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ABSTRACT

This project propeses to apply a wireless desien of smart meter and
developing Zigbee Module for transmitting data. This is convenient to transmit data
from smart meter to the user interface. Moreover, It can reduce cost in wiring that are
suitable and also provide more accuracy in data-analyzing and high efficiency. This
project is consisted of 3 operations which is End Device Node, Router Node and
Coordinator Node. By initiating data simulations on smart meter and assign transmitting
Zigbee module as an End Device Node then transfer the data to the Central Zigbee
Module which is assigned as Router Node to form a transferring network and pass the
data to the Receiving Zighee which is assigned as Coordinator Node and visualize the
data into the user’s computer. All Zigbee’s data transferring is being transfer in API
mode which all data and command are in Frame-Based format hence more accuracy

in data transferring across the network.
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%2 Tneiizigbeelhnanmsidsunuunginssunisdoasvesiis Inuisardudnudnuaras
i 1 dy ¥ v o & o o 1 - ﬂ‘ ar
Wideyavasseniniaieiuiifeidiu dumia szegne Laziianivesemsinaniiu
Mdmmey Zigbee gnasnadulunisitszuuiaTetisliansdiuyana (Wireless Personal
- ° ) 1 o

Area Network)lagi3u91nn13AMuANIAS§IUNI53U-dedoyaluy IEE 802.15.4 NIuns

s a = o8 v e P o |
doansuuutssndamdnuiahlituameiiiogmsldouisnu emudinmsiu-dueya
5 - = v ' e o o ° v -
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< ' P = v & -
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Jagtuiinsldnunuagrunsuats i idnuavhuingludinuszdn fulaun nsdwiladoun
15a18, GSM/CDMA, Wi-Fi, Bluetooth, Zigbee, Tulasian(Microwave), Bumaisa(infrared)

Wusu

= wa =
a15797 2.1 nisiivuiisuananiiveunaluladliae

Zigbee Bluetooth Wi-Fi
Standard IEEE 302.15.4 |EEE 802.15.1 IEEE 802.11b
Application Monitoring Cable Web,Video,
Focus &Control Replacement E-mail
Transmission 1-100 1-10 1-100
Rang(meters)
Battery Life(Days) 100-1,000 1-7 0.5-5.0
Network Size(amount | >64,000 7 32
of nodes)
Stack Size(kb) 4-32 250 1,000
Throughput(kb/s) 20-250 720 11,000
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45§71 IEEE 802.15.4

N1A35IY IEEE 802.15.4 fi"m'umﬁudmi’urm%'ydaﬁagaaﬁﬁ&ﬁu'lmm
m‘s’aﬁ’uﬁﬁmq(Physical Layer) uaen15auaan3uda (Link Layer) Faaluil nsdeansld
ﬂ'?fu"mq A2 4 AnzBsnd (GHz) Wil 16 dosdtynmgay 5 wnudsnd (MHz) dmu
ANE 900 WndIng (MH2) wiadly 10 Foadyn ey 2 wnudnd (MHz) T9nsnay
dunyed (modulation) wuy Offset Quadrature Phase Shift Keyine ( Offset-QPSK) waz 1%
n1sundymdygrnsuniuwyuDirect Sequence Spread Spectrum(DSSS)Ti8n 51015
Awsda (spreading) 287 chip/sec munumsfudiayalneliluslaneawuy Carrier
Sense Multiple Access / Collision Avoidance ( CSMA/CA) warifial#innsdeansiaiotie
Wuweslimadunmssudeaiu Ssimuninigrudisdmiunmsdeuseduniadie
(Network Layer) uagtinluldaau (Application Layer ) 32uUsinn g1y IEEE 802.15.4 1y
wnmsgnilvifiimualaessdng Zisbee Alliance

anauiAnluvasZigbee

Zigbee WumnmsgruvesgunsallSaegnimualasngy Zigbee Alliance &1
Guresetuidled 2002 1ileldmauaugunsalineqseudililudinusssn iyl fanedals)
AssmsmmTIgannin wu alsdlalauasadng ssuumuaugumgivieadusiu suluis
1#lumsiuanan Sensor #19q Tay Zigbee gnesnuuvlnesjlvitinndnuayssil

1. Judevrslianeluszeying dnsifeudeatsdudiouitasesiunms
dousiadmiuieiotovuelvg lifeguuuuinss 3 sUwuyldun Multiple Topology

fim an§ (star) e YeT (peer-to-peer) Way Wy (mesh)



2. ki

3. fndadie aunsaUszgndldaldvannvany

4. amnsnuddeyaldloadeusiulunnugniesls

5. Tndsenilunmsvihaush

6. 1MMIZIU Zigbee AW IEEE 802.15.4 Amualviflivuavesnisidwdaam 2
aonue Ao anuiilinisulasdwastoyadafendt Active uarBnanurAoanueitlifingg
vnewdavueviindesonii Sleep

7. ?iamﬂ%’mmﬁ"iwq grumull 2.4GHz §i16 Yesdyan Sasinsiuds

ToLA250Kbps

2.1.2 viavagUniniZigbee

WUY Physical Device i 2 Usuinm A

1. Full Function Device: FFD 1{utsinas (Routen) fidudenardlunisd
foyavinguniaitun Wndnuanangdaidaluia (Power line) iiswlalunnqlassatng
\30t1 (Topology) kazanmnsnvindugmiondofild

2. Reduced Function Device: RFD binzuinisifeusianteluaiorivld
wilauenuusing’ Liannsodisnesdeyaningunsnisugld vildieluindeteduwuy
A1 (star) JURUUIATOIEAMNNSTIIEEE 802.15.4 Wseanitiu 2 wuu Taud wuuanuay

WUUMTE (Peer-Peer) $19Um AgUT 2.2

@ -

_J RFD

<™ DATAFLOW

A H ! L Ll
3UN 2.2 lunansdsiteteyauuuStan@eiasPeer-to-Peer(127)

WUV Logical Device i 3 Useinm Ao
1. Zigbee Coordinators iuyafivsvanuioudony vimihfisudansidey
TAsatne damsinunlulassiowasiutnaisvesivuslulasedie



2. Zigbee Routers ¥wihiidanisidumavastonnuidesiunelulassne
Tuualag

3. Zigbee End Devices (Hulnunilagludiuvaslden Tasannsaduld
RFD wag FFD

2.1.3 msuszgnaldau

wuuuenaulssamvesteyatmansifleg3uuuie

1. Yoyauvy Periodic Toyailutinia Wsunsuamnsamuaudnsinisds
warfnsiadudynrunsedu Wadeyauavilideyaliiedeulm Mdwmiviwuires uax
fimes

2. foyauuy Intermittent 1udnwzAfinsduiudoyaiiofinisldnuidy
andlu

3. feyauvy Repetitive low latency Tilusuiidiosnis Latency ouq Tag
nsdeasarlifsinassdeanas varannsnlinalauuy 6TS WaduvseiugmnweeInis

usns thlvlgluany iy wndlsane

2.1.4 Taseas1avesinsinaea Zigbee

Insinaea Zigbee gnoanuuuailudiuas Network & Security Layer,
Application Framework Layer Waz Application & Profile Layer @7u%03 PHY Layer uas
MAC Layer 1§ snmsgnu IEEE 802.15.4 umingiulnsinnea Zigbee inseildnsndaiuas
liwdanudes lnalwsinaoa Zigbee loiuvsdseinvaosgunsaiilu 3 Ussinmifu Logical
Device 7@ Zigbee Coordinator, Zigbee Router uay Zigbee End Device

1. Zigbee Coordinator {Hugaidonsiery vimhiiudeyalunioie

2. Zigbee Router §an15idunisusstaaiiuidwiunislulassineves
Tvuala

3. Zigbee End Device [ulysdiegludiuvesildan



ZwgBee-Fnd-Device

(RFD or FFD) \
e St .’ .
—p Mesh @

JU# 2.3 Medrnsadariotiveigunsal Zigoee

ZigBee gNaankuuiUILRN vludauves Application layer, Application
support Layer i@ Network layer Wit usil MAC layer uaz Physical layer Amusnssu
IEEE 802.15.4

Zigbee define

IEEE 802.154

UM 2.4 Taseadna Zigbeslnoutiau layer

lassasinsveazigBeeavuvaiiulayersinafail

1. Application layer udufiddiuves Endpointag 13un31 Application
framework el ZigBee Device Object (ZDO) vimthilunsdanislunisdnieuasidan
Application layer

2. Application support sub-layer ¥imtiiilunisadramlsuzes Application
tayer vaginiifilunisfu-deidoya saudanisdanisdudigg fderdastu
Application layer
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0 - y v ' v @
3. Network layer vinutinflunis routing Yayasiaq andunialyds

J 1 -5 L) = a el 1 4 1 s
UfﬂUﬂ']éﬂi)']i]ﬂgﬂ'lﬂllutﬂ'i’i]‘ﬂ’mL@]EJ'mu‘MﬁEJ ANLATBVIBNUY

5 “=a - ‘J )
ZigBee Alliancelafimvisuntgyminazanunsamunudyyiulbildlos
5 e @ < w
1. Physical Layer Qﬂaiz)ﬂLL'U'U:J'ﬂMMﬂ']’]LILMN'W&IJﬂ‘US']ﬂWVIU?:MEJﬂ N9
=t o a - ﬂi‘ 1 e v -l
Wrelagnssnudinuayyd nlgnssesuiasnilidudounasiiniiuaimuuiniunig
Jsuug
2. Media Access Control (MAC) layer gnaanuuuulaggaulauisaldy
ulanuinluladivarsquuu uwisaslidudou nisdanrsndsnudeslildduneusnn MAC
v o | 0 : g § o
apswaulanminnn1svinauvesaunsal (Reduced Functionality Device: RFD) u14fafl
Lidndusiadlduas (flash) wiedadld RAM uia ROM ¥auainas MAC gnesnuuux el
a v o ° 3 - v g i o W
sesfuladudiuiugynsniuang lnaddesliiiantsvygaveinedae (parked)
was o vy - ' v
3, Network Layer 3zlaunisaaniuuiissenlitrsvenaioviounaining
- v v € 4ow g v a & )
lneinasldlogunsnidadygranlindseugs 9u Network Layer fiosaiunsasasiulvug

Funuinnlalagldvnaiuslwinag

& o .
2.1.5 FunaunsuYesinsinasazZigbee
luimailldgnuusdeveaniliu 7 udulsun Application, Presentation,
Session, Transportation, Network, Data Link wag Physical @Iu818U21NUUa&E1e 85ule
Tansl
& « E A & =t &) - Vg v o
1. Yuvszyna (Application Layer) yufiinidusuiioglnagldunigauay
& o o w @ w Y @ ' i 3 ' - @ '
Wutuiihnudwariudoyalaonseiugld Moty gainuasiusunsusgionduatuu
layeril
o " O - ° v dw a -
2. guuana (Presentation Layer) TUNMANIMUINTUNAYDULI093ULUY
A i L = ] o L U 2 v
vasnsuanwaiiielusunsungiildnuszuumioiisviiinsruindeyaildidulsznvila
iy 3Unw onansing Jale
3. Pudauuatoya (Session Layer) Fuiviviiminnlunisdnnisiusession
!’." J 4 o ¢ o ' ) ¥
voelusunsu uiliesimvililunialusunsuendagratu TUsunsufugLiu(web browser)
ansavhaudesedumesialaniouguarewmingng
o - v & da o | ) =
4. Yunanwasuvaya (Transport Layer) TUnd@MIMuINguaInnIsiIndves
“a A - =¥ d -!' - 5 - t 4 1
ANUAAWAIATLAATUIINASTBAS IN1IMTIeaBUANEANEIATURERY TN INTeyad Y
P ' - v e & a Y v e
M38n31 checksum wararatinisunludofawarntueg lasRarsaunvinidanuniaiuila

Uaunig
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5. §uLATe918 (Network Layen) Suitarnarinnisnisindedoanstay
D %'aL{‘Jumiv‘f'muﬁmia'ﬁwmﬁmL%éﬂLqu%uSuqﬁafﬁwuu

6. tuideurietoya (Data Link Layer) Fuitaesiiimihiidninioudeyaiter
dsiuluudedanan

7. Fumenm (Physical Layen) {Jutuusnvesdeildlunisindodeans 4

avsiduviawuuildaevislildansy

Applications | User
- = il
ammmel @.
e Sy ——— =
= o : 1
o\ A
Apsﬂ F e N NN
L Mﬂ"‘"’k‘\ o \\.

— . 2

- 5 f o LI -
U 2.5 tulwslamsansivddoys

93U 25 %”'u'twﬂmaam‘s%‘uﬁqﬁagammf‘imﬁu-aia'ﬂ'azéamummgw
msdonldanuudazduanuituaindulusudnvataraumunsaunoni sl
Tngauideiliidonldunnsgiu IEEE 802.15.4 30130047 Zighee A2 1E 2.4 GHz
il 1690adtyqy 10 S5 n15TudeTana250 Kops Faifugnunisdoansssarindiunisld
wé’qmuﬁ"’nu.azvnum'aamwﬁ’zymmmssumuqa %'aL{‘Juumsgmﬁaanwumﬁw%’umsﬁmm‘a
fuwuieivianiniqdefoyalufuaionsuiveifesmilararunsoifiusiuiugunsal

wwasluuntuls

2.1.6 Topologylumsldau Zigbee Network

Tumsaflaseingliansves ZigBee Hu avfosusenausie Tnunsiuy
athaieuiian 2 viia fe Coordinator node ay node gnie silalawiianils (Router/End
device) Fsazanunsadeansuaryinanlugunuuves PAN (Personal area network) 1 Tag
ZigBee annsowtaguuuy indatieldidy 3 uuuy fail
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1. Star (Broadcast) n15\¥aumBUUY Star 38UV Broadcast unisiuds
Fayauuy Lilemiziazas gamneuarevnmie XBee yndafisgluszuuiadetioideniu
annso Suteyanndeyalannda

‘ End Device

([ Coordinator

zﬂﬁ 2.6 Star (Broadcast) Network

2. Cluster Tree (Tree) 1Uun13 Sudstoya wuu dsw igu A deansinsie
U C wdl € eflaann A au A biaanse Aaraiu C 16l winodill B flogsening A fu C iy
Cluster Tree 9¢14 B \Uumilou fnan \Beunisdnde (Repeater) ssming A fu C

" Coordinator

B,
{_/ Router

0 End Device

gﬂﬁ" 2.7 Cluster Tree (Tree) Network

3. Mesh nsiiiousiatniatiauuy Mesh Wulassredifiuszaniaings
iesen Feyaamnsodiludadvanglivanenis vl stuviannsodudadeyaluss
yvgvmen sl wisdnaaidemevosssuuluydmfing @uegiu n1seenuuy
seuvvelisng) seuuiiladussuuilldsummuiionduegnann
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&

5UN 2.8 Mesh Network

2.1.7 mydedoyaveszZigbee

msdsiayauuy RF vaswsavuieingluduves header AvZigheeqsanynse
AvunAILeninsad1sdald 2 wuavlsznauludan Source Address Wax Destination
Address Taofi IEEE 802.15.4 s#illassadne 2 wuy ufouoninsad19dauuy short 16-bit
address UArUBAWMIAD1NBINUY long 64-bit address UnFudaavgnriavunaAmninlssay
Wuwenmsadnibs 64 9n Faazamrsesrudrldarnmisimes SH (Serial Number High)
waw SL (Serial Number Low) msldauiantasag19ds 64 Oa awrsavinldlasinun
wisiimes MY Iisieiesndn OxFEFF w3a OxFFFE daunsivusuennsadiads 160ntu
vildlon fmuawisadlined My Wiliwiosnth 0xFFFE Tagszdunidulminnisdsdoya 2
UseLnnde

1. Tnsngfiunast (Unicast Mode)Ae mssuddoyalasenduudnnisneuiu
(Acknowledgement) fia Mnmsmudstoyaluuslildsunisaouiuandsufiasvinnisds
doyalni

2. Inuauseaunas (Broadcast Mode) Aomsdsdoyaludauasnalsilasu
doyavnia Xbee dafimsismmsvinuuiadu 4 Tnuavdng dail

1) Inunlaifia (Idle Mode) Wulnuaitlildfudsioyad Xbee in3ouiias
vinlulnundug deluiuiiviniideulvuiseshs

2) Inuniu-dedioya (Transmit/Receive Mode) fip 9297 Xbee fin155une
defaya Tasuvsdnwnznisinudoseandunuulagnss (Direct ) fulauday (indirect),
msimuaLennIaRuMIMaEUaENa, Clear Channel Assessment uagn1snausu
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- P = a4 w & =l - '
3) nunady (Sleep Mode) fiatatiiXbee agluaniuziindsnusiigadiols)
=l £ 73
finsldau
4) Inuadds Ao drun1suiunnsiimesvedXbee F9aziinisnavum 2 WUy

AD AMAILUUAT NUATAILUUAPI
IJ ﬂ‘: 1 o I’) “n I ar -9
maaﬂwumuu%ﬁgﬂuuumsaqﬁagauasmaqmﬁmmﬂanu Zigbee Module

1 at

saffusenlulu AT Commandifu Zighee Module agvhmiiiiiiiu Serial Line Replacement

& A

- v - ) - " v . ) o o @
UUﬂQHEULlUUﬂ'ﬁi‘UQ']uL“UQUﬂUﬂ']‘ﬁ'ﬂauﬂaﬂ'JUﬁqU Serial §F5UATUULDITIANEILUY AT ﬁ

EUJ.LUUEUﬁ 2.9

"AT" + ASCII 5 Space ¥ Parameter + Carriage
Prefix Command (Opticnal) (Optional, HEX) Return

L == ‘ &

Example: ATDL 1F<CR>

U 2.9 JUnuvYesdda AT (AT Command)

mnguﬁ 2.9 10udr0819n1514971UAT Command Fadun1s8adrvea
Addressaa Zigbee Module Yansnisfisasnisinsnade ludru Low Address 1Ty 1F
s
WetiwaIAT Command fiansadonldle
ATRR X 1ng X Slenldmaud 0 1 6 Samdaiiandumarmundiiundiuns Xoee Retry 7
faenslivihnisassdslulilaiinmsdefianannduiitu MAC Layer lag Xbee Retry 1 a%s
fiuadilyivh finsdaoyalmilutu MAC Layer 3 ads
-ATND Junsdslsivinisfum Zisbee Module %aay:nqulussuzﬁa'}u'im%’uﬁﬁagaﬁuﬁ
Tngazuaniswaziduntu Address WU 16Bits 1aw Serial Number 784 Zigbee Moduletiu

sydvvesdyguiifnaey Node tules udiu

0 L3
o e

-ATAP X 1o X fiflddaus 0 &1 2 Adsiiveidunsdild Zigbee vimsitiaAlanasle AP
Mode

dm3u APl Mode (Application Programming Interface Mode) ﬁdﬁ@!&ﬁtlﬁx

o @ & - =
Adsavagluguwuy Frame-Based visvun 1ag API Frame awiisuiuusuii 2.10

u v
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[start Delimiter Length Frame Data Checksum
PRI ..o AR . ..o ... S8 s SN, ... ... Lo SO
OX7E l | MSB | LsB i APl-specific Structure i { 1 Byte i

MSB = Most Significant Byte, LSB = Least Significant Byte
U 2.10 3Uuuuvesdds API (API Command)

Byte 1 1{Ju Start Delimiter vann1si3usiu Frame Aty OX7E 1aue
Byte 2 fi¢ 3 \Wuduiu Byte vesdIu Frame Data

Byte 4 s n iududduazmniineiviadudeya

Byte n+1 148y checksum

79814U99 API Frame

Frda ATND dmuduminuadeagnialuiai Weagluguuuy APl Command aeiiguuuuy
7E 00 04 08 01 4E 44 64 ;

lagfianununeda

-7€ \Ju Start Delimiter

-00 04 \u Length

-08 1Uun1338y3lu AT Command

01 iumssgydndumdssiinfgiinanismaunsundus

-4E 44 1Fudds ND Tusuuvy Hexadecimal

-64 1Ju Checksum

2.1.8 msﬁmm’aaamwaaZigbeezhumma%naqn-su

Zigbee Buineiinatugunsalfly (Host) Hunimeineynsuesdalasia
seiumssne dwnilugamanesneynin lugaaansadnsdedeansiusssneanaqidniu UART
nsivavesdoya gunsaliidumaiina UART annsodnsalasnsaiuiivvesrFluga
Flaguiz.11

Toyadu nIIUART lugariuviData In (v13) mudyeyimeynsuesdlasia
dyaranziadieliiifeyagnds wiardeyalusiusynouselndudu(@adinstoyatn uay
Uangalaganiugyuuuaiuluga UART ﬁaﬂ”’una'mazwﬁﬁm'swaauﬁmm'i'is’mga
Ansiedeans mideanseynsuiuegiu 2 UARTS gndnlassadfunisdnsasnsuesa(baud

rate), W3#(parity), Tnusiu(start bit), Taven(stop bit) wazUndoya(data bit)
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CMOS Logc (2.8-3.4v) CMOS Logic (28-3.4V)
i
e e Wil e
Bt | | | Oi(ceta
it S o =
| 1
&7 B crs
-— — — sk £
| Microcontroller I [ Microcontroller
iR | DO (gata out) |
VIR 0 i Module [ woak 4 o
g | | |
RTS | ‘ | | RTS
S e e i : L =

U7 2.11 nsrolilasnoulnsataesiuzicbee

u

2.2 dnwuzluvaslugaxbee

xbee tlugunsafiifilalasroulnsames uay RF Icagnrelu viulhdy
qunInifudsdyeyIar (Transceiven) wuugniviguwand swaufl 2.4 GHz finnsdamslaeld
i iy fdufnrefilifudsioyaiuxbee (Hunsdearsuuveynsu e
lulnsaoulnsaiaeiannsminiilifiaredear suuuounsutos xoee sovthfuwadn
domsoynsumatlilaseoulnsaiaesld

Firmware LTy xbeearldlnaninivsunganiall xbeeudariuavarnsa
wanilaridu (Setting Function) nsldaulduinune vilvirirmware ivdosinanedludy
flninenansuuy Aendentivinauiunisldnu

XbeeausolFarumuinnsguzigbeel dlagiiluidondoulusunsuadng
\w3etne Zisbee v EHARLATAIN SIS ATEInamITIUTLE xbee THanunsada
Am51dined ArueenaSTusuasax-CTU vialusinsuilidouiuies Tnoideddixbeel
vinaulugunseilnaietie@nluaaion xbeeustazmiflnun

Xbee {1 2 u Aaju Series1 waviu Series 2(ZB) uagdivunfdslmidendn
2 WUUAD WUUSTINAT (TmW = 2mW) Wazuun PRO (50mWwW- 60mwW) Ssasiinaiiosses
menmsiudedoya Tasusiarfuduamnsadsinaiotield 2 uwuie Star uas Cluster Tree

wazdiviioagu Series2uinuuivvinaiotnouuuMesh 1o

2.3 midemsdoya

nsdeansdeya (Data Communication) {lugaduduresnisiiiudanssy
A9 1y nszuaunsdadulalegramnssy n1suszneugsia wieusingeis naswaun
sovviwineuiamad (Computer Software) fednluasdostinairistoyangludnunzuas
\3esuRsuRmes (Computer Network) maluladiiwmuiimiiuegesaniss 16iday
lunsuivuamahnuresaietisnouiwesTiinisideudedears (Communication
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Link) mwﬁaqaﬁ'mmsniaq%’Uﬁ:yfgwmﬂ‘%u'lmmﬂﬁﬁaﬁﬂﬂgjmwmwavwmmmmmm
Tunvsdearsadnaiu n1su3nisdenan (Multimedia) va35zuuinsdwsiliane (Mobile
Phone) n15UszguiIun1elng (Teleconference) N1sfinenanaaninuazidss HIunig
\3etdumesiiln (Intemet) wiawinsevisnismuaunisinuvensiesdnssverlng (Ju
fiu yaUsvarndnuesmsdeansieyafenisuanidsurinassewitiuldeggniosuiug

- v
Tunaniaeanis

o X
2.3.1 anvmzwug'lwaqmsﬁam51‘1’3:3:1
-l 1 =f - & " s =t - '
Wanannin15deadrs (Communication) UnaguunsninIsuantuasuyinans
J - ; -l a L") v o
Faonvauintunisluszegmilndquiolnasenlufls (lunsdinduinazlddrguassa Tele-
o ﬂl“ =1 J J o o 1 L -§ “f o 1
Umindaiininuvungin “lna™) WaUINIINYRYA (Data) ®anusdanisuauesv1las lu
= ey ar 1 i [ [ 4 kg - "
31Ju.'uuwumsmnaanu‘ssmwumazmﬂmummﬂumsaaam;m“.la (Data Communication)
- = - v ' « B ) ' o 1 '
VInugaInNIsuaniUasutayaTeningunsad (Device) 207 WIUNIIRINAIAINIY
p ¥ Dl a - ) =l -
(Transmission Media) NM3usivsz@nsnmlunisdedrsvaya Fasvnaviurinszuvdeans
al l -] - ot &' 1 as U -;
AINa1 annsaviilalagRarsandnuusug v siods Awalui
1. msthds (Delivery) szuusasindsiayaludaarsnaldotagndes tdu

b 2
gt s

Vas £ w o a LR v J - ol b v
Aegu (Users) wigunsni-siasu (Receiving Devices) Miswywiiu Swvannsosudayals
o o - v a - -
2. AMWEANTI (Accuracy) Foyandiludoaiivanss mswasuudaslad
da & & y v vas ar = Mis o e
muiintulutuneunsdagsedlasunsuiloviunddeuligndasdintislatena
3. AUASBLIAY (Timeliness) N15dndstayavzAvnaiaauysainielu

svgrhafifmualasianzNTAeaILuULa1931 (Real Time) svuudinsdsloyaviuiindeya
v ¥ o o o v = ' ' v o
lagnasraiuludiduigniedlagliiinnismiiegidh (Delay) Youiian

ssaUsznaulumsdedns
= - v = 3 =
NNFUR 2.12 ssuunisdeasteyaliasdusenau 5 Usenis namie
1. Message Ao YAvaIlaYyatIas (Information) Asesnsdedns
B sd o v &4 ) = ¢ v aa
2. Sender laun gUASAITVImUINd1917a75 19U roufImes ndesddle
8%
: oo f=t o v e 0 ' A w o
3. Receiver lauf gUnsainiminisutmans 1wy tisesdulnsviend mam
= A a a ' o i '
4. Medium Apdinanandnarsldlunisiiunissenitegunsaifu-de (u
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-------------

Protocol Protocol

Sender Receiver

o & - W
JUR 2.12 seAdsznausUsenisvessyuvdoansieya

fiemsnslvavasdaya
nsdeansteyasewitgUnan! Su-ds 2 ynannsnvild 3 JULUU (Mode) nanade

1. Simplex fip MsaoansAdatuldifisruisnaenaanisdoudany
fgunsalgauigainduiudidatoya (Transmitten) wavgUunsnidnyemiaimihisudoya

(Receiver) 19U NM5@0@13 Mainframe U Monitor ﬁ&gﬂﬁ 2.13

Q.

T Directi f dat

1 ST o
Monitor

Mainframe Simplex Mode

| a < 2 .
JUN 2.13 wiurdawassiimmnensivavosdayauuy Simplex

o ¥

2. Half-Duplex fie MsfiaansVigunsnivivaniyn anansedatariudoyald u

Y

R ' o 2ol ' v o » 4 & T al =t s
gunsalwiazyalianansaviamiiassegandengfuld ndnnfe o ialagaviiiisagunsal

W
€ 1

gondeviuihmihidsteya luvnsiigunseidnyanieiuteya Jagunsaldiiannsnadu

v

unuwvinilanaennisideuse Wy n1saeasivnegiu-as (CB: Citizen Band) n1sdaarsuu

Wain (Port) oynuvesTruUgRamnTsy \usy

1w

Tunsdimalusgninanis@earsiuu Half Duplex fhefidstoualusnziusas

v

) L
" = b =

WYIEs 3 dau laun YevTemnelavdds demuiisiesnisdwassiaiivadinnisdedoya

IdaSaduaamdenvziutoya (1Wu over nsudnvaou Wudu)
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Direction of data at time 1

e

B
Direction of data at time 2

Half-duplex

Workstation

Waoarkstation

= ) a w : v v &
YW 2.14 unudauansiianensivavesteyauuu Half-Duplex Fadoyaanmnsalvaldvs
Hemsnndrgluanuareinluge linfouduluusazdiana

3. Full-Duplex ﬁamiﬁ'amsﬁqt}n‘saiwzaaad‘qmmmsndauaz%’uﬁaga‘lu
wauziieiuld Inediderivmunin é’:ymvﬂmmsﬁamiﬁ'\'aammimaq%’uﬁﬂmwaaﬁa:alaléfﬁ"q
o Feor9vilsl 2 guiuleud

3.1 n1sidende Usgneume Foedyn I 2 e weneanainiuiludasy e
ﬁl,wia:zﬂzj'aaﬁmﬁqﬁdwiau*ﬁ'a:ga'[uﬁﬁm&ma‘ii’mﬁ'u

3.2 madewsteiliiissdosdynnansieandaunsasesiunsielauteyali
aesiiAme fethin1sAearimessuy FullDuplex 1dui Tnsdmivswuuindouiiua
sssumdaganefifivrdosamisona-nonsoun il uasMsN Messenger (Hud

Direction of data all the time
R i

Full-dupléx

Workstation Workstation

o o - 17 ¢ o v oo
JUM 2.15 unudauansiiinianisiwavesteya Full-Duplex Fedayaauisalvalavisiiams
Mndnelusnnagrnlldie Wnwseusuluurazyiaian

2.3.2 danvun wiolnslanoa

torimua (Protocols) Aenduuanguiadonnadlunisdomsioya dslé
Denld Wuidnlanssfusswitaniae Entity) AgatedlumIuuaradstmans n1sde
Protocol Tums@sansusznaudsesduszneu 3 Ussnsldun

1. Syntax lour lassairmaguuuuvesdoyalasanninuunstia didu
(Ordenvesdiaya u Protocol 881918 819fi il 8 Tausnmnefiswumisdds 8 dndn
indusiumisvesfiu wasdeyaiinunfeidomvestmans Hudu

2. semantics lauA Msfienumnevessazdiuvesdndoya wa
nssUNsTveAiRsuasnnmnmsinmnety Wy mneaviumisens

Ui dumisrasNodednlUludumasoonaviuedesiuvysareniafile
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3. Timing loiun A veImsiukazdsiviinmsanasdssuiudosaenndes

Y] ' ¢ o v
fuvisaeaiivesgunsal ivetesiunisgemevesdoya

2.3.3 1A

WM3g (Standard) A8 Protocol ﬁLﬂuﬁuau%’uﬁm‘%’un’siﬁaaﬁwwﬁﬂ1
fhetatu msdeasluzuuuy Intemet sauiuProtocol 281wyt 1o

1. Transmission Control Protocol (TCP) dwfumsvitaudrdugs wu n1s
JangutpyauarnsnsavdutaRanaie

2. Internetworking Protocol (IP) dwiunmisuimsianisdy/andestaya
Standard awnsawdseantailu 2 e laud

2.1) De facto (by fact) leiun mm'iﬁﬂuﬁﬁn']'sﬁ'qﬁ’uazmLﬂumammazﬁms
muaulagesdnsisuRnTeUIty COTT {Hudy

2.2) De jure (by regutation or by law) léiurl snasgrumiinastsdvetraiu
mamsuaziimsmuaulasesinsAsuiinvauwiy COTT Wiy

2.4 msdeansdoyauvuoynsu

dmivlilasaoulnsataeilnevhluud Wutbyeifimmenaun 1 lusvie
8 ﬁm%ﬂmuﬂnﬁﬁwmaﬂﬁﬁa%’agaw%’amﬁu’lﬂ 8 UmaniduiBnsdatayauuuruiy uanslds
U 2.16n. undunsdsdayavune 8 Uanfeunuludigunsainauen wavavsesdidruiuves
aedygudiua 8 Wy welvwedtusuiuvesiaidesnisasds MsdvagakuuruIud
viliinnsdstayaiiiimusinid uﬂmmnumsaaawuaua'lui-'ﬂ“'lna AogdpaldTuiuves
aw uavsvﬂvmwaqmamnwmwﬁwnmsﬁmﬂaaqm‘hmaaa
muumiaamwagmwuaqnsumqnmm'l'v Tunsdoens Tavslmoiios
wWudgrlunisdaveya vissudeya (Arinduifisamueaiiuiiaisds (TxD) 1 1du aefy
(RxD) 1 1du wara1sns1In3y (Ground) 1 1&u ) mm’l'aﬁamwananuaun'izumauan'lu
sornadilng alugu 2.16. mmnmmmsawauawm 8 Un fivzviinisdedoyaoenlui
ardmdudrduly suniazasusuruwe 8 Ua m'LusU 2.16n. muammswaauwaumwv
wuulbiduwuveynsy
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9. n5deiBNALUUBYNTY
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EEEIITE)

TEAULTIINTDdyIad

Teefinnuntiaveaanviiiu

ﬂ.ﬂqﬁLUEUULLUﬂqﬁ{y mwmmnwmmﬁuaun‘iu uazmnaqnm LﬂU‘UU']U
o § v
EU‘W 2.16 ﬂ']'iﬁﬂﬂ']‘i'l]?.}i‘.]‘aLLUU'U“U'}'ULLﬂﬁaqﬂ'iM
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kel 1 ol d' ] a d o 1
'uagaazgnadﬂmumEJaﬂgfmmwasummmemsnammuum Wuauning
ar & o 4 1 A'l, L =) 1 1 1 s 13 o ar
YDIWRE T.ﬂUmmznmmm')u%zmmummsgm vouwds wazdesume Tunssudyain
al - - o a w ' o v P a -
nduniarin 2vin15aTI@eUITAULTIRUTRd Y unideawanluasin "1" wde
wmp Al oW o ¢ o v g - v v
0 Luasu'uagavu’m'lﬂsu'[u 1 luanivuald nﬂsgnL'dauu'iwaq'lu;suLtuuwawagau.uu'uu'm

Wiloundy

2.4.1 UART

8911911 A171 Universal Asynchronous Receiver Transmitter a8 64
qUnsﬁﬁﬁwﬁ'}ﬁ%'uuasfia'ifagauuuas%ﬂﬂsﬁa (Asynchronous ) @i fudaunialunas
doansounsy WUy Asynchronous WiTisudansdearsuuueynsuazuiaiiu 2 wuu fe

1. nsdeaseynsuLYY Synchronous faguit 2.17 iuguuuuiléisds
Toya lnolddynra Clock st muadivay nsiudstaya n"usda'iiauuauuuﬁﬁun'ﬁ
fudsiiroudnsinunin uarddldiiauiags Memadideyavzgymissewinenisdsiion
ﬁ'zadwmse’ia%m‘gaﬁﬂwmzﬁrﬁu 12G, 125, SPI Fatduveensdstoyauvuiide dosld
AwdtyYIIININGIZIMIE Clock Tumae

Clock

DATA

GND

= v
Jun 2.17 n'ﬁﬁaaﬁwagauuu Synchronous

2. mM3deasaynTuuuy Asynchronous Wunisaseyaitlideslddyyin
Clock s uumiimuadamznisiudateyaus 1438 mun Uty Format ns¥udedeya
Fuwuny wag 91dunIsiMUA AaEITaINsSUNardsvin sl fuuasilsde Yofvea
m3l4 Asynchronous Aeaiusadearsuuy Full Duplex Sunazdaldlunanieatu ud
Asynchronous fllemafifeyavrgymevaziudstoya vie Sudsiayaianaraldunnis
WUy Synchronous

aqﬂna"l’lﬁ’ﬂ UART (Universal Asynchronous Receiver Transmitter) wunei4
sUwuuMsdTaya ﬁgnﬁmuﬂ"ﬂ"‘umLﬁ‘a'l%'%'ueiaﬁasgau.uu Asynchronous Taiiunuusiagu

2.18
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Start | | DATA ‘ Stop

JU# 2.18 msudedeyauuy Asynchronous

Fufuenn Start Bit W Logic 0 wntfussamisie Data fisida uivzgnln
e STOP Bit 1y Logic 1

2.4.2 wuaAnBITeuRasENINgUnIal

A 8
Tx Rx
. e
Rx Tx
-

4 -I. . i & d‘ ' o L
JUN 2.19 n1sieuResyMINIUeTA SUNT (Weds Data w1rTusae UART

mngﬂuamﬁamsﬁam{a seminuedn SUN7 iiteds Data wfusening
UDiARIY UART

L. A dediaya anlumann Tx W B Fuduileiv mswasu oo
AudU NN Tx 199 A g Rx vee B

2. B dadioya vonlumisr Tx s A Fuduiley wssaviiu deurie
Aoy I Tx 9049 B lUd1w1 Rx was A

3. #aarie GND 7091 A wae B Taufuiteviliseduusafuuanty 2 vedad

M NBURYITY

2.4.3 TTL (Transistor-Transistor Logic)

TTL Wuseduussdudignimusulugausnqifeldszwing Transistor fu
Transistor A16luwa9s7I0) Fatfu TTL sxldseivusady ogit 0 - 5 v uslutlogtiuilqunsal
wangwoiiienlugie 0 - 33 v (Genussiusyduiin Ly Faglasmsrvanuenn
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Datasheet vosgUnsaiiléidanouindussauussiunuula maemnldfnuseinnazyinli
guNInldeve

5V
3.3V
1 0 1 1 0
ov —
TLL O - 5V
A
5V
3.3V A N W 7R
1 0 1 i 0
ov ;! >
TORO - 3 2L/

U 2.20 seduusesty TTL

2.4.4 USB to TTL Converter Module

TuatetivzndnisivasEuaves USB to TTL Converter Module iialdly
msifensiasmiNgUNsRifuABIRNADSIUY UART Serial Interface

e lUudy mssndonsionunsaivialugaiiiiussiusséu TTL (3.3v wio
5v) wihiuirdesmeuiuges sedewinnisudasdygusedy TTL Tuludyeusyau RS232
delildnuiunouiunesli inedoiadinms MAX232

3‘Uﬁ 2.21 USB to TTL Converter Module
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USB to TTL Converter Module Huiuvasdynnisifioussuuy Serial
ngunsaivielugaiusesduszdu TTL (3.3 V ude 5 V) Widuusedu USB wmsgruite

- T ) - - W v A a -
WounalAIeInauRInes Inelifalde9sDuRAY

Ot+—33v
O RsT
usB TOP - A
O"_'_' RxD
O—t+— GND

31Jﬁ 2.22 91999 USB to TTL Converter Module

Pin Definition
1. &3 Volt
2, RESET (only for programming)
3. 5 Volt
4, Transmit (Sent) Data
5. Receive Data

6. Ground

2.5 fimaidaniuy (Smart Meter)

= € W = - e f ar = P o

Hina3dvasuy(Smart Meter) Anditmasinwassulniviinlwaigniaun

1 oo o a o ' ) (O -
Wounuiifimes Iandssunuuidnisioguuuatumm) tagniseuamdsnulnihignldly
L o s . L) aa = = 3
mevsalnnsaiinduaratayalugyuuuainealuiissuuaiuau(Control System) fiumes
o = - ' d a v ' dl L I o L 1
svnsvransaRndedealslnensaiusruumvanlavssiiineins Taglisndudesds
winauuies A mylwiudiouazasawuvlagiu dniuduisiniuasdldlniae
' - o L ) [ ' o = v
awnsnau vieAnnumlgineveanislanduulaaue somunisdearseraidentdain
o ' ' d 1 -4 ' a s l" i <
wa1w3Uluy Mty juuuumsdeansiumuniatislnsdwindoun visguuuuns
4 i dl q" o ar ' Qe L3 o 0 qy
deanstituadu RF 1udu uenaniimsthyeinudenwsuiiinesamnsavilddiedumsy
AuTudounnaugudunalnddosainitwvuiduuin eiindefinnaintuszuy
fimeideaivzannsaudanaaudauninaslii wulwan Wduld duiudansasasum
o & v o o g w ° - P a A v e v

9o iusumaivihissuuyiauiianaaldlinindudnie uenanuseleniinaiuuwda
- F ar - s o I Jdnd g 'u v i ]
finasovassrdannsodnnu i sfanidudauls wu mutisnm wiemunm
nosnsmslalii ondreghautu demudeanisiniigs simfesgemuluie Fafiavqale

v H ] [} 5 q‘
Wignlifianudndusdedddiniluvariu vgaemsldiilulslunariifiaudosnisin
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L i v - i & 1 v L4 a <
toundt lnssauummsAamilniuuuil ssdisannudoainsinihageasld snsseases
o @l - i ' J v ot ° =.i’ @ i
Saaduayunsfndriniwuudtsarmindervsnihunldlueuian uenaniinisdasents

Wiusmsiwihungldlwihannsavitldanszezlnale

2.5.1 daulsenavvasiinesdaaiey
1. gans29dudyarausaiulii i insedudygaussiulniiie
ilUuszananalumbsyszanananans
2. yansradudyrunsrualiih Swiinsadudyyrunszualiiivie
ilydsznanalumieyszananana
3. mhwUszanananais imiiimvaunsvheuiiuavesiinessenioy
1wy msRadedeansiugunsaithen msdnasmdnulni Dudu
4. gunsaideanslanes Suihiildudinaninisindedearsivaeniimed
TullagUuilegunnunevansguuuudsil
- ugys gURsAldeATUUUARsANIY TuIALEn s1m1gn lduine uway
Tiwdsanus Insdeaseduingsyozau ssozninishinseyssan 10 wins
~Fddwrinan gunsaldeasuvuansiieviavuiaidn liwdanu szey
ynsmsansededisUszana 1 wms laevhuidsiaeng
- Zigbee qunsnidaanslimerinuunmuisavaesiianig sasnisiuda
Hoyash anunsoainlassiensraduliasld
-sruuieietieliate qunsaidearsuuvassiianis Tasuinsgiu
IEEE 802.11 ansawtntiaszuy Ethernet lorugUnsalneidyain (Access Point)
-nasfoansruanglwiln (Power Line Communication) n1sdeanstiu
arglnii Feudedusuntines dadadte fdnsnisfudedoyags uderaldsy
KansENUINyaItisunTuias Wi
5. undesrgininssianss dndiiisasinideslifuiinosiniisensorlu
MY

6. wtauanina dvthlunisuansdayasieg auiviasUszanananan

2.5.2 doyasumizvaaluslnroaiimaslniaiilde

fitmaidiannseiind SX1 Ju A3IN w1 Mitsubishi Electric Automation

(Thailand) Co., Ltd.
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msdeastennuusenouse2lusinnea WslnreausnieluslnAaars-485

- v & < = <l
nAsavAquUBANIIaLazlUsInneanaasrelusinnoaMEATH Gudulusinneadiog

8 o
melu turedluslameauanilsnaguin 2.23

?
5
B B B

I
e M
-

I MEATH protocol I

gﬂ'ﬁ 2.23 fuveslusinaoa

lassaievesluslanears-485
lnssainsdennu RS-485 dwiutaarumnyin@danin, futeninu,fu

4[ ] L -l ar el ar ar 4
Wousiatoa ) Tdnwaeideatu uanlddigun 2.24

Device Address™ || | " WGATIi el | Padding™ | CRC [ ETX

RS-485 Protocol

31]"{!1' 2.24 1A59d51979AMIURS-485

laseadrevaalusinaoaMEATH

) MEATH Protocol
W N

MEATH Prolocol

U 2.25 TaseatalusTanen MEATH
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2.6 Arduino

& :
2.6.1 YayaiUaewiuvae Arduino

Arduinoifiun1wdnid daldidudeveslasinmsiaulilasaeulnsaiass
AsENaAVRUUUOpen Source lFFUNMIUFUUTINI9nTATINISHAIIOpen SourceasAVR
Snlasamsnilaiidedn "Wiring”LLFiLﬁENi]’]ﬂIﬂNﬂ'\‘i'UEN“Wiring” \danl¥AVRIUDS ATmegal128
Fudululasaeulnsaiaeifisuiuesmiroaiusiuar 170 deudiauin wariiddny
ATmega128 Lflu‘uwvmmmuuu SMD mm‘lmﬁuaﬂaﬁﬂﬁmwwLsumu'l.umsﬂ'smamLLa..
mmwwum’lmwunutaq wazvainziivuinaeutielng SslildSuaiuiionviafiang us
W19 1NANI9TINAIY Arduino 11 Source Codeas“Wiring”snuFuusslmilagliannsoly
nuivlulaspeulnsalaasAVRIU AN 9819 Mega8 waz Mega168le Feviiliszuuiasves
veiaiivuiainasnin“Wiring”unkarssldgunsaitestu vlkinedenisdersesidanu
e wazdszndnduvulunisadrruedaluléinn semaiiowhli “Arduino” I#uanu
ﬁuummﬂﬁ’muﬁ"ﬂamﬁuaziwu"nn'[us.,ﬂ.,nmé'Uﬂﬂﬁ'z

ArduunommLmu'lursawmmmaw'lumsLfiuusLLa..,'l*naml.ummnums
aammummmaq‘uumauuauun"n-s‘l-zmunw'sﬂuuumw ‘lmwau Faf9AN Arduino 199
adisduuunisldnuaae giuiululaseoulnsaiae$odty Basic Stamp 181 Parallax, BX-24
193 Netmedias o Handy Board ¥83 MIT usnsigaiduninuesedugmattatng (usui

o samlaiums tesnil Source Code uagasuanlyig annsose
299stusnldnuldies

o TWsunsuiléaues Arduino s893Unsvhatuia Windows,Linux
Wa¥Macintosh OSX

° ﬁgdLmuﬁﬂa‘fqﬁ&waiami'l‘ﬁ'mu wianansothluldeuldadiidiaang
Fudorrnnqlduazdsaansoaiedduar Library i fulduesldidodinrudungy
1AL

e  finsUmmea99suay Source Code wanuavialianunsovluamn
wogeaiuiNlFnLmRBIN 1T HardwarelazSoftware

2.6.2 TUsunsun1w1va4 Arduino

WsunsunmwvesAduino  3el¥mwCa+ Faduguuvuveslusunsunmwd
Uszgniuuuviliiflassadhevesiinwlassalndidssiuiu  nwidnasgn(ANSI-Cidus
Wisausildfinisusuugeguuuulums@sulusunsuunduiiiadouluann ANSHC niles
wietwanmuganlunsifeulusunsuarligidoulusunsuannsadoulusunsuldie
uazazmnmnﬁuni'\miLﬁuunwﬁmuunummsgnwaa ANSI-Clagmss @aluprmndiueds
uwdrlumsdeulusunsuves  Arduino i1aunsaldmdsingiduimdamumnsgures
ANSIC  inanlgluns@eulusunsuldviui Tassuuuumsideulusunsunaznisldaudids
AuansnguBinmisde fs VDINWITUNTFIU ANSI-C lolaenss
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nslduauArduine TumuliusdsudrArduinoiulsils c-Compilerlnsnss
LwiArduinoﬁ}vﬁé’nvmzmsﬁwwmﬁmﬁmﬁu Text Editor 90901% C++ fIviialneasyingu
iU Utility unedniiArduinoaietuunsesdy TﬂUArdumoi}.,'L‘d5‘LJLLUUﬂ’}i'V1’IMu‘UEJ~1Te><‘t
Editor Lﬂuafmmuﬂunﬁmmmaaaa'ﬁwﬂmmuu mutuamaaQsaquuArduunoav‘LﬂLsan’Lﬁ
dulanmwduar  Utility auﬂﬁ‘[‘mUuLﬂsaaua'Lum'swsuuﬂﬂ'iu,ﬂiwaﬂﬂmﬂauiwﬁaLaai
AsERAVRENTinils TnuArduinoasidenld C-Compiler 193 “GNU AVR-GCC Toolchain”
U Library Function w84 “avr-libc” Utility #lluns Upload Code THAUAVR tufie
19999 “AVRDude” muumqL‘uaumm%mAVRLUuagua’JLLa.,maqﬂ"r'iﬂ'i.,anm"[mﬁuArdumo
WildusydvBammsvinnunndsduludn fanunsednedaimumuasmihitlunisleom
Library uavmaaau‘muﬁﬂ"ﬂuut)rarquq‘mmnﬂua: “GNU AVR-GCC Toolchain”uag
“avr-libc” L‘WLILGIQJ@ﬂLWEﬂ‘dL‘UULLU’JVINIUWWU‘SU'UNLLﬁ:ﬁ‘U‘MJﬂm’[‘UdﬂuArdumohé‘iﬂL.L‘U‘U‘V]
adududorannatulylasn

2.6.3 Arduino Uno R3

Wuvasa Arduino Aldumuiouunign Luaamnmmlmma dlvgy
T‘Uswma.. Library #hsqivaudan Support Axdndsiviadaiiiundn uastersnatna
Ao nalfl MCU 1de {ldruannsadomnduuedsine

9& =]
: EQu K8
£ - = =2 -
3n038ICSP - dhudu LS8 interface =S< e R}
a o o w ] " oA
‘?3:‘2 ¥ ;E &1 b 4dwoin /0
by, To5 = e K

2 41 Reset

Iwein USE [~

5moin ICSP : Atmega328
10.MCU : Atmegal U2

9.%i03 Power jack 7-12 V

§MCU : Atmega328

7.modm 1O

8.wain Power

1]'!71I 2.26 Arduinc Uno R3

1. USBPort: lddmiuseiu Computer iitodulnanlusunsudh MCU wassrelnliiuuede
2. Reset Button: 1uluReset dnasiosaanisli MCU Sunisvinaulu

3. ICSP Port 904 AtmegaléUZ tUuwaﬁﬁm‘tﬁUmnsn Visual Com port Uu AtmegaléUZ
4. I/OPort: Digital I/O mumm DO fia D13 ‘uanmﬂu UM Pin ﬁ]vmwumau‘]mmmuma
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Wy Pin0,1 Wuw Tx,Rx Serial, Pin3,5,6,9,10 way 11 Wuw1 PWM

5. ICSP Port: Atmega328 Lf}uwaémmﬂﬂ‘mniu Bootloader

6. MCU: Atmega328 \{lu McU #lduuvada Arduino

7. /OPort: uanvnaxdu Digital 1/O udh Sauvdsudutesiudyyueudendaudiu AO-AS5

8. PowerPort: IWiAssvasuesailofoinssrginlituasasnieuendsznoudhoulides
+3.3V, 45V, GND, V;,

9. Power Jack: 5Ulwa1n Adapter Tﬂuﬁu‘saﬁuagiwiw 7-12 V

10. MCU w83 Atmegal6U2 1¥u MCU vy USB to Serial lot) Atmega328 9

Anriariu Computer WUAtmegal6U2

2.7 unasdnglnwia (Power Supply)

Twesdidinnsetindvmaasiion 100% axdesiiundsdslnidodiens usd
undsrnidausadiulufiaiinlditeiiaaiiae vurnuseduln 220 v 50H;z Alegnuernns
Uudou wislulsanugmaunssy dnfuisdesiimsesnuuuumdss s luiliunasiiiiau

Al 220V 50Hz Wasstuarudesnislunisidnuese

.o 2 ‘ ‘,__ s F=T

: - f | f o)
TRANSFORMER I REGULATED
220V 50HZ | v/ ‘ | gl i | | SUTEUE
=8, 2 RN ] E=Ni8

VOLTAGE VOLTAGE VOLTAGE VOLTAGE VOLTAGE

:’\ ‘ A ] f .\.‘l_ ’;\. {/ N k'\’"""\ > %—7 ——
— )i —j—- TIME A TIME —_—TE I

w3 | |

3U# 2.27 Block Diagramuviasiteingt

970 Block Diagram 13u#uan Power Line (AC 220 1ad) taulviumiie
4‘ o o v o A n‘: ¥ -
wla(Transformer) iWoansyavusmuliagluseduimmzan anfudnaanisinssua
(Rectifier) Favivuriilasunseuaadulmdunssuanse Wnseuanssiilaaindiutas s
w - ‘et Y o v o v 5 |
anvazdugnaduegiweniilunsasliiSeumeisesnsenssua (Fitter) wavdugaineidu
o/ ﬁ!' o t %4 A L s a
NIIMIVANUTINU(Voltage Regulator) FavimiiinIuauSIwISEAULSIIU Output ¥942993
Vet s d L % 1] ﬂ. 1 Vet 1]

Inilszauasimusoanisiae Liasuwlamiuan1zues Load deluistaslednwiiedqy

A9Y03 Power Supply

2.7.1 nilouvaslnd (Transformer)
- 1% a -~ tY - - 1
Tunsidenlandisuvasiniiindnnishe sxdeudenuiawaiiannsadie

ar L ar L 3 @ 1 Ll ﬂ‘ = dlﬂ ' 1
uswuuaznszualatiismweriunisldauia witliasivndenwsiowvasiiivuelng Gqe
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ussnunaznszualag) isizagyihlidudesdldais dunlunisidenudowvasiwialii
ar o w =] - as
VWIARDIMNENVNUNABINITNILNINTUNVUINYDIUSIUINAS (VO) waznszudlvnsidage
< ' R T o Y a =
(10) Aansadrglvivanla UAIUIININUAVUIATDILTIAUYANFE NI (Secondary) uae

v - = - L
nszudlinunvanisgfivesmsiouwas

2.7.2 29953anssud (Rectifier)
p: o v o & s a‘ s af v v
1335 Rectifier agynmumidualagunseualwadunuiainwiaudaslymdy

» u}n - oAk ' a
Iwihnszuanss Tng99s Rectifier Allosldlumauifaziiog 2 vin

1. Center-tapped Full-wave Rectifier

31!17'! 2.28 Center-tapped Full-wave Rectifier

2. Full wave Bridge Rectifier ausalwusenulnassoonuludneas Full

wave ldlagiilsiduusostdmiouvaid Tap nane frsostraang

&

UM 229 Full wave Bridge Rectifier

2.7.3 2993n309nssua (Filter)

2995 Filter lu Power Supply dlngjavusznaudeiifivlsyy Tnowii
w83 Capacitor Filter HAaifulszgionliudseeentutasiibifiuseuesnndiosviliussdu
output #ildTmusuEeudiu 3«1&0insaanisuaﬁ%zﬁaaéiwdﬁa Rectifier was Voltage

Regulator TﬂUﬁ'm'z'mﬁw‘naagﬂﬂﬁuﬁ%uiJﬂL"fJ'u Ripple Factor Toeil
Kbt Fiargy Wi

ipple Factor(r) = ——

PP Vdc

Vr
%Ripple Factor(r) = Fa—C-xIOO



32

dle Vr Aemussiuiinssiauoguunsaiulungs DC

2.7.4 1ITINWITEAUUTIAY (Voltage Regulators)

20935NW5EAULTIAL (Voltage Regulators) fwthitsnwiseduusedulnns il
Prulilvanildiasit Livdeunuanmivan Taely anunsowdiwiaves Regulator eaniu
2 Un A Series Regulator Wa¥ Switching Regulator lagSeries Regulator 9¥AUALLIIAY
mﬁvgm’lﬁmﬂé’imsmﬂiﬁ’atﬂ‘%‘amﬁauLmé’uﬁ'uuwﬁ’utmﬁvgmﬁé’auﬂﬁ’um @ Switching
Regulator uavyemludnuwas On-off Aagkases LC Filter dienseanseualiizoudy
Tinse dhumsmunuussiuiewimalind vildlaenisusu dwanluns on (ton)

WITINWITTAURSITUDEABTENIUmass 1w ssliineA (Unregulator
Power Supply) fulvas fntifidreinassldfuinanuasaiuisodneiusedy
nnsiveausii

1. anwdeu tufensvuaviesnadyuutag

2. usepuvosmasnelnasiluan Wasuwasweidsuisyaonaiuais
(ripple)

3. grungivenisosudsunyas

A ' 0 '
JUM 2.30 vdenlnasunsuuomvassialvnienrius iy

mn'ué"an‘lﬁasLm'suawtﬁu‘léh’wz‘fmnpmﬁaanmmmmﬁwmama%nsm
usauAsuienuanlugu 230 FudtliBeuminiings Sdinswieuuvaduaasludnemy
ﬁé’ﬁﬂé‘(w_,fg'lmﬁuL?a"aastw’hﬁdLﬁuﬂszqamﬁuuasmmjszqag’maamm Sagineasilule
nuasilduddeddrunuitlifoimseuasdsavesmasinglunin

uithidunuiiiesnsaruandunve v olnaesteddeilild wuma
vmhuudlode T'ﬁwa‘sLinQLamaﬁwzﬁwﬁw‘i‘iﬂ%’uLtﬁaéﬁgzyﬂmﬁiﬂmL‘%‘auafgﬂ"u WSy
ufauduln DC 1009% nsadnwssnawmesariiog 2 Snwarie msaanuveynsuiy
nan wasuuvrnuiulvandeguit 2.31 Tasld Fwedlelen nimdames uarled
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- mes[16]==0x44"_ Data2[i]=mes[i+19]
4 T’
“-mes[17]==0x03-~ Math=Convert.ToDouble(data2)
e AT Settext2(math.toString)
R
\ T For i=0; i<5; i++ ;
mes[16]==0x44 . Data3[i]=mes[i+19] }

| Math=Convert.ToDouble(data3) l

i

Settext3(math.toString)

49




=
unv 4

AINAADILLATHANTIINARDY

= o v dea ' v
4.1 minaasuiganuladeniinadenisdedoya

- a v w v - - W v &g w

Weansadu-dudayaliaelauas Tunisldnusdasiitadoddgivinlinag
1 - - ‘IJ < ] AI -l 4 - ﬂy ] ] é
defayaiinmuiianan Tudeszezlunisdaimiedsinuansiinatulusewitensds Janau

& a a d a o o | ¢ ¢ v a v ¢

auludisfimesininigniinnanuaniuiinnegidu omsamus Meassnaui Wsunens

R a3 v v ' o o
vioanuitlng vy iiuuagiddilideteyaluwuuidunss wioazegluanuniviuvied

o 1 1 = ar s &J as ' 1 L 4
Afinvreitu wiesdng Jng ndygrabisnnsanzaiule

4.1.1 nsnaagssTuznINITdItayaszuinlugaZigbee 26n

lumsnsassiivgnismnassinssoyniianunsodsoyald Tasansluga
Zigbee2sliiiiArsgovinafianag iulaelaisudsfingng AUANANTURTDY Xbee Series2
annsadadoyalusuligegaiiszoze0 was wagaunsodsteyanarudsligegaiiszos 120
s

dwiunismaassiasiinsnadeulszansamiunisiy-defoyalasld
Wsunsuludumsveasusrozyates Zigpeellusunax-CTU Tasislavinnisfu-dadioya

U A 3 o - ¥ ar LY ar &
3EWINZigbeey 261NN AuILIARANISNAABIRIRIS19N 4.1



51

- ar - - ot g W - b - e
AT 4.1 wan1sliavsvansnimmsivasieyareslugazigbeeninsrarma Taslisinudsin

N
FLHENN (WWAS) SEAUANITUYDS Auansalunisiuddoys
drysyauade (dBm)
1 -55 ansnsudalauni
2 -65 annsesudlaunf
3 -70 anunsnsudslaund
4 73 awsndualaund
5 -70 annsasuadslaund
6 -75 annsnsualaund
7 =70 annsoiudslaund
8 78 awsniuadlauni
9 72 annsasudlaund
10 -76 awnsadvaslaund
20 -83 7 annsasuadlaun
30 -84 anninsualaung
40 -84 annsniuadlaund
£ o 1 y
50 -88 Uayandw Izt
60 -89 dayadunlituarynnisdoyadusray
} 4 1 @ 5 = 1
70 94 doyadanlatespsinarannisindedy
: @
80 0 ligunsodudald
90 0 o liansadudsld
100 0 llannsoaduaals
N MANNENWUS SEVI NIt sIeRuSEAUA NV sdy sy
o
e ORED)
=
o
g0
& 1 23 456 7 8 9 1020 30 40 50 60 70 §0 90 100
é -20
2
@
}g -40
S
ag -60 -
=
£« 80
| &
| 33‘]00 LA I TINT L9

FEUEN (LUAT)

UM 4.1 nymmudiniusssriessssnafussduaudivesdyanonede



52

nnmsnaasmuitlunsiu-dedeyaseninezigheenmisrymaiilnaiuoy
vldmseduauduvesdyyiaaie(dBmiiAdsaudiuuiniy Fayadelat vIansas
toyailusspesviovianisiindedunani sunseiizigbeeliansoiu-dedayafauldds
fiinseduanudivesdynaiede(dsmiduo

Lﬁaﬁmamsmaaum’aLﬂiﬁsﬁﬁﬂzwui’m1nssazﬁ‘mu'ﬁn%‘U-ffia%’a:‘;ﬂﬁUﬂﬁ
\ufiszorna 30 Wng siinsszAvauTNvesdyg uuasivesidudnugndadluns
fu-defioyadaguil 6.2 Iﬁ-amnnsqﬂLﬁuﬁﬁm‘éu%Lﬂuniﬂﬂﬁﬁauanﬁwa‘%ué‘suﬁquné’aﬂu
ms¥u-dedeya szviulddiarugnieslumsivdsdoyasuiu 100Wesidudnasnsrorinan
msfu-deeya duseivanuduvesdygmssivenlaensmidudiiondsiiaseune -84

dBm

-20 . 100
_ 40 ‘ ‘  \ 0
§ -50 2285 f Bemelopomap hondaneTagevhod o ypt s ke buvgrss .._...._..4-5., o=+ 4k S &0 i
E —60 g : - 50 §
W -70 ple b NS 40 g
m 0 ................................................................. FERMAY 30 m
i - : —— | 20
9014 1 ; : 10
-100 .i.‘..n.‘.........-.....i..... R AT N NN ™ S0P _:r..._...,....... 0
18:34:00 18:34:10 18:34:20 18:34:30

o @ v o ¢ s o | i
3N 4.2 nasgiivmnitamesdynaanefidudanugndestunisiy-defeyaiiszor 30
g

s L

svoriiBuiimwianainlunisiu-dedeyauaySudeyalidias=ss was
svorguaaia s TU-deoyaldeda=73 was sxiinsmssiumnnduves
Ty uezefidudmnugndedumsiu-duogadizui 4.3 Tnsannsviduithtuandy
asmiivaveniaedifudaugndadunsiu-dedaya sxdiuldaugniadumsiudss
anae91n100eiiusimdesoedifuiluseninesvesnaimsiu-defeya drusefua
ivvesdyauasvsvenlnonsimdudideadeiiduszana -94 dem lunmsveaeuiinaiild

; I s v ¥ J’ Azll )
TVUBLNUANTWIINADUYDILATETWUNAIY



55

-20 ‘ ' 100
-30 e : : : \’\__ S0

! . 70
- e el po it S e S e pav g 50
' 50
40
30
20
10

RSSI [dBm]
Success [Yo]

19:05:00 19:05:10 19:05:20 19:05:30

P s 2 ) AL Y 5 o o Vv al
i 4.3 nsmiszdumnuduvesdygauazefidusianugndedunsiu-ddoyaiiseoy 73
LIRS

4.1.2 msnaassszesnansdsdayaiiuiedodslaldiuunAPl

Tumaneassifisaslanniflumsmanesiatioutunsiiividnusidogl %
duveslinuviegudnanmsaunuuaruansioyaagluiediniiu daulvusisineiuas
duvesnsdnasmisdsdoyave dinasini mungunsaivatema) segnianslifuuen
veslaiiumudrdiy lnelilnunswnasuazaruneintssiasinisdstoyavesiino sl 4
(wungunseivansw) dssaeviasinagiuly

'lu'z?uu‘snwv‘i'mﬁmaaumsfu-eia-z’fauumlaﬂu@.aZigbee 2ipulaniiluga
Zigbeedugflinuasagluinsafiuuaslugazicheedniminsagmuoniios nuinluga
Zigbeeanunsavimsivddayanuldoufieszue 11.6 wns fafufailwunsinosluaadals
fiszesieandiuvesdlion 116 amsunu sntudvimsmaseulnenswdbussoema
serisbmunisunesivimuagunsaitaenidludesy Wnaswnsei 4.2



54

d a - at L ) .
A15199 4.2 wansiauszaninmnisiudateyaveslugaZigbeeninsrurniauuuiiu

1A308
TEHTNNTEWIN FEHEMNIININ | szEennsin (wes) | auansalunissuds
Alfewdulmums | Tnussuseiiu doya
W3 (1un3) Tnungunsel
Uanena (lumg)
11.6 1 12.6 awnsasudslauni
11.6 2 13.6 annsasvdslauni
11.6 3 14.6 aunsasudlaund
11.6 4 15.6 annsadudslaund
11.6 5 16.6 annsasudslauni
11.6 6 17.6 awnsnsudslauni
11.6 7 18.6 annsnivdslauni
11.6 8 19.6 aunsasudslauni
11.6 9 20.6 annsasvdalauni
11.6 10 21.6 ansaiudslauni
116 20 31.6 ansaiudslaund
11.6 30 41.6 asasudlaund
116 40 51.6 annsodudlaund
11.6 50 61.6 Joyadunladuazyin
msddeyaiduszey
11.6 60 71.6 yoyadunlatiuazein
msdsayailuszay
11.6 70 81.6 laaunsasvale
11.6 80 91.6 luiausedudala
11.6 90 101.6 Tdanunsaiudala
116 100 111.6 ligwsesudala




=i

A7 4.2 nan1sinlsraninmnisivditeyaveslugazigbeenn
ssggvawuuiuaiatienuiy

izaxmaﬂuif’imi%’u-éaﬁasgaL‘%'uﬁmmﬁﬂwamLLﬁx%’U'ﬁ'az_galﬁﬁwaq =61.6
A

STMNTNgETanT0u-deteyaldede =81.6 was

- v Y o ' & ol
'LUﬂ’IiWﬂﬁauuwamﬂﬂuagﬂUﬂﬂ'\WLL'JﬂaﬂﬂJ’UﬂQLLWa3W‘NV|W'JU

4.2 MIneaIMsIansiasatnemsianadoasuaslugazigbeelasldluunApl

4.2.1 mswmaaaL%'awiam‘%mhwaaIugaZigbee WUy Cluster Tree
(Tree)

luniveasadeisiewietieuadlugazigbee wuu Cluster Tree (Tree)
lavihnsveaeunisdadeyaliasilugazisbeenmniuungunsnivatenis@nes) tu
Tugazigbeevimihiulnumsuneidineia) atiumsunessoenanazainaniots
Wifuszuunisvinnu ludslugazisbeedumunuuazuaninalvunlnoafiuimes) ite
uanswarulusunsuwanstayantsldlnihlupeuiameflulvaearl Insgunsaiilélunisvn

@

ANSYAADIRNIL

5U# 4.4 LugaZigbeelimihiilulnualnoaiuines



56

Tumsdsripyaluguuvuvesiaieotisnnfiwesimiilugldaulasldivue
APIT] Y lugazigbeeludrudtnasnisdrioyavosfivnasiudr9il Function set 1y
Router/End Device API §1axviwihildstoyalidulnuaisnes TnsTugaZigheewlnuais
wasaxil Function set 1¥u Router/End Device API §aavhmihildsdayaralulvisdures
gudnrvnuuazuanina Anunlaeediuned) lwaaludruiiasd Function set 1y
Coordinator AP

Tunsnaassaviiluungunsaliaroms Gwes1) warlnuaisumes Qwes2)
1MsInlvualaeafunes (@ruvesildam) 40 was nmsnaaeswudn Inungunsal
Uaenne (@ined1) uaglvuasned @wes2) annsodtayaluiiiulnuslacefiunes

@nvosfldnuls



57

Wevinsifinsresnaveslnuagunsaivatsnie @nes1) senluiiu 80
was Inedt Tuuaseed @wed2) NeieanTuuslaeedumes (druvesldan) 40 wns
windiu wuiilwusgunsaiuaenis (@nes1) awnsadfeyanumaluunis e Giwes2)
ldslvualaoediumes (@auvedldau)le

Jvinsaaerelaunisdsioyasinluungunsaivatenis Ginei) s
Inuaismes (iwes2) duleyadeludilnuslresfiuned (@ruvesldu) Fmuinannse
dedoyala

Mniwimsmuasees Gnes2lnasentluidu 80 wns wudilal

ansadsleymndilvualaeeiuunes (druvagldnu)ls

4.2.2 msnadeuidousiaiiatnevaslugaZigbee Uy Star

© & 3 Vel A = - 1

vinsnsrlugazigbee Wil Fuction set 1y Coordinator uavifousaidn
Y - ¢ o & % o [y T ¢ a ¢ Vel :
nuAsuimes wagsinsimlugaZigheeTousanuiines uaziinas2 1Al Function set

\Ju End Device

TunrsnpassezhlvusgUnsaivanenis @wes1) wazluungunsaivaroma
@wei2) Mavineninualaosfiumes (druveslin) 40 was 3nan1svaaoanuy Tuus
gunsaivatome (iwasl) uazlnungunsaivatenns Gimes2) annsoddoyalulfiulnus

lneefiiumas (dauveldela

A o - a «
Wavinnstiinszernnesslnungunsaivaranis Gimest) senluidu 80
= - ¢ \ P S o
wns laehl Inuagunsaivaenn Giines2) avinaininualaeediunesd @uvesdldnu)
40 was Windn wuilnuagunsaivatenis @ines 1) Wisnmnsodedayalumilvunlaeediu

L3 1 4. =i i
wed (dwveldnldliemniissuzmmlng

- ¥ " s

4.2.3 nMsvareUWaNsaIATevnvasligaZigbee wuu Mesh

imsRsAlugaZigbee T Fuction set 1Ju Coordinator uazifousaiin
s a & o & . o o | o o= « - ¢ vy )
nuABuANABS waryinInsrnlugaZisbeeMBousonuiines luaziinas2 Tl Function set
I Router

Tumsveassaztilvuasiwes @mesl) wazlvuasines wes2) 11w
Mnlnualaoediumes (dmveylinu) 40 was 1nnsvaaaanud Inuasunes @ines1)

waglnuaisumes ((wes2) annsodwtoyalubinulnuslaeefiuumes (druvewldam)ls

o a - I o
WaYNNSIARNSTeEmsedluualsmas (Hwes1) sanlulu 80 was laud

Wuasunes @iwes2) neienintuialaseines (@nvesldan) 40 was windu wuin



58

nuaisuees @wedl) awnsodadoyarumalvuaismes@ines2) Wiilnuslroofunes
(@voslgaw)ld

Pnwihmsndnunsuees @eed2lnlnasenluilu 80 was wuiils
annsadsdayaundilvuslreafiumed @uvesdldruwld e nlnuasines Gwmoil)
warlvuaisieed @wes2) fsvaemaiilnaanivualaeefiumesin

4.2.4 msnadaumsidlusunsunansdoyavasiinesinivuminee
ARUNIADS

> |

Ui 4.7 nsidensislunazigbeel

A ) Spads.

udgumuAIRazianiwa(nualasefnnnos)

1) lutunouusnvessruunsinnuludusesmudnaanseuALLasLans
Yoya(inualaoaumoiivasdosinindonslugazigbeeriniunouitainaias Ul 4.7

2) vmstEenneinilifouseitlugazigbeeiignsios

3) luguwas Choose meter ilavimaidanmeter1dsiiAofinasiniiilu
Inungunsaivatgmauagnaiiconnect uiina1sveslysinstiazuanstoyanislilnirves
meterl Fauandldfaguit 4.8 Tnewiisinausunsuveameter1avuansdoyadsil
Meter ID, Energy (KWh), Voltage (V), Current (A) Wa ¥ Destination AddressusamaSH SL
voimeterl (Inuagunsaivatenia)

a) mnbisesnsvliinesiiidsdeyaundnudrinaustop

Wedaanmsnsudeyaves meter2 Gimaflvinfidonsofuinumsned)
sriimsldanuveslusunsuiuiieriumetert Taoniisnswasldsunsuazuansdoyanisly

Initwesmeter2 Fauanalanasud 4.9



59

|oo13a2m

I

1Ui 4.8 Wsunsuuansdeyanistélnimesmeteri(vungunsaivatonag)

= o T
U 4.9 Wsunsuuameyanislélvihvaimeter2 (rumsainos)



uniis
d3Uunan1vaaeg

5.1 dunan1svnasy

TassnuFemsimunluga Zigbee duiuiimesdaaior snnismaaeslu
uravduvedlasuaNnInaTUNaldwi

5.1.1 daulnusgunsalvaronie

aunsosassluslanealumsdeansvesiineidnioruarannsaniuau
InusgunsaiumenilidsdoyaunliivdiumunuazianmalilaglfivunAPidusaiue
fimmalunisAnsodeans

5.1.2 dulnunisnnes

Wusnantumsdsimdeyannluungunsaivaremaludidaumunuuay
udmana (unlaeefiuine?) 16 Inalumsdfiusrosmaarasnaiotronishnsedoansiu
sewinlungunsaiatenuiudauruguuasaniwafiaginafiuanny

5.1.3 dumuauuazuania (Muslaoaiuuines)

annsamugmIdsiayaredduuagunsaiiarennlalael finun APy
drrmuaiienslumsfiadedoans annsniudioya Packet fidsnaingunsaiatoynanii
msnsesfayanouiwvuanmarulusunsuansnslsiihuunhasneufinme

Nn1InaasInud awnsadilugazigbeernainnniotialazguuuy e
msiifansiaIATatneluy Star, Cluster tree (tree) uay Mesh #s9mnmsviaaaamuinnsadns
\w3et1suuy Mesh iumsairuniodieniivseansninguilosninannsodsdoyaluds

Whvanglavaneiianig

= L3
5.2 39saiNan1maaes
lunsnaassiinuinsvernauazdsiinunilunmsindedearsdoyassuing
lugazigbeeornanvilinsiinredoarsdeyaszwiniuiiaauarimdefinniuiananniu

a

d J o =
5.3 Jymnnuluszninaniulaseau
4 & e
5.3.1 Weaninmisvilassnuiidealdaauflunas garunsludiuves
4 « o d qld Al 4’ v o = 1 = -
granwIsuaganwId audanalulagouqilslulassuil fritassaudianmiliiismeds

ﬁ’ﬂﬁlﬁﬂnmmn'lumsﬁm:mtasﬁum”ﬁia:ga



61

5.3.2 Ygymianulinanu warn1stigalaisvesgunsaldid nnsetindillesi
mMInaaewng Jvihiidsnadeuusiwazinmgunsailng

5.3.3 Q'Urﬁ:ﬁﬁ'l‘?ﬂumsﬁﬂﬂiwmmeasjwﬁiﬂmLmamn Wy Xbee

5.4 wuawsmsudlutywinazwaun

5.4.1 TﬂﬁamuﬁmmsnﬁﬂuﬂaZigbee'lﬂﬂ%’uu'gaiﬁa'lmsmaq%'mﬁ'lﬁ'mu'[u
msiuteyatuiineidaaiorildanadls

5.4.2 uananiiasatluga ZigbeelUuszyndldauiy nsldaudug
ity wu diluldlumseuaugunsalliiwashlUldnuiuwuee sl

5.4.3 annsahluvszgndldanluanuindaaudnivlunsiadedeans
sywiniineidanioeiudldiu wu vhduneas 1Wusy

5.4.3 annsniluimunduinieviolaslussuvitlvgiuld Wewaudu
TnssheitiivssavBnmgetuiiosn deyeasnsodsludadmnsldvaroma wazuitom

| ) = v
svpzmsdstayalidalalnatiudneqg



(1]

(2]

(3]

(4]

(7]

(8]

[9]

62

LONE15919949

wnde uzns, Beud whls o lulasreulnsamainszga AVR dae Arduino,
a1, nyawm, auw.u3dh 87 $1e, 2552.

ngata na3es, nBAleY Fugsa uay NIl Autannde, “sruumIvANEUNsol
Iy ZIGBEE,” USeysyrfinudaanssudransimudin, n1adviinangsy
Insauwnaw, andumaluladwszasuinddrgaummsainnseds, 2551.

Uilad gvnadiaw, Uszqdl Aulvalnena uas warss daslnsda, “inevreieuivesly
arwlulssnugnamnssulasld Zigbee,” Usnyeyriinusidanssuaransidio,
MAdrImnssuasauma, andumaluladwszssunandaunmsaiansedl,
2551,

WwuvR n3Ylng s, gyl #adla uar s lyauaedn, “n1sAnwinareaniuy
lWslareadnidmiuszuulnnng,” Byarfinusiaanssuaransdudia, naiv
Annsudnluild, anuwalulagwsgsaundndiaummsaiansyis, 2555,
Ssdmnd Usznaura, nMsWaILLONNALATUAIY Visual C# 2010, Auviaail 2,
N3, dninfunguma@ne, 2556,

03 Y@, “Zigbee sruvdomamadanluszuuAML” IWians, U118, atiudl
3 1.A., 2554, wi145-48,

COMPUTER - AND - COMMUNICATION “msdaarsdfiaya(DataCommunication)”
Wwanaleinan
http://personal.sut.ac.th/paramate/files/compcom/compcomm01.pdf

THAI EASY ELEC “XBee Topology” 16alaa1n
http://www.thaieasyelec.com/article-wiki/embedded-electronics-
application/xbee-basic-configuration-in-network-application.html

THAI EASY ELEC “Arduino fiesls” itelaan
http://www.thaieasyelec.com/article-wiki/basic-
electronics/%E0%B8%9A%E0%B8%97%E0%B8%84%E0%B8%AT%EN%B8%B2
%E0%B8%A1-arduino-
%E0%B8%84%E0%B8%B7%E0%B8%AD%EN%B8%ADIE0%B8%BO%EN%BI%S
49%E0%B8%A3-
9%E0%BI%80%E0%B8%A3%E0%B8%BA%EN%BI%88%E0%BE%A1%E0%B8%9
5%E0%B9%89%E0%B8%99%E0%B9%83%E 0%B8%8AWE 0% BI%EI%WEN%BE%
87%E0%B8%B2%E0%B8%99-arduino.html



63

[10] UfTAnsimnssulvindasiu augdmnssumans sminerdodedwl <D
Power Supplies” iielaan
http://www.ee.eng.cmu.ac.th/OnlineCourses/252283/Lab5-Theoryl.html

[11] tena15UsEnauNITADY 397 222210 N1509NUUVINATDVENNTOUNE “Power
Supply Design” 19189lAa1Nn
http://www.te kmutnb.ac.th/~msn/222210lecture08.pdf

[12] maledduiwes (Buffer) uazlanes Driver “IC 74L5245” \ihdaldian
http://www.technicnan.ac.th/nan_ntc/adisak51/start04.html

[13] @a010UITUNENIU PUIAINTAUNNIINGIGE “mmi"ﬁugmtﬁmr‘fummé"ﬂa‘%as
(Smart Meter) UazuuIn NSy mua@wILInIeensoy” Winelaein
http://www.eri.chula.ac.th/eri-main/wp-content/uploads/2014/03/Paper-3-of-
3-Smart-Meter.pdf

[14] yudnd withun, “seuulfanelegliZigbee onunuuarinnuaauzaIosing
wazi@uweslulssurniasatiedumesiin,” Inentinusineddnsumvudia

AnzanaUszeng, aniudufinwauudmsrnans, 2556,



)
e 22
S L LTI
L }

»

i Y ' ! 9 : ! I
weamstiiluwenssiasiu BdmiumslFuiemsanymminiu lieyanaldinlilldnlse Tesmisnumsm

g - = g}/g_d 3‘;_9} ag Y o dy 9 Y :-a. R 9 ; ,g}/d'd o 9
'"hmmm%qmﬁu ’t’)ﬂﬂﬁﬁ”lﬂJiJGlﬁﬂmlﬂﬁQ_maﬁW !LZW9]@\1E)N’ENﬂ\1l,i]Wﬂl’f)\ilﬂﬂﬁﬁl]ﬂﬂﬁ.\iﬂnﬂﬁuﬂﬂﬂl%’

B is da = Bani et e A I (RS SRl b st S U e 0 e et =iy = e e e



hn‘mlnunlm\%‘mi'—.
) 4]
i)

ey
[
I~

o o H o ) 4 1 2’, 1 o :' i
enasiithuenmsiasu FdmiumsFaudienmsaas iy leyanalihlilslss Tenidunsa

oy S e el ey e o A i e Ll e Fi | . o
_‘lmmimslmmﬁu i’]ﬂﬂ\iﬁ"mualﬁﬂﬂllﬂﬂﬂuﬂﬁ'] ;Lag@]@\3@']\‘]'EN'O\1Lﬂ']ﬁll’t’)Qi@ﬂﬁ?iﬂﬂﬂiﬂﬂﬂﬂ?ilﬂqﬂi%




66

maviannTuga ZIGBEE dmiviimeisanioy

DEVELOPMENT OF ZIGBEE MODULE FOR SMART METER
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ABSTRACT

A paper propose o apply a wireless design of smart meter by
designing and developing Zigbee Module for transmitting data. This
preject is consisted of 3 operations which is End Device Node, Router
Node and Coordinator Node. By initiating data simulations on smarl
meter and assign transmilting Zigbee module as an End Device Node
then transfer the dala (o the Central Zigbee Module which is assigned as
Router Node (o form a transferring network and pass the data to the
Receiving Zigbee which 1s assigned as Coordinator Node and visualize
the data into the user’s computer. All Zigbee's data transferring is being
transfer in API mode which all data and command are in Frame-Based

format hence more accuracy in data transferring across (he network.
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Formes;
using System.lO.Ports;

using System.Threading;

namespace WindowsFormsApplication2

{

public partial class Form1 : Form

{

//Holds data received until we get a terminator.

string tString = string.Empty;

///End of transmition byte in this case EOT (ASCII 4).

///TE 00 OF 1001 00 13 A2 00 40 CA A8 91 FF FE 00 00 30 C9

byte[ ] close = { Ox7E, 0x00, OxOF, 0x10, 0x01, 0x00,0x13, 0xA2, 0x00, 0x40, OxCA,
OxA8, 0x91, OxFF, OxFE, 0x00, 0x00, 0x60, 0x99 };

byte[ ] open = { OX7E, 0x00, OxOF, 0x10, 0x01, 0x00,0x13, 0xA2, 0x00, 0x40, OxCA,
0xA8, 0x91, OxFF, OxFE, 0x00, 0x00, 0x06, OxF3 };

byte[ ] closel = { Ox7E, 0x00, OxOF, 0x10, 0x01, 0x00, 0x13, OxA2, 0x00, 0x40, 0xB9,
0x70, 0x45, OxFF, OxFE, 0x00, 0x00, 0x60, 0x2E };

byte[ ] open1 = { Ox7E, 0x00, 0xOF, 0x10, 0x01, 0x00, 0x13, 0xA2, 0x00, 0x40, 0xB9,
0x70, 0x45, OxFF, OxFE, 0x00, 0x00, 0x06, 0x88 };

byte[ ] SH1 = new byte[4];

byte[ ] SL1 = new byte[4];

char[ ] data = new char[7];

char[ ] datal = new char[9];
char[ ] data2 = new char[5];
char[ ] data3 = new char[5];

char ) mes = new char[32];
public Form1()
{
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InitializeComponent();

buttonl.Enabled = true;

button2.Enabled = false;

foreach (String s in System.|O.Ports.SerialPort.GetPortNames())
{

comboBox1.Items.Add(s);

}

comboBox1.SelectedIndex = 0;
comboBox2.Items.Add("Meter1");
comboBox2.ltems.Add("Meter2");

}
private void serialPortl_DataReceived(object sender, SerialDataReceivedEventArgs e)

{

Thread.Sleep(100);

byte[] buffer = new byte[32];

int bytesRead;

if (serialPort1.IsOpen)

{

bytesRead = serialPortl.Read(buffer, 0, 32);

for (inti =0;i <4; i++)

{

SH1[i] = buffer[i + 4];

SL1[i] = bufferfi + 8];

}

SetTextd(BitConverter,ToString(SH1).Replace(*-", string. Empty));
SetText5(BitConverter. ToString(SL 1).Replace("-", string. Empty));
}

tString += Encoding. ASCIL.GetString(buffer, 0,32);

if (tString.Length > 32) { tString = string.Empty;

}

if (tString.Length == 32)

{

mes = tString. ToCharArray( );

if (mes[16] == 0x30 && mes[17] == 0x30)
{

for(inti=0;i< 7;i++)
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{

datali] = mes[i + 19];

}

double math=Convert.ToDouble(new string(data));
SetText(math.ToString());

}

else if (mes[16] == 0x44 && mes[17] == 0x37)
{

for(inti=0;i<9;i++)

{

datalli] = mes[i + 19];

}

double math = Convert.ToDouble(new string(data1));
math *= 0.01;

SetText1(math. ToString());

}

else if (mes[16] == 0x44 && mes[17] == 0x30)
{

for (inti=0;i <5; i++)

{

data2[i] = mes[i + 19];

}
double math = Convert.ToDouble(new string(data2));

math *= 0.01;

SetText2(math.ToStrine());

}

else if (mes[16] == 0x44 && mes[17] == 0x32)
{

for(inti=0;i<5;i++)

{

data3[i] = mes[i + 19];

}

double math = Convert.ToDouble(new string(data3));
math *= 0.01;

SetText3(math.ToString());

}
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tString = string. Empty;
}
}

delegate void SetTextCallback(string text);

private void SetText(string text)

{

//m5@euin textBox] Sududeanduluvine il Main Thread w3elsl
if (this.richTextBox1.InvokeRequired)

{

//a¥3 Delegate wérds¥io Method Alagyianilusag
SetTextCallback d = new SetTextCallback(SetText);
this.Invoke(d, new object[] { text });

}

else

{

this.richTextBox1.Text = text;

}

}

private void SetText1(string text)

{

//m51v@euin textBoxl Filusdeanduluvinerud Main Thread 3ol
if (this.richTextBox2.InvokeRequired)

{

/a5 Delegate uw&rdsda Method Aiazvhauluda
SetTextCallback d = new SetTextCallback(SetText1);
this.Invoke(d, new object[] { text 1);

}

else

{

this.richTextBox2.Text = text;

}

}

private void SetText2(string text)

{

//93719@0UT textBox1 Sndusioanduluvinaudl Main Thread w3l
if (this.richTextBox3.InvokeRequired)

{
//a%11 Delegate ud1dsdo Method #iavihaulusneg
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SetTextCallback d = new SetTextCallback(SetText2);
this.Invoke(d, new object[ ] { text });

}

else

{

this.richTextBox3.Text = text;

}

}

private void SetText3(string text)

{

//m519aouin textBox1 ndudesnauluvinaudl Main Thread wiely
if (this.richTextBox4.InvokeRequired)

{

//a314 Delegate Widste Method Aaeviauludng
SetTextCallback d = new SetTextCallback(SetText3);
this.Invoke(d, new object[ ] { text });

}

else

{

this.richTextBox4.Text = text;

}

}

private void SetTextd(string text)

{

//919a8uT textBox1 Iudusainauluineuil Main Thread videlal
if (this.richTextBox5.InvokeRequired)

{

//a¥14 Delegate uddsio Method Tleesiaiuludae
SetTextCallback d = new SetTextCallback(SetText4);
this.Invoke(d, new object( ] { text });

}

else

{

this.richTextBox5.Text = text;

}

}

private void SetText5(string text)

{



//9579@eu textBox1 Indudpsnduluvinudt Main Thread w3l
if (this.richTextBox6.InvokeRequired)

{

//8%11 Delegate udds¥e Method fiagvhanilude
SetTextCallback d = new SetTextCallback(SetText5);
this.Invoke(d, new object(] { text });

}

else

{

this.richTextBox6.Text = text;

}

}

private void button2 Click 1(object sender, EventArgs e)
{

if (serialPort1.IsOpen)

{

if (comboBox2.Text == "Meter1")

{

serialPort1.Write(close, 0, close.Length);

}

if (comboBox2.Text == "Meter2")

{

serialPort1.Write(closel, 0, closel.Length);

}

Thread.Sleep(100);

try

{

serialPort1.Close( );

textBox1.Text = "Close";

button2.Enabled = false;

buttonl.Enabled = true;

comboBox2.Enabled = true;

SetText(");

SetText1(");

SetText2(");

SetText3(");

SetTextd(™);

SetText5(™);
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}
catch { MessageBox.Show("error closing port”); }

}

}

private void button1 Click 1(object sender, EventArgs e)
{

if (serialPort1.1sOpen)

{

serialPortl = new SerialPort(comboBox1.Text);
serialPort1.BaudRate = 9600,

serialPort1.Parity = Parity.None;

serialPort1.StopBits = StopBits.One;

serialPort1.DataBits = 8;

serialPort1.DataReceived += new
SerialDataReceivedEventHandler(serialPort1 DataReceived);

serialPort1.0pen( );

if (comboBox2.Text == "Meter1"){
serialPort1.Write(open, 0, open.Length);
}

if (comboBox2.Text == "Meter2"){
serialPort1.Write(open1, 0, openl.Length);
}

Thread.Sleep(100),

textBox1.Text = "Connected”;
button2.Enabled = true;
buttonl.Enabled = false;
comboBox2.Enabled = false;

}

}
}
1

7
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WsunsudraesnisdedayavesMeter 1 End device

byte checkbyte=0x00;

byte checkbyte1=0x00;

char
IDdatta[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xFF,
OxFE,0x00,0x00,0x02,0x30,0x30,0x28,0x37,0x39,0x30,0x30,0x32,0x33,0x35,0x23,0x23,0x
29,0x04,0%x3F,0xB0};

char
apiENG1[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x 7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x32,0x39,0x33,0x34,0x 39,0
x29,0x04,0x43,0x76};

char
apiENG2[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0%33,0x30,0x31,0x35,0x 36,0
x29,0x04,0x47 ,0x7E};

char

apiENG3(34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x 13,0xA2,0x00,0x40,0xB9,0x73,0x7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x30,0x36,0x37,0x37,0
x29,0x04,0x43,0xTA}:

char
apIENGA[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0%40,0xB9,0x 73,0x 7 A, OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x31,0x30,0x31,0x32,0
x29,0x04,0x47,0x86};

char
apiENG5[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x31,0x34,0x32,0x33,0
x29,0x04,0x41,0x86};

char

apivms1[34]={0x7E,0x00,0x1E,0x10,0x0 1,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x31,0x38,0x32,0x32,0x23,0x23,0x23,0x23,0
x29,0x04,0x4A,0xB6};

char

apivms2[34]={0x7E,0x00,0x 1E,0x10,0x01,0x00,0x 1 3,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x32,0x30,0x31,0x33,0x23,0x23,0x23,0x23,0
x29,0x04,0x43,0xC4};

char

apivms3([34]={0x7E,0x00,0x1E,0x10,0x01 ,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xF
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F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x32,0x30,0x33,0x39,0x23,0x23,0x23,0x23,0
x29,0x04,0x4B8,0xB4};

char
apivms4[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x31,0x39,0x37,0x38,0x23,0x23,0x23,0x23,0
x29,0x04,0x44,0xB0};

char
apivms5(34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x31,0x38,0x34,0x31,0x23,0x23,0x23,0x23,0
x29,0x04,0x4F,0xB0O};

char

apiims1[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x 13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xFF
,0xFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x30,0x38,0x33,0x23,0x23,0x23,0x23,0x
29,0x04,0x48,0xBA);

char
apiims2[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A,OxFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x30,0x37,0%39,0x23,0x23,0x23,0x23,0x
29,0x04,0x4D,0xB0},

char

apiims3[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x 13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A, OxFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x31,0x32,0x30,0%23,0x23,0x23,0x23,0x
29,0x04,0x40,0xCA};

char

apiims4[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A,0xFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x31,0x31,0x32,0x23,0x23,0x23,0x23,0x
29,0x04,0x43,0xC6};

char
apiims5[34])={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,O0xFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x30,0x39,0x31,0x23,0x23,0x23,0x23,0x
29,0x04,0x4B,0xB88};

int count1=0;

int count2=0;

int count3=0;

byte start=0x06;

byte stop=0x60;

void MeterlD()

{
for(int i=0;i<34;i++)



{
Serial.print(IDdattal(i]);}
delay(100);

}

void Energy(){
ifltcount1==0)

for(int i=0;i<34;i++)

{

Serial.print(apiENG1[i]);
}

}

iflcountl==1)

{

for(int i=0:i<34:i++)
{

Serial.print(apiENG2[i]);
}

}

iflcount1==2)

{

for(int i=0;i<34;i++)

{
Serial.print(apiENG3(i]);
}

}

iflcount1==3)

{

for(int i=0;i<34;i++)

{
Serial.print(apiENG4[i]);
l

}

ifltcount1==4)

{

for(int i=0;i<34;i++)

{

Serial.print(apiENG5[i]);count1=-1;

}
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}

countl++;
delay(100);

}

void Vrms( )

{

ifltcount2==0)

{

for(int i=0;i<34;i++)
{
Serial.print(apivms1[i]);
}

}

iflcount2==1)

{

for(int i=0;i<34;i++)
{

Serial.print{apivms2[i));
}

}

iflcount2==2)

{

for(int i=0;i<34;i++)

{
Serial.print(apivms3[il);
}

}

iflcount2==3)

{

for(int i=0;i<34;i++)

{
Serial.print(apivmsal[i]);
}

}

iflcount2==4)

{

for(int i=0;i<34:i++)

{
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Serial.print(apivms5[i]);count2=-1;

}

}

count2++;
delay(100);

}

void Irms( )

{

ifltcount3==0)

{

for(int i=0;i<34;i++)

{
Serial.print(apiims1[il);
}

}

ifltcount3==1)

{

for(int i=0;i<34;i++)

{
Serial.print(apiims2[il);
}

}

iflcount3==2)

{

for(int i=0;i<34;i++)

{
Serial.print(apiims3|[i]);
}

}

iflcount3==3)

{

for(int i=0;i<34;i++)

{
Serial.print(apiims4[i]);
}

}

iflcount3==4)

{
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for(int i=0;i<34;i++)

{
Serial.print(apiims5[i]);count3=-1;
}

}

count3++;

delay(1000);

}

void setup()

{

Serial.begin(9600); //set baud rate to 9600
Serial.flush();

}

void loop()

{

waitting:
if(Serial.available()>0)

{
checkbyte=Serial.read();
iflcheckbyte==_start)

{

while(1)

{

Energy( );

MeterlD( );

Vrms( );

Irms( );
while(Serial.available()>0)
{
checkbyte1=Serial.read();
iflcheckbytel==_stop)

{

checkbyte=0x00;
checkbyte1=0x00;

goto waitting;

}

}

1
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byte checkbyte=0x00;

byte checkbyte1=0x00;

char

IDdatta[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A,0xFF,
OxFE,0x00,0x00,0x02,0x30,0x30,0x28,0x37,0x39,0x30,0x30,0x32,0x33,0x36,0x23,0x23,0x
29,0x04,0x3C,0xB2};

char
apiENG1[34)={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0xTA,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x39,0x33,0x34,0x39,0
%x29,0x04,0x42,0x76};

char
apiENG2[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0%A2,0x00,0x40,0xB9,0x73,0x7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x32,0x32,0x37,0x36,0
x29,0x04,0x44,0x7C};

char
apiENG3[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0%00,0x40,0xB9,0x73,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x30,0x31,0x35,0x36,0
x29,0x04,0x47,0x7E}:

char
apiENGA4[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A,OxF

- F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x30,0x36,0x37,0x37,0
x29,0x04,0x43,0x7A};

char
apiENG5([34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x TA,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x37,0x28,0x30,0x30,0x30,0x30,0x33,0x31,0x30,0x31,0x32,0
x29,0x04,0x47,0x86};

char
apivms1[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x 7A,OxF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x32,0x30,0x39,0x31,0x23,0x23,0x23,0x23,0
x29,0x04,0x49,0xB8};

char

apivms2[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x 7 A, OxF
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F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x32,0x35,0x36,0x32,0x23,0x23,0x23,0x23,0
x29,0x04,0x40,0xBE};

char
apivms3[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x31,0x38,0x32,0x32,0x23,0x23,0x23,0x23,0
x29,0x04,0x4A,0xB6};

char
apivms4{34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x32,0x30,0x31,0x33,0x23,0x23,0x23,0x23,0
x29,0x04,0x43,0xC4a};

char
apivms5[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x7A,0xF
F,0xFE,0x00,0x00,0x02,0x44,0x30,0x28,0x32,0x31,0x38,0x34,0x31,0x23,0x23,0x23,0x23,0
x29,0x04,0x4F,0xB0};

char
apiims1[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0%B9,0x73,0x7A,0xFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x31,0x30,0x37,0x23,0x23,0x23,0x23,0x
29,0x04,0x45,0xC0};

char
apiims2[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0 7A,OxFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x31,0x32,0x31,0%23,0x23,0%23,0x23,0x
29,0x04,0x41,0xC8}:

char
apiims3[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0x89,0x73,0x7A,0xFF
JOxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x30,0x38,0x33,0x23,0x23,0x23,0x23,0x
29,0x04,0x48,0xBA};

char
apiims4[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x73,0x7A,0xFF
,OXFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x30,0x37,0x39,0x23,0x23,0x23,0x23,0x
29,0x04,0x4D,0xB0};

char
apiims5[34]={0x7E,0x00,0x1E,0x10,0x01,0x00,0x13,0xA2,0x00,0x40,0xB9,0x7 3,0x 7A,0xFF
,OxFE,0x00,0x00,0x02,0x44,0x32,0x28,0x30,0x30,0x31,0x32,0x30,0x23,0x23,0x23,0x23,0x
29,0x04,0x40,0xCA};

int count1=0;
int count2=0;



int count3=0;

byte start=0x06;
byte stop=0x60;
void MeterlD()

{

for(int i=0;i<34;i++)
{
Serial.print(IDdattali]);
}

delay(100);

}

void Energy()

{

iflcount1==0)

{

for(int i=0;i<34;i++)
{

Serial.print(apiENG 1(i]);
}

}

iflcount1==1)

{

for(int i=0;i<34;i++)
{

Serial.print(apiENG2[i});
}

}

iflcount1==2)

{

for(int i=0;i<34;i++)
{

Serial.print(apiENG3[i]);
}

}

iflcount1==3)

{

for(int i=0;i<34;i++)
{
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Serial.print(apiENGA([i]);
}

}

iflcount1==4)

{

for(int i=0;i<34;i++)
{

Serial.print(@piENG5[i]);count1=-1;

}
}

countl++;
delay(100);

}

void Vrms()

{

ifltcount2==0)

{

for(int i=0;i<34;i++)
{

Serial.print{apivms 1[i});
}

}

iflcount2==1)

{

for(int i=0;i<34:i++)

{
Serial.print(apivms2[i]);
}

}

iflcount2==2)

{

for(int i=0;i<34:i++)

{
Serial.print(apivms3[i]);
}

}

iflcount2==3)

{
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for(int i=0;i<34;i++)

{
Serial.print(apivmsali]);
}

}

iflcount2==4)

{

for(int i=0;i<34;i++)

{
Serial.print(apivms5[i));
count2=-1;

}

}

count2++;
delay(100);

}

void Irms()

{

iflcount3==0)

{

for(int i=0;i<34;i++)

{
Serial.print(apiims 1{i]);
}

}

iflcount3==1)

{

for(int i=0;i<34;i++)

{
Serial.print(apiims2[i]);
}

}

iflcount3==2)

{

for(int i=0;i<34:i++)

{
Serial.print(apiims3[i]);
}
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}

iflcount3==3)

{

for(int i=0;i<34;i++)
{
Serial.print(apiimsa[i]);
}

}

ifltcount3==4)

{

for(int i=0;i<34;i++)
{
Serial.print(apiims5[il);
count3=-1,;

}

}

count3++;
delay(1000),

}

void setupl)

{

Serial.begin(9600); //set baud rate to 9600

Serial.flush();

}

void loop(X

waitting:
if(Serial.available()>0)

{
checkbyte=Serial.read();
iflcheckbyte==_start){
while(1){

Enerey();

MeterlD();

Vrms();

Irms();

while(Serial .available()>0)
{
checkbytel=Serial.read();
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. XBee Series 2 OEM RF Modules 95

The XBee Series 2 OEM RF Modules were engineered to
operate within the ZigBee protocol and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable
delivery of data between remote devices.

The modules operate within the ISM 2.4 GHz frequency
band.

1.1. Key Features

High Perfotmance, l.qu_f_c_ost__ ' Low Power
 Indoor/Urban: up to 133’ (40 m) XBee Series 2
s Outdoor line-of-sight: up to 400" (120 m) * TX Current: 40 mA (@3.3 V)
» Transmit Power: 2 mW (+3 dBm) * RX Current: 40 mA (@3.3 V)
* Receiver Sensitivity: -95 dBm * Power-down Current: < 1 pA @ 25°C
RF Data Rate: 250,000 bps , gqsy-Fq-U_:_'._g_ .. \\ G
Adva.m;ed NeMorkinql_ﬁg Se_cyrity No configuration necessary for out-of box

RF communications

AT and API Command Modes for
configuring module parameters

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channel has over
Small form factor
65,000 unigue network addresses available
Extensive command set
Point-to-poeint, point-to-multipoint
and peer-to-peer topologies supported Free X-CTU Software

Testing and configuration software
Self-routing, self-healing and fault-tolerant ( 9 9 )

mesh networking Free & Unlimited Technical Support

1.1.1. Worldwide Acceptance

Systems that contain XBee Series 2 RF Modules inherit MaxStream Certifications.

FCC Approval (USA) Refer to Appendix A [p50] for FCC Requirements. FC
ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band

Manufactured under ISO 9001:2000 registered standards c €

XBee Series 2 RF Modules are optimized for use in US, Canada, Australia, Israel
and Europe (contact MaxStream for complete list of agency approvals).

=
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1.2. Specifications 9%

Table 1-01. Specifications of the XBee Series 2 OEM RF Module (PRELIMINARY)

Specification XBee Series 2

Performance

Indoor/Urban Range up to 133 ft. (40 m)

Outdoor RF line-of-sight Range up to 400 ft. (120 m)

(sowar sclecade 2 (+308)

RF Data Rate 250,000 bps ey
 Seral Interface DataRate | 1200 - 230400 bps

(software selectable) (non-standard baud rates also supported)

Receiver Sensilivityr i -95 dBm (1% packet error rate) - N
Power Requirements

Supply Voltage 28-34V

Operating Current (Transm'rf) 40mA (@ 3.3V) ¢ -

| Operating Current (Receive) 40mA (@33 V) Y, (s,

Power-down Current <1uA@25°C K

General

Operating Frequency Band 1SM 24 GHz

[ Dimensions | 0.960"x 1.087" (2:438cmx 2.76 1cm) /

[ Operating Temperatre | -40 to 85° C (industrial) ES ;
AntennaOptions | Integrated Whip, Chip, RPSMA, or UFL Conmector !
Networking & Security

Supported Network Topalogies Point-to-point, Point-to-multipoint, Peer-to-peer & Mesh

Number of Channels

(software selectable) 16 Direct Sequence Channels
Addressing Options PAN ID and Addresses, Cluster IDs and Endpoints (optional)
Agency Approvals

United States (FCC Part 15.247) Pending

Industry Canada (IC) Pending

‘Europe (CE)

Pending

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi)
antennas. 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 Series 2
Antenna” application note located on MaxStream’s web site

http:/ /www.maxstream.net/support/knowledgebase/article.php?kb=153

=

s
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1.3. Mechanical Drawings 97

Figure 1-01. Mechanical drawings of the XBee Series 2 OEM RF Modules (antenna options not shown)

XBee
(top view)
Fzade e — : 1 of
{7.59mm e
0.257%
; | (6.53mm)
PIN 1.~ (B e i XBee (side views)
:ym i PIN 20
o
o} 1.087” o.020"
:@E: {27.61mm) - f (0. 51mm)
e L i i «
£ : 0.031* 0.310*
® L] i to-
PIN 10 = |o o| =4 PIN 11 'i g oo R (2.790m)
L a.aee i 4 § (2.03mm 0.51) 0.050"
| {22 . 00mm) q| = (1.27m)'
i 5
P 0, 960" e < 1 T ! "
(24.38mm) 4 . i y
4 | i I
'
3 l 0.160"
) ] 3
(2. 00mme)

1.4. Mounting Considerations

The XBee Series 2 RF Module (through-hole) was designed to mount into a receptacle (socket) and
therefore does not require any soldering when mounting it to a board. The XBee Series 2
Development Kits contain RS-232 and USB interface boards which use two 20-pin receptacles to
receive modules.

Figure 1-02. XBee Series 2 Module Mounting to an RS-232 Interface Board.

The receptacles used on MaxStream development boards are manufactured by Century
Interconnect. Several other manufacturers provide comparable mounting solutions; however,
MaxStream currently uses the following receptacles:

* Through-hole single-row receptacles -
Samtec P/N: MMS-110-01-L-SV (or equivalent)

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

= Surface-mount single-row receptacles -
Samtec P/N: SMM-110-02-SM-S

MaxStream also recommends printing an outline of the module on the board to indicate the
orientation the module should be mounted.

o

i
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1.5. Pin Signals

98

MeaxStrearni. © 2007 Digi International, Inc.

Figure 1-03. XBee Series 2 RF Module Pin Number
(top sides shown - shields on bottom)

D.257"
{8. 53nm}

T
L {22.00mm:

— O, SEQ" -
£24.38mm}

Table 1-02. Pin Assignments for the XBee Series 2 Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

Pin# Name i Direction Description

1 VCC - Power supply

2 | D00 SN\l 7~ — QNARTOsmOE 0
3 DIN/CONFIG Input UART Data In
4 DIO8  Either Digital /0 8
5 RESET 7 Input Module Reset (reset pulse must be at least 200 ns)
6 PWMO/RSSI/DIOI0 . Outptt | PWM Output0/RX Signal Strength Indicator / Digital 10
7 PWM/DIOTI Efther Digital /0 11
8 [reserved] ¢ B @Y % 74 Do not connect
9 | DIR/SLEEP.RQ/DE = Input Pin Sleep Gontrol Line or Digital Input 8
10 2 LLERD Ground

= {100 VI &ty \UA~ [ Digital O 4 =
12 CIS(IDgr 3 - Either Clear-to-Send Flow Control or Digital 1/0 7
13 ON/SLEEP = Output Module Status Indicator
14 [eserved] Litiisrisanes Do not connect %
15 Associate / DIOS £ Ether Associated Indicator, Digital 1/0 5
16 RTS/DIO6 ~Either Request-to-Send Flow Control, Digital 1/0 6
17 AD3/DIO3 Either Analog Input 3 or Digital /0 3
18 AD2/DIO2 - . Either Analog Input 2 or Digital /0 2
19 ADIfDIOT | L Either Analog Input 1 or Digital /0 1
20 | . ADO/DIO0 Either s Analog Input 0 or Digital 1/0 0

Design Notes:

e Minimum connections: VCC, GND, DOUT & DIN

* Minimum connections to support firmware upgrades: VCC, GND, DIN, DOUT, RTS & DTR
¢ Signal Direction is specified with respect to the module

s Module includes a 30k Ohm resistor attached to RESET

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

* Unused pins should be left disconnected
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1.6. Electrical Characteristics

99
Table 1-03. DC Characteristics of the XBee Series 2 (VCC =2.8 - 3.4 VDC)
Symbol Parameter Condition Min Typical : Max | Units

VIL Input Low Voltage All Digital Inputs - - 0.2*VCC v
[V ~ Input High Voltage All Digital Inputs 0.8*VCC : 0.18*VCC | V
Ve Output Low Voltage oy *2MAVCC =27V 5 . 018VCC | V
N ~ Output High Voltage low =-2mA, VCC >= 2.7V 0.82VCC : ; v

Iy Input Leakage Current Vix = VCC or GND, all inputs, per pin : = : 0.50A uA

> Transmit Current VCC=33V - 45 - mA
PR Receive Current VCC =33V S 50 . mA
‘?’WR-DWN -P'ower-down Current S SM pararneter =1 g e <10 - uA

S
i
e

ViaxStrearmni. © 2007 Digi International, Inc.



2. RF Module Operation 100

2.1. Serial Communications

The XBee Series 2 OEM 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
compatible UART; or through a level translator to any serial device (For example: Through a
MaxStream proprietary RS-232 or USB interface board).

2.1.1. 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 environment
(Low-asserted signals distinguished with horizontal line over signal name.)

el oz SN Y
i J
I DIN(datain) - DN (detain) [
- | < s b W
CTs y TS

F i} it P

; <  XBee XBee P
W DOUT (data out) | Module Module | DOUT (data out)

>

Pl A | |, RS

Serial Data

Data enters the module UART through the DIN (pin 3) as an asynchronous serial signal. The signal
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 2-02. UART data packet 0x1F (decimal number "31") as transmitted through the RF module
Example Data Format is 8-N-1 (bits - parity - # of stop bits)

Least Significant Bt {first) %

1die (high) . A 1 1 1 1 b o o o

\ i o s \GeDA S S ¢ o VARLSighal
5 ) 3 T ——— O
| I Ny Fa {
Signal ovoc ’ ' ' : - ; :
Voltage ' 8 i ' v
Start Bit (law) Stop 8# (high)
Time >

The module UART performs tasks, such as timing and parity checking, that are needed for data
communications. Serial communications depend on the two UARTs to be configured with
compatible settings (baud rate, parity, start bits, stop bits, data bits).

2.1.2. Serial Buffers

The XBee Series 2 modules maintain small buffers to collect received serial and RF data. The serial
receive buffer collects incoming serial characters and holds them until they can be processed. The
serial transmit buffer collects data that is received via the RF link that will be transmitted out the
UART.

Serial Receive Buffer

When serial data enters the RF module through the DIN Pin (3 pin), the data is stored in the serial
receive buffer until it can be processed.

MaxStream. ©2007 Digi International, Inc. 9



XBee/ XBee-PRO OEM RF Modules - ZigBee - v1.x1x [2007.06.01]

Chapter 2 - RF Module Operation

Hardware Flow Control (ﬁ). When the serial receive buffer is 17 bytes away from being full,
by default, the module de-asserts CTS (high) to signal to the host device to stop sending Q%a
[refer to D7 (DIO7 Configuration) parameter]. CTS is re-asserted after the serial receive buffer
has 34 bytes of memory available.

Cases in which the serial receive buffer may become full and possibly overflow:

1. If the module is receiving a continuous stream of RF data, any serial data that arrives on
the DIN pin is placed in the serial receive buffer. The data in the serial receive buffer will be
transmitted over-the-air when the module is no longer receiving RF data in the network.

’ 2. When data is ready to be transmitted, the module may need to discover a Network Address
{ and/or a Route in order to reach the destination node. Discovery overhead may delay
; packet transmission.

Refer to the ZigBee Networks --> Mesh Routing sections for more information.

Serial Transmit Buffer

When RF data is received, the data is moved into the serial transmit buffer and is sent out the
serial port. If the serial transmit buffer becomes full enough such that all data in a received RF
packet won't fit in the serial transmit buffer, the entire RF data packet is dropped.

Hardware Flow Control (RTS). If RTS is enabled for flow control (D6 (DIO6 Configuration)
Parameter = 1), data will not be sent out the serial transmit buffer as long as RTS (pin 16) is de-
asserted.

Cases in which the serial transmit buffer may become full resulting in dropped RF
packets

| 1. 1If the RF data rate is set higher than the interface data rate of the module, the module
could receive data faster than it can send the data to the host.

2. Ifthe host does not allow the module to transmit data out from the serial transmit buffer
because of being held off by hardware flow control.

Figure 2-03. Internal Data Flow Diagram

DI
5
vCC
GND

DO o

Serial
Receive > ;Liﬁgf- = Transmitter
Buffer | RF Switch
1 _( Antenna
Processor n
S A7 | ) Port
Serial
Transmit |4 RERX L Recetyé * Pt
Buffer Buffer

MaxStream . © 2007 Digi International, Inc. 10
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2.1.3. Transparent Operation bl

RF modules that contain the following firmware versions will support Transparent Mode:
1.0xx (coordinator) and 1.2xx (router/end device).

When operating in Transparent Mode, modules are configured using AT Commands and API
operation is not supported. The modules act as a serial line replacement - all UART data received
through the DIN pin is queued up for RF transmission. Data is sent to a module as defined by the
DH (Destination Address High) and DL (Destination Address Low) parameters.

When RF data is received by a module, the data is sent out the DOUT pin.

Serial-to-RF Packetization

Data is buffered in the serial receive 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. Maximum number of characters that will fit (72) in an RF packet is received.

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

2.1.4. API Operation

API (Application Programming Interface) Operation is an alternative to the default Transparent
Operation. The frame-based API extends the level to which a host application can interact with the
networking capabilities of the module. RF modules that contain the following firmware versions will
support API operation: 1.1xx (coordinator) and 1.3xx (router/end device).

When in API 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 DIN pin (pin 3)) include:

* RF Transmit Data Frame
= Command Frame (equivalent to AT commands)

Receive Data Frames (sent out the DOUT pin (pin 2)) include:

* RF-received data frame

¢« Command response

» Event notifications such as reset, associate, disassociate, etc.
The API provides alternative means of configuring modules and routing data at the host
application 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, and payload
information 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
-> Identify the source address of each received packet

To implement API operations, refer to the API Operation chapter 6.

MaxStrearm. © 2007 Digi International, Inc. 11
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2.2. Modes of Operation 103

2.2.1. Idle Mode

When not receiving or transmitting data, the RF module is in Idle Mode. During Idle Mode, the RF
module is also checking for valid RF data. The module shifts into the other modes of operation
under the following conditions:

= Transmit Mode (Serial data in the serial receive buffer is ready to be packetized)

* Receive Mode (Valid RF data is received through the antenna)

* Sleep Mode (End Devices only) :

¢ Command Mode (Command Mode Sequence is issued)

2.2.2. Transmit Mode

When serial data is received and is ready for packetization, the RF module will exit Idle Mode and
attempt to transmit the data. The destination address determines which node(s) will receive the
data.

Prior to transmitting the data, the module ensures that a 16-bit Network Address and route to the
destination node have been established.

If the 16-bit Network Address is not known, Network Address Discovery will take place. If a route
is not known, route discovery will take place for the purpose of establishing a route to the
destination node. If a module with a matching Network Address is not discovered, the packet is
discarded. The data will be transmitted once a route is established. If route discovery fails to
establish a route, the packet will be discarded.

Figure 2-04. Transmit Mode Sequence

Successful
Transmission

16+bit Network
Address Known?

Idle Mode Route Known? > Transmit Data
New

Transmission

No No
¥ Y

16-bit Network
Address Discovery

Route Discovery

% 16-bit Network 4
n, Address Discovered? -

€  Route Discovered?

Data Discarded  §& -

When data is transmitted from one node to another, a network-level acknowledgement is
transmitted back across the established route to the source node. This acknowledgement packet
indicates to the source node that the data packet was received by the destination node. If a
network acknowledgement is not received, the source node will re-transmit the data. See Data
Transmission and Routing in chapter 3 for more information.

MaxStreair. © 2007 Digi International, Inc. 12
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2.2.3. Receive Mode 104

If a valid RF packet is received and its address matches the RF module’s MY (16-bit Source
Address) parameter, the data is transferred to the serial transmit buffer.

2.2.4. Command Mode

To modify or read RF Module parameters, the module must first enter into Command Mode - a
state in which incoming serial characters are interpreted as commands. Refer to the API Mode
section for an alternate means of configuring modules.

AT Command Mode

To Enter AT Command Mode:

, Send the 3-character command sequence "+++" and observe guard times before and after the
| command characters. [Refer to the “Default AT Command Mode Sequence” below.]

Default AT Command Mode Sequence (for transition to Command Mode):

» No characters sent for one second [GT (Guard Times) parameter = 0x3E8]

» Input three plus characters ("+++") within one second [CC (Command Sequence Character)
parameter = 0x2B.]

e No characters sent for one second [GT (Guard Times) parameter = 0x3E8]
All of the parameter values in the sequence can be modified to reflect user preferences.

NOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch. Ensure the
‘Baud’ setting on the “PC Settings” tab matches the interface data rate of the RF module. By default,
the BD parameter = 3 (9600 bps).

To Send AT Commands:

Send AT commands and parameters using the syntax shown below. 1

Figure 2-05. Syntax for sending AT Commands

"AT" + ASCII + Space + Parameter + Carriage
Prefix Command (Optional) (Optional, HEX) Return
|

o AR AT T

Example: ATDL 1F<CR>

To read a parameter value stored in the RF module's register, omit the parameter field.

The preceding example would change the RF module Destination Address (Low) to "0x1F". To store
the new value to non-volatile (long term) memory, subsequently send the WR (Write) command.

For modified parameter values to persist in the module’s registry after a reset, changes must be
saved to non-volatile memory using the WR (Write) Command. Otherwise, parameters are
restored to previously saved values after the module is reset.

System Response. When a command is sent to the module, the module will parse and execute
the command. Upon successful execution of a command, the module returns an “"OK” message, If
execution of a command results in an error, the module returns an “ERROR” message.

To Exit AT Command Mode:
1. Send the ATCN (Exit Command Mode) command (followed by a carriage return).
[OR]

2. If no valid AT Commands are received within the time specified by CT (Command Mode
Timeout) Command, the RF module automatically returns to Idle Mode.

3 MaxStream. © 2007 Digi International, Inc. 13
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For an example of programming the RF module using AT Commands and descriptions of eacl}to5
configurable parameter, refer to the "RF Module Configuration” chapter.

2.2.5. Sleep Mode

Sleep modes are supported on end devices only. Router and coordinator devices participate in
routing data packets and are intended to be mains powered. End devices must be joined to a
parent (router or coordinator) before they can participate on a ZigBee network. The parent device
does not track when an end device is awake or asleep. Instead, the end device must inform the
parent when it is able to receive data. The parent must be able to buffer incoming data packets
destined for the end device until the end device can awake and receive the data. When an end
device is able to receive data, it sends a poll command to the parent. When the parent router or
coordinator receives the poll command, it will transmit any buffered data packets for the end
device. Routers and coordinators are capable of buffering one broadcast transmission for sleeping
end device children.

The SM, ST, SP, and SN commands are used to configure sleep mode operation.

Data Management

The SP command on the parent determines how long the parent will buffer a packet. It should be
set to match the maximum SP value on any end device that may join to it. SP can be set up to 28
seconds (OxAF0).

End Device Sleep Modes

Pin Sleep

Setting SM=1 or SM=2 configures a device as a pin-sleep enabled end device. When operating in
this mode, an end device monitors the Sleep_Request pin for a high state. When Sleep_Request
goes high, the module enters sleep mode once any pending transmissions have finished. The
module remains in a low power state until the Sleep_Request pin goes low.

When the module wakes from pin sleep, it sends a poll request to the parent to see if any data is
pending for the end device. Since routers and coordinators can only buffer data up to 30 seconds,
end devices should not remain in pin sleep longer than about 28 seconds if incoming data packets
must be received. Using pin sleep for more than 28 seconds is recommended only if incoming data
packets are not expected.

When the module wakes from a pin sleep mode, the CTS line goes low, and On/Sleep goes high.

Cyclic Sleep

Cyclic sleep allows the end device to sleep for a specified period of time. The period of time is
specified by SP. Since routers and coordinators can only buffer data packets for up to 30 seconds,
SP on end devices can be set up to 28 seconds (0xAF0). The module will wake after SP time and
send a poll request to the parent to check for data. If any serial or RF data is received, the ST time
is restarted. Once ST time has expired with no serial or RF activity, the end device will resume
cyclic sleep operation.

When the module wakes, CTS goes low allowing the application to send serial data to the module
if necessary. The On/Sleep indicator will be set high to alert the application that the end device has
awakened. If serial or RF data is received, the ST timer will be reset, otherwise, the end device will
resume low power operation.

Off board peripherals may wish to sleep longer than the maximum SP time of the end device. The
SN command can be used to not wake off board peripherals for longer than SP time.

For example, if SP=28 seconds, and SN=5, the end device will wake up every 28 seconds and poll
the parent for data. If no data is pending, the end device will return to sleep. In this example, if
the parent has no data for the end device, On/Sleep will go high after 140 seconds, assuming the
parent never has data for the end device. If the parent has data for the end device, On/Sleep will
go high and the SN counter will reset.

3 MaxStrearmi. © 2007 Digi International, Inc. 14
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SN54L5245...J OR W PACKAGE

3-State Outputs Drive Bus Lines Directly
SN74LS245... DB, DW, N, OR NS PACKAGE

® PNP Inputs Reduce dc Loading on Bus

(TOP VIEW)
Lines
® Hysteresis at Bus Inputs Improves Noise DIR[]1 L= 20[] Vee
Margins A1[]2 19[] OE
® Typical Propagation Delay Times Port to A2[]3 18[] B1
Port, 8 ns A3[]4 17[] B2
A4[]5 16[] B3
loL loH A5 [f6 15(] B4
TYPE (SINK (SOURCE A6[]7 14]] B5
CURRENT) | CURRENT) A7[]|8 13[] B6
SN54LS245 12 mA -12 mA A8 (]9 12[] B7
SN74LS245 24 mA ~15 mA GND[|10  11]]BS8
description SN54LS245. . . FK PACKAGE
(TOP VIEW)
These octal bus transceivers are designed for A N0
asynchronous two-way communication between N8 >0|g
data buses. The control-function implementation " g o | o v )
minimizes external timing requirements. Bl 1 20018
g3 A3 []a 18[] B1
The devices allow data transmission from the A4 []s 17[] B2
A bus to the B bus or from the B bus to the A bus, A5 [16 16[] B3
depending on the logic level at the A6 []7 15[] B4
direction-control (DIR) input. The output-enable A7 []8 141 B5
— y : 9 10 11 1213
(OE) input can .dlsaple the device so that the — & AR
buses are effectively isolated. N © feemi
< ZzmMmaM
Q]
ORDERING INFORMATION
ORDERABLE TOP-SIDE
A PACRAGES PART NUMBER MARKING
PDIP - N Tube SN74LS245N SN74LS245N
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SOIC - DW LS245
0°C to 70°C Tape and reel SN74LS245DWR
SOP - NS Tape and reel | SN74LS245NSR 7415245
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Hage Tube SN54L.5245J SN54LS245)
Tube SNJ54L5245) SNJ54L5245)
-55°C to 125°C
CFP -W Tube SNJ54LS245W SNJ54LS245W
LCCC-FK | Tube SN54LS245FK SN54LS245FK

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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On products compliant to MIL-PRF-38535, all parameters are tested
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FUNCTION TABLE
INPUTS
—— OPERATION
OE DIR
kL L B data to A bus
L H A data to B bus
H X Isolation
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vce = o Vee
9 kQ NOM 50 2 NOM
Input
Output

logic diagram (positive logic)

b O VS
DIR |

[—O

A1

To Seven Other Channels
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

R R S N YDA o ] Wi B 0 R NI SRS e RS SINESRR
IR VRN VIO OIS Y Ui ol s s e e R R T e e e T 7V
Package thermal impedance, 0 (see Note 2): DBpackage ...............oououeoneonnonii.. 70°C/W
T T S e el e i e ) 58°C/W
INDBCKADE 5 T e e s 69°C/W
G S T s S s e e 60°C/W
EIFO00 TEMPAraRIS FIN00, Tatg - oo iiin i v iss i mais SR e A e Wt Sk —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values are with respect to GND.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

SN54L5245 SN74LS245
MIN NOM MAX| MIN NOM MAX g
Vece Supply voltage 4.5 5 55| 4.75 5 525 \
loH High-level output current =12 -15| mA
loL Low-level output current 12 24| mA
TA Operating free-air temperature -55 126 0 70 °C

{’.’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN54LS245, SN74LS245
OCTAL BUS TRANSCEIVERS
WITH 3-STATE OUTPUTS

SDLS146A — OCTOBER 1976 — REVISED FEBRUARY 2002 119

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN54LS245 SN74LS245
PARAMETER TEST CONDITIONST UNIT
MIN TYP¥ MAX| MIN TYPE mAX
V|4  High-level input voltage 2 2 V'
ViL Low-level input voltage 0.7 0.8 A
Vik  Input clamp voltage Ve = MIN, lj=-18 mA -1.5 -1.5 \'
Hysteresis (V15 - V1) |AorB Vee = MIN 02 04 T v
Vee = MIN, loH=-3mA | 24 34 24 34
VoH High-level output voltage VIH=2V, \"
VIL = ViL(max) | 'OH = MAX 2 2
VCC = MIN, IOL =12 mA 0.4 04
VoL Low-level output voltage VIH=2V, v
VIL = Vi (max) |'OL =24 mA 0.5
Off-state output current, Ve =MAX, O\
lozH high-level voltage applied OEat2V LERATY, 0 il pA
Off-state output current, Vee = MAX, .
lozZL  jow-level voltage applied OEat2V AR 7 00 =200 | A
Inputcurrentat | A or B V=55V 0.1 0.1
] maximum input — Voo = MAX mA
Vonage DIR or OE Vl =7V 0.1 0.1
i1 High-level input current Voo = MAX, Vi =27V 20 20 nA
liL Low-level input current Vee = MAX, ViL=04V 02 =0.2 mA
lps  Short-circuit output current® Ve = MAX ~40 -225| 40 225 | mA
Total, outputs high 48 70 48 70
| Ice Supply current | Total, outputs low | Voo = MAX Outputs open 62 90 62 90 mA
Outputs at high Z 64 95 64 95
t For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions.
Al typical values are at Vo = 5 V, T = 25°C,
3 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
switching characteristics, Voc =5V, Tp = 25°C (see Figure 1)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tPLH Propagation delay time, low- to high-level output 8 12
AL ; " ; C| =45 pF, R| =667 Q ns
tPHL Propagation delay time, high- to low-level output 8 12
f] Output enable time to low level { 27 40
Tl i _ : CL = 45 pF, Ry = 667Q ns
tpzH  Output enable time to high level 25 40
tprz  Output disable time from low level 15 25
- - - CL =5pF, R =667 Q ns
tpHz  Output disable time from high level 15 28
=L

“? TEXAS
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* Output Current up to 1A

* Output Voltages of 5, 6, 8,9, 10, 12, 15, 18, 24V
* Thermal Overload Protection

* Short Circuit Protection

¢ Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MC78XX/LM78XX/MC78XXA series of three
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Qutput

INPUT SERIES ouTPUT
=2 PASS o
1 ELEMENT 3
CURRENT S0A -
GENERATOR PROTECTION >
STARTING AEFERENCE ERROR
CIRCUIT it 288 VOLTAGE AMPLIFIER
>
2>
THERMAL <
PROTECTION
GND
o <
2

Rev. 1.0.1
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MC78XX/LM78XX/MCT78XXA

Absolute Maximum Ratings e
Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) Vi 35 vV
(for Vo = 24V) Vi 40 \
Thermal Resistance Junction-Cases (TO-220) ReJc 6 °c/w
Thermal Resistance Junction-Air (TO-220) ReJA 65 °c/w
Operating Temperature Range TOPR 0~+125 e8¢
Storage Temperature Range TsTG -65 ~ +150 L o

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < Ty < 125°C, Io = 500mA, V| = 10V, Ci= 0.33uF, Co= 0.1uF, unless otherwise specified)

MC7805/LM7805
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ty =+25°C 4.8 5.0 5.2
Output Voltage Vo 5.0mA = lo < 1.0A, PQ = 15W v
V=7V to 20V | 4.75 5.0 525
! y X Vo =7V to 25V - 4.0 100
Line Regulation (Note1) Regline | Ty=+25°C mV
Vi=8Vto 12V - 1.6 50
lo = 5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Ty=+25°C lo =250mA to p G = mV
750mA
Quiescent Current la TJ=+25°C - 5.0 8.0 mA
1 lo =5mAto 1.0A - 0.03 0.5
Quiescent Current Change Alq Vi= 7V 16 25V g 03 13 mA
Output Voltage Drift AVO/AT | 10=5mA - -0.8 - | mwvi°C
Output Noise Voltage VN = 10Hz to 100KHz, TA=+25°C S 42 - uVVo
Ripple Rejection RR L?)ng:/{fo 18V 62 73 - dB
Dropout Voltage VDrop | 10 =1A, Ty =+25°C - 2 - Vv
Output Resistance ro f=1KHz - 15 - mg
Short Circuit Current ISc | VI=35V, TA=+25°C T mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




National Semiconductor

LM1117

February 2000

800mA Low-Dropout Linear Regulator

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at 800mA of load current. It has the
same pin-out as National Semiconductor’s industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.25V to 13.8V with only two ex-
ternal resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. Its
circuit includes a zener trimmed bandgap reference to as-
sure output voltage accuracy to within £1%.

The LM1117 series is available in SOT-223, TO-220, and
TO-252 D-PAK packages. A minimum of 10pF tantalum ca-
pacitor is required at the output to improve the transient re-
sponse and stability.

Features

= Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions

® Space Saving SOT-223 Package

® Current Limiting and Thermal Protection

® Qutput Current 800mA
® Temperature Range 0°C to 125°C
® Line Regulation 0.2% (Max)
® Load Regulation 0.4% (Max)
Applications

m 2.85V Model for SCSI-2 Active Termination

® Post Regulator for Switching DC/DC Converter
® High Efficiency Linear Regulators

® Battery Charger

® Battery Powered Instrumentation

Typical Application

Active Terminator for SCSI-2 Bus

—[4 SV 10

11000~
LM1117-2,85
W our )4 18 10 27
| GND E
1
10 uf 22,..;;: 1100
L RO = I WA
DS100919-5

Fixed Output Regulator

LM1117=XX

T Vin Vour 4
=
10 uf* 10 uF

Tantalum |

T Tantalum

112

T

loje|n6ay Jeaurq ynodoig-mo Ywoos ZLLLINT

[
* Required if the regulator is located far from the power supply filter.
DS100919-28

© 2000 National Semiconductor Corporation DS100919 www.national.com



LM1117

Ordering Information

Temperature Range

112
=

¢ o

— = = =0 ADJ. (ADJUSTABLE QUTPUT)

Pack P ing T rt Medi
ackage 0°C to +125'C ackaging Marking ransport Media NSC Drawing
3-lead SOT-223 LM1117MPX-ADJ NO3A Tape and Reel MAD4A
LM1117MPX-1.8 N12A Tape and Reel
*LM1117MPX-2.5 N13A Tape and Reel
LM1117MPX-2.85 NO4A Tape and Reel
LM1117MPX-3.3 NO5A Tape and Reel
LM1117MPX-5.0 NOBA Tape and Reel
3-lead TO-220 LM1117T-ADJ LM1117T-ADJ Rails T03B
LM1117T-2.85 LM11177-2.85 Rails
LM1117T-3.3 LM1117T-3.3 Rails
LM1117T-5.0 LM1117T7-5.0 Rails
3-lead TO-252 LM1117DTX-ADJ LM1117DT-ADJ Tape and Reel TDO3B
LM1117DTX-1.8 LM1117DT-1.8 Tape and Reel
*LM1117DTX-2.5 LM1117DT-2.5 Tape and Reel
LM1117DTX-2.85 LM1117DT-2.85 Tape and Reel
LM1117DTX-3.3 LM1117DT-3.3 Tape and Reel
LM1117DTX-5.0 LM1117DT-5.0 Tape and Reel
Note: * Contact factory for availability.
Block Diagram
§— 7 1 +—O vy
® @
8. X & |<
7.5
1 t Th | !
arma
Limit S 5
+
‘ Current j .
Limit —
\I S iy Pow
Substrate
3
— — — &—AAA—O GND (FIXED OUTPUT)

DS100918-1
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LM1117

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maximum Input Voltage (V, to GND)

LM1117-ADJ, LM1117-1.8,
LM1117-2.5, LM1117-3.3,

LM1117-5.0 20V
Power Dissipation (Note 2) Internally Limited
Junction Temperature (T,) ’
C
(Note 2) L
Storage Temperature Range -65°C to 150°C

Lead Temperature

Electrical Characteristics

tion temperature range for operation, 0°C to 125°C.

TO-220 (T) Package 260°C, 10 sec
SOT-223 (IMP) Package 260'044 sec
ESD Tolerance (Note 3) 2000V

Operating Ratings note 1)

Input Voltage (Vy to GND)
LM1117-ADJ, LM1117-1.8,

LM1117-2.5, LM1117-3.3, 15V
LM1117-5.0
LM1117-2.85 10V
Junction Temperature Range 0°C to 125°C
(T,)(Note 2)

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire junc-

Symbol Parameter Conditions (N';g‘ 5) (N.(l;?e': 4) (N'::a xs) Units

Vrer Reference Voltage LM1117-ADJ
lour = 10MA, Vin-Vour =2V, T, =25C 1.238 1.250 1.262 v
10mA < gyt < B00MA, 1.4V < Vi -Vour 1.225 1.250 1.270 Vv
< 10V

Vour Output Voltage LM1117-1.8
lour = 10mA, Vi, = 3.8V, T, =25°C 1.782 1.800 1.818 Vv
0 < lgyr = 800mA, 3.2V sV, < 10V 1.746 1.800 1.854 Vv
LM1117-2.5
lour = 10mA, V), =4.5V, T; = 25°C 2.475 2.500 2.525 Vv
0 < lgyr < 800mA, 3.9V <V, < 10V 2.450 2.500 2.550 Vv
LM1117-2.85
lour = 10mA, V|, =4.85V, T, = 25°C 2.820 2.850 2.880 Vv
0 < oyt < 800mA, 4.25V <V, < 10V 2.790 2.850 2,910 \"
0 < loyr < 500mA, Vi = 4.10V 2.790 2.850 2.910 Vv
LM1117-3.3
lour = 10MA, Vi, =5V T, = 25°C 3.267 3.300 3.333 v
0 < loyr < 800mMA, 4.75V<V,, < 10V 3.235 3.300 3.365 Vv
LM1117-5.0
loyr = 10mMA, Vi, =7V, T, = 25°C 4.950 5.000 5.050 Vv
0 < lgyr < 800mMA, 6.5V <V, < 12V 4.900 5.000 5.100 "

AVour Line Regulation LM1117-ADJ

(Note 6) lour = 10mA, 1.5V €V, "Vour < 0.035 0.2 %

13.75V
LM1117-1.8 1 6 mV
lour = 0MA, 3.2V £ V| £ 10V
LM1117-2.5 1 6 mV
lour = OMA, 3.9V < V,, < 10V
LM1117-2.85
lout = 0MA, 4.25V < V,,, < 10V 1 6 mV
LM1117-3.3
lour = OMA, 4.75V <V, < 15V 1 6 mv
LM1117-5.0
lour = OmA, 6.5V <V, < 15V 1 10 mV

www.national.com 4




Electrical Characteristics (continued)
Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire junc-1 13
tion temperature range for operation, 0°C to 125°C.
Symbol Parameter Conditions (erg‘s) (Nge? 4) (Nlc‘;eXS) Units
AVour Load Regulation LM1117-ADJ
(Note 6) Vin-Vour = 3V, 10 < lgyr < 800mA 0.2 04 %
LM1117-1.8 1 10 mV
Vin = 3.2V, 0 < lgyr < 800mA
LM1117-2.5 1 10 mV
Vin = 3.9V, 0 < lgyr < 800mA
LM1117-2.85
Vin = 4.25V, 0 < lgyr < 800mA 1 10 mV
LM1117-3.3
Vin = 4.75V, 0 < gyt < 800mA 1 10 mV
LM1117-5.0
Vin = 6.5V, 0 < |gyr < 800mA 1 15 mV
Vin-V out | Dropout Voltage lour = 100mA 1.10 1.20 Vv
(Note 7) oyt = 500mA 1.15 125 v
loyr = 800mMA 1.20 1.30 \'
I T Current Limit Vin-Vour =5V, T,=25C 800 1200 1500 mA
Minimum Load LM1117-ADJ
Current (Note 8) Vi = 15V 1l 5 mA
Quiescent Current LM1117-1.8 5 10 mA
Vin = 15V
LM1117-2.5 8 10 mA
Vin <15V
LM1117-2.85
Vin £ 10V 5 10 mA
LM1117-3.3
Vin £ 15V 5 10 mA
LM1117-5.0
Vin S 18V 5 10 mA
Thermal Regulation Ta = 25°C, 30ms Pulse 0.01 0.1 YolW
Ripple Regulation frippLe =1 20Hz, V-Vour = 3V 60 15 dB
VrippLe = 1Vep
Adjust Pin Current 60 120 HA
Adjust Pin Current 10 < loyrs 800mA,
Change 1.4V < V) =Vour < 10V 0.2 5 A
Temperature Stability 0.5 %
Long Term Stability Ta = 125°C, 1000Hrs 0.3 %
RMS Output Noise (% of Vour), 10Hz < f <10kHz 0.003 %o
Thermal Resistance 3-Lead SOT-223 15.0 ‘CW
Junction-to-Case 3-Lead TO-220 3.0 ‘CW
3-Lead TO-252 10 ‘CIW
Thermal Resistance 3-Lead SOT-223 136 ‘CIW
Junction-to-Ambient 3-Lead TO-220 79 ‘CwW
(No heat sink; 3-Lead TO-252 (Note 9) 92 ‘CW
No air flow)
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics.
Note 2: The maximum power dissipation is a function of Timax) + 81a, @nd Ta. The maximum aliowable power dissipation at any ambient temperature is
Pp = (Tumax)~Ta)8,a. All numbers apply for packages soldered directly into a PC board.
Note 3. For testing purposes, ESD was applied using human body model, 1.5k} in series with 100pF.
Note 4: Typical Values represent the most likely parametric norm.
Note 5: All limits are guaranteed by testing or statistical analysis.
Note 6: Load and line regulation are measured at constant junction room temperature.

www.national.com
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SX1 PROTOCOL SPECIFICATION

The communications messages are consist of two protocol. First is RS-485 protocol,
its cover whole of message and the second is inner protocol we named MEATH protocol.
Protocol layers are show in figure 1.1-1 and specifications of each are describe in following

sections.

I RS-485 protocol |

J Data I‘

7’ “
L4 5
'4 b Y
s’ ~
Fa Y

| MEATH protocol I

Figure 1.1-1 Protocol stack layer

1. RS-485 Protocol
1.1 Specifications
Table 1.1-1 RS-485 communication and RS-485 protocol specifications

Type of transmission Asynchronous serial bit, Half duplex
Physical interface ' RS — 485 (2wires) line driver.
Transmission speed 19,200 bps.

Protocol standard RS-485 Protocol

Technique Single Master / Multi Slaves

Packet size 51 bytes (Fixed)

CCITT CRC16 (cyclical redundancy check)
Polynomial = 0x1021
Non-reflect algorithm (MSB first)
Error detection Initial value - OxFFFF
Note : Testing value = “123456789"
CRC value = 0x29B1
See annex A for more details

Data format Binary
LSB first

ST | B0 | Bt | B2 | B3| B4 |B5|B6|B7|SP

ST : Start bit ( 1bit / logic 0)
SP : Stop bit ( 1bit / logic 1)
BO - B7 : Binary data (8bits)

Page 1 of 14
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1.2 Communication Timing

1.2.1 Time between each character
Every byte within a packet must precede the previous byte by take the time less than
1,500 ms. If time is more than, all of data will be flush out from the receive buffer.

Sending Receiving
——= Character n+1 Charactern (——

v

T. < 1,500ms.

1.2.2 Time between each packet (Response time)
The response time from a master request to a slave response or in case of sent data
in multiple packet. Any new packet of data will be wait 200 < t, < 1,500ms before send to

receiver.

1 ,
: Respond message

Y

Sending message |

2C0ms. < T, < 1,500ms.

S/W target for response waiting time = 210 ms.
S/W target for response timeout & 1,500 ms.
S/W target for inter character timeout = 1,400 ms.

1.3 Protocol Structure
RS-485 message structure for every message type (Send message, Receive
message, and Receive connect message) are the same, this show in figure 1.3-1.

Padding® | CRC | ETX

Device Address|
i 46-N 2 1 | Bytes

1 1

RS-485 Protocol

Figure 1.3-1 RS-485 message structure
"Device address (RS-485 address)

Data size . 1byte

Data format . Binary

Default device address : See annex B
@padding

Data size . 46-N byte

Data format . Fill in with # ASCII

Page 2 of 14
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Remark Special character ASCII code in communication message

= 0x3A
# = 0x23
ETX = 0x03

1.4 Protocol Analyze
For get data from received message, first analyze RS-485 protocol (outer
protocol layer) to get MEATH protocol layer (inner protocol layer), and second analyze the
MEATH protocol for get the target data. MEATH protocol will describe on section 2.
1.5 Error Detection
When CRC is incorrect, the meter will reject the command and will not reply to

the master.

2. MEATH Protocol Specifications
2.1 Specifications
Table 2.1-1 MEATH protocol specifications

Protocol standard MEATH Protocbl (Custom)
Error detection Block Check Character (BCC)
See annex A for more detail
Data format ASCII
LSB first

ST | B0 | Bt [ B2 | B3 |B4|B5|(B6| P |SP

ST : Start bit (1 bit/ logic 0)

SP : Stop bit (1 bit/ logic 1)

P : Parity bit (1 bit/ even)

BO — B6: Character data (7 bit)

Page 3 of 14
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2.2 Communication Sequence

As figure 2.2-1 sequence of message is starts from connect message to
establish the communication. Then will read target data (such as kWh energy, line voltage
and current) and when all target data reading finished program will send disconnect
command to terminate the communication.

Sequence of message

Connect message >

Reader < e Meter

(Master) (Slave)
< Data exchange >
Disconnect message >
Figure 2.2-1 Message sequence
Sequence of data exchange
Reading message >
Reader Meter
(MaSter) < Data message (Slave)

Figure 2.2-2 Data exchange sequence

The sequence of data exchange will start from the reader sends reading
command message to the meter. After meter receives the command message it will send
the data message to the reader. For reading command meter will send data message back
one by one for each command.

Page 4 of 14
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2.3 Protocol Structure

MEATH protocol will start after “Device address” (“Device address” is on RS-

485 protocol layer) and finish at “BCC", this show in figure 2.3-1.

MEATH Protocol
N

MEATH Protocol

Figure 2.3-1 MEATH protocol structure

2.4 MEATH protocol message
2.4.1 Connect / Disconnect Message

2.4.1.1 Connect Message

Send : Connect message

[son[P[1] sx [ (] Data [ Tex]sec]

Data size : 20 bytes

Bytes

Data (Binary): D2 53 B4 B8 35 D4 D7 CF D7 C9 D2 C5 53 50 D2 CF CA C5 C3 D4

Receive : ACK message
ACK

Data size : 1 byte
Data (Binary) : 06

2.4.1.2 Disconnect message
Send : Disconnect message
|soH| B | o [ETX]BCC]

Page 5 of 14
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2.4.2 Meter Information
2.4.2.1 Meter ID* reading
Send : Reading message
IsoH| R[2[stx[ o [ o [ (]) [erx[Bcc]

Receive : Data message
[stx[oJo] (] pam [)] Erx [Bcc]

Data size . 7 bytes
Data format : ASCII
Unit

*See annex B

2.4.3 Energy Value
2.4.3.1 kWh energy reading
Send : Reading message
IsoH[ R 2[stx[ o[ 7 [(]) Jerx]sce]

Receive : Data message
[stx[p[7] ] pam [) [ erx [Bcc|

Data size : 9 bytes
Data format : ASCII
Unit : Wh

2.4.4 PQM Value

2.4.4.1 RMS line voltage reading
Send : Reading message
lsoH[ R [ 2 [sTx] b [o [(])[ewx]Bcc]

Receive : Data message
[sx] b Jo[(] pata [)[erx]scc]

Data size : 5 bytes
Data format : ASCII
Unit 210 mV

Page 6 of 14
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2.4.4.2 RMS current reading
Send : Reading message

[soH[ R [ 2 [sTx] D [2[(])[erx]Bcc]

Receive : Data message

Is7x| b [2][(] paa [)J]eTx]BCC]
Data size : 5 bytes
Data format : ASCII
Unit :10mA

See annex C for examples of data.
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Annex A
BCC and CRC calculation

1. Block check character (BCC) calculation
1) Rule for generating the longitudinal parity block check character
1.1) Block check character
1.1.1 The block check character shall be composed of 7 bits plus an even
parity bit
1.1.2 Each of the first 7 bits of the block check character shall be the modulo
2 binary sum of every element in the same bit 0 to bit 6 column of the successive character
of the transmitted block.
1.1.3 The longitudinal parity of each column of the block, including the block
check character, shall be even.
1.2) Summation
1.2.1 The summaticn to obtain the block check character shall be started by
the first appearance of either SOH (Start of Heading) or STX (Start of Text).
1.2.2 The starting character shall not be included in the summation.
1.2.3 If an STX character appears after the summation has been started by
SOH, the STX character shall be included in the summation as if it were a text character.

Bit | 09y 223030 % 6 | 6 P = parity bit
0[1]0]0j0]0}0}| 1] STXorSOH
Sl | N
& s
Information
area

Yy Vv v Jr Yy VvV v v

ElX. Y
b[b|[b[b[b]b[b][b]| Blockcheck character
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2) Example of block check character calculation
Assume that the read command message has the stream of character like this:

i [soH[Rr[2[stx[p[7](])[erx]Bcc]

Bit Son T ox
SOH 0x81
S 0xD2
0xB2
0x82
~D._ | 0x44
7 | oxB7
- L o
| oxA9
X | 0x03._
0x93

4lo|o|=|o|o

Qe olololofw

i

- e

olojo|o|=|=olo|o|o|n

Y

_L_Lcs‘QJ_A.Q_L..;_Lo_A.

.

£t

]

N i 1 e e

~lululo|=|olololo|=|o
~lololo|=|o|o|+|<|o]~

ololololo

o Q

From the figure, the highlight area is the field of character for generating block check
character. Each bit of block check character is the longitudinal even parity of each column of
the block, including the block check character, shall be even. So from the example the block
check character from the calculation will be (93h).

2. Cyclical Redundancy Check (CRC-16) calculation

The Cyclical Redundancy Check (CRC-16) field is two bytes, containing a 16—bit
binary value. The CRC value is calculated by the transmitting device, which appends the
CRC to the message. The receiving device recalculates a CRC during receipt of the
message, and compares the calculated value to the actual value it received in the CRC
field. If the two values are not equal, that's means the communication error are occurs.
Program will flush message and do not operate any operation and any response message.

Placing the CRC into the Message

When the 16-bit CRC (two 8-bit bytes) is transmitted in the message, the low-order
byte will be transmitted first, followed by the high-order byte. For example, if the CRC value
is 1241 hex (0001 0010 0100 0001) the CRC value will be place into message as follow.

Device Address Data Field Reserve | CRC, | CRCy; | ETX

41 12

Page 9 of 14



Es0184a_SX1-A31N_AMR_Protocol_Specifications 2012-11-01 ﬁ){;

BCC and CRC calculation field.
Send

| : |Device Address|SOH| R [ 2 [sTx] 0 [ 7 [(]) [ETX|BCC| Padding [ CRC | ETX |
: 5 7 : l

Y
l Calculate BCC

Calculate CRC

Receive

" -

| : | Device Address [sTx]| 0 [ 7 [ (] Data | ) [ETX[BCC] Padding | CRC | ETX |

>3 4
l Calculate BCC I

G PRy
——

I Calculate CRC
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Annex B

RS-485 Address

The meter RS-485 address assign as follows

- If 3 digits from the last digit of ID no. that showing on nameplate is even number, the meter
RS-485 address will be Dxx"by %x”is the last 2 digits of ID no. If the last 2 digits of ID no. are 007
meter RS-485 address will be %200~

- If 3 digits from the last digit of ID no. that showing on nameplate is odd number, the meter
RS-485 address will be “Txx"by %x”is the last 2 digits of ID no.

Example:
1D no. 3" digit from last digit of ID no. | RS-485 address
0275348 Odd 148
0275448 Even 48
0275548 Odd 148
0276000 Even 200
0276100 Odd 100
0700030 Even 30
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