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ABSTRACT

A smart home has an automatic control system for managing energy
sources and loads to achieve maximum efficiency. This thesis presents an optimization
by using genetic algorithm (GA) method for searching the energy level of the considered
electrical appliances using mathematical model for a future time period (for instance
every hour day-ahead). The objective is to minimize the associated energy consumption
while considering technical constraints of the appliances and environmental factors such
as temperature outside the house. The result of the simulation showed that this
method can reduce the energy consumption. In addition, the user can control
the electrical appliances such as receptacle, lighting and air conditioner by smartphones.

Inspired by significant reduction in electricity consumption of the smart
home, we built a prototype controller for home energy management by microcontroller
and develop an Android application for smartphones to enable remote control from the
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Amdeuesiidneenfindiidunieiuussenmavestaniisveshanieosering
lanfiumsaniing aefinadouszinm 1,367 Tadsensauns dmsuusanalneanmenures
nsuiandIunaLLareydnEnds LTl sAnnindanueessdnienfindfinn
nsgnuUsTmAlng wudt Aeadudedsausiedaludlune 1030 - 1430 u. vesynifiowh
Ussweadndlugfergendn 1.5 My/m*day vhluudonananldnrudeuiiietunisluoims
anunsausneenladu 2 ngu fie
1. amfeufifnningunsaindedlilui gunsaiuasatng uazauitogangluenans
2. amfeuiiingemsnnunaseueuniouen wu anudeuainmsuisiaudon
nnMswidmefinddardomidngenasls 3 dnvae fe
1. msiAruiau (Conduction) Wumsdwinuanudauszuirduanaveswaing
2. mswiausou (Convection) unisdramanudeulaserdenisindeuiives
pmedudenans
3. MsuNisdAWTeY (Radiation) Llunsdwinumnseulnenisunsidnuieu
Tngliidaddinans
TnefimsAnnummsmemanudousdndenmsarfinisanesidssnaures
aruseuiiingenans anmshanuseuinuntiiu nsthanuouuaislusouas waznsud

SednuSaurumtTalUTIEs
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2.3.1 AINN3618IMAINTEUTIM (Overall Thermal Transfer Value : OTTV) [5]
nsEEIMATLS USRIt UAINASTUINNNS 3 SNy fe n1sthaudou
Asmeudou uazmsuidsdmiufou Jemnuiousinaeiindfiusisvestiudigaisiu
frufifuluanunssurunisdendingudu TaefinasmiAinsaiemaiiudeusinveaniiadiu
fuuanuiazduaTlUgfirnan ansafnamldnauntseil
OTTV, =(U,)(1- WWR)(Tch )+ (SCYWWR)(SF) + U, (WWR)(AT)
Tned OTTY, = Armsiewmaufeusiuveswtiduifansan (W-m2°C™)

/3 = duuszandnmsanawanusausmvewiu (W-m—°C™)

w
& d o

a 1 E‘!J A E 2 1 = s 1 1 s
WWR = 90578 7UNUNY29MUIIA19U5 000N Ul UT AR 9N UNT9VMUA D914

A

TD,, = fAnuuandnguugiivisuvhszninaiguenuazniglueinis
Faswdamansgandudsderfindvesuilsfiy

SC = dwdsrAnsnistiuag

SF = AiUszneuTadeniing (W-m™)

I = duuszAndmstemanufousiuveanszanuiontaluseuas
(W-m2°C™)

AT = AAnuuanAguungiissnitineuanuazneluaing dmiu

Uszindlnertfe 5 °C

=

AMMSUNITWIATINISONENAINNS BUSINVDINTIAIUUBNUBIUIY ABARRETAN4

YIMUNKAIY8IAINNTENWAIINSDUTIN VD IIA U UB NLABEAUTIIEAUIULAIINALNTS

Ty = AedOTTV) +(AOTTV) + e +(A,)(OTTV)
S T S— A
Tnadi OTTV = amsenemauiausiuvessaiuueniaun (W-m™)
OTTV, = amsanemarnuiousinvewiiaduiinansan (W-m™)
A, = fuinmusvesifidiuiifansen (m?) fewituidmiiduniiv

[ & A o/ 1
wag U uNuNinmNg
TuymalfuinisAuamanisaismaIusousmonts aziisivasidenves
@ el o | o Q k4 =
MLUsHarIaNIsAUINALEIn e tazaInlunisauanidinisad 1lusunsunauiimes

Warglin1sAUIu



2.4 FBn1sfnsedads ( Communication Network )
2.4.1 Ethernet [6]
Sisesiiin (Ethernet) 1Jusvuu LAN fiwanndulas 3 uSevlng fe udowm
Xerox Corporation, Digital Equipment Corporation (DEC) W& Intel Tud p.a. 1976 Suan
fUEAT PARC (Palo Alto Research Center) 983 XEROX lnagndailusinmsgiunas IEEE Tungu
fiflswa IEEE 8023  uarldfusdreunivarpaunseiefetlagtudisediinlusrosusnldans
Coasial Huvdn deuldwannluldasuuy UTP innfuies uasndiuanuniaon 10Mbps u
TUu100-1000Mbps(1Gbpsiullagiudnuarddyuapuves Ethermet  Aedayannadias
duiwsnanmie Ether Mdouszminenng node Fsludliiifeans Coaxial vuies fady
Ethernet Tugausnddldnissoanouuy Bus 7Awuynieies wazdesnden wWasulugnsde
WU Star smenedhgudnanadledinslias UTP fieriugunal HUB \fintu minsgiuves
syuv Ethernet (ulumummsgiuide IEEE 8023 Selulumisdeansuuuilienyniedosiaty
lnenss lasdingunausiviselusinmoanuu CSMA/CD
Unfswailduonnsdedyramidlafiiuussuy Ethernet sl 2 &nwue Ae
Baseband ua Broadband 4szuu LAN {agdiudfafiunuy BasebandetBaseband Lduds
FyrauuuAinea 0 uay 1 wie ussiulwih 0 uaz 5 Taad Ingliinswaudygradidaiu

7

as A ﬂj € ﬂdﬁ; o ] ;j a’ ] 1 20 1 L
amur;ynmmmaqqaulﬂ UM TN NNTIUIEIUYVINWAITTULD S LLGmSQﬂiUﬂ'Jul(ﬂMEJ wazasle

w
Ll ] L

sgggn1ebilng wanvinfuireiduniey fudedgygranuudliidesyafoamng

]
= =

Broadband  #inswaudygrudeyanisrdadriudyyiueundenwisaiunid llaiudas

Y

Welwddldlnauaziamuiioutosnituuuusn uenaniideanunsaddldvanadosdygyramie
wanguwunua (Channel)  Tnsdanisliteyayandanauiudyyiuinituiviamis
ulu 1 wwuwua weilfoyadnyamilsiideslulinmamirfuaunsuiivinseanliun
msdedeyaludegunsainin Device Server tudnbudesdedoyariiunis
P wa Socket Tnavanevmeuazyimifiuvasudyaial intemet W Serial avnfided
wlasdygrudoyailiu Serial fufinsrzdr Mcu l3Indeyadyyu TCP fHuiea Fuud MCU
woslmle 150930 TCP stack fig anunsa dawdhiu Internet Idlagase Snmanilausannse
Houne Intemet Wiy MCU I8laeld ENC28J60 a9 Microchip Toi e léfsvuu MCU
fu Ethernet isiangn daids e szuuiilsdoadou Code il Stack Aautsgenisiauiag
wiledeadld Knowhow Aeudnege waznisleulusunsuaiunudedluds POST w3o GET

Medthod ‘daguansineanluainnsasdaya Data Command
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2.4.2 N5 MRF24J40MA [7]

rald

Tupadifusruvumealuladlulnsin MRF24J40 [EEE 802.15.4 " 2.4 3nuidim

L1 ey

v

LUulanWsaqammmagammmmm Imaumm'mmmmaﬂﬂﬂmmﬂmaLam (PIC) It
vanelumanfe iy
2.4.3 58UV DynDNS way DDNS [8]
< ! . =) | o [ J <

W308011910 Dynamic  DNS  1Juusnns Aauisaiteulesfuionis,
= a s Y W o d '
\f9n (Hostname) vuszuudumasidnidiiu IP - Address Mmuasuuwlasediaus lussuy
= ¢ @ ) = ] o as o & ol [ a 1A £ '
DULABDSIUAUUILU IP - Address BY19IINA AIUULLBNINITLYIUADD UMD ILUANIU ISP SEUUY
v ) ’ = = 1 -
Wi IP Address 43A513(Dynamic 1P Address) FaaziUdsunUasagnasniiaiiaus ialdlunis

o = =3 =J = L3 [l P a a o a A
E)’lQ@QUUiSUUBULW@%L‘&@LQJ@QJHW?@EJUIB‘LIHQGIE@GI Lll‘r]lﬂfélﬁﬂﬂJ‘Vli.lﬂ']?"l/]’lﬂ"!'i‘ﬂ@ﬂ"iﬂ‘ﬁ@llm@

a ¢ d o @ | = | v < ) ol I a ¢ o =3
DULADILUNLAY IP Address ﬂﬂﬂﬁq?ﬂfﬂﬁgﬂufﬂﬂﬁmU»LU‘LWﬂUE]uq NNINTTLVBUADDULADILUNDE U3

U
s

al | X - < o v =l P a | a ¢ o )
138131 Dynamic P 1/1'1mmﬂ,snmmmaqm‘imﬂﬁlmqﬂaamawmmuaumasmm ynnauu
° < v w = v e 1% | 1Y .
mr‘f]um::maqg IP Address ¥@3ympanaziinngd a1 IP Address mmlmmﬁuuw Dynamic ¥
& | | o o A Y u o v % o a1 <

WagukUaaglaua ) itz tlunizneiuenyaunnednIsii1nnase9asingi tAsed
o e & o ¢ %)
Uufinvesnuansil IP Address vaspanvasuiuvatoslslun

DONS (Dynamic Domain Name Service or Dynamic Domain Name
System) @9 ns1asu1nde domain u IP Address Tnpidaunndeiu DNS Undinsedt 1P

Address HaziUAsunUasegnasainan wionnassi connect internet

2.5 AFAldnsAnTesivAaey ( Optimization Algorithm ) [9]

sruumavhautiaginismuaudeilulasneulnsaaes lnuasdesdimadon
Tsunsuideldlumsanuau Ssniseuaudavanuisoauanld 2 wu fa niseuadluiaansse
(Real time)LagNSAIUANWUUEIIVT

NSATUANMSTIULULLIANRS A Mevihauuuuiuiiule Tnedinnsaauay
wuusmandeyanasnuariinszifianisinauiinyan

N1SAIVALNLUVEIMEY  Aa N19vIuLUUaIAanIsAIanIsalalantagnail
wanns teslimsihdeyaseaziBuns1eg wu gumgd siadil uq wAndiesizddenis
viuiiaiige Tnefnsideulusunsstusiiieldlunsaauaunsvhaud  Tnelsunsuiley
anunsarhudeuldduiivarslusunsalidnesdiu Matlab, A1 = ﬁ?}aﬂ%mmﬂﬁwuéaﬁuﬁiﬁ

&

danlglusunsy MatLab Tunms@eulusunsudelunisi@eulusunsuiazaeadldsnsi@aulivany
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1 aa a el

8 U T5BUENTIN (Genetic Algorithm : GA) Fausweinudil9agnslunsdeulsunsy
AoTEmsmaiugnssulnsanidnuasresisidaiugnasy dwioluid

Fidaugnssu 1WuAtnsuainnszuunssiusnssuvesddidinannng
ATwUINIg wse nwaayjsaamaaﬁaﬁ%ﬁm 13l suAdgmlduuamiudiontu ungaem
Amauiimnzauigalitutigmlnglinszuiunmesiugmansidundislunssuaunisdum

Amaureilym asAusenauiiiaiugnssy ddasaludl

- nsUssdiuAIAINWINgEY  (Fitness Evaluation) Wudunaulunisuseidiuii

= o A tel d o 9 < e ] ) a
lasluleunilan Avdeldfiegls Weadisuiulasluleudug Adeglunguuszvinsiug lnaunf

8
v =

wann1sUsyliuAunzasvadlasiilauzUsenauludenisAuluaIvasda sl fTus il

- Handuingusyasd  (Objective/Evaluation  Function) iudaudrAgylu

o

s &

P! o o = IS @
NTLUIUNITVDY GA ‘Vfﬁﬂumiﬂ‘jxLuuwammE)U"UE-N?SUUN@M?DIM@LLF]IWJ WQT{‘UU?WﬂﬂiﬁﬂGF’]

q
I

fu o o o ) o
Wuilanduivinnisusadiumaouainiasiulsulaeieuduitimunsuesssuulunsainssuudu
o v < T 3 a2 o e
Ueymreanisaumatiosiiga (minimization problem) lasluleulumnaunangavessyuy

Y Y ¢l v ol
Qgﬂlﬂ']ﬁnLawﬂqﬂﬁ\jﬂﬁnu?mQUiﬁﬁﬁﬂwuaUlﬂﬁﬂ

- Handurivuaa A UMLLay (Fitness Function) LUuisnisdinsuusziiiuan

o

Aanumzay veslasiulonlaglvinzuuunuaiaifuinguszasduazainisazidadednnin

. e | < o - o Aa a
(constant violation) nam@e lasluleunfaumuizauazaaadulasiulsuniaifandu

ar 3

é A s o A L al G‘:‘ v 1 ] 2/ o o
noUszaaninge watlunanfieiiudneudsaenndosiulastulentuasiadldazfiadadiia

- Usg AUy (nitial population) LJugasudugesiunaunIsIiauIns 9
Jutuneuwsniifintunoufiziudinssuiunsves 35uiugnssu Tneuszunsnguusn as
\Annmsdudeniuniainnguuestszvinsvianunifiey laslunisguidenagiinisduany

i n] 2 o o
Iunuveslsznnsilanmualiidu Parameter ve9 Algorithm

=

- UFURnsmeiugnssu (Genetic Operation) FaduismsuiudsussAdsznay

asl e W = o w  a |

YostoyanniunewiBideiugnssy Jelinszuunsiuguind A 4 3 dau

5

&
U

e 208

LasAniden (Selection) wieliiinnisegsonvesddidiniu lnudmdenuiy

Iastulguviauazlasiulouud Tunsduasiudvilmindyniinagiedelsliiinandmden

3
'

Tasluleuiiimelaifefiaziinnisegsonuesdeddinnunguivessnsdisa a$iu (Charles
Darvin’s theorem) aviliAnsuuuumnninslumsdeniaslulasdimelafigaiiovluduans
WusilhiAaguuuunisdadenuinusiieliiinnadnsuinelafian 1wy n1sfmdonuuy
Roulette Wheel n1sfinidaniiuu Ranking N13AALABNLUU Tournament N1SARLEDNKUU Elitist

N1SAREENUUL Steady-state wazduuInunenagsiielnlaundsisnisAadonlasiulouia
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o
o a

2.Mstmaneug (Crossover) Wunszuiumsnddiny m'imdﬁuqﬂﬁmﬁamﬂ

, aaa o

3 msduaeiugiulume fugmaniasihliAemssuuawesdad@infivannvany da

N3 Mstuaneiug Q@A T auIMsunauiu SwEunsadenofineuiiuuzauiu

&

v v = f+] o ) o Y o
AuFensidiunfianuaz Juneulunis nrstuaeiug de 1 2 Taslulsuuwaniuiielvls

|

= |

IF"I‘EIIII‘?IEJIWN‘UUEJ'] mnuu’[mﬁmimwwam Ao dun UAUS ﬂ’li‘U’]lJﬁ"]El‘WUﬁ LLﬂ”WTﬂT?ﬂﬂa'vJﬂ‘W‘l
GEJWQWE}EJWLIW]’]LL‘UG ﬂ’]i‘U'llfﬁ’WEJ‘WUﬁ YOINDUAY ﬁﬂﬁ@ﬂﬂﬂ@ﬁ]’]ﬂﬂﬁ\‘lﬁ%mu{l ﬂ']‘i‘U']ﬂJﬁ'lEJ‘WUS VB

&

wisauduagldgniad 1 senun nduvhnisdaaenynegisiiaguindums nstiuansiug
ol uazAnasnvdsiumis mstwanewug vewosmiuatldignii 2 oonun
3.Msnateug (Mutation) lindundsainnts maduaeiug laSafuazins
duuszrnsasuulamailéninns msthuaneiug mneanud jugniinainuausingune
wiwdr3adrgugnandiiiunis manaeriug salu danns msnanewug meiugeansagyihlild
dnuaglul Batu fupeuluns msnanewug eldumds nasnanewus wdaudey wasen

& as

o 1 4 ! 5 at 1 1 dy o ) o =
 suwmianguiiy Tufedmalulazaniiunis manateiug dugduuulasluleuwuuluuniies

9
=

sgdudendnisadnmios aednmswasuutasiann 118u 0 wieain 0 u 1
Tnedunaumsiaufumeinouresiinmamaiugnssuduiived
1. wansliiuisveuwnvesymivasninueivedlasiuley denvuinves
laslulanusgyns

=

2. fvusiliduimuamaumnzauiioinfmgfinssuvesuiaslaslulsves
Haymmdn Hladdusmunaiaumngausgiinngiiugiuveslaslulauiiofiognauiugiu
FENINNITUNIWUS

3. a379Us¥VINIAULUUI BN TEY

4. AnuANLINzaLvaILaarlaslulay

U

5. iwenduedlasluleuiiiorriuganussvnsyatiagtu Taslulausduuuugniden
2/ [ o L7
memuidululfvasrnumungauva iy

6. aiglastulananeiusivallaglinsujoRnisiBeiugnssy

7. 1alaslulouangiuslvailulssansyalng

8. vlute 5 aunitvuavesdsyinsyalrdasviniuussnnsyausn

9. laslulonanaiuslrdununlasiulyulsn

10. U9 4 wagyhgrauztansnnala
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2.6 lulpspaulvsaiaas (Microcontroller) [10]

lulmsaoulnsaiass ( Microcontroller ) 1191061 2 f1 A “lulas” ( Micro )
wanefs vuadnuaz “asulnsatass” (controller) mnefls Mmuauuiegunsainuan iy
lulrsreulnsaeed Temnefvgunsalmuauawaidn udlufgunsalmuauauiadniliuisg
mwansaimileuiuszuursuiamoirenelululasreulvsaians lasiudiy misaush
wagwesa dadudnuszneundndiiyuesszuunonimosidnlitheiy Tagvinnsussgudlilu
MInaLAgIY

Microcontroller = Microprocessor + Memory + 1/O

lulasmeulnsamesamnsodrludssgndldauegieaniiwans laednasduns
thluldildlussuuueagunnidu (Embedded  Systems) tileldmuaunisviauuisedng iy
Tusaoud weululasiaw inSeaiueinia in3esinidnlu® (Jusiu

llnsreulnsaiaesivarsiiie vainsega uazvaeiuasmeiu Saudaziuash

seflassasanelusazanuauisolunsvhauiiunnsasiy W
o lulpsroulnsawaesnsea PIC (UIEMEWER Microchip lulnsdy)
o lulasroulvsaaednsznga MCS51 (USEmEnEn Atmel Phillips)
o lulasmoulnsalaesnsza AVR (USEMENGR Atmel)
o lulpsmoulvsaiaadnsena Basic Stamp (USEWENEN Parallax)

o ulasnoulvsaiaainszna Z80 (USEMHEN Zilog)

Muildidgulusunsumurululasreulnsaiaes un1w1 Assembly 11w

Basic N1 C AW Pascal 1Hudu

2.6.1 Tassa¥ralaevialuvaslulasnoulnsaiass [10]

3

lassadalaevly veslilasreulnsamesiu amnsauusiailu 5 dwlwgjaad
® mhelszinanananmIaffiy (CPU : Central Processing Unit)

! o [ = ! o Aa o s

® yheANd (Memory) ansoiuseenilu 2 au Ae niheaudnlhdmiu
] Y =i - § a ¢ < a o
UlUsLNIunan (Program Memory) W3sulaiiousnsnfanvodnIosnouiinasng
lne Aedeyalaq Ngnifvlilullaglugymieluwdludlvides Sndounisde
vihwaudtoya (Data  Memory) Tdiluimilounszaunavesdiy uasiluiiin
Toyatinsrivagrinu unmnlufilides deyafasmeluadrefumiieniuusy

(RAM)  TuiaSosasufinmesva 9l undmsululasreulnsalassadelnd
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mhsaiideyavriendumhearusiua fefoyaasmeludoludlndss uay
\JuB8wseu (EEPROM : Erasable Electrically Read-Only Memory ) @sanunsaifu
Foyalaudlulndes

® aufnradugunIalaguen wiewesa(Port) H 2 dnwazAe wasaduwa (Input
Port) uazwasndedyauvianainierdnn (Output Port) auierldlunsideuste

s as

- 1 ] :!I -3 al 0 s 1 & - l‘—"l
fugunsalniguen dedndudiundifyuin lsiudusznitmesadunm tiasu
o/ 17 - L4 =J o 1 & 3 a!
drynad 9193zien1snaaing wWeourludseananauazdslunasaiondinm e
1 a 1 [ £
LAMIHALIUNNSANEN9URIaRA W Wuiuy
E= s = ar = }7 ﬂl st 2/ 1
® awnaAuTRIFyYIM wIeUd (BUS) Astdunianiswanildsudyaatoyasening
Fiig vurgaud uaznesaludnuazrosmedyyrnudiurunineg areludi
lulasmoulnsaians

=Y s = s =l i

o qsvsiudadygrauiing Tududiulseneuiddyuindndrunds iesainnng
vauideduluilulasreulnsaaes mz%uagjﬁumaﬁmum%’amx wndayey o
mﬁmﬁmmﬁqa Famegmsianufiezannsaviledty dwaldlulasroulnsaass
fianudilumsusznanaganulude

2.6.2 vludeslulaspeulnsaaas [10]

@ @ a > o a a v = =l %) P
uneanuuunaonsuinUszivg neterdursasBidnnsednddnlufidrwiendes ety

'
s

muaNszuulaeiilidiuvasgunsaimuauiidniigauazarunsadouyaddddivihaulaogie
onluli MeguuuuMIReulusunsUN1¥IAMINAIINn TR

2.6.3 auansnsszuinslulasivsiwawesiululasaaulnsaiasas [10]

Tulastusivaleas (Microprocessonwsneis nursUsyanananatavse CPU  (Central
Processing  Unit) lnsfhsasnglufussasidnea vwihiimuaumisiauvesmiesiieg
(Control  Unitha n1581u/A08utayanviieni1udl n156uATsudeyaInuulgdunn/
yheiwinm Wuku venindduhmifidumumsadnmansvieanin (Arithmetic & Logic
Unit)

lulasmeulvsaians muneds lastuswawesdmilsifmieanudriinm (RAM
Random Access Memory) M38A1131318175 (ROM : Read Only Memory) niiie5u/dstaya
nmeuen (input / Output Port) agnneludiuiiesiades (Single Chip) Falulaslusiva
p3naedEMhm NS e mheBuns/ednanieuen axiululaseeulnsalaesiedifeing
lulasluswawesuin Tuisewasanuussndauasauazaanlunisldou deguudedeuld

Lilasmeulnsaaes inninlasaniglunuaiuaumasitugaavnssy uasasedldini
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2.7 1w C [11]
nsWeulusunsuveslulasasulnsaans PIC usnanazlsn1wloaisuud (Assembly)
v v a [y | a =l 1%
udn Seanunsaldniwdu 1aon wu awudn v [Wudu
s eulusknsuAIEnIY C R Wiy
lﬂv a L4 L3
o Lijdiunuansauag
= v
® zunsalisukuulAsIass
® JAuAINalNAALLaALUE

o unsadsunmsvhauiidudeulsi
2.7.1 vilavoya (Data type) [11]

Mwdudinslddeysesnluyszinneneg dieldmuazaudunisldem Tog
%’ayjal,wiasﬂﬁzmwﬁazﬁmimmmﬁuﬁlﬁuﬁwﬁ'uﬁw maamu*&hwaaszkfa;gaﬁfl,%'ﬁ%;,t,mmmﬁ'u
st muafkUslaaifiudin unsignedidly 1wy unsiened int szvilsiduysldanizdud
Huruan vlanunsadl data range duiduundiududy 2 wiald wu unsiened int i data
range 911 0 94 65,535

2.7.2 Amsil (Constants) [11]

Aasiifunisdsemansafioindramnsasonatuinldauldnase dsayldln

Sndil #define lumsivunaaad 1wy
® #define Pl 3.142 fAp MsUsENAlARILUS Pl dAvindu 3.142
® #define TRUE 1 #A» n1susenielisuyls TRUE fandul

® #define FALSE 0 M@ n1susenalsisuds FALSE Sandu o
2.7.3 Built in function directory [11]

U 1/
o a

fardududagy wu feidunisimunduna-towig azldidsd set tris B
OXOF ); Favunedie wasw B7,86,85,84 ABveIVINe Uaywosv B3,82,81,B0 Aavndunem
2.7.4 fdaeviwnaain [11]
Huyndndaiilidedoyanonly wiu output_high(PIN_AO) ; Seneis LD WINR 1
U1 A0 wae output_low(PIN_AO0) ; Favaredia L@1viNe 0 fun A0
2.7.5 Ardaviagiagn [11]
Hugaddedilflunsniana 1wy delay ms( 1000) ; Fsneis niaaan

=l

nsvirarueenluiduial 1000 Hadiudi
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3.1.1 n1sasuuuinaasvaslym (Problem Formulation)

16

nsafanuudtaessveslgAenisitassugnisalvesgmivedluguieidy

i ¥ : 4 o | | ) dad o gw fu w ¢
s¥asA(Objective function) Wethludnisdumendneunananivinliflenduinguszasdd

sevuinaesveslgmiliianuseasd Ao n1seanwuunsenIsiiuvesgunsel

Ifhangludsgaaserlviinisgeluiiinnnisiuih wagdnsgadeauazainauiearnnis

Yo Y a vy o o a
auaunslindsnulwinaglutudnieslidesign Fadulumuileddy

g

Minimize

1

X, ()
T
L)

X, (t)
T,
(Y
X, (1)
X, (1)

Y0 = 1,05, 0.7, (0.7, (1)

=

fla Manduszuusiany
T ot g v o ot 3 1 v
Ao wasunltdmsugunial a Tuwsasdalug (kwh)
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3.2.1.1 mM3euansaunsal

ar

No Part Number Description Qty
1 | XP1001001-04R-AP Xport Serial to Ethernet 1
2 | PIC18F458-I/P IC:40PIN, 32KB FLASH MCU, 361/O 1
3 | 1S540T1-06 I.C.SOCKET STAMP PIN 40 PINS 1
4 | ZTT20.00MX CERAMIC RESONATOR 20.0MHZ 3-PINS 1
5 |15516T1-03 .C. SOCKET DIP SOLDER TYPE 16 PINS,PITCH 2.54 1
6 | DS1302+ TRICKLE CHARGE TIMEKEEPING CHIP 1
7 | 1SS08T1-03 |.C.SOCKET DIP SOLDER 08 P,2.54MM. 1
8 | DT-38-MEC-LF X-TAL 32.768 KHZ 1
9 | BS5 BATTERY HOLDER VERTICAL TYPE FOR CR2032 1
10 | CR-2032L/BE LITHIUM COIN BATTERY,PANASONIC 3V 1
11 | LM1117T-3.3/NOPB VOLTAGE REGULATORS , NS 1
12 | DS-012-A-PBT-ROHS DC JACK:0.3A 30V DC,2.5mm 1
13 | ABC016002A10-GHW-R | LCD MODULE, 16 CHARS X 2 LINES, STN POSITIVE 6
14 | 5SEHDRC-2P TERMINAL BLOCK HEADER(SOCKET) FOR PLUGGABLE 6
15 | 5ESDV-2P TERMINAL BLOCK PLUGS FOR PLUGGABLE 7
16 | HRS4-S-DC5V-C RELAY 1 FORM C,COIL 5 VDC, 2
17 | EGF477M1CF12TCSAP E-CAP 470UF/16V,105C 2
18 | SR215C104KARAP4-G0 MLCC CAP 0.1uF/50V, +/-109%, X7R 1
19 | PHSS40G20/RH PIN HEADER CONNECTOR 40 PINS 1
20 | BC32725TA TRANSISTOR; PNP BV=45V 0.8A :FSC 1
21 | PN2222ATA TRANSISTOR; NPN BV=70V IC=600MA;FSC 1
22 | ULN2003 TRANSISTOR ARRAY-7 NPN DARLINGTONS,+5V-I/P, 1
23 | RNLAO6J0103BOE RPAC 10K 1
24 | RNLAO9J0104B0OE RPAC 100K 1
25 | RNLA09J0331BOE RPAC 330R 1
26 | RNLB08J0102BOE RI'1K 1
27 | FC-53-11 Fuse Clip 1
28 | FHSS16G10/RH P.C. BOARD SOCKET 1*16 PINS,FEMALE HEADER i

M13°99 3.1 wansgunsaliildluganiuaugunsainisyineu
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3.2.4 n3asflefldlunsnaass
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MICROCHIP

PIC18FXX8

28/40-Pin High-Performance, Enhanced Flash
Microcontrollers with CAN

High-Performance RISC CPU:

Linear program memory addressing up to

2 Mbytes

Linear data memory addressing to 4 Kbytes
Up to 10 MIPS operation

DC — 40 MHz clock input

* 4 MHz-10 MHz oscillator/clock input with
PLL active

16-bit wide instructions, 8-bit wide data path
Priority levels for interrupts

8 x 8 Single-Cycle Hardware Multiplier

.

.

Peripheral Features:

High current sink/source 25 mA/25 mA
Three external interrupt pins

Timer0 module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler

Timer1 module: 16-bit timer/counter

Timer2 module: 8-bit timer/counter with 8-bit

period register (time base for PWM)

Timer3 module: 16-bit timer/counter

Secondary oscillator clock option = Timer1/Timer3

Capture/Compare/PWM (CCP) modules;

CCP pins can be configured as:

- Capture input: 16-bit, max resolution 6.25 ns

- Compare; 16-bit, max resolution 100 ns (Tcy)

- PWM output: PWM resolution is 1 to 10-bit
Max. PWM freq. @:8-bit resolution = 156 kHz

10-bit resolution = 39 kHz

Enhanced CCP module which has all the features
of the standard CCP module, but also has the
following features for advanced motor control:

- 1,2 or 4 PWM outputs

- Selectable PWM polarity

- Programmable PWM dead time

Master Synchronous Serial Port (MSSP) with two
modes of operation:

- 3-wire SPI™ (Supports all 4 SPI modes)

- 12C™ Master and Slave mode

Addressable USART module:

- Supports interrupt-on-address bit

»

.

Advanced Analog Features:

10-bit, up to 8-channel Analog-to-Digital Converter
module (A/D) with:

- Conversion available during Sleep

- Up to 8 channels available

Analog Cormparator module:

- Programmable input and output multiplexing
Comparator Voltage Reference module
Programmable Low-Voltage Detection (LVD) module:
- Supports interrupt-on-Low-Voltage Detection
Programmable Brown-out Reset (BOR)

CAN bus Module Features:

.

Complies with ISO CAN Conformance Test
Message bit rates up to 1 Mbps

Contorms to CAN 2.0B Active Spec with:

- 29-bit Identifier Fields

- 8-byte message length

3 Transmit Message Buffers with prioritization
2 Receive Message Buffers

6 full, 29-bit Acceptance Filters

Prioritization of Acceptance Filters

- Mulliple Receive Buffers for High Priority
Messages to prevent loss due to overflow

- Advanced Error Management Features

.

Special Microcontroller Features:

-

.

Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator

Programmable code protection

Power-saving Sleep mode

Selectable oscillator options, including:

- 4% Phase Lock Loop (PLL) of primary oscillater

- Secondary Oscillator (32 kHz) clock input
In-Circuit Serial Programming™ (ICSP™) via two pins

Flash Technology:

.

Low-power, high-speed Enhanced Flash technology
Fully static design

Wide operating voltage range (2.0V to 5.5V)
Industrial and Extended temperature ranges

@ 2006 Microchip Technology Inc.
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PIC18FXX8

G SR I R
Program Memory Data Memory § MSSP
10-bit w CCP/ Timers
Device | Flagh | # Single-Word | SRAM |EEPROM | VO | AD | & | ECCP Master | USART bl
h pwm) | SPI™ 8/16-bit
(bytes)| Instructions |(bytes)| (bytes) (eh)y | E |(PWM) 12c™
[3]
PIC18F248| 16K 8192 768 256 | 22 | 5 150 Y Y Y 113
PIC18F258| 32K 16384 1536 256 22 5 - 1/0 id X X 1/3
PIC18F448| 16K 8192 768 256 33 8 2 i h Y b g 173
PIC18F458| 32K 16384 1536 256 33 8 11 Y Y Y 1/3
Pin Diagrams
PDIP
MCLRVPP —= [] 1 R e
RAO/ANO/CYREF =—=(] 2 39 [] =—» RBG/PGC
RAT/ANT =seam ] 3 34 [J e RB5PGM
RAZ/ANZ/VREF- ——[] 4 37 [J ~—» RB4
RAJANIVREF+ ~—w(] 5 36 [J == RBI/CANAX
RA/TOCK| =[] 6 35 [ =——s RBZCANTX/INT2
RAS/ANA/SSLVOIN =—0] 7 34 [ =— RB1/INT1
REO/ANS/RD -——-»E 8 T U 330w RBOINTO
REVANSWR/C10UT ~—=[] g 0O 0 g2p-—>"o
REZANZ/CS/C20UT =] 10 o o 31 [ =——Vss
Voo —— [ 11 M T 30 =— RD7PSP7IP1D
VS mew 112 & B 29[ =—= RDGPSPEPIC
OSCV/CLKl —=[]13 & @ 28 [] =— ROSPSP5P1B
OSC2/ICLKO/RA6 w——"[] 14 27 [ +—w RDAPSPHECCP1/PIA
RCOMIOSOMICK| =[] 15 26 [) ~—w RCTRX/DT
AC/T10S| =—w[] 16 25 [ e RCB/TX/ICK
RC2/CCP1 w—w []17 24 [1 «— RC5/5DO
RCI/SCK/SCL =[] 18 23 [1 == RC4/SDI/SDA
RDOPSPO/C1INS ~—w[] 16 22 ] ~— RDA/PSPI/C2IN-
RADV/PSPI/CTIN- w— [ 20 21 [1 w—w RD2PSP2/C2IN+
PLCC di B
g# 5
s Qo
Gl e~ & DOZ
= §.§|§ eee
- ~
O
F238 rs&c gde
[1 [1 [l
= TON E 2 l"\l ;
RA4/TOCK] 4 (f 7 ® 39 RBICANAX
RAS/ANA/SS/LVDIN e § 38 RBZ/CANTX/INT2
REQ/ANSAD =—-] 9 37 RB1/INT1
REVANS/WR/C1OUT=—=0 10 36 RBO/INTO
REE}AN?K:SIC:.’%UT"—' = :12 PIC18F448 35 300
D] 55
Vss—] 13 PIC18F458 RD7/PSP7P1D
OSCHCLKI=— ] RD6/PSPEP1C
OSC2CLKORAG =— [ RDS/PSPSP1B
RCOM1OSOMCK1 - ] RO4/PSPAECCP1P1A
RC7/RX/OT
PORINBIRER
OO0 OoTd
Bratr i< b4
8rgizinafee
Eg¥22Raaae
5§3aﬁ1 m%g &3
cdag wg o¢s &
oetaty
T
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PIC18FXX8

1.0

DEVICE OVERVIEW

This document contains device specific information for

the following devices:
* PIC18F248
« PIC18F258
* PIC18F448
* PIC18F458

These devices are available in 28-pin, 40-pin and
44-pin packages. They are differentiated from each

other in four ways:

1, PIC18FX58 devices have twice the Flash
program memeory and data RAM of PIC18FX48

devices (32 Kbytes and

1536 bytes vs.

16 Kbytes and 768 bytes, respectively).

2. PIC18F2X8 devices implement 5 A/D channels,
as opposed to 8 for PIC18F4X8 devices.

3. PIC18F2X8 devices implement 3 /O ports,
while PIC18F4X8 devices implement 5,

4., Only PIC18F4X8 devices
Enhanced CCP module, analog comparators
and the Parallel Slave Port.

All other features for davices in the PIC18FXX8 family,
including the serial communications medules, are
identical, These are summarized in Table 1-1.

Block diagrams of the PIC18F2X8 and PIC18F4X8
devices are provided in Figure 1-1 and Figure 1-2,
respectively. The pinouts for these device families are
listed in Table 1-2.

implement  the

TABLE 1-1: PIC18FXX8 DEVICE FEATURES
Features PIC18F248 PIC18F258 PIC18F448 PIC18F458
Operating Frequency DC — 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Internal Bytes 16K 32K 16K 32K
Program #of Single-Word 8192 16384 8192 16384
Memory Instructions
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 21 21
/O Ports Ports A, B, C Ports A, B, C Ports A,B,C,D,E | Ports A, B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 1 1 1 1
Enhanced Capture/Compare/ e e 1 1
PWM Modules
Serial Communications MSSP, CAN, MSSP, CAN, MSSP, CAN, MSSP, CAN,
Addressable USART | Addressable USART | Addressable USART | Addressable USART
Parallel Communications (PSP) No No Yes Yes
10-bit Analog-to-Digital Converter 5 input channels 5 input channels 8 input channels 8 input channels
Analog Comparators No No 2 2
Analog Comparators VREF Qutput N/A N/A Yes Yes
Resets (and Delays) POR, BOR, POR, BOR, POR, BCR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OS8T)
Programmable Low-Voltage Detect Yes Yes Yes Yes
Programmable Brown-out Reset Yes Yes Yes Yes
CAN Module Yes Yes Yes Yes
In-Circuit Serial Programming™ Yes Yes Yes Yes

(ICSP™)

Instruction Set

75 Instructions

75 Instructions

75 Instructions

75 Instructions

Packages

28-pin SPDIP
28-pin SOIC

28-pin SPDIP
28-pin SOIC

40-pin PDIP
44-pin PLCC
44-pin TQFP

40-pin PDIP
44-pin PLCC
44-pin TQFP

@ 2006 Microchip Technology Inc.
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PIC18FXX8

FIGURE 1-2: PIC18F448/458 BLOCK DIAGRAM
Dala Bus<8>
\J} PORTA
RAO/AND/CVREF
21|[Table Pointer<21> Data Laich RAT/ANT
<7 - — ) RA2/AN2/VAEF-
8 Data FAM o] RAJ/ANINAEF+
21 Inc/dec logle up lo 1536 Kbytes RA4/TOCKI_
7 RAB/ANA4/SSAVDIN
i m‘?}‘ Latch OSC2/CLKO/RAG
PORTB
S 12
N Address<12» y RBO/INTO
e RB1/INT1
12 4 - RB2/CANTX/INT2
Address Latch Banko, Fj| |+ H RB3/CANRX
Program Memory 31 Lavl tack an? 1 I RE
[31 Lovel Stack] - R RB5/PGM
up 0 32 Kiytes FSha 2R, H RBOPGC
Data Lalch # » RB7/PGD
incidec
logic PORTC
4 RCOT1OSOMICKI
<% RC1/T108I
1 RC2/CCP1
Ly 4 RC3/SCK/SCL
b B RC4/SDI/SDA
B RC&/S00
|4 RCBTXCK
I RC7TRXIOT
PORTD
4 RDOPSPO/CTING
iy RD1/PSP1U/C1IN-
Instruction S RD2/PSP2/C2IN+
Decode & 4 RD3/PSPS/C2IN-
Caontiol iy RIMPSP4ECCPIPIA
OSC2/CLKORAS ‘ ‘ } 4 ‘ | H RDS5/PSP5PIB
OSC1/CLKI F 7 . RDG/PSPEPIC
ower-up b :
@@ Tiener RD7/PSPTPID
Timin ;|
= Gang]ral;i;on = ggs:ﬂa_ﬂwor @ FORTE REQ/ANSAD
T108| # dig
Tioso Power-on \._..&3__9.2.../ ——Jm RE1/ANGAWR/C 10UT
o o T 8 [Tl RE2/AN7/CS/C20UT
W?_schdog
Precision e Wﬁlu::lu;ul >
Band Gap i
Reference Resot
Tesl Mode
Selact
Band Gap| é é
@' MCLR Voo, Vss
PBOR " 10-bit Parallel
PLVD Timero Timer1 Timer2 Timer3 ADG Slave Port
Enhanced Synchronous
DalaEEPROM| | Comparalors| | CCP1 GOP USART Serlal Poil CAN Module
@ 2008 Microchip Technology Inc. DS41159E-page ¢

U n-4 Uoyalulasmeulnsaiass 18Fas58



PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Tp‘" Bufier Description
ype | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
MCLR/VPP 1 1 18 2 Master Clear (input) or
programming voltage (output).

MCLR | ST Master Clear (Reset) input.
This pin is an active low Reset
to the device.

Vep P — Programming voltage input.

NC o -— 112,13, 1,17, | =— o These pins should be left
33, 34 | 28, 40 unconnected.
OSC1/CLKI 9 13 30 14 Oscilllator crystal or external clock
input.

0sCt I |CMOS/ST|  Oscillator crystal input or
external clock source input. ST
buffer when configured in RC
mode; otherwise, CMOS,

CLKI | CMOS External clock source input.
Always associated with pin
function OSC1 (see OSC1/
CLKI, OSC2/CLKO pins).

OSC2/CLKO/RAB 10 14 31 15 Oscillator crystal or clock output,
0sCz2 o] — Oscillator crystal output.
Connects to crystal or
resonator in Crystal Oscillator
mode.

CLKO o} —_ In RC mode, OSC2 pin outputs
CLKO, which has 1/4 the
frequency of OSC1 and
denotes the instruction cycle
rate.

RA6 /o TTL Genaral purpose I/O pin.

Legend: TTL = TTL compatible input

8T
I
p

Input
Power

= Schmitt Trigger input with CMOS levels

CMOS = CMOS compatible input or output

Analog = Analog input
Q = Qutput
oD = Open-Drain {no P diode to VDD)

DS41159E-page 10

® 2006 Microchip Technolagy Inc.
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 sl I il Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTA is a bidirectional /O port.
RAQ/ANO/CVREF 2 2 19 3
RAO f1e] TTL Digital I/O.
ANO | Analog Analog input 0.
CVREF O | Analog Comparator voltage reference
output.
RA1/AN1 3 3 20 4
RAT l{e] TIL Digital I/O.
AN1 | Analog Analog input 1.
RAZ/AN2/VREF- 4 4 21 5
RA2 I{e] TTk Digital /O,
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage
(Low) input,
RA3/ANS/VREF+ 5 5 22 6
RA3 l{e} TTL Digital /O,
AN3 | Analog Analog input 3.
VREF+ | Analog A/D reference voltage
(High) input.
RA4/TOCKI 6 6 23 7
RA4 /0 | TT/OD Digital /O - open-drain when
configured as output,
TOCKI I 8T Timer0 external clock input.
RAS/AN4/SS/LVDIN 7 7 24 8
RAS Ie] TTL Digital I/O.
AN4 | Analog Analog input 4.
S8 | ST SPI™ slave select input.
LVDIN | Analog Low-Voltage Detect input.
RAG See the OSC2/CLKO/RAS pin.

Legend: TTL = TTL compatible input
Schmitt Trigger input with CMOS levels
Input

Power

ST
| -
P =

H

CMOS = CMOS compatible input or output
Analog = Analog input

o)
oD

= Qutput

= Open-Drain {no P diode to VOD)

@ 2006 Microchip Technology Inc.
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Number
% Pin | Buffer _—
Pin Name PIC18F248/258 PIC18F448/458 Type| Type Description
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTB is a bidirectional /0 port.
PORTB can be software
programmed for internal weak
pull-ups on all inputs.
RBO/INTO 21 33 8 38
RBo l{e] TTL Digital /0.
INTO | ST External interrupt 0,
RB1/NT1 22 34 8 37
RB1 [1{e] TTL Digital /0.
INT1 | ST External interrupt 1.
RB2/CANTX/INT2 23 35 10 38
RB2 [l4¢] TTL Digital I/O.
CANTX [¢] TTL Transmit signal for CAN bus.
INT2 | ST External interrupt 2.
RB3/CANRX 24 36 1 39
RB3 lle} LTIk Digital I/O.
CANRX I TTL Receive signal for CAN bus,
RB4 25 37 14 41 l{e] TTL Digital I/O.
Interrupt-on-change pin.
RB5/PGM 26 38 15 42
RBS [l{®] TTL. Digital VO.
Interrupt-on-change pin.
PGM | ST Low-voltage ICSP™
programming enable.
RB6/PGC 27 39 16 43
RB6 1o TTL Digital /0. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGC | ST ICSP programming clock.
RB7/PGD 28 40 17 44
RB7 lle} TTL Digital VO. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGD I{®] ST ICSP programming data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analeg = Analog input
| = Input (o] = Output
P = Power oD = Open-Drain (no P diode to VDD)

DS41159E-page 12
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PIC18FXX8

TABLE 1-2:  PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer e 3
Pin Name PIC18F248/258 PIC18F448/458 Type| Type Description
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTC is a bidirectional /O port.
RCO/T1QSO/T1CKI 1 15 32 16
RCo lje] ST Digital 1/O.
T1080 0 — Timer1 oscillator output.
T1CKI I ST Timer1/Timer3 external clock
input.
RC1/T108I 12 16 35 18
RC1 l{e] ST Digital /O.
T108I | CMOS Timer1 oscillater input,
RC2/CCP1 13 17 36 18
RC2 110 ST Digital /0.
CCP1 I{e] ST Capture 1 input/Compare 1
output/PWM1 output.
RC3/SCK/SCL 14 18 37 20
RC3 fe] ST Digital 1/O.
SCK le} 8T Synchronous serial clock
input/output for SPI™ mode,
sCL [I{e] ST Synchranous serial clock
input/output for EC™ mode.
RC4/SDI/SDA 15 23 42 25
RC4 [l{e] ST Digital /0.
SDI | ST SPI data in.
SDA e} 8T [C data IfO.
RC5/SDO 16 24 43 26
RCs /0 ST Digital I/O.
SDO o} — SPI data out,
RC8/TX/CK 17 25 44 27
RCé& l{e] ST Digital /O,
TX o} e USART asynchronous
transmit.
CK o] ST USART synchronous clock
(see RX/DT).
RC7/RX/DT 18 26 | 29
RC7 110 ST Digital IO,
RX I ST USART asynchronous receive.
DT 1710 ST USART synchronous data
(see TX/CK).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o] = Output
P = Power oD = Open-Drain (no P diode to VOD)

@ 2008 Microchip Technology Inc.
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PIC18FXX8

e e —
TABLE 1-2: PIC18FXX8 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Number
Pin | Buffer e
Pin Name PIC18F248/258 PIC18F448/458 Typs| Typs Description
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTD is a bidirectional I/O port.
These pins have TTL input buffers
when external memory is enabled.
RDO/PSPO/C1IN+ — 19 38 21
RDO lle] ST Digital 1O.
PSPO 110 TTL Parallel Slave Port data.
C1IN+ 1 Analog Comparator 1 input.
RD1/PSP1/C1IN- — 20 39 22
RD1 [l{e] ST Digital 110.
PSP1 l{e} Tk Parallel Slave Port data,
C1IN- | Analog Comparator 1 input,
RD2/PSP2/C2IN+ —_ 21 40 23
RD2 l{e] ST Digital 1/O.
PSP2 [l{e] TTL Parallel Slave Port data.
C2IN+ | Analog Comparator 2 input.
RD3/PSP3/C2IN- — 22 41 24
RD3 l{e] ST Digital /0.
PSP3 l{e} TTL Parallel Slave Port data.
C2IN- | Analog Comparator 2 input.
RD4/PSP4/ECCP1/ — 27 2 30
P1A
RD4 l{e] 8T Digital I/O.
PSP4 I} TTL Parallel Slave Port data.
ECCP1 110 ST ECCP1 capture/compare.
P1A o} — ECCP1 PWM output A,
RD5/PSP5/P1B - 28 3 31
RDs I} ST Digital I/O.
PSP5 lie} L Parallel Slave Port data.
P1B (o] e ECCP1 PWM output B.
RD6/PSPE/P1C — 28 4 32
RD6 l{e} ST Digital /0.
PSP6 l{e} TTL Parallel Slave Port data.
P1C o} — ECCP1 PWM output C.
RD7/PSP7/P1D — 30 B 33
RD7 1{e] ST Digital I/O.
PSP7 le] TTL Parallel Slave Port data.
P1D (¢} — ECCP1 PWM output D.

Legend: TTL = TTL compatible input

ST
|
P

I

Input

Power

Schmitt Trigger input with CMOS levels

CMOS = CMOS compatible Input or cutput
Analog = Analog input
= Output

(e]] = Open-Drain (no P diode to VDD)

DS41159E-page 14

@ 2006 Microchip Technology Inc.
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MICROCHIP

PIC18F2XK20/4XK20

28/40/44-Pin Flash Microcontrollers
with nanoWatt XLP Technology

High-Performance RISC CPU:

*+ C Compiler Optimized Architecture:

- Optional extended instruction set designed to
optimize re-entrant code

Up to 1024 bytes Data EEPROM

Up to 64 Kbytes Linear Program Memory

Addressing

Up to 3936 bytes Linear Data Memory Addressing

Up to 16 MIPS Operation

16-bit Wide Instructions, 8-bit Wide Data Path

Priority Levels for Interrupts

31-Level, Software Accessible Hardware Stack

8 x 8 Single-Cycle Hardware Multiplier

e & o+ w .

Flexible Oscillator Structure:

Precision 16 MHz Internal Oscillator Block:

- Factory calibrated to + 1%

- Software selectable frequencies range of
31 kHz to 16 MHz

~ B4 MHz performance available using PLL -
no external components required

Four Crystal modes up to 64 MHz

Two External Clock modes up to 64 MHz

4X Phase Lock Loop (PLL)

Secondary Oscillator using Timer1 @ 32 kHz

Fail-Safe Clock Monitor:

- Allows for safe shutdown if peripheral clock
stops

- Two-Speed Oscillator Start-up

L T S

Special Microcontroller Features:

Operating Voltage Range: 1.8V to 3.6V
Self-Programmable under Software Control
Programmable 16-Level High/Low-Voltage
Detection (HLVD) module:

- Interrupt on High/Low-Voltage Detection
Pregrammable Brown-out Reset (BOR):

- With software enable option

Extended Watchdog Timer (WDT):

- Programmable period from4 ms to 131s
Single-Supply 3V In-Circuit Serial
Pragramming™ (ICSP™) via Two Pins
In-Circuit Debug (ICD) via Two Pins

.

Extreme Low-Power Management
with nanoWatt XLP:

+ Sleep mode: < 100 nA @ 1.8V
+ Watchdog Timer: <800 nA @ 1.8V
+ Timer1 Oscillator: < 800 nA @ 32 kHz and 1.8V

Analog Features:

.

Analog-to-Digital Converter (ADC) module:

- 10-bit resolution, 13 External Channels

- Auto-acquisition capability

- Conversion available during Sleep

- 1.2V Fixed Voltage Reference (FVR) channel
- Independent input multiplexing

Analog Comparator madule:

- Two rail-to-rail analog comparators

- Independent input multiplexing

Voltage Reference (CVREF) module

- Programmable (% VDD), 16 steps

- Two 16-level voltage ranges using VREF pins

Peripheral Highlights:

+ Upto 35 /O Pins plus 1 Input-only Pin:
- High-Current Sink/Source 25 mA/25 mA
- Three programmable external interrupts
- Four programmable interrupt-on-change
- Eight programmable weak pull-ups
- Programmable slew rate
Capture/Compare/PWM (CCP) module
Enhanced CCP (ECCP) module:
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart
Master Synchronous Serial Port (MSSP) module
- 3-wire SP| (supports all 4 modes)
- 12c™ Master and Slave modes with address
mask
« Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module:
- Supports RS-485, RS-232 and LIN
- R8-232 operation using internal oscillater
- Auto-Wake-up on Break
- Auto-Baud Detect

® 2010 Micrachip Technology Inc.

DS41303G-page 3
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PIC18F2XK20/4XK20

2: Channel count includes internal fixed voltage reference channel.

Program Memory Data Memory 10-bit | CCP/ MSSP E ;
Device | Flash | # Single-Word | SRAM|EEPROM|VO!"| AD | ECCP Master] & | Comp. [Jieors
b 8/16-hit
{bytes) | Instructions |(bytes)| {bytes) (ch)@ | pwm) | SP [zem |
PIC18F23K20| 8K 4096 5§12 256 25 1" 11 Y Y 1 2 173
PIC18F24K20| 16K 8192 768 256 25 i) in Y ¥ 1 2 13
PIC18F25K20| 32K 16384 1536 256 25 11 11 Y ¥ 1 2 1/3
PIC18F26K20| 64k 32768 3336 1024 25 11 1M Y Y 1 2 173
PIC18F43K20| 8K 4096 512 256 36 14 11 Y Y 1 2 113
PIC18F44K20| 18K 8192 768 256 36 14 N by Y 1 2 13
PIC18F45K20| 32K 16384 1536 256 36 14 1N X ¥ 1 2 1/3
PIC18F46K20| 64k 32768 3936 1024 36 14 in Y Y 1 2 173
Note 1: One pin is input only,

DS41303G-page 4
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PIC18F2XK20/4XK20

Pin Diagrams

28-pin PDIP, SOIC, SSOP
MCLRVPPIRES —=(]*1 e 28[] =—= RBV/KBI3PGD
RAOIAND/C12INO- =—=[] 2 27[[] =+ RBE/KBIZIPGC
RAVAN1/CIZING =—=[] 3 26[_] <—= RBS/KBI1/PGM
RA2/ANZIVREF-ICVREF/C2IN+ =—s[_] 4 25[7] ~—= RB4/KBIO/ANT1/P1D
RAVANIVREF+/CIIN: =—=[] 5 S & & & 24[0 = RBIANSICI12IN2-/CCP2()
RAGTOCKICIOUT =[] 6 X £ X % 23[] =~ RB2INT2ANSP1B
RAS/AN4/SEHLVOINIC2OUT ~—=[] 7 QNN N & 22[] <+ RBUINTIANIO/CIZING-P1C
ves ~—=[] 8 SoEH 21 [] == RBO/INTOFLTO/ANT2
OSCHCLKINRAT =[] 8 S OO O 20 +—Vveo
OSC2CLKOUT/IRAS =—=[J10 @& & oo 18[) =—Vss
RCOM10SOT13CK! <=—s[] 11 18[] =—= RCT/RX/DT
RewT105ICCP2(Y -me [ 12 17[] ~— RC6/TX/CK
RC2/CCP1P1A =—=[]13 16[] = RCS/SDO
RCVUSCKISCL =—=[]14 15[7] ~+—= RC4/SDISDA
40-pin PRIP MCLRAVPRRES ——[] 1 7 40 [J =—s RBVKBIZPGD
RAD/ANO/C12INO- ~—w [ 2 39 [1 =—= RBEKBI2PGC
RATANVC12INT- e [] 3 38 [] = RBS/KBITPGM
RA2/AN2/VREF-/CVREF/C2IN e [ 4 a7 [ == RB4/KBIO/AN11
RAJANINREF+HCUN+ e [ 5 36 [J =+ RBUANS/CI2IN2-CCP2(Y
RA4/TOCKICIOUT w—e-[] 6 35 [ e RB2INTZANS
RAS/ANA/SSIHLVDIN/C2OUT et [ 7 34 [] s REUINTIANTO/C12IN3-
REO/RD/ANS ~—[]8 o Qg 33 +— RBUINTOFLTOANTZ
REIWRANG =9 QT Y s2[0e—von
REZCEIANT wm (10 B 58 31 wm Vs
VOO moe [1 11 W W W W 30 [J=—= RDZ/PSPIPID
vss —ol12 B2 22 39[] - RDEPSPEPIC
OSCH/CLKINRAT w13 © Q QO 28 [] +— RDSPSPSPIB
OSC2UCLKOUT/RAS  weam [ 14 Bu Qo O Bu 57 I e—a RD4/PSPA
RCO/TIOSOITI3CK! w—a [] 15 26 [1 w—s RCTIRX/DT
RCUTIOSHCCP2Y o] 16 25 [] == RCH/TX/CK
RC2/CCPUPIA e[ 17 24 [] ~— RC5/SDO
RCHSCKISCL =—=[] 18 23 [] =——= RC4/SDI/SDA
ROUPSPO w—[] 19 22 [] w——e RDIPSP3
RD1/PSP1 e [ 20 21 [J ~—s RD2/PSP2
[a]
3 &
£ Hoo=sr
28-pin QFN/UQFN!? NEpe8s:
=3 ipa=s
$338888
-v‘- S| r~ ~
S HIE
28272625242322
RA2/AN2/VREF-/CVREF/C2INY w—a | 1 @ 21 | =—= RBIANGIC12IN2-/CCP2(Y
RAZANIVREF+CTIN+ w—e } 2 PIC18F23K20 20| —=— RB2ANT2/ANS/P1B
RAATOCKICIOUT =—= | 3 PIC18F24K20 19| =—= RB1U/INTTANI0/CI12IN3-/P1C
RAS/AN4/SS/HLVDIN/C20UT s | 4 18 | == RBOANTOFLTO/ANI2
Vs | & PIC18F25K20
17 | = VDO
OSC1/CLKINRAT s | § PIC18F26K20 45| - vss
OSC2/CLKOUT/RAG w— | 7 16 | ~—= RCT/RX/DT
8 91011121314
SEER2RE
Egugggg
88588 =
EEEC
==
o8
Note 1: RB3 is the alternate pin for CCP2 multiplexing.
2: UQFN package availability applies only lo PIC18F23K20.

@ 2010 Microchip Technology Inc.
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kKVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

»  Low-noise analog signal path

+  Device bandwidth is set via the new FILTER pin

= 5 s output rise time in response to step input current
+ S0 kHz bandwidth

+ Total output error 1.5% at T, = 25°C, and 4% at ~40°C 10 83°C

+  Small footprint, low-profile SOICS package
+ 1.2 mf2 internal conductor resistance

+ 2.1 kVgys minimum isolation voltage from pins 1-4 to pins 53-8

= 5.0V, single supply operation

+ 606 to 185 mV/A output sensitivity

»  Qutput voltage proportional to AC or IDC currents
+  Factory-trimmed for accuracy

+  Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

* Ratiometric output [rom supply voltage

Package: 8 pin SOIC {suffix LC)

Approximate Scale 1:1 E

Description

The Allegro® ACS712 provides economical and precise
solutions for AC or DC current sensing inindustrial, automotive.
commercial, and communications systems. The device
package allows for casy implementation by the customer.
Typical applications include motor control. load detection and
management, switched-mode power supplies, and overcurrent
fault protection.

The device consists of a precisc, low-offset, lincar Hall
sensor circuit with a copper conduction path located near the
surface of the die. Applied current flowing through this copper
conduction path gencrates a magnetic ficld which is senscd
by the integrated Hall 1C and converted into a proportional
voltage. Device accuracy is optimized through the close
proximity of the magnetic signal to the Hall transducer. A
precise, proportioual voltage is provided by the low-offset,
chopper-stabilized BICMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Viouroy)
when an increasing current flows through the primary copper
conduction path (from pins | and 2, to pins 3 and 4). which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 m€ typical, providing low power

Continuwed on the next page....

Typical Application

ps VG
1P+ VIOUT
AcCsTI2
jp.. FILTER

P snp

G
g,
5 1nF

Application 1. The ACS712 outputs an analog signal, Vayr.
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, I, within the range specified. Cp
is recommended for noise management, with values that
depend on the application.

ACS712-DS, Rev.1

U A-1 Jeyalulasmoulnsaaes ACS712
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

loss. The thickness of the copper conductor allows survival of
the device at up to 3% overcurrent conditions. The terminals of
the conductive path are electrically isolated from the sensor leads
(pins 5 through 8). Tlus allows the ACS712 current sensor (o be
used in applications requiring clectrical isolation without the use
of oplo-isolators or other costly isolation techniques.

Selection Guide

The ACS712 is provided in a small, surface mount SOICS package.
The leadframe is plated with 100% matte tin, which is compatible
withstandard lead (Pb) free printed circuitboard assembly processes.
Internally, the device is Pb-ree, except for flip-chip high-temperature
Pb-based solder balls, currently exempt from RoHS. The device is
fully calibrated prior to shipment from the factory.

Part Number Packing® ;[%‘; Op!imize&:!ange, le Sﬁxﬁ};gi)v(ig{”s:)ns
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel ~40 to 85 5 185
ACST12ELCTR-20A-T | Tape and reel, 3000 pleces/ree! ~-40 to 85 120 100
ACST12ELCTR-30A-T | Tape and reel, 3000 pleces/reel -40 to 85 130 66
*Contact Allegro for additional packing options.

Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 v
Reverse Supply Voltage Vree -01 Vv
Output Voltage Vieur 8 v
Reverse Output Voltage Vriout -0.1 Vv
Output Current Source liout(source) 3 mA
Output Current Sink liouTising 10 mA
Overcurrent Transient Tolerance lg ;?2 :;i:l éﬁssji 52:3;:;?;?222:: c‘l:: applied 80
Maximum Transient Sensed Current Ig(max) Junction Temperature, T, < T (max) 60 A
Nominal Operating Ambient Temperature Ta Range E —~40 to 85 “"©
Maximum Junction T (max) 165 °c
Storage Temperature Taig ~-65 to 170 °C
Q‘K\ TOV America Parameter Specification
pRE— CAN/CSA-C22.2 No. 60950-1-03
UBV 08 05 54214 010 Fire and Electric Shock UL 60950-1:2003

EN 60850-1:2001

Allegro MicroSystems, Inc. 2

wawallegromicto.com

&% l y A 115 Nertheast Culoff, Box 15036
; Worcester, Massachusetis 01815.0036 (508) 853-5000
%p MioruBysierna, iz,
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

2

- S | viout
(Pin 7
P P h

i
|
|0
0 Ampare ! T
Oftset Adjust !
|
= |
) :
____________________________________________________ 3
FILTER
(Pin 6)
il
A
Pin-out Diagram
1P+ [1] [&] vee
1P+ [Z] [7] viout
1P~ 3] [E] FILTER
1P [T [5] oD
Terminal List Table
Number Name Description
1and 2 1P+ Terminals for current being sensed; fused internally
Jand 4 IP- Terminals for current being sensed; fused Internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 vieuT Analog output signal
8 VCC Device power supply terminal

Allegro MicroSystams, [nc. 3
.‘.ﬁ? l % 115 Northeast Guloff, Box 15036
Worcester, Massachusatis 01815-0036 (508) 853-5000
MevuSysinrna, log, wiwvw.allegromicio.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with

2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS! over full range of Tap, Cr = 1 nF, and Ve = 5 V, unless otherwise specified

Characteristic | symbol Test Conditions | Min. | Typ. | Max. [ Units

ELECTRICAL GHARACTERISTICS
Supply Voltage Vee 4.5 5.0 55 Vv
Supply Current lee Vee = 5.0V, output open 8 8 1" mA
Output Zener Clamp Voltage Vz leg = 11 mA, T, = 25°C 6 8.3 - v
Oulput Resistance Riour  |liour = 1.2 mA, Ty=25°C - 1 2 Q
Output Capacitance Load Cioan | VIOUT to GND - - 10 nF
Qutput Resistive Load Rioap [VIOUT to GND 4.7 - - kQ
Primary Conductor Resistance | Rpegpary |Ta= 26°C - 1.2 - mi
RMS Isolation Voltage Visorms [Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25°C 2100 - - v
DC Isolation Voltage Visopc | Pins 1-4 and §-8; 1 minute, T,=25°C - 5000 = v
Prapagation Time terop lp = In(max), Ty = 25°C, Coyr = open - 3 - Hs
Response Time treseonse | Ip = lp(max), Ty = 25°C, Coyr = open - T - ps
Rise Time 1 Ip = lp(max), Ty = 25°C, Coyr = open - 5 - us
Frequency Bandwidth f -3 dB, Ty = 25°C; |p is 10 A peak-to-peak 50 - - kHz
Nonlinearity Eun Over full range of Ip - 1 1.5 %
Symmetry Esvm Qver full range of | 98 100 %
Zero Current Output Voltage Viourgo) Bidirectional; Ip = 0 A, T4 = 25°C - Vg%' s v
Magnetic Offset Error Verrom |lp = O A, after excursion of 5 A - 0 - mv

Vi Typ.-110] Y% [Typ.+110| mv
Clamping Voltage Vo

Ver Typ.-110 0,8(6325 Typ.+110| mV
Power-On Time tho Output reaches 90% of steady-state level, T,=25°C, 20 A present _ a5 B s

on leadframe

Magnetic Coupling? - 12 - GIA
Internal Filter Resistance? Reqnem 1.7 kQ

Device may be operated at higher primary current levels, I, and ambient, T,, and internal leadframe temperatures, Top, provided that the Maximum
Junction Temperature, Ty(max), is not exceeded.

21G=0.1mT.

*Rg(ur) forms an RC cireuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS?

Min, Typ. Max. Units
Operating Internal Leadframe Temperature I Top jE range ~40 - 85 *C
Value Units
Junction-to-Lead Thermal Resistance? Rgy. [Mounted on the Allegro ASEK 712 evaluation board 5 *C/W
i . . Moaunted on the Allegro 85-0322 evaluation board, includes the power can- &
Junction-to-Ambient Thermal Resistance Rgya sumed by the board 23 CwW

1Additional thermal information is available on the Allegro website.
2The Allegro evaluation board has 1500 mm?2 of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked

Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-

tion section of this datasheet.

Allegro MicroSystems, Inc.
116 Mortheast Cuteff, Box 15036
Worcester, Massachusetts 018160036 (508) 853-5000
waw.allegromicro,.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

x05A PERFORMANCE CHARACTERISTICS Tgp = —40°C to 85°CY, C = 1 nF, and Ve = 5 V| unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Oplimized Accuracy Range lp -5 - 5 A
Sens Over full range of Ip T, = 25°C - 185 - mV/A
Sensitivity? TA hubiddl KL
Sensygp | Over full range of Ip 178 - 193 mV/A
Peak-lo-peak, Ty= 25°C, 185 mV/A programmed Sensitivity, B 45 _ mv

Ce=4.7 nF, Coyr = open, 20 kHz bandwidth
Peak-to-peak, T, = 25°C, 185 mV/A programmed Sensitivity,

Nolee VNOISERP) |G = 47 nF, oy = open, 2 kHz bandwicth - = - oy
Peak-to-peak, Ty = 25°C, 185 mV/A programmed Sensitivity, _ 75 - oy
Cg =1 nF, Cqur = open, 50 kHz bandwidth

Electrical Offset Voltage Voe l=0A —40 - 40 mV

Total Output Error® Eqor lp=t5 A, Ty = 25°C - 1.5 - %

1Device may be operated at higher primary current levels, I, and ambient temperatures, Tpp, provided that the Maximum Junction Temperature,
T Jimaxys 18 NOL exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.

2Percentage of I, with 1o = 5 A. Output filtered.

X20A PERFORMANCE CHARACTERISTICS Tp = -40°C ta 85°CY, Cg = 1 nF, and Ve = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip ~20 - 20 A
Sensitivity? Sensy, | Over full range of I T, = 25°C - 100 - mV/A

Senstop | Over full range of Ip 97 - 103 mViIA
Peak-to-peak, Ty= 25°C, 100 mV/A programmed Sensitivity, . 24 il Y

Ce=4.7 nF, Coyr = open, 20 kHz bandwidth
Peak-to-peak, Ty = 25°C, 100 mV/A programmed Sensitivity,

Noles VNOISE®P) |, = 47 nF, Gy = open, 2 kHz bandwidth - 10 - my
Peak-to-peak, Ty = 25°C, 100 mV/A prorgrammed Sensitivity, . 40 . mv
Cg =1 nF, Coyr = open, 50 kHz bandwidth

Electrical Offset Voltage Vog lp=CA -30 - 30 mV

Total Output Error? Eror lo=t20 A, Ty = 25°C - 1.5 - %

Device may be operated at higher primary current levels, |, and ambient temperatures, Top, provided that the Maximum Junction Temperature,
T (max), is not exceeded.

2At -40°C Sensitivity may shift as much 9% outside of the datasheet limits.

3Percentage of I, with | = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS Tgp = —40°C to 85°C?, C = 1 nF, and V¢ = 5 V, uniess otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max., Units
Optimized Accuracy Range s -30 - 30 A
Sen: Over full range of Ip, Ty, = 25°C - 66 - mV/A
Sensitivity? B Led il
Sensyop | Over full range of Ip 64 - 68 mV/A
Peak-ta-peak, To= 25°C, 66 mV/A programmed Sensitivity, _ 20 _ mv
Cg=4.7 nF, Coyr = open, 20 kHz bandwidth
o Peak-to-peak, T, = 25°C, 66 mV/A programmed Sensitivity, _ _
e VNOISEPP) |G, = 47 nF, Gy = open, 2 kHz bandwidih ? it
Peak-to-peak, T, = 25°C, 66 mV/A programmed Sensitivity, - a5 i mv
Cg =1 nF, Coyr = open, 50 kHz bandwidth
Electrical Offset Voltage Voe lp=0A -30 - 30 my
Total Output Error3 Etor Ip=230A, Ty =25°C - 1.5 - %

1Device may be operated at higher primary current levels, I, and ambient temperatures, Ty, provided that the Maximum Junction Temperature,
T (max), is not exceeded.
2At ~40°C Sensitivity may shift as much 9% outside of the datasheet limits.

3Percentage of Ip, with [ = 30 A, Output filtered.
p— Aliegra MeraSysters, Inc. 5
i d l e 118 Northeast Cutoff, Box 15036
w Warcester, Massachusetts 01815-0038 (508) 853-5000
MicruSysiwme, Ine, wva allegromicro.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
o =54, Sens = 185 mV/A unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
Ve =5
10.0 165
05 103
i 101
T 99
E 28 < 97 !
# 20 € e et
S 93
‘7 53
7.0 83
65 87
60 85
50 0 50 100 150 200 45 46 %7 48 49 5 A1 52 53 64 55
Tal*C) Vee (V)
Magnetic Offset versus Ambient Temperature Nonlinearity versus Ambient Temperature
lp=10A
200 20
175 18
1.6
i 160 i
126 F 12
g 1.00 3 10
> a78 w o8
06
o‘;w 04
025 02
0 0
50 [] 0 100 150 200 £0 0 %0 100 150 200
Tal*C} Tal'€)

Mean Total Qutput Error versus Ambient Temperature

160 hihini
.. 100
£
u? 50
e
5.0
-10.0
1805 [} % 100 180 200
TalC)
OQutput Voltage versus Sensed Current Sensitivity versus Sensed Current

46 188.0 '

;’: e 186.0 fwn ]
- ol Ty % 1o e
:—E ::: — E?ﬁ, gtezc

1.5 1800

;': w 1780

9 10 -8 -6 .4 4 8 10 ‘13?10 -8 6 4 4 6 8 10

7y Allegro MicroSystams, inc 6
Ay l A 115 Northeast Culoff, Box 15036
4 Worcesler, Massachusetts 01815-0036 (508) 853-5000
Microysierre, loc, warwallagremicro.com

U -6 Toyalulasmeulnsames ACST12



62

ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with

2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Mean Supply Current versus Ambient Temperature

Characteristic Performance
Ip = 30 A, Sens = 66 mV/A unless otherwise specified

Supply Current versus Supply Voltage

Vee =5V
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95 104,
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o Allegro MicroSystems, Inc.
- 3 l e " 116 Northeast Culoff, Box 15036
Worcester, Massachusetts 01815-0036 (508) 853-5000
MicroBysiame, Inc. wavw.allegromicro.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in sensor output in response (0 a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the lincar
1C amplifier gain (mV/G). The lincar IC amplificr gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyopse) The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noisc observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (Eyx). The degree to which the voltage output from
the sensor varies in direct proportion to the primary current
through its full-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the [ux concentrator approaching
the full-scale current. The following equation is used to derive the
lincarity:

100 { l—[A gain x % sat (Viour_full-scale amperes = Four@) ] }
2 (Fiout_half-seale amperes =~ Fiout))
where Four sutl-seale ampares = the output voltage (V) when the
sensed current approxitmates full-scale £lp.

Symmetry (Egyy). The degree to which the absolute voltage
output from the sensor varies in propartion to cither a positive
or negative full-scale primary current. The following formula is
used to derive symmetry:

Hour + full-scale amperes ~ FouT@)

Viour ~ ¥rour_~full-scale amperes

Quiescent output voltage (Voo The output of the sensor
when the primary current is zero. For a unipolar supply voltage,
it nominally remains at V2. Thus, Vee =5V translates into
Viourgg = 2.5 V. Variation in Vigyrg) 6an be attributed to the
resolution of the Allegro lincar 1C quicscent voltage trim and
thermal drift.

Electrical offset voltage (Vg). The deviation of the device out-
put from its ideal quiescent value of Vi./ 2 due (o nonmagnetic
causes. To convert this voltage to amperes. divide by the device
sensitivity, Sens.

Accuracy (Epop). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total ouput error. The accuracy is illustrated graphically in
the output voltage versus current chart at right.

Accuracy is divided into four arcas:

» 0 A at 25°C. Accuracy of sensing zero current flow at 25°C,
without the effects of temperature.

0 A over A temperature. Accuracy of sensing zcro current
flow including temperature effects.

Full-scale current at 25°C. Accuracy of sensing the full-scale
current at 25°C, without the ¢ffects of temperature.

-

o Full-scale current over A temperature. Accuracy of sensing full-
scale current flow including temperature effects.
Ratiometry. The ratiometric feature means that its 0 A output.
Vioury (nominally equal to Ve/2) and sensitivity, Sens. are
proportional to its supply voltage. Vo, The following formula is
used to derive the ratiometric change in 0 A output voltage,
AVipuregrar (Vo).
Vioutiavee f Fiout@sy
100 ( OUT(Q) Q)
VeclsV

The ratiometric change in sensitivity, ASensy yp (%), is defined as:

100 (

Output Voltage versus Sensed Current
Accuracy at 0 Aand at Full-Scale Current

4

Sensyee { Senssy )

Vee 5V

3

Increasing Y, ()

e

| Over ATamp erature

- Aguracy
Over ATemp eraturs

ecreasing Ve, (¥)

llegro’.

Allagra MicroSystems, Inc. 8
118 Northeast Culoff, Box 15036

Worcester, Massachusetts 01815-0036 (508) 853-5000
weraallegromicro.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

Propagation delay (fprop). The time required for the sensor
output to reflect a change in the primary current signal. Propaga-
tior delay is attributed to inductive loading within the lincar 1C
package. as well as in the inductive loop formed by the primary
conductor geomelry. Propagation delay can be considered as a
fixed time offset and may be compensated.

(%) /-WWCUWIM

Transcuoer Output
|

.-o-i—-v Propagation Time. t,...

Response time (typsponse)- The time interval between

a) when the primary current signal reaches 90% of its final
value, and b) when the sensor reaches 90% of its output
corresponding to the applied current.

1(%) /— Primary Curment

90 o s e e

1
1

Transducer Output

-——lL—-- Response Time, lug wone

Rise time (t,). The time interval between a) when the sensor
reaches 10% of its full scale value, and b) when it reaches 90%
of its full scale value. The risc time to a slep response is used (o
derive the bandwidth of the current sensor, in which f(=3 dB) =
0.35/1,. Both t, and tzpgpoxs are detrimentally affected by eddy
current losses observed in the conductive IC ground plane.

Power on Time versus Extemal Fiter Capacitance Step Response
% | T ! B e Ta=25°C
1 i la=h A .
1% <3 i 2 g
z2H Aosasgspetis |
f & et et
& o
0
20 { il
0 1
0 10 20 30 40 &0
Cr (nF)
Noise vs. Flker Cap
10000 = Noiuqveu&x!umal mr Capacitance
1000
i
3 100
% 10 .
z 3
001 01 10 100 1000
Cr (nF)
Rise Time versus Extamal Fiker Capacitance Rise Time versus External Fiter Capacitance
1200 Cr (nF) te (bs) 400
1000 i ¢ 89 #0 el e
. 800 A7 174 . 00
T e 10 321 g P
= e 2 882 5 50 /
400 ar 88.2 200
) ) 160 2013 P
2004 .} Expanded in chartatright o 220 6230 150
Q 470 11200 a
0 400 500 [} 50 75 100 125 150
Cp (nF) Cy (nF)

Allegro MicroSystems, Inc
116 Northeast Cutolf, Box 15036

Worcester, Massachusetts 01615-0036 (508) 853-5000

www.allegromicro.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is
used to minimize the offset voltage of a Hall element and an asso-
ciated on-~chip amplifier. Allegro patented a Chopper Stabiliza-
tion technique that nearly eliminates Hall IC output drift induced
by temperature or package stress cffects. This offset reduction
technique is based on a signal modulation-demodulation process.
Modulation is used to separate the undesired de offset signal from
the magnetically induced signal in the frequency domain. Then,
using a low-pass filter, the modulated de offset is suppressed
while the magnetically induced signal passes through the filter.
As a result of this chopper stabilization approach, the output
voltage from the Hall IC is desensitized to the effects of tempera-
ture and mechanical stress. This technique produces devices that
have an extremely stable Electrical Offset Voltage, are immune to
thermal stress, and have precise recoverability after lemperature
cycling.

This technique is made possible through the use of a BiICMOS
process that allows the use of low-offset and low-noise amplifiers
in combination with high-density logic integration and sample
and hold circuits.

Typical Applications

+5Y

7
Re
I ACST1Z
[
3\p.. FILTER

1P

GND

5V

%uaw

1

Bl Adto-D
il Canverter

iH—i—

Application 4. Rectified Output. 3.3 V scaling and rectification application
for A-to-D converters. Replaces current transformer solutions with simpler
ACS circuit, C1 is a function of the Joad resistance and filtering desired.
R1 can be omitted if the full range Is desired.

2ipe viour}L

tr} ACSTI2
3l o, FILTER

1p-

5
GND

Application 3. This configuration increases gain to 610 mv/A
(tested using the ACS712ELC-054).

5V

A
W
NAAA
£
&

R2 %
100 k2 <
. 8
Pe VCC? M
2lips vioUT L) tls
s ACST1Z %‘“
} 6
3 o FILTERE—— LMV7235
5

4;;;_

Bl
Lall

GND

D1
1NO14

Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1and
R2. This circuit latches an overcurrent fault and holds it until the 5 V rail is
powered down.

Allegro”.

Allegro MicroSystams, Inc. 10
115 Northeast Cutoff, Box 15036

Worcester, Massachusatis 01815-0036 (508) 853-5000
wer allegromiczo.com
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MicROCHIP

MRF24J40MA

2.4 GHz IEEE Std. 802.15.4™ RF Transceiver Module

Features:

+ |EEE Std. 802.15.4™ Compliant RF Transceiver
Supports ZigBee® MiWI™, MiWi™ P2P and
Proprietary Wireless Networking Protocols
Small Size: 0.7" x 1.1” (17.8 mm x 27.9 mm),
Surface Mountable

Integrated Crystal, Internal Voltage Regulator,
Matching Circuitry and PCB Antenna

Easy Integration into Final Product - Minimize
Product Development, Quicker Time to Market
Radio Regulation Certification for United States
(FCC), Canada (IC) and Europe (ETSI)
Compatible with Microchip Microcontroller
Families (PIC16F, PIC18F, PIC24F/H, dsPiC33
and PIC32)

Up to 400 ft. Range

.

.

Operational:

+ Operating Voltage: 2.4-3.6V (3.3V typical)
+ Temperature Range: -40°C to +85°C Industrial
+ Simple, Four-Wire SPI Interface
+ Low-Current Consumption:
- RX mode: 19 mA (typical)
- TX mode: 23 mA (typical)
- Sleep: 2 pA (typical)

RF/Analog Features:

.

.

ISM Band 2.405-2.48 GHz Operation
Data Rate: 250 kbps

-94 dBm Typical Sensitivity with +5 dBm
Maximum Input Level

+0 dBm Typical Output Power with
36 dB TX Power Control Range

Integrated Low Phase Noise VCO, Frequency
Synthesizer and PLL Loop Filter

Digital VCO and Filter Calibration
integrated RSSI ADC and I/Q DACs
integrated LDO

High Receiver and R$S| Dynamic Range

MAC/Baseband Features:

-

.

Hardware CSMA-CA Mechanism, Automatic ACK
Response and FCS Check

Independent Beacon, Transmit and GTS FIFO
Supports all CCA modes and RSS/LQI
Automatic Packet Retransmit Capable

Hardware Security Engine (AES-128) with CTR,
CCM and CBC-MAC modes

Supports Encryption and Decryption for MAC
Sublayer and Upper Layer

FIGURE 1: PIN DIAGRAM
GND 1 12 GND
RESET 2 11 GND
WAKE 3 10 VN
INT 4 s NC
SDl 5 8 Cs
SCK 6 7 SDO

@ 2008 Microchip Technology Inc.

DS70329B-page 1

s +1 foyalulasaerulnsaiaes MRF24J40MA
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1-1.Nominal Voltage
1-2.Coil Resistance
1-3.Operate Voltage
1-4.Release Voltage
1-5.Nominal Power

2-1.Contact Form
2-2.Contact Material
2-3.Contact Rating

2-4.Max.Switching Voltage
2-5.Max.Switching Current
2-6.Max.Switching Power
2-7.Min.Switching Load
2-8.Contact Resistance
2-9.Life

Electrical

Mechanical

3-1.Insulation Resistance
3-2.Dielectric Strength

3-4.0perate Time

3-5.Release Time

3-6.0perate Temperature

3-7.Shock Resistance
Endurance
Misoperation

3-8,Vibration Resistance
Endurance
Misoperation

3-9. Humidity

3-10.Weight

3-11.Safety

3,5,6,9,12,24,48VDC
Refer to Coil Data Chart
Refer to Coil Data Chart
Refer to Coll Data Chart
360mW, 450mwW

A«1Form A,C-1 Form C
Ag Alloy

1A115A125VAC/24VDC, 10A 250VAC
1C:10A 120VC/24VDC,10A/ 6A 250VAC

TV-5

250VAC/24VDC

16A

1,800VA, 360W
5VDC,100mA

Max 100mQ (8VDC 1A)

100,000
10,000,000 4t

Min.1000M Q 500VDC
750VAC, 1 Min between open contacts
1,500VAC,1 min between coil and contacts
Max.10ms
Max.5ms
30 ~ +85C

1,000m/g
100mis?

10~ 55Hz,1.5mm double amplitude
10 ~ 55Hz,1.5mm double amplitude

35% ~ 95%RH,+40°C
Approximately 10g

UL NO.E164730

TUV NO.50062840
CSA NO.1063016
CQC N0.02001001299

1809001,

U -1 Jaya3iag HRS4 DC5V

1S0ITS10040, 150140
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HRS4 H -5 - DCEY - A

HRS4-(S)}-DC3V
‘ HRS4-(S)-DC8Y
HRS4-(S)-DCBV
HRS4-(8)-DCOV
HRS4-(S)-DC12V
HRS4-(S)-DC24V
HRS4-(S)-DCA4BY
HRS4H-(S)-0C3V
HRS4H-(S)-0C5V
HRS4H-(S)-DCBY
HRS4H-(S)-DC8Y
HRS4H-(S)-DC12v
| HRSAH-(S}-DC24Y
; HRS4H-(S)-DC48Y

Demensions

] ! 4

CONTACTFORM
A-1FormA
C-1FormC

COIL VOLTAGE
DC3V,DC5V,DCEV,DCIV,.DCT2V,DC24V,DC48V

ENCLOSURE
S - Plastic Sealed Type

COIL POWER
H-High Sensitivety 360mW
NIL-Standard 450mW

RELAY MODEL

120

3U 3-2 Toyasiad HRS4 DC5V
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# | XPort pectbeddd

BUILD NETWORK CONNECTIVITY
INTO YOUR PRODUCTS, QUICKLY
AND SIMPLY

XPort* is a compact, integrated solution to

web-enable any device with serial capability.
By incorporating XPort to a product design,
manufacturers can offer network connectivity as
a standard feature within weeks—so they can be

accessed and controlled over the Internet.

Full Networking in a Tiny Package
XPort removes the complexity - of designing network cormectivity
into a product by incorporating all of the required hardware and

XPort® Highlights:

sottware inside a single embedded solution, Smaller than your thumb, » Minimal engineering effort required to web-enable
irincludes all essential networking features, including a 10Base

P B virtually any electronic device
T/100Base-TX Ethemet connection, proven operating system, an

embedded web server, e-mail alerts, a full TCR/IP protacol stack, and
256-bit AES encryption for secure communications, This easy-to-
embed networking processer module enables engineers to focus on | EMC/EMIE-compliant; RoHS-compliant

» Remaote command and controt of edge devices
* 256-bit AES encryption for secure communications

theil core competency white teducing development time and cost and = Everything you need = allin a single R}45 package
increasing product value.

Integrated Network Communications Module

XPort is powered by our DSTei™ network processar Sol, which Building Inteltigent Devices
ncludes a 104100 MAC/PHY and 256 KB of SRAM. Tt featutes With XPart you can embed intelligence sito any electronic
a buile-in web server for communications with a device viaa praduct for applications such as:
standard Interet browser, Web capability can be used for remote + Remota diagnostics and upgrades
configuration, realtime monitoring o) troubleshooting, XPort has « Assetvracking and replenishment
512 KB of oremodute Flash for web pages and software upgrades. * Automation and conrral
It acts as a dedicated co-processor that optimizes network activities * Power management
grmitting the host microprocessor t function at maxiaim + Remote collabioration
efficiency, « Perspnalized content delivery

LANTRONIX

CONNECT SMART. DO MORE.

U a-1 Yaya Xport



Robust, Feature-Rich Software Suite
Eliminating the need to negotiate the intricacies of
Transmission Contrel Protocsl (TCP) o Invemet Protocol
(IP), XPartincorporates:
* Robust Real Time Operating System (RTOS)
» Fulkfeated network protocol stack
» Buil-in web server for device communication and
confiquration via a standad browser

or more XPorts in a subnet guick and easy.
= Instalt and configure XPoit and load finmware
» Assign [P & other network specific addresses
» Load custorn web pages and view specific device data
» Cnabile web-based configuration of the device
= Ping or query the attached devicals) over the network
« Allow Telnet communication with the devicels)

Features and Specifications

> Serial Interface
« Interface: CMOS (Asynchronous, 5V tolerant)
« Data Rates: 300 bps 1o 921,600 bps
= Characters: ¥ or 8 data bits
« Parity: odd, even, none
«5Stop Bits: Lor2
« Control Signals: DTR/OCD, CT5, RTS
« Flow Control: XON/XOFF, RTS/CTS
« Programmable 1/0: 3 PIO ping (software selectable)

» Protecols: TCP/IR, UDP/IP, ARP, ICMP, SNMP, TFTR,
Tetnet, DHCP, BOOTP, HTTP and AutalP

> Management
« SNMP, Telnet, serial, internal Web server, and

» Environmental
« Extended Temp: -40° to 85°C {-40° to 185°F)
« Storage: ~40° to 85°C (-40° to 185°F)

» Packaging
« Dimensions: 33.9 x 16.25 x 13.5 mm

The Windows-based Devicelnstatier™ makes configuring one |

XPort Hardware and Software

L

A
EX Chip Hardwa

S

A S L, DR AR

Internal Software Portfolio

I3
BRI R

i

e

Emails sales@lantronix.com

» Network Interface ing |
» Interface; Ethermet 10Base-T or 100Base-TX Ordermg Information
(Auto-Sensing) United States Europe
= Connector: Bj45 Call: B0D.422.7055 Calk +31(0) 76.52.3.6.74 4

Email: EMEA@Lantmnix.com

Buy Online: hrep:/fwww.lantronix.com

> Indicators (LED) NASDAQ: LTRX
* 10Base-T connection
« 100Base-TX connection Asia/Pacific
« Link & activity indicator - Full/halt duplex Callr 1852 3428.2338

Email: asiapacitic_sales@lantronix.com

Micrasoft Windows*based utility for configuration > Part Number » Description
> Security ¥ XPort XE Min. Quantity; 50 Units
+ Password protection XP1001000-05R XPort RoHS Extented Temperature, without
- Optional 256-hit AES Hifndlasl encryption R e Sl RO e
» {“;:ﬁt'ﬁtif:"ﬁé KB for web i XP10G1000M O5R XPart XE RoHS Extended Temperature, with
REGADAEIN E2 REgR MODBUS, without Encryption
> Architecture
= CPU: Based on the DSToi-EX enhanced 16-bit, 48MHz XPort SE Min. Quantity: 50 Units
or 88MHz xB6 archirecture } :
« Memory: 256 KB SRAM andl 512 KB Flash XP1002000-05R Xi‘&Jr{Rt_}HS Extended Tempetature, with
« Firmware: upgiadeable via TFTP and serially Encryption
> Power XP1002005-05R XPort RoH$ Extanded Temperature, with
= [nput voltage: 3.3 VOC Enceyption - Sample
XPLODIONMK-0L XPort Evaluation Kit, with

Encryption

3

(1.33 % .64% .53 in) XPort Evaluation Kit

 Weight: 9.6.g {0.34 0z) The XPort Evaluation Kit includes everything you need ta integrate the XPart inte
» Warranty your riext product design, including:
* 2-year limited warranty « An XPort Evaluation Board and reference design including CAD PCB files and
» Included Softwate carnplete BOM
« M5 Windows-based Devicelnstalter softwaie and MS « Universal AC powaer
Windows-based Com Port Redirector adapter

» Network (CATS) and
serial cable

# + Connector adapter = T
2D o e
el S— EVOLUTION OS XPort Actual Size

2013, Lantronix, I Lantronin and XPoct are registered tradeenneks. ang DSTri and Deveninstailer ase irademarks of Lantroner, Ing AN other iademark s ate o propiarty of thale respective owners: Spacifications sibjuct Lo chasge witheatretice
Allrghisresavod 910430 RovE

U a-2 Yaya Xport
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1314 ¥-1 Toyagumniveariosliuainiafine 23 °C (aosfuamelafiusurTE18KV2S Rifnfnddluih 1555 W wua 18,000 BTU)

= ¥ gamgilmelu ¥ gauniinieluy @ 1anil Comp' 1anfl Comp' NSz
gumMQinBuen | AMLTY | . ANUTU ANUTYU ’

AuComp N iz Comp’ 6 wen (19) MU (uri) Laas(A)
582 46% 30.1 52% 215 45% | feuvinnu 13 Jum 1523 6.3
332 46% 27.6 51% 26 44% 2.47 10.34 6.2
552 45% 26 52% 254 43% 252 9.56 6.2
331 a45% 255 51% 243 44% 251 11.03 6.2
33 46% 24.3 51% 24 43% 2.52 Tl 6.1
33 a47% 24.1 53% 756 (3% 2.49 7.14 6.1
32.9 45% 236 53% 253 42% 2.51 6.32 6.1
55 45% 234 53% 251 42% 2.52 5.54 6.1

1 o
ADULNIALEDI (compressor)

gL



519 9-2 doyagampiiveaniesuFuenmeiias 24 °C (adosFuoinialaiuiu FTE18KV2S fidamdslni 1555 W uim 18,000 BTU)

- v gaumgilaelu § gaunninelu % nan#t Comp' nail Comp’ NSYUE
gamgilaeuen | Ay | . AN AU ‘
nauComp MU Uiy Comp' AR wega (U9) v (ui) was(A)
322 55% 30.9 65% 274 48% NaUVN9IU15sec 13.06 4.9
8521 54% 27.5 53% 26.5 47% 251 8.33 4.9
32.1 55% 26.7 52% 26 44% 2.56 915 4.8
i A4 56% 26.3 48% 258 44% 243 .29 4.9
32 56% 26 48% 25.8 44% 25 6.28 4.9
31.9 57% 26.1 a47% 256 42% 255 8.16 4.9
319 59% 25.8 45% 25.6 43% 25 6.1 4.8
31.8 58% 25.8 46% 256 43% 2,52 555 4.8
31.7 56% 25.8 46% 255 43% 255 555 4.8
Sild 56% 258 46% 255 42% 251 6.08 a9

1 s
ADUINTALGDS (compressor)

9l



1579 9-3 Jeyagaumgiiveasiasiuomaiinei 25 °C (aTosiuanidlafiuiu FTE18KV2S fitaradlih 1555 W wuna 18,000 BTU)

R P aaumgilmelu v | eumgiineluy ¥ nanil Comp' nal Comp' | nezus
gamgilnmeuen | AMuAu | . AN AU |
nouComp M 04z Comp’ #in wgR (U1h) Wouw i) | adea)
283 69% 255 64% 28.5 53% | nauvinau 12 sec 5.54 5
28.2 69% 283 58% 2156 49% 2.55 5.58 4.9
28 71% 274 53% 26.9 48% 2.44 .59 7]
28 71% 27.1 50% 26.5 46% 2.52 556 >
27.9 71% 26.6 49% 26.2 46% 2.55 5.55 4.8
2Td 72% 259 48% 25.6 43% 251 5.5 a.7
27.6 73% 258 47% 25.5 43% 2.55 5.54 4.8
21.5 7395 25.6 46% 251 42% 253 5.55 4.7
215 73% 25.3 45% 25:1 43% 251 554 a7
27.4 74% 25.3 46% 25 42% 2.51 5.58 a7

1 c
ABNLNTELYBS (compressor)

Ll



1974 3-4 deyagamgiiueaniossuemadist 24°C (Aassuanidlaiugu FTE18KV2S fifardsluifih 1555 W autn 18,000 BTU)

_ P grumgilngly - gaunilnglu - 1A Comp' W Comp' NILUE
guvlinIguen | AN | ‘e AT ALY
nouComp MM ¥auz Comp’ i nen (W) a1 (ui) WwAs(A)
273 7% 27.6 60% 275 50% | neuvinaTu 8 sec 5.56 4.8
21.3 77% 25 50% 211 51% 2.55 .35 a7
2l 78% 21.3 52% 26.7 46% 2.52 535 a2
21.2 78% 26.6 48% 26.1 45% 2.51 527 58
2¥.2 78% 26.1 48% 258 44% 2.45 a.55 5.8
271 79% Z5 8 47% 256 46% 2.56 & 58
2F 80% 255 48% 253 46% 243 3.09 5.8
i 80% 2575 48% 251 46% 2.49 3.58 8.9
26.8 81% 254 49% 25.1 47% 247 2 58
26.8 81% 254 49% 251

1 &
ADULNTELYDI (compressor)

8L
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1519 9-5 Foyagamniiveaadessuaniefinein 25°C (eFasufuanmelafiugu FTE18KV2S fifnfdslnih 1555 W aua 18,000 BTU)

= " gauniinielu g gaungiinigly P a7l Comp' 18171 Comp’ NI
guufilniguen | Ay | . AU L. | AR B . B .
nauComp VY Ydg Comp #in nga (wm) N (W) Laae(A)
33.9 53% 30.1 59% 27 45% | fouvinau 15 Jum 12.2 6.3
353.9 52% LT 51% 26.8 44% 2.47 9.29 6.2
33.8 51% 26.8 50% 26.1 43% 2.52 8.35 6.2
33.8 52% 257 53% 755 44% 2.51 7.56 6.2
33.8 52% 25.6 53% 24.7 43% 259 8.16 6.1
33.8 53% 248 52% 243 43% 2.49 6.32 6.1
35.7 53% 24.4 53% 24.1 42% 2.51 5.55 6.1
BT 53% 24.1 53% 24 42% 2.52 5.54 6.1

;3 &
ADULNTALYDS (compressor)

6L



1573 -6 Teyaguugiiveanisciuemadise 26 °C (n3asiuenmalaiugu FTEL8KV2S Aifafdslih 1555 W aunn 18,000 BTU)

. ¥ gamgilmely v | oumpingly . nani Comp' nai Comp' nITua
gamgiinneuen | Aaway | N AU AUAY |
nauComp M4 vaz Comp' #in we (U9) Y (uii) \da(A)
34 48% 30.4 59% 28.7 45% | feuvinauls sec 8.58 6.3
34 48% 28.5 51% 218 44% 2.47 6.25 6.2
34 48% 27.8 50% 2.2 43% 2.52 5.53 6:2
34 49% 275 53% 26.8 44% 251 5.58 6.7
33.9 49% 26.9 53% 26.4 43% 2.52 5.57 6.1
55.9 49% 26.4 52% 26.1 43% 2.49 554 6.1
559 48% 26.1 53% 258 42% 4.51 5.55 6.1

1
ADLLWIALTDS (compressor)
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A58 ¥-7 YeyagamniiveaeiosUiueniafinse 27 °C (Tesuiummalaiugu FTE18KV2S Aifafasladlh 1555 W awm 18,000 BTU)

R P gamqgiinely v | ouvgiingly p naf Comp' nanil Comp' nsua
guvgilmeuen | MRy | " AN ALY |
nouComp MU anug Comp’ i wga (u1i) a1 (i) was(A)
34.5 53% 30.3 67% 28.6 58% nau 10.6sec 5.03 6.5
34.6 51% 28.8 66% 284 57% 4.02 4.21 6.5
34.6 51% 28.7 617% 28.1 56% 4.34 5.36 6.5
34.5 50% 284 67% 279 56% 4.28 4.04 6.3
34.6 49% 28 67% 27.4 50% 3.07 558 6.1
34.6 49% 27.4 59% 21 49% 25 554 6
34.6 48% 272 53% 269 46% 235 5.55 6

1 ¢
ADULNTALYDS (compressor)
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518 9-8 dayagamgliveuniesSuemedine 28 °C (nFpsUiuamidlafiuiu FTE18KV2S Afafdsluih 1555 W yuan 18,000 BTU)

" ¥ gamgilnnely v | oumplingly 3 il Comp' M Comp' nIzua
guvgilnieuen | mudu | . AN AUTY |
nouComp N iz Comp' #in wyA (u19) vhaw (ui) wag(A)
34.5 58% 30.4 68% 29.1 57% nauvingu 2.42 5.21 6.5
34.5 56% 28.7 67% 28.3 60% 242 3.05 6.3
34.4 53% 28.1 69% 28 62% 3.1& 2514 6.4
34.4 53% 28 70% 27.8 62% 522 2.56 6.4
34.5 54% 27.8 71% 27.6 63% a1 2.58 6.5
34.6 53% 27.6 71% 274 62% 354 256 6.5
34.6 53% 27.6 12% 274 63% a.07 2.51 6.5

1 5
ABULNWSIALYDT (compressor)
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UseAvSammsvinanudu 3.35 | Adanszualsin 7.2 A
arsvhaudu R22 | ynwiingws 48 kg.
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Energy Management in a Smart Home
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Abstract

A smart home has an automatic control system for
managing energy sources and loads to achieve maximum
efficiency.This thesis presents an optimization by using
genetic algorithm (GA) method for searching the energy level
of the considered electrical appliances using mathematical
model for a future time period. The objective is to minimize
the associated energy consumptionwhileconsidering technical
constraints of the appliances and environmental factors such
as temperature outside the house. The result of the simulation
showed that this method can reduce the energy
consumption.In addition,the user can control the electrical
appliances such as receptacle, lighting and air conditioner by

smartphones.

Keywords :Smarthome, genetic algorithm,Smartphone.
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1M 0.00 1.00 2.00 3.00

PAIHATY (kWh) 0 0 0 0

v
o

QUUAINAIM (°C) 2 g : g

nm 4.00 5.00 6.00 7.00

NAUAY (kWh) 0 0 0 0

w
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qmﬂguﬁmm ©C) - - - -

nm 8.00 9.00 10.00 11.00
witsdild gewn) | 02353 0.5635 12016 1.0029
qaungificam (°C) 28 28 24 26

(L) 12.00 13.00 14.00 15.00
wivsuild ewh) | 13107 1.1090 12588 1.3784
gaimaiifdam (°C) 23 25 23 2

1 16.00 17.00 18.00 19.00
witsuild gewn) | 1.3696 12140 09750 02746
qmﬁgﬁﬁﬁ"‘am ©C) 22 24 26 28

nm 20.00 21.00 22.00 23.00
WHauRAlg (kWh) 0 0 0 0

v
Ao

a8 .
QUHHNNAIM (°C) - # - -

) ¥
AR 1 ATTRITAINITAImIgUNYl
¥ 5 3
msaemdaiadmimaienlivemeifunisdann
aq ¥ 4 o @ A Y ¥ a o
gangilviudimes Iuadn(Thermostat) tive v Idgamgiimuidimua
13#e 25°C davziiuldongil 4Tagoziiiu ldhims s nndaeds
GA gangiveunionlfueimaezlfuguugineluliiinow

minzauigalundazaina

fdoor Temperatur

Tempermture { C)

1

1

1

1

1

1

1
o
1

1

|

1

1

|

1

1

1

1

1

1

1

1

1

I
1|

Tirne (Hour)

a

Ui 4 gunpiimeludeansdiniimsniuguuaz hinugy

W

Y w A a Ao '
nslEndsuveunsasdSueniaiinisuiainiiu

3 1]
minzaudmMsumadamgugil Taonlfouivniunsaiiouygi




¥
-}

fidarie 25 semusaeaaaoan1s e venuanlSunnag 14
wasu Ilihaldnsaaugudao Ga Tlsumamsldndaanu dihi

vieendn Tagazuaaasans il 5

Enorgy Commumptian of Air Conditionee

100+

14001 <

1200~ -

1000~ -

Enomy (Wh)

L L ! L
] 5 10 16
Time (Hour)

31U 5 ndsnngnl¥ Tawaioanl Suemma

4.2 Nnmsﬂmmuiﬂmmwwﬁm %ﬂ!muﬂ‘iﬂﬂﬁi
VINMENATEUM T NNART B AT D ORI D

daginaal Trfhuaznienlsuoimamuiuiieinsdoudugn ol

Tth newwAinduneuasoedaznaasaniuzmamhamvesglnal

Iihiiveudoag Taonamddier-uauiuanmzila-Taamady

1l 6 nammnmEmstve I NNART IO AT
°lums¢'?m1mﬁﬁwmmaaqﬂﬂmﬂﬂﬁuhaaﬂ"lﬂsmx
W51 ﬁlxmmsnsél:anﬂuﬂﬂ-ﬂﬂqﬂﬂmﬂmzﬁﬂﬁﬁmwﬂuiJszﬁﬂu
nnqnan Tasmsaaruszuuania T Tasuaasaniuznisiiam

=y '
vYaINAIUAN

' Fa
sU7 7 wihauraamsauguaums i danm
Tumsiauveaas el susinierd e nwaIRF DY

areufvzanIndl dla-a uaziiu-aagumgil

88

Increase Termp 1 Now
Tempis

2%

=

i ' 4 o
31N 8 wihauaasmsaugumshavesniealiven
s.agdwanisnaany
a a o‘dye Qs 1 o A
Ygainusihivaue it mama s auigamons
a o v - | '
vimstamawasnumehiniudeaiozFaezihnhueiionnn
¥ ° a o 9 Yam a
Aeuvudrasanendamans mivauouazmsilszgnaliinige
o A " o = = P '
wgnssuiemnszaundivnz auiigadmsuglnsal ilihog
a ' LY Ed a ' = v '
azaiianu 1 szduniiudeamandsnunaza Tdihidesiie
aunsnaand ldeduihioddy Tavdanansznudennuazainauie
Tuszduiivensuld
a a s WY e ¥ Ay v o
TulFyriinusiidaIdideyan ldeinnsdianalu
¥
a o o P a
fuduhlihinmseenuuumshavesnienlfuoimanas Tnaaua
a1 Tawihmsaugui lyTasaeu Tnsames nazaininniugy
dmansa Ty Alsznoudie 1. nonwamiunouasesdn 19 luns
A 2. Tuga Ethemet 3. 1uTasneuInsames 41amesaiindy
4 . ;
msnaoulva swrsanruguiinTilsTanoa TCPAP Wiums
A ' ' o M A w & 1 duw
Woudesznin Insdnnilenanudr Tuga Ethemet 11mina1nldvz
T 4
gnaahldadrnved luTnsnouTnsames el gugi ns e lilih
A o ' o A A a wa s ¥
Famnsadaudm Insawiiedaszunl fidmsneuasosa la
-
Tagluewn@nsnindiannsauaasaniuzmsinivegns ol
o ¢ 4 ' o o
Nldmnsa vy dordadeuhiglimawhinshaouvegnaad
Tdfimelud vazlunenndmdudaimiifiade3 Tun
A a a o wa A a
nsoalsueima auwsonuguaamgiuuuda hidme Tigungil
vouesiinnminzavegaaeanarTaszimsfudidoyasziin
o o a v A o
wwweiuaz lulnsneuInsiaesuazdanms insealsueima
1] T ¥
Hanlugaininzaviigaluanaaniu
Y a
NIV
(1] dninanu Touonazunungaant AFEnsanasny “upuiann
Mdandn lihvenlszmene wa. 2553-2573 miui 37
[2]*‘ﬁm§‘nTau” Smart Home System
[oBU la ‘LI]: hitp://www.it24hrs.com/2012/smart-room-smart-room-

automation/



UsziRETeu

wielwyad 1wITum
iog : 204 WY a.llosviesll 3.9vE57d
Email : hs6zew@hotmail.com

WasINsANY : 084-623-6856

WIPANIT MBI

fleg : 1/125 a.idleswa Aiflesna o.na 9. vouuAY
Email : saharatth@hotmail.co.th

\WesInsAwyl : 087-356-1453

WILATIINT ATUA
iog : 22 vy 10 n.finaven a.UuwY .uATWIEN
Email : siriwat1709@gmail.com

waslnsAny : 084-424-2245

wwagfiyey Indguns

=3

fiag : 148 auunszu1sll ouwliees a.nsey .00

U

Email : sunkanyaeye@hotmail.com

WasINTAN : 087-887-8808

89



