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Abstract

This thesis focuses on the energy management in lighting system for
residence. The proposed system has replaced the original fluorescent tubes by LED
bulbs and installed lighting control equipment consisting of 2 parts: dimmer circuit
and light sensors in order to control illumination on the working plane; this also
depends on the natural light. The idea is the LED’s light will be dropped in the
daytime or when there is too much light on the working area and the light will be
brighten up in the night or when there is too little light on that zone. This equipment
also uses ZigBee to communicate with the microcontroller in the dimmer circuit as a
wireless communication system. As a result, the proposed system will be useful for

consumers to save more electrical energy and reduce their bills in each month.
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2.1 HuruuasAWYIREITULES
1. Wangn1sdeeaing (Luminous Flux : L)
Wandnisdesaing Ae USunnuesasainfinszatseanainunasindauainie
Uhunaiinameaasilduuuiufmis Smhedugu (Lumen)
2. ANLTLYDINTTED9EI19 (Luminous intensity : 1)
ANuduYeINTTdesadne Aendndnisdesainsluiismeilafiudoanuisaniae
YBAU (Steradian) IvieAsuAuAal (Candela : Cd)
3. AudLLE (luminance : E)
AL Seruandnsdiusninaidndnisdesaineiinnnsenuasuuituin

A A ) v a i 1 [y & oA
Aetunfinnasznuiy [dnsAnsanfiuiilumbenisiauns anudusasddimbeoduguu
v ¢

AONITIBUATUIAND (Lux)
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4. duuszansueanisitanu (Coefficient of utilization : CU)
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uasaisiuguiFeddiienslinuusneonlddussuusiag il
1. uawaialy (General Lighting) Ao msliuasnsvaneiluiusiaituild
nudsldiuanudesaineiildimauiuly
2. wasaiamed (Locallised  Lighting) Aie n1stiuavadraduuiaudinai
faansldlnuasainann ienisussudandaany
3. wasahaemeiivavuasaionlu (General and Locallised Lighting) fie
msliuaanaauuuiluiiuinasasiawsiivhau duinldfunuiidenisany
dosaings elianunsaliuasuuuuasainailuldinssiudosenlniunn usfld
anunsaliuaswuuuasainsanigildmsisdoneninannisienufssnuuiing

PaAgedianuly vnlwaneandels

M1519% 2.1 MsidSeuAanuainglueimsnuansgiu CIE IES waz BS [31]

'ﬁ’uﬁshaq CIE IES BS
vioausy gy 300-500-750 200-300-500 750W
Noudsunuuy 500-750-1000 500-750-1000 750W
wowiaull 300-500-750 200-300-500 500W
NoInoURIADS 300-500-750 200-300-500 500W
Viosayn 300-500-750 200-300-500 500W
Frumluenarsweivd 500-750 500-750-1000 500W
RDULH 200-300-500 200-300-500 200W
Wioafiured 100-150-200 100-150-200 150S
FosdouTuiousnasouiu 100-150-200 100-150-200 1505
Hoah 100-150-200 100-150-200 150S
RN 50-100-150 100-150-200 1005
Tule 100-150-200 100-150-200 150F
anv 100-150-200 100-150-200 150F

VN8LYf) W = Working Plane

S = Switch

F = Flagf
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2.3 MIATIVIUYANIUAUE
N1505999UANuAUE (Zero-crossing) tUudsn s lulun1edidnnselind

adlarans @oe wazwalulagnisUssanananin (Image  processing) lunamdineansyn

{ 2
1

dhugudRegaiifnisiasuulawosdyginmesitsidutiu (1tu 9nuanllau) unudens
dnveaunulunswivesitaddu  lulifinszuaadugmiugudfowniifntudiosiaag qaias
Lifiszduussuludgiailaiviesuaduiiugiudug nmsifnashugudasiiniuaosnds
Tuynagnadu

Tumsmualrihnssuaaduiteaviatngunsalluiih dulalunsinssduladu
AudanasyilianIssumumautdwaninih (Electro  Magnetic  Interference  : EMI)
orvvililvanuneiiademeld minfinsasivasulagldnisnsandugadiugud wigedn
wsafugudazyilhiinnslavielaflanunsnizuainguiudnros 4 Wasuluaugusraled
Fsliiseaduanussdumnlneviud

mslénsasindugariugud nsldesuliduivaes (Opto-Coupler) wazddumiu

ianszud WanssiulWnszuauaaduiugagud gunsalioudenisiasazla viliAe

Bumossn (Interrupt) dsluiilulasreulnsaaes wazanunsadulnaindumztiald

A tVp

Vin| 0V

-Vp

A+ Vsat

Vout oV

- Vsat

= - ) w
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2.4 myguilag1edyiad (Sampling)
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AQYILUUSEUUAIRDA (Digital Signal Processing) 1H8431niAuKiug1as AME1NTsH

° 5 = 4 a
1°uﬂ’l‘3‘v1’1\11u‘?j’1 LLﬂEiJﬂ'J'mJL‘UE]ﬂE]QQ

L Qs s =y | A
nssvasdyyrunndyyiusurdoniudygyruiineaszgnduniuiiaii

v u Y

&

wWasuulasdly eenfildannisduusiazanazgnimunfussiuadineamussiuiiioum
fuszuude (bit) Fedumndulusuuioangauasidliaildannisduiiaiuusiugmnn
Jussaunisit 21 @ ldnarideuiiuluasshlfiAnaueaiaedoulunisauasam vl
anialdanaulusde wadrguuiniuluasvilildiailunisusvunanauiniiu

AU LT)

sTAUIRIE Y IUBUNABN 5 ) SR AT
. 4 L. = Ay IdoURDNENER / 2 (2.1)
nanstlasuldasan 1 s
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o = [V, | o 1% a
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GRVRTRRITERIE) Tma;g:uLWaas’ﬁanﬁ’uﬁmmmﬁmﬁﬂ ’Nﬁ]sﬁugmm‘ﬂm‘nmn‘lumiﬂfmﬂu

ar af E] s [ I o k- =
LLN@U’U"IE]E)HLL&(’]GE]\‘]EUV] 2.2 LagNTINLEAIAMUANNUTTENINTIAUYNYT NTEUENIN LAY

LLiqﬁu’maamLamﬁagU 2.3

\/Ac@ 2R

o X '
JUR 2.2 wasiuguildlasuen
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VAC

\J

Vout

\

sU 2.3 2sasituguiildlasuen

2.6 finUsznaumas

Tneinluudailenaniariiusznauinds (Power Factor: PF) flgmuaineinasng
YDIYUTTNINUTIRUUAENTELA (cos ) AmuBiisasu Fedlorwilddmiuusetunas
nszudlrliiiflameanuiiyagiuwiibu ldiieudsunsesiueinvosussiunaznssua
uzuu lesnnluilagulnaniifinisldnuinuand@lidudadu (Nontinear  load)
Favilnssualuiviilualuszuuidiuussnovresnsyuasduednluvimannn wazidy
mmemé’nmaammﬁmLﬁaumaagﬂﬂ?{umzaﬁuaﬁﬂ fafunisierumiontsiunae
fuszneumdessruuiiiumaesueinlussdugeddiannsolfiameAnasavem

IUSITULaEnTEuanseyAlsznoumadla lunisuseidivAdiuseneuindeves
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sruuRilussiunaznszuanueiin n1sseyA1fUsznauids azseylusUresaiiuszneu

AN8457% (Total Power Factor) f4aun1si 2.2

Total Power Fuactor = L x L
S, J1+THD} xJ1+ THD;

(2.2)

Tny P fio Maalniase (W)
5, e Maalwiusng (VA)
THD, e AUAANEUBSLBNNALSIPY (Current total harmonic distortion)

THD, fio AnuRaiBusnsualindnszua (Voltage total harmonic distortion)

nsallufiusaruensuain (THD,=0) Inefiawiznseuaansuailnlussuu Afuseney

fa9ITINzAWINIAINENNST 2.3

1
Total Power Factor =cosl X ————— (2.3)
J1+THD?
loe (cosé,) Ao AUsznouiasRamaaisiug (Displacement power factor)
1 = 1 al o o o d‘l . .
— A AWNUTENBUANAINALNEY (Distortion power Factor)
J1+THD?
ad P v AT - TN o v
Tunsdlfannsaunuy — At (cos @) o L3nTenA1lIAIRaUIENaUnI&Y

1
Aanaauiug lay 6, Aeyuiinluvesnszidansuatndunui 1 (Fundamental Current)

AUAURUTTENINARIUSENOUASIRALNAFLIURA ANFIUTENDUAISITINLAZAT

ANuRARgusSHeiindnszlauanslugu 2.4

Total power factor behavior

1] — 1 — SO mo
5 oo r ,/ — TR |
-1
g . s o
- O |
oms P St o i :
1 = — DO
e =
em < - g DO
§ (L0 = P = s — DO
= e = ’/_1 o £ e — THOmto
LT - ~ - o,
e e Lt O
080 088 060 C4 OM OTS o8 5 0% os %0 OO

Displacement power factor

SUN 2.4 aAnuduiusseninsAdilsenaumdanawaatiug

ANFUSENBUANSITINMAYANANALRARBLENSLatndNSEwa [33]
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2/
o

=l d’d o L3 o a é"
NIMNINILTIRuLaznsEiaansuelniindulusEuL

=l I oa (3 = 1

Tunsaliadusenaunasfadmagsunazl
J1+ THD} x\[1+ THD;

drAanuRaiguasuatndusssukasAmAMutnieussuatndnseualui@ounsv azla

wazile

KasUR 2.5

v

Distortion power factor behavior

o - R
s |
] __H\: - J;m}
E o900 l"‘\%‘ - 3 x :..
e d E h i . e
it.usc \:»;\\"::' . i—“’o ™
§ ou BN [Taaen
i BN [ e
g antas 3 > V.
eahae N
s e 8% v M i8R TS 1N MN ITN ON

o @ s F 1 |oas o W a qy
JUN 2.5 ANUFNNUGTEAINNARIUTENBUNMAINALRNEUY

Y

AANNRALNELE TU B INAWSIAULALANAILRA B UaNSURTtNANT YA [33]

aziulanluns@ninaussutaznsziassuatnifistuluszuuafusznaunias

3
=l =l

RaguaziiananfasmunsiuTumuUSIuEsue i niinTulaz Ayt liAdIUsEnaU

Ree

[

Adesuluaunisi 2.2 anaqsuiiennu

2.7 vaanlaloaUaauas

waeslalonwdwandenidunimasnlalonauas (Light Emitting Diode, LED)
vinefa gunsaldidnvseiindinamanansieind - fdnwurlassaiuneludusessoves
a3# (P) wagansidu (N) wiafisnFendnsoudefidu (PN Junction) wdlauifulalan dues
wasiidsesnuntiutiuagfuasduszneumanivesansiiadanidild naonuiinildausului
nszuanss Aadumnazinunldlusimsiesdigunsniudasiilinssuaadulidunszuanss
noun1sldaru naenlalenlawasiiAinisdesainiogussunn 40 i 240 guusdaing
nsifiufdenisdesainvemasalaleaawanildlnenisdenasnlalenUauandng
vanevaenlivuuaaiediu lnednszdnldununaenisamuelany wisthlUlddulvédes
lan1zgn

waonlalonawuanduvasnildduauiionnntu ilesneauatiigniaundy

=

MNV0NDUVRINAADU Lagnasnliusznnilivanfaiiniuni1sivaruneiuiulssunn

9
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50,000 ©9 100,000 Tlu9e Uszudalbniwazdvatedlidonldlnsldvannisranudvaawas

Ao Wen Uk ey vnuuwiesulav (Warm White) wazamkuuinglan (Daylight)

v E 4
o v [

uwafiuaeanuanuaen laleadasnidniuiuiued furinvesansisiaiily

NISHARAIL

- asUssiavunadeuersiduludveains (Gallium Arsenide Phosphide : GaAsP)
liuasdindosuazuasdiden

- ansunaideamaale (Gallium Phosphide : GaP) axliuasdung

- ansunadouenfidulud Gallium Arsenide : Gas) aslifiauasdunsise
Feanndrifauaniineruiodewaddidotulusanss nmsiinuasiinasa

| aa

IalondwasiifondiBianing - gliflwus (Electroluminescence)

vaealalenawasdafidedefosafinroudiguarlduasainados mndoanis

1 1 1 v A _ 4""
Auarsulunisesniuunelusiliarsanuwiivasnailaaulildinsiziiiinduain

naonelalauazAun wekllasnvasalalanUastasinastoulunisidaunuuseszen 39

'
=l

Wumadenlunisusendandseu vseuaniuifionaussduanuamsuasd Wanazdalu

UdY

Yo mMananannlaloniUaduLas

i

Uszdndamlunisiiuasainsveavaenlalonudanasluilagduaziinis
vasangesisaleud JellussAnSnngeia 80 - 100 quiusetad agalsfian
uavaivomaanvigetsawudazinsaenluyniienisvinlignar vuziuasaing
ypsviaonlaloniUduasazdnsluimumiivinduminiy
nasagesLsalwuddnanstnudedundouilesainneluussqleyson vaixd
vaoalalaadnasdinansznutiasnin
vaenlaloadwuaiivunadniamnsaussgndvieufusasuguuuunisldenls
vannvane annsamununmuatnaekadliUdesoonuild fadudahldussTond
Tunislduasainaluaniuiiddy wasilosanarursanivauuaaaingnin
waealaloalasnaslidldiidiunanvesnasiidudunsrodenimdon 1oy
wadunsnIn wasdansibilowan va
vaanlalonildwuandesauiousanuniosuin ilvenarsannisgaydondey
v ludhuaiesuiuorna vl ussndandsnuanntulusn
218n151duveanasalaloniUasuassrauiuiia 100,000 il n¥e 11 9
Wisuiisuifunasavigosisaieud deffengnisldem 30,000 dlus vievasauuy

wnadnfiflergnislduiias 1,000 4 2,000 Faluavintu
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6. vaonlaleaadwuasinnununiurenisduasiiouninnit lhiusizuramilouiu

vaeangeslTalruArsovaan Wi uuuYAaIn s sduulasuasussyagniely
a = & ~

wanadnladauduasiniie

7. vasalaloadwanmnzdmSumstalavesass Wssnansalauazilinuay
Ialaglifilgm waslalaudnglinmuainiuiiduandrsnnasngeoisaaud
= a a 1 by o = o A a [ Y | P
Aamnntanaviauosniaasidsdis vionasnailanu Yadleilaudidesldinantdaanils

Jeaglvuasaing

duvawmannlaloniduwas
1. naenlaleaawasdalismaoudieg
2. vaonlalanasuasdsiivsyansnmlunmslivasainnlosnimasnavigesisawud

3. vaenlaloadwwaiAnuinnugndeswesd (Color Rendering Index : CRI) #in

FRavRIManalalonladuas

WUNANENWUENNNIEAN
1. vaenlalaawdsuasuia 2 v1 (2 Dip LED) deuldlugunsaididnnseiind
2. waenlaloaldauasviin 4 1 (4 Dip LED) Henldlugunsalfidnnsedind
3. vasnlalonawaniindnasiavesduau (Surface Mount Device LED) feulily
nsbiuasainnelusaeud uasvaenrigoesawud
4. vaealalaawdwaidgs (High Power LED) fouldlunisliuasaineialy iy
meludninemdelnauy Jeaunsoudald 2 Ussiam dun
4.1 wuukaun (Lamp Type) Wuvaeslalendsuasidageifvunmduriy
audnanaiau 3 fadunstuly mstunseuavesvasalaloniUdauds
masgeavgneanuuulvidunssualalidiiu 150 Jaduauuds msrzvasn
lmiamﬂdmawxgﬂmﬁauﬁwﬁﬁan%ﬁwm waanlalonldwawing
annsatlvldouldfennslusaraneuen Faagnusieaniivernieang e
TafwIn
4.2 wuuweiinawm (Surface Mount Type) flidnwaziludauneg dvun
n1sfunsruaRaud 20 aduouuuauds 1 wouuud fanuisadunseua
Iidausd 300 fadusnulstuluaviSoniivasnlalonduasings
(Power LED) uazazusnviheluing nsldnudiulngazldnelu

[

9115 Wesnnasiafeuntivasalalanasuasdulvgiiudalau
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Feareoarauisaduitngnelule uasayessdimianuiiumigg &
auns0TuruENNe vemaenlaleadauaeniidagla
naonlalanamasviindwaistn (Multi Chip High Power LED) Healdlunislviuas

alulwauy

LUIANNU TELNNUBINS L9

1

vaonlalenUawasiildniglueins Wy wuunaeadad Bulb)  wuuldy (Tube)
a1lad (Down light) wuufiung (T-Bar) Luuvasanns (Par Light) WUULIIULNATY
(Pendant Light)

vaoalaleadsuasiildnisuenanns wu wanlav (Flood Light) lawus (High Bay)
Inauuy (Street light)

waonlaloadauasiildnnusts 1wu Tridunnuss (Strip Light) unsalasi (Track Light)

WU THDUAULEN DAY B

L

vaanlaloawaaiiliuvdsininuaiiveddiiy [lunasnlalonawadisuin
LA uNs1A Iaunsanuiunasalalanadwanssianildanslunasulnsa
wdaaldludi

viaanlaloadasiiliunasidasasiuoasdu Wuunasiudnuadiliuadisaiu
FuaefuansiFovuildadly 1wy Suns 38y Awdes ioasnniAnmnuuansnsiures

U

AUETIVDIAAULES
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d =l 1 1 o a 1
A15197 2.2 Wiguiilsuseninmasnlalanlasasiunaonliyiindne

Do .| awusieian . o
R L GIEER Pl ., 21yl | Avlinanugn
YHAUDIMAIN LT 5 (unsleau " . .
(seuludiia) ) (Wlue) | seswed (CRI)
959)
AADADULALULAALYURA 17 10-17 30,000 100
vaanaIlalau 20 12-20 10,000 100
viaeangoslsalyud (T12) 60 40-50 20,000 62-85
” . 10,000-
naaaviaglan 65-70 35-40 60-90
20,000
vaonlaloniuauas =
L 80 55-65 50,000 FulY 80-85
(ho3ul29)
. 20,000-
waonwgeeLsaltun (T8) 85-90 65-70 78-85
30,000
vaaaluiieuniulog 95-110 55-65 24,000 22
naenluieuAuillesm 120-140 65-75 16,000 Upsnin 5
viaoavigeslsaitus (T5) 90 70-75 30,000 85
naanlalanlUaduas ¥
i 105 70-80 50,000 Tuly 75
(Rala)

2.8 191U (Arduino)

01g8lundeeghi Wuveinlulasnoulnsamesnsyga AVR fisimsianuuulemy
%934 (Open Source) ﬁ’e]ﬁﬂ’liLﬂﬂLNU%’aﬂﬁaﬁgﬁﬁﬂum%ﬂLL’J%LLﬁ%‘ﬁBWGﬁLL’J%ﬁ?UE]‘asﬂg}ﬂ’e]aﬂLLU‘U
ulildulding fafufannzdmsugFudu vonanigldnudianmsafauaiiuia
ARuIRaaaUasAIalUsuASULE cﬁ’qﬁ”'um@‘lﬂ%\:Li‘]um%aﬁaﬁ%ﬁﬂﬁﬂamﬁqLma:’aﬂm'ﬁﬂ%’u
dyarunmeuesnuazdsdyaaliaiuaugunsalntgusnldegeiiuseans awanandnld
inSeenouRunesiid fussmeanuuuanlulasrenfinmesdmien uarilusunsuwamn
dmiudeulusunsulivesmitnu orgluannsaussgndvinaiedlidaniesld lnunnssu
dyaranaindviowuires uavaunurasalu uawmes viegunsaiduq e1gluauise
yhamildvisuudassvievhaniaserulusunsuiivhauuueiedid fusfnaunsalsenou
Pltiomsedovedaddafiinns dnlusunsuimunfuamisaniinanldiialy Tasls

Ala9ne
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o1gluamsniluysggndfunisnsisaouguundl anudluemaldviensie
uafiunadeld widosdTuga (Module) duvenetiuismnldidluiivefn Tnoillugadau
venawmaniiGenindad (Shield) uansiagud 2.6
Audgveveineglulunisregunaiiaiuiag Aedldiuaunsndeiens
didnnsedndanneuanudndeusaitmuniiun 1/0 vesvein visieruasainaiin
LHoNARRUUBIALESNUIELANANNY 1TU Tanve9@nd (XBee  Shield) Tanvasiiad (Relay
Shield) Fanvosdfionsiea (GPRS  Shield) Wusiu wudvuiuuesavuueineigliudideou

TUsunsuiaumele

JUN 2.6 dnvnizvelugaveny (34]

“?Taa‘uam’lﬂimﬁ@Lﬂ%ﬂULﬁUUﬁUluTﬂ‘iﬂ@ﬂWﬁﬁLﬁ@%

o saldunadlodeuiuuesadu

o Vswlduatsunannasy Tusunsuimuiangluiisuldveuuiuland
uunduvesy (Macintosh  OSX) uasvusyuuaynd luruAuadaduiauls
wnzuAulmdiniuy

o Tdude dmsiusunsuiauniilddudou ilildouhedmiviielnduayd
ANINEANTOATUANADINTSUBUNNRIUIL DTN

. Damewosaldn (Source Code) warinluiinunsasen uonantuansaLfisis
ANMUENNNTNEIY C++ library e

o Uamgraaswaniiluiauiverseniauasla ongluldlulasaeulnsaaaives
Atmel LUas ATMEGA8 way ATMEGA168 1995UB9UBIARRNNLUUITANE9DS
neld Creative Commons License dsaunsadtlufmudassovensuasifiu

Uszansam tiaAnwinisvinaule
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2.9 szuulaIadneliane (Wireless LAN Technology)
SyUULATRUEL5aNs (WLAN %38 Wireless Local Area Network) Ae syuunisas
Yoy a’lusﬂuvumﬁﬁ"amﬂﬂlﬁma Tnglimsdsndunnuiinguazadudunsiien lumsiuuas
dal a;‘gasvummauwm,mast,l,mavmiaq uaﬂmnusUUUmiamwalsmammmawmﬂiamau
nnegramileuiuszuy LAN (Local Area Network) uuuldane@ieans (Cable media) Tums
delaya
Uszlprdvesszuuiniotwliane
1. fmnundasingedaannsandoudielusumisineg 1§
2. annsafnddldinouazsang? emnlidesdenalumsinany
3. @NI0VEIITTUULATUIWLAdNY (Installation flexibility)
4. anAld9nelnesi (Reduced cost of ownership) lpsanszuuiaderngly
anglidnludoudoringesne
5. wnsetnglimeiliesansausauuvuauasaumuizanladglaigen
(Scalability)

JURUUMTWeNRBRIsTULIATEY Il ey

L~ A L~ LA
®  LUULNESYLWYS (Peer-to-peer)

JUN 2.7 msveusevasszuunTadglTaneuuuiesyiles [35]

L3

nstaumasruukauliaswuuiesmiesidudnumenis@oudanuy

u

1A5398lREM5I5ENINIABURADS I1UIU 2 1ASDIV3aLINNIT WuNrEmTUNNTININTE

nulusuanusInsSoRaaaladne
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o Luulpawauwenas (Client/Server)

JUN 2.8 naweNRaTaIsrULIAIavIslianeLuUlnauauwanies [35]

syuunietngliansuuulaaweuwenesiiiudnuarnisivdsloyslagende
waALwANDER (Access Point : AP) n3aiieningenaleon (Hot spot) viutieuse

seninesruuiaTeviguuuldatsiuiaiesneuiamesgniie (Client) lasaznszany

ar -

Fyyrunduingilofuuardsdeyaduinilnusauiniesnouinmesiegluiaivag
Loawanassaznaneidueiotionguiieniu Taoindesnaufinmosesannsafnneiy
vidoRnrafuielies (Server)  iilouanidsuuaziumdeyals Inosesinseruuen
wawosdvinty nzdmiumaluveneaiotevielifutussuuiaierisuuuld

GRLIGH

® LuuiafiialeanwENaeyikousnInIlsuile (Multiple access points and

roaming)

e i
-

—

i = <
e

= o i | v
5UN 2.9 madeurevasssuupieieliany

\ / /é‘
| 4

LWUU Multiple access points and roaming [35]

e

Tneilun1si@eudedya1usenInANRIneSAULDALYANDIATDILATOUNE

1¥angavagluiall 500 Wadmiuneluoiaisuar 1000  Wedwiunisueneinns
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%
o o g

ynanuiiAnsssiuuianiseriesdinisiiiuganisindeusawanesdlmnniy el

nsfuuarddygialulusgnnsounquinds

o yuunslddndimutunasy (Use of an Extension Point)

Uﬁ 2.10 mslieurevasszuuas et eliasnuunsldisndmuduneasyi [35)

nidinlasaivesan unAadunsaviswuuliaeddymigeanuuussuy
p199rlidndinutunesi (Extension Points) fidlnaautRmilouiuueaiwanoss wel

()

fosndnlituinsetneldmeodudunldfaninlumsudsdyy

L LLUUmﬂ‘UaWEJaTmP!" #1FN4 (The Use of Directional Antennas)

=
sUn 2.11 nsieudevasszuueIetelSaeLuunsidasoneiiifanig [35]

"o o

syuvwuudarldiananialunsiudedyyiuseninemeinisnedviaiu

Y

Gl
a o d a v v 9
Tnsnsfnasanonniaiunarenas osuagsu EURUNRUSEUIINAU

2.10 @ni (Zigbee)

InTumsgiuana fmuslagauniusand  (ZigBee  Alliance) Wunsdoasiuy
apiitsnsnnissudstoyasii limdausi mangn ieldaunsoadressuuiizonds
wuasuulSans (Wireless Sensor Network) I #sszuuilasanuisavihau Tusy nanauds
nuuan My wazaglddsuunmeitoudnuudunamaeiieu vieanareglsumt 1 T

=

Fndinsvinnulaenisiularvdstoyasuavvuaidn Tmaawaualﬂaumawmawmaams
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2
-3 4 tY

Mnupsuiunesaviteyaluluinsizina wnzlunislédmivldfinnudoyasigg

U

ce

v o a a 1% [ 1 | ) wa o v
gUuiin i @ntanlduseloviludueingg wu ssuunsauaudaludandiu

=4
Ts99u WWusu

1
1 =i

a o da o 1 o
nifmuegiuanudldanununesgiuld 3 druanudaed

[=4)

o s s 1

1. ruaud 2.4 Ghz i 16 Tesdyay o ans13udataya 250 Kbps

o as (Y] 1

2. ghupaid 915 Ghz § 10 Yesdyanm gns1sudstoya 40 Kbps

a as (2

3, guAad 868 Ghz i1 1 Yesdeyayios ans1§udatoya 20 Kbps

@

868MHz/ Channel 0 Channels 1-10 .
915MHz N
PHY . B {1111
B6E 3 MHz a2 Mz 928 MHz
2.4 GHz
PHY Channels 11-26 —f |~ 5Mwz
AdARAARARARANRARAN
24 GHz 2 4835 GMz

as

SUN 2.12 Bruanuiuaytesdyyinvesdnd [36]

U

gndurfldreaiaweasd (Physical Layer) uag \0uediawes (MAC Layer) 904 IEEE
802.15.4 %;\‘1Lflum’lﬁ]‘iﬁ'lum'iﬁﬁwlmﬂﬂiéﬂﬂ’\ﬂ%ﬁ’lﬂLLUU WPAN (Wireless Personal Area
Network) invianuluiasasiidinit (2 alsedasan) W Sesvesseiuidsdyno
AuAMYBINsdBuse (Link Quality) nMsaruaunsid1fis (Access control) Aaudasnte

(Security) v1a% uslwawasdaluasiuguuuuresdn

Application i
Device Object
Application Application Application
Object; | =~ v = = oo Object Obiject §
=]
N
Application Support
Network Security Service Provider ]
==
MAC hA
w
PHY g
‘m‘ -

U 2.13 Tassasrvasluslnnaadnd [36]
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=l 1 = ] 2/ ) P! 1 2 a
nfnaNI@ndavarnisaairadunsetnelainsivdannnsgiuaiy IEEE
802.15.4 uaziinsdnnisluwuuvesdndluaieestinly viall IEEE 802.15.4 wuswiingunsnilu

wwIavneaan iy 2 Useinn st

¢ =

1. Full Function Device (FFD) wueds gunsalitanunsavitaulannedidluy
wiedie  wrliduswimes (Routen) Mdudenanslunisdstoyaaingunaniau Tngld
wiunaglal (Power line) wavanansavinlugaieuseiils

2. Reduced Function Device (RFD) vanefis gunsalfignananuansnsanisyinauy
TweSote  mnzuinmsdendenislueinis Insldndsuanuunmeduarlidanuns
freventeyaangunaidun 1§

uananiiand Iduvumudnuarmsrhauesnidu 3 wuu Ussnaudae

1) Zigbee Coordinators iimthilasnisdeans Wenlsandediy szwing
gunsaiua1em13 (End Device) Auisviwas (Router) wislpoasmiuines
(Coordinator) (i meiu w3a lAoasAlumesiulsABS AruALBAATE
Wifugunsaliegluraadodslailinniu sasludesvasnisguadanisides
s wisulaiu FFD

2) Zigbee Routers viwihiidanisdunsesderuiideiunislulaseiae
semInguedlvuala Weulddu FFD

3) Zigbee End Device ugunsailaemisgn Seasldfudygraanisumesi
Uanens Tagldmasaunlunisinauiisuldiu RFD wse FFD unansdl

Ag 1 e & P E5
YUDHAULYUL DTN LY

U



ZigBee Nodes

The ZigBee Protocol defines three types of nodes: Coordinators, Routers and End Device, with a requirement
of one Coordinator per network. While all nodes can send and receive data, there are differences in the
specific roles they play.

E| End Device

Coordinators are the most capable of the three node tvpes. There is exactly one coordinator in each nerwork
and it is the device that establishes the necwork originally. It is able to store information about the nerwork,
including securiry keys.

Rourters act as intermediare nodes, relaying data from other devices.

End Devices can be low-power / battery-powered devices. They have sufficient functionality to talk to their
parents {either the coordinator or a router) and cannos relay data from other devices. This reduced
functionality allows for the potential to reduce rtheir cost.

ZigBee offers these advantages:

*  Open standard with interoperability between vendors
*  Option for lower cost, reduced function end nodes

ﬁi ot o a =1
E‘U‘VI 2.14 anwlzn1SNINIULDRNU [36]

Cne ZigBee Coordinator per Network

"0,
P 8 .
o | / e

‘ /
| / -
\ | / o
g

.
L .

- .Q - a ;

o

Q ZgBes End Device (RFD of FFD)Y \ Q
@ 2oBe+ Cosrdnaice (FFO; ™ ;
" - N —®
@ 8¢+ Rouser (FFD) Q@ _ ‘@
.
«s Mash Link e A .
. o‘ \ o
«-e Star Link p o

A o = =i 1
UM 2.15 mevhauvesdnduuulasete [36]
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o
s

wenndiaduiaiees (Application layer) Wuduiifidiunondunees
(Endpoint) ag 3eniuenwdiaduisuidsa (Application  Framework) Tnedl Zigbee
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Wsunsuavauanuduuadlagoden1ssudyyinaindues

Tusunsulululesmraulnsiaaseai 1

#include <SoftwareSerial.h>
int i,n0,n1,n2,n3,nd,startclear;
int rxPin=10;
int txPin=11;
float analogReading,lux,luxcondition,luxabs,luxdim,luxsign,lux1,lux2,lux3,lux4d,lux5,luxé,duty=0;
byte analogMSB,analogLSB,checksum,readData,discardByte,test;
SoftwareSerial mySerial2 = SoftwareSerial(rxPin,txPin); // RX, TX
void setup()
{
pinMode(rxPin,INPUT);
pinMode(txPin,OUTPUT);
Serial.begin(9600);
mySerial2.begin(9600);
}
void loop()
{
delay(2000);
n0=1;
nil=1;
n2=1;
n3=1:
nd=1;
while(n0==1)
{
setRemotelR1(0x00);
setRemotelR2(0x00);
setRemotelR3(0x00);
setRemotelRA(0x00);
delay(1000);
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startclear=Serial.available();
Serial.print(startclear),

for(i=1;i<(startclear);i++)

discardByte = Serial.read();

checksum=Serial.read():
delay(1000);
n0=5;

setRemotelR1(0x00);
delay(500);
while(n1==1)
{
if(Serial.available()>=19)
if(Serial.read()==0x7EX

for(i=1;i<17;i++)

discardByte = Serial.read();

if(Serial.read()==0x00)
checksum=Serial.read();

nl=5;

else{ software Reset();}
ki}
setRemotelR1(0x33);
while(n2==1)

if(Serial.available()>=19)
if(Serial.read()==0x7E){

for(i=1;i<17;i++)
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i3

1

discardByte = Serial.read();

if(Serial.read()==0x00){
checksum~-Serial.read();
delay(500);
=5

else{ software_Reset();}

while(n3==1)

if(Serial.available()>=22)
if(Serial.read()==0x7EX

for(i=1;i<19:i++)

discardByte = Serial.read();

analogMSB = Serial.read();

analoglLSB = Serial.read();

checksum = Serial.read();

analogReading = analoglLSB+(analogMSB*256);
lux1 = (analogReading / 1024) *1.22;
Serial.print(lux1,DEQ);

a=5;

else{software_Reset();}

setRemotelR1(0x00);
while(nd==1)

if(Serial.available()>=19)
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H

if(Serial.read()==0x7E){

for(i=1:i<17;i++)

discardByte = Serial.read();

if(Serial.read()==0x00){
checksum=Serial.read();

nd=5;

else{ software_Reset();}

setRemotelR2(0x00);
delay(500);
while(n1==5)

if(Serial.available()>=19)
if(Serial.read()==0x7E){

for(i=1;i<17;i++)

discardByte = Serial.read();

if(Serial.read()==0x00)
checksum=Serial.read();

nl=:

E

else{software_Reset();}

setRemotelR2(0x33);
while(n2==5)

if(Serial.available()>=19){
if(Serial.read()==0x7E){
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1}

for(i=1;i<17;i++)

discardByte = Serial.read();

if(Serial.read()==0x00){
checksum=Serial.read();
delay(500);
fi2=1:

else{software_Reset();}

while(n3==5)

if(Serial.available()>=22){
if(Serial.read()==0x7EX

for(i=1;i<19:i++)

discardByte = Serial.read();

analogMSB = Serial.read();

analoglLSB = Serial.read();

checksum = Serial.read();

analogReading = analogLSB+(analogMSB*256);
lux2 = (analogReading / 1024) *1.22;
Serial.print(lux2,DEC);

p3=1x

else{software_Reset();}

setRemotelR2(0x00):
while(nd==5)
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i3

if(Serial.available()>=19)
if(Serial.read()==0xT7E){

for(i=1;i<17;i++)
discardByte = Serial.read();
if(Serial.read()==0x00){
checksum=Serial.read();
nd=1;
else{software_Reset();}
setRemotelR3(0x00);
delay(500);
while(nl==1)
if(Serial.available()>=19)
if(Serial.read()==0x7E){
for(i=1;i<17;i++)
discardByte = Serial.read();
if(Serial.read()==0x00){
checksum=Serial.read();
nl=>5;

else{software_Reset();}

setRemotelR3(0x33):
while(n2==1)

if(Serial.available()>=19){
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1}

if(Serial.read()==0x7EX

for(i=1;i<17:i++)

discardByte = Serial.read();

if(Serial.read()==0x00)
checksum=5Serial.read();
delay(500);

M2=5;

else{software_Reset();}

while(n3==1)

if(Serial.available()>=22)
if(Serial.read()==0x7E){

for(i=1;i<19;i++)

discardByte = Serial.read(),

analogMSB = Serial.read();

analogLSB = Serial.read();

checksum = Serial.read();

analogReading = analoglLSB+(analogMSB*256);
lux3 = (analogReading / 1024) *1.22;
Serial.print(lux3,DEC);

n3=3;

else{software_Reset();}

setRemotelR3(0x00);
while(nd==1)
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1

if(Serial.available()>=19)
if(Serial.read()==0x7E)

for(i=1;i<17;i++)
discardByte = Serial.read();
if(Serial.read()==0x00){
checksum=Serial.read();
nd=5;
else{software_Reset();}
setRemotelR4(0x00);
delay(500);
while(n1==5)
if(Serial.available()>=19){

if(Serial.read()==0x7E){
for(i=1;i<17;i++)

discardByte = Serial.read();

if(Serial.read()==0x00)
checksum=Serial.read();

nl=1;

else{software_Reset();}

setRemotelR4(0x33):
while(n2==5)
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1}

if(Serial.available()>=19)
if(Serial.read()==0x7EX

for(i=1;i<17;i++)

discardByte = Serial.read();
if(Serial.read()==0x00)

checksum=5Serial.read();

delay(500);

n2=1;

else{software_Reset();}

while(n3==5)

if(Serial.available()>=22)
if(Serial.read()==0x7E){

for(i=1;i<19;i++)

discardByte = Serial.read();

analogMSB = Serial.read();

analoglLSB = Serial.read();

checksum = Serial.read();

analogReading = analogLSB+(analogMSB*256);
luxd = (analogReading / 1024) *1.22;
Serial.print(luxd,DEC);

n3=1:

else{software_Reset();}

setRermotelR4(0x00);
while(nd==5)
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if(Serial.available()>=19)

if(Serial.read()==0x7E){

for(i=1;i<17;i++)
discardByte = Serial.read();
if(Serial.read()==0x00){
checksum=Serial.read();

nd=1;

else{software_Reset();}

//Program Dimmer

else

1}

lux=((((lux1+lux2+lux3+luxd)/4)*(744.3))-25.05);
Serial.print(lux);
if(lux<450)

iftduty<0)
{duty=0;}

else if(duty>100)
{duty=100;}

duty=duty-8;
if(duty<0)
{duty=0;}

elsef}

else if(lux>500)

if(duty<0)
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{duty=0;}
else if(duty>100)
{duty=100;}

else

duty=duty+8;
if(duty>0)
{duty=100;}

else{}
else
{duty=duty;}
duty=duty;
Serial.print(duty);

if(duty<=0) Jfanafiai

mySerial2.write('1");

duty=duty;,
else if((duty>0)&&(duty<=29)) /fanadiud

mySerial2.write('1');

duty=duty;
else if((duty>29)&&(duty<=39)) J/ainetuz

mySerial2.write('2");
duty=duty;

else if((duty>39)&&(duty<=49)) J/arnat3

mySerial2.write('3");

90



1}

duty=duty;
else ifl(duty>49)&&(duty<=59)) //ainaiud

mySerial2.write('1");

duty=duty;
else ifi(duty>59)&&(duty<=69)) /@395

mySerial2.write('5");
duty=duty;

else if(duty>69)&&(duty<=79)) //a319416

mySerial2.write('6");
duty=duty;

else if((duty>79)&&(duty<=85)) J/ainatu6

mySerial2.write('7";
duty=duty;

else if((duty>85)&8&(duty<=95)) //a1etu6

mySerial2.write('7");
duty=duty;

else //AUETIN

mySerial2.write('7");
duty=100;



void software_Reset()
// Restarts program from beginning but
// does not reset the peripherals and registers
i
asm volatile (" jmp 0
}
void setRemotelR1(char ir){
Serial.write(0OX7E);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x11);
delay(10);
Serial.write(0x17);
delay(10);
Serial.write(0x01);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x13);
delay(10);
Serial.write(0xA2);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x40);
delay(10);
Serial.write(0xAd);
delay(10);
Serial.write(0xD6);
delay(10);
Serial.write(0x17);



delay(10);
Serial.write(0xFF);
delay(10);
Serial.write(OxFE);
delay(10);
Serial.write(0x02);
delay(10);
Serial.write(0x49);
delay(10);
Serial.write(0x52);
delay(10);
Serial.write(ir);
delay(10);
Serial.write(ir);

delay(10);
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long sum = 0x17 + 0x01 + 0x00 + 0x13 + OxA2 + 0x00 + 0x40 + OxAd + OxD6 + Ox17 + OXFF + OXFE +

0x02 + 0x49 + 0x52 + ir + ir;

delay(10);

Serial.write(OxFF-(sum & OxFF));

delay(10);
}

void setRemotelR2(char ir){

Serial.write(OX7E);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x11);
delay(10);
Serial.write(0x17);
delay(10);
Serial.write(0x01);
delay(10),



Serial.write(0x00);
delay(10);
Serial.write(0x13);
delay(10);
Serial.write(0xA2);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x40);
delay(10);
Serial.write(0xA4);
delay(10);
Serial.write(0xD6);
delay(10);
Serial.write(0x3F);
delay(10);
Serial.write(OxFF);
delay(10);
Serial.write(OxFE);
delay(10);
Serial.write(0x02);
delay(10);
Serial.write(0x49);
delay(10);
Serial.write(0x52);
delay(10);
Serial.write(ir);
delay(10);
Serial.write(ir);
delay(10);

94

long sum = 0x17 + 0x01 + 0x00 + 0x13 + OxA2 + 0x00 + 0x40 + OxA4 + O0xD6 + 0x3F + OxFF + OXFE +

0x02 + 0x49 + Ox52 + ir +ir;



delay(10);
Serial.write(OxFF-(sum & OxFF));
delay(10);

:

void setRemotelR3(char irf
Serial.write(Ox7E);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x11);
delay(10);
Serial.write(0x17);
delay(10);
Serial.write(0x01);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x13);
delay(10);
Serial.write(0xA2);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x40);
delay(10);
Serial.write(0xA4);
delay(10);
Serial.write(0xD5);
delay(10);
Serial.write(0xF9);
delay(10);
Serial.write(OxFF);



delay(10);
Serial.write(OxFE);
delay(10);
Serial.write(0x02);
delay(10);
Serial.write(0x49);
delay(10);
Serial.write(0x52);
delay(10);
Serial.write(ir);
delay(10);
Serial.write(ir);

delay(10);
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long sum = 0x17 + 0x01 + 0x00 + 0x13 + OXA2 + 0x00 + Ox40 + OxAd + OxD5 + OxF9 + OxFF + OxFE +

0x02 + Ox49 + 0x52 +ir +ir;

delay(10);

Serial.write(OxFF-(sum & OxFF));

delay(10);
}

void setRemotelRd(char ir}

Serial.write(0x7E);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x11);
delay(10);
Serial.write(0x17);
delay(10);
Serial.write(0x01);
delay(10);
Serial.write(0x00);
delay(10);



Serial.write(0x13);
delay(10);
Serial.write(0xA2);
delay(10);
Serial.write(0x00);
delay(10);
Serial.write(0x40);
delay(10);
Serial.write(OxA4);
delay(10);
Serial.write(0xD5);
delay(10);
Serial.write(0xEC);
delay(10);
Serial.write(OxFF);
delay(10);
Serial.write(OxFE);
delay(10);
Serial.write(0x02);
delay(10);
Serial.write(0x49);
delay(10);
Serial.write(0x52);
delay(10);
Serial.write(in);
delay(10);
Serial.write(ir);

delay(10);
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long sum = 0x17 + 0x01 + 0x00 + 0x13 + OxA2 + 0x00 + 0x40 + OxA4 + 0xD5 + OXEC + OxFF + OxFE +

0x02 + 0x49 + Ox52 + ir + ir;

delay(10);

Serial.write(OxFF-(sum & OxFF));



delay(10);

}
TUsunsulululaspaulnsaiansaai 2

int data=0;
float dim = 0;
char readdata;
void setup()
{
Serial.begin(9600);
pinMode(9,0UTPUT);
pinMode(2,INPUT);
attachinterrupt(0,test,RISING);
}
void loop()
{
if(data == 1) {
data = 0;
digitalWrite(9,HIGH);
delay(dim);
digitalWrite(9,LOW);
1
void test()
{data = 1;}
void serialEvent(){
if(Serial.available()>0){
Serial.print(Serial.available());
readdata=Serial.read();

if(readdata=='1")

Serial.print("step1");
dim = 0.0;



1}

if(readdata=='2"

Serial.print("step2");
elirn =2.9;

if(readdata=="3")

Serial.print("step3");
diff. = 3.9:

if(readdata=="4")

Serial.print("stepd");
dim = 4.9;

if(readdata=='5"

Serial.print("step5");
dim = 5.9;

if(readdata=='6")

Serial.print("step6");
dim = 6.9;

if(readdata=='7")

Serial.print("step7");
dim = 9.9;

else{}
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Ambient Light Sensor

Description

TEMT6000 is a silicon NPN epitaxial planar pho-
totransistor in a miniature transparent mold for sur-
face mounting onto a printed circuit board. The device

is sensitive to the visible spectrum.

Features

+ Adapted to human eye responsivity

« Wide angle of half sensitivity ¢ = + 60°
» SMD style package on PCB technology
+ Suitable for IR reflow soldering

» Lead free component
» Componentin accordance to RoHS 2002/95/EC

and WEEE 2002/96/EC

Applications

Ambient light sensor for display backlight dimming in:

Mobile phones
Notebook computers
PDA'’s

Cameras
Dashboards

Absolute Maximum Ratings
Tamp = 25 °C, unless otherwise specified

101

Ambient

Parameter Test condition Symbol Value Unit
Collector Emitter Voltage Veeo 6 \'
Emitter Collector Voltage VEco 1.5 Vv
Collector current lc 20 mA
Total Power Dissipation Tamp 855 °C Piot 100 mw
Junction Temperature T; 100 °C
Operating Temperature Range Tawie -40 to +85 °C
Storage Temperature Range Tstg -40to+85 °C
Soldering Temperature té3s Teq 260 °C
Thermal Resistance Junction/ Rinia 450 KW

Document Number 81579
Rev. 1.2, 08-Jul-04

www.vishay.com
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Basic Characteristics
Tamp = 25 °C, unless otherwise specified

Parameter Test condition Symbol Min Typ. Max Unit
Collector Emitter Breakdown lc =0.1mA Veeo 6 \
Voltage
Collector dark current Vee=5V,E=0 lceo 3 50 nA
Collector-emitter capacitance  |Vge =0V, f=1MHz,E=0 Cceo 16 pF
Collector Light Current E, = 20 Ix, standard light A b 3.5 10 16 oA
E, =100 Ix, standard light A lea 50 oA
Angle of Half Sensitivity I1 +60 deg
Wavelength of Peak Sensitivity Lo 570 nm
Range of Spectral Bandwidth |_0.1 360 to 970 nm
Collector Emitter Saturation E, =201x,0.45 «<A VeEsat 0.1 vV
Voltage

Typical Characteristics (T, = 25 °C unless otherwise specified)

0° 10° 20°
T — 30°
1000 2
-~ =
< =
E" @ o
= c . | 40°
g 100 & <
5 Z 2
S o 8 | s0°
k= @ :
: E
s 10 = | 60°
@ - = \
5 o s 700
QL
s 80
1
10 100 1000
18006 Ey - lluminance (Ix ) 94 8318
Figure 1. Collector Light Current vs. llluminance Figure 3. Relative Radiant Sensitivity vs. Angular Displacement
1.2
1.0
0.8 /

oL/

S (A) - Relative Spectral Sensitivity

0.4 { \
0.2 \
0.0 N~
300 400 500 600 700 800 900 1000 1100
18465 A - Wavelength ( nm )

Figure 2. Relative Spectral Responsivity vs. Wavelength
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Reflow Solder Profiles
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Figure 4. Lead-Free (Sn) Reflow Solder Profile
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Figure 5. Lead Tin (SnPb) Reflow Solder Profile
Drypack

Devices are packed in moisture barrier bags (MBB) to
prevent the products from moisture absorption during
transportation and storage. Each bag contains a des-
iccant.

Floor Life

Floor life (time between soldering and removing from
MBB) must not exceed the time indicated in
J-STD-020. TEMT6000 is released for:

Moisture Sensitivity Level 4, according to

JEDEC, J-STD-020

Floor Life: 72 h

Conditions: T4p < 30 °C, RH <60 %
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Drying

In case of moisture absorption devices should be
baked before soldering. Conditions see J-STD-020 or
Label. Devices taped on reel dry using recommended
conditions 192 h @ 40 °C (+ 5°C), RH<5%

Document Number 81579
Rev. 1.2, 08-Jul-04

www.vishay.com
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Package Dimensions in mm
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Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and
operatingsystems with respect to their impact on the health and safety of our employees and the public, as
well as their impact on the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are
known as ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs
and forbid their use within the next ten years. Various national and international initiatives are pressing for an
earlier ban on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the
use of ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments
respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design
and may do so without further notice.

Parameters can vary in different applications. All operating parameters must be validated for each
customer application by the customer. Should the buyer use Vishay Semiconductors products for any
unintended or unauthorized application, the buyer shall indemnify Vishay Semiconductors against all

claims, costs, damages, and expenses, arising out of, directly or indirectly, any claim of personal
damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

Document Number 81579 www.vishay.com
Rev. 1.2, 08-Jul-04 105
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Energy Management in Lighting System for Residence
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Abstract

This thesis focuses on the energy management in lighting
system for residence. The proposed system has replaced the
original fluorescent tubes by LED bulbs and installed lighting
control equipment consisting of 2 parts: dimmer circuit and light
sensors in order to control illumination on the working plane; this
also depends on the natural light. The idea is the LED’s light will
be dropped in the daytime or when there is too much light on the
working area and the light will be brighten up in the night or when
there is too little light on that zone. This equipment also uses
Zigbee to communicate with the microcontroller in the dimmer

circuit as a wireless communication system. As a result, the

proposed system will be useful for consumers to save more

electrical energy and reduce their bills in each month.
Keyword LED, Automatic Dimming, Zigbee
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