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Abstract

This project, The Control of Electrical Equipment by Employing Mobile
Phones, aims at controlling home electrical equipment by using mobile phones in
which Android operating system and using the Bluetooth module for the medium in
communication between the mobile phone and microcontroller. This application in
mobile phone can control the states of opening and closing the specified device such
as fan, television, air conditioner and light bulb that, in addition, will be adjusted the
brightness. Moreover, the mobile phone can check the temperature in the

surrounding area.



GREVY
Wi
91T i T R s T — |
UTIARED 1.cvvvveoerssseaasssessssssssssessssssssasssssssssssssesssssssssessssssassesssesssssssssesssssssssaseessassassssssnsessssases I
1 USRS I
gk 2] T 1L (SRR SRS VI
GTPTRTRIIPTINS . channoisissconnsvsonconsssssschnssanamissssusssseosasonsssss s EE VSRERRSENARRH SuS ES BERs IX
UM 1 U e eesesessssssssssssssssssse s ssss s mss s s sssssssssssssssss s 1
1.1 A TUNIAEANNAIRYUBIVGYIAT oo 1
R N e P11 W o A SO NN /175 A N, S —— 2
R TLINTF o (F L ) Errerrlt S E=RNOWNEY 79 o] G O N, N 2
WAL 0 L3 erBe B O B SF7FANNS oI ¢ CN S Wt ), W 3
UNT 2 NOBTUAETENANTTIAG D oevrerrerrssressonssssss s ssssssssss s sssss e e 5
2.1 52UUUHUANITUBUATERA (ANIOId OS) .eiivveerrcesecressresieseecisessesssesisiosessssisses e K
AN R (ool oY ————— b VEWAAANANERN P —————— Y~ R B — 6
2.1.8 DR St W T DB O R M AR A A S ANA NN e R T e £ 9 e oo B i
2.2 ADT Andriiy DeviglGormesiiRanieer . ~... U S @ i T
AN2. Z2AVD (AnegicVirtuab-Bayice)..... Liadd. ... TN W g recvors @il focsscrsnons 8
2.2 UQYE\AUSEIVh) - Lo oy TN\ i+  ocihvssassoossssscgnorvssfffossssssssenvios 8
2.2.1 MICRRIUNER SIS AL G et NG D e ofrtsccvi @l soisionion 8
2.2.2 MTOUIBIYBUGUS .o 9
A E L i R R Ny SO SO Y ~ S Del.. o A—— 10
2.3.1 WugUlUNSTEUTUSUATUATIIN oo 10
2,313 FATR ELBEBN . csnamassusmmssrermmsssusssansursssnsrasamasasessassssmsnasassnsmssh b s sia a0 34148 10
2.3.1.2 08 (ODJECE) wovvvvvrerrenierereerrnensessesvessssseseses s 10
2.4 ﬂuaé‘ﬂﬁaﬂuﬁamﬁa (TOGGLE BULLON) ..o eeeeseeseseessssssseese s ssseessssss e i
2.0.1 AEEIMTUAIULTONR oo 12
2.0.2 M3uUaINTFENNEURIEFUUNTONAR e 1z
2.4.3 Msmvuaaaue (State) waaijuﬁamﬁa .................................................................. 12

2.5 msuSuprunevesdyeiaad (Pulse Width Modulation: PWM)......ccccscerneee. 13



#1508y (i)

Ting

2.5.1 QARARUNTENAR (PULSE) .o 18
2.5.2 29TUTHUTBUFYYI (COMPATALON) woovvvereeesieeiesreesesvessesesssssessessssssesesss s 15
2.5.21 Operating Amplifier (Op-Amp)svmssmmanssmommasmmmsansemsmsss 15

2.8 T BB ..o ocomsencronsisonsssmessssomans e i i s S SRR 16
2.5.1 Operating AMpLfier (OP-AmMP) ... 16
2.5.1 508AIUAN (CONLTOL RELAY)..cucrivvrrriciciritsssenneensssssesessessssessssssnsesss s esesssssnsees 17
2.5.1 AnuanURuLaL oS TIU DRI NN L iegrressimnnee g e sssssssssssnsisises 17
PRI MRS 57 o103 NN\ 11/ 3. . 17
2.7 01l fglinoymml== RN . Q.. S e T e N N s anan 18
UNT 3 N1TOBNUWUULAZNTIAVIUSYRYTEIWUS 1oroeereeerssssessessssess st 19
3.1 mIgpfuuer iL... om0 N2 LA A SR e A N 19
3.2 fudelingpofgiulezl. (WO ke . 0] Bz k). 2 \\...... 19
3.2.1 35N 500NUUUANSULNTATADUINISIADS ... 20
3.2.2 B el ST D O DRI AR AR AN S ST oo b W gl e 20
3.3 18l funsoehu@lD. o L SEREERIEEED 1 < AN N & L. 20
3.3.1 2995AAUANGUATEINTNIIETAL .ovov et i 20
3.3.2 NP DY UGUIDI -\ A e/ A g vz Ggsaghes v pagemmsigflffssssvins 21
3.3.3 199593 A I a Ry N1 SUSUAIHN B IFYNURA . 22
3.3.4 1993959980 UA0 U NSUTATATBIRUNTAILNHA e 23
3.0 LA DUTOTTIUNNTIAOU sttt 24
3.5 FlovweChart W man s VIREIIIRER UL isiies i agtlvsisssisssivsstssssiidswss ossmissinis 24
3.5.1 Flow Chart n5¥91u85zUUMIAIARISANYIT 1 oo 25
3.5.2 Flow Chart 98s5zuuluaduwasuonmiadilun1ansfinei 2. ... 26
3.5.3 Flow Chart 28955UUlL@INY0981$AITIUAIANITANYIT 2 oo 28
UNT 4 HANTTODNMUURAZNTTIATDU . eeerrreeerrressseesssesssssssssssesssessssssssssesssssssssssssnsssosses 29
B 1 U oot ess s 29
4.2 NN INAAOUTUATUYBIMOWNELAUU .oooovovvoeooorsie oo 29

8.2.1 MIATBTVIY (LOGAN PAZE) oot cesesse sttt isssstsesosinessessns 29



d15U8y (5i9)

N

4.2.2 Y mMENEUTUAIUAK (Main CONLTOL PAgE) ... vuvcvrrricsivinssnsssssssnssssissssssees 30

4.3 0an s UIUAIUUDNUIATADUINTIADT oo 31
4.3.1 M3A2UANGUNTAIHRARIETAL .o a1
4.3.2 ANTUTUADTUATIUBIAABAIN oo 33
0.3.3 AVTIAGURDT ..orevrierrsorsrmsmrsss s a2
UNT 5 AFUHANTTIVUUAZTBLAUBIUE 1ooerreerersersssssssssssssssssss s 50
5.1 agﬂmamwmaaqu,a::mwnﬂmaﬂmwuﬁwm .......................................................... 50
WL AT A A NN\ 1/ 0 o N\, —_—" 50
UTTOUTLINTA 1osevreereereestseses 515508080 51
ANARLAN . Source Code ATIUNTITINITIUVDIUBWNAMATU coocevevnneeeensiirrssserssessssesnen 52

AANUIN . Source Code AFIUNITHIUVBIDIYBIU ovvvrerrssermrnneesmsrmnnnnssssssssssssssssssen 72



Eanl

=b

Vi

CREVLIRY

ATy
1.1 vBenlaesunsnvean1smIuANgUNIal AN TUUUR MUY .o 2
1.2 SUADUNITINTATIN 1oreeeseesseessees st 3
2.1 fegslusunsy Eclipse et 7
2.2 7219879 ADV TignF1andlHUUABURIRNES ..o 8
2.3 gunsaifiaunsoldfuugslalumsoa T uuulFang o 9
AR 10% T DRV 1T AR L N W . N S———— 10
2.5 WU BUE N T An S UF QY IRIANLMREL e 14
2.6 Wisuisumninsvesiadfilinefifudyaalwihfiudsuulamaonam....... 14
2.7 1SN AL U, NN Nt vvvnssree e A e 15
2.8 MAABIMAINTINIUYBNIRTUTHUWIBULRVTIUABIVUIN 1 TR oo 15
2.9 FoamebioSpligail sl \b /N Y. 42 S DN/ il S L R R 16
yRL E T AGE @] o B oV TN W of - Lo GIEEWR B B 16
2.11 Babn i, S 2 L LAASAPA NN & SDE - - Ao 17
2 1A SR 1O Dy ., WGEBEER AP ] © (V1L ey 17
PRER | V[T 0Ret ) i | e SN SN P ' e - APR | o PORIIEY - R0 §f SIS 18
2.14 SRR UATI 1T VLI e TN TG+ o5 N ol e g coiagresffoffossssensesens 18
2.15 Yo TRNOUNG AENL DR e B AIR S g s 18
3.1 vdenlaazunsuansmIuALQUN TN U M UNTUUGYE oo 19
3.2 2995AUANGUATEENTIRIERGEL . .. ..o s e s st 21
3.3 AMENUUEUDY LM 35 i siiimmsmnsnsesssssssssssssiss st ssssssssiss s 22
3.4 NN3AD LM 35 MUUDTABIBI covevrrererrmrrscessssmsssssss s 22
3.5 29953 Wlne l4mATiA Pulse Width MOGULBLION ..cooeereverrrserevenssiesscnsecnsonsiers 23
3.6 29959 579aUan UM TUATAVBRUATOIINT oo 24
3.7 Flow Chart 48955UULUATANITAABTN Loovesioeoeecseeesesseresnsesnsse 25

3.8 Flow Chart La@asn1svnanuvesssuvludusaswaonwdndulunianisneii 2.... 26
° | & = o

39 Flow Chart wd@asn1syneuassssuuludiuaesensaulsiunanisdine 2.......... 28

] PN S DN D UYDAUDIRUATU cooreoeoeess oot e e bttt 29

.2 TS PTU DI DI LATU oo seesvessessesses s seseeseseessessessasssssssssessessensesssbassissies 30



€aft

=.

VI

#150ey3Y (o)

Tine
4.3 aeuzilavesgunaallvindaf 1 TBATAENIUE Lo 31
4.4 aouziUnveagunsallniindaf 2 TAUMSEENIUE Moo 31
4.5 anuzilnresqUnsallwingafl 3 TEMITEEAIUE N oo 32
4.6 anuziUavresgUnsallviingafl 4 TaBnSEIEANLE O oo 32
4.7 anuziUnvedguUnsallviamai 5 TnENITEIA0NE Pooe e 33
4.8 anvatvevaenliilefimsusum 0 9nMSENATORD 34
4.9 aruatvemaeslilidofinmsusua 1 9nTNSENITIORND oo 34
4.10 ANuAT1vemaenlnilefinsUUA 2 RNNSENITORD v 34
4.11 anuainvesvaenlwilofin1susuA 3 NIMTENITIOND .o 35
4.12 Anuainsvewaealiiliefinsusua 4 9AMSENITERe oo 35
4.13 prwainweavasnlliiefnisuiuan 5 RNSAAVTIORD oo 36
4.14 mmainsueaaniefinsusua 6 TnWSENYEORD o 36
4.15 pomainsueeaanliilefinsusua 7 ansEmViRato o 37
4.16 prainsvamaaniilefinsusua 8 ansEWVEado oo 37
4.17 anwainemasaliidednisusud 9 9NMSANATORD oo 38
4.18 Pulse Width Modulation 7] Duty Cycle WU 1096 et 59
4.19 Pulse Width Modulation 711 Duty Cycle a0 ... N 39
4.20 Pulse Width Modulation 715l Duty Cycle vu 509 oo, 40
4.21 Pulse Width Modulation #ifl Duty Cycle WU 75% oo 41
4.22 Pulse Width Modulation 151 Duty Cycle it 80% ... 41
4.23 Pulse Width Modulation 71 Duty Cycle 11 1009 ...c..evrocrorecsserse a2
4.24 MIWEBAANUFURUE TN NUTITURAEUALAANGR ..o 44
4.25 ﬂiwlLLamLﬁuLLuﬂﬂmmrmwmmﬁ’uﬁuéiwfmLméfut,a?{mt,axqquﬁ .......... 44
4.26 NM5ASANNTEUATIVOINT W a@519lmBlUTUNTH Microsoft EXCel. ... 45
4.27 nywanuduiusseninausifunisuasgamll LaraunSEURTY .. a5

X VI 1 (¥ a = v
4.28 ﬂi'W\Iﬂ’ﬂﬂJﬁiJWUﬁ'iﬁW]’Ni.L‘NﬁULﬁaHLLﬁBQﬂJﬁQﬂJ LAZHUNNITEAURNTI (e, a6



Vi

d13Uy3U (o)

U

'
= a

4.29 msuansmiugamgiiuu Serial Monitor uagviuannalrduiigamail 20 °C... 48

3 U
P a

4,30 Mswansrniugamgiuy Serial Monitor waznthuwenwnaiaduigamgi 25 °C... 49

q U



A15URYA919

Tl
=
A5199

2 1 swatanastuldutoruumITu 108ELTEIR LA URTDNYT .o 5

2.2 ATIHUARARNIEVIIPRTANUTNG cocsieissmncurmssessmsnssmsecsssmssssssmssssssssssspssossassasssssssns 11

1 as nlv v = = s 1 -
4.1 HAMINAABIANYBISIAUNTATALUSBURBUAUANRMNON ..o 43

2 WiBufuAgamaTia NN IUAZ APV IIABIAATEU oo
4.2 WiruflsumaaumgianaumiiazAinnuAaAARou 47



1.1 anudunuazanuddgueslym

Tutligiussuuuiinsueunsess (Android) fedwiuadouasgnldaeaunsunany
Wuseaun Imsﬁqﬂn‘afﬁﬁ'[.‘ﬁu.aumaaﬁmnmu p Wiy Insdwyideda (Smart Phone),
wiuién(Tablet), 1iinga(Netbook), \AIBI8TUE-book, tATadiauMPa, Tnsvieni(Smart TV),
\winatauLny, ndesinegy uazuiinideite sy

ugys (Bluetooth)  ifuszuudearsvesgunsaididnvsedinduuy 2 vine e
AAWINgsEerdu (Short-Range Radio Links) Tnsumiamnnisidaeimia (Cable) e
awdtygrondouse Pelvigunsaididnnseindanunsaidonsieuld Fuilinslédinves
ITALAINTY

oo

o 1% ¢ o i i i °
utsgtumealuladainivinuiliounsosdidonsegqunsalisquugys gnihan

o @ 1

v aa ' ¢ o
Ussgynaldanludiaysedniuegraivannvaty 1wy aavaugunsaliasadldiniinielud

1 L.

- ' - ' | d W
Huugys AvANsatAYIVENTIUGYS ien1seuAl DIA, SYS, Pluse 91mAsasinAa

Y a o ATy a fo @ & ¢ e v ¢ v o v
sulafinniiuugys wedsdeyalviiasigiduiuidiaes wialdunmddiservigld

aa o = = g 2 -] @ -
Tladelsa Inelulassuiggiingd ssiufsmsdmannisauaugunsaiiasesaldlni

a4 o et .
muluthu weWauazUszynalddmsu Wiser Home lusuandnstie

fauavhlassnuiifdiinauetassnuniseuaigunsallihrninsdmidode
TaeBsulusunsuiiuwenwéindu(Application) Uukaunsass laAIuANLAY HoLdaRE
ugys lneillugavesugys (Bluetooth  Module) iudadanislulasaaulnsiaes
(Microcontroller) Tun1saiuquaindiUauazUagunsailniasineg leun Waau
\seaUFueinia Insvied uazvaeal Tuiiidsannsomuauauainsvemaonlld

& o [ a o ] & LY al va v
venantdmuRudygruiiiueundon (Analog) ume nsnsavTugamgiiladndie



1.2 InqUIveeA

msthinsfwisledefiiley inmuaugunsailiimeluduiiingusvasndnadal

1) mvauaindiiieilanazaguasallniitlddmuaiu Suldun Wnax
i3esuuenne Tnsvimd uazvaseln Tnsanunsadamssiulnsdwisiodedily
ssuuUuinisueunsens eiugyeiduinanddunisdans

2) asRfunazingvgiivese Myl

3) dnrsuasmuaugunsailniinfieddsa (Digital) uazeurdeniaglaildans

(Wireless) Tuszogne 5 - 10 wns

Tnsffyidans
== Application

(Device)

A

Module

wwoulviansa Android

£ <
y : : |
aunsainauAx 1 Source Code

(Hardware)

<l i
JUNL.1 vdenlaevunsuvesnismauguaunsallwihlutusiuugys

1.3 vaulvnvasUIgsytinus
Ty = (4;[ ¥ o o & o 4’
lutsgyaninusildmmuaveumansyinlassaul il

v - ) - - Y a wa ¢ o ¢
ahauennainduuilnsdwidiefeflldszuuufiinisueunsesdiftonunugunsal

aa o L3

v o - a € a -y ¢ a 5
Ifhareluthulagywiiduainddauazlngunsal 3 6 (3 A3ae1viny (Digital

i o d‘ s o & 3 v o =
Inputs)) laun nasalW Waau wasipiesuSueinia lasluimdeildduiunislulunina

o v
AMSANBINNLAY



1) ahawenndinduuulnsdwidedelnoiuaindvesnisdauasla
qunsallwitudu 5 & (5 Adviatevinm) oun Weau esuSuernma nsvien] uazvasalv
waglinmsusumuadnwemasalilétn 16 (1 Advialewiym) uagldtimaiiunsnmadu
waringamadl 1 f (1 sundendunn (Analog Input))

al d vogw . ' %) v a < )
2) im3astiolnlY (Log-in) newdvtiwdn weanulasasisvedseuy

5 o )
1.4 YUMBUNITANUUANNT

[ val o = & w o
Tumsvilasanuldinisfine uasnsmaunusiBunumutuneudagui 1.2

( NsANYING YA )

LNEEY

DENLUULAZAS 1UOWNEATULEY

lulasmaulnsiasd

Tawsngay

VAADUANANYMLYDY

uonnalAtuLay

lulasaaulnsians

"mmsau

( NSAATIZRLATATUNA )

- ) o
SUT 1.2 TuoUNISINlATINY

Vv

o = o 2 o = @ s A‘
msmiiunumsyilassnuldsuivnumugiuuudegy 1.2 el

- ' = | e a 1 o
mMsfnemgefagnaluuni 2 lngaznanfmgefineg waglduseneulunisvi

& v d o« = - o v
lasanu Tnaillupnugiugnineadumaluladugys nouinisuiuaunirvesdygia

a

Wad uasAnuinunzvesgUnInisinsuadlulasreulnsiaes



N58ENLUY wazadsasenrazegluunil 3 Tnsazndnfeniseenuuy uas
Fumarlumsadruommaiedunaslulasrouinsiaes

msvedeunudnvazazegluunil 4 Tasaznandanisvadouandnumzanigues
wannaintunazlulasnoulnsiaes

= L3 P o o L4 v
ﬂ'ﬁ'll.ﬂ‘ﬂﬁﬂﬁﬂﬁl%ﬂﬂgllu‘lwm 5 Tngyinsiasesing LLﬁ%ﬂ?UNﬁﬁlﬂﬂ'\ﬂﬂ'ﬁﬂﬂﬂﬂU



<
umn 2
= s S 4
N W) Uasann1INeIvBY

2.1 spuuUfjiRnisuaunsess (Android OS)

= s wa [Y) 4 ] a | Y < < a

AeszuLUURnsdmiugunsainnm wiu Insdwidletiowazmoufinesuuuuiuibn
(Tablet Computer 3@ Tablet PC) 1lusiu uounsosmuimuIIIATEUVURTRMNS
- " a o - a o - o 3 &
dyndirasiuallinux Kernell) Suwmunlaguisnueunsees NNUUUTENUBUATELAQNTD
lnsgiia(Google) uagnisgiialaiuaunsasaluimuise diusudednsveldn
wounseanvrldludnvazvssroninsiaivielowiugesa (Open Source) vhlviinwawn

v ar

a & ' - o o ek d
annsauily Aauvadlfnueunsaudifednidase dwivszuulfiRnisuounsessiduinidn
J P ] - X '
AOAN51SNYUINETUN 5 NOAINIEU 2550 uAzUeNATEdIIRITY 1.0 gnudeseanunlday
i 5 T | L & o @ a wa
sgadunenisausnifio®um 28 fugneu 2551 1asHu (Version) 1835zuuUfunig

¢ v oo o o o a o W w w
LBUNTDER i]a‘fl‘tﬁﬁﬁ‘ﬁaL’)EIE‘UULUU'UE]‘U‘LJJJWJW 1ﬂﬂﬁlﬁﬁﬂ\1m'\uaqﬂUﬂqaﬂﬂi

=] | s o o = o W W w
M IN 2.1 STATDLIDTTUUUTDUUNYIU Immmmmua”uﬂumanm

neidu Forasdu U
1.0 Astro (uoalns) 28 fiuseu 2551
1.1 Bender (Wina3) 9 NUAMUS 2552
1.5 Cupcake (AWLAn) 30 WweY 2552
1.6 Donut (Tn1iv) 15 danAu 2552
26 sanAy 2552 (2.0)
2.0/2.1 Eclair (tounas3) 12 un31AN 2553 (2.1)
2.2 Froyo (seianuleiism) 20 WewAAN 2555

23 Gingerbread (uui4%4) 6 5UIAN 2553



3.0/3.1 Honeycomb (§3is) 22 nuaus 2554
4.0 Ice Cream Sandwich (leAn3uueusiv) 19 panAw 2554
4.1 Jelly Bean (1vaddiv) 28 fiquigu 2555

2.1.1 Eclipse

4 v W = . -l
Aolusunsuitlddmiuiannam Java Felusunsu Eclipse 1fulusunsuil
(Y] " . 1 -l a d &
TlunsWmun Application  Server léagnaiiusz@nsnn uaziilosnnn Eclipse  Hu
¢ ¢ aea o o gs LY, o 0 w Y v w :
gavAwsiaTnRaudueldlneunimuies vialdaunaminluniswauives Eclipse
' o
Wulvegrsaiiloassinds
. = o | y - a A}
Eclipse iasAusznauvaniiieondn Eclipse Platform &dliusnmsiugiu
ar o J < " [} 1 s &
nandmivswPuaIsliontgnaeueniansaidiuavinnusuiluanimwndey
Y < ' g . =
ey wavdinnuszneuisenin Plug-in Development Environment (PDE) @sldlunis
n: L7 & & a‘tl 4 <4 L) nl
WuAuasalumsvageiuinly inissilenesusnszgnimuilusduuud
- ' 1 y v & I v ¥ o a & g oa Y T
138n71 Eclipse plug-ins AIUUMINABINI5 W Eclipse viraulanfianin Aigauawauiuan-
- a nyJ dy o % a I.:l = 5 a‘ = 2 o ’ d ) ] l‘:! &
dudmSuaiutiun uasthuandutiinaesaiadaliiu Eclipse Aflogivinmiu Eclipse
" o a v o A o 1) o ¢ a a '
Plug-in  Mfiuwdauru Eclipse Lilaanulvanuiniusnifessaysenaunisenii Java
x = oA
Development Toolkit (JOT) #uduinIesiielumsiieuuas Debug TusunsunIwlava
Tefueslusunsy Eclipse fin Anmainy anunsaldlsiu J25DK lsinniiesdu
(Version)  sasfumwsnsszimednvatsniw I plugin #ildiaSulsz@vsnmees
Taunsy  awnsavihenldiulndvalgeiin iy HTML, Java, C, JSP, EJB, XML uas
a Y] &
GIF wagnddgudunsuas(Free ware)



gﬂﬁ 2.1 megalusunsy Eclipse

2.1.2 SDK (Software Development Kit)
4 4 a o v L) < a s
AawATasilemlidmiuWanlysunsuvisuennaiatuuusyuu Android
= s < ! o o = o L3 o
OS_%n4 Google yinuneenuiianandnelvininuiuenndiadu wisgaulanilua
s (S L} < o w a e L4 = o nl:'
Inanluldriulaglifialdane uazdfidunilslulsdemilitenniinduuuneunsessiuu
a ﬁlll ] = ql: a A o ! a
WuTued 193937 Feluyn SDK - waziilusunsuuarlausidaagg asaududeniswaun
a o 1 | ¢ o v e v a W
wonwalrduvuLeunsesn agudy dyiawes Juhbigldauisoadwenndindunas
e o a ! =l Au a wa
dwveassiuvuidyameineu lnelannsuwindeumisuiiefieniussuuyjifinis

LOUATDEATIIY)

2.1.2.1 ADT (Android Development Tools)

Ao inTeslefldianuounsesd Tun1simuIwonnaiAduuy
5%UU Android 05 9¢ldnw1 Java Inedesinediuiasu fe ADT  dadiudiuiady
¥99 IDE(Integrated Development Environment ) wieTivarsauiieninduudnsuves

Tusunsu Eclipse



2.1.2.2 ADV (Android Virtual Device)

o o = o W ca a wa
Ap Ns91aes vTe Bylames inTadlnsnyiliefosruufiRinng
¢ = a ¢ = w M v oa &
LOU-ATDIAVUIATDIABNRILMDS tNanadaulusunsy v3e Tanvaalusunsuilodeudy
Y & a a w a ar
Y9fvne AVD #a AVD T Lﬂuﬁqtamas'w.wummasmﬂamﬂ'lum'swmmuawwaLf-mu

as o A s =l - H'J 1 - lIJ
dwiuueunsesdlrendsnigimundounenndinduiaiouds awnsadsenndiaduly
vaassfuvunsuiaumes Aldvibidudyamesgldias uidimiudlderustaludy 1sad

° a o w o v oA i 2 o )
arunsninenndedumil v massldmiiowdy  Android  Device  UULASBINIIUY

poufmes vl tudyamesl

© M Lnbeg U8 Fristen

= ; s ' = o ﬁ g
JUN 2.2 fogne ADV Nigninasdlduunauitines

2.2 ugys (Bluebooth)

Wumaluladvesduimesiva (Interface) Mmenduing Fonsvhaudililalasin
9 9 1. X 9 wy. Fnhouduiidenlidyginivgnneserduiasiisnign) 14l
msWenlssdoansliasluunuaini 2.456Hz vligunsaidiaanseindiiteindoudnels

“a 1 A v 1 ar 1 1 5
annsonnseenlssdeasuuulianesewiniulusiesvesvinedue 16

2.2.1 MINUYBIVGYS

Wumelulagmsidenlemienisomsuuulmifignanduubumelula
fum?mtmas’twawNﬂSu%wqﬁﬂaagjwﬁu‘qmmaamsﬁamswaz’lné’ﬁuaamﬁamu'&aaﬁ’zymm
pll 24 GHz lavfignianunduieastodiavesnislémeindaluniadenlsdass

- = a 1 A oa
ArEIluntadeulesgeanil 1 mbp szuzaseunau 10 wnswaluladnisdsnauinguos



i a J 1 nl; & o
ugysagldnisnselanudsunnud (Frequency Hop) wsednmaluladilivmnenagldiv
] d a ddo [T | l'w 1 1 = "
msderduIngniimdsdeiuagsngniaeziuesnituvaiedesmuduunanlusswing
aa P ' Adtln ' 0§ v - al o o v vt
ninswaguresrudnliviusuviivianunsandnuiidygrusuniuidmunsnuwealads

d Var o 1 1
gunsnineglasunisseniuindumaluladugysdessiunismageusin Bluetooth SIG

. ' a4 A v o W < © ! s €
(Special Interest Group) \denauieduduinsiuaunsanizyinnusuiugunsaiugyssa

o a ¢ & Wy
Ju9 uazdumesiinle

= = o
Uit 2.3 gunsaitaansaldfiuugyslalunisdeansuuuldans

2.2.2 maeulosvasugys
- ' A E ~ [}

Bluetooth L@ausisluguuuy Oriented Service #3awil 2 dasnsdeanslu

o G‘ =l 1 d al 1 A 1
fuasiiiundt Master uaz Slave lnsgunsalfifiaausiliu Master suludadinisifouse
a | Y ' = e w o v 1] o ' = ¢
nMsdeans diudgniienie Slave avillumnignAumidiueuss taglunigunsal

L o A s Lo v I'j

Bluetooth anansaaduaniug vnuthiaduiule  (Uuldvis master uag slave Tuiaan

. = 1 s <
\enfiu (3andn Scatternet)  dunalaginaniiuuu notebook w1l slave was 1309

v oW e | a ¢

PC usilunaidentiu i notebook auithi Master Wonsiedn 2 gunsaillurinseuduas)

a o v & P | o
lngunfiuea Bluetooth I awsai¥eusiegunsaild 7 ¢
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Scallemel
Piconel

Master 4
&
Piconet E

Master / Slave Slave Slal Slave

e Rid

P\
Slave /

- %

.,

= =
JUT 2.4 asirenlesvesugys

2.3 7119171 (Java)
ndunwilvsunsuifeutuleefinideds  Green  wasuid¥vm  Sun
. 4 [y d a W o
Microsystems @il inguszasiitenauiniwildlusunsumsessuuilatuayunisyinay

YDILABEIZUUIILDY

& o
2.3.1 wugwlunisisulusunsunim Java
m‘sn%ﬂuwsunsm%ﬁmq (Object Oriented Programming: OOP) 1fu
] 1 ' A - 1 o I I s ld‘l
nsudsveuinvesnuesniliudiugesq Midudasvretulasuesdausineg Wuingilivu

sanuusdinIsyiausIuny

2.3.1.1 aa1d (Class)
= 4 L7 44 ar 5 4
AD NITUSLNIAATINTINVDINANIRONHANMNANYMY (Attribute)

A A 3
a dw e

a = 4 = L. 1 3
willoufu Inginssunmiiouniu lunisusznianaia dedesyiinisusema Usenausieg

Teya (Data) uae WoAnTIu (Behavior) W3an13nsgyi (Operation) dwiupaneaiiy

2.3.1.2 aq (Object)
) s d & [y =l [ a = = as
As dwndumiunuvasnand u@manumswmuaﬂmmﬁmﬂumm

wazaunsouanIngAnsule
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a

AT 2.2 AUUANANNTENINAATARUTRg

o Anasu e bligt
Class Wufinrii@eav3edunuy | Class Student {
lunsimungaand®uas | sying idname;
msvhenliieluly
double gpa;
void show() {
System.out.printin(“ID : ”+id);
System.out.println(“Name : ”+name);
System.out.println(“GPA : ”+gpa);
}
}
%o AT95UIY A99874
Object 20ULINMLANINNAANE | Student s1 = new Student();

Usenoun iy Auaudiuas

o d o
ATTNIUMUNAIFNVUA

Student s2 = new Student();

2.4 (usdnu3avuioniia (Toggle Button)

LY W & - o W =4 - ] = = U
anvnzvasluvianiia - As Wuluiialiounlinuaniug Ianwuginealuauy

oo A o A W A =
Aaen (Optional Button) wavyuAds (Command Button) Wiaiin1sna (Down) Yuiiazdl

q. d 1 =i g 5 A ko H o ol 3 1
mMsuansanuguils uazilenaduiign (Up) luBnasmilsiagnduganimia dadulusien

9

Wadamnziuntsuansaauy 1wy Yunansaauzuesy Num Lock, Caps Lock, Scroll

Lock
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2.4.1 dndedwiuadreduiteniia 1dud
1) GtkWidget * gtk toggle button new (void);
2) GtkWidget * gtk toggle button_new with label (gchar *
label);

2.4.2 MsfaudasmsGennduiiteldfuluiionia

Tunsindudgraiy dowmseasuanusdeijuioniiagnansls
vieagluanmuni lnsshagrmssauasmsdennduiteldfuluiieniia fie

void tgl_btn_callback (GtkWidget * widget, gpointer data)

if (GTK_TOGGLE_BUTTON(widget) -> active)
{
/% fiavuadndasing q Aisesduiuaniug DOWN e togele */
}else {
/* favuaddasessufiuaauy UP ¥/

2.4.3 mMsnvungaIug (State) ﬂaqﬂuﬁamﬁa

ﬁ'\ﬁ"@'luﬂ'1‘5ﬁ'mumamuwm\'mﬁanLﬁa Ao

void gtk_toggle button set state (GtkToggleButton *toggle button,
gint state);

Farnwes gint state szduAn TRUE w30 FALSE dwdu TRUE udneinlvt
Yufieniiiaidiu DOWN wazfindieanislirnidu FALSE asdumstmuslijuiieniaiy
UP uenaniiaiidmdsdunuisindaitarimawdsuanuzveniuiteniialinseiudhaiu
Tuiti] Lo

void gtk_toggle button_toggled (GTKToggleButton * toggle button);
Felunaswdsuanmueiu sndunsdsdygaiided “Clicked”lWiluvionita



15

2.5 nsUiuaunivesdygyInwad (Pulse Width Modulation: PWM)

- - dda L] a4 o a = .

ABMINANATUAIUDNINTAsAIANAA TasTunsiln dygraiianing High

- - < v 4 o a
waznsla dygraiian1iaiu Low Wennuninuesgunduiiu High uas Low dany

a

! L% = 3 (3 1 - ar = i 1
nsniulasAntiuedidud 0-100 % Auadsvensiiueninalloiunsnsesiiazilen

o o

v < § & (3 ) LY 4:4 (-1 o - L4 e‘ -] v
UNUBLUUUBTIGUALMLBUNY B98N WUEUDINISYINUILIUUNITYINURUUEIND P9l

€0 w al

nszuafiivariugunsalBidnvseindidedinisgauiendinuluguuuremdenuanudou
fovas udnsgydedainmsaindiiiunnntuy - msviildneninnveuseiuiidinig
nsuifeuunvieestusgfunisiudsundasainiud Tasdauann Pulse  Width
Modulation ag¥iruiteudiaind 10KHz  Tuly (ieitnudiyanwdlailédu 20 KiHz)
a;um'niﬁLﬁﬂﬂiaﬁnﬁﬁﬁaﬁﬁqshuwé’wuqq‘] wdpsannInsesTudyg nBuwniivduns

Unwialinadndla uazdeseanuuuismsaindnanmsgdelilsunniign

=
2.5.1 gnaauwsanad (Pulse)
Wuusingnisaimiaainseauresdygralwihivasuiasansedunil
al a = o o ' PV ) ) '

lgdnszduniianiinrmuansisiuseninaussiumaniuusugegnegnsngd enaiian
' t.# ] 1 - - s ar 4'! s =t
neilowiolifla wialu 2 wlla Ae dygrateduin wasdygrauiadau Savadasil
) 4 I3 y
anwzgURdugmIen (High-Low)

n1sUsuaNIeadlnenisinotassdggraundivuiisuiuias

as a1 Saa < w e o (Y] 1 o & P

aesdygraundntifedyyrmuanmasuiudygrandoimsusuaunitaeitad e

- = @ v w al o v ¢ a a A
wWisuiisudyaalnihnszuanseiudygraaumasn dygruvadaziinnuaa
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b5 e tey
L. = A
147 Zinc e et '::L
i & ; =
VRLSSURE : ’.-\RTH‘uIROLN:a i L 200w
1 1 I
1 1 (N )
(£ % 1‘”0 I l
L] 350 L T

£ —
ATV e
ZiaLE .
"'“-"""" : TARTE GROLNY . &
: y ' SO0 e
l 1} 1
U

UU.
Y ozall _—
PRE S U
- SN 0
g:W 3
TAT CURRENT QYA Y N ¢,
[ J— Sh—

&
A4
LES LR oy ap— 2
PREISURCD : ! f\ 'h (Pf.!ﬂ? I:;W..-.'
1]
|

C
IAT CURKENT Lo
PREISURC $ |

A-SENSOR'S CUTEUT vOLTAGE
H=MOVF WLY» PUKM
C=PAN 3UTRLT

= v = =
3UN 2.5 wWisumeudganalwihnszuansaiudygimnanimae

1 4 1o a‘ -J ]
winlildd@yginlniinssuanse uiihdgygralniiudsuulaseg
panAANLNY mumu‘lmwm'mmmmwaamvLﬂauuuﬂaqmulﬂme:

T T X T T L B L T AL B | N S | g T L

source signals

>

PWM signal

i n L X TR 1 LY O S S 1 Ol I Nl | W S | n n &

Time
a = = Y i da o 4
U 2.6 Wisuiilsumuniveswadnlineiifudygaliihindsuwamasnian
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2.5.2 2993FBuiisusygy1as (Comparator)
) = =t = [%) LY} < a 1 v o 1% [y
WusesilTsuiigussduusedusundandunmassan uaavinliusediu
Advialewinmidu 1 wie 0 lestutumusesiuduwniisass wisenananaléin 1993
s =l aa o - 4
wWisuWeudygu As 2suwlasdygraeudenluddauuy 1 0 dnwsdseudisy
a d voow . .
dyaansiuniasiiadresdygin Pulse Width Modulation
- ¢ a o v o o P [
Mseonuuunsiaglilediued 7485 Mvimihiieuidisudeyavuin 4
= = =l & ar - 4 @ =l - = A o
Un maSsuifisuduiteidunsaniniiddydnasdnnilsdaililaeldhems roumisnes
G‘ a = « 4 o :
FataqUuanluledussian MSIIC fio TTL we¥ 7485 Fufuneuwisimesuuin 4 Jn d
a =l <l o = a4 o b
Tidwmiumsiisuiieuian 2 S1uau fie A ua B Sefmuseenunifiu 3 guuuufe A < B, A
>Buaz A=B
< - ° o A-L = P v ° o g v
ITsEUEUIzYImuTlunsiSsuiiguteyalavgiu 2 9uau ey

= 1 1

v ° - v ! | ° =
wswawagammuwuwm 1NN UBenNIn M%E]LVI'\ﬂUaﬂQWU'}U"VTNQ Iﬂﬂﬁ'ﬂl"ﬁﬂ

=t =

wWivueualeinaus 1 On favianeq dala

A

B

= - -
JUN 2.7 aasieuifisuiasguaasuunn 1 On

QY|
bo—2y

= o = = -
EUV] 2.8 ‘VlﬁaEN’N’-ﬁﬂ’ﬁWN’m‘U’e]x‘]’Nil‘SL‘di&lUmE!ULa‘ilg’luam'llU’m 1 um

{—-

e

2.5.2.1 Operating Amplifier (Op-Amp)
X . i Ao o

Wursasvensuvuniense (Direct coupled amplifier) 75i8n3

msvenegannlimsteundusuvaulymuaudnvazmsiheu mldkanisihnurenas
14w a ¢ ¢ v a0 W -
luguiumsfiwesneluvessauuaud vsnelulsenaumensasseeiinesynsuiu fe
a v a a P P )

1TVEwAIMBLITUTBaR UMDY 199sveneAninelsudsan afidas 199 deusEiuLaY

o w W [ L7 U a
W5 eidsumeeen dydnvalildunussyuendasiduguanuvas ledoauuond
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Wulediunnsraluandiilesledig lAeledeouusudiividunm 2 1 Sundrvuds
Lindfuwa (Non-Inverting Input) w38 91 + wazsudnduiwa (nverting Input) wieuan
mesuseniiiiiar e Wedygadoudhulindumadyyrameiusenasiinanss
fumsduid undrteudygradhividinduma dyaraumisosnasiinasialy 180

2977 INAQYYIUNIAIULE

Inverting Inverung
mput ; mput M
o o * /
Non- Investing Non- Investing L~
input nput
< @ s a
JUN 2.9 daydnuaioayuend
2.6 3188 (Relay)

a4 fa o a ¢d o v o o a o w o v Y
A gunInidiannsetindivinnimiluaindindnnisviiauadeiuenadn
witnanlih (Solenoid) Siadldnismunuasasivihldodramainvarsuasdudiugunsal
' A P A‘A L7 ) ] ] b
wiwén (Magnetics Device) Nilsuldodrsunsvarelnalifinisuslvanminssadnannune

Saduusesnmudneaiemsidanulau 2 Yssian

2.6.1 51081a (Power Relay)
Tdlunsmunulwiaiids Sewelugndndadsssun duudenin aeuuiia-

wwmes (Contactor)

<l €0 w
U7 2.10 Siadmas



17

2.6.2 SladAuAy (Control Relay)
e w ° o Ao o ' 0
flouradinndn ddaluien 1lureesauuinluasiddalniilaiunn
= ¢ o4 1
wiaiansmuALsiadusansulirmesTeivg

2.6.3 gusutauazlnsaiievesiind
melulassainesiiad axuszneuluseunain (Coil) 1 gn wazymihdura
(Contactor) #sluntinduita 1 4n azUsenaulude

c

e—0ONO
" NC

Ui 2.12 Tassadravhaluvessiad

] | d =l -]
1) 21 C (Common) lWunsiasening NO uag NC Wisfinisvinanu
al ¢ &l al v ooy Iy} | &
893188 laeNaziusunasainisiganulvaruaiiaue
2) 41 NO (Normally Opened) wihdudauwuuunfiile lngun
& a, ') o A o ' a 2t ¢
iasUaely wazagynaudiadinnstieussiulniqlvsad
3) 91 NC (Normally Closed) wihd@uiauuuunitla lngunfiunii
aesafum C Tunsdinlideuseulwiwidudaues C way NC avsaiaiy

2.6.4 MIUYaITad
™ | ' 1Y)
Swdlaemlusgihanufsadeiinszualuirlvamiuveana faszvilivaain
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Weauuuimanlufeiumiinduda ¢ fsasunzminduda NO  vlvinszualracinu
nindudalula Tuanmeunfivn C agsiadu NC usluannizdngniihen C sgsafiu NO

v NO - NG

NC NC

SU# 2.13 Fadluanmguni JUi 2.14 Swdluanmnzdrglnih

2.7 919814 (Arduino)
s ql @
\Wuveialulasroulvsiaasnszga AVR iinmswauiuuy Open Source Aafints

¥ (3 &

Wainedeyaiadusniauasuazsarinag fuesagnesnuuuinlildauliie dufuis
wnzdmiudiiusu iiflinudunsadauanitudy Faureseaamvesanie
Wsunsusialadneay

At vesveinegelulumiegunIniaiusineg Aedldauamnsonesees
idnvsedadainmevenudadeusiatuniivduwmvesuesa wisleauasainaunsa
\@ensariuueiaaiu (Shield) UsviAneneq 1du XBee  Shield, Music  Shield, Relay
Shield, Wireless Shield, GPRS Shield Wusiu sidsuivvesavuvesnegdlu uduivu

Wsunsusimunsale

LI
Ll

:

b
a
s
~ ]
o

Siwma -

EYER TS “areay

]
L

e

L ™

gﬂﬁ 2.15 Uasm Arduino siafu LED
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3.1 n1599nNUUY

W [ =4 = - o [ - @
waan1sirauluaiwsiude WWeulvsunsuievndunenndinduuy
a wa < o o - A o Y a wua W i
ssuuUjlinsuaunsesdfiansavinuuulnsdwiilefofsessussuuuinnisdanani

L] A 1 s -l e 4 - e 1 s 1 4
wwdensaiuugyslaeiilugavesugns famrsalfiRnssamiuueunsessls wn

g
L

s o - 1 o g
dsmsuululasreulnsamesionmuauaindvosgunsallniiwiregildsmuatu

Insfnndens |
S T3 \NE /R Application

(Device)

A

Module

% % wouldsunsy Android

[~
. 1 Source C
aUnsnina AN Uu Sou ode

(Hardware)

< v |
U7 3.1 vlenlnesunsuveanisaaugugunsallwihuiuriuugys

)
3.2 YUABUNISEDNUUY
TAseutiasuuisniseanuuuliu 2 du A 33nsaseenuuudmvsy

llasraulnsiansuarisnsnisesnuuudmiunennaindy
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3.2.1 Fsmsniseeanuuudmivlulasaaulnsiaas
1) Anvneesifedes 1iun 1asnunugunsallniiiaeiiad
WAINTI9IVQUNAA (Sensor) wag9sUTUAIIUATIVRIFY Y 1UWad (Pulse  Width
Modulation: PWM)
2) eenuUVINTETUSUATY Proteus A ntuTathgunsaiin
Usgnauluasasdidnnseiinadaslulusinuesa (Protoboard) wasuriuvesaiidd (TCB
board) Tunewds

3) NAABUITNNLA U seuuln Wudu

3.2.2 ImMImseanuuudmivuennaady
1) Anwesnuuugusndnunswasminnuvswenndindy
2) eulusunsuiu Source Code dwiuuennainduiiiadstoya
Tngbilugaugyadiusinardlumsivdsdygussrinnsdwitliofonasilasreulnsiaes
3) naaeumsiudeteyassvinuenndindunarlulasaeulnsiaos

3.3 2995iti4lun1seanuuy

L2 L4 ot :d vl U
rmdnilddmivnsesnuuulilasaeuinsiaediinmun 3 2995 16un 2993
muaugunsallwideiiad  299sns9dugamgil (Sensor) wagasasuumunitaves
dyeyrauiad (Pulse Width Modulation: PWM)

3.3.1 2993AUANgUNsallwRIdeIad

= 1 as

o v ¢ P as 1 o a4 o
iieflimsdamsaninsdwidefedsdygraluiiongdludusinaaiierh

y = Y ¢ o = a fa a
msdsnsluinasmugugunsallwiidediadniimhisouiaiiouluaindilnUalnin

4 - = () o =l n‘v - ey 1 4 ﬂi
Fadloongdlidedygaludannsiiadi fsannsaletagunsellwildnuidesnis
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i

3UN 3.2 1asauangunsallwiihdmesiad

3.3.2 19331 9293Ugaumndl
2asilidmsunsiouagnsindugumni Ieunsaiiifidedn LM 35 &4
qﬂﬂitﬁmﬂﬂﬁuqquﬁ‘mﬁ Analog Output Tagmaaly Analog-to-digital converter 81uA"
s fuanddeagldigungi anuuduglunisnsiatugamaiariueg iy
Analog-to-digital converter Afildasidudadu (Linean winsiilaglidudunss
witladin o1eeeiifuduldudndes lnsaumsiiramaneinaly fo
AwInlAnn o gaumnil 20 °C e (V) = 14.891(A19aumil (°C)) - 20.601 mV
L399 (V) = 14.891(20) - 20.601 mV
usaend (V) = 277.219 mv

WoongBluld 10 Tn axldidn 2' = 1,024 Step Size wagldusadiunaus 0 - 5v

arléiin 5/1024 = 0.00488 V
0.00488 V = 1 Step Size
277.219 mV = 56.807 Step Size

20 L

Il

falu  56.807 Step Size
1 Step Size = 0.35°C
wzaiy swldaunsiunuagumglivesegdlu fs

temp = analogRead(tempPin) * 0.35
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14-20V
20UT
3GND 1 2

U7l 3.3 Audnuazes LM 35
Tunssio LM 35 aﬁwa%mmaﬁﬁﬁu aelendil (PIN1) #easfiu 5v
Oulpul, 12 (PIN2) fiaasfiu Analog Input A0-A7 Tufitiasidenidu A0, v17i3 (PIN3) da

iy Ground vesuesnegBl

www.arduino.cc

A m POWER ANALOG IN .
SV GadVin D3 2 3 4 5

3.3.3 2995vsnlaeTddygrunisufuanunirvesdyynwad

Tulassaul] [Wdanaues Pulse Width Modulation UIAVANAIINNTI
yoswaduaznisnili lnedgygindarusoadreiuldlagldreasasneasin
lulrsreulnsiaed fvdnmeieiuwensasde Wedyeyia Pulse Width Modulation
daundl R, aN35 agiwthiiuda Isolate Tumslusansiu@awmed (Transistor Bias) 7
aganelu Opto Mdusledufianils Feivasa LD agihdlu vhuiduwanie
Udauusasuiiie iy ntuisluvinslusadiueaia (MOSFET Bias) Snivilsdeey
vhmhiteuruussiuissadlultunasnluiuies viniinszua (Pulse) Tuasnain

Pulse Width Modulation g 2g¥inly Opto  Hn1sasLaItoERLIYAIININ
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Husenutios Taagylilwadnas wivniinseud (Pulse) Tvaunanni93s Pulse Width
Modulation 110 ¥l Opto dnsiUasiasnntu deazyininlnainunuunuLs iy

1 v
datunlungas

R4 R5 Dé

1N4007

4x
1N5408

o

C2
PyiM 230 .
. 1 220n
— 275V

X2

230V

™

]
LAMP
x
o~ T 0

ola e o3

R2 TNBOC

?;‘Uﬁ 3.5 2995vislnlaeldnaila Pulse Width Modulation

3.3.4 2995032dUanuENsUaUnvasaunsallwi

TumsanagevaniuznailalagosgunsallnihilingUszasdifiedanismsiu
anzlaguuiiuaiesgunsallniiigndsnisanniseseueuiiegluanusla Taenns
gonuuvazldudnnisnmatunszuaiivaniugunsafiniindug a1nduszdedives
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1. BT Communicator

package com.control.bluetoothcontrol;

import java.io.BufferedOutputStream;
import java.io.BufferedReader;
import java.io.IOException;

import java.io.InputStreamReader;
import java.util.UUID;

import android.bluetooth.BluetoothDevice;
import android.bluetooth.BluetoothSocket;
import android.os.AsyncTask;

import android.os.Handler;

import android.os.Looper;

public class BTcommunicator ({

// UUID for this application
private static final UUID MY UUID =

UUID. fromString ("00001101-0000-1000-8000-00805F9B34FB") ;

private MainActivity main;
private InService inTask;

private BluetoothSocket Socket = null;
private BluetoothDevice Device;

boolean TASK STATE = true;
booclean conn = true;

public BTcommunicator (MainActivity mainAct) {
main = mainAct;
}
public void runTask(BluetoothDevice device) {
Device = device;
Connect () ;
TASK STATE = true;

inTask = new InService():;
inTask.execute () ;
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/****x*xx**** Read data from the bluetooth device
**********/

public class InService extends AsyncTask<Void, Void,
Void> {

@Override
protected void onPreExecute() ({}
@Override
protected Void doInBackground(Void... params) {
while (TASK STATE) {
try {

BufferedReader in = new
BufferedReader (new
InputStreamReader (Socket.getInputStream()));

final String incomingMsg =
in.readLine () ;

Handler refresh = new
Handler (Looper.getMainLooper());
refresh.post (new Runnable() {
public void run() {

main.updateDataFromBT (incomingMsg) ;
}
1)

} catch (Exception e) {
// TODO Auto-generated catch block
e.printStackTrace() ;

}
}

return null;

}

proleclLed void onPostExecute() {}

}

/***x*x*xxxx** Send data to the bluetooth device
**********/

public void sendMsg(final String msg) {

Runnable runSend = new Runnable () {
public void run() {
try {

BufferedOutputStream out = new
BufferedOutputStream(Socket.getOutputStream());



byte[] msgBuffer = msg.getBytes();

out.write (msgBuffer);
out.flush():;

conn = true;

} catch (Exception e) {
// TODO Auto-generated catch block
conn = false;

}
}i
new Thread (runSend) .start():

}

// Connect
public void Connect () {
try {
// Create a Socket connection: need the
server's UUID number of registered
Saaket 5=
Device.createRfcommSocketToServiceRecord (MY UUID) ;
Socket.connect () ;
conn = true;
} catich? (IOERCepiignLedsn{

conn = false;
if (Socket != null) {
tEYd
Socket.close();
return ;

} catch (IOException e€2) {}

}

// Checking the bluetooth socket
public BluetoothSocket statusSocket () {
return Socket;

}

// Get state connection
public boolean getConnected() {
return conn;

}

// Stop Tasking
public void killTask() {
conn = false;
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TASK STATE = false;
inTask.cancel (true);

2. DiscoveryActivity

package com.control.bluetoothcontrol;

import java.util.ArraylList;
import java.util.List;

import android.os.Bundle;

import android.os.Handler;

import android.app.ListActivity;

import android.util.Log;

import android.view.View;

import android.widget.ArrayAdapter;

import android.widget.ListView;

import android.widget.Toast;

import android.bluetooth.BluetoothAdapter;
import android.bluetooth.BluetoothDevice;
import android.content.BroadcastReceiver;
import android.content.Context;

import android.content.DialogInterface;
import android.content.Intent;

import android.content.IntentFilter;
import android.content.DialogInterface.OnDismissListener;

public class DiscoveryActivity extends ListActivity ({

private static final String TAGAPP = "Bluetooth
Control";

private Handler handler = new Handler();

/* Get Default Adapter */

private BluetoothAdapter bluetooth =
BluetoothAdapter.getDefaultAdapter();

/* Storage the bluetooth devices */

private List<BluetoothDevice> devices = new
ArrayList<BluetoothDevice> () ;

/* Discovery is Finished */

private volatile boolean _discoveryFinished;

@verride
protected void onCreate (Bundle savedInstanceState) ({
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super.onCreate (savedInstanceState) ;
setContentView(R.layout.discovery layout);

/* BT isEnable */

if (! bluetooth.isEnabled()) {
Log.w (TAGAPP, ">>Bluetocoth is disable!");
tindsh ()3
return;

}

/* Register Receiver*/

IntentFilter discoveryFilter = new
IntentFilter(BluetoothAdapter.ACTION_DISCOVERY_FINISHED);
registerReceiver( discoveryReceiver,

discoveryFilter) ;
IntentFilter foundFilter = new

IntentFilter (BluetoothDevice.ACTION_FOUND) ;
registerReceiver ( foundReceiver, foundFilter) ;

/* show a dialog "Scanning...'" */

SamplesUtils.indeterminate (DiscoveryActivity.this,
_handleg J "Bevuce Scanning...", _discoveryWorkder, new
OnDismissListener () {

public void onDismiss(Dialoglnterface dialog)
{
for (; _bluetooth.isDiscovering();) {
_bluetooth.cancelDiscovery();
}

_discoveryFinished = true;

}

}, true);

}

private Runnable discoveryWorkder = new Runnable() {
public void run{() {

/* Start search device */
_bluetooth.startDiscovery();
Log.d (TAGAPP, ">>Starting Discovery");
for Sag =l
if (~discoveryFinished) {
Log.d (TAGAPP, ">>Finished");
break;
}
try {
Thread.sleep(100);
} catch (InterruptedException e) {}
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/**
* Receilver
* When the discovery finished be called.
*/
private BroadcastReceiver foundReceiver = new
BroadcastReceiver () {
public void onReceive (Context context, Intent
intent) {
/* get the search results */
BluetoothDevice device =
intent.getParcelableExtra (BluetoothDevice.EXTRA DEVICE) ;
/* add to list */
_devices.add (device);
/* show the devices list */
showDevices () ;
}
}i
private BroadcastReceiver _discoveryReceiver = new
BroadcastReceiver () {
@Override
public void onReceive (Context context, Intent
intent) {
/* unRegister Receiver */
Log.d (TAGAPP, ">>unregisterReceiver");
unregisterReceiver(_foundReceiver);
unregisterReceiver (this);
—discoveryFinished. = \trues

i

/* Show devices list */

protected void showDevices () {
List<String> list = new ArrayList<String>();
forAint-d S \0g gize = “devices. gize (JOV i< size;
++1) {

StringBuilder b = new StringBuilder():;
BluetoothDevice d = devices.get (i)
b.append(d.getAddress ());
b.append('\n'");
b.append(d.getName () ) ;
String s = b.toString();
list.add(s);

}

Log.d (TAGAPP, ">>showDevices");

final ArrayAdapter<String> adapter = new
ArrayAdapter<String>(this,
android.R.layout.simple list item 1, list);



_handler.post (new Runnable() {
public void run() {
setListAdapter (adapter);
}
1)

/* Prompted to select a server to connect */
Toast.makeText (this, "Please select device to
connect", Toast.LENGTH_SHORT) .show();
}

/* Select device */
protected void onListItemClick(ListView 1, View v, int
position, long id) {
Log.d (TAGAPP, ">>Click device");
Intent result = new Intent():;
result.putExtra(BluetoothDevice.EXTRA DEVICE,
_devices.get/poOsition))s
setResult (RESULT OK, result) ;
finish():

3. LoginActivity

package com.control.bluetoothcontrol;

import android.os.Bundle;
import android.view.View;
import android.widget.EditText;
import android.widget.Toast;
import android.app.Activity;
import android.content.Intent;

public class LoginActivity extends Activity {

public static final String USER = "admin";
public static final String PASSWORD = "admin";

private String strUser, strPass;
private EditText etxtUser, etxtPass;

@Override

protected void onCreate (Bundle savedInstanceState) ({
super.onCreate (savedInstanceState);
setContentView (R.layout.login layout):
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findvViewById (R.id.editUser);

etxtUser = (EditText)
findViewById(R.id.editPass);

etxtPass (EditText)

}

/* Login to Control page */
public void LoginButtonClicked(View view)

{
strUser = etxtUser.getText().toString();
strPass etxtPass.getText () .toString();

Il

if({ (strUser == null || strUser.equals("")) ||

(strPass == null || strPass.equals(""))) {
Toast.makeText (this,"You did not enter User

Name/Password", Toast.LENGTH SHORT) .show():;

lelse{
if (strUser.equals (USER)) {

if (strPass.equals (PASSWORD)) {
Intent connect = new Intent (this,

MainActivity.class);
startActivity(connect);

telse(
Toast.makeText (this, "User

Name/Password invalid", Toast.LENGTH_ SHORT) .show();
}

}else{
Toast.makeText (this, "User Name/Password

invalid", Toast.LENGTH SHORT) .show ()
}
}
}

@Override
public void onDestroy() {

super.onDestroy () ;
return: ;

}

4. MainActivity

package com.control.bluetoothcontrol;

import Jjava.io.IOException;



import android
import android
import android
android
android
android
import android
import android.
import android.
import android.
import android.
import android.
import android.
import android.
import android.

import
import
IMpoOLt

public class MainActivity extends Activity {

.widget.
.widget.
.widget
widget.
widget.
app.Activity;
bluetooth.BluetoothAdapter;
bluetooth.BluetoothDevice;

bluetcoth.BluetoothSocket;

content.Intent;
widget.SeekBar.OnSeekBarChangeListener;

.0s.Bundle;
.view.View;
.view.WindowManager;
.view.View.OnClickListener;
ImageView;
SeekBar;
.TextView;
Toast;
ToggleButton;

/* Get Default Adapter */

private BluetoothAdapter bluetooth
BluetoothAdapter.getDefaultAdapter ()

private BTcommunicator communicator

private BluetoothSocket mSocket

/* regquest BT enable */

private static final int REQUEST DISCOVERABLE
private static final int REQUEST DISCOVERY

private String strOutput="0";
private ToggleButton toggleOutO, toggleQutl, togglelOutz,

toggleOut3, toggleOut4, toggleOuts;
private ImageView imvOutO,
private SeekBar barOutO;
private int barValueOut0=0;
private String outOOn = "K";
private String outlOn = "L";
private String outZOn = "M";
private String out30n = "N";
private String out4On = "O";
private String outb50n = "P";
private String outOQCff = "k";
private String outlOff = "1";
private String out20ff = "m";
private String out30ff = "n";
private String outd4Off = "o";
private String out50ff = "p";

imvOutl,

imvOut?2;

2

1;
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private boolean OUTO_ON = false;

private TextView txtTemp;

@Override

protected void onCreate (Bundle savedInstanceState) {

super.onCreate (savedInstanceState) ;

getWindow () .setFlags (WindowManager.LayoutParams.FLAG_FUL
LSCREEN,

WindowManager.LayoutParams.FLAG_FULLSCREEN) ;
setContentView(R.layout.main_layout);

startService();

/* Enable BT */
EnableBT () ;

toggleOut0 = (ToggleButton)
findvViewById(R.id.toggleOutd);

toggleOut0.setOnClickListener (toggleButtonOListener);

toggleOutl = (ToggleButton)
findviewById(R.id.toggleOutl)

toggleOutl.setOnClickListener (toggleButtonlListener);

toggleOut2 = (ToggleButton)
findvViewById(R.1id.toggleOut?2) ;

toggleOut2.setOnClickListener (toggleButton2Listener);

toggleOut3 = (ToggleButton)
findvViewById(R.id.toggleOut3);

toggleOut3.setOnClickListener (toggleButton3Listener);

toggleOut4 = (ToggleButton)
findviewById (R.id.toggleOutd);

toggleOutd.setOnClickListener (toggleButtondListener);

toggleQut5 = (ToggleButton)
findvViewById(R.1id.toggleOut5);

toggleOut5.setOnClickListener (toggleButtonSListener);
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imvOout0 = (ImageView) findViewById(R.id.imvOutQ);
imvoutl = (ImageView) findViewById(R.id.imvOutl);
imvOut2 = (ImageView) findViewById(R.id.imvOut2):;
txtTemp = (TextView) findViewById(R.id.txtTemp) ;

initSeekBar():;

}

FLALTER AL TET L C AL LT E0d PP R E P8 E R L LT T L

LA T T A
public void updateDataFromBT (String data) {

String[] msgSplit = data.split(":"):

if (msgSplit{0].equals ("STE")) { // Temperature
header checking.
updateTEMP (msgSplit([1]);
}else if (msgSplit[0].equals("S$SST")) {// Output
state checking.
String[] msgState = msgSplit[l].split(","):

updateState (msgState[0],msgState[1l],msgState([2] ,msgState
[3],msgState[4]);
}
}

public void startService() {
communicator = new BTcommunicator (this);

}

public void updateTEMP (String data) {
String temp = "";
temp = data;
txtTemp.setText (temp) ;

i

LITITLEEELELT T T TPl 2 T L bt [/ (/L LLL LT

LITLELTY
public void updateState (String outl, String out2, String

out3, String outd4, String outd) {
if (outl.equals("0")) {
// The toggle is off
updateOutput (outlOff);
toggleOutl.setChecked (false);

imvOutl.setImageResource (R.drawable.lamp_ off);
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}else if (outl.equals("1")) {
// The toggle is on
updateOutput (outlOn) ;
toggleOutl.setChecked(true);
imvOutl.setImageResource (R.drawable.lamp on);

}

if (out2.equals("0")) {
// The toggle is off
updateQutput (out20£ff) ;
toggleOut2.setChecked (false);

imvOut2.setImageResource (R.drawable.lamp off);
}else if (out2.equals("1")) {
// The toggle is on
updateOutput (out20n) ;
toggleOut2.setChecked(true);
imvOut2.setImageResource (R.drawable.lamp on);

}

if (out3.equals("0")) {
// The toggle is off
updateOutput (out30ff) ;
toggleOut3.setChecked(false);
}else if (out3.equals("1")) {
// The toggle is on
updateOutput (out30n) ;
toggleOut3.setChecked (true);

}

if (outd.equals("0")) {
// The toggle is off
updateOutput (outdOff) ;
toggleOutd.setChecked(false);
}else 1if (outd.equals("1")) {
// The toggle is on
updateOutput (out40On) ;
toggleOut4d.setChecked (true) ;

}

if (outb.equals("0")) {
// The toggle is off
updateQutput (out50£f) ;
toggleOutb.setChecked(false);
}else if (outb.equals("1")) {
// The toggle is on
updateOutput (outb0On) ;
toggleQutb5.setChecked (true);
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}

/* Connect to bluetooth */
public void ConnectButtonClicked(View view)

{

/* Select device for list */
Intent connect = new Intent(this,
DiscoveryActivity.class);

startActivityForResult (connect,
REQUEST DISCOVERY) ;

}

/* Disconnect to bluetooth */
public void DisconnectButtonClicked(View view)

(
/* Disconnect with bluetooth */

mSocket = communicator.statusSocket ()

if (mSocket != null) {

try {
communicator.killTask () ;

mSocket.close () ;
finish();

} catch (IOException e) {
Toast.makeText (this, "Destroy to close socket

failed", Toast.LENGTH SHORT).show():;
}
1
}

/* after select,

@Override
protected void onActivityResult (int requestCode, int

connect to device */

resultCode, Intent data) {
super.onActivityResult (requestCode, resultCode,
data) ;
if (requestCode == REQUEST DISCOVERY) {
if (resultCode == RESULT OK) ({
W ¢

// Set up a pointer to the remote

node
final BluetoothDevice mDevice

data.getParcelableExtra (BluetoothDevice.EXTRA DEVICE) ;

// Connect to Bluetooth device
communicator.runTask (mDevice) ;

Thread.sleep(100) ;
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mSocket =
communicator.statusSocket () ;

if ( (mSocket != null) &&
(communicator.getConnected() == true) ) {

sendStart () ;
}

} catch (Exception e) {}
}
} else {
return;
}
}

private void initScckBar () |
barout0 = (SeekBar)
findViewById (R.1id.seekBarOutO) ;
barOut0.setOnSeekBarChangelistener (new
OnSeekBarChangelListener () {

@Override
public void onStopTrackingTouch (SeekBar arg0)

// TODO Auto-generated method stub

if(getOutOOn()) {
updateQutput (out00n) ;
sendPacketSeekBar () ;
}
}
@Override

public void onStartTrackingTouch (SeekBar
arg0) {
// TODO Auto-generated method stub

}

@Override
public void onProgressChanged (SeekBar arg0,
int argl, boolean arg2) {
// TODO Auto-generated method stub
barvValueOut0 = argl;

}

private OnClickListener toggleButtonOListener = new
OnClickListener () {



public void onClick(View view) {
if (toggleOut0.isChecked()) |
// The toggle is on
QUTO_ON = true;
updateOutput (out00n) ;

imvOutO.setImageResource (R.drawable.lamp_on);
} else {
// The toggle is off
OUTO_ON = false;
updateOutput (out00£ff) ;

imvOutO.setImageResource (R.drawable.lamp_off);

}

scendPacketScckBar () ;
b

private OnClickListener toggleButtonlListener
OnClickListener () {
public void onClick(View view) {
if (toggleOutl.isChecked()) {
// The toggle is on
updateOutput (outlOn) ;

imvOutl.setImageResource (R.drawable. lamp_on);
J-else- {
// The toggle is off
updateOutput (outlOff) ;

imvOutl.setImageResource (R.drawable.lamp off);

}
sendPacket () ;

}i

private OnClickListener toggleButton2Listener
OnClickListener () {
public void onClick(View view) {
if (toggleOut2.isChecked()) {
// The toggle is on
updateOutput (cut20n) ;

imvOut?2.setImageResource (R.drawable.lamp on);
} else {
// The toggle is off
updateQutput (out20£ff);

imvOut2.setImageResource (R.drawable.lamp off);

new

new
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}
sendPacket () ;

}

private OnClickListener toggleButton3Listener = new
OnClickListener () {
public void onClick(View view) {
if (toggleOut3.isChecked()) {
// The toggle is on

updateOutput (out30n) ;

} else {
// The toggle is off
updateOutput (out30ff) ;

}

sendPacket () ;

bi

private OnClickListener toggleButtond4listener = new
OnClickListener () {
public void onClick (View view) {
if (toggleOut4.isChecked()) {
// The toggle is on

updateOutput (out4On) ;

} else {
// The toggle is off
updateOutput (out4Off);

}

sendPacket () ;
}:

private OnClickListener toggleButton5Listener = new
OnClickListener () {
public void onClick(View view) {
if (toggleOut5.isChecked()) {
// The toggle is on

updateOutput (out50n) ;

} else {
// The toggle is off
updateOutput (outb0ff) ;

}

sendPacket () ;

&

/-k-k-k****************************************************
* % k%
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* GETTERS & SETTERS

o

private void updateOutput (String strout) {
strOutput = strOut;

}

private String getOutput() {
return strOutput;

}

private String getLevelOutO() {

if (getOut0On()) {
return Integer.toString(barValueOutO);
telse{

return "0";
1
t

private boolean getOutOOn () {
return OUTO _ON;
]

/* Send Seek Bar packet */
public void sendPacketSeekBar () {

if (communicator != null) {
if ( (mSocket != null) &&
(communicator.getConnected() == true) ) {
/*
* SBT,output, level PWM
. /A

communicator.sendMsg ("$SBT"+", "+getOutput () +", "+getLevelO
ut0 () +"{ R\ ;

} else {

Toast.makeText (this, "Device does not
connect to Bluetooth", Toast.LENGTH LONG) .show();
}

telse(

Toast.makeText (this, "Device does not create
service with bluetooth", Toast.LENGTH LONG) .show () ;
t

}

/* Send output packet */
public void sendPacket() {

if (communicator != null) {
if ( (mSocket != null) &&
(communicator.getConnected() == true) ) {
7k

* $BT,output
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ot

communicator.sendMsg ("$BT"+", "+getOutput () +"\r\n") ;
} else {
Toast.makeText (this, "Device does not
connect to Bluetooth", Toast.LENGTH LONG) .show();
}
lelse(
Toast.makeText (this, "Device does not create
service with bluetooth", Toast.LENGTH LONG) .show();
}

}

AR EAE s o7 g RN a0 e LR
ALl

/* Send start packet */

public void sendStart () {

if (communicator != null) ({
if ( (mSocket != null) &&
(communicator.getConnected () == true}) ) {
/*
* SSTART
A
communicator.sendMsg ("$START\r\n") ;
} else {

Toast.makeText (this, "Device does not
connect to Bluetooth", Toast.LENGTH LONG) .show();
1
}else{
Toast.makeText (this, "Device does not create
service with bluetooth", Toast.LENGTH LONG) .show() ;
}

}

private void EnableBT () {
// Check for Bluetooth support and then check to
make sure it is turned on
// Emulator doesn't support Bluetooth and will
return null
if ( bluetooth == null) {
Toast.makeText (this, "Device does not support
Bluetooth", Toast.LENGTH_LONG) .show() ;
finish{();
} else {
if (! bluetooth.isEnabled(}) {
//Prompt user to turn on Bluetooth
_bluetooth.enable () ;



//Prompt user to turn on Bluetooth
Intent enabler = new

Intent(BluetoothAdapter.ACTIONEREQUEST_DISCOVERABLE);

startActivityForResult (enabler,
REQUEST DISCOVERABLE) ;

}
}
}

@Override
public void onStop () {
super.onStop () ;

}

@Override
public void onDestroy () {
super.onDestroy () ;
/* Disconnect with bluetooth */
mSocket = communicator.statusSocket ()
if (mSocket != null) {
try |
mSocket.close () ;
} catch (IOException e) {
Toast.makeText (this, "Destroy to close socket
failed", Toast.LENGTH_SHORT) .show () ;
}
}

communicator.killTask();

/* Close bluetooth */

if ( _bluetooth.isEnabled()) {
_bluetooth.disable();
System.exit (0);
returyg %

}

System.exit (0);

}

Fip
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#define LED_ PINI1
#define LED PIN2
#define LED PIN3
#define LED PIN4

~ o U

#define LED PIN5S
fdefine LED_PINO

w @

float temp;

Il
[\
=

int pushButtonl
int pushButton2 = 9;

int pushButton3 — 10;
int pushButtond = 11;

int pushButtonb5 = 12;
int gy
int brightness;

int tempPin = 0;

boolean status unlock;
boolean status bluetooth;

int firstSensor = 0;
int secondSensor = 0;
int thirdSensor = 0;
int Byte = 0;

long interval = 1000;
long previousMillis = 0;
int minite, sec;

void setup()

{

Serial.begin(9600);

pinMode (pushButtonl, INPUT);
pinMode (pushButton2, INPUT);
pinMode (pushButton3, INPUT);
pinMode (pushButtond4, INPUT);
pinMode (pushButtonb5, INPUT);
pinMode (LED PIN1, OUTPUT) ;
pinMode (LED PIN2, OUTPUT) ;



pinMode (LED PIN3, OQUTPUT) ;
pinMode (LED PIN4, OUTPUT):;

pinMode (LED PIN5, OUTPUT) ;

pinMode (tempPin, INPUT) ;
pinMode (LED_PINO, OUTPUT) ;
status_bluetooth = true;
status_unlock = false;
sec = 0;
//temp = analogRead (tempPin) ;
}

void loop()

{
int buttonStatel = digitalRead(pushButtonl);

Serial.print (buttonStatel);
Serial.pgrint ("=

int buttonState2 = digitalRead (pushButton2);
Serial.print (buttonState?2);
Serifaloeprinte oecnc) &

int buttonState3 = digitalRead(pushButton3);
Serial.print (buttonState3);
Serilaldeprintt (FEHA"7

int buttonStated4 = digitalRead (pushButton4);
Serial.print (buttonStated);
SerialYpfint (==Y

int buttonStateb = digitalRead (pushButton5);
Serial.print (buttonStateb);
Serial .priffN"VY ;

// g = Serial.read();
temp = analogRead (tempPin)* 0.48828125;
delay(10);
// temp= temp * 0.48828125;
// Serial.println((byte)temp);
g = Serial.read();
switch(g )
{

case 'L':

digitalWrite (LED_PIN1, HIGH):



J/8erial .prit ("L')
break;

case 'l':
digitalWrite (LED PINI,
// Serial.print('l'):
break;

case 'M':
digitalWrite (LED_PIN2,
£/ Serial.prin€("M*');
break;

case 'm':
digitalWrite (LED PINZ,
//Serial.print('m');
break;

case 'N':
digitalWrite (LED PIN3,
//Serial.print('N');
break;

cageg 'mn':
digitalWrite (LED PIN3,
//Serial.print{'n");
break;

case) W02
digitalWrite (LED PIN4,
//Serial.print{('0");
break;

case 'oY;
digitalWrite (LED PIN4,
L Serial.print('o');
break;

case 'P':
digitalWrite(LED_PIN5,
//Serial.print ('P");
break;

case 'p':

LOW) ;

HIGH) ;

LOW) ;

HIGH) ;

LOW) ;

HIGH) ;

LOW) ;

HIGH) ;

7o



digitalWrite (LED PIN5, LOW);

[/8erial . .print ("p"').;
break;

case'(Q’':
analogWrite (LED PINO,
// Serial.print('0"');
break;

case'l':
analogWrite (LED_ PINO,

// Serial.print('1l');
break;

case'2':
analogWrite (LED PINO,

// Serial.print('2');
break;

case'3':
analogWrite (LED PINO,

// Serdal.print (13"
break;

case'4':
analogWrite (LED PINO,
// Berial spf lhef iyl
break;

case'5"':

analogWrite (LED_PINO,
// Serial.print('5');
break;

case'o6':

analogWrite (LED_PINO,
// Berial.puint (YBd ;
break;

case'7':
analogWrite (LED_ PINO,
//Serial.print ('7");
break;

case'8':
analogWrite (LED_ PINO,
// Serial.print('8"');
break;

10)

SINBYY I

65875 6

Ol . HA)

T S

59N

191.25);

223.12);

76



case'9':
analogWrite (LED PINO, 255);
// Serial.print('9');

break;

}

Serial.println{( (byte)temp):;

Fits
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LM35 Precision Centigrade Temperature Sensors

FEATURES

e Calibrated Directly in ° Celsius (Centigrade)
* Linear + 10 mV/°C Scale Factor

¢ 0.5°C Ensured Accuracy (at +25°C)

e Rated for Full =55°C to +150°C Range

« Suitable for Remote Applications

* Low Cost Due to Wafer-Level Trimming

* Operates from 4 to 30 V

¢ Less than 60-pA Current Drain

* Low Self-Heating, 0.08°C in Still Air

* Nonlinearity Only %°C Typical

¢ Low Impedance Output, 0.1 Q for 1 mA Load

+V5
(4Vto20V)

LM35

il

| OUTPUT
0 mV + 10.0 mV/°C.

Figure 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

DESCRIPTION

The LM35 series are precision integrated-circuit
temperature sensors, with an output voltage linearly
proportional to the Centigrade temperature. Thus the
LM35 has an advantage over linear temperature
sensors calibrated in ° Kelvin, as the user is not
required to subtract a large constant voltage from the
output to obtain convenient Centigrade scaling. The
LM35 does not require any external calibration or
trimming to provide typical accuracies of +%°C at
room temperature and +34°C over a full -55°C to
+150°C temperature range. Low cost is assured by
trimming and calibration at the wafer level. The low
output impedance, linear output, and precise inherent
calibration of the LM35 make interfacing to readout or
control circuitry especially easy. The device is used
with single power supplies, or with plus and minus
supplies. As the LM35 draws only 60 pA from the
supply, it has very low self-heating of less than 0.1°C
in still air. The LM35 is rated to operate over a =55°C
to +150°C temperature range, while the LM35C is
rated for a —-40°C to +110°C range (-10° with
improved accuracy). The LM35 series is available
packaged in hermetic TO transistor packages, while
the LM35C, LM35CA, and LM35D are also available
in the plastic TO-92 transistor package. The LM35D
is also available in an 8-lead surface-mount small-
outline package and a plastic TO-220 package.

+Vs

|
LM35 Vour
T S

_.VS

Choose Ry =-Vg /50 pA
Vour = 1500 mV at 150°C
Vour = 250 mV at 25°C

VOUT =-550 mV at -55°C

Figure 2. Full-Range Centigrade Temperature
Sensor

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2013, Texas Instruments Incorporated
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘h\ during storage or handling to prevent electrostatic damage to the MOS gates.

CONNECTION DIAGRAMS

METAL CAN PACKAGE SMALL-OUTLINE MOLDED PACKAGE
SOIC-8 (D)
TOP VIEW
Vour— 1 8 —+V
N.C.—4 2 7 —N.C.
Case is connected to negative pin (GND) N:C.—-3 6 —N.C.
GND—{ 4 5FN.C.
N.C. = No connection
PLASTIC PACKAGE PLASTIC PACKAGE
TO-92 (LP) T0-220 (NEB)
BOTTOM VIEW
/ +V5 VOUT GND \
Ll LiFtT
LM
35DT
+V U = Uy T
GND Y
Tab is connected to the negative pin
(GND).
NOTE: The LM35DT pinout is different than
the discontinued LM35DP
Submit Documentation Feedback Copyright @ 1999-2013, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS™M®
MIN MAX UNIT
Supply voltage -0.2 35 \'%
Output voltage -1 6 Y
Output current 10 mA
Electrostatic discharge (ESD) susceptibility ¢! 2500 v
Storage temperature TO Package -60 180
TO-92 Package -60 150 e
TO-220 Package —65 150
SOIC-8 Package -65 150
Lead temperature TO Package (soldering, 10 seconds) 300
TO-92 and TO-220 Package (soldering, 10 seconds) 260 oc
SOIC Package Infrared (15 seconds) 220
Vapor phase (80 seconds) 215
Specified operating temperature | LM35, LM35A =55 150
range: Ty to Thaax @ LM35C, LM35CA 40 110| °c
LM35D ' 0 100

(1) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(2) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not
apply when operating the device beyond its rated operating conditions. See Note 1.

(3) Human body model, 100 pF discharged through a 1.5-k(} resistor.

(4) Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-
92 package is 180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient.
Thermal resistance of the TO-220 package is 90°C/W junction to ambient. For additional thermal resistance information see table in the
APPLICATIONS section,

ELECTRICAL CHARACTERISTICS "

LM35A LM35CA —
PARAMETER TEST CONDITIONS TYP TESTED  DESIGN TYP TESTED DESIGN | (mAX,)
LiMiT® LiMmT® LMt LM
Ta=26°C +0.2 0.5 +0.2 +0.5
A >=10°C +0.3 +0.3 #1
Accuracy® - G
Ta = Thax +0.4 +1 +0.4 +1
Ta=Tun 0.4 +1 +0.4 +1.5
Nonlinearity © TRIN'S Ta S Taak 0.18 #0.35 10.15 $#0.3| °C
Sensor gain Tain S Ta S Tuax +10 +9.9, +10 +9.9, mvee
(average slope) ) +10.1 +10.1
Load regu|a[ion(7l TA =25°C +0.4 +1 0.4 1 mV/mA
0=l s1mA Trin S Ta S Tiuax 0.5 13 10.5 13
Ta=25°C +0.01 +0.05 +0.01 +0.05
Line regulation™ A mvIv
4VsSVgs30V $0.02 0.1 10.02 +0.1

(1) Unless otherwise noted, these specifications apply: =55°C s T, s 150°C for the LM35 and LM35A; —40°C < T, < 110°C for the LM35C
and LM35CA,; and 0°C s T, s 100°C for the LM35D. Vs = 5 Vdc and | oap = 50 pA, in the circuit of Figure 2. These specifications also
apply from +2°C to Tyax in the circuit of Figure 1. Specifications in boldface apply over the full rated temperature range.

(2) Specifications in boldface apply over the full rated temperature range.

(3) Tested Limits are ensured and 100% tested in praduction.

(4) Design Limits are ensured (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are
not used to calculate outgoing quality levels.

(5) Accuracy is defined as the error between the output voltage and 10 mv/°C times the case temperature of the device, at specified
conditions of voltage, current, and temperature (expressed in °C).

(6) Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the rated
temperature range of the device.

(7) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.

Copyright ® 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback
Product Folder Links: LM35
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ELECTRICAL CHARACTERISTICS"? (continued)
LM35A LM35CA UNITS
PARAMETER TEST CONDITIONS TYP TESTED  DESIGN TYP TESTED DESIGN | (MAX)
LimiT® LimiT# LmiT® LMt
V=5V, 25°C 56 67 56 67
Vg=5V 105 131 91 114
Quiescent current® 5 pA
Vs =30V, 25°C 56.2 68 56.2 68
Vg=30V 106.5 133 91.5 116
Change of quiescent 4V s VS <30V, 25°C 0.2 1 0.2 1 pA
current(” 4VSVgs30V 0.5 2 0.5 2
Temperature +0.39 +0.6 +0.39 +0.6
coefficient of pA/I°C
quiescent current
Minimum temperature | In circuit of Figure 1, I, = 0 +1.5 +2 +1.5 +2 oc
for rate accuracy
Long term stability Ty = Tpmax, for 1000 hours +0.08 +0.08 °C
(8) Quiescent current is defined in the circuit of Figure 1.
ELECTRICAL CHARACTERISTICS™"®@
LM35 LM35C, LM35D RifTs
PARAMETER TEST CONDITIONS TYP TESTED  DESIGN TYP TESTED DESIGN | (maX.)
LiMiT® LIMIT) LmiT® Lt
Ta=25°C +0.4 +1 +0.4 +1
Accuracg| LM35, TA =-10°C +0.5 +0.5 $1.5 c
LM35C®) Ta = Vs 0.8 15 £0.8 +15
Ta= Tuin +0.8 +1.5 +0.8 +2
Ta=25°C +0.6 +1.5
Accuracy, LM35D®) | T, = Tyax 0.9 2| °C
Ta= T +0.9 +2
Nonlinearity © T S Ta S Tyax 0.3 0.5 10.2 #0.5| °C
Sensor gain Timin S Ta S Tyax +10 +9.8, +10 +9.8, | ec
(average slope) +10.2 +10.2
tan (7 =989
Load regulation? Tp=25C +0.4 +2 +0.4 12 i
Osl . s1mA Twin S Ta S Tyax +0.5 15 10.5 45
Ta =25°C +0.01 0.1 +0.01 +0.1
Line regulation” A mvV/v
4VsVgs30V 10.02 0.2 10.02 0.2

Q)

(2)
(3)
(4)
()
©)

(7)

Unless otherwise noted, these specifications apply: =55°C s T, < 150°C for the LM35 and LM35A; -40°C < T, < 110°C for the LM35C
and LM35CA; and 0°C = T, < 100°C for the LM35D. Vg = 5 Vdc and | oap = 50 pA, in the circuit of Figure 2, These specifications also
apply from +2°C to Tyax in the circuit of Figure 1. Specifications in boldface apply over the full rated temperature range.
Specifications in boldface apply over the full rated temperature range.

Tested Limits are ensured and 100% tested in production.

Design Limits are ensured (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are
not used to calculate outgoing quality levels.

Accuracy is defined as the error between the output voltage and 10 mv/°C times the case temperature of the device, at specified
conditions of voltage, current, and temperature (expressed in °C).

Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the rated
temperature range of the device.

Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.

Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
Product Folder Links: LM35
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ELECTRICAL CHARACTERISTICS"? (continued)
LM35 LM35C, LM35D UNITS
PARAMETER TEST CONDITIONS TYP TESTED  DESIGN TYP TESTED DESIGN| (maAX,)
LiMiT® LimiT# umiT® LT
Vg =5V, 25°C 56 80 56 80
Vg=5V 105 158 91 138
Quiescent current® S pA
Vs =30V, 25°C 56.2 82 56.2 82
Vg=30V 105.5 161 91.5 141
Change of quiescent 4Vs VS 30V, 25°C 0.2 2 0.2 2 pA
current® 4VSVs<30V 0.5 3 0.5 3
Temperature +0.39 +0.7 +0.39 +0.7
coefficient of pAIC
quiescent current
Minimum temperature | In circuit of Figure 1, I, =0 +1.5 2 +1.5 +2 °G
for rate accuracy
Long term stability T, = Tyax, for 1000 hours +0.08 +0.08 °C

(8) AQuiescent current is defined in the circuit of Figure 1.
(9) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the intemal dissipation by the thermal resistance.

Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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Figure 3. Figure 4.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

QUIESCENT CURRENT
ACCURACY
EMPE TURE %]
(IN CIRCUIT OF Figure 2) TEMPERATURE (ENSURED)
200 2.0 ]
180 15 LM35
2 160 L 2 40 Foe —1"
= e =z 10 |«
& 1”“ 2 \\m *
x 140 " r 05 |- M35A 1
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2 r W AT T
4 g0 £ 10
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Figure 9. Figure 10.
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Figure 11. Figure 12.
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APPLICATIONS

The LM35 is applied easily in the same way as other integrated-circuit temperature sensors. Glue or cement the
device to a surface and the temperature should be within about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the same as the surface temperature. If the air
temperature were much higher or lower than the surface temperature, the actual temperature of the LM35 die
would be at an intermediate temperature between the surface temperature and the air temperature, which is
especially true for the TO-92 plastic package where the copper leads are the principal thermal path to carry heat
into the device, so its temperature might be closer to the air temperature than to the surface temperature.

To minimize this problem, ensure that the wiring to the LM35, as it leaves the device, is held at the same
temperature as the surface of interest. The easiest way to do this is to cover up these wires with a bead of epoxy
which will insure that the leads and wires are all at the same temperature as the surface, and that the
temperature of the LM35 die is not affected by the air temperature.

The TO-46 metal package can also be soldered to a metal surface or pipe without damage. Of course, in that
case the V- terminal of the circuit will be grounded to that metal. Alternatively, mount the LM35 inside a sealed-
end metal tube, and then dip into a bath or screw into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and dry, to avoid leakage and corrosion. This is
especially true if the circuit may operate at cold temperatures where condensation can occur. Printed-circuit
coatings and varnishes such as Humiseal and epoxy paints or dips are often used to insure that moisture cannot
corrode the LM35 or its connections.

These devices are sometimes soldered to a small light-weight heat fin to decrease the thermal time constant and
speed up the response in slowly-moving air. On the other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations in the air temperature.

Table 1. Temperature Rise of LM35 Due To Self-heating (Thermal Resistance, 0,,)

2)
TO, no hoat | TOW), small | T0-82, no heat | T0-92%%, small | S0IC-8,no | SOIC8 " | 70.220, no
sink heat fin sink heat fin heat sink fin heat sink
Still air 400°C/W 100°C/wW 180°C/W 140°C/W 220°C/IW 110°C/W 90°C/W
Moving air 100°C/IW 40°C/W 90°C/IW 70°C/W 105°C/wW 90°C/W 26°C/W
Still oil 100°C/W 40°C/W 90°C/W 70°C/W
Stirred oil 50°C/wW 30°C/W 45°C/W 40°C/W
(Clamped to
metal, Infinite (24°C/W) (55°C/W)
heat sink)

(1) Wakefield type 201, or 1-in disc of 0.02-in sheet brass, soldered to case, or similar.
(2) TO-92 and SOIC-8 packages glued and leads soldered to 1-in square of 1/16-in printed circuit board with 2-oz foil or similar.
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TYPICAL APPLICATIONS
. HEAVY CAPACITIVE LOAD, WIRING, ETC.
2k
LM35 OUT’\/\/\ A » TO A HIGH-IMPEDANCE LOAD

Figure 14. LM35 with Decoupling from Capacitive Load

HEAVY CAPACITIVE LOAD, WIRING, ETC.

A e ok
+

ouT (@

P TO A HIGH-IMPEDANCE LOAD

0.01 uF BYPASS——
OPTONAL

. 75
|
|
!
|

1 uF
4 /l\“

- -

Figure 15. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability to drive heavy capacitive loads. The LM35 alone is
able to drive 50 pf without special precautions. If heavier loads are anticipated, isolating or decoupling the load
with a resistor is easy (see Figure 14). Or you can improve the tolerance of capacitance with a series R-C
damper from output to ground (see Figure 15).

When the LM35 is applied with a 200-Q load resistor as shown in Figure 16, Figure 17, or Figure 19, the device
is relatively immune to wiring capacitance because the capacitance forms a bypass from ground to input and not
on the output. However, as with any linear circuit connected to wires in a hostile environment, performance is
affected adversely by intense electromagnetic sources such as relays, radio transmitters, motors with arcing
brushes, and SCR transients, as the wiring acts as a receiving antenna and the internal junctions act as
rectifiers. For best results in such cases, a bypass capacitor from V| to ground and a series R-C damper, such
as 75 Q, in series with 0.2 or 1 pF from output to ground are often useful. These are shown in Figure 24,
Figure 24, and Figure 27.
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5V
+

Vour = 10 mV/°C (Tamsient = 1 °C)
6.8k < 200 FROM +2°CTO +40°C

5% < 1%
+
HEATZ LM35 2!
FINS Z gzoo TWISTED PAIR
1%

Figure 16. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

5V

HEAT
FINS

TWISTED PAIR

NN
z

Vour = 10 mV/°C (Tamsient = 1 °C)

FROM + 2 °C TO + 40 °C
6.8 k
5% 200
OR 10K RHEOSTAT 1%

FOR GAIN ADJUST

Figure 17. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
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+V5
LM35 +
Vour
1N914 18 k
10%

Figure 18. Temperature Sensor, Single Supply
(=55° to +150°C)

i e e el -T+ = 5V

|
7 ouT
0.01 uF | é AR

BYPASS == %

TWISTED PAIR

OPTIONAL |

I 2k

: 1%

S @y |V. Vour = 10 mV/°C (Tameient = 10 °C)

FROM-5°CTO + 40 °C
200
1%
Figure 19. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
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4.7 k
2N2907
+
9T M35
§ 62.5
0.5% OFFSET
ADIUST

ouT

+—|—+5VTO+30V

2

402
1%

50

LM317

ADJ

—@

Figure 20. 4-To-20 mA Current Source

(0°C to 100°C)
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+Vg
(6Vto20V)
LM35 o
) ¢ > VOUT =+1 mV/"F

LM385-1.2 \I‘

& !

Figure 21. Fahrenheit Thermometer

5V

LM35

Figure 22. Centigrade Thermometer
(Analog Meter)
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9V
1k
LM35
100 pA,
60 mV
FULL-
SCALE
LM385- 25.5k
2%
Figure 23. Fahrenheit Thermometer, Expanded Scale Thermometer
(50°F to 80°F, for Example Shown)
5V
+ 3.9k
ouT IN
LM35 2 SERIAL
- 2|§3EC ADCO8031 ————",, 11 outpPUT
GND d
75 §100k .
FB ———————qCLOCK
LM385
+
14F % 10k 4ENABLE
® = ® GND

Figure 24. Temperature To Digital Converter
(Serial Output)
(128°C Full Scale)
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5V
+ 16 k I
ouT 8 PARALLEL
LM35 | —¢ = =—/—% DATA
OUTPUT
GND ADCO0804
§ e - » IR
1k ; Viee
0.64 V
t'\/\/\,—l |——< cs
< —
1 uF e 2k < RD
/I\ < WR
& GND
Figure 25. Temperature To Digital Converter

(Parallel TRI-STATE Outputs for Standard Data Bus to pP Interface.)
(128°C Full Scale)
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) F >
20k
- N 67 68 69 70 71 72 73 74[75|76 77 78 79 80 81 82 83 84 85 86
I+ )
T
— Y \VA 20 LEDs
18 | |10 18 10
LM3914 LM3914
112 3 |4 |5 |6 [7 |8 |9 T 2 3 ]2 516 7 |8 |9
7V Aolih 7V
+ A ‘
Y ouT .
HEAT% LM35 1
FINS / A'AAY Vg
/ 200* 499*
1k*
[
+
A+ Ro
*
I1 uF 1.5k iy
- Ra =
1k

*=1% or 2% film resistor

Trim Rg for Vg = 3.075 V

Trim R¢ for Ve = 1.955 V

Trim R for Va4 = 0.075 V + 100 mV/°C XTampient
Example, V5 = 2.275 V at 22°C

Figure 26. Bar-Graph Temperature Display (Dot Mode)
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6V
&
6.8k

-
|
|
|

; A A
100 k 8 :
LM35 —AAA—e 7 5 ¢ |
LM131 =
GND 6 3
I 1 2 4
0.01 uwF < 12k——— OMNF
W™ 100k 1 uF 31— K
/|-\ SCALH
ADJ
1 48 LOW TEMPCO

® L —L

Figure 27. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2°C to 150°C; 20 to 1500 Hz)
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BLOCK DIAGRAM
Al
1.38 Vprar
>
+V5
+
A2
Vour=10 mV/“C
A25:R2
R2
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