ‘luqﬂﬁmﬂm'1nizwuﬁyumw%aqﬂﬁﬁmwauﬂua'm (Point
of Work) Tngnainiesinuasluiinssummisafuiunu wisnuifiasnmannseny wdae
A

2.3.3.2 msiaudueisuuURuNalU (Area Measurement)
Wunansasianuduiasainduuinaiuiialuneluaaudseneufenis wu madu
wazuiniuilivsrlonilunssuiunmssdaiignitohnunsaseauuuifaunsaildaes
75 fAe

1) wisiuitianunsenidu 2 x 2 maauns Tesfewwaiuuaslunurszsurugeannity
30 i (75 Wwudwns) wiswe (ueasitiadudesdlfovesiatiuaaing theiiin
smeedy



2) winmshavaealwihdidnyuziviuoudig fu aunsetauaddugadidudun
yosiuiinduasmnnsenuludnuasientu auRinsiauduasnisfunaiads vee IES
(Iluminating Engineering Society of North America) Lighting Handbook 1981
(Reference Volume) viaiisuih myfalusnunziiteliswugansaintosasls

23.4 dunsuuazmadindBnITiauaEng

1) $uliiadessudiigud nouiinismsaatauasaing deausuliiadessueiii
gudnounnads nsuiuindeaduilifonin Zeroing  Aslaildnsuiuiiisunanugndos
(Calibration) ~ weaaIesile n1sUsuliniessuarfiqudneunisiusuandudssuiu
annsavildlagldianddiivuadafiwaiuuas wdadandesuareuan Aieuldaisidu
aud \osnlifiuasmnnsznuigasvuay winliifmsuiudesusuiimeslveuarquston
Funsnsaia

2) Jiuliwmed nefiweuisguasiivnlivsuidengisvespnudunasainesy
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3)  Anwidnuvasnaiauresfu iRt 1uInestiueu AasBeaTetY
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a9 frinsmsaaindesseddhilitanvesieaandeuneaiuuas Gevinlsiaranuda
wavad9RnnANI U
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Adlmes uaztuinug

6) Uwamsnnviaiaudisutungnsenye Merfuanuieu uasaing uandes
WA 2549 M9IA 2 WANEINa
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yvn UfRelnglidnln usliuasaineansssund Avinmsesafaniuaninesaiy s
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8) derinuadluvnsiuitRnuegludnumsnmavhausie uimshaoudussh
TiAanlunsiauas msinsandumitesnenfinduazanmeimavaeivinnsindae

9) uiuiAlunainaeiu nevinsiauaduneunarsu urdauivgoa
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2.4 Usunsy LabVIEW [7, 8, 14]

LRCRCBC R

NATIONAL INSTRUMENTS

LabVIEW

JU#- 2.4 Frysnwal LabViEW

LabVIEW #1190 Laboratory  Virtual Instrument Engineering Workbench &«
mneauIlnlusinsuiadranissdiofaadousseluresdfiinismsisanssu dadu
¢ @ ° & ) v ) d A o -
UsTAsAvdnveInIInLYeslusunsuinfen1sdenslusmns Talavesasdiodn ot
Uszvsnm Batulusunaadszny GUI (Graphic User Interface) Tnpasysal udoisila
o & L4 ~ < o @ 8 Y o w -e’l’
Suludeadiou code ipAdslng Ay wasiidAydnwasntwitldlulusunsuiiisney
al - A Al A ' ' | ) a
13EMUYY MWIFUNIN ¥I0L8ADNBYNIINM G (Graphical Language) T99LunuNsIleu
o/ ' i .y J 1 <&
Wsunsuduussvinegnaiisfuineiuniwaiug s iu C, BASIC vi5e FORTRAN fegunm
) & ¢ v & ) ) Y] a v '
nIndyanvalvisne Jeuslinlullesiuseressduaununisdndoawdedonlusunsutng ua
d‘ ¥/ £ 4’ 1 1 14
WaisnAwaeiunaslglusensuiinaiisraswun LabVIEW dilaauazmniayasnsoaniaan
- v a a4 4 " w
Tun1sWeulvsunsuasluldmalagiamslusnudsulusunsunsuiainesdieloudenu
gunsaiduq weldlunisinuaznrsaiuay LabVIEW laglsfinasussgiusunsausiuauun wse
o X [ L3 d ' o _ege
Libraries laidngunsalnisiensiossiiu DAQ (Data Acquisition), GPIB (General Purpose
1 a'fvu o 4’
Interface Bus v3erauniiiljiniuluda Hewlett Packard Interface Bus, HP-IB), wasn
- . d gyva 1w ead 1 1% 5
BUNTU %39 Serial Port iiveldRastafugunsalfidwiudeyauuuaynsu (Serial Instrument)
swdamsliaszideyaitlaseiinisiien wenainily Libraries idniugaldussgiterdu
o ado v a 1 s 8 o . A &
NNINNUNAIAEYDNNAIEUTENIT WU signal generation, signal processing, filters, @0#,
a a a cal v & & o qw @ Yy A A w |
WYAMA WAy ANNAIERIDUC fadu LabVIEW Jevilvnisiauaznisidindesdlainnaneluses
' - ) o o
$eadluann g LabVIEW azdisulusunsulasendegunm erdendnnisinnuvesniodie
) o § vy v a [ ) ) 'Y} '
Tavsenisamuauviligldanansaesnwuuguuuulusunsumungly sesnisudnnisaanann
wiseenilu 3 dwlvgjq Ae
1. Acquisition Fududmniudeya (Input) iandwadeunmeuendigszuu Tu
d&'d a (4 14 ni 2/ 1 A’ ¢ o [
e AeuNInes lagdayaiiidngssuuiienaazanainnisa DAQ (@nsudygramialnili),
o L ¥ o L d e
IMAQ (FwTuteyausvinniy) v3e GPIB (dwsuniuaunslioin)
2. wésnniilgsuteyaudionaassiu Haridu Analysis wie AATEviyatazuaning
cJ 174 o 'u 1 4 i
Tusuidldnuamsmhuanumdoinlsuagldouls
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3. Presentation e nsuanwmaluguuuuiidulssloniserlda Tngersuansuy
wiheemoufmes 19U DMM  (Digital  Multi-meter) uanswaianizdgygaiialalaglyl
Fududesinrruduiusiiuing wie Oscilloscope  wanswavestoyafiduiusiunamie
spectrum Analyzer szuandlugumnuiviensisieoniiusenudivieyalusiinfar

2.4.1 Virtual Instrument (V1)
4o X o

TWsunsuiWiguduanlag LabVIEW 151aei38nd Virtual Instrument (V) 1wsy
Y o d v @ a4 o« a
anwauzisngmeeenmdliefleldiusviniisuiuiniesdioniagunsainiaiminssuy lu
vz TundIInYegUnsaliaiiousssmariuanidunisvirauves Haidu, Subroutines

o e "’ o “ 1 d o e 1
Wsunsuvdninilouiuntwvialy dwsu Vi nilegazussneumediulssneuiiddganudiy
Gh
] ' Y o d

1) Front Panel v3entitn szifuduiilidonuifusevinegléiulusunsu miedl
a a . o Y - o o o A oA ¢l
lsuiien user interface) Tnevialuasiidnuaziviloununihlaveswenaislensequnsaif
Tdudmunisianag WU laevialvesdszneusiie adndUade, Jude, Uunn soudaninavie

| 1% ° v O o wva v o o .

wiudAgldarunsaiinue - dadudansudnquinsdunisi@sulysunsuyssian Visual
p " : &
vianangasazidiladminuenda Front Panel fasuSsuiaiiowtiu GUI veslusunsuvde Vi
o Y <
Uuies dnuwalywed Front Panel uandluzui 2.5

i

I
|
%.
%
g
:
|
1
z

*
E_

gﬂﬁ 2.5 Front Panel ¥84lUsunsy LabVIEW
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2) Block Diagram iieliiinArndladnetiu 15191909 Block Diagram ﬁL’i‘Ju
wailaufiu Source Code ¥38lUsuNIUVBY LabVIEW mtl'i'mg'z'naa'lusu‘ummm G @
Block Dlagram i fioiu Executable Program fAeanunsafivgyhaulsviuil wasdedan
Usgmnilsiife LabVIEW  azdinismsavaeuninuiianainveslusunsunasniaan vitls
WsunsuawholdfredlebifideRanaralulusunsuvindulasdldaunsaiazgaeaziden
ypanuiianaauanslyiiuldnaennat vlinsi@eulusunsutiudeduunn

duusenounielu Block Diagram Hazusznoudne Harfdu sl ‘[Usunsummu
mMsvhaunselaseadne mnuu’[uuma.mummu mmvﬂswng’lusﬂmm Block mav‘lmsnms
mdy (wire) d w3 Block fnzauddae iy Lwanfmumanwmms’twamawauasumw
block ity lidoyalasunisysvinananaigesnis LLauuamwaaanm'[w wngld
olU

??:%m Enor Phase A &l
o R "R
”
o IZ e20) 1
’-#
A
SWitchSmDAQ DA .'l%"t P
T‘—‘Q‘ 1 adng A
r e B
A
Gis \ N

i =&

gﬂﬁ 2.6 Block Diagram v8alusunsu LabVIEW

3) lcon wag Connector LU%'&ULaﬁauIUsLLnsueiaa Subroutine TulyUswnsuun@
29 Wlne icon  gnunedia block  diagram mwumumsawauamua DONNIUN
Connector Falu LabVIEW 157921380 Subroutine 1191 subVl Yefwainis@eulusunsugiy
W G TRReIas0ate Vi fias mwum‘lwmmumamLaa‘lﬂaemaas., mnuu'luma
wdnmnsIFRInIsifausaleulusunsusutuiieSenldeu Vi s avadniuneu

v e o & o v - a & <, a @ X - '

yiiviaze davinly VI iis@eudunsunanedu subVl U ns@euludnwasiisnsenin
Weudu module
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o £ ﬂ.l 4 1 4
ﬁ']“iUﬂﬂUmﬁVl')lﬂﬂﬂq Icon wag Connector %LL?Iﬂﬁug‘le 2.6 Li']'i]ﬁlﬁu']']ulaﬁ']
A " v o4 aa ' . v
wansluzUves Connector is1aznuiildesiedoyaviofiSunin Terminal Usinglvisiu

ACQ
D-TRIG

1111

v :
Icon Connector

P~
JUn 2.7 Icon uag Connector

¢ P!

o @ Y J 1 n‘ &
Ardwvisineqnldiulu LabVIEW . deenazunnsrsaanisildnuluniwinisideu

0
Q/

Wsunsuimlsdeqlfluvaregfin ssiuieligaGald LabviEw wWhladedwyisineg 7ild

& ) v ' &
Tulusunsuitug i 1 aumsillduansseluil

A19197 2.1 Ayl LabVIEW

3 v o
LabVIEW Tsunsuiugu Wi
Vi Program falusunsuvian
fv o & d v X 1Y)
Wanduduiaguiainstuundu
Function Function TUsunsuuLLY sin, log
Wuduy
' P
\ lWsunsudesngniseniding
SubViI Subroutine o
TUsunsuvan
\ ] A- 1 Qs L
Front Panel user interface muwmwanu@‘lm
. NSVIURUTUNDUVDINUA
Block Diagram Program code ; &
avlusunsumviundu

2.4.2 ArnnYeiiovas TUunsal LabVIEW

TusunsuudasTusunsudugadreiifnguszaslunisdaridfuedrsuiveu uazd
vouthevesuitwita Fufumnismiilusunsudananlinseiuinguszasd wisetuen
voutimaha nfawshisnsalivssleniegsgagaaniusunsuniuls

LabVIEW  figuiileniiu Insgaussasdndnudn U3 National Instrument 1¢i3u
wannlusunsuflaviunléfusruuiaissfiotadifianudielunsdeulusunsunasiifaidu
wWesztaglumsiamadmnsslinniign msgdearunduainu3d National Instrument
Buanmsudngunsaiildtunisiamaimnssu ilsuisnaGuduinainniseda Software
Wundn dafuadiiatndmsugiifesnisedlivsslonigignanivsunsa LabvIEW Aog
fesnsehdeyannmevenielesneufames Whunluadeutevinsnisianesideya
Usznar uanswawaslunaensailtlussuupiuauonludfmeneuiomes
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o a a P
TaldlUiouganyas LabVIEW Aemsnengnuvinliiaiosnenianesvesdiosu
- o oA 1 P M
fu LabVIEW uaz gunsalidewsieiivenisiiudeya (Data Acquisition Card) wdiauise
o = a & 1 L4 [ = A W ) [
wWasursespeuiumesduyaravaus inansluiasiealunateguuuy ldneudu
Oscilloscope, Multi-meter, Function Generator, Strain Meter Thermometer ¥3@
< o A < v °o g v a o @ d Y
A3 INBU MUNLTINBINTT FbAsansaldreuiuneslunmsvinmsinuasiaiesiletn
v v o & o 2 o o 4 a o & a .
ldegnanteve Segailiesiilufiunveste inisslieTawailousss (Virtual Instrument) way
[ o v a " O . @ a v
dalsuTsumilonsldgunsaisamantiufie Virtual  Instrument  aunsauSulUasuly
v ¥ L4 ' ! a L4 = '
wangaufiumsldnuvesldusazngulsl Tnensiwaou vi Widulumudesnafudesili
geenntin
Y aa =t =t v a ¢ a4 A o da v o
dongnuszmvilslunimilavesnisldreuiunesiluaiedlotaife awnsaldvia
\¥u Data Logger uay PLC (Programmable Logical Controlled) lawsauiu Falasunfiuaa
o ' < v a o & o v % Y '
ssuumuauiinazliiiluaiesdie inaSetuiugiu wie Data Logger wilaziiudayals usinis
dinsvinuiugunsnlddu asinaugeantunsdsnisun
nanlagaguifeninisadl LabVIEW,  medfiawmesuay DAQ Card  (W3eszuu
a A { ' = 3 a ' ' 1
N13Ansedoa1sBUITU-GPIB %30 Serial Port FssrsagiBunuazammiuangrsaznaasely
Y % 4 A o - a v v - i
MeVAs IEnsaavnIedleinlaiousseliunnuie vmsadesdl Transducer Munzay
Usznauegie Jagniliedfedenveslusunsy

2.4.3 FIWUNITUDN LabVIEW
o o a & a o s v a
LabVIEW . figaruiinvulul 1983 Inentauien National  Instrument 1éi5un1s
| aa > a a v a4 a
AuATILINE TSN INITansruazattunislsulysunsuiieldlunumussuuinieile
¥n Fudugaduvesimanfanisa¥ie LabVIEW vdisannnaslfivaviaiu 3 9 Tud 1986
aw Yy A | A 9w a . Y '
Uitmlaudes LabVIEW version 1 gaamiieldfiurauiiames Macintosh iviti insnzusian
- . ' v i 1% %) Y < Y} a
1389 Macintosh, s¥luiifuildeersnirsuardlunudunisiawasiaiesdiofamsimnssy
) ° v a - N ) Y -
dnvarnsinumneNIIMAndUeATeI Macintosh wnzauiunsyszenaldiumalulad
v o @ a wa 4 o & 1 < )
flHfu LabVIEW. dwiuszuuufoanstudladld cul dhilifirmmnzasiiarldi
LabVIEW  astudmiuiniesnsufinmasdiuynna va N Jedesselrinalulad
a wva = 1 24 a 1 o < YV o a wa
SEUUUURNTS GUI veuaTed PC wisudanaw @4 NI fifiasseunseisssuuufinnis
Windows Uszauradnsavislusnumealulaguaznisnain
¥ 1990 ma NI lduszaunaduialunisih LabVIEW version 2 sangmain laald
Uiuunuaziligussuumvgulmivianun aiuduwuziivedldeu lasianiznisifiey
W 4 o o a’l LY P o/ I‘S
Compiler  Mvinlmaann1svitaureslusunsusiniitu dasufunisidounsaiwidu
& ' 1 d oy a va a vy a v Y
WUgU WU C uazreudllawalulagausyuulfdives PC fanunsounagldauiu GUl
MUTEnslanGn LabVIEW for Windows uag LabVIEW for SUN idrgnanalull 1992
@ Y aw Ry v Y 4 & &
nasnuuuIsnalavaulusunsulimnzaniunaluladifisiiu arausves
o [ a wa 4 A H ° N -
syuumuiIned JULUUUURN1sIAsuLUaslUWY LabVIEW  d1w3U Windows N,
- =2 ¥ - v A o - 2/ :
Windows 95 $2ufl4n15a374 version Tual ivedaszuuwasmsiBisulusunsuliazainuiniu
= " w ¢ 1 ¥ 1% Y v ca o 9 v Y
AABAIUANTOTBNABAUUNTAIMY WINTU wWiBuvas1esHentum19e e limuivauiy
kil 3 A’u v P ° a wa A -‘1 v
MslduNInIu uenanlidsainslusunsuianunsaviuuusruuUjiinisaunlaldideu
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vusyuuUuanisiula lneisuan LabvVIEw 3 Tul a.a. 1993, LabVIEW 4 Tul a.e. 1996
' g ' & a Y
wagangn LabVIEW 5 Tul a.a. 1998 Judulusunsuangauazionansyaiiozilounudnueny

o . &
nsvirnuvestusunsulu Version 5 1
o & [ aa Y @ [ v & a o
Tutaquuil LabviEw Hulusunsufifienld fuegreandrsvnaislurainmsdnm 3
d L wa vV ' o o
waglunnisgramnssuieldluszuunsmuaudnlud® dmnipumdwewnlusunsy
v Y a4 & o & o =t v
MU TInnasiAIediiedn LabVIEW envvzilumneuvilsvesnuile

¢ .
2.5 TWsunsuuazgunsaiwaun Arduino
Arduino JuszuunldlunsWaungunsaididnnseindduuuy Fseenuuulnldiu
1] 5 4 ¢ [ 4 1 8/ & 1 4 1 ay CY - 4
Neieeniauas wazyenudd naudmvanegldsy Arduino laun Aally Unusehivg
o a o = a ¢ w [y
uneenuuy llunuedisn viie lasgimuiaulslunisuseivguinnssy nuadsassa

gﬂﬁ 2.8 dqyanwal Arduino

UseiRnnuiiuanves Ardiono - digsismduridandou fuiudeeuesnidesly
Tumsdaideuin ogelu ie vvauidwdn 91l wie 819e8lu Ald Arduino Mulud
2005 ¢315uv84 Arduino. ¥831Massimo Banzi Wy, David Cuartielles Fsandvogludio

L a @ - :5 b 4 «
Ivrea nsnziunnideanilevesussinadnid asspullsleasisgunsalussian

3 ado a @ v a2 & v v
lulasreulnsameisagniidniSeuln@nwiaunsadnte uavdemundudrvesladne
Tsudnaludies ivrea Ugnldiliufindnuesn Arduino 1eiduusn Tnsldtelasanisves
WINLWI1 Arduin of Ivrea

) v ¢ & A a ) '3 -

venanazadlalvinmvesguninitugniiaisuiululasreulvsaesnsegaduq u
v ) v O v < ) al -, v
Voanaaua? Wanwganalglv Arduino annsawmuilaelusunsud "wanns" mmelddeuly

v @ o O e v 1Y) X ol
Tunsldaudnume Open Souce dsiududonldnsWaunuuiuguvesszuy Wiring
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2.5.1 gunsaiWaiu Arduino

nsviuveslulasaeulnsamesiuisumilouivanesvesuysd Aedvtiiidn
fwmmeadinaans Auavasin dms Tdwenud weldidudeyalunisiuan
vide Uszanananieg uwivrliannsavhenliies Taglififle wih uvu w1 vie an y ayn 3
Wisuldiiu gunsaldaumu (Accessories)  8u 1y iwules  wewwes  szuudeanstiu
uwmeduiln stuuuanmaruaenw Wusu dufulavasuie lilasroulnsaiaesasyiming
Tunshnuan SuAvnssuuiananmeuen Wanussnasa edsnisnevausseenluil
gunsalseidondug

lLilasneulnsiaeslutlaiguiileguansiivie 1y PIC vesu3slulasin 280 MCS-51
ARM-Cortex AVR uag duq8nunn-Arduino fifululasreulnsiaesuuuiisiitiondnual
lawgiafiAendvieduq Ae A5y Open Source devinldldiUsudassan wazsuu
glefanuvialan

Arduino _hiestuusnusngreatnyialantudeufueteu 2006 Fondein
Arduino Mini Feitunaidnuazsimgn savsludiadnavsaylifsosum

l ¢
!ﬂ’

9 W

U 2.9 Arduino Mini

ety Arduino fiuesavarsuuulimdenldeuaiuaiiuadnuaranuuisas

1NN 20 U winzguilizuan AMNY AT STV e unn mewm wANA19AY
ponl fifaussamdnassanu¥esuin leunsswaiuniriom uaﬂmnumuaﬂnsmmama
(Shield) Widenldmarnuats s1midulumunuipaiufe aumsaunagn vinliiduides
mnmutsaﬂqmmmmswmmnmmsnasﬂlﬂmu

- syuuiluuuu Open Source lifidvavslunisihluldnusodmwiied wazuanlwgi
Tdlunsadreduuuulingq vilivssmagnanegsduansalundnlalusaauies) g
LiFestnaderavans

- @ouwas wie Arduino  IDE  AlElunsmuSauanliing afaluandulfesagn
nguute L1 lulderusie afrandndmusiudlviene laglidesdoarde@nsuuy
lulnsreulnsaiaedidrdue
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- flgoWusng (Freeware) wweumua.,mmsquaﬂumi (19U Fritzing uay Processing)
vn'lmnmﬂwmuwm‘lmmwuLﬂsm‘luLﬂsawamm'lﬁl‘nnuwsq nnIe e Blog  waz
website #1199

2.5.2 Tsunsu Arduino IDE

TUsunsu Arduino IDE  (Arduino integrated development environment) 1Uu
Tusunsudmiuimungunsal Arduino Jufiuleugeaseninuiiuazeenuad safuluns
Jeulusunsumugumsvhauvesuesa Arduino Jeliadesiiedwiudeulusunsuunlildii
W3 anansennilvanléd http://arduino.cc/en/Main/Software

Blink §
atuy 1t1r Yy ace when you pYess reser: L
id e ()_( .f
// initialize the [diga€alpinfasgan’ outpun,
pinMode (led, QUTPUT):
B :
’ £/ [the p rourine rutis’ ovEr ‘afl dver again fofever: f
H void oap () ¢ H
digitalWricte (led, HIGH): Arurn the LED on (HIGH 45 the volfage level
delay(1000); A walt LOT A(Second !
digitalWrite (led, LOW): 7/ \gdrn flby fMaking) lta L ‘[
delay(1000) ; f Al Eok 8 osaeond
} " ,
b« > B
s H

;:Uﬁ 2.10 f79819lUswnsy Ardino IDE
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Tuauddeidenldluswnsy LabVIEW

=
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3.2.1 n3zUUMHUlUsunIuAIuAN
Wswnsumunumdanaislalusunsu LabVIEW vimsussuiaradenisuaz¥uds
UoyanIeg LanInsruIuNIsYUmauNugldgUR 3.4

Y#2 }
e A=X-10 < N N
| ! B=X+10

P 3 2/ o v
Weivua - X= A IUNLEITIABINTS
v do vy
Y = auidauasninla
D = usenUAmUAN(0-10v)

d o U
JUn 3.4 ASTUIUNISYINUIUSWATUVAN
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Arfifmununsziseglutieiiimualy ssuvasrhninuduitesnunssiuamnuduuasiely
(3o8q vgansvinnudiedlFdenis
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3.23 doudnsagldeu
Tsunsududadedldnu vimihiudidmngldauuasuansanisvinausuis
foyarequasssudliglivs luduidfumdsiumuazuanauakiums Font Panel weq
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3.2.4 dwdanutoya
dwdaivdoya mwmwanauamnTumas‘uawauauavLLUaamaua'lwaﬂ'lusUuuuw
ABINTT T,U‘sunsumuumv«manauaﬂ'm'a'mwmm WAZAULTIRUAIUAY Lwamumwaua
'l.ﬁ'hJsunsuaauaum‘lﬂﬂsumawau,a.,uamwamalﬂ LLamTUsunsumuamLnu'uauau,ammsﬂ
VI 3.7

e
=
IS

[=
P!

[
|

0-255(10bit)

i =

IJ ! o/ ¥
JUN 3.7 Waunsudnduiivdeya

Data to Arduino(0-255)

m‘smmuwanwaﬂﬂsunsuﬂamsmsuummwsamawagama’lmavmn'lumsaa
deviornlUldduiu lunisdedoyaniu TCPAP 1 ﬂauamaqaa'luwman'us(stnng) e
'uaua‘lun'usmufawaa‘lﬂsu,nsummuuu‘lﬂusﬂwumLa°u Fefudeyaussiunuauiivhns
m‘u‘hmaauUaomnmn.am'twaq’lugﬂmanusnau uavdeyaninuidiuasifuutueglugy
v oW < v o [ ' o [ o [ = 1
msnwsdwanihnisuuailufiavneudiluimsfiuag tandsui 3.8 ludunisulas
rnsduuaslumbsvesussiilieglumhegves Lux svesugludiuvesyaiauassioly

Data From Arduino Voltage A0
Voltage AO(number)

{l Tel

0-255(Number)

[E—= =

Data to Arduino(0-255)

o aal a v ' o v @
E‘UVI 3.8 Ll»?lﬂx‘l’,lﬁﬂ'ﬁLLUﬁQ“U‘Nﬂ‘UﬂQﬁiSWJ']QG\’Jtﬁ‘ULLﬁ%W\’JEJﬂUi
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3.2.5 dudaudadyynliae
dudendedygraliany  vhwihiidendediumununiniulugaiudsdeyalu
JUuUU TCP/IP Wunnsgunsallfansvesneuiames fisunesilugunsnidislunisidesse
wuul¥aneuansnsyhaudsgui 3.9

Arduino UNO
¢ (@) ¢ Q
ter

1/0 Device Wireless Rou Control Programs

< < )
JUN 3.9 ununmuanIsweNstauuulsany

Wsunsuludauiilaeridu TCP/P Tunsiudsdeya vhanlugduuu Client Wesisly
N d’ o o A
elugaimitmsssy IP uanslusunsuagui 3.10

L

Data to Arduine Data from Arduino

f E
c10

Uil 3.10 nsidleusalAteYeuLuUTCR/IP
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3.3 Tugasudsdaya (/O Module)

Tunsldaulusunsy Labview lumesiamesslusesiigunial 110 lunsdeuste
dyradlvinulusunsy LabVIEW Wy DAQ GPIB Lm'lumﬁ%’ﬂiﬁﬁﬁwqﬂnsniﬂauiwﬂaas'm
Uszyndltidugunsal 1/0 meulnsiaesiminnlifegunsaiimun Arduino UNO viwmiiisu
Aruduuasngunsaiinua wazdwswiuaunulitulauln uaasmsvihaudegui 3.11

\ Arduino UNO
Light Sensor )
L . (@)
& > ,
' 11O Device Wireless Router

LED Driver

d o U 1
UM 3.11 wansnisvinauveslugasuds

3.3.1_guniaiwan Arduino UNO
Arduino-UNO lugunsalimunaeulvsiaasuvuGusu feiinuaut@ifsaneiunis
Teniluauideid uazdnvilamauaiiiden] dinselisiaign Tasilidundniidiluld fens
Weusouuuayns Serial UART ag Serial 12C Snwiuytied Arduino Uno MARIFIFUT 3.12

Ul 3.12 gunsalann Arduino UNO
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TwazdenguUnsal Arduino UNO His1eazidunsall

lulaspoulnsiaes
unasaelu

Wi

vidh (gagedngm)
fImea I/0
PWML@16ie
avindenduwn
nszudlnih DC wie 1/O
nszualwihesn DC dwsu 3.3V
Flash Memory

SRAM

EEPROM

Clock Speed

27

ATmega328

5V

7-12V

6-20V

14 a1

6 U

6 U

40 mA

50 mA

32 KB (ATmega328)
2KB (ATmega328)
1 KB (ATmega328)
16 MHz
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3.3.2 nsWeudeinietiedaelugaliany ESP8266
gunsalifan Arduino UNO (eusieTusunsu LabVIEW srumiaiadetisuuuldans
usiileannn Arduino UNO liifigunsaiideudeinietnenelui faiuIsesiigunsalneuen
untaslunisifensiaieietns Tumdduilfidentugalias Espe266 lumsidouseiniete
Tuguuuu TCP/IP Tugaliany ESP8266 uanssaguil 3.13

sUil 3.13 Tugal¥ans ESP8266

Tugalfats ESP8266 ihilsgavuiadinuaslindaun vinsideusaiu Arduino
UNO finuma Serial "UART TaigalSans £5P8266  danmsvhanilaglddids AT rauma
Serial Monitor ¥8slusunsu Arduino IDE yniadenseiaieteiilaed 3o dnesnluim
Tuaidodl Tugaliars Espezes - vheruluantuy Sever - dosiumaidousionin
Tsunsumiugat dleviamsidousediilugasudsfeyanyianisiuaedayasian fu
TsunsuauAw
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3.4 *qﬂ"a‘ﬂuae (Light Sensor)

‘Il L 1 4 q‘; o v £ = W A’
Tnemlunsiannudusasiuvilalaenisly Lux Meter Tunisia ualuauided
Y ) ° a dd a qu P P v & a2 o
gunsaliauasdoniludindaninuialdiunaisge 1esan Lux Meter fi1A1g9 Al
. . ﬂ‘ d'd 1 v
LDR (Light Dependent Resistors) §U# 3.14 #iflsiAgnnanannulgauunu

3Uﬁ 3.14 LDR (Light Dependent Resistors)

L2 LY o d‘
LDR ADM A TUNILLUSHURMINAITULEY A1591191uvee LOR. Aowioadnuiduwaedl
ANINTU AUAIUNIIVDY LDR - LAIANAY LAILARIA SN US SEwInee L afuan
) o
AUATUNIUYEL LDR 119§ waadnunsamgun 3.15

1000

100

10 N

N

q )

0.1

Resistance (k£2)

0.1 1.0 10 100 /1000 ' 10,000
Lux

o o € 1 v o/ 2/
EU‘VI 3.15 AT INLARIANUANNUSTENTNANNATUNUAUAIILTLES

P o v v o ° v v .o
\i99n LOR usidmmiu sedunisihanldeiudefosld A/D (Analog to Digital
Y| ' ' 'Y & v a v '
Converter) valugaiudslunissudimuiuniu ntuAsumuisuldgnas

Ao ludslusunsumunn antulusunsumuauitnisudasArnuiunudududiaiy
Wuuassialy
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Msl4U LOR  ansnsemiAInuduniulDR vildlaeldieasuisussdiu(Voltage
divider) ¥nsuvausediuesnan Tnevtalu LOR fimnushumuldarueglutag 1k-100k Tew
o R, = 10k Tow I‘fﬂﬂLaENZ‘I'MiUN%LLUQLLNﬂu(Vcc)‘Uu"Iﬂ 5V LLamawsmsUw 3.16

+Vce

A0

GND

JUR3.16 2asiamuidiuadtag LDR

'Lumu'uadﬂsLmiumUﬂummwL'uuuamlﬂsuuumumwmLLsmuwmm’lusUwU
'uauaﬂmm 10Um (0-1024) muuﬁmmaqmmiuﬂaammmm'lmﬂumLL'Nmu(Vo)nau WeA, Ap
meu'lugﬂwawayja 1000 Vo ABUS99UD1999910 29930 UNLS 90U TeRanaunis (3.1)

LAXY., (3.1)
° 1024

1 Q 1 J ) L L 4
NWDIUVILTPURDIUERLIVUIN 5V H1uadaun g 10k 1os Aaaun1sves
NITUUITINU L5euI0aniV,) Mlaainaunis (3.2)

2 e A (3.2)
© R, +10

aunsaMANAINAUNIUYeY LDR (R) TnenisdagUannnis (3.2) lesaunis (3.3)

10xV,, (3.3)

R =
Los-y,

A d L g 1 L4 o [ L4 4 L
NANINTTN (3.3) LWBADINITUIAIAIIUATUNIU R, I TUADINTIVAT WS99
Y1900 (V,) Nou TUSKATUAISAILIUMIAT usesuviesn (V,) Tagldfaddu Formula ves
o o L2 A
TUsunsu LabVIEW virnsitvumaunisadlu Formula uanesiagud 3.17
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Ao g

E— Formula RL
- 1.23] > Ao
Lioed R 'm

[

JUAl 3.17 Hleridu Formula vesTusunsa LabVIEW

dleldaanudumu R nsmeauduuadidlnethaamugumiy R, Wnuag
Tuaumsaudiniusserinsaruduuasiuauduniuges LOR Wesen LOR Wugunsad
gmiliauntsanuduiussewinmuduuasiuaufunuves LOR  usazdlsl
wilouwihlifewnaunisaudiiusianizresgunsalusastu TasvinnisTaAiaudiy
uasnueadd wWisuiiisuiuAinuduniuyey LOR daeuiduuasivinisinegludas
50-1000 LUX iitelfaninsainuasinsssumnadiiviiamnuduuasgddgndos vinis
rvAuALuLAlnuuasItsussduliihnssuadduUTuAlle (Variac) wanismaaeulada
3197 3.1

o v o a 1) Y
M197199 3.1 ﬂ'J"IllL‘UllLl?NQ']ﬂ'QUﬂﬁlnﬂLLa\‘m'm'iﬁ']ULU‘%UUL‘VIEJ‘UﬂUﬂ'J'IlIW]uVI']U'UaQ LDR

[Wuminance(Lux) Resistance(kQ) [luminance (Lux) Resistance(kQ)

50 945 550" Ll 3 )t 2
100 50:0 600 117
150 36.6 650 \ 1420
200 2810 700 10.4
250 23.4 : Bz ¢ 9.8
300 20.4 800 9.4
350 17.9 \ 850 ' 9.0
400 16.1 900 8.6
450 14.6 ' 950 ' 8.3
500 13.5 1000 8.0

¥ A o v % 4 J 1 4 s’

mnwauﬁa‘lumswaw 3.1 W luasrensiimaunisanudunusseInem L TNLAS U

v 1 1 ] 4 L 4

AMUATUNIULAERUTIIYRaNNTTeN Y 3 199 (50-300, 300-600, 600-1000Lux) viNe 1
- v s LY & o 1 4’
aumsumwgnmmqauammmauwusmma’tﬂu
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a YA % o v \ %

E‘U'Vl 3.18 ﬂﬂwuaﬂ\‘lm’mﬁuwuﬁmmL‘U:Jua\mUﬂ'mumumu LDR 939A70LUULLEAS

L2 L o /s -~ '1.16

50-300 Lux ﬁuﬂqﬁﬂjquﬂuwugluzﬂLL‘U‘U‘UENﬂllﬂ'ﬁUﬂﬂ'lﬁ\i AD Lux = 9922 x RL

5 | 50-300Lux

250 | y=9922.x116

0 20 40 60 80 100
LDR Resistance

o [ ! v L v !
EUVI 3.18 ANUFUNUSTEMI AT UAUARTUNY LDR 41 300-600 Lux

A </ o ¥ U ¥ 1 124
JUM 3.19 n3muaninmduiusmaiiasiuausium iy LOR 929nuiduuas
@ o & -1.24
300-600 Lux dun1smsduiislusuuuuvesaunsunidefie Lux = 12610 x R

300-600Lux

g

60 y = 12610x2

Muminace

200N, .
10 1214 1618 20 22

LDR Resistance

o ¥ @ ¢ {] v 2 ¥ [
E‘U‘VI 3.19 ANMUAUNUTTIEVINAMULVNLAINUAIINATUNIY LDR 129 300-600 Lux
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P v ¢ %) ) v ' v
E‘U'VI 3.20 ﬂi'lwLlﬁﬂ\?ﬂ'J'ma’NWUﬁﬂ')"mL?lllLLﬂ\?ﬂUﬂ')"lﬁJW'lUVI']U LDR 939ANULVULLEAS
L2 L o L2 = '1.34
600-1000 Lux ﬂlm'ﬁﬂ'ﬂllallwuﬁnl‘UEUWUU‘U@Qauﬂ'ﬁﬂﬂfﬂﬁﬂ A Lux = 16239 x R

1100 |

600-1000Lux

g

y =16239x1:3¢

7 8 9 10 11 12
LDR Resistance

a v o€ ' & ) v )
z‘lj‘VI 3.20 ANMNAUNUITEUINAIUVULANNUAIUAIUNIY LDR 129 600-1000 Lux

a4 vw v ¢ v a v o v 1 ¥ e v °
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ATIVADUANNNS IAENITWNUAIAIINA UV U UANNITAIIUMIAIRINLTULAS WARINANTT
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LDR Measured Calculated Error (%) Equation

Resistance(k®)  |lluminance(Lux) Illuminance(Lux)

94.5 50 49.12 -1.75

50.0 100 103.25 3.25

36.6 150 148.60 -0.93 Lux = 9922 x R, "*°
28.0 200 203.13 1.56

23.4 250 250.45 0.18

20.4 300 293.94 -2.01 b

17.9 350 ~ 351.49 e 0.42

16.1 400 400.90 0.22

14.6 450 ~.452.64 0.58 Lux = 12610 x RL-LZA
13.5 500 498.85 -0.22

12.4 550 " 554.34 0.78

11.7 600 595,79 A 700~~~

11.0 | 650 ) s 56 P et

10.4 700 699.33 0.09

9.8 750 75743 099

9.4 800 801.02 0.12 Lux = 16239 x R,
9.0 850 [1849.20 7 Ly -009

8.6 900 902.66 0.29

8.3 950 [ 946.75 - 0.34

8.0 1000 994.73 -0.52
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Tuniadeil el LED Tumsivasadenagluenas lunismuaupnudesadng
vadlan LED Wuvildlasnsuiunszuaneanuasynifuvasn LED (LED Driven) ksinsasuu
Anszuav1eentes LED. Driver éu qunsal LED Driver Rossesiumsusunseuasae Tu
miAduilidentld LED Driver SIGNEX SPS3700- Rinradly 12w nszuansit 0-700mA U3y
nszualasusaFuAIUAN O- 10V wanasfaguil 3.22

§1Jﬁ 3.22 LED Driver SIGNEX SPS3700
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& v & Y o a v ey ' . Y
PCF8591 ldlvidavunn 5V dutiuuseiueundengegafiadrslafio 5V usi LED Driver fiaanns
W59 0-10V dsliufisnnadiaeasvensussdiuiingin 0-5v 1y 0-10v

JUR 323 Tuga PCFB591

) o ol
299587 8uInuaanlg995vgr8usInuasUkaud (OP-AMP) Neanuwuuliil
o w | ) o ° o &4 A a o v
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1% @ i @ v ol d v oa
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JUN 3.24 29959818U50Y

2995v818usIuvinululvualingudn (non-inverting) Aadeygvdnuasuneeni
& ) ° '\ o w ° v P -
Tdfeatu lunisAuiumainidwengeedsasesduand Awauldannaunisn (3.4) e
foIN1sAasvenY 2 win Asdududenld R, uazR, auiawinnu 10k Tou wsesiuwieanlaain
auns (3.5)
. R
Gain=1+—-% (3.9)

1

V. =(l+ %) <. (3.5)
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Tudruvesgunsal Wireless “Router ¥imhiiiusnalunaideusegunsalsng
wWheeiu Tnvinnssey 1P Address Ivifugunsalsineg desiuesnsidenseuuulianedn
Usznsvilide anrugeenlunsiduaedyyaiasisiumusnugunsaifeuaninig
viausaguil 3.26

Arduino UNO

4

1/0 Device Wireless Router

= ° .
JUN 3.26 N1INNUTBN Wireless Router
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4.1 VAFBUAMNULLIUEIYAIALES

nmageuLazUSsuisumuLiug e sy iauasitiausiUIouisuiugunsal
1asgu(Lux Meten)zuit 4.2 wisliiuladngadauasiitiaue fnnugniosusiugilunisa
ANULTUUE

d e v J °
JUN 4.2 gunsedinanmsgnu way aunsaiiafidiaus

nMinazetlivesnLED Wuurdadudauas in1saivauanaudiudsinounasing
Irihnssuaaiudiumla(Variac) luniseaeuldrmnuduuasan Lux Meter iunénda
vnuhmsussiinanudsuaildangafauasiiinaus wnasusuasadiuas 50-
500 Lux u,ammimaauﬁagﬂﬁ 4.3 AN IAABUSIANT SR 4.1
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§U‘VI 4.3 NINAFDIUAMUUNULIYAIALEN



a1

= J %) a ! o o o <
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N3
ALTULES ? R Enor ?Tw Error :n’m Error :mu Error
i LA ) LUNLAS ) RGN (%) RGN 0
(Lux) (Lux) (Lux) (Lux)

50 51 2.00 a8 -4.00 48 -4.00 50 0.00
100 98 -2.00 101 1.00 100 0.00 98 -2.00
150 148 -1.33 148 -1.33 152 1.33 151 0.66
200 201 0.50 202 1.00 196 -2.00 199 -0.50
250 254 1.60 250 0.00 251 0.40 249 -0.40
300 303 1.00 301 .1 0.33 297 -1.00 297 -1.00
350 344 -1.71 347 -0.85 347 -0.85 353 0.85
400 397 -0.75 39974 -0.25 404 - .1.00 400 0
450 455 ping 1 445 -1.11 442 -1.77 451 0.22
500 511 2.20 507 1.40 496 - -0.80 502 0.40

MnRanIsmaasvIniuliddaMduuanyedananiiofisuiugunsaiia

a0 a 1 a = ' 2 v FVay)
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n'n:;f:;am anuduuasiiald ARTALARDY ARIALABDY
(Lux) (Lux) (%)
(Lux)

100 97 -3 -3

150 159 9 6

200 204 4 2

250 241 -9 -3.6

300 305 5 1.2
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ESP8266 WIFI Module

Features

802.11 b/g/n protocol

Wi-Fi 2.4 GHz, support WPA/WPA2

Super small module size (11.5mm x 11.5mm)

Integrated 10-bit ADC

Integrated TCP/IP protocol stack (ipv4 only at the moment)
Integrated TR switch, balun, LNA, power amplifier and matching
network Integrated PLL, regulators, and power management units
+20dBm output power in 802.11b mode

Supports antenna diversity

Deep sleep power <10uA, Power down leakage current < SuA
Integrated low power 32-bit MCU

SDIO 2.0, SPI, UART, I2C

STBC, 1x1 MIMO, 2x1 MIMO

A-MPDU & A-MSDU aggregation & 0.4ys guard interval

Wake up and transmit packets in < 2ms

Standby power consumption of < 1.0mW (DTIM3)

Operating temperature range -40C ~ 125C
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ESP8266 AT Command Set
Function AT Command Response
Working AT OK
Restart AT+RST OK [System Ready, Vendor:www.ai-thinker.com]
Firmware version AT+GMR AT+GMR 0018000902 OK
List Access Points AT+CWLAP AT+CWLAP +CWLAP:(4,"RochefortSurlac”,-
38,"70:62:b8:6f:6d:58",1)
+CWLAP:(4,"LiliPad2.4",-83,"f8:7b:8c:1e:7¢c:6d",1)
OK
Join Access Point AT+CWIAP? Query AT+CWJAP? +CWJAP:"RochefortSurLac" OK
AT+CWJAP="SSID","Password"
Quit Access Point AT+CWQAP=? Query
AT+CWQAP OK
Get IP Address AT+CIFSR AT+CIFSR 192.168.0.105
oK
Set Parameters of AT+ CWSAP? Query
Access Point AT+ CWSAP= <ssid>,<pwd>,<chl>, <ecn> ssid, pwd
chl=channel, ecn = encryption
WiFi Mode AT+CWMODE? Query
AT+CWMODE=1 STA
AT+CWMODE=2 AP
AT+CWMODE=3 BOTH
Set up TCP or UDP AT+CIPSTART=? Query
connection (CIPMUX=0) AT+CIPSTART = id = 0-4, type = TCP/UDP, addr = IP address, port= port
<type>,<addr>,<port>
(CIPMUX=1) AT+CIPSTART=
<id><type>,<addr>, <port>
TCP/UDP AT+ CIPMUX? Query
Connections AT+ CIPMUX=0 Single
AT+ CIPMUX=1 Multiple
Check join devices' IP | AT+CWLIF
TCP/IP Connection AT+CIPSTATUS AT+CIPSTATUS? no this fun
Status
Send TCP/IP data (CIPMUX=0) AT+CIPSEND=<length>;
(CIPMUX=1) AT+CIPSEND= <id>,<length>
Close TCP / UDP AT+CIPCLOSE=<id> or AT+CIPCLOSE
connection
Set as server AT+ CIPSERVER= <mode>[,<port>] mode 0 to close server mode; mode 1 to open; port = port
Set the server AT+CIPSTO? Query
timeout AT+CIPSTO=<time> <time>0~28800 in seconds
Baud Rate* AT+CIOBAUD? Query AT+CIOBAUD? +CIOBAUD:9600 OK

Supported: 9600, 19200, 38400, 74880,
115200, 230400, 460800, 921600

Check IP address AT+CIFSR AT+CIFSR 192.168.0.106
oK
Firmware Upgrade AT+CIUPDATE 1. +CIPUPDATE:1 found server
(from Cloud) 2. +CIPUPDATE:2 connect server
3. +CIPUPDATE:3 got edition
4. +CIPUPDATE:4 start update
Received data +IPD (CIPMUX=0): + IPD, <len>:
(CIPMUX=1): + IPD, <id>, <len>: <data>
Watchdog Enable* AT+CSYSWDTENABLE Watchdog, auto restart when program errors occur: enable
Watchdog Disable* AT+CSYSWDTDISABLE Watchdog, auto restart when program errors occur: disable

* New in V0.9.2.2 (from http://www.electrodragon.com/w/Wi07c)
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Q\IRDM

TECHNOLOGIES
Your Source for Embedded Systems

~

'@’Emll: info@sunrom.com or sunrom@gmail.com

@ Visit us at http://www.sunrom.com

Document: Datasheet Date: 28-Jul-08

Model #: 3190

Product's Page: www.sunrom.com/p-510.html ]

Light Dependent Resistor - LDR

Two cadmium sulphide(cds) photoconductive cells with spectral responses
similar to that of the human eye. The cell resistance falls with increasing light
intensity. Applications include smoke detection, automatic lighting control,
batch counting and burglar alarm systems.

Applications

Photoconductive cells are used in many different types of circuits and
applications.

[ —

|

Analog Applications Dlgltal Applications
e Camera Exposure Control Automatic Headlight Dimmer
¢ Auto Slide Focus - dual cell * Night Light Control
¢ Photocopy Machines - density of toner = Oil Burner Flame Out
¢ Colorimetric Test Equipment e Street Light Control
¢ Densitometer » Absence / Presence (beam breaker)
¢ Electronic Scales - dual cell » Position Sensor
* Automatic Gain Control —

modulated light
source
* Automated Rear View Mirror

Electrical.Characteristics

Parameter Conditions Min Max
Celiresistance I 4000LUX |~ (| 400 1 - _ @mr
20 L%, SR P9 ) -1 KOk
Dark Resistance - - 1 - M Ohm
Dark Capacitance © N5 a) ebmg 5 (S HbF
Rise Time 1000 LUX - 28 - ms
10 LUX - 18 - ms
Fall Time N 1000 LUX = Al | - 3 "*i:
N TT0BUX - 120 L f"(?ig‘
Voltage AC/DC Peak - > 320 |V max
Current . T ONB|I OV V75 _lfAsfiax
Power Dissipation 100 | mW max
Temperature

@
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/

Guide to source illuminations

Light source lllumination | LUX
Moonlight 0.1
60W Bulb at 1m 50
1W MES Bulb at 0.1m 100
Fluorescent Lighting 500
Bright Sunlight 30,000
Sensitivity

FIGURE 2 RESISTANCE AS FUNCTION OF ILLUMINATION

The sensitivity of a photodetector is the relationship between the light falling on the device and the
resulting output signal. In the case of a photocell, one is dealing with the relationship between the
incident light and the corresponding resistance of the cell.

1000
S 100
g 10 \\\
-4 10 \\
01
0.1 10 1 100 1000 10,000
Lux
Spegt[alﬂespops‘e” A0 GAX IR
Figure 3 Spectral response
0% | '\ FERY ,_,' ,_l,_. r a
0% T.J v | %__.....___.
i- \
20% —
7 N
o% 111 1“‘ dhet it ead e b el ontrandngndtaddlal

350 400 460 500 540 4S80 620 660 700 74O 760 - €20 870

Wavelangth (nm)

100

\e Sunrom Technologies Your Source for Embedded Systems Visit us at www.sunrom.com /

\

Ficure 1 CIRCUIT SYMBOL

R1
LDR SUNROM #3190

Like the human eye, the relative sensitivity of a
photoconductive cell is dependent on the
wavelength (color) of the incident light. Each
photoconductor material type has its own unique
spectral response curve or plot of the relative

response of the photocell versus wavelength of
light.
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Dimensions 7
.14 (3.66) £07011.78) 1.38 (35.05)
.164 (4.17) .090 {2.29) 1.62 (41.15) AWG 24 TINNED
COPPER LEADS
|
172{4.37) 0080(2.29)
.192 (4.88) 11042.79)
| E——
PLASTIC COATED T0 LEAD DIA. & PLASTIC COATING
PROTECT ACTIVE SURFACE NOT CONTROLLED WITHIN .10 (2.5)
OF CERAMIC SUBSTRATE
Typical Application Circuits
Figure 6 Sensitive light operated relay Figure 9 Logarithmic law photographic light meter

+12v

12V RELAY (mn 1106

Typical value R'= 100k

= 200kQ preset to give two ovetlapping ranges.
Relay enérgisedwhen light level increases above the (Calibration should be made against an accurate meter.)
level set by VR,
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PCF8591 Module
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PCF8591

A PCF8591 AD / DA chip introduced

PCF8591 is a monalithic , single supply, low power ,8-bit CMOS data
acquisition device . PCF8591 has four analog inputs, one analog output and a
serial I2C bus interface . PCF8591 the three address pins AO, Al and A2 can
be used for programming the hardware address , allowing access to the same
I2C- bus PCF8591 8 devices without the need for additional hardware.
PCF8591 device on the input and output address, control and data signals are
bi-directional two-wire I2C-bus for transmission in a serial manner .

PCF8591 key performance indicators:

single power supply

PCF8591 operating voltage range of 2.5V-6V

Low Standby Current

via I2C -bus serial input / output

PCF8591 through 3 hardware address pins addressing
PCF8591 12C bus speed sampling rate decision

4 analog inputs programmable as single-ended or differential inputs
auto increment channel selection

PCF8591 analog voltage range from VSS to VDD
PCF8591 built-in track and hold circuit

8-bit successive approximation A / D converter
Through an analog output of the DAC gain

Baby description

A module chip PCF8951
2 module supports an external 4-channel voltage input capture (

voltage input range 0-5v)

3 module integration photoresistor , you can capture the ambient light

intensity through the AD precise values

4 module integrated thermistor temperature by exact numerical AD

acquisition
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5 module integrates a channel 0-5V voltage input capture ( via the

blue potentiometer adjustment input voltage )

« 6 module with power indicator ( the module after power indicator
lights )

e 7 module with DA output indicator , when the module DA output
interface voltage reaches a certain value , the board will be lit DA
output indicator, the higher the voltage , the light intensity is more
obvious ;

e 8 Module PCB size : 3.6cm * 2.3cm

« 9 standard double panel , thickness 1.6mm, nice layout , surrounded

by a through hole , aperture : 3mm, convenient fixed

module interface description

This module expansion outside the left and right , respectively, 2-way pin
header , respectively, as follows:
DA output interface chip left AOUT
AINO chip analog inputs 0
AIN1 chip analog inputs 1
AIN2 chip analog inputs 2
AIN3 chip analog input interface 3
Right SCL IIC clock interface connected microcontroller IO port
SDA IIC digital interface connected microcontroller 10 port
GND Module to external ground
VCC Power Interface External 3.3v-5v

Four modules use red short cap
There are three red module shorted cap, respectively function as follows :

e  Connect the shorting cap P4 P4, select thermistor access circuit

«  Connect the shorting cap P5 PS5, select photoresistor access circuit

e  Connect the shorting cap P6 P6 , select 0-5V Adjustable voltage
access circuit
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Abstract

Nowadays, Natural -Daylighting - factor has played -significant roles in modern
illumination engineering design due to two huge advantages: it is free and it is
extremely pleasant for human works. This article proposes a design concept and the
implementation of a -smart lighting control system -in the general office building
considering the daylight or natural daylighting factor. The original idea of how it works
starts from the problem of low- lighting quality in the office due to the dissimilarity of
the lighting distribution in the particular office area. This research divides the specific
area into two zones and starts monitoring the illuminance (Lux) using many photo
sensors for -each' zone when the certain area has the daylight factor, From the
observations, the zone adjacent to the windows has too much light (too bright to work)
while another zone has too little light (inadequate light for work). This paper thoroughly
explains the design idea & concept, the control strategies, the implementation and the
experimental results, including the analyzing results and conclusions.

In this research, the EN15193 standard is set as the core standard for daylight definition
and all other requirements to be complied with in the implementation phase, the
STM32F103 microcontroller is used as a main microprocessor to.communicate between
the light sensors, the proposed LabVIEW™ algorithm and the dimmable LED drivers.
The LabVIEW ™ algorithm (LabVIEW™ 2011 Student version) functioned as a key
processing unit in.order to compute and manage the control strategies from
inputs/outputs of the controller and light sensors. The dimmable LED driver helps in
completing the control process. The proposed system is capable of working either in
Manual or Automatic setting modes. The experiment from the Laboratory-tested
environment for 30 days yields very satisfactory results. The proposed control system
and devices are capable of doing its own jobs accurately and reliably. The additional
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plus from monitoring the power consumption is that the proposed system helps in
reducing the demand for electricity in such area by at least 35% in the tested criteria.
In conclusion the key advantage of the proposed control system is that it is simple,
reliable, energy saving and easy to expand the features and work functions as demand. It
is capable of easily increasing the zones of interest and it is also capable of adding the
color-controlled functions for better working environment in the near future to come.

Keywords: Smart Lighting Control System, Daylighting Factor, LabVIEW ™, Energy
Saving

1. Introduction
In the present, Lighting applications has not been featured to workplace due to the
problem of the light-in the building is insufficient brightness, non-uniformity light
distribution and use unnecessary lighting in areas where daylighting. Therefore, This
research present A Smart Lighting Control System in Office Building Design Concept
Considering the Daylight Factor that controls the illuminance in areas for sufficient
illuminance and energy saving,

2. Related Theories
2.1 Daylight Used Buildings [1,2]
Daylighting is highly effective light and suitable for human use. Today, it has been
scientifically proven that ‘humans have satisfaction when watching in daylight
environment whether in the office or in the shops. In schools, Students can learn better
with daylight.

Moreover, daylight is also an advantage that has come from nature without investment
and can be activated at any time during the use of the building in the daytime. The
standards are designed according to ENI15193: Energy performance of buildings -
Energy requirements for lighting.

2.2 Measuring the illuminance [3]

2.2.1 Spot Measurement measures the illuminance by using eye -specific points, or to
use in their work depending on the measurements in the affected eye, workpoint or the
work of workers by putting LUX meter horizontal with the workpoint or substrate eyes
and read the illuminance.

2.2.2 Area Measurement measures the illuminance in the common areas within the
establishment such as corridors and areas utilized in the manufacturing process. This
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measurement can be made by whole area is divided into smaller 2 x 2 square meters by
LUX meter plane height of 30 inches (75 cm ) and then read the measured values are
averaged .

2.3 LabVIEW™ Program [4,5]

LabVIEW™ is a comprehensive developing platform that applies a graphical language
instead of text code in traditional programming i.e., C, Pascal, JAVA. It provides a
wide range of compatibilities and flexibilities e¢.g., the design, control and a variety of
test systems. One big advantage is that it provides some virtually-measuring devices for
testing the under-developing system to avoid risks of damaging the expensive and
actual system.

i S T q’
Ao e i 0 1
DRI S s e ) % o5 )

Fig.1 (a) Example Front panel of LabVIEW (b) G Language (Graphical
Language)

In this platform, a computer with LabVIEW™ program is needed to control an
operation of the Data Acquisition (DAQ) from processing, visualizing and storing data.
Two main parts that need to be designed and customizable are Fig.l(a) the user
interface called Front panel and Fig.1(b) the graphical language code called Block
diagram. Figure | showed LabVIEW™ program.

3. Design Concepts
This section presents the design concept. Consists of designing The conceptual design
schematic, Designing of Testing room, Control system®, 1/O device® and selection
Light sensor® and LED driver®. The system overview in Fig.2
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Fig.2 System overview

3.1 The conceptual design schematic

Concepts in design, System maintain illuminance in office building when daylight
changing due to time and cloudy. Illuminance maintained by lighting control system
that control lamps luminous.

Fig.3 Conceptual design

Fig.3 In daytime, daylight comes in office building. Volume of luminous depends on
whether cause varies illuminance. Control program running on computer measure
illuminance then control lamps luminous in office building to maintain illuminance.

3.2 Room Simulation

The design of the testing room with windows on one side only similar to office room in
the building. Choose size 4x8 meters and designed light installation with DIALux
program with uniformity light, Lamp LED Downlight 18w used. The average
illuminance 300 LUX by IES standard. Workspace height 0.7 m and ceiling height 2.8
m. Fig.4
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®  LED Downlight + Dimmable LED Driver
= Window

A - Light Sensor
Fig.4 Room simulated
From design divided room into. 2 zones 4x4 square zone A with windows and zone B

without windows. Installed in each zone 4 lamp LED Downlight average illuminance
320 LUX.

3.3 Control System®

Control System serves to maintain the illuminance in each zone in the value as
determined by the monitor illuminance through the Light sensor is installed in each
zone. fig.5

oo oy
sl g
Y g

Fig.5 Smart Lighting Controller
Control System Created by the LabVIEW program operates by comparing the

illuminance measured. Then control the power of LED Downlight with LED Driver
DUTY Ratio Fig.6
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Fig.6 Control Programs

X Desireilluminance
Y. Measured illuminance
D - Duty Ratio

Concept of control programs by select a desire illuminance of X, then Y -measured as
illuminance comparing Y with A and B, then adjust D until Y is between A and B.

3.4 Input/Output Device®@ [6]

Due to the LabVIEW program running on Computer so it is necessary to use the I / O
device for LabVIEW applications. There are 1/O device for LabVIEW is Data
Acquisition (DAQ), which are used by a range of tasks. The research use STM32F103
Microcontroller replacement DAQ connected with Computer via serial port to receive
the illuminance and transmit the duty of LED Downlight. Fig.7

388



82

Computer LED Driver

{_Light Sensor

Fig.7 Input/Out System

3.5 Light Sensor®

The Light sensor Fig.8(a) made from LDR (Light Dependent Resistors) is a device used
to measure the illuminance that does not need too much accuracy. The principle works
resistance within' the LDR changes as illuminance when light Fig.8(b). Connect to
STM32F103 control via the A/D transmission voltage value to calculate to illuminance.

389



1000
g 100\,L
g \\
g 10 _ <
é 10 N
] \.

21 1c 10 100 1000 10000

Fig.8 (a) Light Sensor (b) Resistance as illuminance

3.6 LED Driver®

To adjust the brightness of LED lamps, LED Driver requires the ability to be adjusted.
The control LED Driver signal has many forms. This system use PWM Dimming
Driver in use for convenient control of the Duty Ratio Control from STM32F103

Fig.9(1) The PWM-Dimming LED Driver drive LED with direct current in constant
current mode Fig.9(2)

Fig.9 (1)PWM Dimming LED Driver - (2) Diagram of PWM Dimming LED Driver

4. Experimental Results
After design control systems and devices. In this section test the performance of the
device and test the control system to work in various conditions. Including measurement

the energy used when using consecutive 24 Hr and compared the system energy
efficiency. Test setting in Fig.10
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0 Control Device
<3 Light Sensor
& LED Downlight

=

2x Fluorescent Lamp

Fig.10 Test room configuration
4.1 Verification of Light Sensor
Comparison of light sensor performance with conventional LUX Meter Tablel. To
determine the accuracy of the illuminance experimentally measured in different areas
with different illuminance values compared with LUX Meter Extech precision +/- 4%
accuracy Fig.11

Fig.11 Conventional LUX Meter

Tablel. Comparison the illuminance measured

Conventional Propose Light Error (%)
LUX Meter (lux) Sensor (lux)
85 3] S 88 3.5
197 201 2.0
313 303 NI.1
407 397 25
511 : 497: > 2.7
4.2 Control System Test

Testing system to controls the illuminance by fix illuminance in control program.
Measuring illuminances with LUX meter Table2

Table2. Result of illuminance control

Desire illuminance Measure illuminance
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(lux) (lux)

100 97
150 159
200 204
250 241
300 305

4.3 Control System Test with external light souse

Testing system to controls the  illuminance infect with external lighting by fix
illuminance in control- program.  Measuring -illuminances with. LUX meter. Use
fluorescent 18w instead Daylight. Maintain the illuminance by 300 lux table3

Table3. Resuit of illuminance when infect with external lighting

Fluorescent  Desire illuminance  Measure illuminance

(lamp) (lux) (lux)
0 300 - 304
1 300 293
2 300 295
3 300 307
4 300 {71319

4.4 Operation running and Power monitor
Operation test by metering power in zones A and B with Power Analyser Fig.12
Recording energy in each zone for 1 day.

Fig.12 Power Analyser
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Table 4 Power monitoring

Non-Controlled ) Controlled
Time Zone A Zone B Zone A Zone B
(w) (w) (w) (w)
6 am 72.8 72.8 72.8 72.8
8 am 72.8 72.8 13.7 51.1
10 am 72.8 72.8 0 47.3
12 am 72.8 72.8 0 45.2
2 pm 72.8 72.8 10.7 524
dpm Tk Tl 335 65.5
6 pm 72.8 72.8 61.8 72.8
8pm—4am - 728 A2y . 12BN 728
Total Energy- 1.75 Unit 1.75Unit _-1.24 Unit  1.46 Unit

Consume

Tabled, The results energy 3.5 Unit consumed in one day with non-operate control
system when operate control system energy consumed decreased to 2.7 Unit/day save
energy 22.8%. If the room used just the day (6 am - 6 pm) can save energy up to 46.2%.
The cumulate energy consume show in fig.13 (a) and power consume comparison in
fig.13 (b)
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Fig.13 (a)Cumulate Energy consume (b)Power Consume

5. Conclusion
From design and experimental results, light sensor can work well with acceptable
accuracy close to conventional device. The control system is designed can maintain the
value of illuminance as determined on varies daylight. When comparing the energy
consume between non-operate and operate system .Operate system can save energy up
46.3% at daytime.
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ABSTRACT

Nowadays, Natural Daylighting factor has played significant roles in modern illumination
engineering design due to two huge advantages: it is free and it is extremely pleasant for human
works. According to last year article named a Smart Lighting Control System in Office
Building Design Concept, the previously proposed control system and devices are capable of
doing its own jobs accurately and reliably and helps in reducing the demand for electricity by at
least 35%. This article proposes the improvement based on the previous research; especially on
the communication system from wire connection to wireless connection. The main idea starts
from the real-world problems of many difficulties found after installing the wire connection via
serial port between Control unit and /O module. This research paper proposes the use of
wireless LAN network communication via TCP/IP protocol to link all devices in the system
together in order to be able to measure and control properly. This paper elaborates the design
idea & concept, the connection strategies, the implementation and the experimental results,
including the analyzing results and conclusions. The proposed LabVIEW algorithm
(LabVIEW 2011 Student version) functioned as a key processing unit in order to compute,
manage the control strategies and transmit data from inputs/outputs of the controller and light
sensors. The experiment from the Laboratory environment for 30 days yields very satisfactory
results. In conclusion, the key advantage of the proposed control system is that it is simple,
reliable, energy saving and easy to expand the features and work functions as demand. It is
capable of easily increasing the zones of interest and it is also capable of adding the
color-controlled functions for better working environment in the near future to come.
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Keywords: Smart Lighting Control System, Daylight Factor, LabVIEW algorithm, Visual
comfort, Energy Saving

I. Introduction

Daylight or Daylighting is the practice of placing windows or other openings and reflective
surfaces so that during the day natural light provides effective internal lighting. Particular
attention is given to daylighting while designing a building when the aim is to maximize visual
comfort or to reduce energy use. Energy savings can be achieved either from the reduced use of
artificial (electric) lighting or from passive solar heating or cooling. Artificial lighting energy
use can be reduced by simply installing fewer electric lights because daylight is present, or by
dimming/switching electric lights automatically in response to the presence of daylight, a
process known as daylight harvesting. In this research, we focus on how to control/utilize the
uses of daylighting when there ‘are some basic problems occurred e.g., (1) insufficient
illuminance, (2) low quality lighting in the working area/office/room (non-uniformity lighting
distribution) and (3) redundant energy consumption in the area where there is daylighting from
natural. This paper proposes the smart way to manage the office lighting system based on two
key factorsthat are Visual comfort and Energy saving. According to last year article named a
Smart Lighting Control System in Office Building Design Concept, the previously proposed
control system and devices are capable of doing its own jobs accurately and reliably and helps
in reducing the demand for electricity by at least 35%. The actual problems found after
installing the wire connection via serial port between Control unit and /0 devices as of many
difficulties. The conceptual design, system overview, the control system device, the control
algorithm and the experimental results will be presented later in this article.

I1. Related theories
2.1 The Uses of Daylighting in Office Buildings [1-2]
Daylighting is highly effective light and suitable for human use. Today, it has been
scientifically proven that humans have satisfaction when watching in daylight environment
whether in the office or in the shops. In schools, there are some research shows that students
will be able to learn better with daylight. Moreover, daylight also has an advantage that it
comesfrom nature without any addition investment and can be activated at any time during the
use of the building in the daytime. The EN-15193 standards: Energy performance of buildings
- Energy requirements for lighting has been used as a base guideline throughout this research.

2.2 TCP/IP (Transmission Control Protocol/Internet Protocol)
TCP/IP (Transmission Control Protocol/Internet Protocol) is the basic communication
language or protocol of the Internet. It can also be used as a communications protocol in a

private network (either an intranet or an extranet). When you are set up with direct access to the
Internet, your computer is provided with a copy of the TCP/IP program just as every other
computer that you may send messages to or get information from also has a copy of TCP/IP.
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2.3 Wireless Local Area Network (WLAN)

A wireless LAN (or WLAN, for wireless local area network) is one in which a mobile user
can connect to a local area network (LAN) through a wireless (radio) connection. The
IEEE802.11 group of standards specify the technologies for wireless LANs. 802.11 standards
use the Ethernet protocol and CSMA/CA (carrier sense multiple access with collision

avoidance) for path sharing and include an encryption method, the Wired Equivalent Privacy
algorithm.

2.4 LabVIEW™ Program [4-5, 11]

LabVIEW™ is a comprehensive developing platform that applies a graphical language instead
of text code in traditional programming i.e., C, Pascal, JAVA. It provides a wide range of
compatibilities and flexibilities ¢.g., the design, control and a variety of test systems. One big
advantage is that it provides some virtually-measuring devices for testing the under-developing
system to avoid risks of damaging the expensive and actual system.

I11. Design concepts
This section briefly elaborates the design concepts and related devices used in this research
consisting of (1) the conceptual design, (2) the System overview, (3) Zoning control concept,
(4) the control system concept and algorithm, (5) the I/O devices, (6) the lighting sensor, (7) the
dimmable LED driver and (8) the power quality analyzer.

3.1 The design concept

The LED lighting system installed in-the certain room/office can be controlled according to
incoming daylight, one or more wireless sensors can be incorporated together with the /O
device and LabVIEW algorithm for automatic or manual operation [11].

3.2 System Overview

The proposed Smart lighting control system consists of four key units.as shownin Fig.1 below.
The first one is named the Control Unit which acts like a main processing unit to calculate and
process all signals from/to the inputs and outputs from 1/Q devices. The second module is
called the /O Device which mainly acts like a gateway to get analog inputs then pass the signal
through the Control Unit via wireless communication. The #/0 Device also has one more
important function to acquire the after processed signal from a Control Unit and send it out to
output devices. The third unit is a Lighting Sensor Unit which mainly acts like a measuring
device to indicate how much light come in to the interested area. And the last Unit is called the
Output devices which will get the control signal from the Control Unit and process all

commands.
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Fig.1 System overview

3.3 Room configurations and set up for Simulation

The testing room configuration is designed such that it has-windows on two sides. The room
dimension is set as 8x8 meters. This particular room divided into four zones called Zone A,
Zone B, Zone C and Zone D. The currently-installed lighting system has four 18W LED-type
down light luminaires with dimmable LED driver for each luminaire. The working plane is set
to be 0.70 meter as stated in TESNA standard [7]. The average illuminance from the
pre-calculation is set to be about 300 lux. Figure 2 illustrates the room of interested.
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® @ 1 & @
ZoneD | ZoneB
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Fig.2 Room cenfigurations and set up for Simulation

3.4 Control Unit System (Section@ in Fig.1)

Control unit system comprises of a personal computer (PC) or laptop with the LabVIEW
algorithm (Student version 2013 is used-in-this research). The main purpose of this unit is to
process the lighting input signals from the light sensor and from the daylight; then compute
how to send out the signal to control the output devices which, in this case, are the dimmable
LED drivers and LED luminaires. One unit of the light sensor will be installed for each zone
(see Fig.2 and Fig.5) at the working plane level. The signal from each light sensor will then be
send to the control unit system. This control unit system will compute and process the input
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signals according to the algorithm shown in Fig.3(a) by comparing the real-time measured
illuminance in the room with the setting desired illuminance and adjusting the output signal as
required (see also Fig.3). Here is how the coﬂtrol algorithm works: the desired illuminance (X)
was set in the LabVIEW user interface as shown in Fig.3(b). The measuring illuminance (Y)
will be acquired from the light sensor. The illuminance X and Y will then be compared and
adjust the duty ratio (D) until the certain tolerance of the different between X and Y is reached.

STARY

S Smart Lighting Controller
g o Iuminance(LUX) Zone A luminance{LUX) Zone C
‘ 1304 297
\ W inance: \l‘éom B Dluminance(LUX) Zone D
- “: "” » 302 %{\ 300

Opecation 190X 2% wx
Y 200 LUK ﬁ 01X Gy
0D - ANe i Py \

(b) User interface to set up the desired
illuminance in the testing room

Desired illuminance
Measured illuminance
Duty Ratio

Spor

O <~

(a) Control Algorithm

Fig.3' Block diagram of the control unit system algorithm

3.5 Wireless Communication System

The proposed Control unit applies TCP/IP Function from Labview program to communicate
via wireless connector of PC/Laptop. This Control unit acts like a standalone server for signal
connection using fix IP address for each individual Control unit; then open the port for external
1/0 device which act like a client. Each of the external /O devices connected to the server at
different port number for convenience in transmitting and receiving data. All of the devices in
this system will be connected through the internet router to assure the same network
configuration.

3.6 1/O Device (Section @in Fig.1) [6]

The LabVIEW algorithm was written by on the National Instrument platform which normally
utilized the data acquisition board (DAQ board) as an I/O Device. This research proposed the
use of the microprocessor Arduino UNO to be an I/O device instead. This microcontroller will
be connected to the PC/Laptop via Wi-Fi Module to acquire the illuminance parameter from
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the light sensor (LDR) and send out the post-processing signal to control the duty ratio of the
dimmable LED driver.

3.7 Lighting Sensor Unit (Section @n Fig.1) [8]

The Lighting sensor used in this research shown in Fig.4(a) made from LDR (Light Dependent
Resistors). It is a device used to measure the illuminance that does not need too much accuracy
(general specification for error is +5%). The principle work is that the resistance of the LDR
will be change when the illuminance changes. The variation of the resistance will be sending
out as input signal to the control unit via the Arduino UNO microcontroller.
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(b) Varation of Resistance alongside the

(a) Lighting Sensor change of illuminance

Fig.4 Lighting Sensor Unit and Devices

3.8 The LED Driver and Output Devices (Section@ in Fig.1)

To adjust the brightness and the level of energy consumption of the LED luminaires in Fig.3.,
the dimmable LED Drivers is required here. The dimmable LED drivers need the duty ratio
signal from the Control Unit to adjust the outputs. This system uses PWM Dimming LED
Driver for convenient control of the Duty Ratio from Arduino UNO microcontroller. The LED
driverin this paper is the PWM dimmable LED Driver with direct constant current mode [11].

IV. Experimental results
The main goals of the experiment are the overall system performance. The system with no
control and the controlled system on sunny day can be seen in the experimental results. The
testing facility configurations and set up are shown as‘in Fig. 5 below.
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Fig.5 Testing facility configuration and set up

Control System Test with Actual External Daylight Environment

The main goal for this test is to see how the proposed system works in the environment of
where the actual daylighting-comes into play. The test configuration is already mentioned in
Fig.5. The testing time is set to be 12 hours of operation in Sunny day. The illuminance and the
power consumption of each zone are monitored and recorded continuously for 12 hours. The
test results-can be seen from Table TV. From this set-up, we found out that the energy
consumption in case of having the proposed control system is noticeably less than when there
is no control at all. This experiment shows the number up-to 56.6% of energy saving.

TABLE V.- Power Consumption Comparisons between the conyentional Non-Controlled
system versus the proposed controlled system

BRI

V. Conclusion
It is clear from the experimental results that the proposed Smart Lighting Control System in
office building works exceptionally well with highly efficient and reliable performance. The
proposed connection system which changes the series connection via the serial port to the new
wireless connection has many advantages over the previous method. One key advantage is that
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we can now freely layout lighting sensors in many positions which make the entire control
system to work more accurate. Another key advantage of the proposed wireless connection is
easier to carry or relocate the position of the lighting sensors and/or luminaires. The proposed
controlling scheme increases lighting sensors from two to four resulting in better accuracy in
lighting control methodology. As a result, the more accurate the system works, the better
energy saving becomes. Since this research is still in the middle state of work completion in the
near future. There are still plenty of rooms for improvements. One of the near future
developments is that to add feature of acquiring and recording data from this system and device
to be analyze. One possibility is to add the new feature to support the remote control and
monitor via a smart phone or a tablet PC. Another possibility is that to utilize the satisfied
LabVIEW algorithm from this work in a form of embedded system with higher grade of
equipment to be more reliable for the future energy saving policy in Thailand.
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