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ABSTRACT

The aim of this project is to design and implement the wireless electronic
displaying board using wireless communications through ZigBee module. The project
is presented in order to provide the convenience in.information sending and lower
price for electrical wiring and also the maintenance cost. The usage of ZigBee and
the standard signal will also be studied. For this project; electronic displaying will be
applied to the intelligent parking lot project, which can show the registration data to
the car owner who makes a reservation through thé consumer-friendly designed
application. The registration information from that application will send to the
microcontroller for data processing and displaying ‘on-the . LCD monitor by I°C bus
communication. The experimental from the parking lot model show that the car

location data in each parking area-can be achieved as desired.
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wdniuyn salulnsdwidatugunaaivvugmandiay aiinsldnunuuaigmand Usslowd
Tunsldnuvesnsasdyginuuuguéndiiy dealivsrlonildassiinirsnmaanaily
1 o a & v =) d, « 1 =3 i o - Her ¢
msdaiaa Weadupnalugadutuupriiamdnd adwlanmuailyiglunisinnigunsel

YITTUUNTIAAY IR UUGINNELANSIUWINTT tazgw N

Direction of data all the time
s - o

Full-duplex p——

Workstation

Workstation

< y. '
JUN 2.4 nsasUayauwuUNNe

= § v

4. wuvasvieudyauviaanlamand (Echo Plex) lusewitamsfddaniny

da s ¢

& o -l a S W 4 o o e o e e
wiemdsfinduaiaialnleasnauianessuteninuniaviiaumdtonnunismdanae
& ‘o v "W § - ot = |
Usingiufitenmvesveifiueamgiduiu (o nvuendygudisnussiigndsain

o ¢ ¢ a ¢t & « & v v ow i
Aduesaludaleanduduuuuawandian srasveudyyrulvnduniusingnveniwues

wiosiusatassng viligldaunsagdnlunion q Aufuilleasiviny



2.2 sruunsdeansuuuliane

msdeansuuuliansarlilddonarlunisdsdygia udarldnisuninszaendaau
aumuimdnludainais @wnaeldunennie) deyavats q vilaannsadauuulianels
wu nsaeteyansuiamesd deslnsdwi msdedygiulnsvimivazing lutumeuusnioya
figndsazgnairsanngunsalitaiatoya 19y aeufiames fledie 1usu laufeyaitazgnds
wsowaulufupduruding (RF) JaFenin dyio (Signal) Tasnszurumislugiady
(Modulation) dryaresienfuddsdiayaiFandn adudni (Carrier Wave) foyasvgnuas
Wiivedudnh TegunsaifiGendilugames (Modulaton) Juiugunsefitiiisnismareislu
nsTugiandeyalufuadudi lugtainefotsersanegfugunsalilairdeyasdaidy
‘[m‘ﬁ'wv?ﬁaﬁaguuuun'ﬁl.l.w's'nssmu*umﬁ’rgrg'lmﬁm%’un*mﬁamsuwl%’awag: 2 UWUUAD

1. uuulawzfirvna (Directional)  araeinmmazdsnauwiivineeniulnsarseinia
\ndesdaaziAiassuIsRa RN iRy

2. wuuyniAne (Omnidirectional) ﬁmmwmﬂsgnﬁaaanwunﬁﬂmaﬁ’qﬁv’umﬂmmﬁ
fi1e 9 Teanunsoudnynnla

ﬁ'tyrg'1ruilsgneidﬂﬂqﬂmtﬁaiqé’cgrmmﬁasﬁﬁmmﬂmtﬁséman‘lﬂ Tngsun1991nA
gunanidsdyganiuiivasiuulnetuegfusiinuesteyaiseds sseeme uavammusaves
Fyya wanvesdygaiivenadninniviteudtediulnsdwisefevioorvatlvafinnilou
e adsdyauednsiad gunsalsudggradnisasvdyg ulalaasmviaoiaiu
messuuaetslastuagiutoyaitds unsdvesdnsdwidiafavsensuiamediletioilea
Aasetudumedidn Tuszddynrnluiiindatney wazdwialudegSulagldgunseidedoaia

(Transmitters)

2.3 msdidnrudayaunuuiing

e 2 aa o o o % . .J = YVar 1 :
NsasdRyYIvaRaLUUATAA (Digital Transmission) Fazannsnesulanmelull

2.3.1 dyarudida

ol aa o o , ot LI - o =l

dyeureumana  (Digital  Signal) Lﬂuaryzg'lmuwlumal.um JURUUTBERY QY IUUNTT

- | ' o o aa v v
Wasuuwasiilideiilesededygiuueusden lumsdoasmedygafisassgnunuse
lavugTuans Ao 0 uaz 1 lumsdsdoyadudina windedgygyuAidalussoznalnassiili
- - - v % « w o - | e ¢

dyqraiinsdsuwdas Jedesldgunsaimudyguniienin IWawes (Repeater)

Jasm Bit rate) Aedaslunisasdyyradeyauuuddsa dwanslunmisnisia

at ° B b s d 1 - Ed

mnands sxduiwudadeyafiddldluszesnatlu 1 Gunil 15,000 bps vu1edanmEINTg

dstioyadiuau 15,000 Un Tu 1 Furi



2.3.2 jUuuumsdedeyaidna

lunsdsdeyatuszuinmeuimesivgunsalnsuen Tagldmedansarianls 2
3% Ao nmsdedioyauuurutu (Parallel transmission) waznsdedayauuuaynsy (Serial
transmission) Tﬂaﬁimsdﬁay‘auw'ummfu srdsdayaluasmazvany q Uawiou q My
dhunsdsteyauuueynsu svdweenluaiiazindeiileatu uanINtudnsdstayauuY

synsudearisauvsaentdidu wuudalasida (Synchronous) wazardalasda
) -
(Asynchronous) As3U# 2.5

Data Transmission

Paraliel Serial

Uit 2.5 nsdedeyaiiia

2.3.2.1 ‘misasdayauuuruny

\Humsdedogasenlunden q Mildrsrazmanusia vioyadned1aliir availa 9
o a W a a v oy ) X v < s
annsefvsdiindeyadiuau n Smeenlulanieniy uidslinsuuuinnineIn e

v ° - v v 7 > a -l ) Ve W - P
Foyadniu n daudinzdasldaediuig n edsgun 2.14 wansianisasiauayain 8 Un
Tunsounu %ﬁzﬁaqmﬁ’ﬂmafiq'il'a:gai'mu 8 Ldus Y

( The 8 bits are sent together )

)

1Y

Receiver

YYYY

S
CWe need eight l.inos_)

P> P W
JUN 2.6 MIdsvayauuuIuIy

v - aal ' e | v ve 4 o v o
YaAYDIGNTITAILUUUAD ?I'tuﬂ‘iﬂaﬂi}auualﬂl.'ﬂ Lu'ﬂqiﬂqnqunUﬂaQﬂaﬂ;ja“ﬂQaaﬂlmmu

urazadnfuiiinn diudeids mldsiege msrwezdeddinouresamenin venaniuud

[ : o 1 v 5 1 5 - v
msdedoyauuvrunuinziumsdedayalussezmadu 9 vy Wesnnddallusses



nlnauds deyanmeluaigerssrlulifislarenndaniu vnbiliamuAanainveanisa
doyala

2.3.2.2 msdedayauuuaynsy

\unsasdeyailliasduiivnduiden dnjulnvesdeyaiigndsoanasiusmudiuiu
W Tnsundudansdadoyarumelurissreniiameialiismsdsdoyanuunu usnsds
Heyafugunsalnsueniy sneesiunsdeieyauuaynsufle dufudnisinsiefugunsal
meueniasasnaufameifedinmsdideyauuueynsuud sxfevinisuasdoyasinuuy
suniluilunuueynsu (parallel-to-serial) driou dunsuiameiiaiuisziedasdoya

s

' v 2 =
wuvaynsuvnansdsluiluwuuriiumie (serial-to-parallel) fagui 2.7

The 8 bits are sent
one after another.
D-ha 1 a o 0 1 0
We need only
one line (wire).
Parallel/serial Serial/parallel
converter converter

4 1 p s
31]‘“ .4y ; AIETaYaLUUIUNIY

T
-

Receiver

O=000=~~0O

OmQQO==~0O

1. “‘wuvesdilasia

Hunisdeterandiaslud (1 Byte = 1 Bi) nsdwuuverdslasdaillifesend
fryaamniim (clock) lunsmumtisvesmsasieya fufudiosudoyaithinsiuiai
wivouvesteyaiiuntd dufluusarludfigndseonlydeesiiinGamiu (start bit) Fee
fmuadndu “0” uaslnAuas (stop bit) Fsasimunarliiu “1”

msigesimsiutnduiu uazindugainlufety eilihefudoyansny
indeyaluniazlufiduduila uardugansdlu nisduioyasenluiazafniuszdeeenty
Jhiludt waglisududmn q ludezfesdsoenluatssaiilasiu a1vaxiivesin (gap) (Antu

zwinludvesteyald

oiioile] e o]l [Eleccieriro]
—— F e o ol
s

~—— e
B R s
chiata units

J 1 v o
UM 2.8 nsdetiayauvuezdalasia
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- v - v dy da a w o o '
gVl 2.8 wandbiviudaludvesdeyanfosliinuiu wardnduan lasusay

€ o ' - ' ¢ v v o e 5 w v
ludiuiidesiruintuszninludvesdeyame issnnnsdstoyauvues Salasialises
v W v w v U ad e o aa o '
ofedyanaln 9 Aosruaunsddoya FuuAEnsifamuneiugunsainfinauniam wu

Aduein (Keyboard)

2. uuudalasia
FBnsdsfeyauvviilifesedodndusiuazinduga Sniadiamsadsdayald

1 d o I o v a1 ' 1
vane 4 ludseilestudu “wsu” Talaglisndudiosdivesing gap) sewinluduesteya

g e

fhesudieya (receiver) sxfanimihilunsusnisuieyailéuneendulusios

'
- L3 =Y

ilesanlifitndusuazlnduan dujuiissudoyaiafedinmaiusuaudaves
Foyafidunldedrgndenasuiug: msdwuuislasiassiinmiisveimsivdsdoyala
Ganiuuverdsiasta esinbifesiilafiawidnn Snidalidesideiainiu
sewinsludvedoyadnaiy fufumsdsdoyauuuiiumnziugunseifideansanuiage

Wy mydedieyasewineiy ssuierenitawmes iy

Diirection of Now

-

Sender [ 10100001 | 11104001 [1i01e110] 11810111 {00016000 {110 ] | Receiver

Uit 2.9 nsdefieyanuudalanta

1NNIUR 2.9 wamsfaguuuurssnisdedayauuudlasa uanflebiannsadhle
Wty Tunwbudswsdoyaeenidulud (wilunisassishilflsege)

iesnnlisnudesiivesin Dndusuuesladuge Fufulunsdifeyauuy
Falasa awdesiidynraurinilunisaivguiimisveasnisivdeteya viTliinay

v oa ) o =t ' YVw Y Y W < 3
ganadosiulunisduariu Fuvdwmaldiuladuteyangnaes
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2.4 31nsgrunsdesseunsuvadlulasnoulnsaees
wmsgrunsdeanseynsuvadlulasnoulusaians aunsouvsoonidu 2 Useiom fe

3 W R - o
WUy 1-Wire wag LLUUUﬁ‘H@{J}a | C 991908 o8AnIUY

2.4.1 1 Wire Bus

1 Wire Bus iusruvdomsuuutanuuduidion Jeurldmoitofnrodomsifive 2 wdy
winfufie @18 Ground wazanedeya Tnsmedeyaiardaniaioatudyyiudeyauay
fygauninidlivhnsuanudeudeyn femedeyatinduiuuisnasuda msvasiy

Ve o W v v & s =
Tuniseenuuurseslifisadiunanwadn (Pull up) anedeya dseagun 2.10

—AAN~0 3

4 7k
lildaen DATA wos luldaDAT A s
luisameuirmawnos -+ = alasal e wire
lulfares rwiwos - > ildsarsises
Luirreaulvaames /79 gulneni 1 ~Wire

U 2.10 1-Wire Bus

Tumsuandeudeyavedlulasroulnsameiungguniaildvaiuy 1-Wire Bus 109
audiunisegnssedinse i mndisutuneulunisviclas Data Auunflasdmiu High uay
nsmIdumIneuUIIngYnsalBnduvils asdwmazlaildlunsguiunist axgnivun

v o . 5 s ' fodai -
logvarimuaanizvedszuy 1-Wire Bus -Arogwlulasraulvudainiinisdsalsniu

WM 1- Wire Bus.du lulpsmaulnsaiaes dsPIC

2.4.2 Uadoya I°C

Inter Integrate Circuit (IC) femiSondu q 41 °'C BUS L‘T‘Junﬁ%‘am'saqn'smmu
galasifa-(Synchronous) iiieldAndedemsseninslulasreulnsames (MCU) Augunsal
N18UDN ﬁagﬂﬁwm%‘uimau‘%ﬁﬂ Philips Semiconductors Tneldduyayrauiios 2 @uwinfu
fio Serial Data (SDA) uavany Serial lock (SCL) saunsodousiogunsaivane 4 fauth
fawffu Vil MCU  Tdwadaifies 2 wedawindu nisidensegunsaiuuutadeya 1°C 14
dryeyns 2 wfude SCL wae SDA dwmiudniugunsaiuuy 2 fiAma Tnefiodoyaranta 2

! g s o d -l - =
gdpwpnuAwUMULLUNEsW (s newinelidnvasluuuuinsesule wiodu
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4 qw ¢ - "W W < o
wureudninesiln eliiedimadoudefulivmaisi Filuguil 211 uamsdnwmenis

\Housiogunsal I°C BUS

Vee
¥'C Bus Pullup Resisior
\\‘\
Master Slave 1 Sieve 2 Siave 3 Siave 4 Slaven L
10K 10K
SDA SCL SDA SCL SDA SCiL S0A SCL SDA SCL SDA SCL
O i l : I : i

SCL = o

J a J i @ 2
UM 2.1 dnvaismabsunawuuUataya | C

2421 msfu-msddagauvutiadeya I'C MCU - sxGudunsdsdoyadsnisds
anuzi3ud (Start Condition) \ilewansnisveléia udamusigsianluay (Control Byte)
FaavUsenouseswaUsyiifivesguasal Device ID Device Address uag Mode lun1seu
wialdluudala

idlegunsaiiunsivda MCU. | dainisazhinderisfisesdsdniusiug nisudald
(Acknowledse) wiaudili McU Fufindegailiduniimmgnieaydugamsdedoya
MCU wﬁméqamuzﬁuqmﬁa‘uanﬁ'uqﬂn‘s:ﬁ‘héuﬂa (Stop Condition) \leusniugunsal
rduanmslava

' o a e v o & o i
aonuzdadne e Wovalilfgal¥auniy SCL way SDA azilu 1 visg

nsMruAAIULTHIULAE AU AUgAYDe BUS (Start uay Stop Condition)

on L P29T08 Y

i
1
g

- - -

——— - -
R e ——

sCL Fo % / \ / : SCL
: : E
’ — I —— .
START STOP
condition condition

3\]171' 2.12 Start Condition uag Stop Condition
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s 4 A v ] L v [} e: v
ﬂdLLﬂﬂ\ﬂuEUﬂ 212 WBABINTTANTBYR MCU 9eRaIdidnIugLInnu (Start Condition)

Ao 1% SDA wWasuan 1 undiu 0 luwauedt scL el 1

2

P 4 o o L4 1 a = v
iedugannsliva MCU aesesdsannuzdugn (Stop Condition) Aal SDA Wasuan

0 uudu 1 Tuned scL fawdu 1

2.4.2.2 TWEAIUANYRIUH
swanANveTa Useneusmesiausedsavesgunsal Useneusaeln 1-7 uazde 0

a = i Y -
Wudemuaumadouguuansdiegui 2.13

4————— DEVICE ID——Drf— ADDFIESS—'—'.l MODE I

U 2.13 sviaraunuvasla

siaUszsvesgunsal Useanusesviavsediiinngnda ¢ da @ 47) @
Wasuwawrlyldls uag Device Address 3.0 (9 1-3 ) Safldaunsorimusieslds
Jusia 7 On lsvymeunsniineaguutianyiiendifulails

TmmuAunadeuAe on 0 e MCU fesnsiisutoysludseynsalitmunlitnildy

d w » o v A
0 I.Laﬁa‘LﬂaﬂﬂﬂﬂqiﬂWUﬁal‘{aQ'\ﬂQUﬂfmﬂﬂ']ﬂu‘ﬁﬂ“‘umutﬂu 1

[ a - 2
2.4.2.3 Hawaiudslatoyaves I'C BUS

b 1B o d -:: L4
anmensiv-dateya vensevioluunienen SCLATY 1 uazanMenIatuLlavaya

° pu] o -l
snsvyiluvalzen SCL Du fagun 2.14

_ Baaran
asundaataya
- -

s e - il

-— —
Boaaisan
Suvadavaua

o | TR B 2
3UN 2.14 Tnnansuaslinuayaves | C BUS
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o ot
2.5 suAudtyayros TTL
sufudyaas TTL (Transistor  Transistor  Logic)  alaavialudeyaszgnunusiag
\AUFIUABY TTAULTIAU +5V Irunusieasin 1 uazTEAUNLIIRY OV IsunudILasin 0 n13
a w W Y " A - ' ) ¢ < )
unuaednmeszRuwsaumantl Fondt msunusyiudygravesgunal TTL Faegldn 4
[ 1 : - = 1 L] ﬂl o s ar
TWumsdsteyasswingunsaltunililureuiiomes uiszhivnnzauiiveimunszavuinu
a = o o ' - i
Tunisunuaedn 0 wie 1 Admzizsmdldludiawmsiieadiies
s ar =h[u a b= -'S =4 o & o e o oo ¢ el
seduusauAldunuanin 0 vie 1 dulsgnimualuidevosuswunaRingunsan
s 1 ¥ - e o o o e & L. n‘j < o/ ] §
Wufdezuanarsaniidoveussiungniviasgunsaiiilumisy dumssids (Driver)

L 1] as -J-ﬂu o 1 ad [} 1 - I as a &
JedimaTsussuniidygramigamintu 2.4V Tumsdsniaein 1 uanasu (Receiver) 3s00

v [ | W a

rsvuusaiuiiiseaudgganiagsving 2.0-2.4 [WMuasin 1 My dwivauvgiitiednsyau
ar ' a - & o v W
Fyaadlutae 2.0-2.4 Juaein 1 Adesininmigydsvesdyq useviiisuayan iy
- o S A - W~ X _"%n- W '
muAaAADIYRIsEAULSIuMAATuT audunda “Noise Margin” Badievindu 0.4v i
' a - - o, W o P v
Traudunsdivedanin 0 ¥39 1 AmaAAIALARDUIRIAATUVERINA Y IMTURIY IUULLIN
o am P 1 W v o
vsufiRemeaaedeutignuansulil e o W
ol 1 bl J - I ar 1 s d bl
T.'ums‘suﬂwagama'lumsamaumLmas‘mazﬁmwssmué(zyfgmﬁ'l-ﬁamazw (@l
ar = A [} C.l,
mMsumusERUdg Uy TTL) (Hugauad esnnmapasieluil
1. mdwhounliwaznazaoaufeumn
n v a a o ' ¥ e 'y
2. Fyayadiliusedudynymeeinuuy TTL Fannsaneliuninledlalnghies
B J o v -l ol
14 Line Driver Wag3935utiayaiilistnium
a ¢ g ¢ o woal P bme & W | w
3, mydumefinasewingunsal TTL agvimiihiindgaddndudedddlumsdeioya
mulunauiwes
a o i - v " o1 R & v o - W |
Hymiintuluntsdeanstoyaszningunsaiudariunlilasgluinsondeai Wy
- 1 IJ e 3 L s = 1 Lo d‘ I‘S
nsRaneirtsmauRinassludtineiieatu maladldlunsindedeansteyaluaiosiu
' - o ° Ry o} a ' e - £ a W v
Livfemedlsxinissgndldfumsiadedeassenitnaioniequnsaiudaruld 151
- - ' %) - ' P o v )
Wumadaunsetradtludn elinisdearsseniaaienlululdedrsgnsies Tulleqludl
- ot Ll al ot al - ol d v o v v a
wesiusaunilissiudyana TTL Aureniamasudndeiwinsdearsdoyadedoyan
.&L ' - o v v o o d
fluszagmannnii 2-3 Wa 19y mmietoginunte ATUUBIN
al O o J -l
1. seaudyaauuy TTL Shgnmilsanndgyaasununeuenlade
° L ot L 4 L] =4
2. nsgayds (Loss) Wluaneyhlvssduvesusuvesdygruiidsesniuanasd il
HANSEVUADALTIAY 0-5V 183 TTL nszernsgapdesedunssiuliiivs 2-3v annsavin

£ - 1 do a
aednsne q AFuRanaalume
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2.6 WINIFIUN1TBUABIINE RS-232

2.6.1 ANudIAYTaIBUARTING

nsdsteyaanizneluniesnsufineansanssiiliine ilesanisannsame
wnanmuandannisluaiedld udnisfvdideyagnisusnisthianuisanianiselladn
rauRunesuarfdoyasvisanuivanmiduls uavazilnaradoyauaziniesneuiianes
ogals Fafuardetennuuuies eusndoyauavaeuiiznesoonainanmwaindenuay
Fyaausunuiiliseans dufeddumeiina (nterface) Fafimihiugadouresewing
reufimeitugunsalnisuen adiefuysEguatisiesnaniiames vuadaFenit 170 wedn
vil3ndu q 1 medn fesnnsduneiinaiivliie fe.nsdumeiimasgnitaiuiy
A5 n1slﬂﬁmdq‘kwﬂuquﬂmumuuazamaa'cjisc"\’uﬁﬂaamﬁatﬁaﬁhmﬁ'ﬂﬁmﬁ[ﬁ
nslwihendusrmualunisradrfuszuulnih dufuteuseiiiuszuuliih dldeedes
asnaeveunasly wazgunsailieatudnseiudedmunnioli nislesiugunsaiituiios
aslmigvilaveansdumeding Jaguszasdvanvesnisdutaesivaie nasligunsal
sumedilaiudansvesnisdweyanazarmazaindenisldin
2.6.2 3NASFUNITDUABTNG RS-232
m'iﬁumaﬁﬂaia:‘.;auuuaqnsuﬁa;ﬁmnmwawszuuﬁy'mviaﬁnué"a Wy naseeteya
Fruviviinnaunt f.a.1886 Mo dedyaiamaia (Teleprinter uas Telewriter) YilviiAn
gunsninnsansedeyauuusynnmaltyila uiazslasidumesinaluvesiaies (e
915U WFIUBLENNTBUNE A¥ATEIAMVAIANAINTBINITBULARSINAG BN TANS
(Telegraph)  Mldlunsindatayailiusinareiianmsanaidivgunsailavangvila uaznu
sean nmildaulavarsguiuy senpenneslidrdisuulumsiadedeanniu
wissreuiumeilugausn 4 Wilsvhawludneasil Vo dulngilavardedasiany;
wiawnszane oneufmeifusuusiunisiduiivszdviamnndedu viliamnse
Anraiuuywdlalaonse deaniisrvuiaitaam (Time-Sharing-System) %umﬁﬂﬁvﬂ'&’waw
au ansosielfiaiesmeniamediniaudildlunanduiu msfedetuneuiamesluszes
Hlsiviatuanninfaduiitionfuuniu LwiLﬁanj‘l'tTﬁm’mﬁmms‘lumiﬁmia'luisazﬁlna%u
onanldnsdsdoyaliaeilinduingduidenardlumsdearsioya lu a.n. 1969 EIA
(Electronic Industries Association) Wos3dtwas Bell uazussnminangunsaideansidiauiu
fadmnnsgiu RS-232D  uazdailuinsgiundne Feeenlavesdnsszuitalsma fo
Consultative Committee on International Telegraphy and Telephony (CCITT) el
WrlamsBumedivia Rs-232 1#ABstu JemrsiesseadilafieingusvasAndnues RS-232
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o =l

fakaunsgiu RS-232-0  uasdailimsgundne FenanlaasAnssznineUsune fe
Consultative Committee on International Telegraphy and Telephony (CCITT) wtely
Wlansdumosiva RS-232  1ABetu SimsizdeadnlefisingusvasAvanues RS-232
Aeufe nsdumesinasywitaunesiiuea (Data Terminal Equipment) Aulands (Data
Communications Equipment w38 DCE) teldlunisdstoyarne q wwusynsusznaue
4 dausing 9 sl

1. AuauiAnalwihesdynu (Electronic Signal Characteristics) ludauilavesune
fia gﬂLLUU'Uaaé’rgfu'umlﬂﬂ’lﬁﬁaammaﬁwaasdwan wariuliIuIeInAIBueN TEAY
usasulnihldunuasdndag q (0. uSe 1, ON/OFF , MARK/SPACE) saufiadnsialunis
Sudetoyanmaniivesedsiviazds

2. puanvinenalnn1sdumeig (Intefface Mechanical . Characteristics) #in
SumpsnaUstneufediuiuldn (Plus) uasdndsy (Receptacle) lnpiindsuavaguu
DCE

3 prsvhauvedaaRsuanidey (Function Description of Interchange. Circuit) Tu
druiisanuanitiuasfedalvdudyyaianidadn 4 Adiunld du deyadeesn
(Transmitted Data) ldgnrauualifivt 2 Federdmmmilinniie 25 founilifaaliited
\Aeatesiululasrouiames

4, mmg'lumsﬁumaiﬂaﬁm%’uszuuﬁmia%’laﬂ'mawwatha (Standard  Interface

for Selected Communication System Configurations)

2.7 InU
a . o = ) A ' o a
anil (zighee) WHuwmaluladlsaeisniudsansfoyainusueivuindndnouly

o - - ol ' Il i ) - v v o

Wu 9 vilu 9 Fuitilegmudiuine g Twe1As @ineru Tsaurauailatiu 131Uy

[~ a ] P et 2 ] = =3 n’l" " o =t -

L'dum's-suuazmﬂauatgtg'l:u-vaqamu'uw'ummanutﬂuqmmaqm‘lﬂﬁaa 9 U UNIN

v v - ¢ o a € [ oy v o )

Fosmsnmilvandeyaluasniamesiieldlunsiinnsideyn Teyailaernanlumsiia

o 4 dl' =l ale al - - o 5’ ] [
gampil nsindeulmivesdlidin YuvTwamaiiuniseinia Usunaun veund Tauly
o - ¢ - o g da v ot - v Vo
WA findwiswuawmesvuadniiduiviesunn Jeansealilaidu 10 T ddud

o i o q vV aw od v ow | @ ' s H o
wialulad and 1 sedrviliuisniiieadesiumsdandsanu wu dnliu Yszur diluivey
1} o s J L) v 1 » ar v: 4
vioufa anunsauszndaaildsneldegios 10-15% ualusurandulndil Wiewealuladun
v £ & o o o 5w v ves y e

Tudramtianntu 3ndegiivunadnyiidumeaunseiilawiiuininevesddiyin

do #n WWuranngAnssunisdearsvesils lasisszdunuudnuenuazaslideya

| ) % v w dd o ' a < v o w 1
Y1IEITSLMINEINISNY MLNBINVUAILVUI FEEENNI LAENANINTEIBTMITVIWINUUNIEINIBY
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It gnadetulumsvisruueietiglimediuyana (WPAN) egmeldunnsgu IEE
802.15.4 Tanasgruildanudmiumsdearsanuildiddviniosgunsaisagn
wazilnauantiinisdanisinesla

&nwaizees IndRelimatrtesdyaulasnisldnis Carrer Sense Multiple Access
With Collision Avoidance (CSMA-CA) w3aiinaitnesdyeiamany 9 maiendnidesns
gufy sragvnalaevialuuszann 50 wns 3 Topology WUV Star, Peer-to -peer, Mesh viail

' o i - a w MY .
wiargUnsalariluemasanilenmen 64 vie 16 Un (se3iula 64,000qUnsel)

2.7.1 msdetioyaves Ind

nsfudedoyauuy RE vetumavufinindludiunad header awUsznauludie Source
Address wag Destination Address 1m&¥i IEEE  802.15.4 ¥&lASIATI 2 WU tufauuy
Short 16-bit addresses wa¥ituu long 64-bit addresses 1 6a-bit ﬂsa'\u’lind’mﬁﬁﬁq Sk
(serial number low) wag SH (serial number high) agnisdsdeyauuy RF szdald 2 Tuun
#® Unicast Mode uay Broadcast Mode

1 msdedininalaglilasasng 16-bit. addressing liiern Hauus DL (Destination
Address low) Wiy fauus MY wassassaus DH (Destination Address high) 10u '0'

2. “mydwdininalagldlaseaing 64-bit addressing T 9# Destination  Address
(DL+DH) Wiy Source Address (SL+SH) sesumemaitisiavdauiininaly

2.7.2 nshasedeaisvadndriumewainaynsy

Aniduinesimatugunsalfld (Host) rirumianainaynsy ezdslasiddseiuniing
deriulugananeineynsy Tugaansnsafnredeasiunsingsn 4 1 UART wiosziu
fulsiugunsaioynsusing 9 UART. mislvavestoya gunseliidumesing UART annse
Anselaenseiuiiuved RF uga

Foyadsndn UART “Tiiga st CATA. In (3,97 fedganueynsueasdlasia
dyaraariaielifiteyagnds urazdeyalusiusznauiie dnusy (Gs) 8 Yeyaln

= = ‘i o a 1 ked
uazdavgn (Dnge) muguil  esuiBusuiineynsivesnsrhudeyavesluga

B

at 3 ng b L4 a ¥
gﬂuuumu‘lu@,a UART  AUULIATIUAENITAATIIADUABINTTVBYAAANBADATS NI

i
o e Y

- ] lg 15 o 1 o « s a -:
Ansedeanseynsutusyiiu 2 UARTS gninlasaineiunisdnda (@nstuen, wisd, Uasun

, Uavge, Tntaya)
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2.7.3 wA3§1u IEEE 802.15.4
IEEE 802.15.4 1Junnsgruvedssauty Physical (PHY) uay Media Access Control
w T v o T s - v
(MAO)  dwiugunsaidsiayaliaeiidosnisanundrlunisdsdoyant senuuunnielild
Y v e w = ' Lo = v v
wisnutios dmiugunsaiitilsinibigs nsdefeyaiirudedioldinseiinmgniesguas
v - = = | v v
annsaldldisluaietieuuy star waw peer-to-peer dsvogniannsodsfoyaliuszinn
J " o w Jl [ L -y A -
10-75 wns AuagiumamidlumsdedoyauazanmuinaaunauiidinarauIsnnaenug
v ' - o v P~ o oW o o v
dldauraieauazamnlunmailuldnu imsdhsiateyaivoninuvasangresteya

fiavdalaeldszuu Advance Encryption System (AES)

2.7.4 3etelusineen Snd

wietneldanelaidlusinnea fgui 2.15 FnTannsonsmlivatenuy Ssannsauts
IEdumanlng 9 16 2 wuv-Ae ysoudauazgUunsaivaionia aunsalideusiaves
TWslnrea @ntilugunsaiuszum FFD fisauniniinuvesivsionea ndliidudiuauuin
dugunsaitaneimeaungaduléia FFD way RFD 3 RFD Jugunsaiidnuasdrefigaues

ddd o 2
TUslnrna ndfisin1svinsuvasluslenea Inttesann

Full Function Device
@ ReducedFunction Device

qUit 2.15 iwdetruluslaneavesind

1. AsetnawuLaEns

Uszneusheyadeuselusianea 3nd 1 ga uazgunsaluaevmans q Suluaiets

3 LS & é o (3 % 1 [ v « P
wuuand gunsaivatemevisuasrdeansivgunsaliiendeniiu nguniaiaenimii
v w P v 1w ' ' iz gt 1 e
fesnsdeasiugunsaluateniadu ﬂmawaz‘gamuqﬂnmitﬂaumatmuuwsanaﬂanua

o - ¢ d ] o v a1 v o Vel
wilife gunsaliendevimidseyaludiu
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2. w3atsuuunull
1 : 1 L d ]
luefetwiigunsaiuaemaazaunsadeuseldfugunsalitondense 3ndlusianea
o L d “. o A ' 1 1

isunesvimthil 2 Ussam fie Wnsuaulnuediaunsnidendesguuieietouazeeisvun

e - < e o ' o) = ‘
vauaietie ieannisumesevihmihiiddeyaludigadn 9 veunietulalaeiigunsal
Yansmsbisulusisseglusseznisdedyaaing

3. \ATDUILUUULY

indetrsuuueldiuaiotisuvuiulioniugunsal FFD anansadsdoyaluda FFD
= " 1 Lo v v o - 1 s L [} 4 L5
Suldlawnse Lisowinulassaresulil doyanasluds RFD sxdewugunsal RFD nauvin
L 1 gﬂ H ar 1w 1 - 1 d a
Jofvaamadendeuuuiife TivandnsiarudiuaInTdkaziAITaRYBITEUY

PR | v v v il PR P = |

wiethswvuiulivaseiotiouuussiidnied Wietisuaiegn (Multi-hop) vz
\wietheuuvaniifuiniatiegaiien (Single-hop) indetiolusTarsadntilueiatiswuy
- VW v ¢ M w o ' o 1 - = -
\Jousaldvaregunsainfeniu Junneeaui1 yaieuseluaietenngaiidnslunisidnds
o <l a ' v sad < y ¢ u o asy Yy
fananaiildlunisdearsia q fu Ti8nadenreuuuvarsguniainiauiu 2 35 laud
Beacon WY Non-Beacon n1siiiensiawuy Non-Beacon unisillausieluinatisdsdoyald

4 ' at 1 i 1 1 ] v

maeanafivasdgqy niney lulniauisluy Beacon ailousiesyanisadedoyalilu

[ < ° v ) i
frammgnivunl idmuwviniy
Y g
2.7.5 YunpunIIiInuYadllsinreatesding

2751 tussunisiiauvas andl Coordinator audufulaietis Tavnisaivaey
msldtesdqaingaigluuinaumey g filvesdqanaitlignliles Coordinator fadu A
aunsaBasuiAIet ol wieamiu Coordinator - Avsvwiidugudnatenaiotiy
s093unsEER3etioves Anl End-Device wavsasiumsiesvadu q AinasgINAY

Uiy

¥ o b - ° o [
2.7.5.2 YunaumIiaeuves 3ntl End-device 3zi5usiunsvinaulasnisiovelsn
1 - 1 [ y ° - ] 3 ] 1 a i
saedeteluds Coordinator YUssdnaTotetdu 9 leen1snsivaaudutesdggunie 4
' = v ol o - v 2 ° v
11 Coordinator litesdygailaegiiioiirsmaiotisudl End-Device Jeamsniiniised
- ' . v 1 y ) 13 E &
289U 4 HuM Coordinator 10 14U nsdstennumly (Message), N13784¥8n15 Binding

(Binding request), N13U888NINLATOYY
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) =l
2.7.6 3ndfunasgdearsuuulisnedu 1
a o d - = < ' v & wowy =
#ndlowisuiisuinnsgussuudeansain q uanadinisne ssiuldinmaluladves
."l = o L ' ° L a - ’ &‘ o
Bluetooth uaz Wi-fi tuAundsugs Ssbivnzhuldnuiuiniediasulyeiddngns

defayaliives uarhidnlufeadunnmsziimsGendeyaduauia

o = - v
A1 2.1 n'l‘iL'LF%EIUIMEJU!.I‘WIiﬁ'}un'l‘iaaa'ﬁuUU‘lia’lEJ

WA and 802.15.4 Wi-fi 802.11b | Bluetooth 802.15.1
92301384 (m) 1-100 1-100 1-10
211l (Ju) | 100-1,000 0.5-5 1-7
YUINATOUY 11nn17 64,000 32 7
(olvum)
Application Monitering & Web, E-mail, VDO | Cable Replacement
Control
9un Stack (Koyte) | 4.32 1,000 250
Throughput (Kbps) | 20-250 11,000 720

2.8 Jy2awdn
Wsunsy S¥aasuan (Visual Basic ,VB) WulusunsadmduiannTusunsudssendi

o w o a ) v e a ' l oo
daiuiteseguteyiu Wulvunsuidaaugiuuunisdeutysunailnl Ingfigead
ar o A < i3 d 1 ]
wnatuayunsvihaiu shedeaiiosis q Mdendt Aeulnsa (Controls) 1idmivtieluns
Y v a A o a i ‘
panwuulusinsulasiiumsssnuuumitsewvunimiln w3eiiend Graphic  User
Interface (GUN) vilnsdanisguiuumieeiiulildie walunsdisulysunsuiuasiou
. o a - « a o
WUU Event-Driven Programming A lsunsdaginunnaiiaivgmsal (Event) Nty
o ' v o v o « v y oo ¢ W ¢ v d & oA
fhetaveuvanisalliud dleideuand dléneufduein linawd 1Wudu insesilenio
aaulnsasiae q AlUsunTal Vistal-Basic Taia3eald laid19zutu Form TextBox Label “1a
& @ i of o @ ' o - -
foinduing (Object luiitivelddrin eauldnd) dumeauit lideeindesdels 9 lu
. ; & d ¢& a o o wa d e
Visual Basic auiflusauiindvisdu annsaiszauaumavineu wilvauaudivessaulang

=i

hildlasase luudazeaudndasiinuant® (Properties) uazuisan (Methods) Uszd i 3
Tuwiazesuinderneriinuanifnazsesiniiounionsiuils Fuagiuriinveseauiing
TunswaunTusunsulszgnddeivaiuan madeuldnazgnuusesndudu q Gondt Tns
#nos (Procedure) udatlnsdimefaruseneulumpyaddiifuidhly udiilineulnsa
wieseuiindtiu q nevauesnsnssvhwesld FadunimsdeulusunauBeing (Object

Oriented Programming-OOP) adan1w1 Visual Basic deliifiedndunisidesulusunsuuuy
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OOP pEewiase losandesranane 4 eenedl Visual Basic liamnsavild Jwawdnidu
Tusunsuifldadalusunsuysegnddmiussuud§oing Windows Visual iudauitanels
wsanlun1sAnrewuu Graphical User Interface (GUI) Fansaildlasnisiiuoouiing
asuumesuiviwhitansefugldiusenin ludrin Basic \udruitmueiiantwn Basic
(Beginners All Purpose Symbolic Instruction Code) lay Visual Basic IFasuuasen

T [ - o @ ) - a el [ )
N1 Basic ARl fmsnsiiulseloafids ity way Agvisanneteslnensaiu GUI

2.8.1 wurfnvasIvIaluan
= <, o v a ¢ o a &

TUsunsuussgnadvialudn Wunswauanmwindenvesiulad FawuaAaiugiuly

o a < w 4 a ‘ ¢ '
n9viuvesszuviulad AdiAn 3 UsensAe ulad Blauv  (Event) waz ¥1Id13

a o o o o

(Message) TUsunsuvszgndt Jwaaudn finsvihnusuy Event-Driven Millumsuszanana
o o ] ] o | = ¢ o & & -3 < ° L4
dslunsavdatiiteneuausinesinwt Ssnwi waitannsaasulagnaieuvely
i = o = = o o e o =i
dmasvesszuuvsalusunsuUsrynaou vientalulusunmnAednu 4 MUNITVNIUYENE

& W 6 w o o
Uy zdadrulaunisuszanannds

2.8.2 anwaunislisulusunsuvesiyraudn

ns@eulusunsumediiawan avaglusnuae Event-Driven Aotuniaidigulusunsy
AnevausidanisrIvAIMANTTAIing 4 Hinand MAnINNITNIYhuelld msdeu
TWsunsfignlifumamanifianinsoieduiuseuiing wiaduusznaudm | flaguuniiee

n1sasnlusunsuUIzenditialudn Ussneumetunouvdn 3 duneu

1. psaesumesdlneinefaniussuinditugiu Laluineiapeulvsa dmiy
msAnnaivglY

2. Mequauld Wumstuuamginssiwaznisinnlitussudngsn q

-l o l'l ) =i & 4 °
3. NSLYEUATE u‘]'IJﬂ'l‘iﬂ‘iuﬁllFI'HU?:»‘WJ‘C'!NE!N’IUIW?UWIES nnuUa
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2.9 lulasraulnsalaas
¢ A - = a
lulasmeulnsaiaes e gunsalmunuuunadn Fsussyanuannsaiaduadaiussuy
= ¢ ol al ' ° o
rouiianed tnslululasneulnsaaeflisnedily, wiwaud uazwoin Judu

dutsznauvdnddyuesszuuasuiumeiitilimeiu TaevhnsusspiBiluddaseany

2.9.1 Taseadranaly

Tassadrslaevialy vashilasreulnsaaediu awnsouwvsesnuildidu 5 dailng) q
saneluil

1. winUszanananawiediy (CPU : Central Processing Unit) vty
ﬂ'uénmamuﬂunwfhmuﬂaﬁuuurﬂauﬁ’mas’ﬁmuﬁ Tasthdeyavngunsniiutoyaun
Y Usvmauawauamnmﬁwaﬂﬂsmsu wavdmaanseaniumiiuuanna

2. mheAeds (Memory) @annsouutsemihy du fie Wisaus Tl idmiuiv

Wsunsunan (Program — Memory) Wisuiaileusnsnfanaes \nTadnauRimesRaliiy Ao
» < & ' ' & - o4 A I o w
toyala q fgniiulilutiszhigamaliibifilwass BndruninAomieauIveya (Data
v o I ° oo v o o
Memory) Ififuwilounsganumalunisiuanuesdily wazidumindeyadansnvmyinnu
' ' X v v ow ' - - X"
wivnlifivides Feyafasmeluadotumboniuunt (RAW Tuniesnauianeiin q U
¥ ar ot 1l ' o W =i 5 =l ' ° =
uwridmivlilasneulnsaiaefaitimi mihamusdeyasziamiiumisen s &
a ' & sSa .
Foyaszmeluidlobiffiviaes waziludanseu (EEPROM : Erasable Electrically Read-Only
- v W v ’ &
Memory) deansavivoyalawiliiilnias
3. dauAnrefiugunsainiguen wienedn (Port) & 2 dnwasds nasnduym (Input
' - 3 « 1 J d 1 ar
Port)  uarneinddaiamIonasatendwn (Output Port) dautinzlilunisiWeuneny
- ' 1 = ar [} as i € a o @ ow
gunsainteuen fedndudundadgunn Wimdusenitneindunn WeIUdyA 01993
v - @« ca e ' I3 I3 < ' a '
frun1snaaing ot lulssinanauardslUnesale AN LNBUAAINALYY NTAAAINNTBY
vaealv (Juu
' - o - W a v d o o '
4. foamaiuvesdygnau wisla (BUS) Asidunnnisuaniasudnguueyassnin
iy mirgauduaznein Hudnwaurvesaedyyim 31wauninagaigludl
lulasreulnsaians Tnsuiadudadeya (Data Bus), Uausansa (Address Bus) waxld
ARy (Control Bus)
T, T ) | do w a1 o
5. e9siuiiadgygruuiidng YuiluduseneundrAguinandiuniia Lessnng
o ﬂd - : O “l‘ L o s a o
vawiiieduludilulasreulnsaaes ssfusgiunisimuadame mindygrannitniil
- a o a oy wald 4 fw U o a
arwiiigs Sonzmaiauiszaunsoilditudmalililaspeulnsaiaoidtu ity

msUszananaganlung
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2.9.2 AuANUATIAY

uenaniidaidauiiendu q w%uafjr'funszmumwﬁm-uamsiazu%@’wﬁasuﬁm%um‘lei
AanTARAYAsiUy

1. ADC (Analog to Digital) dunaiudyanaueurienuuadluiudyunisa

2. DAC (Digital to Analog) daumadsdyqadsaudadlududyauueusion

3. Uadoya C (nter Integrate Circuit Bus) \un1sdeanseynsu wuuddlasia
(Synchronous) titeld Ansedeans sewin lulaseeulnsataes (MCU) Augunsainiuen #
gnﬁ’wm%u‘[mau‘%ﬁw Philips Semiconductors  Tagldanadyyinuiies 2 uwiniu e
serial data (SDA) wazany serial clock (SCL) #eanansn \Weusegunsal S1uruvate q i
drdanfuld il MCU Wedniits 2 wosawiniu

4. SPI (Sefial’ Peripheral - Interface) ilumsieuseiugunsalitefudstayauuy
Jalasta (Synchronize) fidguanuindmisatessenirdulasaeulnsaiaed
(Microcontroller) wisandugunsainsusniifinisiudsiiayauuy SPI gUnsalfiviwthil
Wunainos (Mastern)  Tasunindraudululasasulnsaiaed uiservnaniladigunsal
Master 9efisnunugunanl Slave 16 lagunfi Stave iinastduled (IC) WL AEN
wu ledgamgd, ledgnuaannniiniedy (Real-Time Clock) vesradululesraulnsaiansd
vimtilulun Slave Aldiduny

5 PWM (Pulse Width Modulation) nsadedganaiaduuuanaision flannso
Juwasumamiiuas Duty Cycle Iielumugunsaisng 4 Ly wewmed

6. UART (Universal Asynchronous Receiver Transmitter) viavihiisudstayauuuey

Falasdadmivinsgunisiudsdoyauuy RS-232
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2.9.3 lulasmoulnsaians AVR

lulpsreulnsaiaes AVR 1uleFlulasreulvsaiaaiuesuivn Atmel flanrinanssu
meluduuuy RISC ( Reduced Instruction Set Computer) Tnelddyganniinuiies 1 gn
Tunsufudalu 1 Ada (Instructions in a single clock cycle) Wululasroulnsaaesiid
Usrdvsnmgs widldvanseynsy uadluusaveynsudaussenlsivanaies \esesiumm
Foensiiwandnsvesgléen Tnslulassnilaidentd AVR wes ATmega328 Faguit 2.16
Felulaspovlvsaiaeiviail annsald nwnd lunsdeulusunsuld

sU# 2.16 AVR e ATmega328

1. anaulilulasreuinsaines AVR ATMEGA328

e lLulpsraulnsamaivuin 8 Un Usvdntnmgs uoildnaaaiudilunszna AVR

e iy (cPV) Wuanimensstuy RISC

o ilynddsliony 131 Ady wazdnlngydddlddunanniinuiios 1 gnluns
Ussaana

o Biaweidmiuldauiiluauin 8 Tn Su 32 i

® v?mulﬁqaqmﬁ 20 Fudaweiuadl (MiPS) dlelddyganiuniing 20 wnudie
(MHz)

2. MUEANUIN

e wiawAus1 ROM wuu Flash vunn 32 Alalud (KB)
e wmihwarusreyauuy EEPROM (llmuntesiumizeaiiudi) vuim 1 Alalusd
o ymiwrrwifeyauuy SRAM aunn 2 Alalud

e aunsaleunazaulane 100,000 AT
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v v . A = ' A -
\udeyalsindr 20 U Migaumgil 85 esmiwailioa uazndt 100 Ungamall 25 aerm

waldua

3. puautAnadeuderuguniainieuen

fismnaaiiueue 8 9n Su 2 fMfiaunsousnmamsvieuanduls 2
Tnuade Prescaler uaz Compare

fighdnauasiitiurua 16 9n 1uau 1 # Awenlmuamsviienld 3 nuade
Prescaler Compare Wa¥ Capture

fiFfuina1v3 (Real Time Countter) fiksmaasfimuaaudle

Tugaairedayeyres PWM (Pulse Width Modulator) f3m421.6 teadaye)io
Tugawlasdtyeraunpuziendudifavun 10 Un

Tugaeusogunsaloymsuiuy SPiimsitundines (Master) wazaiaw (Slave)
Tugaideusiogunsaleynsunuvaedyana 2 1y wuvdideyacudlud @yte
Oriented)

TugawSeuiiisunssduueuzion (Analog Comparator)
fifmuauuuiendreniiannsadmuanahouldlagausotendyeinuing
TaTndw

n37033uNMsBumassUALazmsLan-on (Wake-Up) deiimswdeunvauintuium

YDITN

Sl e

4. AUUENURNIAY

fisruUn1saiEm (Us1ieRALingL - Brown-Out Detection) lonsawunsviney
Haung

finsmovaueumaItiinduwessumiinelilagneuen (External and Internal
Interrupt Sources)

flvuanisvineuady 6 wuufe Idle, ADC Noise Reduction, Power-Save, Power-

Down, Standby way Extended Standby

5. 1/0 wasaang

‘J o (-] v
fiv1wes 170 Nanunsafmuanisvinaula 23 an

® 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF



6. ¥29RuNYIATN
o yihnule -40 asralTua fa 85 prnvadya
7. Wideq
o lwids: 1.8-55V
8. dwdanutfas : finrmud 1MHz usady 1.8V gaumgll 25 ssmiwaldea

® Active mode : 0.2mA
e Tnuawae3inal (Power-Down) : 0.1uA

o Tuuamedien (Power-Save): 0.75uA
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ANSATUIULAZNTESY

3.1 lAseda519va9ssUU
v - ar - - = - - v
Tassadlagsuvedlassnuiuanaiagui 3.1 Famsvirnureslaswaiieil Guangld
o - l.l A [} s « 1
NINSNADILULONNALATY {l"e]u“a‘ﬂnﬂ’a]adilsqﬂ?iﬂ'l]ﬂﬂﬂﬂ'iﬂﬁﬂiﬂ'i&ﬂﬂ‘i TneEuUNTg

4 ' v ¥ o w ° ' v alal
Weouseuwuuliany Mntwieyaluusznana wanihluuansfiuuminseueadi

Rl

User
Xbee ush End device

LCD #1 LCD w2 Lcon LCD #n

= v
JUM 3.1 lassadnlngsanuessuy
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AMNSIUVBISTULUEINASOLUINSYIulay 2 du Ae duvesniads wavdruves

s -l -l al 4’
a5y lneiisiwasidunmal

3.1.1 druvasninde
1 1 o L2 4 - -
N1500NLUUAILVBINIAALEINTNNIUYBITEUUAITUR 3.2 Taen15viurednlisy

- v o v ' a W ° o w a = § o
nnidleglivihmstouteyarinuenndiadu uasinsbudumsdedoya Inlnadeszvims

defioyaludanedu uwimndldendinnisdedeya Indhnduluiuteyalmidnase

S3eyesa
B

2
I

Wi
IHUNIGNIA

d o 1
UM 3.2 MIVNUTBINIAT
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3.1.2 d7uv94n1AIU
al d' =l o al A ar s A
n1seanuuudILYeInIAfy dalinnsvinundnvesszuufidrdgagun 3.3 laens
¥1e1usziiuduain dndnrafuiudeyautaindniniads sandudeteyaluds
e 1 v - o 1% -
lulaspoulnsaasd Wevinmsuszananainladenldueaddlalunisuanstoya e
hiﬂiﬂauTﬂiaLaa‘%‘lﬁ%’ummn%nﬁmﬂdﬁuaz'dismanaﬁnﬂi'a'luT.ﬂSﬂauiwstaas'weiarhmﬁ

) J =y
Tuuansvuueadandenlilunouusn

= o @
JUN 3.3 NMIYINUYBINIATY
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3.2 gunsalndenlylulaseau
< & g o o v a | a € ' v
\osanlassuiidunsinithevansdeyadidnnsetind lnodwulugawvuliany
wazidunisdefoyanresiamesiludeheuanstoyanaty 4 f malassouiildidents

Car &
gunsalfsaluil

3.21 3Ini
- o ° L. [l ar q‘fv < VYa o P
Tassnuildavimsdsdeyalaoruszuulians duiudadenld@ng esanilunis
4 v a ° v o o s L4
deansuuulians Mimdsnus MWaunsgrunisdeansuuu IEEE 802.15.4 villvimsiudetaya

=3 - - v [ & 1 P [ ' <4
FIAL37 LaeAIUNANaIALUDEUN ﬁ’]WiUIﬂiN’luuLLUQﬂ'l‘iﬁai‘l'ﬁﬂ'e}ﬂl.ﬂu 2 d7UAD

3.2.1.1 mslemsiznindniivaeuiianes

ulasennild 3nd gioal masda (XBee USB Dongle) yimsieusiaszwinedn
Jfuneuiiawmed dudumsdedrsiiunoineynsy wazannsaudiluasig q nisdwian
Firmware salustinsu X-cTU- Iilaedrs Snvisgsannsndouselnsldanaeaivioszde
WUU UART, TTL Serial #slulasenuillflinisidousslagldaogiond dagu 3.4 laudl

v = = - -
lassadnwesdind goal sisguin 3.5

= = - el =i
JUN 3.5 lassadreves 3nd giead
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3.2.1.2 msdeassznindndiululaseeulnsaiaes

msdoansuasdruiivielasauldidonld ADX-Xbee 5V faguil 3.6 Failgaravimein
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n.1 Tusunsuaduauueadd waswuweiiululasraulnsaiaes

#include <Wire.h>

#include <SoftwareSerial.h>

#include <LCD.h>

#include <LiquidCrystal 12C.h>

LiquidCrystal _12C lcd1(0x23, 2,1, 0, 4, 5, 6, 7, 3, POSITIVE);
LiquidCrystal 12C lcd2(0x25, 2, 1, 0, 4, 5, 6, 7, 3, POSITIVE);
LiquidCrystal_|12C lcd3(0x26, 2, 1, 0, 4, 5, 6, 7, 3, POSITIVE);
LiquidCrystal 12C lcdd(0x27, 2, 1, 0, 4, 5, 6, 7, 3, POSITIVE);
uint8_tpinRx = 2, pinTx = 4; //rx4,tx2

longBaudRate = 9600 , sysTick = 0;

charmydata = 0,mydata2 =0;

#define trigpin1 AO

#define echopinl Al

#tdefine trigpin2 A2

#define echopin2 A3

#define trigpin3 7

#define echopin3 8

#define trigpind 12

#define echopind 13

SoftwareSerialmySerial(pinRx ", pinTx );

void setup()

{

Serial.begin(BaudRate);
pinModel(trigpin1,0UTPUT);
pinMode(echopin1,INPUT);
pinModel(trigpin2,OUTPUT);
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pinMode(echopin2,INPUT);
pinMode(trigpin3,0UTPUT);
pinMode(echopin3,INPUT);
pinMode(trigpind, OUTPUT);
pinMode(echopind,INPUT);

mySerial.begin(BaudRate);
mySerial.printin("Powered by NewSoftSerial !');

led1.begin(16,2);
led1.clear();
led1.backlight();
lcd1.setCursor(5, 0);
led1.print("LOT #1 ");
lcd1.setCursor(6, 1);

lcd2.begin(16,2);
lcd2.clear();
lcd2.backlight();
lcd2.setCursor(5, 0);
led2.print("LOT #2 *);
lcd2.setCursor(6,1);

lcd3.begin(16,2);
lcd3.clear();
led3.backlight();
lcd3.setCursor(5, 0);
led3.print("LOT #3 *);
lcd3.setCursor(6, 1);

lcdd.begin(16,2);
lcdd.clear();
lcd4.backlight();

il
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lcdd.setCursor(5, 0);
lcdd.print("LOT #4 ");
lcdd.setCursor(6, 1);
}

void loop()
{
sysTick++ ; // a system timer
/* //for debug
Serial.print("Xbee Timer:");
Serial.printin(sysTick);
mySerial.print("Xbee Timer :");
mySerial.printin(sysTick);
04
// Monitor Rx from PC , if the data is available then read
// it to "GotChar". - Then ask XBee send the data out
// wirelessly.
long durationl, distancel, duration2, distance2, duration3, distance3, duration4,
distanced;
digitalWrite(trigpin1,LOW);
delayMicroseconds(2);
digitalWrite(trigpin1,HIGH);
delayMicroseconds(10);
digitalWrite(trigpin 1,LOW);

duration1 = pulseln(echopini, HIGH);

distancel = duration1/58.2;

digitalWrite(trigpin2,LOW),;
delayMicroseconds(2);
digitalWrite(trigpin2,HIGH);
delayMicroseconds(10);
digitalWrite(trigpin2,LOW);

duration2 = pulseln(echopin2, HIGH);



distance2 = duration2/58.2;

digitalWrite(trigpin3,LOW);
delayMicroseconds(2);
digitalWrite(trigpin3,HIGH);
delayMicroseconds(10);
digitalWrite(trigpin3,LOW);
duration3 = pulseln(echopin3, HIGH);
distance3 = duration3/58.2;

digitalWrite(trigpind,LOW);
delayMicroseconds(2);
digitalWrite(trigpind,HIGH);
delayMicroseconds(10);
digitalWrite(trigpin4,LOW);
durationd = pulseln{echopind, HIGH);
distanced = duration4/58.2;

if (distance1<=7)
{
mySerial.print(‘a’);

mySerial.print(distancel);

}
else
if (distance1>7)

{
mySerial.print('b’);

mySerial.print(distance1);

if (distance2<=7)
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{

mySerial.print('c);

mySerial.print(distance2);
}

else

if (distance2>7)
{

mySerial.print(‘'d’);

mySerial.print(distance2);

if (distance3<=7)
{
mySerial.print(‘e’);

mySerial.print(distance3);

}
else
if (distance3>7)
{
mySerial.print('f’);
mySerial.print(distance3);

if (distanced<=T7)

{
mySerial.print('g);

mySerial.printin(distance4),
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else
if (distanced>7)

{
mySerial.print('h");

mySerial.printin(distanced);

}
delay(1000);
if ( mySerial.available() ) {
mydata = mySerial.read();
delay(100);
iftmydata == "i’){
lcd1.clear();

led1.setCursor(5, 0);
led1.print("LOT #1 );
lcd1.setCursor(6, 1);
Serial.printin("geta");
delay(10000);
while { mySerial.available()>0 ) {
mydata2 = mySerial.read();
iflmydata2 == ')
lcdi.clear);
lcd1.setCursor(5, 0);
lcd1.print("LOT #1 ");
lcd1.setCursor(6, 1); }
else
{ lcd1.print{mydata2,byte(0));
}
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iflmydata == j'){
led2.clear();
lcd2.setCursor(5, 0);
lcd2.print("LOT #2 ");
led2.setCursor(6, 1);
Serial.println("getb");
delay(10000);
while ( mySerial.avaitable()>0 ) {
mydata2 = mySerial.read();
iflmydata2 == j'{
led2.clear();
lcd2.setCursor(5, 0);
led2.print("LOT #2 ),
lcd2.setCursor(6, 1); 1
else
{ led2. print(mydata2,byte(0));

iflmydata == 'k'){
lcd3.clear();
led3:setCursor(5, 0);
lcd3.print("LOT #3 ");
lcd3.setCursor(6, 1);
Serial.println("getc");
delay(10000);
while ( mySerial.available()>0 ) {
mydata2 = mySerial.read();
iflmydata2 == 'k}
lcd3.clear();
lcd3.setCursor(5, 0);
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lcd3.print("LOT #3 ");
lcd3.setCursor(6, 1); }

else

{ lcd3.print(mydata2,byte(0));
}

ifltmydata == 'm')}{
ledd.clear();
lcdd.setCursor(5, 0);
tedd.print("LOT #4 *);
lcdd.setCursor(6, 1);
Serial.printin(‘getd");
delay(10000);
while ( mySerial.available()>0 ) {
mydata2 = mySerial.read();
iftmydata2 == 'm’)}{
lcdd.clear();
lcdd.setCursor(5, 0);
ledd.print("LOT #4.");
lcdd.setCursor(6, 1); }
else
{ lcdd.print(mydata2,byte(0));
}
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Private Sub can1_Click()
lblsend.Caption = "i"
MSComm1.0utput = Iblsend.Caption
Command1.Enabled = True
confirm1.Enabled = False
canl.Enabled = False

Form2E ="

lbl.Caption = Form2.E
lbl_status(0).Caption = "Empty"

End Sub

Private Sub can2_ Click()
Iblsend.Caption = "j*
MSComm1.Output = Iblsend.Caption
Command2.Enabled = True
confirm2.Enabled = False
can2.Enabled = False

Form3F =™

(b2.Caption = Form3.F
lbl_status(1).Caption = "Empty"

End Sub

Private Sub can3_Click()
|blsend.Caption = "k"
MSComm1.Output = lblsend.Caption
Command3.Enabled = True
confirm3.Enabled = False
can3.Enabled = False

Formd.G = "

b3.Caption = Form4.G
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Ibl_status(2).Caption = "Empty"
End Sub

Private Sub cand_Click()
(blsend.Caption = "m"
MSComm1.0Output = lblsend.Caption
Commandd4.Enabled = True
confirmd.Enabled = False
cand.Enabled = False

FormS5.H = ™

bd.Caption = Form5.H
Ibl_status(3).Caption = "Empty"

End Sub

Private Sub cmd_EXIT Click()
End
End Sub

Private Sub Command1_Click()
Ibl_status(0).Caption = "Reserve"
Iblsend.Caption = "i"
MSComm1.Output = (blsend.Caption
Form2.Show

Command1.Enabled = False
canl.Enabled = True
confirm1.Enabled = True

End Sub

Private Sub Command2_Click()
(bl_status(1).Caption = "Reserve"
Iblsend.Caption = "j"
MSComm1.0utput = lblsend.Caption
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Form3.Show
Command2.Enabled = False
can2.Enabled = True
confirm2.Enabled = True

End Sub

Private Sub Command3_Click()
lbl_status(2).Caption = "Reserve"
Iblsend.Caption = "k"
MSComm1.Output = lblsend.Caption
Formd.Show

Command3.Enabled = False
can3.Enabled = True
confirm3.Enabled = True

End Sub

Private Sub Command4_Click()
Ibl_status(3).Caption = "Reserve"
(blsend.Caption = "m"
MSComm1.Output = (blsend.Caption
Form5.Show

Command4.Enabled = False
cand.Enabled = True
confirmd.Enabled = True

End Sub

Private Sub confirm1_Click()
“MsgBox "Code is 4562", , _
"*Code"

Formé.Show

AA = Form2.E
MSComm1.0utput = AA

confirm1.Enabled = False
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canl.Enabled = False
End Sub

Private Sub confirm2_Click()
Form7.Show

BB = Form3.F
MSComm1.0Output = BB
confirm2.Enabled = False
can2.Enabled = False

End Sub

Private Sub confirm3_Click()
Form8.Show

CC = Form4.G
MSComm1.0utput = CC
confirm3.Enabled = False
can3.Enabled = False

End Sub

Private Sub confirmé Click()
Form?9.Show

DD = Form5.H
MSComm1.Qutput = DD
confirm4.Enabled = False
cand.Enabled = False

End Sub

Private Sub Form_Activate()
lbl.Caption = Form2.E
b1.Alighment = vbCenter
lb2.Caption = Form3.F

b2 Alignment = vbCenter
b3.Caption = Form4.G
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b3.Alighment = vbCenter
b4.Caption = Form5.H
lbd.Alignment = vbCenter
End Sub

Private Sub Form_Load()
MSComm1.RThreshold = 1
MSComm1.Inputlen = 1
MSComm1.Settings = "9600,n,8,1"
MSComm1.CommPort = 4
MSComm1.PortOpen = True
MSComm1.DTREnable = False
canl.Enabled = False
confirm1.Enabled = False
can2.Enabled = False
confirm2.Enabled = False
can3.Enabled = False
confirm3.Enabled = False
cand.Enabled = False
confirmé.Enabled = False

End Sub

Private Sub Form Unload(Cancel As Integer)
MSComm1.PortOpen = False
End Sub

Private Sub MSComm1_OnComm()

If MSComm1.CommEvent = comEvReceive Then
Label1.Caption = MSComm1.Input

If Labell.Caption = "a" Then

Img_car(0).Visible = True

Ibl_status(0).Caption = "Full"

Elself Labell.Caption = "b" Then
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Img_car(0).Visible = False
If Ibl_status(0).Caption = "Full" Then
Ibl_status(0).Caption = "Empty"
If Img_car(0).Visible = False Then
Formak ="
lb1.Caption = Form2.E
End If
Command1.Enabled = True
End If

Elself Labell.Caption = "c" Then
Img_car(1).Visible = True
Ibl_status(1).Caption = "Full"
Elself Labell.Caption = "d" Then
Img_car(1)Visible = False
If Lbl_status(1).Caption = "Full” Then
Ibl_status(1).Caption = "Empty"
If Img_car(1).Visible = False Then
Form3F ="
b2.Caption = Form3:F
End If
Command2.Enabled = True

End If

Elself Labell.Caption = "e" Then
Img_car(2).Visible = True
lbl_status(2).Caption = "Full"
Elself Labell.Caption = *f" Then
Img_car(2).Visible = False
If bl status(2).Caption = "Full" Then
Ibl_status(2).Caption = "Empty"
If Img_car(2).Visible = False Then
Formd.G = "
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b3.Caption = Form4.G

End If
Command3.Enabled = True
End If

Elself Labell.Caption = "¢" Then
Img_car(3).Visible = True
Ibl_status(3).Caption = "Full"
Elself Labell.Caption = "h" Then
Img_car(3).Visible = False
If Ibl_status(3).Caption = "Full” Then
Ibl_status(3).Caption = "Empty"
If Img_car(3).Visible = False Then
Form5H ="
b4.Caption = Form5.H
End If
Command4.Enabled = True
End If

End If
End If
End Sub

a ' o
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Public E As String

Private Sub send1_Click()
E = datal.Text
Form2.Hide

End Sub

Private Sub datal KeyPress(KeyAscii As Integer)
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If KeyAscii = 13 Then
KeyAscii = 0
send1_Click
ElselfkKeyAscii = 27 Then
Form1.Show

End If

End Sub

Private Sub Form_Activate()
datal.SetFocus

datal.Text = E

datal.Text =™

End Sub

Private Sub datal_Change()
datal.Font.Size = 150
End Sub
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Public F As String

Private Sub send2_Click()
F = data2.Text
Form3.Hide

End Sub

Private Sub data2_KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

KeyAscii = 0

send2_Click

ElselfKeyAscii = 27 Then

Form1.Show

End If
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End Sub

Private Sub Form_Activate()
data2.SetFocus

data2.Text = F

data2.Text = ™

End Sub

Private Sub data2_Change()
data2.Font.Size = 150
End Sub

of
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Public G As String

Private Sub send3_Click()
G = data3.Text
Formd.Hide

End Sub

Private Sub data3 KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

KeyAscii = 0

send3_Click

ElselfkKeyAscii = 27 Then

Form1.Show

End If

End Sub

Private Sub Form_Activate()
data3.SetFocus
data3.Text = G
data3.Text = ™
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End Sub

Private Sub data3_Change()
data3.Font.Size = 150
End Sub
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Public H As String

Private Sub sendd Click()
H = datad.Text
Form5.Hide

End Sub

Private Sub datad_KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

KeyAscii = 0

sendd_Click

ElselfKeyAscii = 27 Then

Form1.Show

End If

End Sub

Private Sub Form_Activate()
datad.SetFocus

datad.Text = H

datad.Text =™

End Sub

Private Sub datad_Change()
datad.Font.Size = 150
End Sub
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Private Sub Command1_Click()
Form1.Show

Formé.Hide

End Sub

Private Sub Form_Load()
Labell.Font.Size = 60
Labell.Alignment = vbCenter
Label2.Font.Size = 60
Label2.Alignment = vbCenter
Label3.Font.Size = 40
Label3.Alignment = vbCenter
End Sub

Private Sub datal KeyPress(KeyAscii As Integer)

If KeyAscii =13 Then
KeyAscii = 0
Command1_Click
End If

End Sub
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Private Sub Command3_Click()
Form1.Show

Form7.Hide

End Sub

Private Sub Form_Load()
Labell.Font.Size = 40
Labell.Alignment = vbCenter
Label2.Font.Size = 60
Label2.Alignment = vbCenter
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Label3.Font.Size = 60
Label3.Alignment = vbCenter
Label2.Caption = "Open: 74KO"
Label3.Caption = "Close: CLS2"
End Sub

Private Sub datal KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

KeyAscii = 0

Command3_Click

End If

End Sub

o =
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Private Sub Command2_Click()
Form1.Show

Form8.Hide

End Sub

Private Sub Form_Load()
Labell.Font.Size = 40
Labell.Alignment = vbCenter
Label2.Font.Size = 60
Label2.Alignment = vbCenter
Label3.Font.Size = 60
Label3.Alignment = vbCenter
Label2.Caption = "Open: 98ED"
Label3.Caption = "Close: CLS3"
End Sub

Private Sub datal KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then
KeyAscii = 0



Command2_Click
End If
End Sub
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Private Sub Command1_Click()
Form1.Show

Form9.Hide

End Sub

Private Sub Form_Load()
Labell.Font.Size = 40
Labell.Alignment = vbCenter
Label2.Font.Size = .60
Label2.Alignment = vbCenter
Label3.Font.Size = 60
Label3.Alignment = vbCenter
Label2.Caption = "Open: 65FR"
Label3.Caption = "Close: CLS4"
End Sub

Private Sub datal KeyPress(KeyAscii As Integer)
If KeyAscii = 13 Then

KeyAscii = 0
Command1_Click
End If

End Sub
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1. XBee®/XBee-PRO® RF Modules

The XBee and XBee-PRO RF Modules were engineered to
meet IEEE 802.15.4 standards and support the unique

needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable (»m
The modules operate within the ISM 2.4 GHz frequency

band and are pin-for-pin . campatible with each other.

delivery of data between devices.

Key Features

Long Range Data Integrity

Low Power

XBee
« Indoor/Urban: up to 100’ (30 m)
« Qutdoor line-of-sight: up to 300" (90 m)
» Transmit Power: 1 mW (0 dBm)
« Receiver Sensitivity: -92 dBm
XBee-PRO
« Indoor/Urban: up to 300 (90 m), 200’ (60
m) for International variant

« Qutdoor line-of-sight: up to 1 mile {1600
m), 2500' (750 m) for International variant

« Transmit Power: 63mW (18dBm), 10mwW
(10dBm) for International variant

« Receiver Sensitivity: -100 dBm
RF Data Rate: 250,000 bps
Advanced Networking & Security

XBee
» TX Peak Current: 45 mA (@3.3 V)
« RX Current: 50 mA (@3.3 V)
» Power-down Current: < 10 pA
XBee-PRO

» TX Peak Current: 250mA {150mA for
international variant}

* TX Peak Current (RPSMA module only):
340mA (180maA for international variant

* RX Current: 55 mA (@3.3 V)
» Power-down Current: < 10 pA
ADC and I/0 line support

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channefs has over
65,000 unique network addresses available

Source/Destination Addressing
Unicast & Broadcast Communications
Point-to-point, point-to-multipaint

and peer-to-peer topologies supported

Worldwide Acceptance

Analog-to-digital conversion, Digital 1/O
10 Line Passing
Easy-to-Use

No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuraticn software)

AT and AP1 Command Modes for
configuring module parameters

Extensive command set
Small form factor

FCC Approval (USA) Refer to Appendix A [p64] for FCC Requirements.

Systems that contain XBee®/XBee-PRO® RF Modules inherit Digi Certifications. m
15M (Industrial, Scientific & Medical) 2.4 GHz frequency band

Manufactured under ISO 9001:2000 registered standards c €

XBee®/XBee-PRO® RF Modules are optimized for use in the United States, Canada, Australia,
Japan, and Europe. Contact Digi for complete list of government agency approvals.

2009 Digi Iternational Inc.
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Table 1-01. Specifications of the XBee&/XBee-PRO® RF Modules

Performance
Inoor Urkan Fange Upo 100 (30 m) AR 0000 10U 200 RO Mo
Ouoor RF inecbeight Rangs | Up1o 00K (90m) upm_mw),wuzsmmom
Tranemi Power Oudput 3 §3mW (1848m)*
{solware selectable) e 10mW (10 dBm) for Intemationsl variaet
RF Data Rate 250,000 bps 250,000 bps
Seral Interface Data Rate 1200 bps - 250 kbps 1200 bps - 250 kbps
(software selectable} (non-standard baud rates ako supporied} {non-standard baud rates also supported)
Receiver Sansitivity 92 dBm (1% packet emor rate} -100 dBm (1% packet emor rate)
Power Requirements
Supply Vokage 28-34V 28-34v
Z50mA (83.3 V) {150mA for mtemational variant)
Transmit Current (typical) $SmAi@33V) émaibuﬂrxw ([@3.3V) (180mA for
j international variaat)
Idie / Receive Curent (typical) m@u\f) SmA[@33V)
Power-down Current «10uA <10 uA
General
Operatng Frequency 15M 24 GHz 1SM24 GHz
Dimensicas 0960 x 1.087" (2438emx 2 T1cm) 0960 x 1.287" (2.438cm x 3284cm}
Operating Temperatire 200 85° C ficuustial) : 20 085°C ndustral
: Wegrated Whip, Chipor U FL Conmector, RPSWA | ntegratad Whip, Chip or U FL Comnector, RPSMA
Asterie Opécns Connector Connector
Networking & Security
Supported Network Topologies Poirt-to-pomt. Point-fo-mulipoint & Peertc-peer
Nurber of Charnels i
p ) 16 Divact Sequence Channels 12 Direct Sequence Channels
Addressing Cptions PAN (D, Channel and Addresses PAN ID, Channel and Addresses
Agency Approvals
Unded States (FCC Part 15.247) | OUR-XBEE QUR-YBEEPRO
Industry Canada (IC} 4247 XBEE 4214 XBEEPRO
Europe (CE) ETS! ETS! (Max. 10 dBm transmit power output]®
Ausrala C-Tick C-Tick

* See Appendix A for region-specific certification requirements.

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi) anten-
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipole antenna options when transmitting outdoors_For more information, refer to the "XBee Antennas” Knowl-
edgebase Article located on Digi's Support Web site

Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBeeB/XBee-PRO® RF Modules (antenna options not shown)
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The XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee XBee-PRO XBee & XBee-PRO
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Mounting Considerations

The XBea®/XBee-PRO® RF Module was designed to mount into a receptacle (socket) and there-
fore does not require any soldering when mounting it Yo a board. The XBee Davelopment Kits con-
tain RS-232 and USB interface boards which use two 20-pin receptacles to receive modules.

Figure 1-02. XBee Module Mounting to an RS-232 Interface Board.

The receptacles used on Digi development beards are manufactured by Century Intercannect.
Sevaral other manufacturers provide comparable mounting solutions; however, Digi currently uses
the following receptaclas:
« Through-hole single-row receptacles -
Samtec P/N; MMS-110-01-L-5V (or equivalent)

« Surface-mount double-row receptacles -
Century Interconnect P/N: CPRMSL20-D-0-1 {or equivalent)

» Surface-mount single-row receptacies -
Samtac P/N: SMM-110-02-5M-5

Digi also recommends printing an outline of the module on the board to indicate the orientation the
module should be mounted.
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Figure 1-03. XBee®/XBee-PROE RF Module Pin

Numbers

(top sides shown - shields on bottom)

Pin ¥

-~ #in 20

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
{Low-asserted signals are distinguished with a horizontal line above signal name.)

vCce - Power supply

1

2 DouT Output UART Data Out

3 DIN CONFIG Input UART Data In

i Do’ Output Digital Output 8

5 RESET Inpea Viodule Rasel [reset pulse must be atleast 200 ns)

b PWMO /1 RSS! Output PWM Qutput 0/ RX Signal Strength inciicator

7 P! Output % PWM Output 1
B il N Do not connect

F] DTR [SLEEP_RQ{ DI® Inped Pir Sleep Conirol Line or Digital Input §
10 GND 5 T Ground

1 AD4 1 DIOH Either Analog Input 4 o Digaal 10 4

7] CI8 D07 " Either Clear10-Serd Flow Control or Digitai U0 7

(&) ONJ/SLEEP Oupwnt T Moduie Staus ladicator

i VREF input Volage Relerence for AD Inputs

[ Assocate | ADS/ DIOS Ether Associated Indicator, Anaicg Input 5 or Digial VO 5
™16 RTS/ADS | DIO6 Ether Requestt-Send Flow Control, Analog Input 6 or Digtal ¥0 6
Eliasl )0 A3y /| " Either Analog inpid 3o Digtal 103

[f] A2 1 DR Edher Anaiog input 2 or Digtal U0 2

19 AD1/ DD Edher Analog ingut 1 or Digital 10 1
B ADD DIOD Eier Analog input 0 or Digital 70 0

* Function is not supported at the time of this release

Design Notes:

« Minimum connections: VCC, GND, DOUT & DIN

« Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
» Signal Direction is specified with respect to the module

» Module includes a 50k  pull-up resistor attached to RESET

» Several of the input pull-ups can be configured using the PR command

« Unused pins should be left disconnected
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2. RF Module Operation

Serial Communications

The XBee®/XBee-PRO® RF Modules interface to a host device through a logic-level asynchronous
serial port. Through its serial port, the module can communicate with any logic and voltage com-
patible UART: or through a level translator to any serial device (For example: Through a Digi pro-
prietary R5-232 or USB interface board).

UART Data Flow

Devices that have a UART interface can connect directly to the pins of the RF module as shown in
the figure below.

Figure 2-01. System Data Flow Diagram in a UART-interfaced envitonment
(Low-asserted signals distinguished with horizontal line over signal name.)

Serial Data

Data enters the module UART through the DL pin (pin 3) as an asynchronous serial signal. The sig-
nal should idle high when no data is being transmitted.
Each data byte consists of a start bit (low), 8 data bits (least significant bit first) and a stop bit
(high). The following figure illustrates the serial bit pattern of data passing through the module.
Figure 202. UART data packet 0x1F (decimal number "31") as transmitted through the RF module

Example Data Format is 6-N-1 {bits - paxity - # of stop bits)

Least Signficant Bt (frst)
%ILIIEODU

I s® IS 17 T
ﬂ?’“ 3 i " g i 1 " : , UART Signat
] " I? PALE) eI e
Signal VDG u 1 / R e |
Voltage i g PR ] el ¥
Start B fiow) $top Bt (high)
Time —

Serial communications depend on the two UARTS (the microcontroller's and the RF module’s) to be
configured with compatible settings (baud rate, parity, start bits, stop bits, data bits).

The UART baud rate and parity settings on the XBee module can be configured with the BD and SB
commands, respectively. See the command table in Chapter 3 for details.

© 2009 Digi bternational Inc. 10
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Transparent Operation

By default, XBee®/XBee-PRO® RF Modules operate in Transparent Mode. When operating in this
mode, the modules act as a serial line replacement - all UART data received through the DI pin is
queued up for RF transmission. When RF data is received, the data is sent out the DO pin.

Serial-to-RF Packetization

Data is buffered in the D1 buffer until one of the following causes the data to be packetized and
transmitted:
1. No serial characters are received for the amount of time determined by the RO (Packetiza-
tion Timeout) parameter. If RO = 0, packetization begins when a character is received.
2. The maximum number of characters that will fit in an RF packet (100) is received.

3, The Command Mode Sequence (GT + CC + GT) is received. Any character buffered in the
DI buffer before the sequence is transmitted.

If the module cannot immediately transmit (for instance, if it is already receiving RF data), the
serial data is stored in the DI Buffer. The data is packetized and sent at any RO timeout or when
100 bytes (maximum packet size) are received.

1f the DI buffer becomes full, hardware or software flow control must be implemented in order to
prevent overflow (loss of data between the host and module).

API Operation

API (Application Programming Interface) Operation is an alternative to the dafault Transparent
Operation. The frame-based API extends the level to which a host applicaticn can interact with the
networking capabilities of the module.
When in APL mode, all data entering and leaving the module is contained in frames that define
operations or events within the module.
Transmit Data Frames (received through the DI pin (pin 3)) include:

« RF Transmit Data Frame

« Command Frame (equivalent to AT commands)
Raceive Data Frames {sent out the DO pin (pin 2)) include:

* RF-recaived data frame

+ Command response

« Event notifications such as reset, associate, disassociate, ete.
The API provides alternative means of configuring modules and routing data at the host applica-
tion layer. A host application can send data frames to the module that contain address and payload
information instead of using command mode to modify addresses. The module will send data
frames to the application containing status packets; as well as source, RSSI and payload informa-
tion from received data packets.

The API operation option facilitates many operations such as the examples cited below:
<> Transmitting data to multiple destinations without entering Command Mode

-> Receive success/failure status of each transmitted RF packet
-> ldentify the source address of each received packet

To implement AP operations, refer to APl sections [p57].
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API Support

1/0 data is sent out the UART using an API frame. All other data can be sent and received using
Transparent Operation [refer to p11] or API framing if API mode is enabled (AP > 0).

API Operations support two RX (Receive) frame identifiers for 1/O data (set 16-bit address to
OxFFFE and the module will do 64-bit addressing):

« 0x82 for RX (Receive) Packet: 64-bit address I/0

« 0x83 for RX (Receive) Packet: 16-bit address /O
The API command header is the same as shown in the "RX (Receive) Packet: 64-bit Address” and
“RX (Receive) Packet: 64-bit Address™ AP types [refer to p63]. RX data follows the format
described in the 1/0 Data Format section [p13].

Applicable Commands: AP (API Enable)

Sleep Support

Automatic wakeup sampling can be suppressed by setting SO bit 1.When an RF module wakes, it
will always do a sample based on any active ADC or DIO lines. This aliows sampling based on the
sieep cycle whether it be Cyclic Sleep (SM parameter =4 or 5) or Pin Sleep (SM = 1 or 2). To
gather more samples when awake, set the IR (Sample Rate) parameter,

For Cyclic Sleep modes: If the IR parameter is set, the module will stay awake until the IT (Sam-
ples before TX) parameter is mat, The module will stay awake for ST {Time before Sleep) time.

Applicable Commands: IR (Sample Rate), IT (Samples before TX), SM (Sleep Mode), IC (DIO
Change Detect), SO (Sleep Options)

DIO Pin Change Detect

When *DIO Change Detect” is enabled (using the IC command), DIO lines 0-7 are monitored.
when a change is detected on a DIO line, the following will occur:

1. An RF packet is sent with the updated DIO pin levels, This packet will not contain any ADC
samples.

2. Any queued samples are transmitted before the change detect data. This may result in
receiving a packet with less than IT (Samples before TX) samples,

Note: Change detact will not affect Pin Sleap wake-up. The DB pin {DTR/Sleep_RQ/DI8) is the only
line that will wake a module from Pin Sleap. If not all samples are collected, the module will still
entar Sleep Mode after a change detect packet is sent.

Applicable Commands: IC (DIO Change Detect), IT (Samples before TX)

NOTE: Change detect is only supported when the Dx (DIOx Configuration) parameter equals 3,4 or 5.

Sample Rate (Interval)

The Sample Rate (Interval) feature allows enabled ADC and DIO pins to be read pericdically on
madules that are not configured to operate in Sleep Mode. When one of the Sleep Modes is
enabled and the IR (Sample Rate} parameter is set, the module will stay awake until IT (Samples
before TX) samples have been collected.

QOncea particular pin is enabled, the appropriate sample rate must be chosen. The maximum sam-
ple rate that can be achieved while using one A/D line is 1 sample/ms or 1 KHz (Note that the
modem will not be able to keep up with transmission when IR & IT are equal to "1” and that con-
figuring the modem to sample at rates greater than once every 20ms is not recommended).

Applicable Commands: IR (Sample Rate), IT {(Samples before TX), SM (Sleep Mode)
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XBee®/XBee-PRO® Networks

The following terms will be used to explicate the network operations:
Table 202. Terms and definitions

ion network that mciudes ane or more End Devices and

PAN Pergonal Area Network - A data
S ERai Asummm{nmmmm' « synchronizataon by pofing nodes [NonBeacon
(w/ Cocrdinator) networks only]
End D When in the same network as a Coordinalor - RF modules that rely on a Coordinator for
synchronization and can be put into states of sleep for low-power appiications.
- The estabiichment of membership between End Devices and a Coordmator. Association is only
Ausocision agplcable in NonBaacon (w/Cooninatos] networks

Peer-to-Peer

By default, XBee®/XBee-PRO RF Modules are configured to operate within a Peer-to-Peer network
topology and therefore are not dependent upon Master/Slave relationships. NonBeacon systems
operate within a Peer-to-Peer network topology and therefore are not dependent upon Master/
Slave relationships. This means that modules remain synchronized without use of master/server
configurations and each module in the network shares beth roles of master and slave. Digi's peer-
to-peer architecture faatures fast synchronization times and fast cold start times. This default con-
figuraticn accommodates a wide range of RF data applications.

Figure 2-06. Peer-to-Peer Architecture !

- -
L] L}
ﬂ’é 8 ¢ &8 s 0 ‘Q‘ ‘
A peer-to-peer network can be established by =3 i‘;}]

configuring each module to operate as an End Device (CE = 0), disabling End Devica Association
on all modules (A1 = 0) and setting 10 and CH parameéters to be identical across the network.

NonBeacon (w/ Coordinator)

A device is configured as a Coordinator by setting the CE (Coordinator Enable) parameter to "17.
Coordinator power-up is governed by the A2 (Coordinator Association) parameter.

Ina Coordinator system, the Coordinator can be configured to use direct or indirect transmissions.
1f the SP (Cydlic Sleep Period) parameter is set to "0, the Coordinator will send data immediately.
Otherwise, the SP parameter determines the length of time the Coordinator will retain the data
before discarding it. Generally, SP (Cyclic Sleep Period) and ST (Time before Sleep) parameters
should be set to match the SP and ST settings of the End Devices.
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LCD-016M002B

Vishay

16 x 2 Character LCD

1

i
§
&

FEATURES

+ 5 x B dots with cursor

« Built-in controller (KS 0066 or Equivalent)

+ + 5V power supply (Also available for + 3V)
+ 1/16 duty cycle

] B +- 8L to be driven by pin 1, pin 2 or pin 15, pin 16 or AK (LED)
« N.V. optional for + 3V power supply
MECHANICALDATA | | ABSOLUTE MAXIMUM RATING _
ITEM STANDARD VALUE UNIT ITEM SYMBOL | STANDARD VALUE | UNIT
Module Dimension 80.0 x36.0 mm MIN. | TYR. | MAX.
Viewing Area 66.0x16.0 mm Power Supply | VDD-VSS | -03 i, 7.0 v
Dot Size 0.56x0.66 mm input Voltage Vi -09 ot VDD
Character Size 296 x5.58 mm NOTE: VSS — 0 Vot VDD - 5.0 Vol
ELECTRICAL SPECIFICATIONS |~ Tl ) o BE
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. IR MAX.
Input Voltage vbD VOD = + 5V 4.7 5.0 5.3
VDD = +3V 27 3.0 5.3
Supply Current 10D YOD =5V - 12 30 mA
-20°C A . Lo
Recommended LC Driving | VDD - V0 0°C 42 4.8 5.1 v
Voltage for Normal Temp. 25°C 38 42 48
Version Module 50°C 38 4.0 44
70°C - £ =
LED Forward Voltage VF 25°C - 42 46 v
LED Forward Current IF 25°C | Armay - 130 260 mA
Edge = 20 40
EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA
'DISPLAY CHARACTER ADDRESS CODE: _
C T 1 2 3 A= 8 7 8 $10 11 12 18 4 1518
DD RAM Address [g0 | of OF
DD RAM Address | 40 41 4F
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Remote 8-bit /O expander for I2C-bus with interrupt
Rev. 5§ — 27 May 2013 Product data sheet

‘ I PCF8574; PCF8574A

1. General description

The PCF8574/74A provides general-purpose remote /O expansion via the two-wire
bidirectional 12C-bus (serial clock (SCL), serial data (SDA)).

The devices consist of eight guasi-bidirectional ports, 100 kHz I°C-bus interface, three
hardware address inputs and interrupt output operating between 2.5 V and 6 V. The

quasi-bidirectional port can be independently assigned as an input to monitor interrupt
status or keypads, or as an output 1o activate indicator devices such as LEDs. System
master can read from the input port or write to the output port through a single register.

The low current consumption of 2.5 A (typical, static) is great for mobile applications and
the latched output ports directly drive LEDs.

The PCF8574 and PCFB5T4A are identical, except for the different fixed portion of the
slave address. The three hardware address pins allow eight of each device to be an the
same 12C-bus, so there can be up to 16 of these /0 expanders PCF8574/74A together on
the same 12C-bus, supporting up to 128 Os (for example, 128 LEDs).

The active LOW open-drain interrupt output (INT) can be connecled to the interrupt logic
of the micracontroller and is activated when any input state differs from its corresponding
input port register state_1t is used to indicate to the microcontroiler that an input state has
changed and the device needs to be interrogaled without the microcontroller continuously
polling the input register via the FC-bus.

The internal Power-On Reset (POR) initializes the 1/Os as inputs with a weak internal
pull-up 100 uA current source.

2. Features and benefits

12C-bus to paralle! port expander

100 kHz I2C-bus interface (Standard-mode [2C-bus)

Operating supply voltage 2.5 V to 6 V with non-overvoltage tolerant VO held to Vpp
with 100 pA curent source

8-bit remote /O pins that default to inputs at power-up

Latched outputs directly drive LEDs

Total package sink capability of 80 mA

Active LOW gpen-drain interrupt output

Eight programmable slave addresses using three address pins

Low standby current (2.5 pA typical)

40 °C to +85 *C operation

ESD protection exceeds 2000 V HBM per JESD22-A114 and 1000 V CDM per
JESD22-C101




NXP Semiconductors PCF8574; P CF8574A

Remote 8-bit /0 expander for °C-bus with interrupt

®m Latch-up testing is done to JEDEC standard JESD78 which exceeds 100 mA
Packages offered: DIP16, SO16, SSOP20

3. Applications

LED signs and displays

Servers

Key pads

Industrial control

Medical equipment

PLC

Cellular telephones

Mobile devices

Gaming machines

Instrumentation and test measurement

5. Block diagram

PCFBS574
PCFB3T4A
e INTERRUPT
(3 | PRI TER i e L-—l
— Po
o l P1
4 i
soL wegr || peevs 7| swier PN | P3
e FILTER CONTROL | | REGISTER PORT = ::
liElI ] o
P7
wJ
write pulse I
read
Voo . L
0 RESET
=
= =~
DoZaacEa4
Fig1. Blockdlagram
ou
100 s,
1
I:]’la L Orower
B %
Yss
cl
%
data ta Shift Ragiater ! ’]D-——-‘bwbgic
G02aactos
Fig 2. Simplified schematic diagram of PO (o PT
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NXP Semiconductors

PCF8574, PCF8574A

6. Pinning information

Remote 8-bit /O expander for 12C-bus with interrupt

6.1 Pinning

a0 1] [7€] Voo
a1 [2] 15] sba
a2 [3] [14] scL

P0 (2] perasrap [T
o1 [S]PEFIST4AP 5

p2 [€] [11] s

7] 18] ps

vss [B] B
002aadhts

Fig 3. ~ Pin configuration for DIP16

A0 1] - 18] voo
a1 [T [15] sDa
a2 [3] W] scu
o [3] | pcrestats [13] T
p1 [5] |PCFBST4ATIS E P
p2 [€] 11] P6
3 [T 10} PS
Vgs [B] §] P4
002330626

Fig4. Pin configuration for SO16

T [1] [20] P7
scL [Z] O 18] P8
ne [3] 18] ne.
sDA [4] [17] PS5
voo [E]  pcrestats  [16] P
a0[E]  PCFESTAATSS  [15] vas
a1 [7] % P3
ne [B] 13| nc.
42 9] [12] P2
Po 1T] mE
002sad627

Fig5. Pin configuration for
$SOP20

6.2 Pin description

: DIP

AD 1 § address input 0

Al 2 7 e g1~ . b o~ L
AL LV I3 RETNRD o i aiemes nputd o Vi B
PO 4 10 quasibidrectonal¥00 . |
o e 4.4
oy o [ (S PP Huoz {4
R = A o ""“.‘m

Wo.8 ™ B " supplyground -

N D 16 quasi-bidrectional 04

PR 10 Y] ar quaskbidirectional 105

P6 wdd 19 quaskbidirectional VO 6

7 12 20 quasi-bidirectional VO 7

Nt 13 1 interrupt output (active LOW) W
i - S s TR

o 15 : e
Voo 16 5 supply voitage

ne. - 3,8,13,18  notconnected

82



NXP Semiconductors PC F8574, PCF8574A

Remote 8-bit VO expander for 2C-bus with interrupt

7. Functional description

Refer to Figure 1 "Block diagram®.

7.1 Device address

Following a START condition, the bus master must send the address of the slave itis
accessing and the operation it wants to perform {read or write). The address format of the
PCFB574/74A is shown in Figure 6. Slave address pins A2, A1 and AQ are held HIGH or
LOW to choose one of eight slave addresses. To conserve power, no internal pull-up
resistors are incorporated on A2, A1 or AQ, so they must be externally held HIGH or LOW.
The address pins (A2, A1, AD) can connect to Vpp or Vss directly or through resistors.

|o|1|o]o|ulm|mlnj n|1|1|1|u'm|m|e|
seiectable selectable
02masit 00263623
a, PCF8574 b, PCFB574A

Fig6. PCF3574 and PCFB574A slave addresses

The fast bit of the first byte defines the operation to be performed. When set o logic 1 a
read is selected, while a logic 0 selects a write operalion (write operation is shown in

7.1.1 Address maps

The PCF8574 and PCFB574A are functionally the same, but have a different fixed portion
(AB to A3) of the slave address. This allaws eight of the PCF8574 and eight of the
PCF8574A to be on the same 12C-bus without address conflict.

Table4. PCF85874 address map

Pin connectivity | Addressof PCFB5T4 55 1
kﬁz}’m A0 (A8 1 1 Lﬁ‘%{.ﬂlm wit
N e V¥ b0 A A
Vs Vo Vot 0 T 0 'C D
Vas Voo VeiSele 1 gy
S =

-1 8 D %

01 6 b




NXP Semiconductors PCF8574, PCF8574A

Remote 8-bit /O expander for C-bus with interrupt

9. Characteristics of the 12C-bus

9.1

911

9.2

The C-bus is for 2-way, 2-wire communication between different ICs or modules. The
two wires are a serial data line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when connected o the output stages
of a device. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the HIGH period of the clock pulse as changes in the data line at this time
will be interpreted as control signals (see Figure 11).

T 0 A\

data fine
stable;
dala vafid aliowed mbabd7?

Fig 11, Bit transfer

START and STOP conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW
transition of the data line while the clock is HIGH is defined as the START condition (S). A
LOW-to-HIGH transition of the data line while the clock is HIGH is defined as the STOP
condition (P} (see Figure 12).

ST LB

N Bhe (B

e

SDA

[ % W S el

START conditon STOP condition

Fig 12.. Definition of START and STOP conditions

System configuration

A device generating a message is a ‘transmitter’; a device receiving is the ‘receiver’. The
device that controls the message is the ‘master’ and the devices which are controlied by
the master are the "slaves’ (see Figure 13).
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Remote 8-bit /O expander for I2C-bus with interrupt

Fig 13. System configuration

MASTER SAVE SLAVE P MASTER R
RANSMTTER | | mecener | | RanSMTTER TRANSMITTER!
RECEIVER recever | | TASMTTER | | " pecener | | WATPLEXER
stave | | |+ I ‘
002222008

9.3 Acknowledge

The number of data bytes transferred between the START and the STOP conditions from
transmitter to receiver is not limited. Each byte of eight bits is followed by one
acknowledge bit (see Figure 14). The acknowledge bit is an active LOW level (generated
by the receiving device) that indicates to the transmitter that the data transfer was
successful.

A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte
that has been clocked out of the slave transmitter. The device that wants to issue an
acknowledge bit has to pull down the SDA line during the acknowledge clock pulse, so
that the SDA line is stable LOW during the HIGH period of the acknowledge bit related
clock pulse; set-up and hold times must be taken into account.

A master receiver must signal an end of data to the transmitter by not generating an
acknowledge on the last byte that has been clocked out of the slave. In this event, the
transmitter must leave the data line HIGH to enable the master to generate a STOP

=]
RTINS 7
|| BT
datacutput T |
by receiver | | \7_/
| acknowledge
S Y ‘ TR O
SJ dﬂmh—r
START acknowledgement
condition 002323987

Fig 14. Acknowledgement on the 2C-bus






