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ABSTRACT

This thesis proposes the smart way to manage ligshting 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 LabVIEW™ 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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Junssnvijduiusseninsldeasfvaanndeunisuen vauzifordufibudiuils
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ihissaosazteagiouliuasaitefisiudnumismiandnuudidalulueiasléan
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2.3 13T daRdNLES [1, 6]

waa Wundsnueduuimanluinlutaseuenadudsannsanseduenm (Retina)
wagiliAnnsuewiiuld aduwimdnliiiusinguulaniainueniedulugieiniien
(§Ufl 2.2) o 9nARUANEgEsdiauemAdY (Wave length) ummsvidosnnndniu audesed
Bnd (xray) Fall mnuemedudunimianluwns (10°we9) wasiionvesuywdanusn
soaiuldeylugiesening eduing uaededidnd ndsruusimdnliindanaudfdulsits
duuazayNIA NaWUATinEAauUN Y WueduingdguauiRdeulunendu Tuvaed
wEnudsfinnuenedudy Wy Seddndauantidnlngiueynin (raew) deduuas
mansasesiuldiuiaidnvasiions Ao fanauifraunaiuszminduazeyne
fruemeaulutng 380 - 770 wiluwims
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Uil 2.2 pdvlugnumudisne [1]

AuLgULES (Lluminance) PUED USUNULEITIANNTENUAIUUNTINUINUN
Pviun mheipeuduadiniodu §nd (Lux) v5e Wawauia (Foot Candle)

1 Woiey = 10.76 and

2.3.1 WAAINLLAUDILES
WE99IN5TINYA (Natural  Lighting) wadn LAY LENSIINTIANEADY AD A9
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91708 wavainaInNviaenlinsedsiuywdUssRugiu (Artificial Lighting) \u viaanld vaen
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2.3.2 WanszUYBIUTIIAILAST dagun

Sunmevesasaistulinanssnusionuyha Tunsdl wasadnstiosiuly awdinaide
siotetnn viildindudenyhaumniiuly msgsulisiunidaniidu desanms
sondutulidany deddnarlunsueseandeauiu silndnenudosdwesiodmni
Foafedumy inemstheem furdue mavauiulaeldiedestiegUnsaionafiowaayiliian
guRmntuld viielududagnaruiiiudunsne warlunsdl wasadnefisnniiuly agvilviei
uda anuliiauie deed vaean fuafuy ndadeonfsmnszan 3adsu uenlindu
nsueafiungas desnasainsdeniuluuazanniuly uenanazaelfiAanamsisla fo
Wemiglumsvinen viguaziddalunsinuanamd SoihliAngiRimmlunisie
Al

2.3.3 ip30liauazaUnsallun1snsiainANaLdaiaeddng
wsosllanaudureuasad e Fae A du §nd (MUNYNTTNTINTIIY eIty
1% i =~ - a o ) Y v
ANNTOU LATEINY wagide W.A.2549) Y38 WakAuAa dnyaslaeilUvedeTodinAIuLTY
WASLARIAIFUN 2.3

JUN 2.3 isesinanutuwasialy [1]

w3asleTafidiuuszneudidifn 2 drufe

1) waasuuas (Photo Cell) virsiimunsenarainaiuluiadeoumiuanstanau
(Silicon) w3 warflon (Selenium) Yimihiidsundsnusandundsnulii dannudu
wasainean wasnuliihfietuazsnnauluidudndiu wadsuuas enagnoanuuullAs
yudnteeielvuasainiianisingg annsenulusm 90 aarn videlndlAsaiigaldsousy

2) fumad (Meter) daufazsundsouliihiifnonwadsuuas uazuansruumtnge
Wumnudunasaing



Audnuazvaaatasiia annsotammduuasaingld dud 0 Fannnd1 10,000
&nd andnwauzveaniesinuasouiulunusnasgiu CE 1931 YesAMzNIIIANTIENINg
UsemeAdmeAud@edddng (International Commission on Illumination) %38 1SO/CIE
10527 visewigumin Wy JIS Z 8701 v3enni1 (newwasunasdedilnnanuyazCosine-
Corrected ousurmasuasiilildnndaainiuphoto Cell wazdoall Color Corrected ma
1m3g1u CIE)

2.3.3 N13ATRIAANUTUUAET

maUszmAnsuataRnIsuaANATOILIIY 1309 néninasl FBdudunsnsaninuay
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syogna wagdsunviansiidesdiiiuns tamunli
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09 lonafinasonisiasuuladseiuanudou wavadng wiewdes Wunednediunnsdnlond
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anmnsvhauunduarluianafifluasainamusssuAdenian

nsnineutiasaismeluenns 3nmannainlagildill 2 38 Ao Yaiiga
v was TauuuAaievosiuiivialy

2.3.3.1 9uUUA (Spot Measurement )
Junsnsfaenuduiasaininnignitdesiaulasldasnnanzaaviedosld
aemeeiuilunisiia m’sﬁmluamﬁmEJmﬂizm%}umwgaqmﬁﬁmusmamumu (Point
of Work) Tnemamdesinuasluinszunuiieatuiumy viefiufafiasnannszny uiie
A"

2.33.2 mytauduaiounuuiuiinaly (Area Measurement)
Hunmsnsafarudunasaisluuinaiuiivalunisluanulssnouiants Wy madu
wazuTnniuildUsslonilunszurumandniignitehaunimsetauuuiansovilfaes
7 Ao

1) usituitionuneanidu 2 x 2 msaans Tasfowaiuuadluuurssuiugeaniiy
30 @7 (75 wufims) wdeue (uvaeiitadudediliavesintuaaing teadiin
IgumAnads



2) mnmsiavaealifihfidnuaziuiueudng fu annsadauadlugaiidufuny
yasituintuamnnsenuludnuasionty audsmsiauauaznsinnaiede vos IES
(Iluminating Engineering Society of North America) Lighting Handbook 1981
(Reference Volume) wiaifleuwi mstaludnuaiitaglisiunuansiatatosasld
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2)  Usuilwos Inelmosuraiuasiidulnusuidontiaueeninudulatadnasenu
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sefugenau dlilirasmsintuisresyusuanasaan

3)  Anwidnuarn1IuLe iRy wuinresiuenu Anuazdoaresiiy
Hadunandeniidsmansenusenisnes MIaosEing LayAUAINYDINITABIAI N

4) ’mLezja%’uLLmizuwLamﬁ’uﬁuﬁ’mummﬁﬂﬁﬁ’amuﬁ% FIUAIANULTULES
a9 fimsnsiaiadossealdlfiavesiaie menteuuisaiunas devinlkaraaudy
La9ad19in AN TLASY
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AADT havtufinNg
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WA 2549 Y8R 2 Ledea
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2.4 1Jswnsu LabVIEW [7, 8, 14]

LabVIEW

Ul 2.4 daydnal LabVIEW

LabVIEW #®31990 Laboratory Virtual Instrument Engineering Workbench R
mneaaindulvsunsuiiafuedesiietnadouasduiesfiRnsmdanssy fufu
szasindnvesmehauresisunsuiifrensiamsludumsianazieiesilotn aenad
UszanSan Fadulusunsuussian GUI (Graphic User Interface) lagauysel dufoisill
$nduondou code  wiordslaeg Tedu u,azﬁﬁﬁmé’ﬂwmsmmﬁiﬂumiLLﬂimﬁLiwz
Foniudu awiguaim vieldendneg 191w G (Graphical Language) Faazinunsidou
IﬂiLmiuLUuUiimasmmi’mumaﬂ‘ummwu%ﬂu WU C, BASIC %58 FORTRAN pag3unw
viednydnuniiavan SausludesumomardvautumsinGomiedeulusunsutig us
Fosdueefunslilusunsuiudausaenud LabvIEw dflenuasmnuazanansoanioa
Tuna@sulsunsuaslulfunnlsgiantzlunudoulsunsunouiiunefiieideusafy
gunsaldue tieltlumsiauaznisaruau LabVIEW Tagldfimsussalsunsudiuduann vde
Libraries is,i'j’]qﬂﬂ'miﬂ’ﬁl,%awia%ﬂu DAQ (Data Acquisition), GPIB (General Purpose
Interface Bus ﬁ%afiau%ﬁ’lﬂfﬁﬁﬂﬁﬂu%a Hewlett Packard Interface Bus, HP-IB), wasm
oynsu e Serial Port IieldfAnserugunsaliidsriudeyauuueynsu (Serial Instrument)
sudanmslinszidoyaiilagneisnsdieg vonaniluy Librares wiantuddldussailediu
m3ﬁwawuﬁﬁwﬁ@§ﬂumaﬂizms WU signal generation, signal processing, filters, @fif,
fundln waz adamansaun foju LabVIEW 3eilimstauarmsldinsedietananofuides
fwadluann Tay LabVIEW azidelusunsilagerdeguam erdevdnnisiauvesniesile
Sovzemsmueuinliildanunsasenuuuzuuuulsunsunaigld desnisudnnsdsnan
wuseenilu 3 dulvgl fie

1. Acquisition dududmiFudeya (input) inaindawnndeuneuenidigszuu Tu
fifite roufiumes tneteyafidndssunienaazanainmsa DAQ Ewiudyaramslii),
IMAQ (FwFuteyausziangy) se GPIB (mmumwwmmammm)

2. nésnildFudoyaudiotavgsinu fladdu Analysis nie Tinviyatsazuaniua
Tusuigldamannsnhuanaunudeiinlduazldauls
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3. Presentation #e MsuansnalusUuuuifuusslonidorlinu lnserauansuy
wieenufiames WU DMM  (Digital  Multi-meter) wananatanzdyaaiiinldlagl
Fududosimnuduiusivuinat we Oscilloscope  wananavesteyafiduiusiunaivie
spectrum Analyzer azuanslusunnuividonsfissieenuidussnuiuieyalusiinfar

2.4.1 Virtual Instrument (VI)

TUsunsuiideutualag LabVIEW 15192438097 Virtual Instrument (VI) s
Fnvauzfiusingnissenmilefléldauszimiieutuinieseniogunsaimsimnssy lu
vuifeafundmnesgunsaliafiousanarduazndumsures #efdu, Subroutines
Wswnsundnmileutun1wiidll dmsu Vi nilaqazdseneudiedinuseneudidfyataiu
R

1) Front Panel niionthiln agiduduilddonuiusznieglidulusunsy mied
fleanion user interface) lnovhluasiidnuaziviloutuvihiinvesvesaiosdeviegunsaii
Iﬁmuﬁmmﬁﬂﬁ"’m U Tnevluazuseneuse @dngdade, Yuin, Yunn 0UAAIHANTD
wiwdAfigldanunsafinua Fefudinsugiidunefunindoulusunsuussian Visual
Hanangasazidlagnuenia Front Panel esieuiaiiondu GUI vaslusunsunde Vi
fulos dnwaizvad Front Panel uandluzui 2.5

B [@ e o P ] s e Pt bt |
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5‘3|Quasea kVﬁ %Dwrw"d' I ' el Zera [
2 ¥ i | |

T T
Pl | .
I b | Megalive | il
£ 3/ k . P - Sl Wersion 2.3
g ¥ Aotoratc Power Doalty snc

» PF il ' - = = TaLlzs Jizg-ods Lzirg Datz ol

‘3ph’as ¥ T e Aorqisticn Cysm=rm ard | 2bnd T

J Tinhalaiw.e Broauenoy Mar atlon [rngraT :

Eha Monakat < s tude af

o i rment| & B ¢ :
= : . Tochnzlegy L
. AR S OSt 79 'Y} e e

e -
5 A W b Volkzgs Caivert Gilice
ol 020 Units D=perti il o Zlet il
) LI aﬂswl . T4 ||

, BT TRICTE R L=rd-=53 Data = Prase ? |
[ 2l 5 \0ama Profoc: LoDt
1 fawe Deta 3 33 Pmam e
a . Time= (i | fizd =55 Data 260 |
:jl 0 ilata Progect Labaeseilita
/ 3500

Certified Developer

Ul 2.5 Front Panel wadlusunsa LabVIEW
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2) Block Diagram titelifiAnauidladneTu 151919384 Block Diagram #idu
\ailoufiu Source Code  vielusunsuwes LabVIEW  #susingitegluguaesniw G @
Block Diagram 1§ da3u Executable Program feanunsaiiazyhauldviud wazdedsn
Usznsndlefifie LabVIEW  asfinnsasisdeuainufianaiaveslusunsunasaian vile
Tsunsuagieniléfdadolifitefanarslulsunsuviiulasdldannsafiesgseanden
vasmuiananauandidiuldnasnnan vlinsdeuldsunsatiuietumn

dutsznaunely Block Diagram fazUsznaudae flerdu Ansdt TusunsuaIuAm
msvhauvelassadne nihluusesdiumanid Ssasusinglusives Block 1agldfunis
soany (wire) §1113U Block Mwnzaniindedu ilefmuadnuuznsinavesteyaszning
block  widniu vinlidoyaldsunsussanananiadidesns uazuanwmasanuli wigld
skl

bEE

2dl Tz
vl

Ty
5 B Do i —a

[t rr F L T
o .

brren [0 g_'l_ﬁ.,l_ut

J-zadk o [T g

Fibest harronc L 4

5Ufl 2.6 Block Diagram v@slusuATa LabVIEW

3) Icon waz Connector wW3suiailauluswnsugae Subroutine Tuluswnsuund
19 Wlae icon  agnunedie block  diagram Aanilaniinisdstoyaidiuazoanniunig
Connector @4lu LabVIEW 157194580 Subroutine 1731 subVI 98fv84n15:38ulUswnsun e
1MW G UAABLIIAINNT0AS9 VI Fazdruduanlvvinanuslediedlaag1edase antulunie
PENMINLITIAINISEIIAE LT sUlUSHNTUD LT UL RS unTdU VI s Asas1edunau
v Q’ljd LY d[ o % d' a d? 1 I~ a [ dy a 1
PN UaEA? F9inly VI A deudunaunatelu subVl 1 nsideuluanuwaedisnsenin
Wewdu module
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dmiudnuaeinluves Icon wag Connector Azuandluguil 2.6 1i1agiiiuiniiosn
wansluguves Connector 519gnuiideswedeyansenisunit Terminal Usingliiu

ACL 3]
D-TRIG

/ /

lcon Connector

UM 2.7 Icon uag Connector

¢ =

AdwnR1eglgiulu LabVIEW  fleenazuananeainisldduluniviniadsu

Tsunsudmidadeniqlvlunate ey deuiielignduly LabVIEW whladisdnvisings Alg
TulUsunsuiugumg U suaisisnlauansaluil

A1519% 2.1 Fanviilalu LabVIEW

LabVIEW TUsunTunugy M7
VI Program AalUsLATUNEN
ardudnsagunasavuuniu
Function Function TUsuATUTuLY sin, log
Dudu
. lsunsudesiignisenldlay
SubVI Subroutine o
1UsunIunan
Front Panel user interface drunndeiugld
. NISTUANUTUADUVDITILLA
Block Diagram Program code . ¥
azlusunsumuuaTuy

2.4.2 Aranideiovas Wsknsu LabVIEW

TWsunsuudasTusunsufuiasrefiinguazasdlunsdainduesauduou waed
youtsvesLiiuidn Fdumnisidilusunsudanaildnsfuinguszasd videaguan
voutensvha infaserliaunsaldussleviogageananlusunauduld

LabVIEW  Aiduiieniu Tnggeausvasdndnuds u3¥n National Instrument ¢35
fimunlUsunsuiozanldfussuindesilotaiianudiglunisdoulusunsuuagiifladdu
iieaztrelumsiamdmnsslvinnniign isizsenmiduunu3sn National Instrument
Eunnmssanguasaifilddunsiamaimnssy llsuseniiGudunainnisudn Software
Humdn dedundldfndndmiugiifeansarlisslonigagaanlusunsy LabVIEw Fofd
Fosmsazideyaninangusniadesaeniames Wwnluedouiiovnismsiinseideya
Uszudadn wansrauazlunatensalldlussuuaiunudnludfsienauiames



14

folduTougeanues LabVIEW Aenmsnengnuvinliiedesaesiimesveasiiesiy
fu LabVIEW uay gunsalifeusariienisiiudeya (Data Acquisition Card) wéaanunsa
WasuedsneNfinnosduyanavouslrinarafuniedie fnluvateguuuy lidrasidu
Oscilloscope, Multi-meter, Function Generator, Strain Meter Thermometer YEh
winslleTadug anufisdesnis vlisansaldrenfiumeslunisinisiauasindedioln
Fogeniewns Segeaiosiifuiiunvesde indesilotaaiiouass (Virtual Instrument) waw
folfiussunilonisldgunsalafanaiidufe virual Instrument  ansnsausuldsuly
wanganfumsldanuvesdldusaznguls Tasmsdsu Vi ThdulumudesmaiduGosdils
gagniin

forsnusenisuddunimilesnisldnouiunediduaiosdiotnife aunsaldvii
.Yy Data Logger way PLC (Programmable Logical Controlled) lansausiu Falpeunfiudn
wwmmuﬁmziajﬁ"luLﬂ'%laqﬁai’mﬁq‘ﬁ”’uﬁugm 38 Data Logger uiiasinutoyals usinns
dmshaniugunsaifidu axfienugsennlumsdenisunn

nanlagazuffeninisndl LabvIEw, eeufinmesway DAQ  Card  (W3032UU
nsfnredeasBuy GPIB M58 Serial  Port $9318asiBemuasaInauANsIIzna1IRe
Mends sanansaaduasesdioinafionssaldinnung vnsadessl Transducer imanzay
Usenovegine Fagaiieshodernedusunsy

2.4.3 33WUIN15Y04 LabVIEW

LabVIEW  fqafifindulutl 1983 Tasysuse National Instrument #3013
AuailoaymiBnsiezannsruaznatlunadoulvswnsitelilunuiuszuuieiose
o FadugaiFuvosuuIANAnNITaFIe LabVIEW wdsannnisldiaanvieu 3 U 1ul 1986
U3MlFUden LabVIEW version 1 dranaifieldifuneufinmes Macintosh ity tnseusi
1309 Macintosh gl dudldegraniwnsdunusunmsinnaziaissdeinnisiamnssu
dnwarmahausmonmiindvenaios Macintosh nganfunsuszgadldiumelulad

4y LabviEw dfuszuuufcinisduitlild Gl dulsdfienumnganiiaglds
LabVIEW  sladudnsuiadesneufinnesdiuyana ma9 Nl Sedesseldinalulad
seUUUFURNNT GUI wedlA3ed PC wiowdsneu @9 NI Adessoaunseiisssuuufifnig
Windows Uszaunadisailusnumeluladuaznsnan

Tu¥ 1990 19 NI lsiuszaunadnialunisi LabVIEW version 2 sendnana lagld
USunAuazilouszuuaruaulmiianun auduugiivesdldou lasangnisdey
Compiler  fivhlAnaimsinuvestusunsusingaty iadleufunisdeudsniudy
fugn wu C uazdoniflemaluladfuszuudfifves PC fanundoudiagldnuiy cul
MeUSENIlanan LabVIEW for Windows uag LabVIEW for SUN whgnanatull 1992

nErntuuiendldiauilvsunsalinunzasfumaluladfifindy anmsaves
szuupouialged sULUVUFTRANsTAsuLadlUWY LabVIEW  d1wfu Windows  NT,
Windows 95 52uiiann5a$1a version Inal titednszuunasnaideulusunsuliazaininndy
nasIuannIadeusafiugUnsaifiieg 1Nty wlentsadeiteidusie ielfmnvauiu
msldousnntu vensndiiasslusunsufianansoyauuussuuufoinisduililsidey
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vuszuuUfiRn1siuls Taeduan LabviEw 3 Tull a.e. 1993, LabVIEW 4 1ul a.e. 1996
uaza1an LabVIEW 5 Tud a.e. 1998 dadulusunsuananuasienarsyniagideunudnuosy
nsvhauvesTsunsalu Version 5 4

Tutlgiuil Labview ulvsunsufifenld fusghaniravmnetiluisnisinu 35
wagluansgramnssuiiteldluszuunsmuausalud@ dmnitauidsesniusunsy
masnunsiauaziaieaiiodn LabVIEW envazidudmeuvilsvesaaiild

2.5 Wsunsuuazgunsalwmun Arduino

Arduino WuszuuildlunsiaungunsalBidnnsednddunuy Sseenuuulildau
fefaenounad wazseruad ngulavanedldon  Arduino léud Aallu dnUszivg
theenuuu 1flunuedisn vie lnsAnumaulalunisusziuguinnssy vuaireassd

U 2.8 dyanwal Arduino

UsgIRannuifuaines Ardiono - Tg3Euduradnideu fduissueenidesly
Tunadandeuds ool nio unAuneIwd 819l se ogeslu Ald Arduino sulul
2005 #3131989 Arduino 99 Massimo Banzi kar David Cuartielles Faodvagluiilas
Ivrea nanyTuanideanilovesdsyinadnnd desauildelaadrsgunsaiuszian
lulasnoulnsaiaesanigniitn Souindnwamsadids wazdomundudivedldde
Tsssudnaludios vrea Tgnldiduiindnuain Arduino nosduusn Tnglddelnsenises
WINWII Arduin of Ivrea

uennazsslaliavesgUnsaidugnidaisuiulilasroulnsameinsenatu lu
Fosmanaudn waniwSskeldli Arduino ansnsawannlaelusunsud "wand" aneldideuly
Tunsldaudnume Open Souce FufuTaudonldnsiauuuiugiuesssuy Wiring
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2.5.1 gunsalWaun Arduino

msviauveslulasreulnsaaesiuisumileudvanosvesuywd Aodiviniian
Auamsadamans Auiumsasin &g fldwuenudt Welfifudeyalunisduon
vie Uszananasnaq udazlianansavienldios Taglsidile wih uvu 1 v3e e g ayn
Wisuldu gunsaldiumiu (Accessories) By 19U w3 wolmes  szuudoansHiu
Sumesidn sruunanmariuanm Hudu deiulasaguie lulaseeulnsanesagyimiig
TunsAindnm Sudanszuuiananisuen Wsnuszana iedinsnevaussesnlui
gunsalfeldondue

lulnsaeulysiaeslutligtuiilognanedvie 1 PIC vesuswmlulasin 280 MCS-51
ARM-Cortex AVR uwae 3uqdnuin Arduino fidululpsreulnsiaesuuuiisiifiiendnuel
nzdafinnanndvedus fie n1sifiu Open Source FuilldiUSauidassa wasdum
fdsmalan

Arduino  estuusnusingaeaemvlantudoudiugieu O 2006 Fondedn
Arduino Mini Gaflvadnuagsnign evidhudiednenseglinfosum

3‘1]‘1'7; 2.9 Arduino Mini

f9¥390u Arduino - fivesanarguuulmidenldnunumnuatdalazaduminzas

11NN 20 JU WAAZFUATITUIN ALY ATINST IIUIUVINBSABUNA Lo1VING WAneeAY
ponly ffudsamdnaesaufesuin Taunssiaiuniium uenanidadgunsaidena
(Shield) Widenlduanuang erfiiulunununanfiuie auvnaunagn vl duditeu
innTudesqamaiinagniannsoaguldsed

- svuuidunuu Open Source Liifavavslunsihluldeusedaniied waswanlngd
Iglunsasrssuwuulvng g iliusemegndnegr@uatusatlundalalusiamauigs lng
lidesinaliesAnavans

- woyluw$ w3 Arduino  IDE - Aldlunsmgauanling anialvanduldogiagn
ngvune tenbuldanusie asrmdndusiuaiviede laslddeadudAdvdnsuuy
lulaspeulnsaaesidnduy
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- fgenwisns (Freeware) wwwu'n,l,avl,mmsauamums (19 Fritzing LAy Processing)
wﬂwmmLﬂu%muﬁummiwmmmmluLmamammiﬁ“lmnu%lm PRTTROR & Blog uag
website #149)

2.5.2 Tsunsu Arduino IDE

1UsUN5U Arduino  IDE (Arduino integrated development environment) Wy
TUsunsudwduiamngunsal Arduino dadhlerfiusearisensaursuazeenuas feulunis
Feulsunsumuaumaianuvesueda Arduino Jsiiedesiledmiuideulusunsuanlnldi
W3 annsanilnanléd http://arduino.cc/en/Main/Software

File Edit Sketch Tools Help

int led = 13:
S the setup routine runs once when ¥ou presds reset:
void setup() {

S/ initialize theedigital pin as an output.

pinMode (led, OUTFUT) ;
}
S the loop routine runs over and over again forewver:
woid loop () 4

digitalWeite (1ed, HIGH): A4 turn- the LEDoon (HIGH is the woltage lewel)
delay(1000); £ wait for a second
digitalirite(led, LOW); /4 turn, the LED off by makine the wwoltage LOW
delay ({1000 ;

Al dwait-for-a second

Arduing Uno on COMME

Ul 2.10 saoealusunsy Ardino IDE



unii 3
N1599NLLUU

3.1 ATNWIUVDITZUU
Tudetinandsnsinuresssuumuguuasainunglueasilduasminsssuni
3 FemsvinugnesnuuuliiimsneuausdensiuasunUaseuasannsssueAiiesnw
srdunmudunasnielueimslinsiilosananuduuasiunnnivdetosnindmnnsigiu
Thufinasousyavsnmmsvinuuazguamaesifu iR

JUN 3.1 WUIAANISYINNUYRITEUURLIUY

U 31 uansiuIrNARMsTuIessE UL Aeeimsiildsuniseonuuuliiuas
a11991n5550Ad 1w uluena sty Ysinamasdidiannnelueinisinisidsuuas
agianaiinanUader1adu anime1nia diuntiavesn e mnluuwsar s vilidiaiy
Wunaslufiufiavihnulied salutiiaifuasminaeuenunniliiiuaadiunntely
91a15U30 T s esannislduasadnsainnaealias ualunisnduiudionasain
meuentesviliduasdunnteluereisunatesrilidouiuasaiseinasali

MnuweuAadisliiiniseanuuszuumuANLasainsnelustasfifuasnn
ssautAsia Inefissunaunuaevimihiinwseduanadunasiinuiavinulddaad
Lﬁaiﬁl,ﬁmmmam&Jqqqm&ia;ﬁﬂﬁﬁ’amumﬂummﬁ mwmmaqazuuuamé’hgﬂﬁ 3.2



|’ 2)

| | e
I | Arduino UND User interface
| | . ! ___
| &
! |
1 Dayllght Factor nght Sensor | /0 Device
P e e R e R e e

________ | i T e
| & |
| (j’) | Arduino UND

NS

| B
| Ny (w
| < | i
| LED Downlight LED Driver | oDedss: T = e amies e
- | ———

JUN 3.2 SeuUmUANKAtaIln1glue1AsTIEWaRINE TS ATIY

spuuAmUANANNILseanY 4 dudsil
(1) d@uauaunan
2) Wwgasudataya
(3) YR InLes
(4) YAPIUANAIINADIFIN
(5) szuudensioiaiatneliany

3.2 M3eanuUUdIUAIUANYAN (Control Device)

dhumuaumdniuiiladidyresssuuimuarimihfisusidndlfnuuargunsal
fouas ntwihnsUszananaudadinamuaussduanuainmediaulishumalugatuds
LALANIN T UFISUT 3.3

Arduino UNO

i,

: : 15
I/O Device Control Programs User interface

SUT 3.3 WHUAIMNSTINUTTUUATUANTAN

lunuideilifenldlusunsy LabVIEw  Tunisasrslusunsunivaudluswnsy
LabVIEW  Higatsuluaiunisinnawazaivaugunsalsieg Ingluswnsuniuauyinauuy
Aoumaivelidhesensldnuverldim
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Tusunsumuavdnannsoutseandudusnerliwed

(1) drudszanana smihIeuiisudeyauardinisnuaunisyinnuyes
guUnIalnag

(2) ddndegldan viuihdisuddsanngldounasuanmanisieusnis
JoyasneveeszuulviElinsu

(3) dhudaiudeya mthitdaiudeyanlugasudedoyadeidanimd
wasuazAusssuAIUALlasly

(@) drudeusedynialians v‘hwﬂwﬁL%"ejzuﬁiadaummwé’ﬂﬁuh@a%’uﬁq
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3.2.1 N3zuIunsinenulusunsuAuAy
lUsunsumuauvdnasalaglusunsy LabVIEW vinisuseuianadeniskagSuds
ToYAR197 WARINTEUIUNITVINNIUMUWNUATAITUN 3.4

START

]
y
0

Y=A 2y Y>R .
D=D-+1 == \ A

LIBNUUA X = ANULTULAINADINIS
Y = A UUWEIRIn be
D = USIRUAIUAN(O-10V)

SUN 3.4 nsyurumsvinaulusunsumvan

Mnunugiinsienu Wegldsnuimuadianuduuasiifonisx) seuusinig
vuatasvesauduasiiseusuld Aevinauduvesdniiimun anturiinisinnuda
uas (Y) wdvihmsiseuiiiou fMenuduuadltegludiedidinue ssuuinsifamiean
ussfuAUAL (D) ilemuauAmainsvestatlidely udwimsinauiduuasdIeuiio
Aditunaunseiseglutasiidimuly szuvasvhmauduienvssduamiudusasdely
Fooq ngansvieudlerlddans



3.2.2 @audszalana
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lWsunsudiudsezatana vnihiIsuifigudeyauasdinisniuaun1svinguyes
gunsalingg Tuns@eulusunsuldiandulunmsidseufisuiasnisuinaudaulundn &

AnsWeulUsunIuAIgUN 3.5

—
Truz o

% False ¥m

Fomula 2

[ False ~w

sUN 3.5 TUsunsuduUssananag

n1siaulagiiAa Nk dalduvinn sl euig uiugRAIAdL kAT
Avua 3N TUIINTUSUAMSIAUAIUAN YIwINgUauAIn U dnkasn Tnlaaglugaed

ANNUA
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3.2.3 diufindagldau
Tsunsududnsdedldam simiisudmdmingldnusazuanimanisvinusiuis
Foyarnaquesszuulildvu Tudmidfuddeshumaasianauariumg Front Panel w4
TUsunsu LabVIEW  wansdsgudt 3.6 Tumthansileinglddmsudedssduamuduuasuas
LARIANUEANSTNANLYBITEUU dIuHlaruanIn MY siLa USINMLAIR LA

FIN99)

Taua)

e dad wi e

5 b e T il lea v
o L

R

M T T

AL UL L

= s . :
[_ LI I e _ﬁfh | Cevice 147,148

Tasuc : » T

JUN 3.6 dauinsioldauredusunsunlunu

Tuduiildnugansadionanutiuuasil 100, 200 waz 300 Lux tiglissuuyiinig
e TEAUANULTLLAINADINT NTNauaRNakansUasiduAuaIndlniivaslanlviiald
N5UDIUSHN USSR waghanImIN UL LAIIN LRI T UAULAIINETTUTR
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3.2.4 dwdaiudoya
dndafuteya hvhiAudeyaanlugasudsdoyauazuiasdoyalieglusuuuud
fipams Tsunsuduivhmdiiutogarauduuas uasaussiunuey wedugudeya
Tlusunsudnduiliuszsnananazuanimasioly uandlusunsududnivioyanansdagy
3.7

[2500]
B LUX
{500} 'I>m_ [? e
Arduino Vpltage AD cutput .
R Data to Arduino(0-255)
I e
I3 )

[

JUR 3.7 Wawnsududuiiudeya

mshaundngueslusunsufemasEsuaunissussdoyaiielraganlunisds
sonderluldruau lunsdedayariiu Tcp/P  du doyasosegluzuisny(sting) us
foyalunsrunuvaslusunsuniuauiulilusuuuuiany fmutoganssiuniuauiviins
AuliFesudasndaianlfegluguidnuwsnou wazdoyaanudunasisuuduoglugy
fsnusisesinsuanduduauneutiluvhnisdiuiy wansiesuil 38 ludunisuuag
Anudnuaslurievaswsaiuliaglumiteves Lux szasurgludiuvesyninuawioly

Data From Arduinc Voltage A
Voltage A0 (number)

b
[LTBEL

Data to Arduino(@-255)

abz

=14

sUN 3.8 uansisn1sulasviindeyaseninadiauiayiionys



25

3.2.5 drudeudadyaraliane
drudoudedyaalians  vhwihiideudediumuaundniulugasudsdoyalu
sULUU TCP/IP ruynsgunsalliansvesneniinnes Sisumesidugunsaliviislunisideusse
wuul¥aneuananisviauasuil 3.9

Arduino UNO

(@)
& = 1 =
. — = E—
I/O Device Wireless Router Control Programs

JUN 3.9 urun nuansnITweNsauuuliany

Tsunsuludnilliiendu TCP/P lunssudadaya vianiluguuuu Client Wwasialy
Faluganvinissey IP wanalusunsudsgun 3.10

Read mode

Bytes to read

=iz
I3
TCF
Timeout [ms] Data to Arduino Data from Arduing
S * i
T H s

Uil 3.10 madonstaiATetoluUTCP/P
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3.3 lugaudedaya (/0 Module)

Tupsldanulusunsy LabVIEW lureuiiamesinludedigunsel /0 Tunisieusie
Fouayradliiulusunsy LabVIEW @ DAQ GPIB uilumsideiilmingunsalaeulnsiaasun
Uszandldluaunsal 11O aeulnsiaesniinildfeaunsaliaiun Arduino UNO vimiiiisu

v

AANUNRAsINgUnsalinuas wazdsseiunuaulitulaull wanenisvieudssun 3.11

Arduino UNO

Light Sensor \ ©)
| [ o
2,
' |/ I/O Device Wireless Router

LED Driver

sUR - 3.11 uanin1svinaTuvelunasuds

3.3.1 gunsalmu Arduino UNO
Arduino UNO (lugunsaifmunasulnsias fuuuiius Sulnuaudfifiganetunis
Tlunuided uasBnndavauaiidenldmszisagn Ineilsddundnduiluld doms
\JousouuUeLN Ty Serial UART Wag Serial 12C &nwaizaed Arduino Uno kandsaguil 3.12

ot 1 + ¥
DIGITAL (PWM—) E &




eazdengunsal Arduino UNO fis1uautdennil

v

lulaspoulnsians
wrasanelul

Tl

lyhin (gegasam)
famea /0

PWMLa 1@
avundendune
nszualnia DC e 1/0
nszualnineen DC dmsu 3.3V
Flash Memory

SRAM

EEPROM

Clock Speed

ATmega328

5V

7-12V

6-20V

14 91

6 2

6 U1

40 mA

50 mA

32 KB (ATmega328)
2 KB (ATmega328)
1 KB (ATmega328)
16 MHz

27
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3.3.2 naPeurainsetnefaelugaliane ESP8266
guUnsalaun Arduino UNO Liouselusunsa LabVIEW snumaedetneuuulians
usliiloannn Arduino UNO laifigunsalifensiaiedatnenielus fufuiafesiigunsainneuen
selumadeuseirdods lunuiteidldidenlugalians £spa266 lunsideudeiadotny

Tuguuuu TCP/IP Tugal¥ans ESP8266 uanafaguil 3.13

Uil 3.13 lugalfeany ESP8266

Tugalfans ESP8266 LTulugavumdnuagldndsaus vhnsideudefiu Arduino
UNO si1ung Serial UART Tapaldats ESP8266 saainisvineulasldds AT diumns
Serial Monitor waslusunsy Arduino IDE yinisideudaeietneiildmsdiliiaslnesmlula
Tunuided lugaldane EsPs266  viranuluaniug Server  dapdunisiousanin
Tusunsumuau Wevimndeusednsalugasvdsdoyassvinisiudadeyasiiegfu

LUsunsuAIuAY
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3.4 Yadauas (Light Sensor)

TagmMlunsinanuuwasduyinlalaenisty Lux Meter Tun1sTa weludnuddeil

gunsalinuawiosilufnseniuialdnuraieyn 1Wewn Lux Meter d51A189 fatudai
LDR (Light Dependent Resistors) §U#1 3.14 #ils1A19nn31nanlgeuuny

31]17{ 3.14 LDR (Light Dependent Resistors)

LDR A®fANUNIULUSHUAIUAILLYULEAS N15YN19UV99 LDR ALilannuduaad
ANUINTY ANUATUNTIUDY LDR  TA1ANAT LAILEAIAUAUNUSTEMINAIMULTULEINUAT
AUAIUNIUYDY LDR H19FIU BAMMINNTINGUR 3.15

1000

100

).

10 &\
1.0 \

N

Resistance (k£2)

01

0.1 1.0 10 100 1000 10,000
Lux

SUN 3.15 nymikansmnuduiussenineanusunuiuauULLa

\e997n LDR tHusafuniu saiunisiunldauisdedd A/D (Analog to Digital
Converter) vaslugasudiluniseuAiauiiunmu MnduAa i ununelagnds

soludslusunsumiuau a1ntulusunsuauaniinisuuasmausunudududinag
ke ly
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A9 LDR  @1150v1A1Anud1umulDR - vinlalagleieasuiaissiu(Voltage
divider) vin1sudsusssiveany Iaenald LOR daanusuniuldanueglutig 1k-100k Tow
At R, = 10k Tou 14lWiA89dm U9 sw U TIq UV )uun 5V Lansasasnagui 3.16

R1
10k

AOD

LDR1
1k

GND

sUN - 3.16 1935Taauduuaslag LOR

Tudruvedlusunsumunuanudusasiilasutulumvesuswuiidanluviuy
Toyauuin 1090 (0-1024) AiuFsdosinsuasdilaulmlurusaiuivoniou oA, fie
wseAulugUveItaNa 1006 V. AoUSIAUNN899IN1ATHUTIAY HR1naunTs (3.1)

VNS AXV,« (3.1)
S O

NIV T UAD IULRBIIUIR BV HIUAIAIUNILINIA 10k Tou muaun1sves
995U ULLSIAY Lsesuv1een(V,) mlaanaunis (3.2)

» 5 (3.2)
R +10

(0]

A1315OMIAIANAIUNILYE LDR (R) laumsdnguanns (3.2) ladsaunis (3.3)

R - 10xV, (3.3)
5-V,
PNFUINSN (3.3) lefoan1smiarnnudiumy R, s1ludeamsiuan wsedu
1980 (V,) Aoy TUSLATUNISAIWIUNIAT Wsaauanoan (V) aaldflendu Formula  ve9
TUsunsy LabVIEW vinnsivunaunisasty Formula waneasgui 3.17
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RL

i
H— ﬁ'i?a" |
|

Ul 3.17 flefdu Formula waalusunsa LabVIEW

dieldmanusnumiu R, ¥nsmaanutusaslalagthiauduniy R, wnuas
Tuaunisaruduiugseritsanuduuasiuaudunues LOR tesan LOR ilugunsal
sgnitlfaunisaaduiussevinanudunasiuaudiuniures LOR  usiagdulsl
wifleufuvilifesmaunismudiiuionizuesgunsniutasiu Tneviinisinsanudy
LasINueadd Wisuifisuiudaadiumures LDR ssmnudunasiiviinsinoglugag
50-1000  LUX tilelianunsafauadainsssusafiiuumannuidinasgslagndos sinis
AIUANANILTN LA AEWEITaLSITUl NS waaauUTUATLA (Variac) Han1svaaauleang
PN3197 3.1

P 19 6o = ~ o o
M99 3.1 ﬂ')']ﬂJLGUlILLﬁ\ﬁﬂﬂQUﬂsm’m‘lLLﬁQﬂJ'WﬁEWUL‘UﬁEJ‘ULWBUﬂUF’\I'quJG]"IUVHUGZJ@\T LDR

Illuminance(Lux) Resistance(kQ) Illuminance (Lux)  Resistance(k®)
50 94.5 e 10 12.4
100 50.0 600 11.7
150 36.6 650 =0
200 28.0 700 10.4
250 23.4 750 9.8
300 20.4 800 9.4
350 1D 850 9.0
400 6w 900 8.6
450 14.6 950 8.3
500 13.5 1000 8.0

Ndeyalunsed 3.1 dilvasinsimaunisanuduiusseninmnudunaiu
AuiunulasuUtsvesann1seanidu 3 433 (50-300, 300-600, 600-1000Lux) tiald
aunsiianugnaesaanmuduiusiaalull
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JUT 3.18 N3 llanamuduRusAuduwasiUAINAILNIY LDR Y39AMLULES

50-300 Lux aun1sanuduiusiuguiuuvesaun1senids Ae Lux = 9922 x R,

-1.16

400
350
300
250
200
150
100

50

Iluminace

50-300Lux

y=9922 x116

20 40 60 80 100
LDR Resistance

JUN 3.18 ANudIuSTEnI AU UAINAIUNIUY LDR 939 300-600 Lux

JUT 3.19 nILAnIANAURUSANNIULAIAUAINATUNIY LDR YIAULTLLES

300-600 Lux axmsanaduiuslugluuuresauniseniiasfe Lux = 12610 x R

-1.24

800

700

600

500

Mlluminace

400
300
200

300-600Lux

y=12610x124

10

12 14 16 18 20 22

LDR Reslstance

JUN 3.19 AnuduiusseninemudunasiuaaauiIuniy LDR 939 300-600 Lux
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JUN 3.20 N3 1vluanamuduiusa U duwasiuAINAIENIY LOR Y39AML e

LYY o v A -1.34
600-1000 Lux ammsmmauwuﬁugﬂwaaaaumiaﬂmm AB Lux = 16239 x R_

600-1000Lux

y = 16239134

llluminace
~J
o
S

400
7 8 9 10 11 12

| LDR Reslstance

SUN 3.20 ANAUTLETENINANTLLEIAUAINAIUNIY LDR 439 600-1000 Lux

delfaumsaduduiusudnielvarunsaiulalddnaunsgniosiedesinnis
ASIRFDUANNT IAINISUIUAIAIINATUNILAS I UANNITATUIURIAIAILLTULES LEASNANIS
AUAUAIAI UL U AILAZAIAIILARIALAABUAINAISIST 3.2 INHaNISVIAaBULTulAIn
aunsmduRuSAlEITuaansaudasAIraudiuniy LOR WuAeudunadldedig
gndeslaeiifiamnuaanandoulsiiiu 5% Fudumitgensuld

dmuaumseuduiusilduniuaunsallafu LDR wissiaien iiesan LDR
wiazddiolasuanudunafivinfumAINA UMY LDR SAnuunnsiaiuann dawali
llanunseldaunisauduiudiioaiuls fafusdosmannisauduiugssninsmnud
WaeiuANALMIL LDR Tnsivnen
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AN5199 3.2 NANISAIUIUAIAIILLUULAIIINANUNITANUFUNUS LDR

LDR Measured Calculated Error (%) Equation

Resistance(kQ)  |(luminance(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
17.9 350 351.49 0.42
16.1 400 400.90 0.22
14.6 450 452.64 0.58 Lux = 12610 x RL’1'24
135 500 498.85 -0.22
124 550 554.34 0.78
11.7 600 59572 -0.70
11.0 650 648.58 -0.21
10.4 700 699.33 -0.09
9.8 750 757.43 0.99
9.4 800 801.02 0.12 Lux = 16239 x RL_LM
9.0 850 849.20 -0.09
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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waanfiliaunisauduiuses LDR asunndudifaduduaseduludiuenis
PONLUUYAIALAY Junaunalufani1suseneu LOR Whivlugasudstoya gniauasilavi
NSOBNLUULAAIATIUN 3.21

UM 3.21 yadauas

3.5 YAAIUANANEDIEDIY

TusnAdeildlauln LED lunislviuasadnsneluains lunsaueuanudesaing
voslau LED tuvlélaunisusunssuanieenvesynduvaan LED (LED Driver) usn1sazusy
ANTEiAYI90NYaY LED Driver l#ithu gunsal LED Driver #ossesiunisusunszuase Tu
snAdeiiFonld LED Driver SIGNEX SPS3700 fifinridsln 12W nszuansit 0-700mA Uy
nszualnBlsuAIUAL 0-10V landsisgUi 3.22

o=

-

;{.. ‘:‘;"i ] _l ,

e

31]17; 3.22 LED Driver SIGNEX SPS3700
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dosndeddusady 0-10v Tun1susumnudesaindenlsl LED dudufisiosasie
W399 0-10V YaruANAINEREI19l41933 D/A (Digital to Analog Converter) Tun1sasns
useiu gunsal D/A #ildAe Tuga PCF8591 uamadisguit 3.23 Tuga PCF8591 1Hudsas D/A
v 8 O fefudipdneafiuzlunlanduoundonsglugag 0-255  udiflesarnluga
PCr8591 THlwAssuunn 5v dutuussfusudengeaniiadisldie 5v ust LED Driver #osnis
w39 0-10V dsufisinaihsnsveneussiufinan 0-5v 1Hu 0-10v

sU?l 3.23 luga PCF8591

19959885 udnld99s v BL s uaaULoud (OP-AMP) fisanuwuulid
fAdavent 2 1 wangasasasguil 3.2 msviauvessesesduend Aeliledlussfuridn
012995958519 39 F U DN TUINABI NIV BT RUT T wavesUuanTswiutfigne
nszianIuANIMUluga PCF8591

- Vout

UM 3.24 299598780590

2vsveensaiurhalulvualindutds (non-nverting) Aedyavidinazuieent
Faudeniu luniseuumeidwensveniaseaduent Funldainaunsi (3.4) e
Foensfdmens 2 wh dauiadenld R, wavR, vuawiidy 10k Ty wseduveanldain
A1n15 (3.5)

Gain:1+& (3.4)

Vou = @+ &) xV, (3.5)
R
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nMsvhauIeIarIUALANNdesainvhnuEuduanlugauddeyaiu ATy
uaanTUsUNIAIUAN 9ndurhaudinsludiluge D/A weadausafunuey 0-5v
doldussiumuny 0-5v vinmsvensussiulasesuuendiiielildusstunuaudu 0-10v
LanIgUYAMIUANAINEBIEINaRIgUR 3.25

f \

yadunaan LED

e e | o @
1 | F

.I!\.Q.I‘.-

UM 3.25 YAAIUANAIINADIATNS

3.6 syUULTeNsalA3av LAY

Tudhuvesgunsnl Wireless Router vimthililusinandlunisifousegunsalingg
\ideiu Taginisszy 1P Address Tsifugunsaisingg tefivesmadionseuuulfaedn
Usgmavilade ananueiennlumadiuaedygnitsdutusnasiniugUnsalfeuansnis
yhausaguil 3.26

Arduino UNO

1/0 Device Wireless Router

sUN 3.26 M371191uves Wireless Router
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d' o [ ) I3 I3 ‘: ¥ 4 3_’, [ d'
Wevinisesnuuuiazdningunsaliaiadunad gunsadvianuauanssiagun 3.26
TunausslUAoN1INAdeULALTigINANaINNTITRRUNTAlLAE TEUUATUAY Tnedunauwas
Fnsmeaeukansluitadall

UM 3.27 gunsadinaniilapenuuuiazinyingy



undi 4
YUNDULALHNANITNAGDU

vdanilfinmseonuuussuumuauiasainsnglueasilduasainsssueasa
w1 TuneuseluBonisiigunsaifildiiniseenuuuuaraisiulunaaeulsyAnsninuas
nsvheTesszuUAIUAY tnensnageutuilasnismaaevlufomageutuianiig 6
AT 877 6 WA ulveanidu 4 d1u Tuudasdruvhnisiadslen LED $1uau 1 90 wagdlye
Youadluwsiazdru gaianastegenniiu 80 wudiuns whiuiuilFnunasgu femaaeu
LanafaguR 4.1

.-u‘ri':l_

JUN 4.1 uansmsindsgunsalluifosnaaey

[

vieanageugnuussanilu 4 @i fis du A B C uaz D dn1snaaaunadl

- VAFBUANURIUEIYRTALES

- YAFRUNTINNUTTUUAIUAY

- yegeumMuszuUmUAtidediasuaseuen
- NegeuNsYuYeTruUlue1AIITe

- NaFeuMIYILYesszuUluan e INAsnge
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4.1 NAFIUANNUIUEIYAIALLES

msvaaouuaziUIeuLisuanuwiudwesaauasiiviaueiuiouiiisufugunsal
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UINTFIU
- AU AU AU AINU
AUV LLF . Error . Error . Error > Error
LUIILLE LUIILLEA LUIILLEA SIEUIGN]
(Lux) (%) (%) (%) (%)
(Lux) (Lux) (Lux) (Lux)
50 51 2.00 48 -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 0.33 297 -1.00 297 -1.00
350 344 -1.71 347 -0.85 347 -0.85 353 0.85
400 397 -0.75 399 -0.25 404 1.00 400 0
450 455 1.11 445 -1.11 442 -1.77 451 0.22
500 511 2.20 507 1.40 496 -0.80 502 0.40
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AN5199 4.2 SEAUANULIULEINIRlAsURUSEAUARIUA

AU Y T v 4 o
Y AU ULEIN IR ARNNLARDY AAINLARDU
Aa9ng
(Lux) (Lux) (%)
(Lux)
100 97 -3 -3
150 159 9 6
200 204 a 2
250 241 -9 -3.6
300 305 5 1.7
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°c 3G o 3G Yo 3G °c 3@ °c 3G

S = = = S
6:00-8:00 20 0.040 20 0.040 18 0.036 15,5 0.031 17.2  0.034

H
o8
e

8:00-10:00 20 0.080

0.076 153 0.066 103 0.051 141 0.062

10:00-12:00 20 0.120 157 . 0107 102 0.08 52 0.062 8.8 0.080
12:00-14:00 20 0.160 10.2  0.128 5.8 0.098 0 0.062 4.9 0.090
14:00-16:00 20 0.200 172 0162 122 0.123 7.3 0.076 103  0.110
16:00-18:00 20 0.240 20 0.202 174 0.157 146 0.105 16.6 0.143

WU AN 0.240 kWh
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0.202 kWh 0.157 kWh 0.103 kWh 0.143 kWh

0.960 kWh 0.605 kWh
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du Ae NageuszuUAtUANlUIUNanINeINA

NANITIALARIAINIGT 1N 4.5 Warn15199 4.6

A1519% 4.5 wasnulwialgludisnadisgluanimeiniavasaluss

TiUnaszuu
AIUAN
T A

Al

L3817

Aaslnnwe
(W)
lWnnazau
(kWh)

WAIIY

6:00-8:00 20 0.040
8:00-10:00 20 0.080
10:00-12:00 20 0.120
12:00-14:00 20 0.160
14:00-16:00 20 0.200
16:00-18:00 20 0.240

was A 0.240 kWh

draunsazloy (91 AB C uaz D)

NAIUIAAN

o & 0.960 kWh
Tdneszuu

WaszuuAIuAY
a mAvaanluse
Tou A Twu B Ty C Twu D
D é ) % o % ) é
G 33 G Iy G 23 G 33
EWE/0 S BNNE_ £, F
s= = = £C s ) = = 5= ) = c s= = = c
2223222252222 332
3G = 3G 2 3G S e S
& 3C = 3G o& 3G B 3G
H H H H
18.2  0.036 17.5  0.035 15.2  0.030 16.2  0.032
W72 JREBORE 1250 (Behg, 9.2 0.048 11.5 0.055
il 0.093 8.2 0.076 3.9 0.056 5.2 0.065
/) 0.107 5.1 0.086 0 0.056 4.5 0.074
15.7  0.139 LOF WovOrroT 5.3 0.067 8.7 0.092
1 WSS 0R 5 18.1 0.143 15.7  0.098 172  0.126
0.175 kWh 0.143 kWh 0.098 kWh 0.126 kWh
0.540 kWh

15197 4.5 nan1siandsuazanuandiiuinssauaansagsUsEndana

aslulafi 43.75% wWewlsuiuwuulildssuumuauluiunanineimadasnluss
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A19199 4.6 wasnulnihlalugisaainisglugnmeinadiuauin

liWaszuy WassuuauAl
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Tau A Ty A oy B Ty C Tau D
2 2 g g 2
181 18 2 © T 3 g 3 G 2
< IS < IS < IS < IS < IS
C e BT S o BT L aaZFTLEELEaZETE & o=
T2 2T TzEFEzTETz2=zzTEz2EzTEZ2EEZ
= R X 2 R X = R X 2 R X o= =2 X
'G & 3G & 3G & °G & 3G &
c L c L c 7 c 7 c L
= 3G °< 3G °< 3G °c 3G °< 3G
S S S S S
6:00-8:00 20 0.040 20 0.040 20 0.040 186 0.037 192 0.038

8:00-10:00 20 0.080 182 0076 171 0074 155 0.068 164 0.071
10:00-12:00 20 0.120 16.7 0109 153 0.104 129 0.094 132 0.097
12:00-14:00 20 0.160 SN (0.L38 / A2.3~ 0.129 9.8 0.113 105 0.118
14:00-16:00 20 0.200 165 0171 168 0.163 131 0139 147 0.148
16:00-18:00 20 0.240 20 .21 Fg oMy TO20TT 1524170 186  0.185

Wagu WA 0.240 KWh

dedunaazloy  (wu ABC uaz D)

WAL
Ttassuy

0. 211 kWh 0.201 kWh 0.170 kWh 0.185 kWh

0.960 kWh 0.767 KWh
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ANIFRNIUTIATIZNALER NI MUT UL T UR IS 9T 4.7

A1919% 4.7 MslandnuazauaszuuluanIweIniAnige)
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AUAY a1mAUaaalUss  anAliweaIn
WAIUNENTZUY
0.960 0.540 0.767

(kwh)
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ITUU

UIUNEIUA (KWh)

WaoaLsaiwud+Uaanan
A8l 38+7 = 45w
uoadn
Aaglnin 20w
LOADA+YARIUAN
uaadn(Uaanluss)
waadA(NumAN)
YAAIUANA0W

1%aan = 197.1
16viaan = 3152.6
1va8n = 87.6

16%a00n = 1401.6

16%aen = 529.4 (24571)
16va0m = 377.4 (12071)
YAPIUAN =175.2

MNVayan151ei 2 amusaasumslandanusyuusineluld ladssialuil

e AN LRI LRI LI
- STUUVIAALDADN
- STUUNADALDADRA+YAAIUAY

3152.6 kWh/U
1401.6 kWh/%
1082.0 kwWh/3

nn1snasnunidlu 1 U Wedsduaiihlusian kWh ag 3.5 umuad azwiule

Ienliileldvaansigesisaeudvinty 11034.1 U/ ueadd 4905.6 U/l uaz

woadANIeUSTUUAIUAN 3787 UM/

3. U2 IUNN TR UARAIVBITEUUASY

Tuideiluanisnivesgunsainneglagyszana ienzuandliudsiinisamulu
szuuseivaduteyatunisandulanisasmusisly uanssingunsninamsnei 3

M13797 3 @UNTRILALIIAT

38073 s1Av/miae (Um) - 21gnsldau@)
VELEERRRIE 100 2
Uaasd 50 10
Na0ALDADN 500 5
YAAUAL 5,000 10

NTaYalunTIN 2 anseasualdingvesusaysyuulanadl

- SPUUVaOANRaLIALUA
- SYUUTIADALLDADA
- SYUUTIADNLLDADA+YNAIUA

3 q

2,400 um
8,000 um
13,000 U
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4. AITAIUIUAINANAINITAMNUY (IAANYL)

nndeyalusided 2 war 3 Uhdeyavesmds il 1 9 wazsimnisasmumn
AnsimaRunu dmsunsdeduladensuuiasaindunsidnunislueiaisinega
szuunasangoaisawuiiuszuundnlunsdndulaldaumszindussuuiililutagtuey
ui lumsiasgianmdsaulinsuduen FT fiviheay 3.5 UW uanaman1siaszsily
wuRndiuasivdsuanssuuimdussuulmided
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M13199 3 Toyan1sasumkarAlIgazauinIat 5 U
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9.1 Arduino UNO

v.2 ESP8266 WIFI module

9.3 Light Dependent Resistor (LDR)
.4 PCF9591 Module
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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 < 5uA
Integrated low power 32-bit MCU

SDIO 2.0, SPI, UART, 12C

STBC, 1x1 MIMO, 2x1 MIMO

A-MPDU & A-MSDU aggregation & 0.4ps 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 0K
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:7c:6d",1)
oK
Join Access Point AT+CWIAP? Query AT+CWIAP? +CWIAP:"RochefortSurlac" OK
AT+CWIAP="SSID","Password"
Quit Access Point AT+CWQAP=? Query
AT+CWQAP Gk
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
timeout

AT+CIPSTO?
AT+CIPSTO=<time>

Query
<time>0~28800 in seconds

Baud Rate*®

AT+CIOBAUD?
Supported: 9600, 19200, 38400, 74880,
115200, 230400, 460800, 921600

Query AT+CIOBAUD? +CIOBAUD:9600 OK

Check IP address

AT+CIFSR

AT+CIFSR 192.168.0.106
0K

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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Light Dependent Resistor (LDR)

66



67

¥

o
| sunROM

Your Source for Embédde& Sysremé

o
% Emall: infofsunrom.com or sunfom@gmail.com

@' Visit us at hitp /iwww 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. E “
|
Applications !
Photoconductive cells are used in many different types of circuits and
applications.
Analog Applications Digital Applications
= 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 = 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 Typ | Max | Unit
L
Cell resistance 1000LUX = - 400 ;| - | Ohm
10 LUX - 9 - | KOhm
Dark Resistance - - it | J# M Ohm
Dark Capacitance - P ) - pF
Rise Time 1000 LUX | - 2.8 E ms
10 LUX B 18 - ms
Fall Time 1000 LUX 1 - 48 - ms
10.LUXem Y Zon 120 - ms
Voltage AC/DC Peak b=’ - - 320 |V max
| Current 5 [ - - | 75 | mA max
| Power Dissipation | 100 | mW max
Operating I &-60 E +75 | Deg. C
Temperature
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Guide to source illuminations

_Light source lllumination | LUX : FIGURE 1 CIRCUIT SYMBOL
Moonlight 0.1 |
60W Bulb at 1m 50 .
1W MES Bulb at 0.1m 100 [ EDE SUNRON #3100
| Fluorescent Lighting 500
Bright Sunlight 30,000 |
Sensitivity

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.

FIGURE 2 RESISTANCE AS FUNCTION OF ILLUMINATION
1000

Resistance (k1)
=

0. 1.0 10 100 1000 10,000
Lux

Spectral Response

Figure 3 Spectral response

BT 1L A iam T | Like the human eye, the relative sensitivity of a

ne -5r W3 T photoconductive cell is dependent on the

- —pe] )\ —— i wavelength (color) of the incident light. Each
_wx N - - photoconductor material type has its own unique
E o - \ ALAYY spectral response curve or plot of the relative
2 ax b et a response of the photocell versus wavelength of
] - light.

o _ﬂ_/. \“B\‘ I

0% / \ _l

o paelat e o e Rrrrhe o e o e Rb e R ana ity 111

Winvelength (nm)

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

Typical Application Circuits

Dimensions
144 (366) 07011.78) 1383508
184(4.17) 090 (2.29) 162 41.15) AWG 24 TINNED
COPPER LEADS
[
172(a37) 090 (2.29)
192 (4.88) 102.79)
| e g s
PLASTIC COATED TO LEAD DIA. & PLASTIC COATING

NOT CONTROLLED WITHIN .10 {2.5)
OF CERAMIC SUBSTRATE

Fgure 6 Sensitive light operated relay

higure 8 Logarithmic law photographic light meteq]

A

\ Sunrom Technologies

o 2V ——AN—o
W
12V RELAY (min 1100) 1 OFF o Lc 3V
2 R —
NORPI1Z  P:
2N3D59
METER
1004
ov
o OV
sigal value R! = 100kQ
“ = 200 preseat to give two overlapping ranges
Relay ensrgised when light level mcreases above the (Calibration should be made against an accurate meter.)
level set by VE;
Your Source for Embedded Systems Visit us at www.sunrom.com
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PCF8591 Module
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A PCF8591 AD / DA chip introduced

PCF8591 is a monolithic , single supply, low power ,8-bit CMOS data
acquisition device . PCF8591 has four analog inputs, one analog output and a
serial 12C bus interface . PCF8591 the three address pins A0, A1 and A2 can
be used for programming the hardware address , allowing access to the same
12C- 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 12C-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 12C -bus serial input / output

PCF8591 through 3 hardware address pins addressing
PCF8591 12C hus 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



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 )

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 ;

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 11C clock interface connected microcontroller 10 port
SDA 11C 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 :

Connect the shorting cap P4 P4 , select thermistor access circuit

Connect the shorting cap P5 P5 , select photoresistor access circuit

Connect the shorting cap P6 P6 , select 0-5V Adjustable voltage
access circuit
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A Smart Lighting Control System in Office Building Design Concept
Considering the Daylight Factor Using a Microprocessor Based and
LabVIEW™ Program

Chow Chompoo-Inwai* and WeerawatWanich""
Electrical Engineering Department, Faculty of Engineering, King Mongkut’s Institute of

Technology Ladkrabang, Ladkrabang, Bangkok, THAILAND, 10520

*Corresponding Author:wanich_we(@hotmail.com, chompooc(@gmail.com

Abstract
Nowadays, Natural Daylighting factor has played significant roles in modemn
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
STM32F 103 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 EN15193: Energy performance of buildings -
Energy requirements for lighting.

2.2 Measuring the illuminance [3]

2.2.1 Spot Measurement measures the illuminance by using eve -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.

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.

T R—— .. 4 -

i
TR s e s

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.I(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(D, 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
Coneepts 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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} 8m {
T 1 &l i
} \
| N\
® ® : @ ®
I
A : A 4m
I
® ® : @ @
Zone A : Zone B

@ 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

Smart Lighting Controller
Huminance(UX)Zone A oo ix [
3oy

| RA mnw@

ﬂlemtc{-#?y{g\i\f B
| = 0

m O =

Cperation 350 LUK (3

A c

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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v,
- A=X-10

B=Xi10 |

U=l - A=Y<H L3 u=D-1

Fig.6 Control Programs

X Desire illuminance
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 I/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
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Computer {  I/O Device 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 caleulate to illuminance.
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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)

Control

Output
Fig.9 (HPWM Dimming LED Driver  (2) Diagram of PWM Dimming LED Driver

4. Experimental Results
Afier 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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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 88 35
197 201 2.0
313 303 <
407 397 $.5
511 497 29

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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(Tux) (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. Result 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
4 300 310

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 1357 51.1
10 am 72.8 72.8 0 47.3
12 am 72.8 72.8 0 452
2 pm 72.8 72.8 10.7 524
4 pm 72.8 72.8 33.5 65.5
6 pm 72.8 72.8 61.8 72.8
8 pm —4 am 72.8 72.8 72.8 72.8
Total Energy. - 1.75 Unit ~ 1.75Unit. - 1.24 Unit ~ 1.46 Unit

Consume

Table4, 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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L. 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 tewer 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 oceurred 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 factors that are Fisual 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 actval problems found after
installing the wire connection via serial port between Control unit and I/O devices as of many
difficnlties. 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
IEEEB02.11 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 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.

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 /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 shown in 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 I/O 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 //O 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.

483

92



Wireless Route-

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 IESNA standard [7]. The average illuminance from the
pre-calculation is set to be about 300 lux. Figure 2 illustrates the room of interested.

| |

| 8m =
I

z © .8 L@ A2 X
1 |

N & @ } & @ @  LED Downlight

am (| JSSEIEIERK ) L A e A Light Sensor

| |

1 ® ® } ® & | = Window

yf @ @ 1 @ @

ZoneD | ZoneB

Fig.2 Room configurations and set up for Simulation

3.4 Control Unit System (Sect!on@ 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 control 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.

START

Smart Lighting Controller

“I e i LUX) Zone A Thumi LUK) Zone C
304 297
¥ Muminance(LUx) Zone B Buminance(LUX) Zone D
Wt . W
R N 302 300
l ul « 10
Operaton ASOIUK (g THWX (T
1™ os I
v - 00 (UK, "-ﬁ-’ 300 LU @
X=A YR
D-D=1 - - AY=i3 > Ligi o]
- (b) User interface to set up the desired
" ot illuminance in the testing room
e
off 5 :
v X Desired illuminance
for p 4 Measured illuminance
D Duty Ratio

(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 I/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 1/0 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 /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.

Revwtarce wid}

o 11 1% 0o -'—!; oo
(b) Variation of Resistance alongside the
change of illuminance

(a) Lighting Sensor
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
driver in 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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’ Control Device
<1 Light Sensor
@  LED Downlight

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 IV. 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
ismo control at all. This experiment shows the number up-to 56.6% of energy saving.

TABLE IV Power Consumption Comparisons between the conventional Non-Controlled
system versus the proposed controlled system

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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