g Y
NSTDR oD o2

W.Suntiamorntut

S.Charoenpanyasak

Department of Computer Engineering, Faculty of Engineering

Prince of Songkla University



Introduction to Wireless Sensor Networks

Theories and Practices

Wannarat Suntiamorntut & Sakuna Charoenpanyasak

Department of Computer Engineering, COE-WSN
Faculty of Engineering

Prince of Songkla University, Thailand

2014



a )

ANNISUUSENA

AguveveuAn  aunAuauainaieddlng (TESA) N35ulasanseg  Tunisiewnsaug
nMesnueIeTisgugeslianeddelaindunudssgndnunimiiiuanenailii uazveveunu
dinnuimuIngremansuazmAlulaguieyd (@, vse NSTDA) Nlinisatuayulasinisliunis

WEUNTAUIININUaNINGEla

[
a ¥

waNANUWe UV UANTAT U13AT LAZATUID115E N1ATYIAINTTUABUNIADST AN

AINTIUAIANT UNINYIFLAVAUATUNS UazUDVaUAMKTINEITBNNYITU 111 f NTlane

o

15505 dufoNTyin anann Wwsgyleyayndin

ho) N



o A X \ ) | P a o LAl ™ o
wilsdaiduiiludiunidulasimsmeunsionarsmaiumalulagausanailedy ungiaulanilula
= Y awva A o | v s v L v X &
a11150AN¥IMIAIINS warnnaew U WeunludeseanisasisassAnanunisiuillulsemealiuindu &
Tasensidunissisulaeaunauanssnadesinvesing $rufunsdrdnauiauineimanswazsinalulad wianm
a v a =~ v v ' a a o A R A | '3 PxY a o a
3o amv. flsuidlailonaudauaziSeuiemisdoatuivuieilunsmenenssianuimluineiiumalulad
wsetneuweslians waznstiluussndldau
1 d‘ YV a ¥ 17 v A o = 1 v . d"/ YV d’j
neudugileuressunglassaing uasnisldnuntdsdounvinaieviewueesifarvatuilidadl Ay

v

satalunisanvimdeonesinuedetswuwesisaulsdnuwual iy 2 @y dusuauusn Sumilemlagnuusean

Y ! A a v ygj dy a wva ] = 1 g.)l a v o
Mdu 2 dude AMANHBHATUAMUITUNUTIU LLa%ﬂ”lﬂ‘UJ;]‘U Juiugu Feludruusnuuaziioedu 5 un

*3

Usznaume wupihlvdnduinseviswuwesliats sudssgndandinaluladinedigiguiresisagluldau
andnsnssuuaznisasidiun (Node) Fulugunsaindnuenefetremueslias andulidlaanilnenssuves
mahluanasadundetns wasuusilnsinaeatiugnluduieiodis dnlunaufifdundeenidu 3 un
Usgnausne msldaulua XBee muunmsgiu Zighee uazmsldamilunil compatible fulun Telos dilassadra

asuliolud

Book I: Introduction to Wireless Sensor Networks
Part |
Chapter 1: Introduction
Chapter 2: WSN Applications
Chapter 3: Node architecture
Chapter 4: Network architecture
Chapter 5: Protocols in Network Layer
Part Il
LO1: Practice I: Platform ZigBeel
LO2: Practice II: Platform ZigBee2

L03: Practice lll: Platform Telos compatible.

dwduidemlundsdodudl 2 ferlifonilsdodn  sdovendsmaluladinietoueaslians
(Technologies in Wireless Sensor Networks) azguuaidu 4 dau fle 1) duvessnisosniuuayiinsizidanaiiu
warlnslvaoaluedodne Wunmseeneanueruiiiugiudeanidud 1 lnefimsnaninislfiedosdiosasns
vhauederis NS-2 sglumseenuuuuaziinseiinsinasa 2) usvtesnidslutlegtuidnsinamilaly
inTetnsisuesliany uay 3) Nulszgndveaaietisueeslimeiiraulalutlagtunazouan 4) nMaUflR

51U NS-2 Felaseasnavesisdelanandlinnuanad



Book II: Technologies in Wireless Sensor Networks
Part I: Algorithms and Protocol Design and Analysis
Chapter 1: MAC Layer
Chapter 2: Network Layer
Chapter 3: Transport & Application Layer
Chapter 4: Cross layer Designs
Part Il: Recent Advances and Research Wireless Sensor Networks
Chapter 5: Time Synchronization
Chapter 6: Localization
Chapter 7: Security
Part lll: Recent and Future Applications in Wireless Sensor Networks
Chapter 8: Wireless Multimedia Sensor Networks
Chapter 9: Wireless Underwater Sensor Networks
Chapter 10: Wireless Underground Sensor Networks
Chapter 11: Wireless Robot Networks
Part IV
LO1: Practice: NS-2

L02: Practice: How to develop protocols in node

' v
o oA =] '

Faylsdeaud 2 davarunsomeuls sruneauauanasnaileiilnglulung dunsunilderauiinig
v v & ¢ a o o & ' P A o v Y A &
AsulidsuiaysiusilemanUszaunmsainisideuasimuninsevi swgugestaremhluldaulaasmly
Wsuia wasiananisineas ssuuiisefiguaingaeenguazszuuifieudeumion landnausiuiutnfnw
seaud3yey1es n wazien I1uInNINvegudANLTanEAwATeYIewUes Ay U IneduaIvaIuATUNS

v o

Sy o a a = ' D Y o
uaﬂﬁl’mumiﬂ'ﬁ?vﬁ’mLLaSﬁ‘dd’l‘ummﬂUVlﬂ’J’]im’N’JsU’lﬂ'l'iwumuﬁLﬁ]LLaz‘Vi‘u\‘iaaGlNUizL‘Vlﬂ uﬂﬁ@lﬁm@@ﬂﬂmm’l

anuiindumealulagvesniotnesueeslians Imw’i&lﬂuath@qmﬁéwuaxiﬁ%’uﬂﬁz‘[muﬂlﬁmﬂﬁﬁaaﬁm%’umi

lursganimunnuddevseuinnssuiineliinussleviseyusu dpuuarUssmeasialy

anaun 3y layandnd 235045y duURUTYIH
AIINssuABNIWeS Audin3atnennuianziuasevIelsueesiiaty (COE-WSN)
ANYIAINTIUAERNS UMINNELAVAIUASUNT

E-mail: coewsn@gmail.com



3D

n

unfi 1 wuziiedeviewugadldane

1.1 jUuuuvedlua (Node platform)

1.2 1nsgnusevievadlun (Node network standard)
1.3 anUnenssuveamIetngwuleesiiany
unil 2 ulszgndvauATtneITuIasFane
2.1 msuhsedidunmnisaidandon

2.2 NM3UEeNALINNITNYAT

2.3 M5ESETINIeNTNIg

2.4 mMsifhsziienasvunnley

2.5 UAMNNNITHANE

2.6 Nulszyndpsetisugesiiaavadlng
unfi 3 aandaenssuvasiun

3.1 anUnenssuvedlun

3.2 [Wues

3.3 lulasneulnsalaes

3.4 luganasudeing

3.5 NaUTeslun

3.6 syuuUfuRNIsuasNIsYnuYeslusnTy
unfi 4 sandaenssuvaadatie

4.1 gUuuueTeT e uesLTany

4.2 NENN138NLUULAS A BLTULRS L5 aNY

4.3 Yadudiaveaniodnomumeslyans

4.4 nsliusmInisideuseveunietieisueesldans

4.5 AIDUABITTAINATDUNY

AR AR o1 2 Lo U KRR

o O W

12
12
14
15
16
16
18
22
22
25
25
28
29
31
35
35
38
41
43
a4

Vi



un# 5 Insineaalusuasavie a7

5.1 Physical Layer 48
5.2 Media Access Control (MAC) Layer 51
5.3 Network Layer 56
5.4 fhegslnsinaeadunndumsfiunaula 62
LAB Sheet nafi 1 uwuztinsadraniotiewuesldaese Xbee n1a 1 69
LAB Sheet aafi 2 wuztihnsadrandatiewuesidaedie Xbee nn 2 88

LAB Sheet n1afl 3 uuziinsas1anadnewueslianedielun Telos Compatible 107



UNN 1

LUZULATD YU S L 3ane

(Introduction to Wireless Sensor Networks)

AUsEASANTEEUS

s a 19

~ ° A v
LWBDLLUSUN WlﬂIUIaEJ LABUY L‘WULGU@%VLia’lEJ L wmﬂizqmmﬂmsﬂaﬂ

Wesnnwmalulagniesnudidnnseiind wazraufawmaslianiininluagrsuinliugie 10 Yanu

= o

11 ladagiduwalulagauiadniisenin - wilumalulad (Nano  Technology) 3avinldiauinves

a s a & A e 3 ) -9 Y aw =
NINULALN DT LT INITBLANNIBDUNAUYUIALAN IU§$®UUWIULNW3 (109) 91']1]@'3EJ'J')WU']ﬂ'T?UENLV]ﬂIUIaU

N1961U Micro Electro-Mechanical Systems (MEMS) sisen@nuini “wnd” Tuniwlngazisenin

=

szuubifiesesnagania Fudugunsalvuadnluszaululasuns JeieUsendandany wazaunse

q

inleunsaididnnsefinddsianldas MdwidiedmaluladmaringunaruiuniisUszuiana
(Processing unit) #1A329730 (Sensor)  kazAuaIusalunisfnsedeaslussuzdu (Short range

communication) nalmammaluladinseviewuwashsans (Wireless Sensor Networks: WSNs)

[

wsetiewugesliaeUssnousiegunsalvuadniisenitlua (Node) Wuduiunin dsazgn

TFunszatvadldeglununidesnisldau dlunesiuaziesrusenoundfyfe 1) niteussuiana

'
£ U !

Toginlvagldlulasraulnsaiass 2) wilsausdmsuiudayatniasinauiazyinnisdenalddunias

Y

wiv1e 3) dmsaniavseeniteuges (Senson) axviminiiudeyaanduiadeniauls dregatu



fnsraTagannl Anudulueina dnsiatauinnaniinu wasdnsainUsunaeendiaulu (Jusu

'
a o Y a

4) n1aFudsnduing vimiisudateyauuuliane lnuagdessesSuunsgiunisiieudeuuy IEEE
802.15.4 fiauausalunisdeansuuy Ad hoc vug1uANd 2.4 GHz (musanudilasueygyinly
Uszinelve) 5) urasdtendenu luntfelduunness Fee1a9eiinnnuaiunsalunsmnaanuiuiy

(Energy harvesting) 3NNAWINABL L1 NAWULADINAS NasuaY waznaeanuii Wuduy

NN59BNLUULALNAIUILAS UL ULYDS LA UAUINNLASINAG  Smart  dust  [1] 289
UINY188  Berkeley andgoiuini Judugasudud msunuisenisinul Tnefiniswmur luamny
v o o o G 1 } 24 £ S al 7 U 1 o U gj 1
4p317nY89IN151SEUULAT B eues s ae Uit Aelindsnuliltiuegneding avduludiues
nseankuulua sadensiinsinaeafilddmsudeans S udunasiesdaridetansidndasy (Energy
awareness) JEUULAMUINIUNALADINTIUTLHUNSIUABNEDUDIIUA BAZIIINITVINEIIULALLRY
NAIWINADY LEIDTLAUNSIUAAAINIMNUNTIAMUS L TUAY Aatuiidenuidedaietaadunisly

o [

W98 19T UTEANTA N (Energy  efficiency) tn3dedsnenenuannislonasanuluinniassdiumo
wasulnihludiuveslulasreulnsames (B, wansliluaunisi 1[2) wasndanulniludiuves

Sudstoya (Ev, ua Eg) Aauansliluaunisi 2 uag 3 [3]

2
Ecpu = Eleakage + Edynamic = Ileakage*vdd* t+ Ctotal *Vdd ------ ]UNT 1
2
Erx  =Eeec’k + Egmp’kd™ L JUNTT 2
Erx = Eelec*k ...... RUNIT 3

= = = & A .. ° =
Faluaunsn 1 Co  AOIMAATINNMUATA activity 31nN1TAIUIMUSEUIENE Vyy 7D
WU U2 lepuee PRNIERATIME W UludIuveslulasRRUINIAEUa SO USEdRn LAY
a Y o s s 1 _ao & & A oA & ) Y]
msdentdnsnensensawasiinfdnduvingu wsedenldlulasreulnsaiaesniluuausyndandsanu

Judu wdsnuiduiiesdiuniweduawini Salindsnudnduigydslulunisiudsioyadaunisi

= . o A v . 2 ' o o w
2 WAz 3 89 Eyee = 50 nl/bit lunisfuniedsdoya wag €,,, = 100 pl/bit/m” Wufvesiiveneigs

Tumsds k Aeduiudn wag d Aesseen1eseniniisunagids dmsundanudunagydslunisiuds



&3

Toyaaunsausendnlalaensdaanisdoyandnduiintu wavddussezmalndqiveaandanuludiu

Y9IAIVY1YAFIIUNITAS AaUUNITHAU I UANTBLNSINAa TG lUSEUULAS aU1 B UL S LS a8 99y

Ailadesinlsineqmaniiveliiianmsagydendsnuliegrdivssdnsamunnian

N 1% ° v a v = Na o w
LﬂﬁE]sU”lEJL‘(juLé?ja’ﬂia”lSgﬂuﬂmﬂ’izqﬂm"u\‘nul,l,azLS@JlemJ’l‘J,JUVlUWIIuSUWIUi%H’JuGIJENLS”lmﬂ
& o ! s A o Y a PN Y
VU IﬂEJVImaEJNQ’mUﬁzE;ﬂWUaQLﬁi@‘U’]EJL“tiulfliaﬂimaﬁlzlﬁaﬁUﬁUlﬂuUVlw 2 Iﬂi\‘iai’NLLazaﬂ’lﬁmﬂﬂiiu

vaslunazinausegluunil 3 lusaeiianntnenssurenniotsasdusesdnlunresusegluuni 4

] £ =

dmsunisdeanssgninlunluaiatnedndufivzdedinslvroaveusastunsotnsazgnesuieliluun
7 5 uaznisadeszuuinietnsuwesiianeme XBee Faulunislunaszunuuresiuafilduinsgiu

Inslnmea Zigbee azagluunil 6 uag 7 amudsiy

dwsuluuniuenainilinaniunaluladieseviewuwesiiaalewuluneuidua agliagy

o o

sUsuuveslunnioisand1 Node platform 7ildsunisimundulidugunsalduddyluedednewuges

4

13ang daunagldeSurennsgruaietieildlun (Node network standard) wagludiugavingdmiuun

1%

JazwuzihanUnenssuvaansaviewuwastsaswazdulnsnaaninetaa

1.1 gUuuuveslua (Node platform)
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s¥UUUURNT Linux

1.2 1M3g1ULATEU8YaeLUA (Node Network Standard)
srnuhdianuneedlunisiaulupunmainatsydalusdazgiuuy Jsdnduiaesed

wmsgunarsiieliluausazeinanusainnuuuasedtswugesiiaiesiuiuld lundaznands 2

1IN5FIU0E19AT1I9AB IEEE 802.15.4 [7] Uag Zigbee [8]

EEE  802.15.4 \Jusmsgrudmiumsdeansuuulianeiiuiisnsimsdedoyanuusng iileld
annsoldaunumeesdlduiuinntu Tesuuiienududeutiosiian Inefmuslsiisuaruildanuléd
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QPSK) dnsugnuanud 2.4 GHz dwiusieazidealudu Medium Access Control (MAC) fstualsid
nsideusioi3etnelu 3 JULUUAS Star Mesh uay Cluster tree-based @slunazfiszoynisadsii 10 fs
100 1ums ludagtiudslalnamnde) 2-3 AlawnsluiilasseaziBeanmaiauuazsuuuudeyanis (

1§ IEEE 802.15.4 agldefureifiAuliluund 5
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1199957 IEEE802.15.4 dutu Network (NWK) wae Application (APL) gniivualusinsgiu Zigbee
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1 A

sesinunvlinves Traffic 1Rl 1) Periodic data traffic Lidwunudssendussinnigteyaseliles
(Monitoring) 7il@suaInwges  n1swandsudeyaszgnaiuauais  AoulnIalaesiniadny nse

Router 2) Intermittent data traffic gnldauussendwuy Event-based 9193zgnisentdaulag

9 Y

v
a ¥ 1

Tsunsudssgndvsewmnnisalainateuen Traffic ¥iallazgnaiuausieudasluaes Tugiasaailild

Y 9

nufiansadigivan Sleep ieUsendandau 3) Repetitive low-latency data traffic gnivuali
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dusunsdeansianiyesis Wy Welasudyruanuidinanasdessunsuaussnielunaiinimus

Tsunsuazgniisuluzuuuu Polling muanmsgny IEEES02.15.4

Application (APL) Layer
Zigbee Device Object (ZDO)

object object object .
Zigbee
Application Support (APS) sub-layer
Network (NWK) Layer
Medium Access Control (MAC) Layer
IEEE802.15.4

Physical (PHY) Layer

AMUsENRUT 1.2 uansdisutueietielnsivieea IEEE 802.15.4 uaz Zisbee
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seuuUURnIs TinyOS [9] esesiuluansena Mica, Telos Wag IMote w38 s¥UUU{UANS Contiki

[10] #3933 UUUHURANTT LiteOS[11] 1Tusiu

1.3 da1UnenssuvaamsavewuLwasliane
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/Topology Managemen
Synchronization

Localization

Application
Layer

Transport Layer
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Network Layer
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N

Data Link Layer
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AMUsZNaUT 1.3 Sensor network protocol stack

Physical Layer




1.3.1 Physical Layer
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1.3.2 Data link Layer
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1.3.3 Network Layer
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1.3.4 Transport Layer
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1.3.5 Application Layer
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(Wireless Sensor Networks Applications)
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2.2 msﬂszqnm‘i%’wmnﬁmwm (Agriculture Systems)
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2.3 M9z TIN5 (Military Monitoring)
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2.4 n15481323991A15vUA ey (Large Building Monitoring)
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(flveanm : http:www.ece.uah.edu/~jovanov/whrms/)

amUszneudl 2.4 Wireless Body Area Network of Intelligent Sensors for Ambulatory Health

Monitoring
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AMIMINEIIUNEWINGDL (Energy harvesting) LUudu

= yonnileiednseuweslimerdesiisruuiiannsadanisdueddSelui® wsglunisny
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szyfmuléiles (Self identification) Aumuinnsiifieguuinietieliios (Self discovery) w3e
AdemnufinUnfvesdsfinsiatalafishlunes (Self diagnosis) Lugu

" udug Mieades wu gﬂLLUUmm%awiaizwimﬂ‘%asmLszjwzjaﬂ%fmaﬁuLﬂ‘%aﬁdwaﬁuq N3
PeNLUUNINITIUNTTauseve e waranuawsnlun1sueny S1uanTunluIetne

(Scalability) tJugu

3.2 [ WULaS

mnsviavieseniuniluinguses Iidmiunsiainteyanianeniniisenisfisgiuguy

(5%

WULWOTINAIALIY (Accelerometer) lwulwaTindeyrunaiuilo (EMG: Electromyography) ulgas

[

noaumall warauTUlueINIA (Temperature and Humidity) Wwuiwesinanudulusu (Soil moisture)
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Wlulasmaulnsataasiuenainiu Gea1vna1ntaanwuwesiduanigluinazazdanland
lulaspoulnsaaesvedlupiazdonldnisiounoiiummesnuinsgiugu ADC w51 1/0 Wl uidn

nvUWUEaswa1tuiin1swuarmglulasreulnsataesseusesalarlinisasaneulatinuluale

v A

Vi unenmsifounennsgiuy UART wse SPI wise 1°C \Judu

3.3 lulasmoulvsalaas
dwddgyretlunfelulasreulnsameivimihfidmiunisyszuiana uaznsaiugulilun

numuiisenis dnsdenldlulasreulvsamesiaisesdeshivnsauiviulssendnasinluly

1%
g

awniluaiesldlulasroulnsamesinnniildnululasinswawesiiosinit lulasroulnsaesiu

° [ [

flauusznauduiisndudmsunisiiauresdundegagu duvesnisideussiivainnaieu ADC,
UART, 12C %30 SPI udu fduvemhoanusingluvedilasreulnsamediuuy RAM ROM %o
Flash fid2un159an15nd991u (Power management unit) tudiy waksdnangimuifosnis
ANEIN5AVOSIUANINNIINITFUUN AL FenisTianuisaUssuiananufidudeunisdnunis

Usganananin wiennsussanadynia fauisafiansundlnswawesussutanadaymyiad (Digital

£
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Signal Processor, DSP) ‘vﬁaqﬂﬂ’iiﬁﬁmmmiﬂﬂmimléf (Field Programmable Gate Arrays, FPGAs) 11

[V
g

Tduuluale wavatazdeaiieseJansiLAINUEILSIMANHILEINARBNSIINAINUTBILUAR UL Y

3.3.1 MswausanuAIAsudInauINg

a o

nsdentdluganiasudirduingdnduniazdosddednislindsnu daunalulagainnis

]

Sudawuu RF (Radio Frequency) CMOS Fsgnidanuagaunsnate dmsuaduanudntasueygymlild
ubslulsemalneds 2.4 GHz Fadugu ISM (Industrial, Scientific and Medical) &Sun1ssiause

aasudmauwingddululasreulnsamesaziasrdsisnnusuaznisldndsnuliiuszansam

[
[

= = % = ! . ' = ! = O
Aanudsprsdentdnis@enssuuusunsy (Serial) 1nndnisilsnsowuuLIY (Parallel) awsidnnis

Bousouuuruuazannsaditeyalfiiiniuvueynsy uinaideuseuvurunuazldvuinvesiads
fogasiuaumn lrdudomdsnuuarlulasroulnsamessidudesd 1/0 S1uaumn madeuste
LLUUBHﬂiMﬁﬁEmW\?mﬁa SPI (Serial Peripheral Interface) wa 12C (Inter-Integrated Circuit) Tunilsde
fvenandudnaifeuseutveynsueiia SPI ms1z3uluganindudinduinguesui¥n ChipCon Wy
CC2420 w3 CC2430 o CC2530 Wusu IFsuanudemdentdrusuunnduiinadoussningy

Aululaspaulnsaanstnumig SPI

mn%mﬁauwaymmﬁm SPI il 4 ¥dgyraulann MOSI (Master-Out/Slave-In), MISO

(%

(Master-In/Slave-out), SCLK (Serial Clock) waz CS (Chip Select) v1dayegyrau MOSI Td1s5unavds

(2]

¥

Joyaangunsaindn (Master) ludwmunsalgn (Slave) dhaunsalgnasenlinluaunsaindn Tumemsaiu

Y 9
Tufngunsaignaselidugunsaian wdayayias MOSI Saggnlddmsusudeyaaingunsaindn dwmsu

nsvhauvesdyayia MISO dufasinuassiudiuiu MOSI drwadyain SCLK gunsalndnazldly

nsdsdyaauinilludgunsalgniidugieianunsavinuaenadesiuld winn1sinaues SPI

o

wisuAuIINgUNsaivandsdyrasiume Cs Tdsgunsalgnindesnisvinisdeans dwmsuisuges

17

Tuslulasreulnsaesasiodnlugunsaindn uasduluganiasudnduingdugunsalgn wenaind

[

SPI azfigunsaindnlaviies 1 67 dadudmniiluganiieninudidunassiely SPI A nieANd1e

doansivivluganiafudimduingldazdesinululasnaulnsames
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SPI 5935UINnslnARaN15E9@1TUUULUI9919% (Synchronous) AstuLve lAausavineu

aonpaosiusznindlulasreulnsamesuasluganiniudimauing andgyaia SCLK szsaagneaanlu

[

AANUDgIgavasdyniin1vedluganiafudimauing uenantudigunsalnsassdiuazioniiny

A U

FAWAUHIUN 2 AUsAB CPOL (Clock Polarity) ez CPHA (Clock Phase) A1 CPOL Aan1snsiaaau

o)

Yy 1N UIRN UKL active-high 38 active-low dudn CPHA Tdimuanadiedayaly

FRawesinmavasuilatasiilotoyaleuldsdamesligneueenly detums 2 Audsiideannse

Y

[
=

daduguuuunisriiauves SPILE 4 Tuue dannssieludl

TuAN159i91U SPI | CPOL | CPHA ANpSUNY

0 0 0 SCLK 11971 active low
Sampling Nvauvvesd g IRNENARUTLIUA
drudayavzilfsuulamauveundygIuRnIgnAaun

Jug

1 0 1 SCLK %1974 active low

Sampling ivaurvesdyaauinigneaauiiug

Y

drutoyaiziuAgunlamouaudy Y 1MURNIGNATUN

Wud

2 1 0 | SCLK %1914 active high
Sampling fivaurvesdyaauinigneduiiug
drudayavzilfsunlameuveundyy 1uinIgnAaun

Jug

3 1 1 SCLK %1797u active high

Sampling ivaurvesdyaauinIgnAduiiud

| 1

drudayavzilfgunlameuveundyy1uRnIgnAaUN

e
Y
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o o

lulasreulnsamesonvssfuladvddglunisdenldnszgansesuvadlulasroulnsames fegrugu
frdensTiluaiiszuuufoinsunadndsiumbeanusivin ROM azdesflvualvefiemeiiasld
seuuUfoAnistu Tun Telos agldviasaudigia ROM lunsifulusunsuuazsruuUfofnas
TinyOS aavi‘ﬁ 48 Kbytes dmsuluaiidosnisiimsianuiisindienmgdesfinnsadiiumheniiudsia
RAM STuunelygiu fhegratulun SunsPOT Tntheanud wiia RAM geiis 256 Koytes Tuvaugfild
fufifulusunsuuarssuuUfiRnisd 2 Mbytes usdnluunanuszgndfidosnisifudeyadlaan
wuwesliluluaney Aawnsaiesfiansanmsseimmisanudwiugy missanuswia Flash 16
wuiy aguldimbeanusuulunaiinii 3 dausedufe 1) Wulusunsumessuuufianisdeald

ROM nelululaspaulnsatass 2) husnuwdsluseninanisuszanana (dviisanudvia RAM aeluy

lulasreulnsaiaes) wae 3) iudeyatnasnlinneues (asanldnisseni Flash)

3.4 Tuganiasudanduang
nsdenldluganiaiudnduingmisasdesdidadanisinlualuldonuindndunadeddly

anwagla Faanunsaaguddinsdeaiansantiladielul

- AuanusalunsWendeiuduiaievieNigeau lngdiuninazdiessesiuluauieseiudy
Medium Access Control (MAC) ilasannaiasuderauingazideuseiululasneulnsanesuazdedoya
Tusgautavolud falunisgaulvity MAC anunsaitnandanmisinsuvesnisdloya viseaunsaidnis
o v & ' o o %
mdeyaniiulilumbeanudntingile

- wasuludndadenvzdosiisbauiandenliluganiniudimduing eswnluganiaduds

¥
=

AawiInglildudrunlindanuuinigauuaadnenssuvesiun wazidAglugaiazdesausadon

)

Uiudeulnuanisianuvesdedaigu Weldldsudsdoyatanunsadndgane Sleep I \udu

- anuduagnsinanedesdyrandudiuiaziesiaru lunarsusewmaulssinalnely
aunsaldauiiaudgag 900 MHz e dstiunisidenldmnuai 2.4 GHz Jelasuauiioy uenaininn
Aean1snsldnudesdygiuunndt 1 Yesdygia (Multiple channels) Tunisasameaiinunsdsznisn

Snduiiagdendenluganiaiudimduinglidonndeiuse
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- dnmsTudatoya lngunazgnivuauiiuauvesrdudygundentd W ddenly

ARUAIINDT 2.4 GHz dn3IN"sTudstayadzeeil 250 kbps

[

- Gain W3ons1veeA eIy ndIRei1dasdy sy Ivtledu dB adilunfeanns

T MAsE N @U15000NLUUNITVEBASIALNLLALLA

(9

megatluganiaiudwmauingdmiulualunseinswuesiimenlasuaiu el

rREM Huluganiafudsnduinglumszga TR1000 [6] 1¥Aa1udlutag 868 - 916 MHz
awnsndedoualudnsgeanlaiiin 115.2 kbps y11nN15189IATUTIILUY on-off-keying %30 LU ASK

[

fdsdegeand 1.5 dBm vidoUszanal 1.4 mW Tun Mica 1#luganiasudsnawing RFM TR1000 4

Chipcon [7] thiausluganindudsnauinglunszga CC1000uay CC2420 s Felssuaay
feuldesnunivaglueiodiowuroslians Unszga CC1000 anmsavinuldfiauifeus 300 -
1000 MHz uaglduaguadunuy FSK sauvislidoyanininuusmesdygyin (RSS), Received Signal
Strength Indicaton) uazannsalusunsuidsasld dmiudunszga CC2420 WWuluganiafudinauing
fisoa3unisinaudunisnm (Physical layer) #1u1195g1% IEEEB02.15.4 Fedalgdndududusnd
sosduinnspuiveaietnseueeslians vinufiaawd 2.4 GHz fdnsnsasdayadl 250 kbps ety
Fldsuauienldrusgaunivats tagtuaunsadenmieluganiniudsaduingues Chipcon 1#

NUSEN T Tuansena Mica2 vise Telos Aldluga CC2420 1

a

Ember [8]  Judnidwesnaluladluganiasudwmduingiilasuaudeudldoglu XBee

]

YoIUIEN Digi 19U Ember EM2420 M&sn15dadt -0.5 dBm a1t 3.3 V dnsldnszualudisnisdeeg
Mz 22.7 mA wagnseuadiaiudeyain 25.2 mA anvisanunsaviteluluue Sleep uagldnseua
Wed 12 uA dmsumsyinuiaad 2.4 GHz ansadentesdnyaiald 16 909 wazviinisuenwaty

lUU BPSK (Binary Phase Shift Keying)

3.5 wassuwaslun (Energy Consumption of Node)

o w P

AslgndsuvedluadudsdAnilonnTuailLrasaena e ungnary Iesundeuain

o
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LY dﬁLQJ [ [
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nasuvisewmeliansiilugadiutuldndsnuiosas Faazdmale1gn1svinauveanIeigg1IuIudy
Wensanenuduiusieniwratendanuiunsidndanuvesiun onasvilasgneitegu Tuadl
wuaaassAuaugld 2 J deliulunazdedddndenuussuialidiiu 2/24%60%60 = 23 uw (8814

foLlnd) Fududnsinisidndsnuinaiuin sauniseenwuulmianisldndanuegraussndasadu

v
9] 2 o Y

degndudnisdnunardedisruudanisnsidinidesu (Power management) wseluuansvinguly

Y o o & ' = | o I3 v Y] & v
gonpsasiuaudTuy Welliimvihaulagluafmisasidrganiendu (Sleep) [usu

A a A ag v o & & a Y P A
LN@W‘r\]']ﬁm’W]']NI?J@@V]@JFLGUQ']UUHIUWWQUULiqa’]MqiﬂLa@ﬂWf\]qimqﬂqil%Waﬂ\?’]uaEJ’NiJ

[

UsganSanlasadl

lulasnaulnsaiaas  asdenldlulasAaulnsaaasnionsINISINa99IUN LaETaISUNIS

nulunaelvun degradu lulasreulnsaaesves Tl lunsega MSP430 ddnsinsldndsaui 1.2

1%

MW (F19ufinaud 1 MHz usesuludiag 3 v) wasiilnuanisuduedis 4 seau 1dun LPMO, LPM2,

Y

LPM3 way LPMa faag19n15v191uldun Tnun Deep sleep (LPM4A) 8ms1nsTdndsauit 0.3 uw

v
[ [

ansavanlmiausiedumessulnieuen (External interrupt), LPM3 Tunswdutuildyarauniing
fanaineumulnd fetuanasaldnisuandeiinasansanatly (Schedule) aildnsnnisldndsnu
7l 6 uw sefudloauisaidentdisniuitavdeddlulasnouinsamounidn eitasdosfinnsan
wonwiloanvuiavewiieaudinelululasreulnsaaesudife n1siasusnsInIslonasanuly
unazluunsiy dmsululasreulnsaaesvuinlnge19azdeafiansauumnaiinveinisvia Dynamic

Voltage Scaling (DVS) fid@nansnansnsinisinasnumenisansyauwsanulain uanisvinauiainmsi

VDI YIUUIRN1AZAINE

ieAmT1 naunzaesgydslunisldndlisainudfeniseunarieudeyaann

o
[V KY)

mieaudn lnensludeuldniganudinelululasaeulnsamesiiy dnsnisldndeanuves
migauindaeswegivlulasaeulnsameioguad dmiumiieaudvie Flash Mlleusdenieiu
lulaspaulnsaaesazdosinnsanlusesweinisilvudeyaamuisnnuinviai ewniinssuiunsi

Fudoudoibigadsnisldndanuinn Fwhliasmandeanislieuamieanudmnlidndu
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masuaspauang  wihivesluganiasudinduingAenisiuuaznisdeteya nandulng

q

o v 1 A a a A A a0 a v
Yaamsvhnuveduganiaiudirauinglulunzgnia vised Duty cycle M9 n1sidenldluganiasuds

Y

AIWINEATABINasAdnTINsidndanulunissusarnisdsloya fregrau lugaves RFM TR1000

1Y

ednsnslindsnudmvdadayad 1 ul dwsudeoya 1 Un uagldndanu 0.5 ul dwsusudeya
1 U [9] Betoyawmanilanunsansivaeulsain Datasheet vadlugaidenld daduiwuzilingiaaey
gnsnslindanulunisiunsedadoyase 1 Jn elauisaifenluganiaiudinduinglaeeng

SRR

3.6 sruuUUANsHarineuYadlusunsy
syuuUfiansildlulunazionindussuuujoanisauesnailesa (Embedded Operating
System) filalldszuvdfiRmsildnulueadosweuiunesily iesanininensvedluniisnda
vaslulasmeulnsaneiuszmanalidudou wazvunvosmhennuiifidnin Tnsssuuujifnisaues
et fidudisamadenvesluawiniu ldsnduillunluedetewugesisaeazdod Tnglifansan
Ausnduninanududeuvesnisldenu wndesnistesiunazaiuaunisldminensasauisuulun
nngldinanmanefimsldnussuuujifnisauesnailsd MetaweanisldszuuufiRnisaussnails
AaruANnIneInsuulualawi AIUANNITHN Dynamic Voltage Scaling (DVS) #38n153AN15U09

a 1 <@ U
LAY LWUAY

nstuswnsulualugusuy Concurrent programming e liuiiazlusunsugosauisavinaula
o Y] | an' 1% & o Y o a1 oA % ° o 1 v % Y]
wiauqiu wuluvauenussanadeyandanunsalininensnlineitesinisiudadeyalunioun du

anllsunsuvinauluguiuy Polling Welugudeyaanwugeiivdazdesinssudioyamesiaay

v
¥ a v = a o

flonnafivilsiniseueuiwesvionissudedeyaiiananald dsdudsdinsinauonislusunsuuuy
Process-based concurrency WiilWanunsaiinnisvirnunansqegrandeutulduunieusyananaiien
(Single CPU) \ilodasniseuAranivues W%famﬁ’umi%’udﬁa;gaﬁ%G’Tma%ﬁﬂwn%aéwﬁuﬁmm
suTuite Insiwa Sensor (Handle sensor process) wazlnsiwa Packet (Handle packet process) Tngil

sruuUfUAn s mthidufadunisyeuseninaesdnsioa n1svinuvesdusunsuriaiiidedslu

nsfusazinswain1svinuiiswdnteswrazdaadsiarludune nisadunisinaurasksasinsiva
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wazumazlnswaziosliniioanudidiud asudaluteduiussuredUsinsuuuy Process-based

concurrency

ansukuUreINslUsUNIUA® Event-based programming [9] Faandlunmuszneuil 3.2 audl
naiudduresidsilazluGenudas Event Juuinnu Wefimadonlfisusesuioniaiudduing
Tneluduvestsunsuluusiag Handler finasazdiosdu wazusiay Handler aglianunsndunassud
fAuadld iletleafulallinsyuiunisdnnisnisdumes s ddosgsenn wagnsidoudefussuuuiiang

N3V Application Programming Interface (API)

Sensor Event

Sensor event
% handler
Radio Event Processing

Unit

Packet even
handler

nmUsznaudt 3.2 lumaves Event-based programming

fheesvesszuuUfiinisaussnailafluedorisieuresliaefisosfusunuulusunsuuuy
Event-based programming @ TinyOS [10] 7ila1s1 NesC [11] 5eUudHUANT TinyOS $895UN1T
197U YU Event-based programming ATULUIAALUU Component Fauray Component 3¢
Uszneushedeyavesaniuzyhaulusuuuues Frame Wiunsunluivihawiden Task wawdl Handler
dm3u Events wag Commands fsnmusenauil 3.3 1Wusog1sves Timer Component Faulugad
dWilademunzudnisinulasiadianes Component IngazUsznaudiesids (Commands) 3 A1dsie
“init”, “start”, Wag “stop” wawil Events An “fire” 1U§s Component du Tu Component 55&
douloeulugasninursidu Timer Aodds “setRate” fidaviorimunaliifu Component fuazds
a1u13avinsds Event “fired” lagnee dwununisussiianaagegludiuves Task 1881999913

Weoulusunsuaae NesC TdaruuussuuUfuanag Tinyos duauisa@nwildainlulivled

www.tinyos.net
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init start stop fired
U Command Frame
handler
TimerComponent

Tas ks £ N Event

handler

v /\

setRate fire

AmUsEnauil 3.3 feg13vas Timer Component Tu TinyOS

agudingun

Tuuniifunisesuelassairsaniinenssuvesluaiisludiureseninuiiuasaondufifioly
anunsadunriugulifaunlunduldauldios dadeilliddanniigafeFoswonislindany
wszlunindanuildenlddia (damuaniumness) dmiuszuuloinmsaussnailsialudiugaring
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d1m5Un1593U18N15Y191UTB9 S-MAC, WiseMAC way DSMAC L udiuveanilanisnuniu
I55unssuNngItesluuIneinusseauTy g nvenedseAng Snwiyy wagn1svinauves MAC
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5.4.1 Insmaaa Ad-hoc On-Demand Distance Vector (AODV)
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AT RoufazinssunSourendnls XBee Wulun Platform nilsamnsamaslalusesind wanlag
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U39 Digi aufadagiu XBee fif1ufu 2 Juilo XBee Series 1 uaw XBee Series 2 luntadoiive
nandsane Series 2 sz duguiiilldoglutiogiu Inedeunnnns1ngszning Series 1 uag Series 2
18Ul 1) Series 1 9¢14 Standard IEEE 802.15.4 dv¥unsifleusialuy Point-to-point #138uWUU Star 2)
Series 2 ¢y Zigbee mesh firmware fin1sldmanudninguiin winsairsnisdenseazdudeu

WAYENEINNIWUULSA

U XBee series 2 93l 3 wuusiaiufie ZNet 2.5, 7B uaz 528 laegu ZNet2.5 forluguusnlu
N13WMUY XBee series 2 ¥0UIEW Digi Tl 2006 gunsalneluldunnaieaingu ZB a1u150¥1n13
update ZB firmware 19, dnunfasu ZB {ulasadawes Zigee Pro dgulullagiuiu S28 fivinns

UFuugasemeasiddunisduoya Usendamaanuy wasliussananimuinauy

19IN1AVBIUDNIINFULAI TN wauzved XBee Tildonla 4 wuufe SI: RPSMA, WI: wire

whip, Ul: U.FL uag Cl: on board ceramic chip slan nuszneud L1.1 fednusdaimarlazysinges

¥

ANUTAIVDY XBee UaNANNAILBLANBINFLa LAl NwIEaRall

A 802.15.4 (Series 1)
DM Digimesh (Series 1)
z7 Zigbee Series 2

Bz7 Zigbee UU Series 2B

wANAINTNIZABITIANT XBee wdd1Junvzsvadigiuses XBee Lil93a1n Pitch 499 Pin XBee &
wadnegf 2 mm tdanansadlildauldviug lnedimuaunsaigiuseddies vieenvzaiuise
%o XBee Breakout board venegiuseaduauin 0.1” uaz Dongle lidmsuiGousio XBee AU

ADNNIMDSHIUNIINDSH USB fan1nusenaun L1.2
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ANUSENOUT L1.2 XBee Breakout wag Dongle Ua3U3EM Thaieasy Elec.
L1.1.2 nsinssuganawlsineddas

USH" Digi 9gligenaulsAlUnu XBee ofinmne AsA1LarlUsunsuasuy XBee N1UN1e USB to

¥
Y

Serial gouWAWISAIUTD X-CTU Fanmusenoud L1.3 ldamisanianilnanlaanivladuesuiem
Digi lalaeass Welalusunsy X-CTU agnuinlusinsuusenaunie 4 @aunlenu Lewn 1) PC Setting

2) Range Test 3) Terminal wag 4) Modem Configuration
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n Yersion: 5250

Build Date: &pr 25 2010 03:20:03
Copyright (C) 2008 Digi Intemational

App Path: CAPROGRAM FILESA\DIGI INTERNATIONALMKCTU

AwUsEneaud L1.3 About X-CTU

1) PC Settings intisnasanindsenaud L1.4 Felvigldidon Com Port WagAsA1dnsn1ssuds

£

Ua
Y

PC Settings I Range Test | Teminal | Modem Configuration |

- Com Port Setup
Select Com Port

Baud 115200 v
Flow Control |NONE ~\| i

Data Bits 8 |
Parity l NONE j'
Stop Bits 1 v

Test 7 Query

Host Setup IUsev Com Ports | Network Inlellanel

~&Pl——————— ~Reponse Timeout

I™ Enable API
P Timeout 1000
I~ Use escape characters (ATAP = 2)
[~ AT command Setup
ASCIl Hex
Command Character (CC) * %
Guard Time Before (BT) | 1000

ﬁﬁ?ﬂ:ﬁ:ﬁr—\
— \ {
AUsENaUR L1.4 wihens PC Setting Tulusunsu X-CTU

2) Range Test Tdlunisnaaeuszesmndlunisdsdayasening XBee dan1nlsenaud L1.5

e




About
PC Settings Range Test I Terminal] Modem Coniigwation]
[ Percent | |
Start 100 % e
R
|a
Clear Stats ‘;
le
Advanced >>> ET
e
Test |s [ Good
it
o«
Loop Back Bad
()

0123456789:; <=>?@ABCDEFGHIJKLMNO

Transmit  Receive 32 bytes
e ‘, =
est Tuluswnsu X-CTU

|ComMs  [36008N-1 FLOW:NONE
AMMUTENDUN L1.5 61 Range T

3) Terminal \luniidafildlunisfindeseninsreufinmesiu XBee meomddusluuy AT A

amusznaudl L1.6 lnedindudeyaiideenlud XBee wazdunadudoyanisuidnun

- % ®-CTU [COM3]
PC Settmgs} Range Test  Terminal 1 Modem Configulatmnl

Line Status Aissert Close | Assemble

s _ Clear | Show
JCTSI BEIEEG | |(0TR W (RTS M [Break [ | ComPort| Packet || Sereen| Hex

+++0K i‘

ATCM
oK.
test

5]

R B bytes

COM3 8600 8-W-1 FLOW-NONE

AUsERaUT L1.6 theng Terminal Tulusunsy X-CTU




4) Modem Configuration {ugaumuuAnISAIAIAI99 U89 XBee TIUINTONAR Firmware #19

a A

] ] . a ' X a 5% Y] a o |
AMWUsgnaun L1.7 A1Ue9 Firmware Wgﬂmumum%mmmagmEJﬂ‘L! 3dm0 1) aﬂ’ﬂlla']ll']'ﬁﬂ

[
(g =l v £

sarnle w3efioledn Read-only 2) @il Uwdndldazseaduauimun 3) denludn Default

-1 X-CTU [Com3] =

FC Seltings | Range Test | Terminal  Modem Coriiguration |

Modem Parameters and Fimwara-| - Parameter View-| - Fiofila Versions
Read | wite | Restore ||| CearSoeen || Save ||| Downoad new
™ Always update fimware Showe Defau\tsl Load | VEISIANS. .
Modem: ¥BEE Function Set Wersion
XB248 =] [ZNET 25 ROUTER/END DEVICE AT | Jrzan -]
=4 Metworking -

[ (F] CH - Operating Channel
& (1111 0P - Dperating PAM 1D
111D -PAN ID

1FFE) 5C - Sean Channelks
3] 5D - Scan Duration
FFIMJ - Node Join Time

[

[

[

[

(f

(@)% - Channel V erification
=23 Addressing

[EBBE] MY - 16-bit Metwork Addiess

(134200) SH - Serial Mumber High

[40043EBF) 5L - Serial Mumber Low

(0] DH - Destination Address High

[FFFF] DL - Destination Address Law

[Tl - Mode |dentifisr

(0] BH - Broadoast Radius

[FF] &R - Aggregation Route Broadcast Time

(1) 0D - Device Tupe [dentifier

[ICIMT - Node Discovery Backaff

B (0 MO - Node Discovery Options -

Fiad parameters. 0K

Y Y T T [T T Y T Y BT £ T AT T BT T

COM3 [ 9600 B-N-1 FLOW:NONE  ®¥B24-B Ver1241

ANUsENeUT L1.7 niheine Modem Configuration Tuluswnsu X-CTU

L1.2 duziu1nsgu ZigBee

Tnenaluisnsinaeduausening XBee U ZigBee Faviag liiwilouiu nsaNidn ZigBee Aalnsin

ARANINITIUAMSTUNTHRATU IEEE 802.15.4 Tunnueh XBee ATovetaunsailundaansiiviauuy

IEEE 802.15.4 wUU ZigBee visaudlus Wifi Astiugunsallundearsdulaiilduinsgiu ZisBee Nanunsagn

nlssenaldiunsednaugesiiaglanidu wisnavzsesiunszuiunisidudounndenisl

gunsaldeansiunnaEvioneiuld

ZigBee Huilungquiiauues Layer NignrimuauazaiaeguuninsgIu IEEE 802.15.4 Fagad Aty
YoINISNNGN Layer U84 ZigBee Wlufiian1svin 1) Routing Lulwsinasafiazdisdumidunisli

TupanusadstanuaIndunaludatenisla 2) Ad hoc network tunszuunsewnlusianazsaeln

lupanansaasnaaIetnaduunlaies 3) Self-healing mesh 1unsguiunsnavdisdenuvaiaiednely

-74-



Sy A a o a ° . X o ¥ A 1
nsdfidyaunduingeduauisimanesnluanaiotie n13vi1 Self-healing fazviliasetiegn

FauLTU3aUSUIATIES 19U SIUNINNSTRULTLLEUN N b ASUANLLELN L8
Tupvsediaulunsetisueesiianswuu ZigBee avilag 3 wuuwiiiufe

1) Coordinator Fsdnduilagsiosdiaglunnsuiuuveslassairandevns waziifies 1 fse 1
3oty uihiduaudnnisairaaietne, Address wientitauginieatodu
Besmuaansevesdeya (Security)

2) Router lunwlniifisUuuunisiinuues Zigee Wuguuuy annsndgiedotnsiifoiiu

1 ¥ % ¥ a v ¥ o 4 Q{‘ =) 1 4 d{‘ dl
RNUBYR JUVBLA UVDHALEIUNN Router MuUuniaU Messenger SU’JEJIMQﬂﬂiﬂjIUQE]u‘W]

pd)}

a¢lnasin Coordinator a1u1sadearsiuld dwduluavia Router 13 1L0uNazdos

a

WAIENRIUBY AR MAA1N150l Router loannndn 1 da laliutugunsaidundl

lannanazananu1nan Coordinator 1o

Y

v o A v ¢

3) End device Wuluavimii@eusaduwuwes wideyaildainwugesludalue
Router wananuuluasiniaiunsanau (Sleep %3a Idle) WioUsendanasanulvuiniagn

B9 IUAYHEA End device HagldnaaanuannLunness
L1.2.1 gduuuiasedeniildeuly ZigBee

sUsvunsWeuseduniatieleiinit Zigee lWldnuiinainnateguuuudinmdszneud

L1.8 1@ 1) n15ifauuuugaseyn (Pai) s3uinglun 2 frdsazdeadivun 1 lualiviiniindu

'
| =

Coordinator 2) nMswewsiowuy Star feiluesevneiiafiiiefian lua End device nndavgdadayaidn
1 Coordinator W1 waglun End device aglildstayafisiulagnse 3) n1sidousaiuy Mesh ¢l
Coordinator 1 #1 laedilun Router agnatedtousofsiulunniianiaiiaweuseiu Coordinator T
1o TngluaagSudeyanisuigesvise End device agaeriulua Router Wivelvithedaluds Coordinator
WseaNIaeaNsansiiu Coordinator lakasuuugaying 4) n1siweusiowuy Cluster 9el¥lua Router
4 ! £ [ = =) ' 1% ' ! = ! a '
Wousaldunnauiaiion Backbone v04A38918 1ATw@Ielailang199 1NN WoNREWUU Mesh Lilgaus

Router luladausanunainaieldunig
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Star

® O

Pair

—0 0 —0®
. Coordinator |“

_ Cluster tree
() Full Function Device (FFD) T~

End device

AmUsENaUT L1.8 Network Topologies U84 ZigBee
L1.2.2 Addressing

nsiivungaszyinuretiuavilimsuinlualadesnisdadeyauasiesnsdoyalulilunla
Tuin3etns dwiuluinsgiuves Ziggee axannsadonldld 3 wuudamsed L1.1 uvuusndenisld
vielavYesnadudsnduingaziianuduondnuallaglddiuiu 64 dnlumisimuavaieias du
nuneauizdnnsavldsuinumeasiligunsal Ziggee usaziazdl Serial number il

willoufiu wadmingldsesnslilua Coordinator lunsevnaidugdimuanuisiavszuiiieswaalun

Y

(Y

fues AMazanunsaivuald 16 99 wasguwuugavneveInIsmuuamngaursonsseyfnuvediunly

ZigBee gusarilalaenisivuaidute defazaruisavililualidriuls windusuinldaiuise

Sudseiuledn dimunanauasiasimuadelinsaiuvield

M1599 L1.1 JULUUT0IMSMVUAINgLavssysiny

EULLUU‘UENﬂ'ﬁﬁ'TViuWVilI']E]Lawigqﬁ?ﬁu f?l"saeh\‘iLLaxﬂ’J’m‘WMEJ
64 0011A299403F0680
16 Un 14F7
f1 (Node identifier) COE-WSN
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Tutpdo1e ZigBee 151@101508319T0v091A30918Tuo ¢ld 151138037 PAN Address
Wasueileunsmadeidiewasilunduussnsveailesfiadedy urtefiadrsuluniodny ZigBee 9e
T dusianlildfsnes vhlfamisaifevewndediowdddnmun 65536 G0 uenannisiivun
UL UTLUF I UL @015 T 98 IM19909N 150 UINGNVOUATUIELARIEN1THEN YOI QY ey 10
(Channel) MsnauraUsEnIaNsldnnemvssyUiny n1569AN PAN address Lazn1sLendes Heyeyed

1%
0 v W o 1

gyliansaastunseviy ZigBee lalnalugniunsmeerdluninuszneun L1.9

Channel(9) Pan D
(374B)

Channel(2)

Pan ID (3F22)

Address
(0)

PN & A A .
ANUIENDUN L1.9 WU NASHEANNEIUNITANTDUBAATDUE Z|gBee

L1.2.3 INANTI5W191UUBY XBee
L1.2.3.1 n1sinaululuus AT Command

Inuan15nulukuuksnued XBee 138031 AT anunsasainiasuddingls 2 suuuufie Transparent

1 £

waz Command @15ugUiuy AT wuu Transparent Wun1sdslidsdeyaludiluavaienis (Send

Y

through) \leluatatenisiudeyanagnusennismesneynsuriud dauguuuy Command dmsuly
nsdinlispanisdadoua uiseanisneiuniasudding (Talk to) Tunuulinasudainegassemeaiiosu

lafndauazyindilasuidaiuin lneunfud XBee Noglulnun AT azgndisalimlunuu Transparent

f19penslaguiIgsukuUN1sURUY Command gdadldrmds “+++” uddnldinisdenislag

[

neluan 10 Infifagnduidng uuuu Transparent viudl A1ds AT Command @nansaagulaasnigds

15799 L1.2 Begunuuvasddsitdsluiuy AT Command danwaugisninanuansil
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IrATlI
Prefix

ASCII Space Parameter Carriage
Command (Optional) (Optional, HEX) Return

Example: AT+ DL+ 1+ F + <CR> (ATDL 1F<CR>)

159991 L1.2 a5Uds AT Command

AE9 AURNY

- whglvnua AT Command

AT Attention: XBee AI59¥ABINDUMBUDAILIN ‘OK’

ATID 913A1 PAN ID

ATSH/ ATSL LansA 64 On serial number 989 XBee

ATDH/ATDL UARIANMNNBLATUAEVINTDY XBee

ATWR udniildssliluzuuuures AT command aslu Firmware

ATMY MY ID UanfvENeausTyRInLYeY XBee vun 16 Un

ATDO ... ATD7 /O Pin Configuration ¥a184a% Pin 0 - 7 Faazdesfvuanunsiauiifulaeianumiig
&3t 0: &1 disable /O Tumneias Pin 1, 1: Built in function &1 1/0 tusesdu
2: Analog input 14léanz DO-D3, 3: Digital input, 4: Digital output, low (0 V),
5: Digital output, high (3.3V)

ATPO ... ATP1 /O Pin configuration #1184a% Pin 10 kag 11 dmSuANnLNensIeumiliounIuuy

ATIR 14lunsiean Sampling rate 84 1/O

AT%V #osnsli XBee uanarsziuussiulunandaqdu ilensivaeuanuznmyssnisldau
LUAWBSS

ATPR &iloifinns pull-up resistor (Aely 30K Tea)

ATRE & reset mM3farnes XBee
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L1.2.3.2 n1sinaululuua APl Command

N19911914999 XBee Tudnluunfa API (Application Programming Interface) Aoluun11911
WUU Frame-based dwiSunissuuazdetaya lngannsaniudneninlunisiauuinduluseswenis
WaguwUasr1mnsiwnesves XBee lngilifdoadnglnun Command asnsagean RSSI (Receive Signal

Strength) Tnesnsazidunuesnisidaululnum APl va9 XBee aguansluuni 7
L1.3 NA&UN15911914089 XBee 1Ua AU

Tudniliunisnaaeunisineuues XBee Wosdulaeidonld XBee ju XBee Pro S2BZ7 &z
NAFOUNSLTONABUUY Point-to-Point 5e%i19 XBee 2 @1 Auunlii XBee 1 dadu Coordinator wag
dndudu Router anunsaisuiunszuaulnenisifiouse XBee 11U Dongle uanoludinauiamneosuiu

NNdg USB

88 [COMS] X-CTU s T o
About Parameter Profile Versions...
RE Sellings] Range Testl Teminal Modem Configuration I

Modem Parameter and Firmware Parameter View- - Profile Versions

Read | Write | Heslnrel Clear Screenl Save Download new

vV Always Update Firmware Show Delaultsl Load I Versions...

Modem: XBEE-PRO  Function Set Yersion

XBP24BZ7 hd l}|ZIGBEE COORDINATOR AT v | |2087
B 5D - Scan Duration -

B Z5 - ZigBee Stack Profile
B NJ - Node Join Time

[ OP - Operating PAN ID

B 01 - Operating 16-bit PAN 1D
[ CH - Operating Channel

B NC - Number of Remaining Children e
=23 Addressing

B SH - Serial Number High

B SL - Serial Number Low

B MY - 16-bit Network Address

B DH - Destination Address High

[ DL - Destination Address Low

B NI - Node Identifier

B NH - Magimum Hops

B BH - Broadcast Radius

B AR - Many-to-One Route Broadcast Time

[ DD - Device Type Identifier

B NT - Node Discovery Backoff

B3 MM . Mads Niscavan Nnkione

Press ‘Read" to discover an attached modem or select the modem type above.

COMS  [9600 8N-1 FLOW:NONE

AwUsznauil L1.10 Modem Configuration — 384 update firmware

niuludamiieing Modem Configuration 1dengu 1w XBP24BZ7 91ntiusisA1 Function Set

Ju “Zigbee coordinator AT” WU \Ju version 20A7 waziden Click 7 “Always Update
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Firmware” 401 Usenauil L1.10 Bada1nf9aA1sgUsSgwald@1uIsayinnIgisunssuIuni1sileu

Firmware luiilagidan “Write” Fsaznuiintsne Pop-up Junidanindsznaudl L1.11a Alinady
I's v . I Y a v a . A o = = P

Reset ULUBIA Dongle 111714 Dialog Nzuelunalsuaunsilisy Firmware Weovinn1silsuseusoy

LAATNUIIUALLDEAVDY Firmware AR lulnandnsnmusenau? L1.11b

[ 68 conne v s R =

. . | About Parameter Profile Versions...
Action Required _ - s
Unable ta communicate with madem. PC Settings | Range Test | Teminal Modem Configuration ]
Werify com port selection then perform action below or Cancel. -Modem Parameter and Firmware —~ Parameter View | — Profile Wersions 1
Read I Write Restore || Clear Screen Save
#Stream and #XCite I l [ Dovv:imnew
PKG-R | IV Always Update Firmware . Show Delaullsrlr‘ ‘ Load 1]] |
1.Power off modem_ . . . Modemz XBEE-PH@ Fﬁnction Set 'Version
2.Prgss & hol_d Config S_W|tc:h while turning power on.then release. BP24E27 L] ZIGEEE COORDINATOR AT L‘ ]2OA7 LI
3. This box will automatically cloze when action is successful. e A
PEG-U B (3)SD - Scan Duration [§f -
1.Hold Corfig Switch. B (0)Z5 - ZigBee Stack Profile
2 Press and release Reset Switch - @ FF) NJ - Node Join Time _ ‘ ‘
3 Releaze Config Switch [bax will close upon success) B (988E834042943037) OF - Operating PAN 1D (=
| - B (7C4F) OI - Operating 16-bit PAN ID |
#Tend [ (18) CH - Operating Channel ‘ ‘
1.Presz and hold Config Switch for 2 seconds. [release when box B (&) NC - Number of Remaining Children =
clozes] | B3 Addressing
I [ SH - Serial Number High
*BEE . _ . - B (40987688) 5L - Serial Number Low
1. Press and releasg He_set Switch. Dialog Box should close within B (0] MY - 16:bit Network Address
10 seconds after switch iz releazed. B (0) DH - Destination Address High
B (FFFF) DL - Destination Address Low
B (NI - Node Identifier
Cancel B (1E) NH - Maximum Hops fl
I B (0)BH - Broadcast Radius i
- B (FF) &R - Many-to-One Route Broadcast Time I
I B (30000) DD - Device Type Identifier
[ (3CINT - Node Discovery Backoff
| B (M AN . Mads Nisravan Natione | |
Set/read the Scan Duration exponent. The exponent configures the duration of the active I
scan and energy scan during coordinator initialization. Scan Time = SC * (2 * SD) * 15.36ms.
[SC=# channels)
RANGE:0-0X07 EXPONENT
(1
ILCDM5 9600 8-N-1 FLOW:NONE XBP24BZ7 | \
. ~ £ o ) . v A <
a) dialog 91 pop-up b) 11 modem configuration NAILIYULATD

AMNUSENOUN L1.11 TuURaunseu firmware



BB [com3] X-CTU Sl

About Parameter Profile Versions...
PC Settings | Range Test| Teminal Modem Configuration |

|~ Modem Parameter and Firmware — — Parameter View - - Profile—— ~ Versions
Read I Wwrite l Restore [ Clear Screen | Save Download new
| ¥ Always Update Firmware Show Deiaultsl Load || versions...
‘Modem: XBEE-PRO_ Function Set Version
| |XBP24B27 L] ZIGBEE COORDINATOR AT L] 2087
=43 Networking N - o ' ' i

B (1234]1D - PAN ID

B (7FFF) SC - Scan Channels
B (3)5D - Scan Duration

B (0)Z5 - ZigBee Stack Profile
B (FF) NJ - Node Join Time

[ (988E834042943037) OP - Operating PAN D
[ (7C4F) 01 - Operating 16-bit PAN 1D

B (18) CH - Operating Channel

B (£ NC - Number of Remaining Childien

||| 523 Addressing

B SH - Serial Number High

| g

B (0) MY - 16-bit Network Address

B (0) DH - Destination Address High
FFFF) DL - Destination Address Low

m

B (1E) NH “Maximum Hops
B (0) BH - Broadcast Radius
B (FF1 AR - b amitadlne Rate Rrasdesct Time
Getting modem type....OK

Programming modem...Lost communication with modem
Mwite Parameters... Failed

[COMS ~ [9600 8-N-1 FLOW:NONE XBP24BZ7

AnUsENaUN L1.12 #a9A Coordinator

na91nfile firmware 91 update @115U XBee La19EABIIINITAMUAAT parameter L3UAUIN

- PANID . FaAnvINEIaYee XBee Mldau Tuiiddady 1234’
- Node D (N) :sadudeld Tuiitiie ‘COORDINATORL’

dadsAnnandugariinis ‘write’ naidnseu antdusgnuiiaidisgasduniudsinglu
AmUsznaudt L1.12 dmsuluaiiazinudindu Router fvmuienfuduneuiidiuun udldiden
Function set 1Jlu “ZIGBEE ROUTER AT” 1iiataSadunsruiunisiioudesnds asnuatvesialun
Coordinator wag Router fanansluninusznaufl L1.13 Fentisianisdiuaiiiiefie Router wax
Freilofo Coordinator 9Mntul#¥ian1sAmun Destination Address #a Byte High uag Low volun
Router 1 uvnuneLay Serial number high way Low v83lun Coordinator @115ulun coordinator A

AU Destination Address 1uwad Router

-81-



BB [coM14] X-CTU
About Profile
PC Settings | Range Test| Teminal Modem Configuration I

About Parameter Profile Veons...
PC Sellingsl Range Testl Teminal Modem Configuration I

Parameter Versions...

- [@ (1234)1D - PAN ID
B (7FFF) 5C - Scan Channels
B (2)5D - Scan Duration
B (0)Z5 - ZigBee Stack Profile
- @ (FF)NJ - Node Jain Time
[H (988E834042943037) OP - Operating PAN 1D
[ (7C4F) 01 - Operating 16-bit PAN 1D
- @ (18) CH - Operating Channel
B (£) NC - Number of Remaining Children
=43 Addressing
B (124200) SH - Serial Number High
- [ (40987688) SL Serial Number Low

| (134200)DH - DeslmatlonAddvess High
B (406F4814) DL - Destination Address Low
=} ( COORDINATORT) NI - Node |dentifier
B (1E) NH - Maximum Hops

- @ (0)BH - Broadcast Radius
.. B EEVAR . M

e Ao ta Arnadnact Tima

[~ Modem Parameter and Firmware— -~ Parameter View | - Profile - Wersions ~Modem Parameter and Firmware — — Parameter View - ~ Profile—— — Versions
Read | Wiite | Restore | Clear Screen | Save | Download new Read | Wiite I Restore | ‘ Clear S:’eerﬂ Save Downloadinew
[V Always Update Fimware Show Defaults| || Load | versions... 7. ey Updale Fiwiaie | ShowDetauits| || _Losd | versiars...
l = = = L I -
Modem: XBEE-PRO  Function Set Version Modem: XBEE-PRO Function Set Version
XBP24BZ7 L] ZIGBEE COORDINATOR AT .ll 2087 v XBP24BZ7 v | |ZIGBEE ROUTER AT L] 2247
143 Networking i - [@ [0) NW - Network Watchdog Timeout -

- [ (0)JV - Channel V erification
B (0)JN - Join Notification —
B (0) OP - Operating PAN 1D
- [ [FFFF) Ol - Dperating 16-bit PAN ID -
- B (0) CH - Dperating Channel
B (C)NC - Number of Remaining Children
243 Addressing
- [ (134200) SH - Serial Number High
B (406F4814) SL - Serial Number Low
H [FFFE) MY - 16-bit Netv ress
200) DH - Destination Address Higl
(4098768B) DL - Destination Address Low
B (ROUTER1) NI - Node Identifie
- @ (TETNH - Masimum Hops
- [ (0)BH - Broadcast Radius
B (FF) 4R - Many-to-One Route Broadcast Time
- B (30000) DD - Device Type |dentifier

- [ [3CINT - Node Di Backoff
B (M MO . Mode Die

m

\Getting modem type....0
‘ongvammlng modem... 0l
‘Setllng AT parameters..0K

‘wite Parameters... Complete

Getting modem type....OK
Programming modem...0K
Setting AT parameters..0K.
wite Parameters... Complete.

[ 9600 8-N-1 FLOW:NONE

[COM5

COM14 3600 8-N-1 FLOW:NONE

ANUTENBUN L1.13 NNSAUUAAIALNILAEUANENa

o
o

diadsanlunvisaanaiaissuiosudiisvzasmaasuyansiy

' o
I (g 1

TuM router MIBANAILUU AT

SuAUmEME “+++” nngfiinisuen XBee Tiinglnun Command @4 XBee avnauausimiy “OK”

INUUADMNAFDUAAIN ARSI UNINUSENBUN L1.14

About XModem
PC Settings | Range Test Teminal I Madem Configuration |

L Sttus—  Ase T firmware @115u XBP24BZ7 - Zigbee Router AT
[BISIEBIEER (077 TS (5| conpon| ‘Facker | Seve sl:‘eux

ATVR : Request firmware version Ta 22A7 fe

ATID: Request for PAN ID

ATNI: Request for NODE ID

ATDL: Request for Destination low address
ATSL: Request for Source low address

ATCN: Force XBee to exit command mode

=

[COM14 | 9600 8-N-1 FLOW:NONE [Rx: 39 bytes

AwUsEnaud L1.14 msvaaeulun Router

e




BB [coM14] X-CTU

- S About XModem
About  XModem ) :
: - — || PCSetings | Range Test  Teminal | Modem Configuration |
PC Settings | Range Test Teminal | Modem Configuration | -
| P Close | Assemble| Clear | Show,

Bssert——
- Line Status —— ~Asset——————— — o e D M c‘an e p—
BTSSR 0T RTSF Beok™ | coput | “Foctet | | how |FSTSI G50 G| [0+ % (RS [Bieskl” | comPor| Packet | Scven| Hex
" : 0K =
v Coordinator | outer Router -

Hi router
: Hello Router

‘Heﬂo Router
Hello Coordinator

Hello Coordinator

; i 1
Nice to talk to you ieewtotalicitosyon

Mee too, BYTE BYE

I
|Mee too, BYTE BYE|

El

|/COMSE | 3600 8-N-1 FLOW:NONE [R: 40 bytes [ 2l

AMNUsENBUN L1.15 N15nadaudslanInusening Coordinator iU Router

[COM14 9600 8N-1 FLOW:NONE Fix: 46 bytes I

% ¥ A

PndwIIMImMegeuNsadstanILsEnitelua Coordinator uag Router luniiimasudiefelun
Coordinator isiawiniunasn COMS5 wazlua Router doagiinasn COM14 Wialin1siiundaninuasuy
w163 Terminal vadlun Coordinator Temuazgnasldslua Router wuulfany antutennuazgn
deinunesn COM14 [ihgraufiamesudigninluuansuauy Terminal vadlua Router
Project 1

Iiindnwisuglimulaaunidaiiu Router 8nauthy Coordinator vireainiidenigiuuy el
aunsannIsastenusynInduuuliaels

Project 2

nadeunITaNteyavinvesnlulasneulnsaaesiudineuiunesuvuliaigriuluga XBee A9

uanslunmyszneuil L1.16

e




X X
i UART UART
A[?ﬁ'go E E {—} Computer
E E

AmUsEnaudl L1.16 susuuniswensiesyrinlulasreulnsamesiunauiiamesiiu XBee

Tuns9i Project Haghosfnswmanauisdmsunauiuasa Arduino UNO lagaiunsanitlan

Ieniuled http:/arduino.cc/en 1n1sasne code munwusenaunl L1.17 lnelusunsuazgniiuld

[y
o A

Ty Folder /MyDocuments/Arduino/ #sdenudigiasnis lunisnaassiiiieusio XBee Tuailiiu router
11U Arduino Lag XBee Tum coordinator [iniumeNfiames da1msu XBee lun router TIN5
3.3V, GND, Rx, Tx 89 XBee 141iU11993 Arduino Tnedi Rx (XBee) agaainiiu Arduino 41 Tx (171 11)
Tumauzdl Tx (XBee) stowdnfu Arduino 791 Rx (1 10) antuszdesimunnisidouss UART 7 Baud

rate 9600 198L51@1U150M9ALUA XBee bonnilauniumiag19nkad

#include <SoftwareSerial.h>

uint8_t pinRx = 10, pinTx = 11; // the pin on Arduino
long BaudRate = 9600;

char GotChar;

// Initialize SoftwareSerial

SoftwareSerial mySerial( pinRx , pinTx ),

void setup()

{
Serial.begin(BaudRate);
Serial.printin("XBee Communication Test Start !");
Serial.print("BaudRate:");
Serial.println(BaudRate);
Serial.print("NewSoftSerial Rx Pin#");
Serial.printin(pinRx,DEC);
Serial.print("NewSoftSerial Tx Pin#");
Serial.printin(pinTx,DEC);

mySerial.begin(BaudRate);
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mySerial.printin("Powered by SoftwareSerial !");
}
void loop()

{

if ( Serial.available() ) {
GotChar = Serial.read();
mySerial.print(GotChar);

}

if ( mySerial.available() ) {
GotChar = mySerial.read();
Serial.print(GotChar);

AwUsEneud L1.17 JUsunsy Arduino detoyari1u UART - XBee

dlevhnistuiinlngSeusesudifamnsaduriinis Compile way Upload nadwsldasuuuain
Arduino Tnendenta egléiay Yunsn (Verify) uaztuiiansdio upload fanmuszneud L1.18 usinoudl
w13un13 verify 1lUfluy Tools -> board -> Arduino Uno titesaAvesuaiaiazldan wdauden
nesnidouseiuuosa Arduino lsignéias Tools -> Serial Port antuldeudln Terminal tiosogua

AsvUlagnsiden Tools-> Serial Monitor munWUsEnau? L1.19
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.
testxbee | Arduino 105 (E=1Fa
Sketch Tools Help |

#include <SoftwareSerial.h>

f/ For the electronic wiring , you should : B
pink 0 the Pin2 of XBee , Dout)

, Din)

XBee

m

f/ Connect pinTx to the Pin

// Define the pins on Arduino for XBee comminication
uint§_t pinRx = 10 , pinTx = 11; / the pin on Arduino —
long BaudRate = 9600 , sysTick =
char GotChar;

// Initialize NewSoftSerial
SoftwareSerial mySerial( pinRx , pinTx );

void setup()
{ // You shall see these ne g n Arduino
// This part is the official library , it will be used for talking

Serial Monitor

// PC serial port
Serial.begin(BaudRate);
Serial.println("XBee Communication Test Start !");

Cerial nrinti"RandRate-") -
< | 1 | >

Arduino

mwﬂizﬂa‘u‘ﬁ L1.18 TUshNsuNA@au XBee Ul Arduino Dev.

o testxbee | Arduino Em

|[File Edit Sketch

Auto Format Ctrl+T

Archive Sketch
testee Fix Encoding & Reload

#include <Sof} Serial Monitor Ctrl+Shift+M =

For the elf |

Connect pij Board 4
// Connect piy - =
ARERAR Serial Port ¥ 1

// Define the Programmer N

fduino it

|| uint8_t pinRx
Il 1ong Baudrate Burn Bootloader [
char GotChar;

AwUseneud L1.19 Ly Tools Tu Arduino Dev.

w119 Terminal ¥99%3 Arduino Dev. wansagnisdeiiolunmuszneu L1.20 \unavesnis

11971984 Arduino + XBee Tuvngfnis1g Terminal 999 X-CTU wansegn1avidietunimusenau

L1.20 wudmiaestanunsaleusowanilieudeyals



BB [COMS] X-CTU ol S

About XModem
PC Settings | Range Test  Teminal | Modem Configuration |

R Line Stat Assert
\ Arduino fc EU2 Slols = Close | Assemble| Clear | Show
pinTx = 11; s DTRV [RTS [Bresk ™ | ComPort| Packet | Screen| Hex
c SYELICk o Powered by NewSoftSerial ! i‘
(&) comzs =B % .Hello From Arduino UNO

Hi from XBEE

| send |

XBee Communication Test Start !
BaudRate: 9600
NewSoftSerial Rx Pin#l0

Hi from XBEE

7] Autoscrol Nolineending v | [9600baud

COM5 | 9600 8-N-1 FLOW:NONE Rx: 50 bytes

ANUsENEUN L1.20 Han15vieueeslusinsuvnaayu XBee + Arduino

LONEITB9B

Robert Faludi, “Building Wireless Sensor Networks,” O’Reilly, 2011.
URL: http://www.digi.com

URL: http://arduino.cc/en

URL: https://sites.google.com/site/xbeetutorial/example/arduino-test-program-for-xbee
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Lab Sheet mﬂ‘ﬁ 2

LUZUIN1TES19AT DTS L3a18A78 XBee AR 2

(Introduction to Building WSNs using Xbee Part II)

AUsEASANTEEUS

wialvianunsnlda XBee Tulvun APl wazUszendldala

E‘ULLU‘UM?I%JQW%M XBee ﬁag: 2 WUUAD WUU AT Wag wuu APl (Application Programming
Interface) Fsguuvumsldauuuy APl azdialomalilusunsuusazdioansadeasiuldlasasasiiu
manasgiu APl AR Tuunil 6 Wumsmaaeunisldon XBee Tugunuuues AT Mhlsistannsa
Tadamnuiiiodoassening XBee 2 i Taglutumeuusnazdumslamds AT lusuuuu Command iile
Boudosudafiandigsuuuy  Transparent agnuimisldsuuvuiiasieuarazninduiunisldau
Tnomssfuaywdfianunsansonddsiiazdda udddeanislvlusunsuannsadsanuiuleies fa
nsidmsumsddeyaludigunsalluanatsgs vlimsmsusunie Yarenavesdeninumsizdinig
WAAY Source War Destination Address aglutaninu wseafean1sldaua11150 Over-the-Air
Firmware update 1¢ fstfustuuunisldanuuy APl ssiangaundt lagluuniidesldeueguuuuns

THaukuy APl W3aunaliag19u8In1shaaukuy APl 88199418 tneiluuniazldlulasaoulnsaaas

Arduino sratulusunsudldensnegndunisesuiedaduluswnsudmsululasaeulnsaass Arduino

L2.1 Twsinaaa APl Tu XBee

151gANTAINUALA XBee vaulugUuuures AP laen1siavue “Function  Set” Tu

TWswnsuwes X-CTU Jaasiduniswseulnan Firmware dmsunisviailugluuuiiasiy XBee roufiay
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Suldaugaaunsa@nulaannainusenaud L2.1 fusraunsadanttauld 3 wuufs XBee Nfaans

vJu Coordinator API, End Device API wag Router API

About Parameter Profile Versions...

PC Settings | Range Test| Teminal Madem Configuration |

~ Modem P. ter and Fi e L ter View - — Profile—— ~ Versions -
Fead | Wite | Restore |’7 Clear Screen ‘H Save (

Download new
[ Always Update Firmware Show Defaults Load et

Modem: XBEE-PRO  Function Set Wersion

IXBP24BZ7 _~| |END DEVICE - LTH >l |ecar ~]
- SC-Scar] END DEVICE - LTH
- B SD - ScarZIGBEE COORDINATOR API
R 7I5EE COORDINATOR AT
9%\ZIGBEE END DEVICE API
~ [ NJ - Reiol ZIGBEE END DEVICE AT
- [ JN - Join 1 ZIGBEE ROUTER API
{ZIGBEE ROUTER AT
ZIGBEE ROUTER/END DEVICE ANALOG 10
; ZIGBEE ROUTER/END DEVICE DIGITAL IO

ﬂ']‘W‘Ui""ﬂ’e]U‘W L2.1 38A13A1mun Firmware 19 XBee sglusinsu X-CTU

-~

m

et nuawazinga Firmware 1fu XBee wialivitauluwuu AP lawan Aasdaasud@nwnyin
AL 1AR9lASIAS19UBAINULUY APl ADUAILEASIUAINUSENBUN  L2.2 1SUAUYDAIUALE Start
delimiter (Ox7E) 1514380418931 Start byte daudu Byte uanswuinvestonulagld 2 bytes lunis

WAPUUINTDANY HauNAY Frame Data Midulpssadiafiiawmanizdnsu APl lngasiisiuazidanly

drsialy gavheasidudeyaruin 1 byte Wudn Checksum

Byte 1 Byte 2-3 Byte 4 ... Byte n Byte n+1

Ox7E MSB, LSB API- Specific Structure One byte

ANUSENDUN L2.2 TASIaS19UDAINULUY AP

FBnsAmIuAT Checksum vilatasnisdianizdoyaludiures Frame Data 1n15uand

az Byte wanhianiy Byte gavinavosmaansluauaanaindn OxFF Aazlir Checksum Tu Byte gaving

R




Tngiilaviinistha Checksum nduluuanusay Byte Tudiuves Frame Data Aavlanadnsidu OxFF Ao

Wunismudeumnaudnass

L2.2 Tas9a319v09 API Tu Frame Data

sULuUlASIA31909 APl MRggnuIsyludiuves Frame data dugiianuvinganzdmiuld

lumssudstoya lngdayalu byte wsn 138091 Frame type 9UseNoUMEAINUNINEAINITIN L2.1

AN51971 L2.1 WARIANNNIEY8e Frame type Tuduves API-Specific Structure

Frame type AMUNUY
0x08 Junstsuendn frame iy AT Command (immediate)
0x09 Hunisuauenii frame Tiu AT Command (queued)
0x17 Fo9lPuluy Remote command
0x88 AT command response
Ox8A Modem status
0x10 Tx request
0x88B Tx response
0x90 Rx received
0x92 Rx I/0 data received
0x95 Node identification indicator
0x97 Remote command response
AT Command

dlowsmsuriaues Frame Aflllduudfdemsvaeulnsiadnosrusznavluusiay byte
299 Frame lulsiazaiinnie faaognausnaslunisideusiinues APl Frame wuu AT Command KU
fomnuuuy APl ileifleazshnisaeamsldnuaduingriouusigiisiduuy XBee Feagldna
wiloudunsdedds AT Command lulnumues transparent/command Tuundisinun Inefisuuuy

1A598519999 APl Frame @115un15d3 AT Command kanalilumis1ei L2.2
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M15797 L2.2 APl Frame dwisuldaruuuu AT Command

Frame field Offset | #i7@814 AND5U"Y
Start delimiter 0 OxTE
Length 1(MSB) YUAVDITDAY
2(LSB)
Frame-specific | Frame 3 0x08 vanaglt9au APl LU @ AT Command
data type
Frame ID a XBee a]zﬁaq%’u*ﬁa;ﬂaé’aﬁu%é’mﬁwmsLaﬁumaa Frame

A 9y v ) R
LW@i%LUuT@%a@@UﬂaUllr]'UE]ﬂ']r]bLﬂTU Frame 93

nueavle
AT 5 Ox4E | dmduld ASCl Fadnusiiduddves AT Command u
command \s9gfoadsu ASCH Madnwstiduaugm 16 1wy N =
6 Ox4E | Ox4E tHusu
Parameter (optional)  dmsuldanfiasdestinuadering AT
value Command
Checksum 7 OXFF — 8-bit 489715 sum byte favmaludonnuain

byte 71 3 {Hudiuun

AT Response

APl Frame Tunvullaznuiiialasun1snoundu (Acknowledge) 310 XBee fid@1u1sasu AT
Command lageaagilAfiisnesnisnadusn fadugliuured AP Frame H39aggnainelagdnludifain
XBee wWindmsuanutiainlanisnaunaunseaeuluswnsulilulasaaulnsaaasinnissuaisuunte

API Frame vfinildavzlignasnaviieilioudunnioslingasiduniwisned L2.3

M15999 L2.3 APl Frame d@wsultaunuy AT Response

Frame field Offset | f79819 ANa5UNY
Start delimiter 0 OXTE
Length 1(MSB) YUNAVDITDAY
2(LSB)
Frame-specific | Frame 3 0x88 | uanagldeu APl WUU @9 AT Response
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data type
Frame ID i XBee fﬂzﬁaﬂ%’usﬁagaé’ﬁu%ﬁaaﬁmwLawaq Frame
iioldidudoyanoundusiueninld¥u  Frame wos
mneavla
AT 5 Ox4E dmsuld ASCIl fadnusiiiusdwes AT Command
command
6 Ox4E
Command 7 0 = OK, 1 = ERROR, 2= Invalid command, 3=invalid
status parameter, 4=Tx failure
Command SRawmesdmsuiudoyaly  format binary dndu ‘1’
data (set) nunefialaifinig return ANAUNT
Checksum 8 OXFF — 8-bit ¥89n15 sum byte stavualudonnuain
byte 71 3 \uguun

Zigbee Transmit Request

a

Tuduilidunisdsdoyaiuaiefenisld Frame specific wuu Zigbee transmit request &4

a 9 =y | v &~ = 9 ai
%mmwﬂawa%ama Payload agslusuauuasqmu UTYALLRYARINITIN L2.4

AN57991 L2.6 API Frame dw§uldauuuy Zigbee Transmit Request

Frame field Offset | #9819 AND5 UMY
Start delimiter 0 OX7E
Length 1(MSB) YUINYDIT DA
2(LSB)
Frame-specific | Frame 3 0x10 | uaninazlde1u APl UL Zigbee transmit request
data type
Frame ID 4 XBee azfpaiutoyadtuazdosiinneiares Frame

=~ v v o ' Yo
LW@IGULUUSUSHa@]E]'Uﬂa‘Ull']Uaﬂ']'ﬂuﬂiU Frame 83

mnuadla
64-bit 5-12 0x0000000000000000 — Reserved 64-bit address for
destination the coordinator.

Address 0x000000000000FFFF — Broadcast address




16-bit 13-14 farfu OxFFFE §1lai3e address vievanedsazdauuy
destination broadcast
network
address
Broadcast 15 farns1uau hop gean dudu 0 el hop 16
radius GG
Option 16 Muupguiuunsdsdaya 0 vanefsladly
0x01 - Disable ACK,
0x20 - Enable APS encryption (if EE=1),
0x40 - T¥n1s8anian timeout dwiudstoya
RF Data 17-24 foyaivzddludsluatatena Fsenaazarmisnvesls
guanlatie 84 byte
Checksum 25 OXFF — 8-bit 98915 sum byte vanusludeniuain

byte 71 3 {Huduwn

Zigbee Transmit Status

& v A v v < 1% = o & IR o
Junnsldidledesnisteyaanuzifugluuuretiun waztoyaduqndndu uildlddeyanie

data f9sazdunlunns1en L2.5

AN597 L2.5 APl Frame dwisuldauuuy Zigbee Transmit Status

Frame field Offset | 29819 A1a5UY
Start delimiter 0 OX7E
Length 1(MSB) YUINYDITOAIY
2(LSB)
Frame-specific | Frame 3 0x8B vanagleau APl LUU Zigbee transmit Status
data type
Frame ID 4 XBee azfpaiutoyadiuazdosdinuneiares Frame
iiolfidudoyanoundusueninléfu  Frame wos
nneavle
16-bit 5-6 &aslddngagndes Arwes 16-bit network address tay
destination Duamesluaiisdsly
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network

address

Transmit 7 s retry ﬁgﬂwumﬁlﬂ%ﬂ

retry

counter

Delivery 8 0x00 = success

status 0x01 = MAC ACK failure
0x02 = CCA failure
0x15 = invalid destination endpoint
0x21 = network ACK failure
0x22 = not joined to network
0x23 = self-addressed
0x24 = Address not found
0x25 = route not found
0x26 = broadcast source fail to hear a neighbor relay
the message
0x2B = invalid blinding table index
0x2C = resource error, lack of free buffers, timers,
etc.
0x2D = attempted broadcast with APS transmission
O0x2E = attempted unicast with APS transmission
0x32 = resource error, lack of free buffer, timers, etc.
0x74 = payload too large
0x75 = indirect message unrequested

Discovery 9 0x00 = no discovery overhead

status 0x01 = address discovery
0x02 = route discovery
0x03 = address and route
0x40 = extended timeout discovery

Checksum 10 OXFF — 8-bit Y8915 sum byte vaumludanuan

byte 71 3 Husiuwn

Zigbee received packet
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Januviiatgnldivedideyanaundundsnnilualasuteoninusia transmit lUud@eazd

v
=

n1332Y 1D vadlupdidandunimeyilinsiuimeunduunanluale ds1easdenninigan L2.6

AN57991 L2.6 API Frame dwduldauuuy Zigbee received packet

Frame field Offset | $n@E"9 A1a5UY
Start delimiter 0 OX7E
Length 1(MSB) YUIAVDIVIAIIN
2(LSB)
Frame-specific | Frame 3 0x90 vanIglEeu APl WUU Zigbee Rx packet
data type
64-bit 4-11 64-bit address vosKd i mualu  OxFFFFFFFF
source wunealingu address
address
16-bit 1213 16-bit address UaIdd
destination
network
address
Receive 14 0x01 - packet acknowledge
option 0x02 - packet was broadcasted
0x20 — packet encryption with APS
0x40 - packet was sent from an end device.
Received 15-20 Received RF Data
data
Checksum 21 OxFF - 8-bit 9839113 sum byte ﬁu’wmiu%mmmn

byte 71 3 Huduun

Zigbee I/0 Data Sample Rx Indicator
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Foarulugduuures 1/O Data sample Rx indicator fudusuuuuivensseaindoyaly

sULUU Belaguniudanisviuuuy AT agldanansacdniia 170 Telag nsldgunuutennuuwuu APl

Tenunsaladeyanssan 1/0 ved XBee lnalseavidunueitaninunwm1snei L2.7

AN5797 L2.7 APl Frame d1u3uldauuuu Zigbee 1/0 Data Sample Rx indicator

Frame field Offset | fi79813 A5UY
Start delimiter 0 OxTE
Length 1(MSB) YUIAVDIVIAII
2(LSB)
Frame-specific | Frame type 3 0x92 | veninagldau APl LU Zigbee I/O Data Sample
data Rx indicator
64-bit  source | 4-11 64-bit address vosias drrinuadu OxFFFFFFFF
address nuneielangu address
16-bit 1213 16-bit address V@I«
destination
network
address
Receive option 14 0x01 - packet acknowledge
0x02 — packet was broadcasted
Number of 15 0x01 Always set to 1
sample
Digital channel | 16-17 bit mask to indicate which digital I/O lines on
mask the remote have sampling enabled. First byte =
“n/an/an/aD12 D11 D10 n/a n/a” Way second
byte = “D7 ... DO”
Analog channel 18 bit mask to indicate which digital 1/0 lines on
mask the remote have sampling enabled.
Digital sample 19-20 dwsuimun sample vaen digital /O
Analog sample 21-22 dmiuinum sample ¥83vn Analog I/0O
Checksum 23 OXFF — 8-bit ¥83m15 sum byte vinualudening

211 byte 91 3 WWuduan
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Remote AT Command Request

FoANULUU APl NE115UNITAIANFILUU AT RIUUUTDAMULUU APl 16 wiiasasvalivingu

28190008 19U NI ABIS1UALLDYAVBITDAIUAIAIT 1N L2.8

AN57991 L2.8 API Frame dw§uldauuuy Zigbee Remote AT Command Request

Frame field Offset | f79819 Ae5U"Y
Start delimiter 0 OxTE
Length 1(MSB) YUIAVDIVIAII
2(LSB)
Frame-specific | Frame type 3 Ox17 Uan119x149U APl WUU Remote AT Command
data request
Frame ID 4
64-bit  source | 512 64-bit address vosids rrimvuadu OxFFFFFFFF
address nuneelingu address
16-bit 13-14 16-bit address VeI«
destination
network
address
Remote 15 0x01 — Disable ACK
command 0x02 — apply changes on remote
option 0x40 - used extended transmission timeout for
this destination
0x00 - unused
AT Command 16-17 The name of command
Command 18
parameter
Checksum 19 OXFF - 8-bit 984m15 sum byte Huualudenin

211 byte 71 3 WWuduan

Remote AT Command Response
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YOAMULUYU APl MUANNSUNTAIAIEILUY AT RIUUUTBANUBUY APl 19 Lilemausunis

MM9uAatuaIN AT Command Request 1agilseazldunuastonIuaiInIgen L2.9

AN57991 L2.9 APl Frame dwduldauuuy Zigbee Remote AT Command Response

Frame field Offset | /79813 A15UuY
Start delimiter 0 OxXTE
Length 1(MSB) YUIAVDIVIAIIN
2(LSB)
Frame-specific | Frame type 3 0x97
data Frame ID il Fastiazdurnieatuiide request
64-bit  source | 512 64-bit address vosias dimuedu OxFFFFFFFF
address nunealangu address
16-bit 13-14 16-bit address YaIds
destination
network
address
AT Command 15-16 The name of command
Command 17 0 = OK, 1 = ERROR
parameter 2 = invalid command, 3 = invalid parameter
4 = Remote command transmission failed
Command data 18-21 ¢ register data Tuguuuuves Binary
Checksum 22 OxFF - 8-bit 994015 sum byte ﬁd%mlu%mm
970 byte 71 3 1uduan

Foniaudilaguuuilasedvestonunuy AP udfazannsaldauldedisgniesuas
HUseAnSam fMedradu dus1lY APl wuu /O Data sample i51anansninalunsiay Byte muguwuy
fmualinldanulsiud Tneilusunsuliduiuiazdoadouaeunnavunvesdoya wiovilismsn
muwmﬁﬁa;&adﬂﬁﬁgﬂwmﬁ' Byte Tuditianlsidin checksum) Byte # 23) mslédonau APl uuy 1/O Data
sample azilvun 23 Byte (0 — 22) e‘ﬁacﬁagammwuwa%msmw Analog 9zgninulilu Byte guil 21

- 22 153Au310) Byte 71 0) Walsulusunsunsraaeuliuidaindeanuilasviniidudennu APl wuy
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v

/O Data sample 33399u&7 (if (Serial.read() == 0x7E) is1faunsaviniseuily Byte Suqfiseanain

buffer 1§ iiafisandu Byte Midaen153sviinisasatoanuilgaunssiiegslusinsuaIuansil

if (Serial.read() == Ox7E) {
//flush the data out of the buffer
for (inti=0;i<19; i++) {
byte flush = Serial.read();
}
int analogHigh = Serial.read();

int analoglLow = Serial.read();

nsldeu Library 484 Arduino fisessunsisenld APl Aagdrelaunsaimuilusunsuls
p89HUTEANEAIN F19819V09 Library d11sU  Arduino Ag@N1T0AnYIT18azL8AazT Library 4

v
a o

Anaalaan http://code.google.com/p/xbee-api/ Fawmulag Andrew Rapp

L3.3 n1519974 XBee Tuwuu API #ing XBee APl Demo %84 Thaieasyelec

1uﬁu%’aﬁLfJumiLLuxﬂ’m3mmaaqmsda%’aa@1mwu API 8819918 198vi1N15NA@aUsIuAU

lUsunsy  XBee APl Demo ¥89US®WM  Thaieasyelec  @sanunsannnniuluanlanain

http://www.thaieasyelec.net/archives/Manual/XBeeAPIDemo.zip Lﬁaiﬁmmaaummgmaﬂumi
¥a1uwes XBee Aouitariaundusioly Tnendhiiveslusunsy XBee APl Demo fifeazyinnnsinseriu
Tun Coordinatorousiaagiunasn)  COM6) ignlusunsudie  X-CTU wdrinlsivimihdu
Coordinator API tiledsdayaludslun Routendousioogiunasn) COMS) filsignlusunsuse X-CTU
wdrindu Router APl fanmusznaudl L2.3 Tngazvinisilialusunsu X-CTU Tideudulun Router 7

Wunese coMs Mnsraasutaninuiilasuainlun Coordinator
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4 V%
XBee serial erial Terminal
API XBee XBee X-CTU
Demo

coordinator router

MUsenaui L2.3 Msideusislusiitenaasunisdetoyawuy AP LU 1

yuUlUsWASU XBee APl Demo t51@1u1satiutannufagladslutosungiay 1 aquangby

1Y
aa o

amUszneudl 124 Teefiusidennulusduvuves  ASCH Milaonss Tufitdivunlidedaning
“Embedded System” Tumaduvedlun Router Aideudeagfunesn COM5 fvnslalsungy X-
CTU W8t Terminal asavaeuliiseufosindunisilousedulun Router 939qlasdunndidoves
wihenalUsunsy X-CTumneia) 2 luamdseneudl 12.4) mﬂf’fuv‘]"]msﬂmﬁu “SEND” vulusunsy
XBee APl Demo fnannsodeanslédiia flasusingdoninu “Embedded System” vuniisnsvaslug
Routeruneiay) 3 lunmusznoudl  L2.4) wazlinudemuneundulaglutesves Receive U
TUsunsu XBee AP Demo wsnzfinsimuslilidosnaundusieiay “0” w3a Byte #i Suaneian) 5
Tunmuszneuil 12.4) Tuderu APIuUU Tx Request (0x10) Tudiuvesdeninuiideenainlun

Coordinator lUgslun Router anunsansiaaaulnainlutes Send vuluswnsy XBee APl Demo

o) D

PC Settings | Range Test Teminal ] Modem Configuration |

1 G
1 ine Status —— - Assert oot |Gk
Serial Port Send Data I 5 [ETSEREER (OTR V [RTS (Breskl ™| R [ s;eas
ComPot ~ COM3 B
i 7E 001D 10 00 - 0013A200 40987688 0000 00 - 00 f Embedded System [ff| - @0H...Embedded System|
= Sk
R & ASCll HEX
Port Open SEND

Open Close
com port || com port

Remote.

Destination 7E 0000 17 01 - 0013A200 4098768B 0000 02 - 00 ~ of|
DH 0013A200
SEND
DL 40987638
MY 0000
Local
SET
7E 0000 08 01 ~ 00
SEND

7E001310000013A2004098768B0000000048656!

Receive Send

6F6D
7E001D10000013A2004098768B00000000456D62{|[C0M5_| 00641 FLOWNONE i F1Etes
M.

5646465642053797374656DB2 -
ThaiEasyElec.colf

7E001D10000013A2004098768B00000000456D626
Enable Your |

5646465642053797374656DB2
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AmUsENaUN L2.4 1ie Router Sutoyadn Coordinator Nidan1umnelusunsu XBee APl Demo

dlodesnislitinsmaunduiielusldsudenuudusiannsatvualdly Byte 71 5 Thdu
0x01 Aaglgsudeaumeunduuandlutes Receive 2a3lUsunsy XBee API Demo san nusenaudi
L2.5 Tnedapanusananniie “7E 00 07 88 01 00 00 00 00 00 00 73” Tnelu Byte 7 4 9vuaniA1 8B
vanefationau APl wuu Tx Response fifn 16-bit address vastuauatevnafy “00 00 lu Byte 7i 8
Hudn 0x00 manedsdsdnta fafulumstiluvssgndldon dnfmunannsngiudoyaly Byte 7 8 4

iensiadeundsdnsasell udildiduteulalunisuanimavesnissudsdayariuns Blink ves LED

|- ThaiEasyElec XBee API Demo - - W= o= ¥ -— o
Serial Port Send Data ‘
ComPot  COM3
7E 001D10 O1 -~ 0013A200 4098768B 0000 00 ~ 00 -~ Embedded Systen
Baudrate 9600 v _
© ASCIl () HEX
Port Open [ SEND
com port com port
Remote
Destination 7E 0000 17 01 -~ 0013A200 4098768B 0000 02 ~ 00 ~
DH 0013A200
SEND
DL 4098768B
MY 0000
Local
SET
7E 000008 O1 ~ 00
SEND
- 6F6D
- 7E 00 07 88 01 00 00 00 00 00 73 7E001D10000013A2004098768B0000000045€
Receive Send  5646465642053797374656DB2
7E001D10000013A2004098768B0000000045€
5646465642053797374656DB2
7E001D10010013A2004098768B0000000045€
5646465642053797374656DB 1

AnUsENBUN L2.5 TJamnuilasunaunduainiun Router
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L2.4 n151997u XBee Tuwuu API fg X-CTU

Tun1sldeu XBee wuu APl isnaunsalduaznagaunsviaulaselusunsy X-CTU 74y
msamilnandern XBee Wuiu Inenndaunisviauvesdonanu AP wuy Modem Status #a8n159
A3 reset UU XBee #0380 Hardware reset agnudannuuumiiigng Terminal vee X-CTU 1du
fomnu APl 2 yadanmusznoudl L2.6 Byte 71 3 Ao 0x8A wanswilnues APl WUU Modem status
TagAn 0x00 Tu Byte dnlUAoaniugfiueninin Hardware reset lutaany APl yafiaesfio “7€ 00 02
8A 06 6F” (unsuanaauzinlun Coordinator IFumihaugléiaindr 0x06 Tu Byte 1 4 vosdoninu
Yol 15nanunsnagUanuzresnsinnulfidu 6 aldun 0x00 e hardware reset, 0x01 yaneis
watchdog reset, 0x02 YU joined network, 0x03 yun8he  disassociated, 0x06 UU1BD

coordinator started kag 0x80+ MU1884 stack error
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About XModem -
PC Settings I Range Test Terminal I Modem Configuration I

Line Status Assert :
g g Close | Assemble| Clear | Hide

g ‘V- "DTR V [RTSV [Break| Com Port | Packet | Screen| Hex N

Tarepisusaf) 7E 00 02 8A 06 6F
|
|
I
I
|

(COMS5 | 9600 8-N-1 FLOW:NONE [Rx: 12 bytes |

mW‘UizﬂaU‘ﬁ L2.6 Hardware reset U8aUaA13 APl WUU Modem Status

AauIzsuNITIUAITaAY APl U X-CTU 1513ndufiazdaadiwsasilatislunisadisdaniny
Feanansainlyaulaann http:/ftp. 1digi.com/support/utilities/digi_apiframes.htm w83 USEW Digi

fannUsenaun L2.7
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77 v @[5~ websearch

Most Visited @) Getting Started 3 Latest Headlines [ Facebook (i sruuudmisoruide.. [ Ned [} Toggle All € hitps://fivedots.coe.ps... e% Computer Engineering...

/AT Command

Identifies the UART data frame for the host to match with a subsequent response. If zero, no response is requested.

‘Command name of two ASCII characters.

If present, set the register to this value.
e |If absent, get the value of the register.
|String values should be terminated with a zero byte.

ANUSENDUN L2.7 MNSN9989A5093l0938@51908AU AP

nsnadeutenI1yu APl wlia Node identification indicator Wavinisnadu DO TUswnsy X-
CTU wanedamnudan nysenouil L2.8 Byte @ 3 Ao 0x95 tunisusuenitdeniny APl iuviln

Node identification indicator 1WgAANUNUILVBITDAINUILLEAIUATTIN L2.10

PC Settings | Range Test Terminal I Modem Configuration |
If Line Status — Assert

Cl A bl
[ETS BRI ES: | |[DTRV [RTSV [Break] Corr?é‘eon Ig:ec‘:ele Screen| Hex
7E 0020 9500 13 A2 00 40 6F 48 1A 851902
85 1900 13 A2 00 40 6F 48 1A 20 00 FF FE 01
01 C105101E8D

AwUsENeaUT L2.8 n1ssudeninu APl Uu X-CTU
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A15197 L2.10 ANUTNneue99mINy APl wuU Node identification indicator Tu@iuwad Frame Data

Byte UYUIN AUNUY
1-8 64-bit sender address %@ga address UM 8 bytes vadluARUNIY
9-10 16-bit sender address Gi’faagja address UM 2 bytes UadlUARUNIY
11 Receive options 0x01 183 packet acknowledged
0x02 11803 packet broadcast
0x20 w1889 Packet encrypted with APS encryption
0x40 - Packet was sent from an end device (if known)
12-13 | 16-bit remote address | Youa address UA 2 bytes vasluaUaigni
14-21 64-bit remote address Gﬁaga address au1n 8 bytes waslunvalenig
22-23 | 16-bit NI String Wufievasiun
24-25 Remote parent \Jue1 OXFFFE
26 Device type 0 - coordinator, 1 — Router, 2 — end device
27 Source event 1 - Frame sent by node identification push button event (see
DO command).
2 - Frame sent after joining event occurred (see JN command).
3 - Frame sent after power cycle event occurred (see JN
command).
28-29 DigiProfilelD
30-31 DigiManulD
32 Checksum

nsnaaesanvneAsn1ageunsaseniulunife (Hello Embedded System) annuesa
Arduino lUspauiiimasaie  Xbee WUU APl dNan15991udInmUsenaufl L2.9 A1un1ainpe
TUsunsu X-CTU 7iiousdor unasnounsuuazianiaiu Xbee Liosesutonuiiazdaundinauiinnes

TuvazAnmnetroduluswnsuieulinuusse Arduino agredewialvditaninusan
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& test_api | Arduino 1.0.5 o 8%

File Edit Sketch Tools Help

test_api §

#include <Eee.h>

>

XBee xbee = XBee():

Bee broadcast address. You can use the address

ou har also.
XBeeAddress64 address = XBeeAddress64(0x00000000, Ox0000£££f);

/ fXBeehddress64 addre: XBeehddress64(0x00134200, 0x4098

86) :

char Hello[] =
char Buffer[l2

i

lyer than your longest packet.

erial port

// now that the are started, hook the XBee into

rial

rial(Serial);
erial.printin(“Initialization all done!");
elay(1000);

xbee. bewin(9600) ;

}

Arduino Ui cOol

LNEITD19DY

104 Furuns
P24
unicationis ,

ther

he default PANID i
332.  You can chat])
oid conflicting from)
etwork.  You can alj|
ssign a channel chdj|
om Ob - 1A in this
lhe default MY Addrg|
H,andDLare 0,
5 is 0 base on DH 4|
=0, then it will sen()

s a broadcast modgj|
h XBee with the sarf}

is 3-9600. You|
change itto 1153
After modifying tf
parameter , you §|
remember to ch:
Baud Rate in T/
won't be able to

BB [cOMé] X-CTU

About XModem

PC Settings | Range Test  Teminal | Modem Configuration |

- Line Status Assert

_ pls e e Close | Assemble]| Clear | Show
78 68 DTRIV [RTSV [Break ™ | ComPort| Packet Scleenl Hex
[~.". @oH.Su.HeTTo_Embedded System

~.9
very attrac

tive.

..... @oH.Su.Wireless Sensor Networks is

9

[COME [ 9600 8-N-

Robert Faludi, “Building Wireless Sensor Networks,” O’Reilly, 2011.

1 FLOW:NONE

URL: http://www.science.smith.edu/~jcardell/Courses/EGR328/Readings/XBeeCookbook.pdf

URL: http://code.google.com/p/xbee-api/

Rix: 99 bytes

ANUSENAUN L2.9 F19819n15a999ANAINUBSA Arduino K1 Xbee TUSamauiimes
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Lab Sheet mﬂ‘ﬁ 3

wuzinsadransatewuasiianenlelun Telos Compatible

(Introduction to Building WSNs using Telos Compatible Node)

o

gidgusaluuni - ps.dnluy  Suun

gaUsEaIAnIsIeu;

dialianansaldanuluafiviiiuies (in-house node) Nsasiumsviaunuguiuuvedun Telos

v
a

<, ° 1% Ry X 9 °
‘UV]‘ULUUﬂ']iLLugu’]ﬂ’]'3160\‘1WUIUWWVL@WWUqSUULaﬂﬁaQiUﬂqimqqqumﬁmzﬂuuumaﬂiu@ Telos ¥84

U
[

Trmote Sky tioann1sthdstsuaziidranaslseina luanuaatuesildlulasroulnsaaesvesusum
TI MSP430F1611 f1118a21091%10 RAM 2119 10 kB wagnuieaudnvsda ROM vua 48 kB 143
masudinawing CC2420 lagniinsdenidlugauimesinnas lwugetingamiivazanudulueinie

'
| a

Tudu wazdauvenenuienudivie Flash 8n 1 Mbit lupagldszuuufdfinig TinyOS adeens

o—

fufidafuiesUszana 400 Tud (awgunuvesseuuUfoinis) ssuuufiinis Tinyos u
sruUUFTRNIviauLUY multitasking Wag concurrency Favaneda Turaanamilsszuuufiinisas
Uszuawalnsigalandoudunats i Inswavesssuudjifnisuvsesnuaesuda 1oun task uaz
event

- task ithlwswaiinihitdmiudidunuing mnyamdasnaunseiaddsanvineed
g

- event Wulnswaigndsnulaeluganien1sdunessul (interrupt) anlugasine Inswa
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¥

yipllasngAn1svnauLed task duq nasntualiunisnugemdsludiuvesvensdumessuday
UMY daznauluvineuany task Wunineinauangly
dmsunrwnazldlunswaulusunsuuuluadldszuulfifnig TinyoS Aeniwn nesC 1lu
AMINVIBUI9INATYT C AMSUTURDUTBINIIHALITUITLNTUAIBNTY nesC A23UIN NGB8
nesC (.ns) 9nduazaeulnasmefulanien ncc naansiiladolng exe Fuduluudivg Jeawnse
a & % vy . U sav v ¢ . 7 2 Y]
wWaswdulwa hex 19oe mspad3-objcopy naansilanelna .ihex antuamisandluanlndluds
Tualdisie tos-bsl agalsfinmunszurunsnunmusznoun L3.1 anunsagnanfiunismeyadidves

Tool-chain \fig9AmasLfen

En - - e
:r“:r_n:,;t_(;"i <= @l main.ihex [Eeswill msp430-objcopy J
1 1

ANUIENDUN L3.1 TURBUNNSHAILLUSHATUAIY nesC

L3.1 w3guniaunausuujians
dmsulfuinisiinsesrauiiamesagldssuuufuimnis Linux Ubuntu

1. s uviinisanidinanlddunaiinaniivled http//wwwtinyos.net 130

http://202.28.99.231/download/tinyos

2. Tunsdinlndiianulwasuduwuana rpm szfaainiswlatliegluguuuuvedlnd deb

mgluswnsy alien Ny

S sudo apt-get install alien
$ sudo alien *.rpm

[
a o

3. Faselusunsusaedds dpke

S sudo dpkg -i msp430tools*.deb
S sudo dpkg -1 tinyos*.deb
S sudo dpkg -1 nesC*.deb
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4. USuumslva setup Muanies s gedit fareluil

$ gedit ~/.bashrc

watidamululng bashre aesalull

export TOSROOT="/opt/tinyos-2.x"

export TOSDIR="STOSROOT/tos"

export MAKERULES="STOSROOT/support/make/Makerules"
export PATH="/opt/msp430/bin:SPATH"

5. waUSuLAesTUUMEedIsasaluTl

$ sudo chown -R ‘whoami  /opt/tinyos-2.x

S sudo apt-get install build-essential automake
S cd /opt/tinyos-2.x/support/sdk/c

S ./bootstrap

$ ./configure

S make

v &

wnaLARA1aTves TinyOs azagdaiuliluladnnedmegfuanduseazionseoluil

/apps A1 UTUNTUAIE NesC

/support Lsunsun1w C, C++, Java dmsuatiuayunisineue TinyOS Fovhaunails
Server

/tools wdosdloduiuatiuayunisneulnduasindalsunsuuy Tmote

/tos Source code W85z UUUUANNT TinyOS

/interface W4 interface vasszUUUURNS
Nib laus3unsguvesssuuUfiAnTs
/platform lausi3dmiuusasunanwesu 1wy telosb, micaz [udu

/sensorboards Taus1sdmsu sensor wiazyiin

/system laus3dmsu kernel w0952 UUUfTRNS
/types I8 Header dmsuaduneviinvastoyalu TinyOS
/chips laus3dmsu chip sineq W CC2420 (ugadmsu RF) sht1l (luga sensor n

ANNTULALEUNYT)
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[
[

L3.2 n1saaulwanazinns TinyOS vulun

PINNNEINILAINBUNLNT tool-chain v TinyOS lagnwisanuasanlunisaeulnalisunsy

' '
o [ o o

tool-chains gatilaliusnsmdandfgaesraslaunad motelist wagA1ds make

£

1 £ s @

motelist [JuMddmiunsiaaeu tmote fiindafunIosneufinnes dan nusznoud L3.1
INFeEiuandin 3 Tmote S1urunisiideusoriunedn USB Inaideusaniu /dev/ttyUsBo lu
Fupouvesmsfindelusunsy FosszyTenasadindnifiessy Tmote Uaevslunsdliidl Tmote winn
Wil

toy@cjundang:~5 motelist

Reference Dewice Description

M4RA9N74D /dev/ttyUSEO Moteiv tmote sky

toyRcjundang:~5

ANUSENBUN L3.1 NAINNSLANEs motelist

make Wuinsesdodmsutiglunisneulndlusunsy nounazasulndlusunsumedds make
AN sEUURREINe makefile ialddmivesutedunaunsreulnadlsunsuluuiney JULUUT0INIS

moulnalusinsuszymugULusalull

S make <target> [extras]

I ' I3 2 vy a . 2 v
<target> Wudimwenisszywnaslasudmunsdslann tmote, telosb 30 micaz {usiu

[extras] Wuduiszuuiindnlunsdiisassynmliwmesduiunfuddlaun

make tmote poulalusunsudnsu tmote

make tmote install aexlWdlUsunsudm3U tmote uazAndalusunsuds tmote &
WINAINSIRERUNY

make tmote reinstall aalusunsulaedilidesnonlngln

make tmote install,5 poulnAlUsunsumSauAURARIU TN SIAY STYMANBIAYTas
tmote

make tmote install bsl,/dev/ttyUSB1 eulwdlusunsundenfuinaslsunsuluds tmote ﬁamé‘?qaeujﬁ

wesn /dev/ttyUSB1
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v
a o

fhegnsasnan1saeulnalusunsuuazAnaausunsuuansnannuseneud L3.2

S make tmote install

/apps/Blink$ nake tmote

yWmain.exe

main.ihex.out

1zing bsl,auta)

=I -p build/telosb/main.i

{Device ID: fléc)

ram ...
hytas programmead .
TiF('."- P—
2 builditelo=b/main. exe.ont build/telosb/main, ikhex . cut

| e 1 il I R |

AWUsENOUN L3.2 nan1smaulnawarAnddlusnsy

L3.3 n15NAIUILUSHASUAEAI nesC

TA5985199090187

a1 nesC unmwilveneinannund fiulassadisiugiuwesniuwagdsiuniund eldud
F1uus (variable) n1584d3uN15 (operator) Avdadeula (condition expression) A1&33us8Y (loop
expression) siadayatugs ¥un deyaiddlasiatn (struct) doyauuuenss (aray) wasdoyauuunes
Wa3 (pointer) 1usu

viladaya

dusurdiateyaiiugulune nesC du laifimssuuasiadoyauuy floating point, long 13e
char ulun1w nesC ldlsusnsulindoa integer 1unm 8,16, 32 waw 64 TntuuuAniATosmBLAY
limadesune Tnefmunguuuumsussmadeyadu uint8 t uay int8_t iileunudeyauun 8 wuy

LaiAnASaIUNewas ANLASBIUNEAIUAIRU
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0
[

A

Adakuuauladalawn if, if..else @u15abulaul nesC waA1ds switch duldanusalaaula

Wandu

LUV ULULALANFIUUIUTAU

TuvaueiAmdanuguaslaun for, while uag do..while duaunsalinuldniuung

A9 nesC s095uMITnumeandu uenantudidenmgiuuvesflanduiinfuiugie

Hardunuuinld
FBnsUsemd
Fns5enly
Handuwuy command
3Bn1susene
FFnsSunly
Hlandunuu event
FnsUsEndE event
Fns5enly

Handuwuy task

3Bn1sUsena task

aa a v
Wnsdenld post

(3
ADUTNLLLUA

2IUIANALAIN UALTDITUANANBUETILAYUDINIYT nesC AwalUll

laidungnusemeauazisonldnelulugafeguuuunmsvhnuudedtiuiunwd
return_type functioname (argument list)

ret_var = functionname(argument)

Handungnuszniauagliuinisiag interface
command return_type functioname (argument list)

rev_var = call functionname(argument)

lsfdufignussnmauagliuinsiag interface wigiSonld interface Husin
implement dauweITgaziBunvasidaies

return_type functioname (argument list)

gnienldnuesdnlulii Weiin event mulevlviignimualilunsdiiifesns
Bonldlaiduiiodoasonldtinuids signal signal fucntionname();
lsftuiimwilognFenldnu szuuufiRnnsazaing task Imituauasyhauuuy
concurrent U task &N

taskname (argument tlist)

taskname (argument list)

NANENIUIMAW AU nesC Usenoulumieassdiunanlann Interface ag Component

N191 nesC

Inef interface Wugduuuvesnsliousisluvaeil component iudiunanvesnisiamunlsunsusiey

- Interface $945UNSEDATHWUVADININTIUTENBUMNIY command Wag event Lo
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- Command WuilsidunignSenldlnemeulnwuudiiooswauinisainaoulnuuuidy

a

- Event Wuilsiduiignisenlnemeulnuuudfienld command 910 interface ey Jsgn

'
o Y 6

Senldlaegnludfdielianisatduiusiuileiduiiueg

firagrsvasluswnsusaluil Wu Timer Interface

interface Timer

{

command void startPeriodic (uint32 t dt);
command void startOneShot (uint32 t dt);
command void stop();

event void fired();

interface timer @slddmuaruauns¥ine timer Tussuudftanis anelu interface fsnan
Usznevludeilsiduaestszianleid command uaz event tnedi command void startPeriodic(...)
T¥dmiun1sdalyt timer Susiraulunasdl event void fired() \udlafifuuuu event asgnizonld
Slut@ dmsunuiaglisruuuoineihnudugldfosdoufuiues

Component {Judnuszneuiidfyuedusunsy esmneeulnwuudinthfidmiunisimun
eazdeanisinnuredlusunsy Faszneulusiedesdiuges Teun module uaz confisuration wsas
dugesiineaziBondail

Module ifulwddmsuntsimulugalnidun wdaslugaiasiiomdiuvenis use uay

provide @194 interface &3lAnanNILaIT AU AI9819U84 Module wansluadusely

module M{

provides interface A;
provides interface B;
uses interface C;
uses interface Boot;,

}

implementation{

event void Boot.booted() {

/*.. Implement something here*/
}

}

interface Bootf{

event void Booted();

}
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Fregretrsdiudunisaiislugalutde M Jsusznovluseassdru 1dua module uaz
implementation @783 module tufun1sesuied Tugadinanliuimauanionld interface i
Tatia 91008199198 Tugadana1a1¥u3nis (provides) interface o A, B wazi3onld (uses)
interface %9 C waw Boot dufiaesvasidlugafiodiures implementation neludauiidunisedune
nsvhaumedugadelsnsainiwditugiu nelu interface Boot tuiiflarifuuuy event da booted
saulugnvesnis implementation vaaluga M 9ulusesiinis implement flandu booted Lifae
Tneftilsrdussnanazgnizenldaiuiidessuufinsymasaseuiooud

Configuration 1JulWddmsuniseduremnuduiusveuganiag Tulusunsuriunig wire W

interface vedwsazluga Aiegwialull

configuration TestAppC {
provides interface My Interface;
}

implementation {

components MainC, TestM;
TestM —-> MainC.Boot,

}

nfeg13d1edu Ind Configuration Wudiuaesnisesuisfsanuduiusuedluga TestAppC
Tnglnansnanuiseaniuansdiu loun configuration way implementation @uwes Configuration
Hunseduned lugadilld provide axlsliudlunadu wwdowlilunsdilunadlildlugandnvedlus
\9AdIU Implementation \Judiuvesnisasnanuduiussznindlugasiee W interface dmsuluga
fuiulugandnuediusiantudeadonldneulnuuud MainC WiieidugaiFuduresnisiauesssuy

TUsHATUT9A Y BSenldraulniuumgadsi@me MainC kay TestM lagn

MainC tJumonlnuuudvanlinu3nis Interface Boot dmsunisdsauszuuufifinis
TestM Julugafioanuuuaniiievinuuised delulugaiifossenld (uses) interface %o

Boot Lyuniu

TestAppC.nc TestM.nc

configuration TestAppC { module TestM{

} uses interface Boot;,

implementation { }

components MainC, TestM; implementation

TestM -> MainC.Boot; {

} event void Boot.booted() {
/*Implement here*/

}
}
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TUsunsu TestAppC 13unld MainC wag TestM laeiliiioulas interface Boot 909 TestM 141
flu Boot 84 MainC Li19437n TestM faan15Avzynseuvduimanig uallosnnluluga TestM lulel

Implement d@uvaenszuaunisynly Jadudufivrfeasenldnsyurunisyneiu interface Boot 14

s MainC anlassasievedlusunsudiwiuedunglamenimuseneudsnnusenaui L3.3

AnUsENOUN L3.3 1AS9a519u8d TestM.nc kag MainC.nc

ARUlWLUUA LedsC
LedsC \JunoulniuuddmiuaiununIsuaninaves Led visanusiauu tmote Tnguni LED us
avfIa78 LEDO, LEDL haw LED2 gimunsyuvatunsaisonldflenduniy interface LedsC &alu

interface @ Usznaulumeafandunliusn1swasANUnLgveAas i nTuaInInUsenau L3.4 way

Mog1vedlUsinsuaIuAy LED Aanmusenaud L3.5

interface Leds {

async command void led00n () ;
async command void 1ed00ff () ;
async command void led0Toggle();
async command void 1edlOn () ;
async command void 1edlOff();
async command void ledlToggle();
async command void led20n();
async command void 1ed20ff();
async command void led2Toggle();
async command uint8 t get();
async command void set (uint8 t val);

}

ETT —




led0On()
led0Off()
led0Toggle()
get()

set(uint8_t)

&udn LED

&a LED

Fauldh LED nszwsunilends
1UANIULVDI LED

MUUAFNIUZVDI LED lagn1sfivuaaIuy bitwise
LEDS LEDO %s18dia LEDO
LEDS LED1 vanef LED1
LEDS_LED2 wu18fia LED2

ANUSENDUN L3.4 AnaSurevasilanduiieddu LED

/*File: LedAppC.nc*/
configuration LedAppC {
}

implementation {
components MainC, LedM;
components LedsC;
LedM.Boot -> MainC.Boot;
LedM.Leds -> LedsC.Leds;
}

/*File: LedM.nc*/
module LedM{

uses interface Boot;,
uses interface Leds;

}

implementation

{

void wait (uintlé t x){
while (x-— >0)

’

}

event void Boot.booted() {
call Leds.set(LEDS LEDI1);
while (1) {

call Leds.led0OToggle() ;
wait (OxFFFF) ;

}

}

}

AUsENaU L3.5 faegalusinsuaiununisinaIues LED

| o1e- L




ARNLWLUUG TimerC

TimerC 1Junaulnuuuddnsuauaun1sinaueeswadual (Timer) F3deuniu Interface
¥ TimerC 52uUUfuRAn1g TinyOS Tiusnsidunardiuiuaiusuulann fdunaifiauazidsania
Tustuau (TMill) nilsluaiuniivaesiudiu (T32khz) nilslududiu (TMicro) Hengdunliusnisuiu

interface TimerC Auaulausenauluse

interface Timer<precision tag>

{

command void startPeriodic (uint32 t dt);
command void startOneShot (uint32 t dt);
command void stop();

event void fired();

}

dlodane Interface $19¢uaznUIMTAULANA1991N interface faunth iesan TimerC (Ju
WUU Interface fidoensamisines interface szjﬁmf Uy interface ﬁiaa%fumiﬂizmawm’faadaﬁsm
ity (UuUUREIfuRy template Tun1w1 C++) Kty TimerC dosldfunsimuadmisfines
THuA interface Amsdmasiigoanslawn TMIlli, T32khz waz TMicro WiefmuaruazBonvesan

FINNENIUILAITIAU N15I58NY Interface TimerC wandnIflIng19nabull

#include “timer.h”
uses interface Timer<TMiil> as Timer(0;
uses 1interface Timer<T32khz> as Timerl;

nFreg19t19nulasenly interface timer 3NUIUEBIA TneNkAazATlANUaLDYANLANANS

'
v v v o w

fupumsifiwesisyuu venanimdeduldSenld fddakeyword) do “as” Fdlddmsunns
fuadeves interface Wudedu

dnsuszuutfiRnsfifadclmiiy sessunmaBenlfiangmsfiwesie TMIL windu dwy
msrflimesdnaesidudslallafuns implement n aoulnuuudiisesiun1sviures Interface A
FosfinrsaiiuinresnisSenld Interface Ao lunsdifl interface Tng 3n15Uszneld event function

Y o

Anaulusunsudeudsulisunsutiveasuigdiuaes body aaslusunsuiinandunisiunsaiiia

U

winsailulunuiidnue fnnseSurenisiauresiladduiiiedndu Timer Asnmusznaud L3.6
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fuualdt timer yeuyng vafidualunisfwes deluniiiniedu ms

MU timer YiNUREaRs LA WaAsuMUUAIaNAUUALUNISITNS

startPeriodic()
startOneShot

Felufidmhedu ms
stop() & timer ngan3viay
fired()

Juilanduuuy event lngazgniSenldsnluifidle timer vouasuauidouly

NNSAUUALABTIATY startPeriodic() wag startOneShot

AwUsENOUN L3.6 Henduiieny Timer

1ng18819vlUTUATUAIUANNITYINLYDY LED A8 Timer Aeda8g19s1ua1abazdnn

TAs9as19vpIlUswnsURININUSENaUN L3.7

/*File: TimerAppC.nc*/

configuration TimerAppC/{

}

implementation{

components MainC, DemoM;

components LedsC;

components new TimerMilliC() as Timer;
DemoM.Boot —-> MainC.Boot;

DemoM.Leds -> LedsC.Leds;

DemoM.Timer() —-> Timer.Timer;

}

/*File: DemoM.nc*/

module DemoMf{

uses interface Boot;

uses interface Leds;

uses interface Timer<TMilli> as Timer0;
}

implementation

{

event void Boot.booted() {

call Timer(Q.startPeriodic (250) ;
}

event void Timer(O.fired(){

call Leds.led0Toggle() ;

}

}

ETT I .




MainC

Leds

Timer0

)/

AmUsznau L3.7 lassainsvedlusunsuaiuau LED ¢3g Timer

90l TimerAppC.nc dunaléin aoslwiuudde TimerMiliC fisuuuunsFenldnuiunns
vanld Tufe [d ey “new” Wsiunsusenaen esanaeulnwuus Timermilic Tasunsilony
Fuwmnsnainaenlnwuudunfituie Wureulnwuudiuy eeneric

Tneund luldsunsuieniusenldroulnuuudiotuldinnni 1 afs uredslsimuusasaey
Tnuuudiuarldtoyaluaeuinuuudifetunie share futuios widwiuaoulnuuusd TimerMilic us
aviiSenldiiu Wiuusdmsunafusaiufiuansetu Senduiigewnniudsmelunenlnuuude
onaniu feuidlefesnisaisreulnuuudfifonisinuluguuuuindndesssyiaouTnuuud
fanadunuy generic way Weglihaeulnuuuddsnanluldoudouionlitemd new fafogns

aeluil

generaic configuration TimeMiilC() {

}

Sunldnursulnkuudninaneadamealull

components new TimerMilliC() as TimerQ0;

C a9 L



L3.4 n1sudedayariiy CC2420 A8 nesC

TWsunsuuszgndvasszuuasetemugesisaadunsyhnuiuduiunietedygyiaingdu
wieYredumesidnszuuuuu IP Usuun1sdeuseveuniavigesuiuldmelnsineea stack 79

AwUsEneud L3.8

Application

Transport

WSH/IP
Transition R.outing

802.x
+—p 4+—>
802.15.4 802.15.4 +—p 802.15.4 802.x

User Frogram

Sensor Routing Node Base station /Gateway

MwUszneui L3.8 suuuumsiieusenielnsinaes stack

Sensor Node LHugunsaifiinsslusunsudmiunissrudeyannwuise indsiniudstoya
fandluds base station Kueptne 802.15.4 Suduinmsgruiiddduogluunsi

Routing Node \duluaiiihmihildssiedernuiiiesan desrinvesdyqaivegdunalidoyagn
ddlulalailng Tunsdifdosnisvensveuumvesmsanmuteya fosendelunduuniutoyauddstoyald
Felanemne Fasenluatiuin routing node Tnelunfinandosiaunlusunsudnsunishuniduni
diefiduuazdueiignlunindendumdunisiudsdoya

Base station Wuluandnviwmihfildoudeinietioisumesliadiufundeteildnuty
w3nte IP lundilfosdanssousfiguiiosandoanisnisiiun sheauduasndanuiiganilun
duq lussuu vuluagadfesaulusunsudmiunisulasdornudmiunetiswugesisaedy
ety IP tiofirdsdeyatulusilusunsuedowasdld wieszuudug Adesnislitoyadndn

User Program t0ulusunsudmiunissnuuazUszananadeyaiildainiadoiieiwueesliane
n¥anfiuvannufeyadindnudientasdaiivioyaratiulilugudeyaniowansuanisannnly
sUsuUTestayaRuviansmEstuagfuingUszasduodld

wdRnTiRaRs tool chain wdanelu /opt/tinyos-2.x/support/sdk talusnnsisunsudmsu
base station duiauFIEn1w e Tdn a1 C, java, C++ e python Fstuagiianlusunsuas

= 2 @3, %)
wankgnenladuniwnluniswauiseuu
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TJUABUYBINTTATN Test bed dmiunisdeanstoyaruaTey
1. slo Tmote ##l 1 Whlufawatn USB vasines aviaaauionesnilld

S motelist

2. wWasuy working directory U843 /opt/tinyos-2.x/apps/Basestation
S cd /opt/tinyos-2.x/apps/Basestation

3. AUl nAlUsHNTY wardnddluswnsuluds Tmote

S make tmote install,0x00 bsl,/dev/ttyUSBO

4. 58 Tmote 77 2 Whludinasn USB vaadnes nsiaaaudanasnila

S motelist

5. Waeu working directory 1Ugls /opt/tinyos-2.x/apps/RadioCountToLeds
S cd /opt/tinyos-2.x/apps/RadioCountToLeds

6. AaulnalUsSATY karfnndluswnsulugs Tmote Anaes

S make tmote install,0xFF bsl,/dev/ttyUSB1

7. wWasy working directory 1Ugls /opt/tinyos-2.x/support/sdk/c
S cd /opt/tinyos-2.x/support/sdk/c

8. daulusunsuiiesudeayadin Tmote 80159 1

S./seriallisten /dev/ttyUSBO tmote

9. Fulusunsuiiiesudeyadin Tmote 50159 2

S ./sf 9000 /dev/ttyUSBO tmote

Wa Terminal Naaa

S /sflisten localhost 9000
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()

RadioCountToLeds Basestation
. + sf/sflisten .
AMNUTENBUN L3.9 NMuuananisiausaiiienagaulun

sflisten

aosduneanamUsznaudi L3.9 31 Tsunsu RadioCountTolLeds Wulusunsudmsutiuag
leuddstoyadna1undl Base station el Tmote Ieusioaginunosn USB uula3es Basestation &
nsdseulusunsy seriallisten d¥Ug1uA1 message 910 USB wéuanswadoyatuuumt console
wiedaulusunsy sf Lﬁaa'mﬁﬁmﬂamﬂ USB wddn wasm TCP socket 15 ndsaniulidlddaemu

Y

Tsunsu sflisten 7asoslditeuanstoyauuniil console Vol

message t
AaAszUUUURNTS TinyOS Ju 2.x YeAduuinsgiudmsunisiudieyauussuuiaietiy
WULEILSauRD message t F9HIATIATINVOI message t ﬁugﬂﬁﬂ’mﬁﬂ tos/types/message.h lngdl

TAs9as9Ran I nUsEnaun L3.10

typedef nx struct message t{

nx unint8 t header [sizeof (message header t)];
nx unint8 t data [sizeof (message header t)];
nx unint8 t footer [sizeof (message header t)];
nx unint8 t metadata[sizeof (message header t)];

}

-

)

AMUsENOUN L3.10 uandlassasnsvesdeniulu TinyOS su 2.x

1As9as19v09tANUUSENaUMEdINE pedaUlALA header, data. footer way metadata lagf
whavaIulTwaaneal
- header Wudwivestannuduszneuluimelasiadegos  Jusdivaiiavededildlunis

Sudsdoya lunildun cC2420 Fudu chip MdmSuaruaunisinsuvesnia RF w30 serial Wu

Y
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P

header vestomuTignlddmiunisiudstoyariunesneuynsy mmees header HTusfurinves
dofllilunisdoasifues

- data Hudruiignesnuuusilasiuegifuainveslusunsutssgnd Tassadrsdenaniduiini
Songuinniderisufuiudndun vesdonnu Bnsaddmues data avesuisludiudnly

- footer Wuduitisvasdonnufignesnuuuiiiiefiagsossunisinnudug Tassaiedand
awnsoazla

- metadata ulad@ilddmiunisiiudoyavesnisdearsieyaniesoy (single hop
communication) finazgnlddmsunmafudeyaiugiuues Message Téun RSSI, LQILCRC, ACK, s,

A v v & i ]
VaNlasu message Inetayawmanilazlignadseanty

TUsunsuils sensor node
Tswnsuisilifulusunsudilddmivluniseudoyasneumesudaninduads 802.15.4 message
TinyOs Tiusnslaussdmiunisadneadaninu Su/ds message NIgUIUNITEULDYAIN WU uaE
nanluhdedaly dmsuluidetaznaniuanenisaiudeniuuassuddoyaruaiorns wdsn
fuuanmatayauy console 1wty

N158319 Payload d1%3U TinyOS message
fleTusunsumsila sensor node Aoansdstayaludslundue Tuafanandesesniuy message t Tu

@184 data WBUTIIATIATIANENUE message_t AadrpeemalUl

// file: RadioCountToLeds.h
#ifndef RADIO COUNT TO LEDS H
#define RADIO COUNT TO LEDS H
typedef nx struct radio_count msg {
nx _uintlé_t counter;

} radio_count msg t;

enum {

AM RADIO COUNT MSG = 6,

};

#endif

% 1 1

frag19t1arululng header ¥99lUsunsu RadioCountToleds deUsenaulusmediulsenaun

ddgylaun Toves nx_struct,318n15¥8steyalutaniny wagnuiglavtendnu AM dnsudeyaly

)
[

TannutuTuegiulnsinaeaiioaniuui Mg Msasitenudmsunsdideyaanwugeilun

Tnglulassasnsusenauludusisgmanmusenaui L3.11
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8 hits 16 bits 32 bits

o e e ]
J )

typedef nx struct radio data msg {
nx uint8 t type;

nx _uintlé t value;

nx uint32 t seq;

} radio count msg t;

amiusznaun L3.11 laswadwesdennuiudayannuges

interface Receive a8z AMSend

Interface 17iLﬁwﬁaaﬁ’umal,%uiﬂsLmim%’uda%’a;ﬂamu 802.15.4 laun Receive way AMSend
Tneit interface aosfusniulddmiunissunazdsdoniny luvned interface nftulddmsunis
AIUANNTTYINUYRIINSLE

' [

Interface AUl9d11M5UN155UT0AIUTY interface NANIYINIUIIUAUAUABUINLUUNT D

1% '
' o =l

AMReceiverC eaaulnuuuafina1ila provide interface Receive 13 datiu wlolugalag Senld
interface Receive ka2 dTufiag@oauionly (wire) interface flananaiu AMReceiverC L@y A3
Tgnsalsalull (vualilugafisenld interface ¥ DemoM Wag message_type Aotinuaidaniny

191 AM_RADIO COUNT MSG)

component DemoM
components AMReceiverC( message type) ;
DemoM.Recieve -> AMReceiverC

luvgiflaiinisiSunld AMSend dulnd configuration ¥edlusunsudeasenldlugate
AMSenderC wiaisenldilandun1svinaiuves AMSender Wuligafiuiu Receive n1seulydluga

5¥MI interface @asinilAanendenuiu Receive oA

component DemoM
components AMSenderC( message type) ;
DemoM.AMSend -> AMSenderC
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@195V Interface Receive, AMSend way Packet dulaliusnisHandulianunsahanaly

puaawazeduteauvngliluninysyneun L3.12

interface Reciver{

event message t * receive (message t * msg,
void *payload,

uint8 t len);

command void getPayload(message t * msg,
uint8 t len);

command uint8 t payloadLength (message t *msg);
}

interface AMSendf{

command error t send(am addr t addr, message t
* msg,

uint8 t len);

event void sendDone (message t * msg, , error t
error) ;

command uint8 t maxPayloadLength();

command void getPayload (message t * msg);

}

interface Packet{

command void clear (message t * msg);

command uint8 t payload(message t * msg);
command void * getpayload(message t * msg,
uint8 t len);

}

receive() Heanduuuy event lngazgnisenlddnludfdessuvljiRnmserudeyaluus
Az UOANIUIY
getPayload() Handud1msun1991u Payload 89nandennulangfnaIuues Header
panhl
payloadLength() Handudmsumauinves Payload
send() Handudmsudstaninu
¢ o = 1% P 1 o 2 &
sendDone() Handuiuy event aggnisenldiulenssuiunisduinauasadu

maxPayloadLength() ~ #anidudmiusurunves Payload gegavadnsivaea

AMNUSENBUN L3.12 AaSuteflentudinsu Interface receive()

T .




Tunsdlvesnisesnuuunariauilusunsudmiunisiise Saiuenaaslisndude asudou
Wswnsunidivan 1enserliusunsusiednalu apps nudlalinsetunuiiisndenis uidimn
Foansaulusunsuludiuesnisfundunslutuedets suduiiesdesdnuinisdeulusunsy
$udsdoyalsunnty

d1usulusunsuuuindas Basestation Usznaulusaslusunsuansdruldun Tusunsy
Basestation waglusunsy SerialForwarder

- Basestation {ulUsunsufiifeusioniv nesC G'Ti'ﬂ%’ﬁw%’u%’u%;gamﬂé’r:gr:ym%wqﬂﬁzﬂamwi
arlufifudoniuuazdsfoyaianuni sudnlugalusunsussduuudenesnoynsy TUsunsy
Basestation thiulusunsundenld annsatlusunsusenanluldauleiiu

- SerialForwarder Lulusunsuiiiaunfenvissiugaiiosu message t annesneynsy

wendayatiulyldnusie wukanwanenn vsedninudeyatiulugudoya

L3.5 n1sdayaannwasnoynsy

n1seudeyadnneineynsuvinlaaesisnisfenisuanidoyauy console 1398 1ULBYAN
WosMaUNTULIdWaTayawaTwulnsnasa TCP/IP ndsnduilsulusunsuianiasgniigiiie
Uszananalazlananiige 91nn1siaulsinsuniaeisdsiuazlafunadnsnuinaamiiouiusa

wanslilusiegemalul

00 ff £ff £ff f£ff 02 00 ab 02 14

JamnudnesuUsenaulumediIug peaEpIdIUtUAD @IUVDY Header wavdruuad data laediu
299 Header ﬁugﬂﬁmﬂﬂa struct 9849 Serial WaydIuvee Data gﬂﬁmuimﬂ struct U84 RadioCount-

Toled Fawpazlasaasiatuiisieazidensail

serial header radio count msg
typedef nx struct serial header { typedef nx struct radio count msg
nx_am addr t dest; {
nx_am addr t src; nx uintlé t counter;
nx_uint8 t length; } radio_count _msg t;
nx_am _group t group;
nx _am id t type; enum {
} serial header t; AM RADIQ COUNT MSG = (OxAEB,
bz
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Mndeyaniuanstsiulsenaviulassasinweluiesuiesiuiuladn lassasisdiuusn serial

(g [

header Wudauiivesnesnounsudslsznouludediudieg Wedugiududeyandinanda

AwUsEnou L3.13

nx_am_addr_t dest Laiszydhesu

nx_am_addr_t src 16 ffff liszydheds

nx_uint8 t length 8 02 AINYNNVDY data
nx_am_group_tgroup 8 00 Lyiszungy

nx_am _id_t type 8 ab Toyakuy AM_RADIO_COUNT_MSG

ANUsENaUN L3.13 Aasunelasias1ewad serial header

luvugNdves data uusznaulusedeyavunnassludiupe counter FallaAudnends
1NNULEastun A21aA1U99 0x02 0x14 FUNITU 2 (0x02) * 255 + 20 (0x14) = 530 {ipI91nTaAY

[V

MgnindantiudniseaLuu Most Significant Bits (MSB) vidsaniuuansdeayafing1amie console

Y

L3.6 nMsgudayaainiwuiees

\WhvanevesszuuiaIeeimueesliaefensinmuiii sz TiA1veduindouse Ui uu
Tmote fiwuwesfinufuvesasuudein Iiun wssiliiesvesn anutu guvgil arudy was
wadn 10 wosnaunsu TnsisuiwesusaziiseasBondel

usenulw

MSP430 Higutgasdiniunisiaussduliuazguvgl Tnge1udoyaniu ADC 909
lulasreulnsatans Insfiussiulil (voltage port) 1uA1381191AT input vun 12 TmuUszanana
ileflazvArandoyafiuiigndunainiwumeslun

wssAuihAalan

Voltage = RawData * 1.5 * 2 /4096

IETY R .




dlogudeyarun 12 Grarndenu dafisudandufudeyaidulliimuntduie 4096
n&rntugiemanuisdndvedliuunneiiufio 1.5 * 2 e 1.5 AeArrusnsdnduasuumined
wilafoy

mm%uuasqmmﬁ

e souviLarANTUUL Tmote WAATIN Sensirion AG @4ld%egu SHT11 uay SHE15
Tugadsnannsadugnmgiiuazanudoulidunadnsiuafinea wuwesiu SHT11 Wenflusiuginiy
SHT15 dm¥uuasa Tmote gnilldfnds SHT11 1in1sudasdouafuresguugiainanimuiadou

meuensyuuiivibedussmiwadea dansiuinual
ExternalTemperture = -39.60 + (0.01 x RawData)
maudaseyafuvesrnuiuduimsimhadulesiduddodinsiunasstunouiue

Humidity = -4 + (0.0405 x RawData) + (-2.8 x 1e-6 x RawData*RawData)
Humidity(true) = ((ExternalTemperature — 25) x ( 0.01 + (0.00008 x RawData))) +

Humidity

AMULTULES
N13uUagunliiuveInNaINveLasllagaodluuAe TSR way PAR Tnefl TSR 1Huaiau
adwﬁmws‘imaqLﬁuﬁgmummﬁmm%umm Tuvauzdi PAR {Hur1A27@319wuy Photosynthetically
active radiation #sA1AuaIvesafimwIaldiniiedudng nsduamazdedinisAiuiuen
nszualnildnungueslevia ag
V=IR%®I=VR

gosnldlumsAnaumnssualiieuiavihlumuameinnuaiwely
| = Voltage / 1e5

o ! IS J IS

1@ | AALUAIUIUNAIAINUEINVDILEIITITANTNNTAIUIUAIAIUAINVD ARSI ANTNT

Y Y
[ £%

ANUIUNIVUAF 9L

TSR = 0.769 x 1e5 x| x 1e3
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PAR = 0.625 x 1e6 x | x 1e3

nsReulusunsuwedudayavnisuiyes

A o

nsWgulusunsuiesudayaI e inasvuadIuvedlUsnsUNd Ayaudu TuAonIs

APUATALUSHNTUBIUAIINIULDS ANNUAAIUVDY uses @IUVBY Interface Read dusululngd

1%
a

configuration §84 wire interface Read fiuaaulnuuuAvaslugaiug dwmnsasialuil

IHuLgas Component Wire
Internal Voltage Msp430InternalvVoltageC *—> sensor
Internal Mspd430InternalTemperatureC *-> 3ensor
Temperature
External SensirionshtllcC *-» sensor.
Temperature Temperature
External Humidity SensirionsShtllcC *-> sensor.
Humidity
Par Photo Hamamatsu31087ParC *-> sensor
Tsr Photo HamamatsuS10871TsxrC *-> sensor

08195 8UTUTWATY

configuration TestApp{

}

Implememtation {

component TestM as App;

component new Msp430InternalTemperatureC() as sensor;

App.Read -> sensor;

}

// file: TestM.nc

module TestMf{

uses interface Read as sensor;

}

implementation {

event void sensor.Readdone (error t error, uintlé t data){

}
}
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Tusudfuanns

a

UUANIIN 1 N15AAAY tool-chain @1%5U nesC

Hint: anvnnin@nesnnidlnaswiafiaainduwesidetulmin@nunfings Tool-chain #1UasU AILATD

=

1 faden 5 uadwmnfasalusunsusiu CO Xbuntos 2.0 szuuUfiRn1sanunsaldeu tool-chain 16

=

Y1

Ufunasn 2 nsEinldauds motelist

WednAnwyninsesnauiinmeianig CD Xbuntos Seuseuuas infnwdsnulsunsy

| |
[ o o P

Terminal Funmdslusunsuuaminnsiunddeioluiudinady enter flazAds uddunananis

NNas

Do
=
%

Wa

S motelist

WU Trmote 19nasm USB waaiuw

$ motelist

\@gU Tmote ffidas nanasm USB waiuw

S motelist

A4 Tmote ffILsNaan waIRuW

S motelist
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UfliAnsi 3 nspoulnalUsunsunaRAdalUsunTuLUUsaY
Funeunisnoulndlusunsuuazdeulusunsuuy Tmote tuil 3 dumeu fufe compilation,
optimization Was write to tmote
dedn@nwiyniniesreniiamediie CD Xbuntos 3eufosudn TrinAnwideaulusunsy
Terminal Tunmildusunsundmdsniudeu Tmote S1uauaosiantanesn USB ndwaniuiium

'
o

Mdwralull dunanaznauiainlunisng

$ cd /opt/tinyos-2.x/apps/Blink [Enter]

NuNA1dInalull NAN1S1N9U

Compilation | Optimization | Write to Tmote

1. make tmote

. make tmote install

. make tmote reinstall

. make tmote install,1

. make tmote install,0xAB

. make tmote install bsl,/dev/ttyUSBO

~N| O | AW DN

. make tmote reinstall,5 bsl,/dev/ttyUSB1
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UTRN57 4 n1a1denlusunsuntw nesC agadne

dedn@nwiyniniesrenfiamesiie CD Xbuntos Foufosuda TrinAnwideulusunsy
Terminal usnuislusunsuuda vhmudstelud audid
1. a¥aladnneTl o Test

Scd

S mkdir Test

S cd Test

2. a¥3ldde editor Tag fin@nwiain W vim, mousepad Wudu udneslndlsunsy
//file:Makefile
COMPONENT= TestAppC
sSnclude S(MAKERULES)
//file: TestAppC.nc
configuration TestAppC {
}
implementation {
components MainC, TestM;
TestM -> MainC.Boot;

}

//file:TestM.nc
module TestM{
uses interface Boot;
}

implementation

{

event void Boot.booted()f
/*Implement here*/
}

}
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UUANISN 5 N1sdeulusunsuiioniuay Led
WetnAnwiymasesreuiiamesaig CD Xbuntos Seusesuad iinAnwidsulusunsy

Terminal JuanialUsHASULAY Yenuedssalull muaisu

1. a5alanveslva do Led
Scd
S mkdir Led
S cd led

2. a$13ludde editor Taq fith@nwiatda W vim, mousepad 1Jugu
//file:Makefile
COMPONENT= LedAppC
Sinclude S(MAKERULES)
//file: LedAppC.nc
configuration LedAppC{
}
implementation{

}

//file:LedM.nc
module LedM{

}
implementation{

}

3. aauAlalusunsudrediudielit Led asfl 1 adnaflessuudiinis ymadaseuiesudn
4. aquAlulusunsudnesuiiely Led aaafl 2 ngnsumng aeamilas

5. BVYULUTLNTURUIUTOU Hauke 0 — 7 LAgLandnana Led Nag1unag
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UTRns7 6 naidenulusunsaniienuay Timer
dedn@nwiyniniesrenfiamesiie CD Xbuntos Foufosuda TrinAnwideulusunsy
Terminal Fuymildusunsauds vhaudwiolud sugu
1. a5aladnveslval 3o Time
Scd
S mkdir Timer
S cd Timer
2. a¥slnldene editor Tag AnAnwnatin 1w vim, mousepad 1fud
//file:Makefile
COMPONENT=DemoTimerAppC
Sinclude S(MAKERULES)
//file: DemolLedAppC.nc
configuration DemoTimerApp({ ... }
implementation{ ... }
//file:DemolLedM.nc
module DemoTimerM{ ... }

implementation{ ... }

3. WiinAnwuAlalusunsudnesuilelsr Led 3 ains vdsanynszuuiaiaudn 1 s Taeld Timer (Tips T
Wwonld Wandu startOneShot()

a. WinAnwuilelusunsuludon 3 1ol Led nsewiuyng 500 ms ey Timer (Tips Thaonld
T startOneShot()

5. Wi @nwidoulsunsuitely Led nszndumne 1 s lagldf Timer

6. aadenlusunsuunuseu Raus 0 — 7 Tnsuansuavs Led siaanunas Tngld Timer

7. aadeulusunsuilelst Led 1 nsewdumne 500 ms wag Led 2 nszw3uyne 700 ms

-134 -



UUANISN 7 numunsideulusinsy

TminAnwndeuluswnsunie nesC el Led visanualansensunsouniu Inenvualiainud

[ =

Tun15nTENSUBUAUN 5 U9 warnTensURTluASINEeUadIaInauUmnt1 aunsENwIa1dA1esnin

100 Tad w1 Wi Led M198nUA9AU

LY

UHURNH 8 M3 setup test bed dmsunisnadeunsaeansteyaniunsetneueugesliany

(9

RadioCountTolLed BaseStation + sf sflisten

TUABUVDINITAIN Test bed dmTunsdeanstoyariuniodny
1. i@ Tmote ¢ 1 W1lUSmasn USB Ua9nauiimes AsI19dauTionasaila

S motelist

2. Wasw working directory 1Uf /opt/tinyos-2.x/apps/Basestation
S cd /opt/tinyos-2.x/apps/Basestation

3. peulwalusunsy wazfnadlusunsuluga Tmote Migeussagaunesaluteon 1

S make tmote install,0x00 bsl,/dev/ttyUSBO

4. 58 Tmote 7 2 WlUTinassn USB uaafnes nsiaaaudianasnila

S motelist

5. Waew working directory 1Ug3 /opt/tinyos-2.x/apps/RadioCountTolLeds
S cd /opt/tinyos-2.x/apps/RadioCountToLeds
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6. paulnalusunsy waginndlusunsuluda Tmote dfiaes Moudeagmunesaludei 4 uazimun

Node 1D snudinnvuale Tundsvuady OxFF

S make tmote install,0xFF bsl,/dev/ttyUSB1

7. Waeu working directory W& /opt/tinyos-2.x/support/sdk/c
S cd /opt/tinyos-2.x/support/sdk/c

8. daulusunsuiivedudeyadin Tmote 80159 1

S./seriallisten /dev/ttyUSBO tmote

a o d4a X
BIUNYHNAVIINTIININTIUNNAVU

Fnsneassdasven 1 Tnddnasalay wiluada Tuden 3 1Wu

S CC2420 CHANNEL=xx make tmote install,0 bsl,/dev/ttyUSBO

wazde 6 1u

S CC2420 CHANNEL=xx make tmote install,yy bsl,/dev/ttyUSB1

e xx AovnelavtesdnIa taz yy Aovuglavlundieds
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UuRn1sM 9 nsesnuuukazn1suUar1aIndeyaly Payload
TndnAnweanuwuusasiamulusunsy Inednuaudinwelull

1. Payload Uss9mngiavlun wag Counter lagivualy muneaulunagludiduusn

2. paulndlusunsulaaiinua ity Default CHANNEL

3. wAlulUsHNY serialisten TaenanaanzAl Counter MhAsUNTWUaNALAIVINTY kazdaady

| aa A o v &
ﬂ'ﬂ’]ll"ﬂ’]ﬂwll']ﬁLaﬂIu@Wﬂqﬂu@IWquuu

UfuRn1sm 10 Msleulusunsuiiesuannisuees
IndnAnwesnuuunaziaunlusunsy lnefl sanuuy Payload lagussamnearlun wazdaya

AudnwuLEas Felaun Internal Voltage Temperature Humidity uas TSR lnsusiazdaninufaiussy
ToyaveyuLa TN Uin
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