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ABSTRACT

Localization is necessary for applications in which the location of the target is needed to be known.
Wireless sensor network (WSN) can be used for localization in the area that GPS can not cover, especially for
indoor environment.

This thesis studies the effective localization methods using WSN technology based on ZigBee
standard. The parameter used for localization is the signal strength received by the wireless sensor. There are
two main types of localization methods used in this thesis. One is the range-based technique and another one
is the fingerprint technique. Moreover, the user-friendly graphic user interface (GUI) is developed to

demonstrate the estimated location of the target in real time.
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Yo Y ] i < [ Yy 9 ' A ' < S Y @
I8suneumineliasnaoy HUBTIFUYD TV TRYaH AT DT YD 1S d1ond1

v A

ALz 2.4 Moty lumsiFeusslvlih in3oveFumes 1 2a1e 185unounue i

Y 9 o RG] < P ) | o v
Mnﬂmmmmmzmuw Wmﬂi’mmummmzumeuayaﬂauwumuamnaﬂmmsau

2.9 Y
waza i I Idinuszauingas 3ivniu

mwuden O hoy

L1]H]]

NUAIIVADY

a o v A g N Y o ,
Ui 2.4 dnvazmsliouaSevadumes I¥menvudnowuazuuuia [1]

2.2 malulail ZigBee

v i < ¥ ’ Y o
maTulagmsdomsszezIndinalulad ZigBee ifumsdoasfivonuuumud

) 4 ' & o v = °
niumsaodmislunSevaFusosuun1¥ans (Wircless Sensor Network) Tagisu1nn1567

1]

=)

HUANIATFIUMITU-dedoyauuy IEEE 802.15.4 finfunmsdeesuuusendansaay

Y o

[ v Y '
ATIMsSudedeyaduaziisnign msdoas anvaizildgminnl¥dmsumsaoas
1 A @ A < J d'al A Y A ] a2 9)
IFNNUATAIATINIANIBITIYES Hnesmsaomauuy1iae ieananudesndudon
o [ a g’; 1 a = £ 9o < < a
dmsumMInaaa L Uinmlssnunileg ongdesldsnnudume S uannng uas

d’ s ! L:;d LY (%
MIOITUAINNGINYN uazﬂizmﬂwawm

2.2.1 AuanA ZigBee
i1 4
AnaNlfA ZigBee nuunisdemsszoz1nd i
= :'{ 1 ] v 9 d‘ [ 4' J o @ A ] v
® UMITONABDUNTULIUINDIDITUMIIFNAD T T LIRS DY 8vUIA TNy

v LY @ A Y Y @ A
® ms“lwmzmuﬂswaﬂwmammamﬂmm"lﬂmamumﬂwmmmmﬂmai
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o msaoasszesIndluszes 10 - 100 Was
o [ @ Y
e unnzdmiumsthse3e (Monitor) 1AZMINILAN (Control) 1F1IURATIMNTT I
a v o
NUTUNAZDY UNDAZ 1AL IUNINTUNNE

* nfumsomsteyaiiniudnszuta 125 - 250 Alafinde3unf (kbps)

222 anBUzYRY ZigBee

jufumslFoumelfindeis IEEE 802,154 1asgu ZigBee sFenmaunTs
@ o a o o o % [
vaams lgnasnum Asludmsu1domly 2 Tnuanan (Tx / Rx ¥30Sleep), ANUHUT
] J A 9 o 2 '
winveaTnuageAsszuy, Teunuduasmsldande
4
AUANYULAINAINANLULAIaD 111l
® 2.4 GHz and 868/915 MHz dual PHY modes.
® i3 AIND : 2.4-2.4835 GHz, 868-870 MHz Wa® 902 -928 MHz Tnausas iy
wilsoadya I 169509, 10 %04 1Az 1 ¥09 AN
® dasTudedenn 9708l 250 Kbps, 40 Kbps, 20 Kbps 93wzt
a o Y < A A a
® UMIIAasIMIIFNUN 16 bit W50 64 Tavene
® M3y INGeIMsTUlse fuyIIE (GTSS)
e imuigosdaauaieg NN(CSMA - CA) ouan@esnssuriy
A 1 a R I | A [
¢ myyeuas lslanealinnuindens Hufeeousy
o Jgnaaanue
® MATINUNEINU(ED)

® ﬂ?%’)ﬂﬂﬂlﬂ”lW"UENmiLG]fE)MIEN(LQI)

v 1 9N 4" Y
2:2:3 NIIVAIVOYALUDINU

Y 3 ]
MIATFIU IEEE 802.15.4 mmuavudmsunisTuaatoyaiiioadulunainaioeduds

a

g (Physical Layer) 18 MsAILAUNTSUE (Link Layer) siagie 115 msdeas lgnaning
ANWA 2.4 fngidaad (GHz) uiseenidlu 16 Yosdayanan az 5 wnziBsad (MHz) sy
~A a ] I ] [ a
73140 900 mnztamcf(MHz) wgeanilu 10 FOITAYUIU) AL 2 um:gaiﬂcif(MHz) 1¥ms
Wer YY1 (modulation) 41UV Offset Quadrature Phase Shift Keying (Offset-QPSK) ag 14
msuATaymd Y95 UN MUY Direct Sequence Spread Spectrum (DSSS) ATlSas 1511l
ARY (spreading) 2 d11 chipisec MIVANMTTUTIToYaTAB1H 15 TnRvALLY Carrier Sense
; o : 4 99 & i N Y
Multiple Access / Collision Avoidance (CSMA/CA) tiaztie 141 MIADAITIATOUIFULLDS |5

@ ° a ) [ 4 1 I 1
moilunas ey wihmuamasgivdmiumadeusaiiunievis (Network
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o 1 [ <
Layer) tagn541 1/ 1#91 (Application Layer) $mfun1a3g11 IEEE 802.15.4 Wumnasgu
1A o 3 2 v

TwinmuaTaaesAng ZigBee Alliance

v ¥ ' 9 b 5 1 a9 v Y a

AN 16N Zighee finua dwaud ldumunasginls 3 gruanui
flD 611 2.4 GHz , 611 915 MHz uaze11 868 MHz Tagunazduvziivosdaana 16 ¥o4, 10
109182 1 99 AW dau anrfudeteya (1199109) 92047 250 Kbps , 40 Kbps , 20

Kbps A 1AUUNY

868 MHz ! Channels o Channels 1-19
815 MHz -+ |l 2 MHZ
5683 MHZ I NMHZ 228 MHZ

2.4 GHz

14835 GHZ

gil‘ﬁ 2.5 Operating Frequency Bands [5]

2.2.4 NETWORK TOPOLOGIES
NETWORK - TOPOLOGIES %50 msiieuseiiluTaseivveunteoyioduye]2
e fvualasn1as gl Zigiee TogdaagUuuy THR1ILLAT (Star Topology) Haziuy

JZAUIAYY (Peer-to-Peer Topology)

2.2.4.1 Star Topology
4' ¥ A d' ' ] A - [

MSIFOUADUUY Star WMAIDUMIIFNFBLLY INTINIETT (Piconet) FauanasTugy
~ A I A v W 1 e
2.6 1u Topology WUV Star miﬁaamﬂu*ﬂaammmzmnqﬂﬂﬁmuazmsﬂmﬂu
' { : { J 5 { bt : &
@UNANIAYY (Single Central Controller) Mi3831 PAN Coordinator Tl usasuinaoumnan

Y 4 A 1 Aa n:’xl 1 #

M3 l9alsg Teminnaien1oil Topology LUV 13U 1111 Home Automation, Personal
Computer(PC) Peripherals, Toys i8¢ Games Ha4910 FFD Active d1%5U%290a 1150114019

] @ < '
waiuasevievouiueuaznawu il PAN Coordinator 14Laas Star Network S HGEN
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[ v k4
PAN 1d Failagiiulildgn1dTaainsovnedus ety Radio Sphere Hazsouliudas Star

Network 191108199852

Reduced Function Device (Sensor

Controller Actuator., ete)

PAN Csordinator

Y 4 ' l} < 4
UM 2.6 MmaFeudouuaIStan luins ovieFumes 1 Zane [2]

2.2.4.2 Peer-to-Peer Topology
o [ A U = < A 1 A ] Y Y
MMTUMsIwaNA LY TEAUIR Y uMsIToNABINDYes TnT 99180 n a0
H r Y v '
hidwanlugli 27 TesTumadouneiuazdead PAN  Coordinator FUFouA00 gL
LS s < é : Y :
guUnsald eI NN L AT DM (Full-Function Device) 1umIsn U1 (Routing) 1
s 2 o Aa 3 ¢ A "o ¢
gUnsaliue suUNTANUT1INTIANAY (Reduced-Function Device) 32150uA0N VY130l
A [ = A WREY = A A < = ' Y v 4
nIANNEMITIANDN ML AeUnsdNYANNENTIANTHEUN "lﬂﬂuqﬂﬂsmugm

A Y A A o o A A Y a A } A lds!
UL Master NIMINNIBOUABAN Master A0 tWo T¥inans 09190 1 naju

L ; Reduced Function Device (Sensor
Controller, Actuator. ete)

PAN Coordinator

o, J Full Funetion Device (Performs
Y Network routing functions}

H 4 1 1 <

3UN 2.7 M5FouapLLY Peer-to-Peer Tuin3ovnedumos 12y [2]
2.2.4.3 Cluster tree Topology

Tums 3195500 Cluster tree PAN Coordinator 93148101511 Cluster 15900

7 Cluster Head(CLH)U@% Cluster Identifier(CID) Lﬂuﬁug Ma9INUURINITIEDA PAN

A

. o 3 @ J 9 4 @
Identifier 1182111113 Broadcasting Beacon Frame T/dagilnsaithafivs uaziioginsaidg

v < 1 y i o @ A 4
185unvza Request 1A CLH nimiu cLu MMsgous LAz FegUnal 11 Neighbor
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e 4 - Ry 2ae :

List iuihugnine(ehild) Tuvmgfigunsaliidunlmivziiindio cLu @ 1fuTy Neighbor
2 1. [N @ ES S o ' @ <o A ' @

List T uwivo(parent) 119 MU Imsaa Beacon 1I591ns0idane dolisauan

Tuzii 2.8

i % Reduced Fumction Device (Sensor
> Controller, Actuator. etc)

PAN oordinator

Full Funetion Device {Performs
Network routing funetions)

4 4 1 1 < 4
Ui 2.8 msivouReI Cluster tree Tuipov1od o3 12ae 2]

2.2.5 ZigBee Architecture

Appicaton 2?

Pevies Obwdt g

Applicarion Appization | | Appiication i
67 ) MR R =at Obest oot §
o

N

:

Appisalion Suppornt E

I Securty Servigs Provider ‘g

e .

§

g

&

UM 2.9 ZigBee 112 IEEE 802.15.4 Protocol Stack [5]

ZigBee 11 Physical Layer tla¥ MAC Layer Y94 IEEE 802.15.4 G'T'NﬁJummgmms
Snuamsdents 2oy WpAN (Wireless Personal Area Network) 411191411 Layer #i
fINT1 15U Beavng 3EAUMATYRN , Link Quality , Access control , Security 1A
Application Layers c'f}aﬁmﬂﬁaﬂiimmZigBeeuﬁmﬁqgﬂﬁ 2.9

dIUANEULYDN ZigBee AollmutivesduyaneTnon1sld Carier Sense Multiple

Access with Collision Avoidance (CSMA - CA) vi3olmudtosdayanavatsn ma enin
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189MIFUAUBTIAQUATAIUDY ZigBee Uag 2 ¥iinflo uuY Physical Device UaZ Logical
Device A1 Physical Device aunsanyele 2 Uszinn ao
s 5 < I g A v 7
® Full Function Device : FFD ihusuaainiluienaalumsdadoyanngns
& Y o ) ° Py, o o
a1 l4Wav9IuINPower Line ma1dlunn Topology wazmNIsaniniluge
A [ 9 ~ o Y A %
wousianuld Iag FFD amnsnfioziinanldaiy mode 79 PAN coordinator :
. G} 5 & % Y =} 1 Y 2 o &
Coordinator H5® Device %411 ZigBee Network 1931 FFD 98 14UDYHUIAINIE
o Y A g 5 A an v ¥ '
MY PAN coordinator Tag FFD a1u150M9z@ne 1é0a FED uax RED w4
Y
RFD 32e1130fAaa0 Ialfieq FED w115y
® Reduced Function Device : RFD (M1Nz1nn1535auaon1eluas 018 1ung 191y

< : ' ¥ oA Y o Y1 A
nnuuanes biswsesieneateyaningtnsaioun 18 v ldneluniodoi

=n.

flunuy Star HUY Logical Device 1 3 15z10m Ao ZigBee Coordinators ﬁ]ufgﬂ
UszauiFeusio i tumssaudeyaluntonis Zigee Routers ¥nihd
Tamsdumavastonawiigeiuniely Tnssieszninguoalnualen uas
Zighee g Devices iy Tnunfiogludauveadldam Tnvammsodu Idtaum

RFD itag FFD

k4
MUY ZigBee MUNMNANBALMITINLlA 30Uy Ao
A A A A <N 3l ' : o

1. Coordinator YHUINATNNITADAS waﬂmmﬁamﬂ I¢YIN End Device N

Router 130 Coordinator N1 Coordinator ﬁ"wﬁ"u N3 Coordinator 11 Router f1HUe address

Y @ £ A v A ] 9 v ?:' @ @ 2 2 Y = )<} vy

141 device Hioghuaunionns Lild41mu quasamsizeans Routing (Funie saiion’ls
A FFD

3 7 % v o ~
2. End Device iiluginsaltlmemagn a9 1450 dyananin Sensor arenig

~ @ B ) Y v 2 () H
Tagildmasanuslumsan Wenldsu RFD 1o FED U19ns4] VUDENY sensor 114

v

'
Y A o =1

3. Router {1vV11 Sudatoya Tuduniedn 4 veunievis Sufion 188y FFD

U

1 o w ) [ ) < s ¥ A @ @ =Y
ddnydimsunseneduees 13a1e Aenalnnisdsendanssaud i
< J ° 1 @ s o
gUnsalduearunsafmuas sz lumsiignisna o (Sleep Mode)
o o i Y v v { i o v o
Taggunseivzsimihiiaants Wndemimaedosfigamediumsdssndandasn ms
° @ gy o 4 4 3 , y =
mnuamsuaviivilaTaon1siesve li/figunsal Full Function Device iilouanszoznaii
o o A4 19 7 o @ s o ' 4
wwimsvavlaziipinsaweyanngUnsaiddumdigunsaliinduey gunsal Ful

2 > 2 9 Y& o & g & 'y
Function Device %zmmaga“lﬂwmmn LmzElﬂJﬁTQllﬂ3m@13uu!ﬂu538$£ﬂ8@ﬂﬂimﬁ'}
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diipmomsgnnni nisvessomamnseyl

A A ¥ o ' Yo s & o ) ) Syyve yw
uu@]u'ﬁif)WﬁﬂﬂJ‘VHQWHQBﬂzllﬂiUﬂWﬁﬂ"lllﬁ'] ?_;Jﬂﬂim@nuuﬂﬁﬁﬂﬂ?ii@ﬂmﬂm@mﬂﬁﬂqﬂ!ﬂﬂ 1')

o v ' [ Col
W nazdahms fudatoyan dsudoyansuauyseido

2.3 XBee

i Y

| { @ [l 3
XBee iugUnsainld Sudadoyauny1¥as uazausaadiszuunt oot 18
Ino ZigBee 1781989 W1A5§ 1000 IEEE 802.15.4 Taga1nsauila HWINNN5Huv09
XBee AmgUuuumsdoms ludnuaiza1ag 16 017 Coordinator, Router 30 End Device
& ‘ 0 ! o { <
XBee 11lugUn3 8l Microcontroller az RF 1€ agneTu siniiritifiy gilngel
o U ' { [
transceiver (§1n50i5y-dednyny104) 41V LU Half Duplex 1UAMYE 2.4 GHz Tn13sans
@ :: T = { [ U [ < ¥
Taoldwaaaua 190ud1e 3 interface W95 unazdadoyady XBee 1y UART (TTL) &9
) [ Y 4 ) Aq Ya ) pl} 1 9
dmiumedlulasaounsames amnseihuiildfadodoa1s UART 109 XBee sigidh

N UART 04 lulasaouTnsaiasns 1ias

2.3.1 XBee Topology

Y
Tumsaiulnsaiefasvea ZigBee 111 v2dpa1lsnoudas Tiua TIUIUDE

Y A

a A ! [ a a < \
HUDINGA 2 WUA AD Coordinator node LAY node anvuly yHalawlianilg (Router/End device)
Vovzaunsadeasiazyanlugliuved PAN (Personal area network) 19 198 ZigBee

] 1 < [ g
annsouingUiuy iasevie laihy 3 uun i

2.3.1.1 Star (Broadcast)

Q) A < v 1y '
N1ILYOABDLLIUY Star Y150 14UD Broadcast L“]_IuﬂWSﬁJﬁQ"U@MaLﬁJUVlﬂJLﬂW1$L‘1]'l$"l]\3

QU

A v oA A g oy ) v )
fgﬂﬁlﬂﬂﬂmfwnd 139 XBee ﬂﬂﬂ?ﬂ@g‘luigﬂﬂlﬂiﬂﬂﬂmﬂfJ':lﬂu fl”]il’]iﬂﬁlm]@yanﬂm@&ﬁ

Tennea

Coordinator

@ £nd Davice

gﬂﬁ 2.10 Star (Broadcast) Network [3]
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2.3.1.2 Cluster Tree (Tree) Network

Wumssudatoyanndasing sy A doamsaadeny ¢ us ¢ 28 1na11In A 1 A
[ a Vo idh ! 1 ' 1 @ v ¥ <
hiemnsedadodu ¢ 14 udwedl B fiogsznin A fu ¢ §afu Cluster Tree 1219 B 1§y

MUUAINAUFONMTAAAD (Repeater) 52MIN A 71 C

g Coorteator

A @ Enet Revviver
' @ ' O router

g‘ljﬁ 2.11 Cluster Tree (Tree) Network [3]

2.3.1.3 Mesh

a A A

A ! = ] < 1 o Y
MIBUABIATBVIOYY Mesh (HuTasaineiTinlsz@nTamguilosnn feya
v
aunsodd lldudhming ldvarems mdszuuiiaunsaSudedoyaluSamunelaiong
9 L) a = J < 2 ' o 9
18 uleiRannu@enovesssunlutnedufiay (VuegAumsesnuuuszvuveagld

) 24 2 A Yo X g '
A9) szvviuussuunlasuamuiouiuegiaun

310 2.12 Mesh Network [3]
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2.3.2 Feature Summary Y949 XBee
® Operating Frequency ISM Band 2.4 GHz
= sq v & Ao & Yq Y v
(ISM Band Wangnsgmanudlyaniemsitesazenanalildiugaanns su

(Industrial) INNENAAST (Scientific) Lag NIINMTUWNEG (Medical) 591 (T ISM)

tiegomalidenlduarouuy fie uuy Chip Ant, Whip Ant, UFL con, RPSMA

con Iag 2 nuumdundes llvuaro1nae 1y 2.4 GHz Ml connector LU UFL

130 SMA

€ Supply Voltage ﬂfjﬁ 2.8-3.4V

® Power Down Current < 10 uA

® i RF data rate 0tJil 250 Kbps (Hudrmvesdaanafidehueinie

® 1 Serial interface data rate BY3EH N4 1200-115200 Bps (Fudufisiadedoas
nu'lulasneuInsand)

o iy Spread Spectrum ¥H@ DSSS (Direct Sequence)

® MININUA addressing UMAUANHAIZAD A1 UA PAN ID f 5 UiAS o0 9,

YUA Channel 118 MYUA address VYBIURAZA

NZjo7
i DJ@ )

o
»
&
o
o
L]
o

31N 2.13 XBee [4]

2.3.3 MAWINPOINIAUALTUAIMIUNINYDY XBee
3’, FVR] ~ = ] =1 L) A %
XBee Hulde1a10D 2.4 GHz mgﬂumummmmu Bluetooth 1159 Wireless Lan
@ @ a o 1 a . EY 5 @ S o ¥ A
YYIUUUILINANTNIUNY 1FU U wireless lan 19 Access Point 197 uazts1ngaldnses
o ¥ Y 1 v o <
InsAmiluude1hn'ld (24 GHz cordless telephones) 34819411 2.4 GHy FUAY UdUIH
9 ' o g ] ] ' <z £ o
nagou 15 XBee narlingh masudadaanafvianelithausuen feinsudauiy
oiums s idedauns XBee 11023285 M19994 node s mAgeuINE LN
1 @ ' \ - ] 1 Y o w v
YOIAYYIUIIUANND 2.4 GHz  WiTond3uTugiuluTasinm nandiAyvosgiu |y
1 & oA ° (B e Y & £ 2 2 . 1aa o
Tasivedawilsieo msnewumisiudedyananiu doadauuy line of sight (liTidafa
vinlan) Gevz Ididsdagegn dmsumdedauea XBee 03w Pro 9219 50-60 mw T
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' = 2w 19 1 4 {

datasheet VBN ¢ Inad 1.5 km. uaRdouiludnuazued tine of sight win'ly i Vi

Y [ 1o oay A =} A i = Y o A A o
azldsrazmsudsdyniuiianas uanmilennded line of sight udn gafiisoedayn
ilJﬂ’mﬂ'NG] (Interference)

(J A g s < ] '

Moo IMAfd XBee UlvideniiilunuudiTgundenls lidoamaisenauieo

WINAD S8 INMANDY chip ant UAT whip ant &4 Pattern MIUNINTZIBAAUILUIL LT
' = ' Y 1 A o a
PUNNUI(MINTAIY 9 081) TaNd eIl axTdnsimsvensfodia’ls
? S S8 Y dow o Y X g v g 1w

Chip ant WU NNUBAATI AT THVUIA (Dimension) 52178 na9 LASAITIMT VB
Hoen 31 Whip ant , Chip ant 4520z fudadoyaiianasain spec 8NAIBEIUT §U Pro
fuenaunsadyldInagega 1.5 km uuv line of sight uAdUsUAON Chip ant 1dn 1214

FLOLPIGADYN 500 NIUNAT

31 2.14 plenee ALY Wire (Whip) , Chip au& sy [4]

M5199 2.1 MINUAAINUANBBIZYRNNATIIY XBee [4]

Module Antenna Outdoor Distance Indoor Distance Indoor Distance

Type (Visual Line of sight) | (Office Building) (Warehouse)

XBee Chip 470 ft. (143 m) 80 ft. (24 m) 7
Whip 845 ft. (258 m) 80 ft. (24 m) 84 ft. 26 m)
XBee-PRO Chip 1690 ft. (515 m) 140 ft. (43 m) =
Whip 4382 ft. (1335 m) 140 ft. (43 m) 355 ft. (106 m)

2.3.4 XBee Association
Tunsev1e ZigBee AoalimaviauluInualsznsansaay Tugranan ludims
o Y U [ g’; Y =1 { o o o s
W Fudetoya Aniud) XBee 543 Parameter Hozfvuansiaudinsy Sleep mode

(Parameter A1,A2,SP,ST)

2.3.5 XBee Addressing
(Y o ' o v I a Y
#17 XBee i]a‘iﬁﬂlﬂiﬂﬂ'l?iﬂﬂﬂ?ﬂiz%WI’JE]N@Q‘UENML! (Address) 2 11y ﬁi] LU 16 bit

a 9 v o 1
address 110% 64 bit address UnALAI XBee NNAIEYNMUUAAINIIN 15991054 Address 64
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bit BguAI A9z mN508111 1§17 parameter SH+SL 11519911 Address 64 bit @17150411

1aTasivun parameter MY 1971611 0xFFFF %30 0xFFFE #91M1551MUa 16 bit address 11

) o ' U I o
vildlasdvua parameter MY 1#Tin1toon1 oxFFFE TaoazBemilu mode mMsineiy 2

Uszinnde

® Unicast Mode fio M35udatoyalaoefondnnis Acknowledgement 0111110

Y
VerrTasRie gy 1 ] [ @ v @ < o U 1
Audaiudedoya’ly ua 11850 Ack aeunduandy ngihmsdedoyalmi

® Broadcast Mode fomidatoyalidaulaemalitldsudeyannd

2.3.6 XBee Operation Mode

A o Y I~
XBee ﬂgﬁTJJ15QLLU\16U’3\3ﬂ'I§‘V]’N']u‘lﬂ“Ju S HUY D

1 < : ' @ J @ = { 3
®  Idle Mode TnwaitvzitluTnuai hi'lasudadoya @2 XBee wi3ouingsiianldy

Triuadu 9 ae lusiui windidou lvided1s

® Transmit / Receive Mode (1033 2 Mode) A9¥34# XBee 1n1551 130 dafoya

" W o ] I g @ : o
Tﬂﬂ%gllﬂx‘lﬁﬂ‘ﬂmzﬂ']51/]1\111!8@89?)7’1&1]1! Direct NULLYY Indirect , AIIAIHUA

Address ﬁu'ﬂNuﬁzﬂﬁm‘l’lN,Clear Channel Assessment HAZNISADUSU

Acknowledgement

] < ] d o @ o 4 1=
® Sleep Mode 7B %390 XBee 0gludnumsaihawdsnumiigaiie aisns 14

41U

S| 1 @ : =) o
® Command Mode 7o auaaunsdsy parameter UDJ XBee GTNi]leﬂ']‘iﬂT‘rmﬂ 2

LL“IJ'IJﬁ%J 11U AT command AU API Command

2.3.7 Data Throughput 199 XBee

Serial

o bl Receiver
Buffer
Ci8
N

Progessor

|]F TX
Buffar

RF RX
Buffer

RF Switch
R
®

DouT E) | | sena;:;;e:amn
Rt e

Recaiver

M ]

-

gﬂ‘ﬁ 2.15 Internal Data Flow Diagram [4]
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Taon2 1Ums 199 RE Module A5z fmua ¥l Butfer 818 1ion1s513usas
[ U U A o U @ Ao 1 Y 4 A
IVAVOYATLTHINABUNTVA N0 IMA nuapunsuaa 1 luTasnouInsaians wie
ginsaiou 9 Idedranuzeay
Data #5093 171 MCU AU XBee 9204851701304 Packet 9199 Drop 'I§
d’ ) @ ) 1 Y d‘ d' g’/ d'
HBN Data Overflow Tgdhuiudumsasdoyalii XBee iooonsiniaiiy vt DI
Vv ! i
21 Buffer 081521101 202 Bytes MInd41i Buffer 921Aans Drop packet 19 4am1aiasy
9 ~ S | 1o v =} A A £y @ =
Uoya N1 DO NN Buffer dglyuny Taeazd Parameter NNYIVDINY Data Throughput A9 RO
1ag BD
1 1 s < X < < { 1 1 {
1 RO ADA Packetization Timeout #1111 delay maa%ga‘ﬁagiu DI Buffer Nou#
N 4 Y 1
929N encapsulate lUfau RE transmission sﬁam%’auyaaaﬂmmﬁ MINAY RO = 0 Data 7
kY
Surten Mcu 929N XBee Encapsulate Packet #909N01MANUNA A1 UIT102 T Parameter
RO tiag BD #z18lums s Data SudaliamaseSuaeiu 18 10185inns Drop Packet
18 Tunsaifidedoyaifiu 200 Bytes
Y v
HONNINUYIN PIN CTS(W112) 1A RTS(V116) ¥2817011511987% Buffer n1elulng
I g ' J y H 18 o =
vz Tngludasa DI Buffer 9244 Signal 11019 CTS 1o DI Buffer maoNuNvaRYagDn
v P { 4 g Ao 1
17 Bytes a9 Clear Signal fl CTS 14i0 DI Buffer inapWURTARLNNT 34 Bytes

kY
@ W

) [ = @ L) (T @ Y o 2 A Y 1
ANUU mmumimauiﬂmnm IUAIVBYANY XBee ABIAIUUTDI Buffer A2 (46

V)

a ) [ < ] ) 1 [ (Y
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® Checksum WA 1Byte  1iIud0YAYDIHA Checksum AauA Byte 7 4

3.2.2 Usznnveansu

H Vv
Uszinnveansunldiu Jsenovlagre

® Remote AT Command Request (0x17)

( LLﬁﬂﬂﬁ'ﬁgﬂ‘ﬁ 3.4 UNAND Remote AT Command Request (0x17))

® Explicit Addressing ZigBee Command Frame (0x11)

( Llﬁﬂiﬁdgﬂ‘ﬁ 335 uﬁﬂm% Explicit Addressing ZigBee Command Frame (0x11) )

® ZigBee Transmit Request (0x10)

(1an9A931/9 3.6 1A ZigBee Transmit Request (0x10))

0 xis
M5B 1 D0
TSRS B Number of bytes between the length and the checkeum
3 17
Ideritifies the UART data frame far the host to carrelate
4 Dyt with a subsequent ACK {acknowledgement). If set o 0,
no respense is sent.
M5B 5 DxO0
8 0x13
7 DA Set 1o the £4-bit address of the destination device. The
: following addresses are alzo supporied:
8 Bx00 OxDO0CACO000DACOEE - Reserved §4-bit address for the
G DxdD coordinaior
i 0x000000I000D0FFEF - Broadeast address
1 Bx11
L5B 12; 0x22
M5B 13; BxFF Set fo the 16-bit address of the destination device, if
known. Setto B«FFFE if the address is unknowrs, or if
L3B 14 [xFE sending a broadeast.
Bitheld to enable varicus remote command options.
Supported values includs:
OxG1 - Disable ACK
{0402 - Apply changes on remote. {If
not set, AC command must be sent
15 Dx2{apoly! before changes will take effect}
changes! | gy40 1jze the extended ransmission fimeout for this
destination.
Setting the extended timeout bit causes the stack to set
the extended transmission imeout for the destination
address {see chapier 4}
All unused and unsupported bits must be set to 0.
16; 0x42 B} | Mame of the
17: Dx48 H} | command
If present, indicates the requested
£ Ox02 parameter value to set the given
: v register. If nc characters present,
the register is queried.
19; OxF5 OxFF - the B bit sum of bytes from offset 3 o this kyte.

31l 3.4 uAAINY Remote AT Command Request (0x17) [19]
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O *SID0NSE IS 2Ent,

ol
[72]
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X T e KRS R E L 1)

o
<o

Setio the B4-bi adirecs of the destination device, The
folicwi addresses ;sr»— ai supparied:
"1

- Reserved 64-bit address for the

- Broadcast address

Settothe 15-bi adéress of
kncwn. Setto IRFFFE # the
sending a broadoact,

Scuzee endpoirt for the fransmission.

Bestination andpsin: for the
fransnissan.

Chaster D usad in the francmission

Profile IT used in the franamission

Setz the mavimum sumbsr of hege 3 broacca
transmizsion can traverse, If set to 0, the t'a'xsm on
radlius wili be 22t ic the netwaork max; U Biops vaiue.

22

il

Eit!?i*’h.z of supparied transmission cptions. Suppored
vaiues incluee the fallowing:

Oxl - Dizakle ACK

430 - Enabis APS enorygtion (i £
Jzg the extendsd anemission $meout for this
destnat:on

Erabling APS encryplion decreases the maximum
number of RF payload tyiez by 4 (below the vaiuz
reponed by N2

Setiing the extanded timeout bit causes the stack ta set
the exianded Sansmission imecui for the destination
addrass. (Ses chapter 4.}

Al urused and unsugparted bits must be set i 0.

[NCE ST
=

o

Data that is sent to the destnation davice

[ o]
2]

O¥FF - the B bit sum of bytes fom offset 3 ta Bis byte.

‘ﬂﬁ 3.5 uiang Explicit Addressing ZigBee Command Frame (0x1 1) [19]
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; ] Giise 5 3 $1ifs
i ufE
bt Mumber of bytes b the length and the checks
ytes betw feng ke
Ty D% umber of byte een the length and the checksum
3 010
ldentifies the UART data frame for the host to correlaie
£ DDt with & subsequent ACK {acknowledgement]. Ifsetio B,
N0 response is sent
MSB 5 OxOD
B 013
TS Set to the B4-bit address of the destination device. The
S -; Tollowing addresses are also supported:
8 OxDOC000I0ACO00T00 - Reserved B4-bi address for the
g coordinator
B IDOO0O000IG0IFFET - Broadeast address
11 ot
L8B 12 Dx27
MSB 13 xFF Setto the 1B-bi address of the deztination device, if
: : known. 3etto DxFFFE if the address is unknown, or if
LSB 4 DxFE sending 3 broadeoast.
Sets maximum number of hops &
broadcast fransmission can coour,
I . =
o Ifsetic 0, the broadcast radius will
be zet to the maximum hops value.
Bithield of supporied transmission cations. Supporied
values include the following:
051 - Bisable ACK
0x20 - Enabie APS encryption iif EE=1)
040 - Use the extended fransmission fimveout for this
destination
16 DyO0 Enabling APS encryption decreases the maximum
Y number of RF payload bytes by 4 (beiow the value
reporied by WP
Setiing the extended fimeout bit cauzes the stack to set
the extended transmission tmeout for the destination
address. (See chapier £}
All unused and unsupported bits must ke set to .
17 B
18 x78
15 Dxdd
20i Dxpt
= ? Data that is sent to the destination device
21 D74
22 Dx&d
23 %30
24 Ondt
25 13 Ox7F - the 8 bit sum of byies from oHeet 3 1o this byte.

i1 3.6 uiiAIN ZigBee Transmit Request (0x10) [19]
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