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ABSTRACT

This paper presents the study of Energy management in home by
using smart plug in collecting and controlling energy consumption in home for
management in home to be more effective. In the paper we apply Wireless
technology with smart plug. Smart plug enable two-way communication between
the smart plug and the central system and also be able to reduce operating costs.
So, consumers can monitor their energy consumption in real-time, more accurately
and more efficiently. This paper is divided into 3 parts which are End Device Node
(Smart plug),Power Node, Coordinator Node and Displayed Node. The process is
starting with collecting then analyzing the data from smart plug which is End Device
Node. Next Switching Power supply transforms voltage and power into Arduino
module and microchip which is Power Node. Next smart plug control the power
consumption of activities in home by using Arduino module and transmit directive to
the relay to open - close smart plug which is Coordinator Node. Lastly, Database
display on LCD Smart plug and transmit via wireless communication system on
computer display which is Display Node. Therefore, the consumer can monitor and
control their energy usage to reduce energy bill and to improve home returns with

better management.
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2.1 Matlninlursasiwiinseuaadu

waslwinssuaadu (7] dindslniia 3 4ia (3 wihe) Unfasdunaanie
e f5easdoanai

2.1.1 masluiade (Average Power) #38A189lWW13959 (Real Power)
fo AdalfiadviliAanu awrsaennlivselondld Wuassiuiuese Wuideaud
annsawasuudadlasgunsailifialuundsnusuduld Wy anudou uasaine wie

WaWUNa Aanuaiiinannseualniialaeiy (active current) aunsaaiuialaann
BV 21T X os i (2.1)

Tunsdifl 29I inasdusadumuiissegiaies cos@ = 1wl P =V X [
0

aswihiilveadudnudseaiiesegnaden cos @ = 0 vk P = 0

21995 hillvandudmiladiiesegiafen cos @ = 0 il P

dlo P fia idslwiade Swihodused (W)
V #o usedulwdn Svaheadulan (v)
[ 79 nszualndh Svieduneunds (A)
0 fo yuszvinwssduldiitunseualaiia [Wuyudeadu 0 luaniey
Aas v

Mdalwiiadefifetutuisiiifidlvanduidumiy (Resistor) g
e nszualiihiuusedulrfasliadientuy ldaslniiadeaswhiunaguues
wsedulniiunszualniih daunsesiwihiiiivandudunieni (nductor) Wipsetadion
nszualiiiasdvdassiulni 900 anneiliSondt fussneumdalnindmgs (Lagging
Power Factor) il iinadsasiriugud uazaeaslwir i lnandusufivuseg
(Capacitor) \figegnufien nsvualvihazdminussdulnii 90° anaziisonin suszneu

Adalnfinainidy (Leading Power Factor) nlwrndalnfiadsazvidugudiduiiieaiu

1995 I AT vaadudndendnfissegaufen



2.1.2 MaslnASuandin (Reactive Power) Ao Mdslniihillornldviay
Lild Bunnudunnm (Huavinnuitausisu) umdsliiluguuovesauuulivin
vieaunlnihitlianmnsariliAnnsihmildlagnse widumnanafianssoudasguuuuly
\uidauaiinduls Tasgunsallniirdesinlasedeauiuusivin wu wilaudas

o @

velnes Uaanad w84 dedlimddueniiniiadauinuivan dluflauiuudivangunsal

¥ o  a

gananazluaiuisavauls AdelndrSueaindazifintuiunasindrnilnandusa

v =

wilgad nieduAulizy Megratu 2995 RL way RCLIJuddfigayidelusdves

aunundivanwazauulni (Wudu aansafwalaann
Q =V XIXsinf (2.2)

Wa Q Ao MaalninTuweaiin Hwdeoiduns (van)
V @9 wseoulufia dvnedulas (v)
[ @9 nszualvih dvihadunauuds (A)

0 feo yusgnanaussdiulwihdunssualai Wuysdoadu 0 luanaumasy
Maslui

2.1.3 Maslni1usng (Apparent Power) fia iaslniismuanaeliy
1991l ngmuliavifivesuazuendiitne s 1umdwufiunasinemdanulnido
Telitugunsailiiviglunasnnissuiunaannesusamasininadeumalndiis

waAYIN anuIsaAwIMlARN

S = Vaad /BN b ®2 (2.3)

o S A Madlihusing Smheduienieliad-weud (vA)
V #o usessiulvih Svhedulad (V)
[ 7o nszualwih Svieduneuuds (A)
P #o iddluiiads Swheduing w)

Q fe Maslwisueniiv Smheduns (var)



2.1.4 dundeuradlwin (Power Triangle)

nsaiNwila 2995t Anszualwirfunsssulwiduwaifendy 928

d s

=1 I oa & o w i o al [y @ ¥
Aaslifnfesaien fa mdelniads nsdlnass 29a5tWiAnszualnid1vdssesan
wiusedulninduyy 90° axfifdsiniifiosrnfien Ae AdsliirSueaiiv nsdifany

295l iinszualvihdmdsdedmihuswiulwidugalaf 900 axiifdalwihatue Ae

o w

mMaslwiuade mdslniueaiin wazidslnising Fsansnsathundeurnuduiusly

s

sUvesauwmasnia v ladail

I. =IsinB
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Ul 2.1 (m)

< = o w
JUN 2.1 anandenmaalninue9as R-L

() wawesnazunsunszwaluidndussdulnd (@) waweslaozunsunsewalaiin

(A) anuvagumaalniia

2.2 pausznaumaslni (Power Factor)

fUsznaumidalnin (Power Factor) fle A1dmsrdauveardsiniiuads
(Average Power) viaan1adlW#1a3e (Real Power) fwiaeanduing (Watt: W) siofndaluiia
Us1n4) (Apparent Power) fimhaidudievieliad-waud (VA) umensiaiuvesiigsivii
Avilianny enunsaieulidsleudlisord dniint o artsdlvsurssingin aanse

Auadlaan

PF = cos@ =§ (2.9)
ilo PF fa shusenourhaaluldi fiehsewing o fis 1
0 #e yusswihussiuliihiunszualvin Wuyuideadu 0 Tuavdsy
aalwii
P #o madlwituade dviheduing (w)
S fe Maslwiusng fmneduiienielad-ueud (VA)

= =3

a5 liihisiinaadudmileanh viedufuvuszqazinmaslwinsueniiv
(Reactive Power) fiviheiduns (Var) iumasigydeluguvesaunuwlivdnuazaunlii

vinlsmdslniadedadesniiiasiniilsing dwalidussneumdalnihildniaenii 1
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2.3 WasaulWin (Electrical Energy)

wasulwin (Electrical Energy) fia frdsluiiniildludranannds fivae
Huad-dalus (wh) wiegiln (1 Aladnd-dalus (kwh) wihiy 1 giln) annsainlaaining
817353005 n3oRlatnAe15iiwes (Kilowatt-Hour Meter) wasaulwirildmiutiul,000

|
o o

Tad-talug = 1 Alatnd-glue= 1 giln Annulan
W=PRt=FEXIXE (2.5)

dla W e wdanulwi fimheduind-4alus (wh)
P o sl Sviheduilaing (kw)
E #o usapdaulnin fimhaduliad (v)
I 7o nszualnitn fvaedusonuds (A)

t f9 nad dnthadudilas (h)

"Lwﬁ'm‘izLLaaé’Uﬁ'gﬂﬁmﬂ%’mulu‘?ﬁmﬂwﬁﬁu L5IMDITDUIINVUILIUN
nannsesalnfeondiving 1wy nnsiniadondes msinfhauging waznisiniums

} 2 (=3

van udu wasulnimaniilignAreenunifuga () udazAnesnuniiuilatad -

Flus (Kilowatt-houre, kwh) luledmduniiae St uifiauduiussunuleseuu Sl lngda

g el dldisTuiTasng (o) Anlunanduialas (h) Weuduniseanuilds
W(kWh) = P(kW) x t(h) (2.6)

dlo W e waanulwih fvthedusad-alue (kwh)
P #a mdaludin Swhoiduilatae (kw)

t A9 van dudedutlus (h)
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M98 1M13ATUIA 1,000 06 TaSacduan 4 Halus aglawdsnulninluwinls

philil aqns W=Pxt
o W =~
P = 100w = 1kw
t =4n

wiumr W o= 1,000Wx 4h = gkwh
wsalgnasulnil = dkwh

2.4 nifoulauAsesdindn (Instrument Transformer)
Tusguulwihadussiulwihuaznszualviuiiugs insosileYaliamnsa
Jaduamsliilalaense e wingunsinvesaialodaiivaulundnie faudsdieail
gunsalldsmiuiniesiodn iveuuasuseiulniiuaznszualniih ldmngauiugmunisia
vouaTosliedadunon gunsaiainaaiondt vdauvaunaiesfledn (nstrument
Transformer) fsviedesiuanundensuninsesiledauar desiuanudunsisundldany
= A o ° <] = = o &
\A39ieln ansaduneanilu 2 Usuian disieasidunnal
2.4.1 wifauUausIfU (Potential Transformer: PT) 1Jugunsaifild
suiuhadiives WAlnes wasiwesuineesiitaes iuthiudasussiulwihvnaie
Ugugiilimnzan euseiuliihvesszruulniiwieusssulnifianaseslvanginindiu
@ A N as
N3invaNAIeledn
2.4.1.1 Tassainveamidontaduseiu YsznoumevnanUgugiuaz

YRt ULk UmMAN IYIIANwumdnanumeaulnihdadeuty

f----é’-------_\

] Iz

I

H

=
V]
.n} I
]
- -

F i
. -
{

N1 E>

I S v rteir n otk e

'a...______.as.______-

JUN 2.2 Inssasnaveamsanuadusnu

\"-
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2.4.1.2 vannisyinuvemdioutawsadiu 9ngui 2.1 letdlou
wsedulrihnszuaaduilvnannugundl asviliAaduususingn () Wasuwlawuia
uaziadeuRiinvnaInUsugiiuazunainni fugll FuhliAnusuadeulniuuiehilunasn
Ugugiiuazunainnfisgll aunsowaninnuduiusssninusandeauliiinmieihiiveain

=

Usugiuasunadnyieqiilafsaunis

u

ooy 40 Ao B
TN et de TN,
gy 40 de_E
=24 dt N
4 B _E
“dt ~ N, N,
AR
Ny N,
El Nl
E, N,
@y =Ch, )/ Es == NIV, (2.7)

ie E7 e usaedeulvituniignhiivesaugugd fviaedulad (V)

o

a 1

E; Ao uswedeulnilwiienhfivnaranfond fmbhedulad (v)

o

N; fe dnnuseuvesuamndsundl dmbeduseu

N, fe dunusevravanaianfendl Swmieduseu

u

A, D 8ns1d (Ratio) voanslauUaus iy

2.4.1.3 nsuivdewvadusaululdau vioulausanuanunso

o

i lldsuduniesiietn drodradu lswiuhadiines mg‘dﬁ 2.2 usasulwifinnases
luanilvunm 4,800 V LLGﬁ,’Jarﬁﬁma%ﬁehumsi’mam?mﬁaﬁ'ﬂqqqm 120 V fafuFsdadldnie
wlakseiuuszneufielatuisaliliasimesiaussiulwiniinnasouluanld Ing
usssulrinflvnannUgugifivuin 4,800 V uazussiulninilunanniegifiaunn 120 v
fadudnardruvesiouvasussiuian E; /E, = 4,800V/120V = 40/1

W0 eInsnsuwsulnihnenaseuluanfanusamidlaeius siulninisalaannloas

fiweiandnsndruvemiouuassfiuilan 120 V x 40 = 4,800 V
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Tuam

4,800V

Hi1 H:

120V

d o v @l v
U 2.3 madmsewdasussiululgny

2.4.2 wieudadnszud (Current Transformer: CT) \Jugunsalildsuiu

@ a ¢ w. ca & & e e v 4 a a

waudiiwas madlies wasimneiunnmeiiives imihiudamnseualniiiveainugugd

T unzay Lﬁaﬂi::LL&IV\IWW@@WUU”LWWW%’%WLLa"Lwﬁwﬁvaashquaquﬂ':iw'wumﬁm‘um
W30l

=Y

2.4.2.1 lasaaivemsionlainssua UsenaumgvnalnUgund

u

Tnussutpgsisounsuiulvan LazUnaaIANRsNiiaITa VLN
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usaaulnf
flawda Tuam

I
—

N1

Dt e W

=] v 2/
JUN 2.4 IaseassvewmdionUanszua

s

2.4.2.2 vann3vhauvesviiawdainseua 9In3UR 2.2 isvaadn

=Y

= " lﬂl =) E; a ¥ =
Usunilneaunsuiulvan a.,m’[,w,nmammmmﬁﬂwumamﬂﬁuqu wagLieulALAe
LL'iamaau’tﬂﬁwmummwmmmmanuﬁ i lAdueesandfinesidnnisuisiuy a1unse

wansmuaiussenssualwiivemnUsugiivavanaaieilonauns

ap\= 11/12 — NZ/NI (2.8)

o

\le I, #e mwmiﬂﬁwmmmmﬂﬁm iy duneuuys (A)

I, #o ﬂ'ﬁvLLa"LWW'mmﬂmmwma fimedusenuds ()

a

N; fis 9nnuseuvesnaialgugll fmbeduseu

=Y

N, fe dnnusevvesuaainyfend Smheidusey

Q; Ao dnsrdremiaudanseua
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2.4.2.3 nsuvteandainsewalildau viauvasnsenaaunsa

s

inlulsuiuesasiliedn frogradu Mdmsiuwendiimes AeUR 2.3 nazualnihiialeann

waudiimesiAuvindy 4 A aundindensnsaiuvesvsionvainseuasianyasy 100 - 5

s

nssualrtihfivaaaugunddanviiiu 100 : 5 vse 20 whveanszualwiniiveaaemend

fio nszualwinfivnainugunfifidn 20 x 4 A = 80 A

2.5 AuABINTIWgega (Maximum Demand)
flanusl (Demand) vanedls Aladsvealvaslutisiaivis 9 Intheduila

6 30 WNneIRe LUl uwalinunuIeaeInaIvan Wosinlrantuasnuies e
Frurildsunlasmasnnan Walsuwduns iz ludsfisiuseuas sauainisnu

3

VI Mus (Demand) awsoileulugns el

winiluvilinu (Kw - hr)

duud(Demand) = Sk (5 (2.9)

wwiildigaslunsminuddumieutunisminanads sieiunsed
aualunmsmaiusdutndussezinady ‘

AUABINTT INTNGegR (Maximum demand) [8] FudunisinAedsvsd
Wnanlihgeaniiindunelunaiiifiualiioy nelunen 15 unit 20 1 vde 1 92T
1Judu
f9nsan Ul 2.5 ez

- auReanslwihgean 15 wif (15 - minute demand) fidwiafiu 1,000 Alatnd
\Aintutianan 8.45 - 9.00 .

- ANNABINTTINIEeER 30 Wit (30 - minute dermand) SiAWU 960 AlaTas
Antutaaiaan 8.42 -9.12 .

- eudsntsliiigean 1 $lus (1 - hr demand) fidwiniu 930 Aladnd Raty
1241287 8.30 -9.30 U,

- AR5 ingega 2 4alus (2 - hr demand) fiawvindu 870 Alatad 1AnTu

%7391781 8.00 -10.00 1,
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Alained 15w

A —»| | |e— 3037

1,100 + e ] YN,

—
g

1,000 + \ +— 29N,
900 +
800 -

: =

700 ¢ .
600 6valua

500+
400+
300+
2001

100 + 4
13@1 (1N

i e R ——

0 2 4 6 8 10 12

JUT 2.5 Armnudean1singingean (Maximum demand) mglutiainansngg

A fe s Iniingean (Maximum Demand) fildainniserurves “f
udiilAes " Wi NN1slATIziRInns e sivan (Load Curve) anmaiidesdinismaen
AuAeInsinihgesn (Maximum Demand) Tuthessasinandu 4 tiethlufmuneunes
gunsaiffeafuiiliiu infesinulalnii miowvas a1eluih uazgunsalduq luszuuds
gunsaifanamanusanulvaniiuiin (Over Load) uszazinandu o ldgennifau 100
wWesiFud Fafulutrwsanvesausianislviiigean (Maximum Demand) Fadunandy q
(15 w30 30 wfl) gunsalvnifismunsavhauludnuadivanduiiia Over Load) lélagli
Aaemundeme duiudsdafiomeudeinsiniigeged Wusmuslunisfarsanden
fifavuinvesgunsallaiinsne o unufiagldminangegaluszuu (Maximum Load) uniu
fimue ins1zashlivunavesgunsalsna o Tngiiuludmalisimamugs Ieviaq lunis
IiAndaudeansiingege (Mgwanvefiniud) ielnangegafintufinresuiiy

LAMIUNINAIT 15 U
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2.6 N159AN1501uN151YIWRY (Demand-Side Management (DSM))
nsdanisdunisléifindunsyuiunisiidanisifeatvayulingslé

wasnulniegreuszndn anrudeansldlini saensunisldlnihes sz avisnm [9]

Fa38nsfiandunisdanasil 2 sUuuUAe LansdanisiiuniseySndnaanu (Energy

Efficiency) uag 2.mM3usmsni1slanda iy (Load management)

o A

Tnen1sianaussavsnwnisuinisdnnissunisidlnii i 2 assvildsade
Anasulwin(Energy charge) uas Aaudoan1sndalui (Demand charge)
2.6.1 MIIAN1TAIUNTIYSNYWAIY (Energy Efficiency)
2.6.1.1 s¥uuuan (Lighting System)

-Uaanaddidnnsaiing (Electronic Ballast)

[
LY

a a” 1 a =Y & [ r- sﬂ' [ cs'
Wuduaudlannsatindusznaunudunas teniaulugiunnunas fady

Y
[

Fugruardvwauwasidndlaeudurioununuivanuasusioulas Svnlvannisamde

9 o

o et €

P = =l & = = (P (Y (3 ' =
NAIVaaIarnd 60 % NN 2.1 ﬁ]ﬁLUUﬂTﬁLU‘SUULVIEJ‘Uﬂ']FIN‘]?jﬂﬂUﬁﬁ’lﬁG]LLﬂﬂS‘ﬁ‘U@

A9199 2.1 Wisuiieutaanaruiagieg [10]

LANGSTUM AN ddnnsefing
ilansgedesia

waoalwild 36 06 36 Tnd 36 A6
n&alniiivaen 36 AR 36 1A 32 06
mé’qqzyt,?mﬁﬁamaﬁ 10 Inel 6 1951 4 aa
nadlui1TsI 46 06 42 Toe) 36 0l
AuiliusauLfisuany 1.0 0.91 0.78
douLde

2.6.1.2 s¥UUUTUDINT@ (Air Condition System)
g a =3 3
-gunIlsUAMILITITEULDINDS
(Variable Speed Drive :VSD)
gunsalusumusisavraInes Jugunsalmuaudidnnsefinddeanunse
U A d H oV -7 H

Usuanudlwiiiedeuseuannuiivesusiwes iz auiunsdsuwlaswedvan lag
p1fgnannIsUsUANUDva s Ul vt uewwesnilnun mlianuEiseunanes

& @

Wasuwuas luamupnudunudesd




19

120/
Speed (Synchronous) = —— (2.10)

Jo,

e f fio anwdussfulwitidrweises

P Ao unutiuswesinienh

2.6.2 n1suTImsleivan (Load management)
2.6.2.1 Peak Clipping e 3n1sdanslvananudeanisiningean
anas (Reduction of Peak Load) 33n15%ly #e nMsAUANALasUTINuM g lnives

Aldliilnenss lnermuauiigunsel

gﬂﬁ 2.6 N5 Peak Clipping

2.6.2.2 Valley Filling Aa N15iNANABINITILTN off-peak H1vn

o | v s ° | | =l va ol a
AUV UNUIBEAN1E (Long-run marginal cost) #1n151A1A1IN A Lade n1sld3snsiAy
a | o v = 4 v ad aa 2 o @ e 2
YSuauauuie Ayl iedusiiadls 35n1sAfeulddusuitvaneiiffe nsld

walulagnisiniAunasanu (Energy Storage)
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;:;‘Uﬁ 2.7 n57 Valley Filling

2.6.2.3 Load Shifting A9 load Management 8n3swilaiaaunisldy
IW#ha1nea9 peak 11g off-peak Tuthanarfifinisldndsaunelu 1 Su wunisldszuuin

\Aundaau storage water heating w3 @eunansliluihlnedldies

gﬂ‘ﬁ 2.8 N3 Load Shifting

2.6.2.4 Strategis Load Growth f® AL energy sale

uanwilea1nTs Valley Filling virlalaeiiin ieduaSunisidlwiumuvoindady
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5Ufl 2.9 51 Strategis Load Growth

2.6.2.5 Strategic Conservation A NMIAAATUNITOYTNENAINUT
Frvaanisliliiwndianar msduasunisldgunsalliinuszaniaangs fad nvin.

o a & ad & dnw 1
sviunsiluisvilanlunagnsi

g‘l.l‘ﬁ 2.10 n31W Strategic Conservation

2.6.2.6 Flexible Load Shape or Flexible Reliability A @ n 19
U§uidsu load-shape Wauseamslalaedldlwieousunnudedelivesssuuiides
Lﬂﬁzaulﬂimmgaﬂﬁuﬁqgﬂa (incentive) 11 N15LEERs1IA WA WULIRTenseLalWHqle

(Interruptible Rate) 1udiu
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§U# 2.11 N5 Flexible Load Shape

2.7 Arduino

Arduino [11] Lflu%a‘uaﬂmqmaﬁ’muﬂﬂﬂmau‘lmaLaa%nga AVR LUy
Open Source 78 ﬁﬂ’l'ﬁﬁJﬂLwﬁj%Hﬁﬁgdﬁ’lu Hardware (Arduino Board) wag Software
(Arduino IDE) dwsuasisiunuuredlusiaaiiitestuasassidnnsedng nieszuuiles
(Embedded System) Iae Arduino tdugneanuuusiileliitesenisldau Jumnuzdmsuy
Susiy ﬁﬂﬁgqe‘fammmﬁﬂﬂﬁwuwiaaamasﬂixqﬂm"mﬁumnwma

2.7.1 Arduino Board A9 U83a PCB (Printed Circuit Board) ﬁgnaamwu
unluiien lnefidvlulaspoulnsaiaes ATmega asega mx8 (168 ve 328) [12] a1u1sa
Weulusunsudmiuldlunissuniederangunsalinagsiuwesn Inout w3e Output ves
UBsA Arduino f9E19M53UM Input U N1seuAINEuEes nsedunsnalu uie
N155UdyIas Analog 61149 usu Mee1en1sdern Output 1Y n15de Pulse lumuau
uanef wiansiln-Usmaenl LED (Hudu wenaniluedn Arduino franunsaidewsedy
wasdidnnselindsegainmeuen vieideusefuuesaiaiy (Arduino Shield) UseLnnenge
L% 4 Arduino XBee Shield, Arduino Music Shield, Arduino Relay Shield, Arduino
Wireless Shield, Arduino GPRS Shield i{udiu Faduvesmeassidnnseinddmiuriny
nzagradlelihedmiugldny

2.7.2 Arduino IDE (Arduino Integrated Development Environment)
fie Software fild#dm3uiTay roylng uarsninanlusunsuauesn Arduino unisuen
Lulasreulvsataeiinglinudanisiilulasroulnsaiaesiauesls deeradu n1sideu
Wsunsuitedmasnln LED THTa-Un dsmasal LED Tnsendu ved gl uneaind

Yunauazidioulusunsuiiisazannsnnuguniside-Uavaealn LED femsnaaiadiuna
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(3

Wudy dmsunmwildlunisi@eulusunsuazldnie Co+ daduniun C Uszendsuwuy

9 u

wilsfifllassairsvaamminglAssiunw C waiinisuSuusesuuuunsifsuldsunsauneduy
wetwanmugenlunsilisulsunsy uenanilfldnudiannsaldnim ¢ munasgiu

ANSI C W@guluswnsulaanse

=

2.7.3 Arduino Uno R3 1Juua5m Arduino AildSuminufleuuniian

9

e arnsiabiuns daulvalusiaauas Library sregivaundunatuayuazsiadaty

Arduino Uno R3 tuwdn defdnete fie flévuaunsadelulasroulnsainesunuideues

Tonsainlulasraulnsatansiaey

o

.': T, WWW.ARDUINO.CC — MADE IN ITALY

G S G e e e . G W W WS

ANALOG L\‘J.
NS W

g‘dﬁ 2.12 Arduino Uno R3

2
= oA

d13U Layout & Pin out 983 Arduino Uno R3 fiail

1. wosm USB: ldideudadunaufnmasiiosninanlusunsuld
Lilasreulnsaiaesiauazingliidsddiiuuese Arduino

2. {u Reset: Mnaudlasiosnistililasmerlnsaiaefidunisvinendmi

3. WaSM ICSP v84 ATmegal6U2
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4. Wa'$w 1/0: Digital /O Rausiun DO e D13 uanaNiHuTemTh iU
isfndae fegrady 104 0 war 11 0uw RX uay TX Serial, 184 3, 5, 6, 9, 10 way 11
\uwn PwM sy

5. Wo36 ICSP 999 ATmega328

6. lulaspeulnsalans ATmega328: 1Jululasraulnsaiaesvevasn
Arduino

s

7. Wa3n 1/0: Digital I/0 wenanifauduveas

o

UdtyeIos Analog fausian A0
84 A5

8. wasm Power: Ussnauediufidnelwdesliiuuesa Arduino nsdifils
Tdwesn USB 1ousarumauinned lud 41 Vin war GND fudsuiisnelndedisuiaes
Sidnwsedndsnsgannsusn Téud v1 3.3V, 5V uas GND

9. Power Jack: $ulwa1n Adapter Ingfiusafulnihogsywing 7-12 v

10. lulasapulnsatans ATmegal6U2: iulilpspoulnsaiaesynmiidy
USB to Serial 484U 850 Arduino 1ne ATmega328 9sfindofumnaufialne$e1y

ATmegal6U2

A19719% 2.2 Yarmvuamunatinued Arduino Uno R3

Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12°V
Input Voltage (limit) 6-20 V
Digital I/O Pins 14
PWM Digital I/O Pins 6
Analog Input Pins 6

DC Current per I/0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB
Flash Memory for Bootloader 0.5 KB
SRAM 2 KB
EEPROM 1 KB
Clock Speed 16 MHz
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2.8 guuuulunsdedaya (Transmission Mode)
gULLuumaamaﬁaé’mmmﬁams [13] p19UsENOUMMBAEE AL AT saeTy
U FavilhAngeanianisas Foyaldunnnimilstomis
2.8.1 anwzvasgluuuTunisdedoya
2.8.1.1 MsdukuuauIU (parallel transmission)
fenisdsdayaniouduiiasuats 1 dnlunissevdyaia
i Teensaeaysaudn 0 uay 1 vane 9 dndidungudunu n On ddsdsntaar n Oa

ot o [

vaziunsaay n daduiy Faasadeiunaismenesasyadum 9 liwefiasfsnys

2

nalnnisdeteyanuusiulinannisie q Aeusaslneed
aeveaines Tunisdwsazainzgnasiulumuansds waneq ansvuuiuld nadudedd
dyrnnnfiniduiieniu yilvanunsodeesnludigunsniduniouiuld dudunndnee
WiumslfsFundang Ay ieliiAnde manisdsdnnuamedasosdisuuiiudu
a o v o @ I ' 1 1 S v o 2 o o £3 &
Unfiansiaunuisnusluiazseuy wunsdeiudeyaidrsiauuy ASCI ATudusadd
1 1 1 = o 2/ = ﬂl ] | s =l 1 2 A
YBININITEL 8 Foane FeasviTlinnTelsiuatedirunuiulula e1afinsdedoyadu
a a 1 ad a ¢ L a [V o
wisANlURg iy W3R O ( paritybit) Tdlunsesaseuanufinwainvesnissudugiod

Uanenne vseanedinuaunisidneu iieniuaudmevenissu-didoyausazgadagy

d |
JUN 2.13 Msaupyaluuruy
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a2 ' a a

n3UN2.13 wansliirudmndnfiidrswaddnusindag

L]
giiunannuiuly neiuandumsimedsdyaaiiiogmenu 8 @y ludwatema
fatiuuaemanzlasunntnvesidnunseuq i defivesmsdwdeyauuuvinuie mnunsy
& a ) =3

| v 2 = i ' 1Y o A
L‘Wi?ﬁﬁ\‘]’ﬂﬂllﬁlﬁﬂi\'lﬁg n U@ AU ﬂ"J'uJL??ﬁNL‘fJU n LV]'T‘U@\‘Iﬂ’\SﬂQLLU'U@Hﬂ'ﬁJ LLAVBDLAEN

u

2 gs
L | 4

drfgfie Ald9e Mlliwsgdesldarsdiuu nidu drunnagldlunisdmiudoyalu
svarlnd fhodhenisdsdoyanuuru wu nsiedeunedeyassnanissnauiunesiu
gunsalseuthevesiiutu senihandeseeuiamesiuiedosfiun Hudu
2.8.1.2 m3davayanuuaynsy (serial transmission)
al¥38nsdeitar 1 Dnlunilasoudygraufing vinlvig

= I a ! =l ' P O ¢ o o ol N, <
willewnUnene 9 Bessielllosiuly :ngunsaiviisludBngunsainia

. .
IUSUUDINULNU auuoinaunsiy
1Ousunsiy IJuuuu

aunsauay aunsaUsuU

o !
JUN 2.14 nsdsdeyanuuayNTy
1NJUN2.14 fidnwiazUsenausie 8 On 3ealuardu
Jayaazgnaiosninilazdnserinadiums uarvatene uazUaremearsiusiudnvaniifias
Umaumsu 8 On 10u 1 fdnes deflvesnisdsdeyanuveynsy Aensliveanisnisdeans
Wigs 1 ¥o9 vinlviana ldneasdamngdmsumsdsszesnislna uideidede Anusives

| EJ é 1 2/ X E% I a 1 1 } % 1
ﬂ?iﬂ\iﬂﬁ!?ﬂ’]‘iﬁﬁ’ﬂﬁ]gﬁLL‘U‘Uﬁﬁ]B%’]ﬂ'ﬂL%’U‘U‘Uu']u AIDYNUDINTIENVDUSUUUBYNIA LVU Im?m
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2/ al

srlinsdsuvveynsuiesnnludyaralnsdwislanedaananduior vavdnduniady
GREGH

Tﬂﬂﬁ'ﬂﬂué”gm‘sﬁa%’a;ﬂlaﬁguﬁ]xﬂwﬂaﬂﬂﬁ'gaﬂf}'ma@ﬁaé’ﬂm
fuulunsdedeyauuvounsuidafaamiiuin udadmaarvaremassnsnuldagnsls
11 hUAarMsnyIAsIDale ﬁagﬁﬂiﬁmiﬁaawﬁagaﬁu 2 WuuAe Nsdeatsuuuayds
Tawda (Asynchronous Transmission) kasn15dea1suuuadlaa (Synchronous

Transmission)

o

[ | v r-!i’
ﬂ’?'iﬁ\?‘UE)%ﬁLLUUE]TéﬂiﬂJ LL‘U\'ibLﬂL‘U‘L! 2 hUU PN

=

1 .ﬂﬁ'ﬁdd‘i’fﬂﬂgﬁLLUU%Nﬂiﬁﬁ (asynchronous transmission)

'
=l Ve

\Wunsastoyaiidiuwavdddisodddyananninifierdiy widaya

U

Ao w A v v Yy P | v v o a v o § ¥
niunesgaulanmuguuuuiilannasiulinew wesnlddedddygrauninuie il
v ar I L E!i [ o 1 v oar 5 L o 1/ Y VYVas v 1

#suliiannsamenisallinuielnaziveyadanty daluddd wuduse wdaSulisui

=l ]

sziinsdaeyauilegnisiiudafitaviduidnuilsdn Laﬂlﬁﬁauwﬁﬂﬁmﬁaga 158N77 UR

23
a v v a v

3w (start bit) lagvaluiinldln 0 waiiialifiunsuyadudavesdeyadafeiiniaifiuin

U 9

Nawdnuiladaisendndnay (stop bit) inldda 1 uenaniludantsdsteyaurazngudes
tovinsgvingy lasvesinsguitludesliisuasslidedyanaing visealdnguves
a a afdn v | t:ll, [ ) a a Va c:: a IS

Unfiriiidnunls susdeluiuaninisdseyauwuueasdilasia Winsududn o Gneudu

am 1 u,aﬂﬁ‘da&’mLmuhjﬁm-idafﬁamva (@e719)

Direction of flow
L
Stop b Start bu
Tz (e Data 3 =
g2 i;‘:] umouloi Al
,'., _.\-b‘: ) e K

ovotfo] [afturtoniJo] [1Jocororui]e] [iTa1]

Gaps between
dats wnits

(P11 : Fourouzan, 1998 : 124 )

JUTl 2.15 msdsdeyauuvesdalasia
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=)
v =

Umsumu (start bit) Tnveadeyaiidieans (transmission data)

91wu 8 Un dnnsadeiianain(parity bit) wazdndugn (stop bit) dmiudnnsiaaay

2/
LY Y] =3

varawa1nzlavielildile Mdudyaaudfisalssneuiediulsznavegates 3 du

Fagul 2.16 waw 217

i 1 0 1 1 1 0 i 1 1 0 : 1 L 1 1 U I I 1
I 1 ! 1 i 1 1 1 1 I i
st 2.16 nsdeansuuvasddaiailililitamnsa
' ' | 0 ' 1 [ 0 ] 1 ) 0 ' 1 ' 1 ' 0 ' , \I [cle
] | : 1 1 ! 1 i : I : I

N e pe—

JUN 2.17 msdeansuuvesdslalaiilini3itn

L2 | | £ 24 =) s = = 1 v =l a =

voRveInTdedoyanuuasdislasia & 2 Uszns fie AlgTnegnuasiusEansaw
nsafegauvuiiaviilulilunisdearsidesnisldmuiiligein fedradu nisfade
FENINLATRIABUR ARSI AULASIUAEN1Y (terminal) AilaasssusBualdunisdeans

wuuesdalasila imsnedldasfaniflas 1 MsnwsaninTeslatenaluduniosnaufingess

Lifesldmnaniigalunisfnsadoans

2. mydaayauwuudalasia (synchronous transmission)
I a {0 @ 1 | DIV
vJunisdedn 0 waz 1 Aseiflestululagliinisuauen HYUABIUEN

Unundriloanuidulud viauidnusies anamuaninisdsdeyauuudalnsia ddei
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v 1 1%

nsdslnfiadeiugnn q awjdeieanisuusinqudeyaidinguin 0 wie 1 ileuantanius

9 Weusddnunfed$u Fuastudunudaudidunguuesdalnluludii 8 da

J Y

Dircction of flow

Sender mmoﬂu[nlnoulluwllulunmu lnnnumm]uu Receiver

(W : Fourouzan, 1998 : 125)
-d ! 1 % o o’
JU# 2.18 msaayauuudlasia

nsdeansuuuBlatia avyhnisinnguuesieyaidungus wasvinnis

[
s U as

detayaviangulunsoniiluiiier suSunnguvesdoyailin udenveadieya (Block of Data)

¢

ar v W =

[ = s 1l o = ' a o
AAIBNYINILIA LLﬁa‘ﬁG’l"Jﬂﬂlﬂ'ﬂE’)Eﬁn{‘l.JUﬁ’aﬂLﬂEI’iﬂUﬁ] 313.1118 xl'smmmu’aua EJ'NLLUUB&‘NIQUE’[

=3

v

1 ¥
= v a c.lf @ At 1

nApdlddnsuiu uazdndugaduyng Menvs wiavildoyasududndudnunsaesdnfimed

. q

.
= =)

1 A v Q‘j L4 4 i Q; o af 1 =l s v I s =
ﬁ\?iJ']LWE]‘LWE’]’I‘IJuﬂ@ YALIUAUVBINGUMIDNWIVNNTAIFUTYINULYINN LTU NUTLUY (SYN

9

character) lnefignuse@ailguuuudn fiw 00010110 Mo 1vvosmsdwuansléiiagun 2.18

} %
AU b Pa189119

/ dnwasiall 2 dnwssiaf 2 | Snwasiaf 1 SYN

g‘uﬁ 2.19 APg199NUSER (SYN character)

NFUBYa18N19M TINS5 89 30 00010110 udaznsula

v o

YUPNUaAm LA tnionysuiassl wanisldenvszdaufewnifeteafindafdanalald

o 1

W au51deiEnes b waridnws a Aededuly Faddnws b fguuwuuinfe 01100010

wafenys a dsuuuudnfa 01100001 n1sdwRzuanslinagy
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3
AU » arana
(a) {s) (SYN)
01100001 011060010 00010110

JU 2.20 fegrenislaonasyds 1 Mlunsfeasuuudalaila

uuaToaneniesasanusnusEdasenindnvewngnes b
uawienws a viliidladtnselussilivinvengudoya *‘i’ﬁwsﬁﬂﬁﬂﬁ%’u%gaﬂ'ﬁmﬁm
Anwanntuld fudududdamidenislésnussds 2 fretududnunsesdaauiivenls
nswindugadududnuesngudoya fegreveinislésnussds 2 srlunisdearsuuui

o o a b3 1 =l =3 d L 1/ as
lafa waznsdnuaavesdndoyasendunduitay 8 9n iitounudeyauandlddssy

i ! _ vaama
anwaiafl 2 | dnwadiafl 1 | sYyn | syn Receiver

Source

d o/ 1 e = U J _ @
JUN 2.21 fegranislignuseds 2 slunisfeansuuudlada

1111 p

. wndssnngudadteunviioya

¢
01 a1 1(0]1[1|0(0 [P
Source
o o & : v w 4
faanwssiaf 2 ' ghdnws
¥ 1 i
fAaiudrmauiia
taama

d ol o I o
JUN 2.22 msdaunivestnesnidungus ax 8 Tn
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wazyilyiinislemiuaiunsnvesansdearslafouvianua Tafvesnsdadoyanuudalasia
= & v & X lala a A | MM v o ¥ oA = ve = o
fAemudlunisdedoya elinszlifilnfiawmietesieilildgnirlulfdefisffu ah
Teniwensdsayauvuddastainiwuverddasifa femaiFednshluldnud
ﬁaqmimmﬁ'zqq Wy Msdsdayasenininiasnouiames

2.8.2 Wibuifisudszsinsnimvasnisdwiudeyanuuesdlatia uazuuy

Falaa
we ' ’ wag
as (o jopagaoafoolr{1{1]1|o]olr {1 b 2y
fdnust 3 ' Shdnwst 2 : Hadnust 1

d 1 ' U = s

JUN 2.23 msdwirudeyauwuuddala
E!i]‘ﬁ;’ﬂil lﬂ%‘:ﬂd
s 110 |1 |s sfol1|1 ot i 1d 8 s |1 |o a4

JUN 2.24 psdwudeauuuerd sl

P ¥ | 1 1 2/ = ) 1
'ﬂ'lﬂ?:ﬁﬂ/’l 2% LLEﬂQIWLWM'J']ﬂTﬁHQN']U‘UE]ﬂdﬂLLUU“HQIﬂuaUUﬁ'JHM'm

a7 maammwaaawda%wéamu%gatﬁumaamﬁama du3UN 2.24 uanslndiuionis

dwiudeyauvverdiladaiuansdzrinnudelleswesduaindoyaiiasinu viedd

U

&/ i i

TayadwiuneilosTufunaeaaeuds Nezgayderewnalunisdaluiunisds

U

=)

3

2

2

U WazUndugnueusiasiidnys

]

TG
%) d:{'l 1 d'

Med1ugy nsilndwueyaioglusuvesswa ASCH addnws

U Y

wilsignunusig 8 In milnsdeanguuestaga 240 fdnws lunsalnsdsimuteyawuuds

g

ladafinislddidnesede 3 67 waznisdtu Toyauvverdladalufinislidnnsaa

2/ 2
ot Y w o a

YaRANGIN ﬁwummm1imﬁﬂmz:uwwé’mwﬁauizwdwﬂﬁda%’a;&ﬂm fatl



Tntamavesssnusiidaayls

240 fanws x 8 Un/fonws = 1920 U

wuuBslasg

Tnvasindnusedaiildasls SYN 3 6 i 3 x 8 On = 24 O
nasvesdnTinesdaiaviun = 1920 + 24 = 1944 Tn
é’m'ﬂ'ﬂ";uswdwmidqﬁagaﬁﬁmﬁw%a fusudntaunfisndudosdeie

1920 w1398 1944 a¢lauszune 99 %

RINEEL GG

v 1
a o

UaLsunu warinduaninldazld 2 x 240 = 480 On

L
[

Na5UI0nNRDIAIIaNLA = 1920 + 480 = 2400 Un
BMIIAUTEMININTEOYaNABIETY Audruulamimuandnludfesdsde

1920 ¥15m38 2400 9% laUszaey 80 %

2.9 UART

32

UART g8311399nA177 Universal Asynchronous Receiver Transmitter 18u

o | = 1Y) @ P 1 a ¢
ﬂ'ﬁL‘U'ﬂlﬂﬂﬂLhﬂﬁiﬁaﬁq'ﬁﬂﬂgaauﬂiuﬂUQUﬂ'ﬁfum'lﬂ"] LU ARUNILMD S, RFID, GPS, GSM

o - 1% o 1% & -
Module, Wifi Module (Hudu dadupinisly Asynchronous ADAINISAADAITLUU Full

duplex naNARANNTATULAYAUBYATENIN Receiver waz Transmitter lalutianfeau

uananil hisfedldmedyan Clock iefwmundmznissudidoya witinsimunguuuy

Format %38 Protocol ma%’uﬁa%’aya#‘iumum LALBIRENITAINUAAITULS VB INITSUA

Joyaliiviniu
Data bit ey Parity bit
— ] Next
S 4 S
tart tart
bit | Bit0o | Bit1 | Bit2 | Bit3 | Bit4 | Bits | Bite | Bit7 | Bit8 Sb‘i?P bit
Data bit oy Parity bit
Start . i . St ’:leaﬁ
Bit | Bito | Bitt | Bi2 | Bit3 | Bita | Bits | Bit6 | Birr | PP | it

o o ) . .
3UN 2.25 sUuuunsFeansuu Universal Asynchronous Receiver Transmitter
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9103y 2.25 uamaguuuunisieansves UART Taeflddosimunnaiants
wianillfimilauiusiails Receiver uay Transmitter §aUsznaudng
® Start Bit tuaniug Low
o ldnuansamuainnudeyaves Data Bit il 8 w3e 9 Bit
o ldanuanusafimuaviinues Parity Bit wuy Odd, Even %38 None
® Stop Bit 49112 0.5, 1, 1.5 %39 2 O
uaﬂmnﬁpﬂﬂﬁmumiﬁwﬁaﬁ’umaﬁ’ulwﬁwaa Ty 10nnsAeaITuuY UART

[

Tnewudlanatl

o a

o TTL fusziudngranuuiinearluildtu Microcontroller Tnaaniusladn

“0” AUSWUVINAU 0 V wavaniueladn “17 2eilusasuvingu 3.3 wise 5 V

Y =

o Rs232 Wussiudyarunldiu Computer lnsaniuzladn “0” aziussiu
WIAU -5 %30 -13 V davan1uslain “1”7 asiusafuvingu +5 wse +13V
ci' d U o/ A 1 '3
sU# 2.26 WEAINITLYDUADAY Y IUADAITUUUBUNTUTENINRUNTA U1
Transmit Data (Tx) ¥4 Transmitter LLaNADAU U1 Receive Data (Rx) Y849 Receiver 1o
detoyaluda Receiver 11 Rx 104 Transmitter (faunefiuy Tx ¥ed Receiver Wedudeya
3 Ls 5 1 14 a 2/ ¢a o ! =l @
91N Receiver ka¥¥1 GND U949 UNIUYIADIAITABAILNY a1gunInIBuARlTEAU

@ Al | s 1% a ) v @ ' &
wssslwiuanneiu gldnumsiianaasysunssiuvesdyqin 1y IC lwad MAX232 [2]

Wudu

TTL RS232
Tx Rx
— nnfuusy

> Sd RS232 v,...,,.....l’i.,,

- el A demme .-

— — wae

wla

| GND

o - | o =
UN 2.26 Nsiveuneanedygadeansuuy UART

€aNl
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2.10 mssudedayauuuliane
AsdEpanslians (wireless communication) Manef mMsdeansdeyaainsiy
maludaanens Tneusiaainnisifieumelufantenn (physical wired) vSanslddmuan
Jusnalunisideusie [14] Fafifensindedioansseninsgunsaideansvieinios
AONILMDS 2 LATRY viienguuaAsasRaNfimesTiansndeatsiuld saudenis
a | ' - a & o cal A ' T a ¢ I
AnradpanTsyIILATaIRaNiumeiivgUnsalieuseluAsatigrauRunes Tngluld
ansdyaranduinarslunatouss wiagldnduuimaniitiduinalunissudsdoya
' & v 'Y | o 1 w ' ' al a & '
seringunsaliunsiulaemaiie sudideyatniansseninauesesreufinnes Lasssning
Lﬂ%@mauﬁmafﬁuqﬁﬂﬁcﬁm"%‘aqhaiﬂsmﬁumjmﬁnlwﬂﬂﬁawLﬂmﬁﬁwqﬂﬁuluimnww%‘a
Sunsaduduy 2.10.1 viinvasrauuranlWra
LUSPUER9ANNAveIRAuL AN W le 4 wiin Fiail
2.10.1.1 danlulasiav (Microwave)
& o - alal & o a a P
udenanlunisdeansidanuigilussivinsdsed
(GHz) uaziiosanaugnvesnduiimbeiadulilasuns Jasenden“lulasan” nsds
1Y YR, ¢ s P | 2 YR |
Toyalneefeduanlulasi Jaludygrueduwdmdnlwiniyly eImAnsauiutoyain
E 7 1 k4 = A:I o 2 A 1 as L2 { a
ABINTTAN wavaghalianuivimiidwassutoya uazilossndyaalulasivay
a <, 2 ) ' % = 7 oo UM Yo =
WWumadudunsaluseduaten ldanunsademselawuveulaniidanulale Sededinng
maandiu-deteyan \Uussesq wevdddeyarenuduneny sewinanddoamiauniiasis
aniilaenne yndnwazalivsyne figumvse fngeuadanduuds fvinlvldiannsods
duanaludadwangla ﬁ'ﬁﬂuuﬁiaxamﬁﬁaﬁmﬂuﬁqaq‘luﬁqd wu Aavl Aings visesannes
o a a a a ol I ) o o | (Y '
Wenaniden1svulosnnuuansiiiueiiduduns e sdaufinguuaInisas

deyamedenanailaiimnziunmsdieyalufiuiividnaning uazysiuans
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E‘Uﬁ 2.27 awdyanalulasian (Microwave)

& et a ° '
- lelununganisiivanensevinlaliazaan

2e
®
hol]

- sagnnnaneleniaiiuaiaynaioy

- fiadadrenirangloufhuasiasaadion

- BPTINTAUoLAGY
Yoide -ﬁcgmwmwgnsumulﬁdwmﬂﬂ?{uLLﬁmﬁﬂMﬂWwnﬁiiuﬂmﬁwiu

W1y MIOHHN

2.10.1.2 mwfigy (Satellite)

WSumsianntusitendnidsstesinve aanisu-d

Lulasiavuufalan Sngusvasdlunisadrsaaisuiteiuandsu - dsdygrubiasau
oamenarmudygaluualasvedan lunisddyanuaafissasdeiianinmafiuiiu
Aoevimthiisy uardsdanaduluvunafissileaseggeainiiulan 22,300 lud Tne
afisumantiu asedeudifsrnuaiivhiunismuvesan Juatloutuamuiiesniugiia
ogiuil vaugilanviusaudiesinlinisdsdayaallilasianannaaniiniidulvuunadion
waznsnsredunaTistaendaandaugameguuialandulyegiawiugn
prufieuannsalassegle Tnsendondsnuiiliinannisaeu ndsnuuaseingde ue
1%@n$ (solar panel)
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Up-—link Down-link

s2asmia 23,300 hid

U 2.28 mwanafie (Satellite)

=

I

98 - dwfynrunseuaguludmnyavedlante-
- Algelumsivinisdieyaressyuumuiienlitueyiv
4 1 @ l:l;ll a
srEyNNIINauYesan TuAu

Poide - fnamun (Delay Time) Tunisdedyano

=

2.10.1.3 AALANe (Radio)

A a [ dl' 2 = s 2
mawany WWumsdeatsuuulianenanunsanseanedyyiale

Tuszeglng 1wy seninadandn Ussmaduiu wavluszeslng iy aelutunsefivingu

¥ o ) O v o v [ | I a (Y] v a
L{jUmua'l‘lﬁ'ﬁun']‘iﬂﬂﬂ€Umqmuuwﬁqf\ﬂLﬂum@ﬁiTLﬂi@\‘lﬂﬂwaﬁﬂﬁmmqm']ﬂﬁ%a“fi ‘Uﬁ"ﬂﬁmaﬂll

gunsalSudag e winIateuruasetieanansald “Transceiver” Waviminiivieu
wagaad zy'\mmaﬂ,ummmﬂuimu’ﬂﬂjmmmuu,a~e‘1"1ﬁﬂmuﬁ'ﬂﬂﬁnz%’aﬁaﬂ°ﬁ'mﬂ‘[uiagﬂ'ﬁ
Aoansteduyyos 3 qwqisazaumammu wellad Blue tooth Faflanuidalunisdeanslsl
WY 1 Mbps n1sldimalulad Blue tooth ﬁqvﬁaaﬁaﬂﬂ‘saiﬁﬁ'an’h “Blue tooth-enabled”

2
al

fiRnRaTUfna 1 19U 1ASpIRRLRLADI AT g Ldndn Urdu Wnsdwniiledo windAspafius Wu

L]

=

#u N158pan5TU Blue tooth-enabled antianinsndeanslalussey 10 was widns

gunsalvgedygnieonsaziearsialnauinnil 100 wns

q
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Transmitting Radio Waves

modutated
CArmer wave

© 2009 Encyehpandin Britannics, o audho-ampdfier ransmitier broadcasting antenna

Ul 2.29 mnadLAng (Radio)

Pof - mydanisiudyaniianudenguginiiaedygim
doidy - fenusilunisddeyaties
- gnsunuuazandudyaallade
2.10.1.4 duns W39 (infrared)
furssn vl LR, fie guuuunsinsedeatsteyalagld
o a oo a v oa ﬁ o = = ﬁ
PAULEBUYLTA dnwuznisdoasaaeiunisfeansmeraululasivinanifenisdoans
MaLaBunIsaafoauisulasiddinssiulaylifids Anvnaduaien (Line-of-sight)
= a o Y aadb o v a <
o uaduise nsdeanssedsilildluszormaiilidlnainlutiagtuireuiames
¢ = v a e 2 wow Y a ¢ TV o
wavgunsalununeiansnsaldnduiasdunnsniliearsveyaiuld iy reuiumes Tinde
rewfiumasuUNNIY WdAguesa [Wudu Fuasesreuimesuavaunsalfnanasded

¢ o A yy Aam v | ue day\ ¢ v
wosaiiendy “IrDA” il i dudesdmiusdeniaunsaiusuanldues



2/ =
UYBLey

38

inSauiau
Sudany

gﬂﬁ 2.30 NNBUNT S (Infrared)

-ldwdadios Feflenldiuinios Laptops Wsamyi

= LLNQ’NQ‘Sﬂ’JUF}ﬂJ'ﬁ’Iﬂ’]G?’W (Low circuitry costh3gudeunagzaningo
Foudetuszuudiuldetnamnsy

- fimnaenstlunsiFesdeyage snuuznisdindy
(Directionality of the bearm)a i3l UirSe s usdulunis iids
Fouayeu

- ﬂgi@ﬁﬁmswjnwwmmm IrDA (Infrared Data Association)il
AeutnatiosdwsutnAuneilan

- pauumsnaniasedldlniinlndifesiivos (hich noise immunity)
- 1A3asdy(Transmitter) WazlATa33Y (receiver) Aosaglununieniu
fafpaiuiegluwuiiivaiy

- pauszgniulae gy Ui ey au diune duldl vihlideans
lailal

- sygmensieansastien UssAvEnmavanasdiszesnianniy
- ANNBINTA LYUKNEN LaseTinguses) Hulazuanmziinase
UssAvEnmnisieans

- gsmsdsteyadzdindwuuldanalwinly
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2.10.2 wnsgruasavieliane

nsfvununsgiusie  luesedglianetiyauseasdiielinngm 1
yuvesgunsal Banesmunasgiusing q [14] Afmuald aunsoldnusuiugunsalis q
TueFeteiaiu infetelimsuaneietsldmenassmildluszuuiniots oo
Dol i

2.10.2.1 |IEEE 802.11

lagesdnsunasguanavnssudidnvselind vise IEEE (Institute

of Electrical and Electronic Engineers) lafvuasunasgiuvantessyuuiniatneliansuas
gunseliSetnely ane fe umsgou IEEE 802.11 Fafusnnsgruignimuatuuiiielily
wSetheuauliane viie 7 Senduludndentein wi-Fi degud “ laln

sesg IEEE 802,11 Idsumsiifuminsausnlid n.m.2540 &4
gUnsalmu wnnssrudinaniidedmunseylin wandumiaiatnelianeludiuvesssdiudu
ABATN TRl AEnINIalunsSUataLafemNsl 1, 2, 5.5, 11 uaz 54 Mbps Mg
fhnansBumsiisn e AALINgTiAND 2.4 GHz WAy 5 GHz dulussdutiu MAC layer 1y
lanmuanalnueinisviany wuu CSM/CD (Carrier Sense Multiple/Collision Detection)
YBINNIEIU IEEE 802.3 Ethernet waziinalnlun1sithsiateyanauunsnszaedygyialy
vua e wieniuiinsnsieaeuildey WEP) 8nshe Gadumadendmivainan
Uaendtlituiniadrauauliaelaluseiunils idesanunmsgiu IEEE 802.11 1aasdu

wsniuiiszansnmAeudnsuasiilisessundnnis Aunmeeau3nis (Quality of

=

Service: QoS) FudufifanIsuIran anvianalnsn¥AL Uaeasienlidaiivedwiegunn

v
s o

EEE Falddmdsnnizvhautusnvansyaseiy iermsusuuss diufannsg i
Fnenwgedy Tnsunsgiusing  rnshouimuntunihadaeady 53nmuild
1. IEEE 802.11a leignifiuriunasgrufisndudlet n.m 2542
1As§IU IEEE 802.11a MneluladfiSundt Totowdidu (OFDM) iiteusutssauaninga
vasgUnsallisuds Jeyaldshunnundagaiand 54 Mops urasldnduinganud 5 GHz 49
gruAMNdas 1Ty ﬁww%’u’l%mu’iuﬂizmﬂaw%’gaLu%mﬁﬁﬁ’fuufymﬁumuﬁmqﬂﬂitﬁﬁuﬁaa
niluguanudsenan ldansatsnldaldesamsisas foe iy Usanalnell
suaaliiinsTdnugunsal IEEE 802.11a tpsnanufeu 5 GHz legndaassdmsy
Ransuegreunda uonand dednindnograniliwesgunsal IEEE 802.11a Miluszun
wauldaeffesaflvesduminiiving Aewdreduuszna 30 wes Ssdunindaliiduaia

vosgunsal IEEE 802.11b Mldluszuunau 15ane Aflvunadsyana 100 was dwsunisly
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1%
L

numelueis 8nvisgunsal IEEE 802.11a 4l 59Agen31 IEEE 802.11b fatjugunsal
IEEE 802.11a slpsumnuilontiosndn IEEE 802.11b
2. IEEE 802.11b Wignfifiurisnasgruiuiuiotin e 2562 Fadui

o W

Finfufuaglinuiuegrsunsvaneuniign wnmsgiu IEEE 802.11b Minaluladiisendh @
%A (Complimentary Code Keying: CCK Huanfiu fiioatoaiea (DSSS) Lﬁﬂﬂ%’uﬂqa
PnuaEansavasgUnsailitudsdayalddonnuiageed 11 Mbps iiunduingaud 2.4
GHz Fadugrumnufiasiisondr 1sm Fagndmassliogheanadmiunsldmuedheansisae
smiAnenenand guaminssy waznisuwnd Tasgunseliflimnudgnui 1wy IEEE 802,11 ug
o Wsdwviliane uazimlalasion 1Wudiu danlvajuazaunsel EEE 802.11 ldtuoglu
TeogUasdugunsalnunnesgiu IEEE 802.11b uaglfiedamnenisiiisdnduiluum wi
Fi %@Lﬂ"%"awmsjmiﬁﬁﬁ’énﬁngﬂﬁmuﬂ'ﬁuimaamﬂuﬁwﬁagﬁm (Wireless Ethernet
Compatibility Alliance: WECA) fuilumhesnuiivnsnaaeuuas3use wansias WiFi
T,maqUnizﬁﬁlﬁ%’um?ammamsé’nﬁqﬂdw'alﬁr:huﬂﬁmswaauue’hdﬂLi‘JulUmummg'}u |EEE
802.11b uavannsathluldnusamivgunsaliiviedu q AlfsuiaSesmnelala (wi-ri ¢

3. IEEE 802.11e tJunsufuusa MAC Layer ve4 IEEE 802.11
Lﬁa’lﬁamﬁm‘%’maaﬂ'15’Lsif’qwumwa“’ﬂn’|sﬂsxﬁuﬂmmwu‘%miLﬂ‘%‘aﬂﬂaﬂauﬁqma% (QoS)
dmiuntsussendldnueniuladiiie Weswn IEEE 802116 \Junsusuusa MAC Layer
ﬁaﬁummgﬁmﬁmﬁﬁqmmiﬂﬁﬂﬂw’j’ﬁ’uqﬂnsfﬁ IEEE 802.11e Nnta03tuls

4. IEEE 802.11f iuniFaniulunu Teieiit (Inter Access Point
Protocol ; IAPP) %‘uﬂummgmﬁaEmLmumﬁm'%’mﬁu‘%ms{fmnﬁﬁu@%’muﬁmﬁauﬁﬁm
wamsliuimsvasgunsalnseaedyana smdadueunsainsyanedyaia Sndndaite
Trusnsluwuulsuiisdygamssminaty

5. IEEE 802.11¢ loiunalulad Taievddunuszandldluaiuds
@aqmﬁ 54 Mbps gunnuegnaseilunisdadyanamesgunsel IEEE 802.11¢ WaLTENIN
AuesAIluN Ay Yo sgUnsal IEEE 802.11a uag IEEE 802.11b iiloswnanud
2.4 GHz L‘fjuahumwmﬁawwmxawnaﬁnﬁg&qﬂﬂsnﬂ IEEE 802.11g @un3av191us AU
gunaal IEEE 802.11b Idfaiudeifuwnlthugefigunsal IEEE 802.11¢ axldfuamuiiouatig
unsnanesnBetunaslufignazanunidl IEEE 802.11b

6. IEEEI 802.11h Wusnasguiieanuuusndwiunaasasiamsu
wiatel3aneiilinugiunnud 5 GHz Tivhaugndesmudermunnsléruiens

Uszinalunivglsy
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7. [EEE 802.11i {¥umnmsgIuiieanuuuuuuss MAC layer o4 IEEE
802.11lusuAuvasnseiiosnniaseny IEEE 802.11 ﬁﬂjaﬂmagjmniﬂsmwwaEmﬁla

nsiihsdadeya (encryption) MeAdlifimsiuFeuatnimeaiatugunldlunsidhsia

Y
|

foyaseAdniinsAsurogianeuarnisnsraaeudliffirnasadiugs

8. IEEE 802.11k \usnmsgruilddanisnism 1muvenedednesyuy
Fansuazdnnisnisldnuedvingiiiussavs it dunis dentesduanislsutiuay
nsmuANMaETesdyalagyinnsUSuwaIA LN sauiunism 1unsis et
é’auuﬁywmmﬂ%’muﬁm%’um‘%‘adlﬂaLLauﬁﬁmmzamﬁqmﬁa’tﬁiswé’mmaamwsaﬁwmmn
Augnansle

9. IEEE 802.11n \uinmsgruvemansiueieiatngldmediniavng
fudresdununuilinnsg IEEE 802.11a IEEE 802.11b uaz IEEE 802.11g #ldsuiuegly
UagUulpganinsosudstoyamesnstluszdu 100 wnzdnsedund

10. IEEE 802.11x \fhunasgruilinuivssuusnwmanauaendeds
noudnldnussuumetieliasazaesnsiaae udnilunisidanunou Tne IEEE 802.11x 9y
T4luslnnoaagne LEAP PEAP EAP-TLS Uay EAP-FAST §45835Un15ms529ee Ukudsvines
11 RADIUS w3eKerberos 1Tudiu

audildnuness 80211 Aldnuluedotelimeasinate

1
as

wsgULALRsE LT TuTE nuagansaldaniluldsamalvelaiiod 3 unsgiufe IEEE
802.11alEEE 802.11b ua IEEE 802.11¢ uariilssumuiionuinan fio 1nsgiu IEEE
802.11g LLaﬂumsLﬁaﬂ%uaquﬂiait,ﬁaﬂwm’b’u‘lum’%'mjwsﬂ%’maﬁuﬁauﬁmﬁu‘tﬁaqﬂﬂsﬂm 9
Q’?gafmmfmaamﬁUaxLﬁamaqqﬂﬂsaimiawﬁﬂiﬁf%‘au%’aa Tnemsivaeugingunsaitiuti
59@%’11mmgﬂulmasmmgwuﬁulﬁ%ums%’usma&hwﬁumqmiLt,é";ﬁalﬁmﬂ’hqﬂmaﬁﬁa
durunsnesguiarldng WIF certified Feflwvilimsruhgunsaiduannsofinsedy

dsinduuandudeddyfieasldigunsnifiiuseaninmuaslonFogh ldiitam
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swiE)}

CERTIFIED CERTIFIED®

JUN 2.31 A9daNYalLAnNINITTUTOWINTFIUYEY WiFi

2.10.2.2 ugvs (Bluetooth)

= P € a a a 6
ugvs (Bluetooth) A ‘SSUUﬂaﬂqi‘ﬂ'ﬂ\ﬂE}Uﬂ?ﬂﬁﬁ‘UU’ﬂLﬁﬂVﬁﬂUﬂﬂ

@ 1 o = o

wuvgenalumaluladliansuvussesdu (Short-Range) fie difnddeifiszegyinnas
senIngUnIainsessuugysmeiuiies 10 wes Fauglddmsudeidrszuudnisaaunidn
7 igunsaluiagiegldbvinsmunniiiendt inTeviglianeaiuyana (WPAN) tnsugysias

YNIUATOUANN2.4 GHz FaluaudiSenwouaruiias (sM) Tasanuddlldlasidu

ERULARLTEN
vanszldunainganubge 2.4 GHz usasientesgenluun

o

avuszwrlukauglsUuareniiniayldvie 2.400 s 2.4835 GHz wuseandu 79 desdmynya

wazazlivesdanrniudiiiediteyaadusealiin 1,600 Asaiedundl luvngfidiuesld

D

Amd 2.402 fis 2.480 GHz uuseanitu 23 Yes srerlunsldnueesugysavedii 5-10

wns Tnefszuutestulaglinisteustanaunndoureuazasiunsdndmanassning
ﬁaaﬁ‘[ﬂaisumsaé’uszj'mﬁ’igcgmiﬂmquvﬁﬂzﬁmmmmsa’[uﬂmﬁamU%aummﬁ'ﬁlﬂu
nsAnretenluiilaedlidniuiesSewmmmnamuevilinisdnilmisnissnasualue
Foyavldenniu AeimaluladlunssudsdyanuiiFondt FHss
Tnevanuesugysasgnasnuuusnifteldiugunsaiifuued
Lﬁa:mﬂ'L"u’ﬂwwueiq%’agaluﬁ'lmumﬂmnashalfdu TWdnm 1Eee uonndiadusng 9 uaz
mm‘smﬂ?{auéﬁalﬁéwa‘[mmaiﬁag’luizﬂs*‘?‘iﬁmumﬁ.vﬁﬂﬁgu uenanigsldndsanst 1Aulv
tesuazannsalianlsiuulaglifo 1luvsaluves q meugysiamngiunsldauiu
Insfiwiipdoud insesponfinneslinyn uazouiinmeifilfy sauduedesnoufiones
WANWNTENTT WALe (personal digital assistants PDA) @ an U1du (Palm) w5e Weniiafid

(Pocket PC)
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2.10.2.3 Thudind (WiMAX)

Tuding (Wimax) udetaras Worldwide Interoperability for
Microwave Access fiFimunmsinaninalulagnisfudedeyalngliirdounnuiings
Tulasvidadumalilad vsenuuuslimennudgeulmifgniaundusvinesgu
IEEE 802.16 @ssioanfléiaun IEEE 802.16a usrilvihnisuszana 50 Alawnsiisns
anuialuntsdsiudeyageantie 75 Mbps duduiigunuunisieansuuududunsa (Line
of Sight; LOS) u,azl,ﬂumn%mial,ﬁadaéi’fywmmﬂﬁ;mwfjﬂﬂé’aé’m}wﬁa (Point-to-Point)
raandinsfanudouadihudnddzunuumsdomsunsnszarsaduingsouions
(Omni-direction) Wiauwuuimuadiemi (directional) Inedusunisidenldiuianenniastiy
Ludinddadunsdoasuuuliifudunss (Non Line of Sight: NLOS) iutiieafunns
unsnszaneaduinglunsdvedlasnslnsdminduiisagansviluludindanunsauld
winseadidsfnunau dulivie srasldiduegraiisesiunisldadfminionisldny

@osdalidndudedldninensvaaniatieninestudney snnalusssvesrnulasnsus

—=

avugaenTRvesrnuluduidwedldivounaneuiivadesnlassreuasdeyasa 1

q
=]

fisudafieglsfunnsidsiia (encryption) shl¥nssudsoyavunasgwilienuasnitin
Fu dmsuinmsyursanalulagludindifmsiaundun s itulivaolud

1. IEEE 802.16-2001 Wumssguilinisideslos 1.6-4.8 flawns
Husmegrudeiiaduayunsieastuuuduass (L0s) Tnefinmslinulutummniivgs
WNAD10-66 GHz

2. IEEE 802.16a ({usnasgrufiudluusuugenn IEEE 802,16 1isilae
Tawitmud 2-11 GHz BsnuuasiBsuilldsunsudlvannnsgu 802.16 il fo
AoanTRsessunsvhuuuulsidudusss (NLOS) BsianuautPnisyauldiledafiavna
o1y fulif anans usiu wenanilfsasliannsavenessuilassnadenssldans
ruEgeldsgnisunenesadviinisUszinn 50 Alawns wariishsanuilunis
Sudsdoyagegais 75 wnedareTunit (Mbps) vilanansasessunmsideusiorusyuy
Trssteildaneussandl 1 ( T1-type) 13160 Peadyanarnsdourawuy foauea
(DSL) muthuiSeuiiinendednuanesoensadeulsndousulagiiindaymilunisliday

3. IEEE 802.16-2004 \Jusnasgruiivanniulagnisu 1Wofives
1MIFIUENT 9IEEE 802.16a 802.16¢ way 802.16d ungamriu Inganunsaldauiienud 2-66
AnuiBsnd Seilvihnnsiilnavszanm 50 Alawes

4. IEEE 802.16e ({husnasgruitoenuuusnbiatiuayumsldny

swrugunsalnnmussavene 9 wu gunsal Anelunyn Wudu Tasldaufinnud 2-5 A
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nzgsnd Wisedvinud 1.6-4.8 Alawuns fszuuiitaeligldnuannandoaslasliannm
lunsiteansiifuasiliafiosnmansldouuthinsadouiidng agnaeAIAIfnIY
2.102.4 nd

nsUsegndldnuszuuianuiazmunuwuulians (monitoring
and control) kuulSmedmivgaemnssunasiegefotiuiazildmludmdedls
ﬂ?@‘ﬁuﬁaqﬂﬂ'ﬁtﬁ%ﬁadﬁﬂmnm‘uaami’h’j'mux,mmLaa’%?ﬁa'nmu’luﬂﬁﬁamﬁagaﬁwé’mﬂ
ifuay sosfimnududeuiosninumssiudeanslsaeuuuldasnuuaug fhefannsgiu
waqﬂ1iﬁamﬂ%’madau’imjﬁmiﬁ'amiﬁaaé’mmmﬁua"a%’a;ﬂaﬁqﬁLLﬁz’L‘B’ﬁﬂé’&lwﬁﬂmﬂﬁw
thinuszgndldlussuumsfinmaua muauiussuariianududeunmilitisiaumesny
Wshe uenuniiassaussesssuuianinnldesduiemassubusodimudefolss
Anulaeanguayiismgn 1;‘?\15‘5SU‘U?‘I;@E‘I”Iﬂ‘%'a’lEJG'fdﬂa"TJ"\]Sé])E]Gﬁ’mﬁﬂ‘isuLmﬂLLGﬁﬁLaW’lséﬁ
Mdlunseunssiasusesiugilulassielé

faiiueadnis IEEE Fimunnasgiuvesnisieansfansihinn
Uszgnalddmiunudnadu fie inmsgiu IEEE 802.15 viefifinduludedt dnd (ZigBee) Tne
snasgildnudmiumsfieaseuiia uasithmamslinuanuuaeesdldnas
ewSevareUuagiiamududeuiosinn lasgunuaiigninantdnuiuasaglugiu
auititlsifiesveeuyinimuneuedldnuennnssily 3 gruand Ae G
2.4 GHzguALd 915 MHz uazEuANE 868 MHz Tneusiageanuiaviive oy
16 993 10¥0duar 1 Taaniudfududessudsdoya (Meea1ne) azegil 250 Kbps 40
Kbps 20 Kopsesaauigunu LLa::Lf'immﬂﬁixaxmq'lums%’udq*ii’ayalﬂﬂa B 3NN 1
NUBYTEMINI0-100 s Ind Famunsiterthanldluederelimeduuaa (WPAN) Fs
uasgruifanmnsmhissendlitudnseluiRoueslimevenauillineulduasslus
roulvsalludiu TagIEEE 802.15.4 msgﬂﬁmuﬂlﬂu%umamw (physical) wazszfiudunun
(Media Access Controller: MAC) dhulusydutuiinisninetwork) 5uqnﬁ1wumiﬂﬂﬂduﬁ%a

1 ZigBee Allianceiun1ssunguainu3emens o annni 60 U3Em



nnwAlulaginaumuatsduauisaasuinaluladddy

lanamnsnan 2.3 s Uil

o a Ao w a v
A15197 2.3 mskananalulageng q AddnlueSadielsane

@

45

@

walulat AATFIU LA ATNE FEELNNG (LUAT) AT (GHz)
it 802.15.3a Wireless PAN 10 75
(UWB)
LANS 802.15.1 Wireless PAN 10 2.4
(Bluetooth)
anil (Zigbee) 802.15.4 Wireless PAN 10 2.4,0.9,0.8
Talw 802.11a Wireless LAN 100 5
Wi 802.11b Wireless LAN 100 2.4
ik 802.11g, n Wireless LAN 100 2.4
Yyusing 802.16d Wireless MAN 6400-9600 11
(WiMAX) 802.16e Mobile Wireless 1600-4800 2-6
MAN
ey Lﬁ%ﬁmﬁm IMT-2000 (3G) | Wireless WAN 1600-8000 241921
(WCDMA)
FAEue 2000 | IMT-2000 (3G) | Wireless WAN 1600-8000 | 0.4,0.8,0.9, 1.7,
(CDMA 2000) L8yp 2.1
10#4 (EDGE) IMT-2000 (3G) | Mobile Wireless 1600-800 1.9
WAN

2.11 Bluetooth
2.11.1 9iu1v04 Bluetooth

= =" =9 73 o I’J nl £ 23 ei 2 ¥ a o
U 1994 US¥n 93mdu Tuune ABNYULATU LIUAUVALAUAIINEAU

!

k-] & s - 12 i a = Y ¥ o
WDululslumsthedudyanaivg inldssmirdnsdidefouazgunsaiineg uanduiing

9

&

Bluetooth w14

U 1998 nauriilann3deszuu Bluetooth lWignrenstiu Tneifinannissuda

Y

a s o i 1 . - " 4 i v I i
vausEvdndlngeens Ericsson, Nokia, IBM, Toshiba wag Intel Tunquildwedn Special

Interest Group (SIG) @elunguazuszneude nguimnilnsdwiilets, reufumes

=

i = a1 ¢ o = [ = <
781 Jenguaniilavsaiiiuin melud 2002 Tugunselniséioans, wnsedld, reufinmes o

= 5 EJ v 0 1 € 1 1 !
gnAne Bluetooth Mgldivaurasznitagunsalsinsoeraunsvans
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ERICSSON 2

NOKIA

CovvecTvg PEorLe

TOSHIBA !

€3 Bluetooth™

d s/ 4:“ } 1 :j
JUN 2.32 Ys¥misIunems Bluetooth

Toelutiiieaiu usmmanil Wiusznnm nssausaiu wadyunu
Ustmdug Tidhsas ludnwasvssnisthmalladfluld Taglud 1999 Tévinnsweuns
Bluetooth specification Version 1.0 wazleandnifiydy fai Microsoft, Lucent, 3Com,
Motorola
2.11.2 AunNgve4 Bluetooth
Bluetooth fie sxuudeansuesgunsaisidnysefinduuuasinis de

AAUIMYTEYAY (Short-Range Radio Links) Inausidannisldaneiaida vise anedwnyio

= 4 =

Hewse uarlidduszdedlimsfumauuuduasanilouiudurisusn [15] Fadoin
ArwazmININANIINSWenseuua T use Hlunsideuresewindnsdwitleds fu
gunsal Wilvsdwiiadeuiifuieu wazlun1side lildauamensdafoyaifesoaiie
uidsfnuniiansdsdoyaidudss (felddmsy Headset vilnsdwiodedemelulad ug
v umaluladdmsunisieusegunsaluuuimeiindumueadusgnabslutiagu Wil
Sosmmazennlunslinudmiuglivhly uasuseaninmilunisvihan Wesen melulad
ugys 51engn Tindsnutdes uadldinalulad short - range ddluswan azgnihanldly
st Wiethlugnsunuilaunsaiig fdans wida wu Headset dmsu
Tnséwiadiewit Hushyg welulaBnsdeslomenisdoasuuulmiignanduiu y
wielulagvesdunesivamnduing deguuiiuguresmsieassveglndiivaenfori
YasdnyanaAnud 2.4 Ghz Ims‘ﬁ'gnﬁ‘sumffful,ﬁaam%’aaﬁ’ﬁﬂwmmﬂfﬁmaLmﬁaiuﬂ'm*‘z’iau‘[aa
Tneflendlunsidonlesgeandl 1 mbp szavAsauRqY 10 wins weluladnsdsndning

199UgYsaElinInsElandsurnud (Frequency hop) insigdninaluladilmvanediagldsy
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= aal o a1

nsdsrdInghiimasdsiuagsingn laevswisesniurasdesaubaweadn lusswing
ninslasuresrnudfluwiuewin lansandnuildyiusuniudnanuwnsnuesls §
9

ﬂﬂiﬂiﬁaﬂﬁ%’umiaaﬁudﬁL{‘Jumcaf[uiaﬁuqmﬁ ABHIUNIINAFDUAN Bluetooth SIG

9

(Special Interest Group) \furiauiieduduiiuaunsaiagiuswiugunsaiugyssh

duquazBumasLunle

uetooth

sl &

3T 2.33 Fydnwalves Bluetooth

2.11.3 3UUN1591971U84 Bluetooth
Bluetooth %’lfﬁ’é’fyruﬂ:u%wqmmﬁqa 2.4 GHz. usiazlengewesnlu
muwsazUsva agalukauglsUnareining aeldvae 2.400 fis 2.4835 GHz. uuseeanidu
79 vasdynn waragldve sdynnaiiuvgsd Wiedadeyaadudadluan 1,600 afasio 1 Fundl

duiidiiuagldnnud 2,402 f4 2.480 GHz ulseeniiu 23 Y1 svawvinisues Bluetooth

L}
]

awagh 5-10 lwes lnedlsvuuteaiulaglinsdousansunisifieuse was Yoeiunisen

'
1 <

UINTENINERAT Ingssuvazanutasda il agiimuanunsalunisideniuiey

]

Anuanlslunisinceiewmlul® lnedlududussausssmununeaades lunisaniieanse

€

dnasualusdeyailfeniy
Tnendnvesugysavgnasnuuuniieldiugunsaififuunaidn

Lﬂa\‘m'1ﬂ'L%’ﬂﬂswuﬁaﬁauualuﬁwuauﬁiﬂuﬂﬂ athau Ildan, Fes, wonndindusneg uas

anunsardaudneladne sua'l,ﬁag’lmsssﬁﬁmumﬁwhifu (Usanad 5-10 Lms) wonanniiss

Tandaun Aulvides waranunsaldaulaiunu Taglidesihlumsalnuse e
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A5197 3.2 Lannsiileurevas MCP39F511

PIN FUNCTION TABLE

MCPIOFSH | Sympor Function

1 EVENT1 Event 1 Output pin

2,38,¢9 NC No Connect (must be left floating)
4 UART_RX UART Communication RX pin
5 COMMON Common pin A, to be connected to pin 13 ({COMMONg)
6 OSCI Oscillator Crystal Connection pin or External Clock Input pin
7 QOS8CO Oscillator Crystal Connection pin
10 RESET Reset pin for Delta-Sigma ADCs
1 AVpp Analog Power Supply pin
12 UART_TX UART Communication TX pin
13 COMMONg Commeon pin B, to be connected to pin 5 (COMMON,)
14 PWM Pulse-Width Modulation (PWh} Output pin
15 EVENT2 Event 2 Output pin
16 11+ Neninverting Current Channel Input for 24-bit A ADC
17 11- Inverting Current Channel input for 24-bit A= ADC
18 V- Inverting Voltage Channel Input for 24-bit AT ADC
19 Vi+ Noninverting Voltage Channel Input for 24-bit AT ADC
20 AN_IN Analog Input for SAR ADC
2 Acnn Analog Ground Pin, return path for imtemal analog circuitry
22 ZCD Zero Crossing Detection Output
23 REFIN+/OUT | Noninverling Voltage Reference Input and Internal Reference Qutput Pin

24,27 Denp Digital Ground pin, return path for internal digital circuitry

25 DVpp Digital Power Supply pin
26 MCLR Master Clear for device
28 DR Data Ready (must be |eft fioating)
29 EP Exposed Thermal Pad (fo be connecied to pins 24 and 27 (Dgyp))

& 2015 Microchip Technology Inc.
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3.4.6 szuuiudedoyaliane
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Arduino IDE Al indesflomadeulusunsuiidldaulaiu Arduinold
nnqu usenduasAldluniswamnnu dmiuvesa Arduino Sufielusunsuiiieni
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Annely

void setup()
{

pinMode (9, OUTPUT):
}

void loap()

{
digitalWrite (9, HIGH);
delay (5000);
digitalWrice (9, LOW);
delay(1000);

}
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float Amplitude_current; 2
float RMS_current;

float Amplitude voltage;

float RMS_voltage;

lecat Active power;

lecat Electrical_energy;

flcat Total_energy = 0;

char receivedChar;

int relay = &; // @oflel IN 28JUa5a3180

o J ., )
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Amplitude_current
RIS _current
Amplitude_voltage;
RVS Voltage;
Active_power;
Elzctrical_energy;
Total_energy = O;
recevived Char;
realy = &;

y
LCD1 = “Ready”

LCD2 = “RLY-OFF"

SW LOAD

Relay = “ON”

LCD3 = “RLY ON"

OVERLOAD

LCD4 = V, |, P, Kwh

A o g o =
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seqmeluasausou Inglunsvirevesssuuavuendy 4 daundnfe drugunsalarems
Tudieya(End Device Node) duda(Power Node) dugugniseuas(Coordinator Node)
uagdunaninadaya(Displayed Node) lnevin1svaaes s WosufURN 5NN Ay
Anssumans arwnimnssiinih andumelulewszaemndiiiaunmsannsyls i

S8ATLDUARIL
4.2 nannaen1Tdetayasendng Arduino Uno R3 Aulnsiwiisiede

VIAaBIN13aWeYAsEIIN Arduino Uno R3 fulvsdwidlefianiu HC-05 Bluetooth

Serial Module laan13un Switching Power Supply 5VDC 918usasulniinsnuidiuniy

Uiuens kQlsie Ususzauussiulnia wdrdudinnanisnnanisesuns suluiiniinans w

Insdwiflefoiouieuiussiuuswulwihdiuans o Serial Monitor vas1Usunsy Arduino

IDE

A15199 4.1 Wisuiguseauusesulnihiilns dnvitefatuseauussnulnindiserial Monitor

SRR MR v giuuseiu WA
IUUTOUBY R USuald

InsAnvidana Serial Monitor

0 0.0000000000 0.0000000000
1/4 2.0527858734 2.0527858734
1/2 3.0351905822 3.0351905822
3/4 4.9902248382 4.9902248382
3/4 49902248382 4.9902248382
1/2 3.1036167144 3.1036167144
1/4 1.9941349029 1.9941349029
0 0.0000000000 0.0000000000
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BlueTerm+  connected:HC-05

4.9902248382
oltage
4.9902248382
oltage
3.1036167144
oltage
1.9941349029

=

JUN 4.1 szauusesulniiuans e Insdnsidledie

Voltage =
0.0000000000
Voltage =
0.0000000000
Voltage =
2.0527858734
Voltage =
3.0351905822
Voltage =
4.9902248
Voltage =
4,9902248382
Voltage =
3.1036167144
Voltage =
1.99413449029
Voltage =
0.0000000000
Voltage =
0.0000000000

382

JUN 4.2 sedunsaulwifiuans o Serial Monitor 984lUsunsa Arduino IDE
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4.3 mnaassindtayanidlninlaeuaninsanies

’Lufhuﬁﬁamswmamnﬁi'mm%’a:%mww‘lwﬁﬂmaﬂagﬂlwé’aa?ﬂﬂuﬂstﬁﬁlﬁﬁiwamuaz
fvian leglivasalwunuluanlunisvaass lunisveassaenimuaiusenaurdalniapF.)
TndlAuvniul

4.3.1 nsallifilnan (No Load)

mnmwmaaﬂmﬂﬂnsﬁﬁﬁma%mﬁaL%’ﬂﬁ’uﬂgﬂlwﬁﬂa%sLﬁa’;’ﬂm‘*ﬁagamq

{ -] =l = al U :J 3 s =Y a § ¥ oo l:lI
AR hunUSsufisutuanudniwsaasesinanlamenisnadl 4.2

d 1
M15199 4.2 nan1Innanansalidllvan

Tayani1alniin MCU Meter
nyzualnin() 0 0.0002
usanuluvn(y) 2195 218
AMaalnA(P) 0 0

= i
JUN 4.3 1995nsveaesnsallidivan
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4.3.2 nsaiviaanlwivaan
IN1sNAaeavinIsilavasnlivas e warindmesuiseiituudnlv

gansvyinAdayanalniuiieuseuiisuiuaivanindaasos Taslddemnsad 4.3

o a
195199 4.3 Nﬁﬂ’)‘iﬂﬂﬁ@ﬁﬂiﬂﬁﬂﬁ@ﬂlﬂlﬁaaﬂ

Yayanislnin MCU Meter
nszualnin) 0.412 0.409
usesulniw) 218,571 217
ArMaIi(P) 90.036 88.7

Y

=
JUN 4.4 1995M5aaeInsaiviaenlilvasn
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ANNsNeasdlivinnisiiuaAteuan1slninfivanseaaseslddwmanisnaasslunans

YU
=

vuntneraninesvientnaeinsdnsillefelarudyaa Bluetooth Taevinnasifiued

LﬁUL?aﬂlmﬁ%‘Lﬁﬁmm14?1'1LLazlﬁﬁﬂmﬁwmﬁlﬁmwﬁaﬁnsnwrﬁw’&guﬁ 4.5

A15199 4.4 indeyamslniiinsdivaselvivaen

181 (3ud) usau WA (V) nszualnin(A) a5 aIW)
q 0.412 218.2 89.9
8 0.412 218.2 89.9
12 0.412 249 5 90.4
16 0.412 216.9 89.4
20 0.412 ‘ 2195 90.4
24 0.412 2195 30.4
28 0.412 219.5 90.4
W 0.412 218.2 89.9
36 0.412 218.2 89.9
40 0412 ZUBEZ 89.9
a4 0412 2156 88.8
48 0.412 219.5 90.4
52 0.412 219.5 90.4
56 0.412 2195 90.4




Current
0.5
0.4  Geafmfmfefeden e Qe Quede e

0.3

| (A)

0.2

0.1

0 I T
4 8 1216 20 24 28 32 36 40 44 48 52 56

! T T I I I T T T T 1

Voltage

220

218 4

216

-p\/(V)

214

212 ] T 1 ! I I T I T T I I I 1
4 8 12 16 20 24 28 32 36 40 44 48 52 56
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Power
91
3 odA V
89 [
8
88 I I I | I I I | T [ | T Tyl
4/ A2 208N328\\36//44 52

Ul 4.5 ()

sUi 4.5 drdeyamalninnsdineasiniveon
(n) Mmnszunalwi)nsdivasalwdrivaas (1) aussaulirh(nsaasalnialvasa
(A) ArnnaeliP)nstivaaalwiilvase

4.3.3 nseiviann lW2uaan
AMNN1TNAaMINISAvasali2vas s wauiilwesuisegiulanty

g9nsgrinrdeyamalwihiiedmniusauiisuivmiivanindaes oy aldnennsei 4.4

=
M1519% 4.5 Ban1sneasInsaviasnli2vass

ﬁaa‘ljaw'}d‘l‘hlﬁﬂ MCU Meter

nszualuviag) 0.8871 0.823
usesiulviw(v) 217.457 216.5
AMaalHi(P) 192.893 178
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2 o I
21NNISNAALANINI5 LAY

VUNUI0ADURADS VI DNTIDINT AN

U 124

R

o/

Wuanlunfaglevanum 1 dauasldinen

o | w
A5190 4.6 Andayanslwiinsdivasaliivaen

ATVBUANN

= =
U9 4.6 1995015998 0INTDINaR N2vaan

d 3 as - { T |
Wi Auaneaaseylndsanisnaaslunans
lagnudeIau Bluetooth TaevinnisiAuan

mwmﬁlﬁmwﬁammwﬂﬁagﬂﬁ 4.6

1A(3uN) wsaaulua(v) nszualnin(A) Aaglniasaw)
q 0.9417 218.2 205.5
8 0.8829 218.2 192.6
12 0.8829 216.9 1915
16 0.8829 216.9 191.5
20 0.8829 216.9 1915
24 0.8829 218.2 192.6
28 0.8829 218.2 192.6
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a1(3uIi) ussAulwAn(v) nszualuin(A) madlnAadaw)
32 0.8829 216.9 191.5
36 0.8829 218.2 192.6
40 0.8829 216.9 191.5
44 0.8829 215.6 190.3
48 0.8829 2169 191.5
52 0.8829 219.5 193.8
56 0.8829 216.9 1915
Current

0.96

094 -

0%2 M

0.9
! | —fp!(A)

0.88 -

0.86

0.84 — T

4 8 1216 20 24 28 32 36 40 44 48 52 56

sUf 4.7 (n)




220

218

216

214

212

Voltage

T T T T T I T T T I T T T T

4 8 12 16 20 24 28 32 36 40 44 48 52 56

-pu\/(V)

gﬂﬁ 4.7 (v)

210

205

200

185

190

185

180

Power

4 8 12 16 20 24 28 32 36 40 44 48 52 56

Ul 4.7 (p)

= | v a
JUN 4.7 erdeyanilwihnsdvesalnzvaen
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(n) Anseualih(nstivaenlnihzvass (@) Auwsesulnd(Vnsdrasalniii2vass

() ArnmaalniPnsiivasalii2vasn
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L]

ludulifonisnaassnsiadmdsnulnilesudnlndaaseslunsdilvan Tngle

vaenlnuvulraalun1svaass lunisnaassaziuafussneurgaliinPE lusAwitul

4.4.1 nsalviasnlWivasn

PNNsneasdlaglivasnlnivasalaviinisiiundsulniiusnsaase:la

dwanmeaedliuansuumihereuimesrienthaeilefolaanuduyg Bluetooth Tag

nsiuAdunansudismisiaia. 7

A15799 4.7 amdanuliinsdinasslniviasn

W) | useiuldi(v) | nssualaiaca) | drddlninesaw) | waseulniiakwh)
1 219.50 0.47 103.35 1.634x103
2 22213 0.47 104.59 3.253x103
2 22344 0.53 118.36 4.809x10%
4 22081 0.53 116.97 6.506x103
5 219.50 k] 116.27 8.176x10°%

4.4.2 nstiviaan lw2vaan

Nnnsveae laglivasalv2vasnlaviinisifundsuliiiusnsensesla

dwansnaaedluuansuuninveneuiamesvievineeiietelagruduaia Bluetooth Tag

MasiivAndunatsuniimis1eiia.s

d U @ =l
195197 4.8 Andsnulwiansdivasnlnzvasn

a1 | usseulWiay) | nszualniaa) | MasluinaSew) | wasewlaingwh)
1 219.50 0.94 206.71 3.191x103
2 216.87 0.94 204.23 6.331x102
3 216.87 1.00 217.00 9325%1032
4q 220.81 0.94 207.94 1.246x103
5 216.87 1.00 217.00 1.564%x103
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wdrtiu udanlinaassaddlnenisdiasinisemidnfianislusiowaasves ane
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mﬂmimaaﬂmam'gﬁﬂﬁmas‘mrﬁiaLsihﬁ"uﬂgﬂlﬂé’aa%mﬁﬁﬂﬁﬂ*ﬁayamq
IwfitetnSeuifioutumiudningsasosfadild Tnglunsvaastasmundausenou
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5.1.2 mMsvaaasiamndnlniiitlaeudnlnsoases

PnmMsnaaensinsmdulilaeudnlnsaasey Tnglunsveasiaz
AvuasIusenauniastiii(PF) Tudanviadul Tavianisudenisneasniuznsd fe wuu
nsallddlvan, wuunsaiviaenlnivase waswuunsgivaeal2uasn lneyvinnisawanis
neasdlUuansuuninsensuiunesus entveiefelnenudyaio Bluetooth Taeviinas
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wlasdeyafiawsaulameyalieglusuiihesonissud ludunisdadeyaannsasinms
defeyaliudruuannaldmuiilusunsuelinasdadinsifiuioyauasfedeyasisqan

LAAINAMNANITUR InA1SNRaRsasavlaRtasdsanusawau lasnlunenmant

5.2 dsunan1saniiueu

MnmsfildAnuduniuasnaasnisafuuaninsaaies(Smart Plug) @y
Jagtuiinisldesnaunsvarsuiniu fsudnlnsansosannsaviusuiussuunsdeansly
a8 Imﬁﬂégﬂlw{fﬁ]Q%EJ55@’1'}34ﬁm%’u—ﬁq"ﬁagamN“LWﬂﬂu'dw::Lﬂuﬁiﬂﬁwé’ﬂWﬁW(P), WAMULHAA
(E), wseaulwd(V), nsewalndin() wazdusznaunidalwidn(PF) aanluaanislifinenunia

win9e LCD uazdsrrdayanialnidnsundminouiunesnsoninnelndwiilefiovea

Al¥ 0y Tegrudy g Bluetooth Mg lHnuasaifivadeyanisliii tisdrdoya
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Yanlwaanses

SMART PLUG

WNEMIsms Andmema weiging auude  weenies Fialanu
madyimnssulih augdmnssumand antunelulaBnszeannduinummsaiansea
1 998 289Nyt 1 a1ansz Ut njumwuvueT 10520 Insdnil 02-329-8000 e 3925 E-Mail: nutthawat13com@gmail.com

unAnga

Useygriinusatuil %’mﬁ'rﬁmﬁ’aﬁﬂmu.azmu@ums‘[*ﬁ
wisendlihwosianssudegmeluaiadou Tnaldudnlnseadesly
nsuasiiasisinslidinihvesnindeu Tnessissuuiaietiy
Wmeunszgndldiuudnlngeaios emmuazaanlunisdedoya
nudningentoznuanmadelliliin vnlaunsaddeyann
Annedldgngnins nadiaiivssdniamiavazulszvuns
iy 3 dau TaondnnasmshauimuadussSudunnnsiy
Andayamaliienagidaamsariuiieszilasldudnlnseaioy
Tudhuiigunsaiuaremisiie USnInGaa304(End Device Node) 4l
avsfteduvesidsiionihnisuansiulnihuassieIWlyiiuluge
ogliuasdud ey luuiifadineasii (Power Node)
FuitamAeniseruaumsléndanulniesianssusneg Tngld
Tugaarghinazdsirdslugefindlunisdatin-Uaudningeadoy 3o
d:ruf:Li‘Jufémg]ua?m'sﬂwﬂn(cc)ord'mator Node) fuflaudonis
wansdoyaiiveilitudoniesadfuuldnlnssaiosuavds
ﬁaqadwsxuuﬁlamsﬁma‘luLtﬁma}’wﬁwﬂaﬂauﬁimaiwaaé‘lﬁaw
Falugwiiae druuansdaya(Displayed Node) Lﬁaﬁazﬁﬁayaw
AnsgiuaryiulgdssdvsainnsllvdmeswiuSeusaly

AdnAty: Uanlwdaiey, muaunisldndony, Yssndandsau
Abstract

This paper presents the study of Enerey management
in home by using smart plug in collecting and controlling
energy consumption in home for management in home to be
more  effective. In the paper we apply Wireless LAN
technology with smart plug. Smart plug enable two-way
communication between the smart plug and the central
system and also be able to reduce operating costs. So,
consumers can monitor their energy consumption in real-time,
more accurately and more efficiently. This paper is divided
into 4 parts which are End Device Node (Smart plug),Power

Node, Coordinator Node and Displayed Node. The process is

starting with collecting then analyzing the data from smart
plug which is End Device Node. Next Switching Power supply
transforms voltage and power into Arduino module and
microchip which is Power Node. Next smart plug control the
power consumption of activities in home by using Arduino
module and transmit directive to the relay to open - close
smart plug which is Coordinator Node. Lastly, Datzbase display
on ICD Smart plug and transmit via wireless communication
system on computer display which is Display Node.
Therefore,the consumer can monitor and control their energy
usage to reduce energy bill and to improve home returns with

better management.
Keyword: Smart Plug, Controlling Energy, Energy Saving
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2.6 Arduino
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U 2.5 Arduino Uno R3

2.7 UART

UART #au191nf147 Universal Asynchronous Receiver
Transmitter Junisdeursuardoarsieyasynsuiugunsaiingg

WU ADNALADS, RFID, GPS, GSM Module, Wifi Module 1Tueu
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Tnséwitlafiornu HC-05 Bluetooth Serial Module Tagnsiin
Switching Power Supply 5VDC 31ausadulnianiudadiuniuuiu
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784 R Inséwidiofio Serfal Monitor
0 0.0000000000 £.0000000000
Ya 20527858734 20527858734
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3 49902248382 4.9902248382
Y 4.9902248382 4.9902248382
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0 0.0000000000 0.0000000000

4.2 nmaneaasn sinamdnuluilneudnlnsaiey

yinmsvaaaslunsiiiivan laeldvaealvunuluanlunis
vaans lunmsmaaesszimundiUsenauddslwiner luiiawiady
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nan useduliy | pszualvdlh | ddsddeiaess wasalvivh
(i) % (A) (W) (KWh)
1 219.50 0.47 10335 1.63x10%
2 222.13 0.47 104.59 3.253x10*
3 223.44 0.53 118.36 4,809%10*
q 220.81 0.53 11697 6.506x10*
5 21950 053 11627 8.176x10°
aei 4.3 Amdeulviihnsdivaeslizvacs
van usAuliinyY) | nszualwia(a) Addlvivln | wdsnulvivi
(i) A3UW) (kwh)
1 219.50 0.94 206.71 3.191x10*
2 216.87 0.94 204.23 6.331x10*
3 216.87 1.00 217.00 9.325%10*
q 22081 0.94 20794 1.246x10?
5 216.87 1.00 217.00 1.564x10°
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[1]  Yaowaluk Thongkhao and Wanchalerm Pora, “A low-
costWi-Fi smart plug with on-off and Energy Metering
functions,”ElectricalEngineering/Electronics,
Computer, Telecommunications and Information
Technology (ECTI-CON), 2016, pp. 1-5.

[2] Maytharm 5. Ahmed, Azah Mohamed, Raad Z.
Homod, Hussain Shareef, Ahmad H. Sabry and
Khairuddin Bin Khalid, “Smart plug prototype for

monitoring electrical appliances in Home Energy”
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MCP39F511

Power-Monitoring IC with Calculation and Energy Accumulation

Features

Power Monitoring Accuracy Capable of 0.1%
Error Across 4000:1 Dynamic Range

Built-In Calculations on Fast 16-Bit Processing
Core

- Active, Reactive, Apparent Power

- True RMS Current, RMS Voltage

- Line Frequency, Power Factor

64-bit Wide Import and Export Active Energy
Accumulation Registers

64-bit Four Quadrant Reactive Energy
Accumulation Registers

Signed Active and Reactive Power Qutputs
Dedicated Zero Crossing Detection (ZCD) Pin
Output with Less than 200 s Latency
Dedicated PWM Output Pin with Programmable
Frequency and Duty Cycle

Automatic Event Pin Control through Fast Voltage
Surge Detection Less than 5 ms Delay

+ Two Wire Serial Protocol with Selectable Baud

Rate Up to 115.2 kbps using Universal
Asynchronous Receiver/Transmitter (UART)
Four Independent Registers for Minimum and
Maximum Output Quantity Tracking

Fast Calibration Routines and Simplified
Command Protocol

512 Bytes User-Accessible EEPROM through
Page Read/Write Commands

Low-Drift Internal Voltage Reference, 10 ppm/°C
Typical

28-lead 5x5 QFN Package

Extended Temperature Range -40°C to +125°C

Applications

0

Power Monitoring for Home Automation
Industrial Lighting Power Monitoring

Real-Time Measurement of Input Power for
AC/DC Supplies
Intelligent Power Distribution Units

Description

The MCP39F511 is a highly integrated, complete
single-phase power-monitoring IC  designed for
real-time  measurement of input power for
AC/DC power supplies, power distribution units,
consumer and industrial applications. It includes
dual-channel Delta-Sigma ADCs, a 16-bit calculation
engine, EEPROM and a flexible 2-wire interface. An
integrated low-drift voltage reference with 10 ppm/°C in
addition to 94.5 dB of SINAD performance on each
measurement channel allows for better than 0.1%
accurate designs across a 4000:1 dynamic range.

Package Types
MCP39F511
5x5 QFN*
—
= |
9
z
14
o o o T o
4 O o Z O
5 S 88 & N
028 27 26 25 24 23 22
EVENT1 |1 21| Agno
NC |2 20| AN_IN
NC |3 A 19| Vi1+
UART_RX ] 4 Jeoer | 18 v1-
29
COMMON, |5 I | 171 1
L— ™
oscl)e 16| 11+
0SCO |7 15| EVENT2
8 9 10 11 12 13 14
— Q
22 £F £¢
W < E g o
E < =
2 B
o

*Includes Exposed Thermal Pad (EP);
see Table 3-1.

© 2015 Microchip Technology Inc,
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MCP39F511

Functional Block Diagram

M+ [ J—» +
- C—> -

VI+ [F—» +
VI-C—p

05CI [ }—>| Generation
0SCO [ }—p

AN_IN[]

Timing AVop  Agnp DVpn  Denp
Internal If T\ T T
Oscillator
=
2
24-bit Delta-Sigma DE
Mulli-level Pz P
Modulator ADC L ga 16-BIT
CORE
FLASH
&
24-bit Delta-Sigma DE
Multi-level 2z "
Modulator ADG @z Calculation
Mol a Engine
{CE)
»( 10-bit SAR >
\ ADC

A

—>

UART ——»[JUART_TX
Serial
Interface < [JUART Rx

,——bﬂ PwM [T

Digital Outputs

[ ] EVENT1
———[] EVENT2

———>»{]ZCD

DS20005393B-page 2
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MCP39F511

MCP39F511 Typical Application — Single Phase, Two-Wire Application Schematic

33nF

1kQ

33 an

499 k2 499 kQ

N.C.
Leave Floating

i g

g

047 9] F 4700

MCP17
—17170 uF

+3.3V

AVpp DVpp RESET

REFIN/OUT+
11+

UART_TX

UART_RX

0.1 uF

to MCU UART

V1-

MCP39F511
V1+

NC

NC EVENT1

EVENT2
NC
DR

COMMONy g ZCD

AN_IN PWM

0sco

oscl Denp  Acnp

0.01 “ET
+ P

=
I
|
l
i
I

2:

Y

Note 1: The MCP39F511 demonstration board uses a switching power supply, however a low-cost
capacitive-based supply, as shown here, is sufficient for many applications.

& )
"'\% | to MCU UART
]

B |

(OPTIONAL)

The external sensing compenents shown here, a 2 mQ shunt, two 499 kQ and 1 kQ resistors for the
1000:1 voltage divider, are specifically chosen to match the default values for the calibration registers
defined in Section 6.0 “Register Descriptions”. By choosing low-tolerance components of these
values (e.g. 1% tolerance), measurement accuracy in the 2-3% range can be achieved with zero
calibration. See Section 9.0 “MCP39F511 Calibration” for more information.

© 2015 Microchip Technology Inc.
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MCP39F511

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings 1

DVDD"'“"' -0.3 to +4,5V

AVDD wremersricnsnnnnes ..-0.3 to +4,0V

Digital inputs and outputs w.r.t, Agnp. -0.3V to +4.0V
Analog Inputs (I+,1-,V+V-) wirt. Agnp - -2V to +2V
VREer input W.r.t. AGND vovvevsrsssseeninns =08V 10 AVpp +0.6V
Maximum Current out of Dgyp pin.. ....300 mA
Maximum Current into DVpp pin...c.c.veveecee.. .250 mA
Maximum Qutput Current Sunk by Digital [O................25 mA
Maximum Current Sourced by Digital |O.......................25 mA
Storage temperature ..........ccccecveevenrienenrennnn-85°C to +150°C
Ambient temperature with power applied......-40°C to +125°C

T Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at those or any other conditions above those
indicated in the operation listings of this specification is
not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Soldering temperature of leads (10 seconds) ............. +300°C
ESD on the analog inputs (HBM,MM).................4.0 kV, 200V
ESD on all other pins (HBM,MM)............ce..c........4.0 KV, 200V
1.1 Specifications
TABLE 1-1: ELECTRICAL CHARACTERISTICS
Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp DVpp = +2.7 to +3.6V, T, = -40°C to +125°C,
MCLK =4 MHz, PGA GAIN = 1.
Characteristic Sym. Min. Typ. Max. | Units |  Test Conditions
Power Measurement
Active Power (Note 1) P — +0.1 - % | 4000:1 Dynamic Range
on Current Channel
(Note 2)
Reactive Power (Note 1) Q — +0.1 — % 4000:1 Dynamic Range
on Current Channel
(Note 2)
Apparent Power (Note 1) S — +0.1 — % 4000:1 Dynamic Range
on Current Channel
(Note 2)
Current RMS (Note 1) lrms - 0.1 = % | 4000:1 Dynamic Range
on Current Channel
(Note 2)
Voltage RMS (Note 1) Vems — 0.1 — % |4000:1 Dynamic Range
on Voltage Channel
(Note 2)
Power Factor (Note 1) D — +0.1 — %o
Line Frequency (Note 1) LF - 0.1 — %
Note 1: Calculated from reading the register values with no averaging, single computation cycle with accumulation interval of 4

line cycles.

2:  Specification by design and characterization; not production tested.
N = Value in the Accumulation Interval Parameter register. The default value of this register is 2 or TcaL = 80 ms for

50 Hz line.

4:  Applies to Voltage Sag and Voltage Surge events only.
S: Applies to all gains. Offset and gain errors depend on the PGA gain setting. See Section 2.0 “Typical Performance

Curves” for typical performance.
6: V|N =1Vpp = 353 MViems @ 50/60 Hz.

7:  Variation applies to internal clock and UART only. All calculated output quantities are temperature compensated to the

performance listed in the respective specification.

8: Lower baud rates selectable only on system versions 0xFA14 and later,

DS20005393B-page 4
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MCP39F511

TABLE 1-1:

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp, DVpp = +2.7 to +3.6V, T = -40°C to +125°C,
MCLK = 4 MHz, PGA GAIN = 1.

Characteristic Sym. Min. ' Typ. | Max. | Units | Test Conditions
Calibration, Calculation and Event Detection Times
Auto-Calibration Time teaL — 2N x (1 ne) — ms |Note 3
Minimum Time tac sasu — see —_ ms |Note 4
for Voltage Surge/Sag - Section 7.0
Detection
24-Bit Delta-Sigma ADC Performance
Analog Input ViN -1 — =+ %
Absolute Voltage
Analog Input Al - 1 — nA
Leakage Current
Differential Input (11+—11-), | -600/GAIN — +600/GAIN | mV  |Vger = 1.2V,
Voltage Range (V1+ - V1-) proportional to Vger
Offset Error Vos -1 = +1 mv
Offset Error Drift - 0.5 - pv/eC
Gain Error GE -4 B\ +4 % Note 5
Gain Error Drift — 1 — ppm/°C
Differential Input ZN 232 — — kQ |G=1
Impedance 142 Ay o kQ |G=2
%2 Ze W kQ |G=4
38 — — kQ [G=8
36 - - kQ [G=16
33 e — kQ |G=32
Signal-to-Noise SINAD 92 94.5 — dB |Note 6
and Distortion Ratio
Total Harmonic Distortion THD - -106.5 -103 dBc |Note 6
Signal-to-Noise Ratio SNR 92 95 — dB |Note 6
Spurious Free SFDR — 1M1 — dB |Note 6
Dynamic Range
Crosstalk CTALK —_ -122 — dB
AC Power AC PSRR — =73 - dB |AVpp and
Supply Rejection Ratio DVpp = 3.3V + 0.6Vpp,
100 Hz, 120 Hz, 1 kHz
DC Power DC PSRR — -73 — dB |AVpp and DVpp =3.0to
Supply Rejection Ratio 3.6V

Note 1:
line cycles.

2: Specification by design and characterization; not production tested.
3: N =Value in the Accumulation Interval Parameter register. The default value of this register is 2 or Tga, = 80 ms for

50 Hz line.

4: Applies to Voltage Sag and Voltage Surge events only.
5:  Applies to all gains. Offset and gain errors depend on the PGA gain setting. See Section 2.0 “Typical Performance

Curves” for typical performance.

6: Viy=1Vpp =353 mVgys @ 50/60 Hz.
7: Variation applies to internal clock and UART only. All calculated output quantities are temperature compensated to the

performance listed in the respective specification.
8: Lower baud rates selectable only on system versions 0xFA14 and later.

Calculated from reading the register values with no averaging, single computation cycle with accumulation interval of 4

© 2015 Micrachip Technology Inc.

DS20005393B-page 5
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MCP39F511

TABLE 1-1:

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp, DVpp = +2.7 to +3.6V, T, =-40°C to +125°C,
MCLK = 4 MHz, PGA GAIN = 1.

VREF+ Pin

Characteristic Sym. Min. Typ. Max. Units Test Conditions

DC Common DC CMRR — -105 —_ dB |Vgpm varies

Mode Rejection Ratio from -1V to +1V

10-Bit SAR ADC Performance for Temperature Measurement

Resolution Ngr — 10 — bits

Absolute Input Voltage V|N DGND -0.3 —_ DVDD 03 \

Recommended Rin — — 25 kQ

Impedance of

Analog Voltage Source

Integral Nonlinearity Ine — & +2 LSb

Differential Nonlinearity D — +1 15 LSb

Gain Error Gegrr = 1 £3 LSb

Offset Error Eorr — +1 +2 LSb

Temperature — fune/2N - sps | Note 7

Measurement Rate

Clock and Timings

UART Baud Rate UDB 1218 4 1152 kbps |See Section 3.2 for
protocol details

Master Clock fumeLk -2% 4 +2% MHz

and Crystal Frequency

Capacitive Loading COSsC2 = A 15 pF | When an external clock is

on OSCO pin used to drive the device

Internal Oscillator finT osc — 2 A %  |-40 fo +85°C only

Tolerance 3 (Note 7)

Internal Voltage Reference

Internal Voltage VREF -2% 1.2 +2% vV

Reference Tolerance

Temperature Coefficient TCVRer - 10 - ppm/°C | Ty =-40°C to +85°C,
VrerexT =0

Output Impedance ZOUTVRer — 2 e kQ

Current, VREF AIDDVREF . 40 _ [JA

Voltage Reference Input

Input Capacitance — — 10 pF

Absolute VOItage on VREF+ AGND + 1.1V — AGND +1.3V vV

Note 1:
line cycles.

2:  Specification by design and characterization; not production tested.
3: N =Value in the Accumulation Interval Parameter register. The default value of this register is 2 or TeaL = 80 ms for

50 Hz line,

4:  Applies to Voltage Sag and Voltage Surge events only.
5:  Applies to all gains. Offset and gain errors depend on the PGA gain setting. See Section 2.0 “Typical Performance

Curves” for typical performance.

6: Vi =1Vpp =353 mVgyys @ 50/60 Hz.
7: Variation applies to internal clock and UART only. All calculated output quantities are temperature compensated to the

performance listed in the respective specification.

8: Lower baud rates selectable only on system versions 0xFA14 and later.

Calculated from reading the register values with no averaging, single computation cycle with accumulation interval of 4

D820005393B-page 6
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MCP39F511

TABLE 1-1:

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp DVpp = +2.7 to 3.6V, T, = -40°C to +125°C,
MCLK = 4 MHz, PGA GAIN = 1.

Characteristic Sym. Min. ‘ Typ. l Max. i Units 1 Test Conditions

Power Specifications

Operating Voltage AVpp, DVpp 2. — 36 \%

DVDD Start Voltage VPOR DGND _— O-F Vv

to Ensure Internal

Power-On Reset Signal

DVpp Rise Rate to SDVpp 0.05 —— — Vims (0-3.3Vin0.1s,0-2.5V

Ensure Internal in 60 ms

Power-On Reset Signal

AVDD Start Voitage to VPOR AGND —_ 241 V

Ensure Internal

Power-On Reset Signal

AVpp Rise Rate to SAVpp 0.042 — - Vims [0-24Vin 50 ms

Ensure Internal Power On

Reset Signal

Operating Current lop — 13 — mA

Data EEPROM Memory

Cell Endurance EPS 100,000 - S E/W

Self-Timed Twp —_ 4 —_ ms

Write Cycle Time

Number of Total Rrer — 10,000,000 -— E/W

Write/Erase Cycles

Before Refresh

Characteristic Retention TreTDD 40 — — years |Provided no other
specifications are violated

Supply Current during IbbrPp — s — mA

Programming

Note 1: Calculated from reading the register values with no averaging, single computation cycle with accumulation interval of 4

line cycles.

2:  Specification by design and characterization; not production tested.
3: N = Value in the Accumulation Interval Parameter register, The default value of this register is 2 or Tga = 80 ms for

50 Hz line.

4:  Applies to Voltage Sag and Voltage Surge events only.

Applies to all gains, Offset and gain errors depend on the PGA gain setting. See Section 2,0 “Typical Performance
Curves” for typical performance,

VIN = 1Vpp = 353 mVgys @ 50/60 Hz,

Variation applies to internal clock and UART only. All calculated output quantities are temperature compensated to the
performance listed in the respective specification.

Lower baud rates selectable only on system versions 0xFA14 and later.

© 2015 Microchip Technology Inc.

DS20005393B-page 7
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MCP39F511

TABLE 1-2:

SERIAL DC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp DVpp = +2.7 to+ 3.6V,
Tp =-40°C to +125°C, MCLK = 4 MHz

Characteristic Sym. Min. Typ. Max. Units Test Conditions
High-Level Input Voltage Vin 0.8 DVpp — DVpp \
Low-Level Input Voltage Vi 0 - 0.2 DVpp \
High-Level Qutput Voltage Vou 3 — —_ \ lon =-3.0 mA, Vpp = 3.6V
Low-Level Output Voltage VoL — — 0.4 \ lor =4.0 mA, Vpp = 3.6V
Input Leakage Current I — — 1 pA
0.050 0.100 Digital Output pins only
(ZCD, PWM, EVENT1,
EVENT2)
TABLE 1-3: TEMPERATURE SPECIFICATIONS
Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp DVpp = +2.7 to +3.6V.
Parameters l Sym. | Min. { Typ. | Max. Units Conditions
Temperature Ranges '
Operating Temperature Range Ta -40 — w125 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 28LD5x5 QFN | 8)a | — [ 369 [  — °CIW

DS20005393B-page 8

© 2015 Microchip Technology Inc.
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Arduino UNO

MADE ' )
IN ITALY . :
e ISR

A ‘
2L r ke ARDUINO

i Ml-‘i-.wt'm‘f) e

Product Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a
USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC
adapter or battery to get started. The Uno differs from all preceding boards in that it does not use the FTDI
USB-to-serial driver chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version
1.0 will be the reference versions of Arduno, moving forward. The Uno is the latest in a series of USB
Arduino boards, and the reference model for the Arduino platform; for a comparison with previous versions,

see the index of Arduino hoards.

Technical

Specifications Page 2
How to use Ardui '
Prt%\lgmmir%SEnvirorgglr‘Bgsic Tutorials P d g e 6‘

"
e T Page 7

Enviromental Policies Page 7
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Technical Specification

EAGLE files: arduino-duemilanove-uno-design.zip Schematic: arduino-uno-schematic.pdf

Summar

Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital /0 Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA

32 KB of which 0.5 KB used b
Flash Memory bootloader )
SRAM 2 KB
EEPROM 1 KB
Clock Speed 16 MHz

' the board

X" ARDUINO
Y ‘ LA

F R R N Tk
o

-

Wi ARP/AINO.CC -

analog pins
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The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter
can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a
battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

* VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to
5 volts from the USB connection or other regulated power source). You can supply voltage through
this pin, or, if supplying voltage via the power jack, access it through this pin.

e 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

e 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e GND. Ground pins.

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It
has also 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM library).

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and
has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. TThese pins are
connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt() function for details.

e PWM:3,5,6,9,10, and 11. Provide 8-bit PWM output with the analogWirite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.

RS radiospsres raoiomics 4l
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The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using the AREF pin and the analogReference() function. Additionally, some pins have specialized
functionality:

e I?°C: 4 (SDA) and 5 (SCL). Support I°C (TWI) communication using the Wire library.
There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with analogReference().
e Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and Atmega328 ports.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other
microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on
digital pins 0 (RX) and 1 (TX). An ATmega8U2 on the board channels this serial communication over USB
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB
COM drivers, and no external driver is needed. However, on Windows, an *.inf file is required..

The Arduino software includes a serial monitor which allows simple textual data to be sent to and from the
Arduino board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also support 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the I2C bus; see the documentation for details. To use the SPI communication,
please see the ATmega328 datasheet.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno w/
ATmega328" from the Tools > Board menu (according to the microcontroller on your board). For details,
see the reference and tutorials.

The ATmega328 on the Arduino Uno comes preburmed with a bootloader that allows you to upload new code
to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

The ATmega8U2 firmware source code is available . The ATmega8U2 is loaded with a DFU bootloader,
which can be activated by connecting the solder jumper on the back of the board (near the map of Italy) and
then resetting the 8U2. You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac
OS X and Linux) to load a new firmware. Or you can use the ISP header with an external programmer
(overwriting the DFU bootloader).

V= (ol e i e A
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Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a
way that allows it to be reset by software running on a connected computer. One of the hardware flow control
lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the chip. The
Arduino software uses this capability to allow you to upload code by simply pressing the upload button in the
Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR
can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
so, the bootloader is running on the Uno. While it is programmed to ignore malformed data (i.e. anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

@ Rad/ospares RADIONICS WA
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http:/arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to “burn” your W o
first program on the arduino board. To
select “blink led”, the physical translation
of the well known programming “hello

world”, select
Fi|e>SketChb00k> f// The setup() method runs once, when the sketch starts
Arduino-0017>Examples> S )
igi i // initialize the digital pin as an outputs:
Dlglta|>B|lnk pinMode{ledPin, OUTPUT): 2 s
)

One you have Jeirgkegttgal) RRAERE =L ages
see something very close to the '
screenshot on the right. Ny ey

ligitallirite (ledPin, HIGH); // set the LED on

delay(1000): 7 unit £k W sefbnd
In Tools>Board select callnice (ledFin, 1003 1/ st che D ot

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

E’:*L\c TR

| A : ¢2b o
! Done compiling. H C L
-

P Compile butt
(’rroesé?wec?(m (lyreerLll"or%r; TX RX Flashing Blinking Led!
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Dimensioned Drawing
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Terms & Conditions

ARDUINO

1.  Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer’s design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems

necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4  Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services.

15  The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino™ products which is solely
at the Customer’s risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its
products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (ji) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked "reserved” or "undefined." The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica’s
forest's.
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#include <Wire.h>
#include <LiquidCrystal 12C.h>

#include <SoftwareSerial.h>

// Set the LCD address to 0x27 or 0x3F for a 16 chars and 2 line display.

LiquidCrystal_12C lcd(0x27, 16, 2);

char receivedChar;

SoftwareSerial mySerial(10, 11); // RX, TX

// Select the input pin for the potentiometer.

int sensorPin = A3;

// Variable from the sensor.

int sensorValue = 0;

// 7R3N relay Unasasiidsan 0 ddeanistv relay Waasasiden 1

int relay = 7; // siafiutn inl Y03uainsiad

void setup()



Serial.begin(9600); // fvuapuisilunisinsdedeats 9600

mySerial.begin(9600);

// Initialize the LCD.

lcd.begin();

// Turn on the blacklight and print a message.
lcd.backlight();
lcd.setCursor(0,0); // lUfidhsnws 0 waadi 1

lcd.print("Voltage = ");

pinMode(relay, OUTPUT);

void loop()

// Read the value frem the sensor:

int sensorValue = analogRead(sensorPin);

float voltage = sensorValue * (5.0 / 1023.0);

107
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//Print report:

Serial.println("Voltage = ");
Serial.println(voltage, DEC); // lav§1u 10
lcd.setCursor(10,0): // TUidsnwsd 10 uaad 1
lcd.print(voltage, DEC); // lavg1u 10
mySerial.printin("Voltage = ");

mySerial.printin(voltage, DEC); // 1avg1u 10
if (voltage > 4) {
digitalWrite(relay, 1);

} /7 & relay 1[Wn999

delay(1000);
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