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(Protocols in Network Layer)
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%gu Application profile wag Applications %Lﬁummgm Zigbee ﬂmaLﬁdﬁqﬂﬂizﬁmmmﬁaamm3
Tgamsuiule lunseenuuukasinwiasetiewuwesiiagldnuasaiimuauisaiansuansy
yestuselunietemantadditoliannsainuldidturionsidndnuliivsyansamanndy
wmadamariaunsanulunuisoussan Cross-layer desion dnsuluunilazvendnfaanisdu
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Uszansnmuaznsiindsnumsaniets uenaniudididilaisnshumidunsiesd-lansyuaums
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Yoya nmawdlunislauflun (Attack) uagn1smsuis (Location) tugh

User Application Applications R
Application Profiles Zighee or OEM

Application Profile Application Support Sub Layer

Network Netwaork and Security Layer Zighee Alliance
Data Link Platform

Media Access Control (MAC) ~ —r———————
Physical Physical

W

AMNUIENBUT 5.1 ATIUHANAINTENINUIATTIUTUATOUIETENI ATV BTULDS L TaalazAT oYY
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5.1 Physical Layer

U a

gumeniwimihnlunisuvasdeyaiineassauinlidudygrafivaizaulunisdeiuluga
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AAUINY Funtenmdwimihiidenaduaud nsasaduarudiidunine (Carrer frequency) N3
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aunsanualeidu 3 wtalawn

1) Narrow-band ttjun1saauliild Bandwidth egiiuseansnmlagldisn1suegatunuu M-

ary ludrsauresn1swaunluadnsuinseviowulgesisateinisldmada Narrow-band ulun
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Platform Mica2 743U CC1000 yeuiinnud 433, 868 uaz 915 MHz saeaunves Bandwidth GRGN

175 kHz fisasnsdstioyad 76 kbops

2) Spread-spectrum fignlélunisfoansruaduingiioulsennisdsioyauarlfmuny
FOFYYIMTUNIUY %&L%ﬂﬁﬂﬁ“agé’aaﬁu 2 ¥linA® Frequency Hopping Spread Spectrum (FHSS) uag
Direct Sequence Spread Spectrum (DSSS) Taed FHSS LAna1nn159 Wide-band spectrum 9n
wisgesluidudesanuides Imaﬁmi%’masﬁﬂ%gﬂ pair fud1¥esdeyg1am1uisnig hopping 7
fsual segansdeaaiiuaiuingdieisng FHSS dldun Bluetooth luvmedimafia DSSS ey

v
=] Y

UUNUg1UYR3IWa Pseudo-noise (PN) visefiisendn Chips lag#l Chips fiddnsnisivaniaanitteyain
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szaudn azgnillueguaduiudeyasziudnneufiaziinisdeean Fs DSSS Woalunnsguildlu

Y Y

\n3ovnewuiweslians IEEE802.15.4 undy cc2420 Tndunudifl 2.4 GHz $8ms1n1snsas chips 7

2 Mchips/s Wae é’mﬂmsda%’azﬂaﬁ 250 kbps

3) Ultra-wide-band (UWB) \JuBnguuuunilavesnisdsdayaniunduing UWB o1dan1siuds

v '
U Yaa U

Uayaluy Baseband Asnudslidesldadunine Inenaluazldisnisuagiaduuwuy Pulse Position
Modulation (PPM) &3 UWB lasumuaulafiazianldlussdusunisnmuenietisigugeslsaen
Aosn1sTudadayaniniazides uldn UWB aziidesiviledn Spread spectrum ins1glildldaiunimely

madeeyariliinsnsnaivdidudoutosndin unffidedrinfiszanunsavinisdedeyaldfneluded

$p8N31 10 LUAT

dmiuwmaiianisdearsluneviswuiresiiategiuuuduinuiaulalaun Acoustic
communication nN1gdmTUNITHRILILATUIEITULLDSISa18TAU (Underwater Wireless Sensor
Networks, UWSNs) ilesanwmgvainisdeasgniddeuaineinieduii adwdes vise Acoustic wave
= A o A vy 1 a | o v & ' =
annsamdsufiusiinaniiluinlsgsinazamnsadsdyaraliladussoznielng uansdeanslu
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[ [

ihAdeldedinnlunaloisotu Path loss, deygrausunau (Noise), Doppler kaga1uIalun1sas

L As 7}

Judiu ilidsaduisesiaulalunsvinideludegiu Geaunsasuanmideineuiiesiu UWSNs 1a
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Magavesazlivenanlilunilsdsiaud Luammﬂmwguazmm%Lmqaﬂazgﬂaﬁmalﬂwmaa
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[

nanua1eRinImUsenoui 5.2 Ingluadinleiu 3 wuufe Coordinator (NLATaUNEAEABIElUAYTAT

a

wazdl Coordinator 1 fivevimiifadeiuwATewit1eviadilayaonuaniasAsetewuLesls
a18) Full Function Device (FFD) viwmthilidunslunsudeyasneuweivseilu Router ladae waz
gavingAslun End device 130138091 Reduce Function Device Tuawuuilimihifudeyannisuiees

widssiedayalvilua FFD w38 Coordinator Wity

Q/

. Coordinator
O Full Function Device (FFD) \

End device
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Tudumenmimualdiinduaudldauls 3 gwldun 1) 24 GHz aunsaldldmlandundy
Audiansnsay Useneudie 16 Yesdnyayas 2) 915 MHz Tlunivenidniuseneudie 30 dosduaiol
way 3) 868 MHz Tdluglsuiliiies 1 9oq yanalildousindu dmiululsanalnesiaunsaldndu
AINAT 2.4 GHz duAAUYI UWB ina1ud 1, 3-5 waz 6-10 GHz IfgnAvualiluninsgu

|[EEE802.15.4a

5.2 Media Access Control (MAC)

Tudiuved MAC vo9AsoU 83 tia1a9enanian1snIuAuNIsWouosenielun 59uds
nsmuRuyuiuresaya (Collisions) Weluneglnatuvsensinisdsoyalunanfediu Sanidevane
Fulginauelnsinaea MAC dmsuldlunsediswuwesiias lnefiaunsadanieenlalu 3 nau

TouA

1) Contention-based medium access bon B-MAC 6], S-MAC [7], WiseMAC [8] ttay DSMAC
191 WJusu
2) Reservation-based medium access o BMA-MAC [10] kag TRAMA [11] Wudu

3) Hybrid solution Tundudiilinslnasa MAC muunsg 1y IEEES02.15.4 [5] way Z-MAC [12]

d1m5Un1593U18N15Y191UTB9 S-MAC, WiseMAC way DSMAC L udiuveanilanisnuniu
I55unssuNngItesluuIneinusseauTy g nvenedseAng Snwiyy wagn1svinauves MAC
WA IEEE802.15.4 1T udiumnilanasn1snuniwdssanssuiigideduanineinusssaudsgailn

VaeUgallss NeInau

5.2.1 NM1591191U4839 S-MAC

S-MAC 1B MAC Tnslnmeafignesnuuuduniielfnutuinietiomuseslimelugaun dald
YFuugalnsinaeaunan nuadsendandsanuveaunnsgiu IEEE 802.11 v1191ulagn1sinuayieaad
U uaziu vosgUnsaiiloysendandanu T,m8m3?1'ami%v‘hléﬂ,awwdwnmﬁqﬂmaﬁ?ﬁuwﬁﬁu Wy
st esdy ruazldisnsug s edey ey Imamidﬁmiummmﬁamwﬂizﬂa‘uﬁ 5.3
Usgnause SYNC RTS/CTS wag ACK Tag SYNC azvimihfifvunqaisudiuresnisdeans uazudaain

v

gj a 6 o ¥ ! k4 ! dl ! ¥ L4 dl 4 U k%4
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mou CTS nduuvmnwiaunvesudeya Wekideinisavduloyaldsudyyiu CTS Navdioyasanunli

Y

Yo A ve Y v I3 v v oA A o Yo v
A5U WedFuanusasudayaldnsufazmeu ACK Tdadaniotudunisliiudeya

Receiver Listen period Receive/sleep
. : period
For sync For RTS ' For CTS
: : >
Sender Tx SYNC Tx RTS Got CTS
L CS 5 s 5 ' Send data
: : l } >

AUsENaun 5.3 Ten15Sudadayares S-MAC [7]

Y a 1Y

9Av8 S-MAC fie anunsaannisldndsuiiinen nisildlagliiideyadioanunls aens
Wi waziu auauna wenanddudulnsinaeadianuisaluimuniliie Weswinlidanududeu
wntdn deideves S-MAC fia n1sdedayawuy Broadcast Wuvzldldinsuniuau RTS/CTS Faviniiiy
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Tonan1svuiuvestoya wagAIUNTEaY waziuvesgunsaliu gnivuadliasemin ladaiuise

Y

(% |

d' [ o 8 v a a Y A 9 v a4 1 da % av
LUaEJULLUa\ﬂ,ﬂ sdﬂﬁ]gwqiﬁﬂigamﬁﬂqwsﬂaﬂﬂ’ﬁisljwaﬂ\i']uaﬁaﬂLQJ@ISU\T']‘UELULﬂiasU']EJV]lI G]’ﬁﬂmiawayjawiu

LUUDY

5.2.2 MIN9IUVB9 WiseMAC

WiseMAC ldfmununanuuidnvednsinaeaie 64 QBUJBMO5%."06BOES $-
4 B N Qe A 718y di sldnnsFeasuuvanstosdnyayns Instosduaausnazlidmsu
nsdsteya uagldnsifedesdygyiauuy TOMA dutesdryaniiaos ldmiudsidniuny uayld
N9 099 99F U IUULUU CSMA el WiseMAC agltosdgy ey rautilestoaien wagldignisangs
%0388y Y IUUUU non-persistent CSMA (np-CSMA) [13] Taeldnszuaunis Preamble sampling wuu

iWearulnslnaea Spatial TDMA and CSMA with Preamble Sampling titeannissefudeyalaglais

Toyadseany) F9I5N15v91ures Preamble Sampling tulduanilifsnmuseneaud 5.4 Ao aziinisds
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foyay1eu Preamble eenunneunszdiloyaudazivisy elddmiuvenluadinaziudeya Wsesudeya

Y

o

= A o Ay o 4 X v R o I A o v '
%QLN@IU@W?W@@Qﬂqiﬁlg'ﬁum@lﬂa@umuﬂq LLMWUUWEN?IELJ@QWOJIZHN IUQWUUUﬂﬂgiaﬁUmalﬂam@lU

o '
a o N

sundnagldsutayaniosuninvesdyyinazinednass uazdlaldsudeyaudafvznau Acknowledge

ndulgsindeoya iedudunslasuteya

Arrival, wait for  If medium idle,
right moment transmit ‘}
Source l Wait P| Data
Tp
Tw
Destination < = A
O ] "
Wake up, Wake up, Wake up,
medium idle medium idle medium
busy, receive
message
ORX [ TX P:Preamble A: Acknowledge

MwUseneui 5.4 Fnsudadeyanuu WiseMAC [8]

Y

fofivas WiseMAC fio Haainn1ssaesmsvhaunuinssdnsamues WiseMAC tushléindy
S-MAC meldanmeietnefifisnsnisdsdoyalsingd uardianunsadanistym anuudondwesia
1§ vilannsfennis Synchronize 1a1ainaneuen Teidevas WiseMAC de n157 WiseMAC lallgidl
n15 Synchronize ms1snsuduuaziulinssiulunsaslusiieglndduy vinldhAndamde Weilnisds
fouauuu Broadcast Toyaazdosgniiulidnsuluaiiogindiu mnlundunduey uavardsoonlyd

mowioluntiulanuduln F9ilill Latency Wintu wayldnwasauuniiy

5.2.3 Dynamic Sensor IMAC (DSMAC)

DSMAC WulnsTnasafiimuisouatn SMAC Sufinainuaunsalunisusuiasu Duty-cycle
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AmUsznoudl 5.6 lassainetuges MAC 11As51U IEEEB02.15.4

wihfuaziladdurestu MAC muunsgu IEEE802.15.4 Usgnaudae
afawneuweiovieiledugunsnivssian Coordinator Ssagdindulainagiaululnumiuney
3ol (beacon enabled mode) FeaziAeadestunsld Superframe lagUn@ Superframe 9
wulumeluasuaiotieuasinisuvadu 16 ¥e9 (slot) Wi Au wazazuusesniiunu Active
WAEATU Inactive naAe AU Active axiinsuusdesiduaesdiufo Contention Access Period
(CAP) fildvaidnlddenanadaedanasiia CSMA-CA waz Contention Free Period (CFP) fifinaln
Guaranteed Time Slot (GTS) atfuayunisfuussfuanuindofenisifendedoars druaiu
Inactive Coordinator azliiaunsalanauiuiniadisuazldluunussndanasuld Inaund
Coordinator agdsiunausiga1uIafifualiifi o usmedyminuifnildnseiu
(Synchronization) M%mﬁaimqﬂssmﬁﬁu wazgunsaiuselan FFD szBudasisnuneuile
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\Jeusleriu Coordinator agvhaumuaswuiilddslasludiu Coordinator svinidndavefuse
N5EUIUNITNT polling ﬁ?iuﬂugﬂuuumsﬁwmummﬁa nsviululnunUszndandinunaznis
Aumngunsaliilaildzunsivunadlumsuiuney
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5.3 Network Layer
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Energy Aware Routing (GEAR) #3® Sensor Protocols for Information via Negotiation (SPIN) [14]

A v v = . | a P % a ° Y] &
Wiaﬂ’]ﬂ’]ﬂ@@ﬂLLUUlMaﬂ’]ugqu (Base Station) @g un LLaggJIu@GU'NLﬂENT\ﬂurJUN']ﬂ ANWYUTLYUUAIIY
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Energy Efficient Sensor Network Protocols (TEEN) [16] W& e Power-Efficient Gathering in Sensor
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1ATgIURIIEULIATeTETiTod Ad hoe wdsnduAfinsimundu IEEE802.15.4 Dunns
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q 3
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2) Protocol Operation lunguilaziuegiun1sianisinsinaea a1y Negotiation base, Multipath

e

base, Query base, QoS base kay Coherent base 35n1569naAiafinanssaugn1si1nuliiy

SEUULASDUNY AdanIluNINUSENaUN 5.7

Category 1: Routing

Y A

Network Structure Protocol Operation

! ! } '
Flat base L1y Hierarchical base Location base -Negotiation base
-SPIN L Ly -Multipath base
-Direct diffusion -LEACH -GAF -Query base
-GBR -TEEN&APTEEN -GEAR -QoS base
-Rumor routing -PEGASIS -SPAN -Coherent base
-CADR -VGA -SAR

ANUTENBUN 5.7 WHUNINLEAINTLUINSINADAAUMILEUNS [23]
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5.4.1 Insmaaa Ad-hoc On-Demand Distance Vector (AODV)
nsnAoan1sAUMLEUN1S AODV [29-30] 9g¥innisAumd@unilaiinissewe Inuwuseandu 2
diufie NITUIUNITAUNILAUNIS (Route Discovery) hag N5euUIUN15UN5I5NYEUNIT (Route
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delun D Faduluavarevns Iifudoanuaiuay RREQ agsinisneundusnedeninuaiuay RREP
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About Parameter Profile Versions...
RE Sellings] Range Testl Teminal Modem Configuration I

Modem Parameter and Firmware Parameter View- - Profile Versions
Read ] Write | Restore I Clear Screen I Save J Download new
¥ &lways Update Firmware Show Defaultsi Load | VEISIONS..

Modem: XBEE-PRO  Function Set Yersion
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! B 5D - Scan Duration -
B Z5 - ZigBee Stack Profile

B NJ - Node Join Time

B OP - Operating PAN ID

B 01 - Operating 16-bit PAN 1D

B CH - Operating Channel
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=23 Addressing

B SH - Serial Number High

B SL - Serial Number Low

B MY - 16-bit Network Address

B DH - Destination Address High

B DL - Destination Address Low
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B NH - Magimum Hops

B BH - Broadcast Radius

B AR - Many-to-One Route Broadcast Time

B DD - Device Type Identifier

B NT - Node Discovery Backoff
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Press 'Read' to discover an attached modem or select the modem type above.
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wSheam and XCite Read Wiite [ Restore | Clear Screen | Save | Download new
PEG-R IV Always Update Firmware Show Defaulls| Load | S RS
1.Pawer off modem_ . ; . Modem: XBEE-PRO  Function Set Version
2.Prgss & hol_d Config S_W|tc:h while turning pawer on then release. BP24E27 ﬂ |ZIGBEE COORDINATOR AT .l] |2OA7 Ll
3. This box will automatically cloze when action is successful. =
PEG-U \ B Scan Duration [E A
1.Hald Carfig Switch, I B (0)Z5 - ZigBee Stack Profile
2 Press and release Reset Switch B (FF)NJ - Node Join Time
3 Releaze Config Switch [bax will close upon success) B (988E834042943037) OF - Operating PAN 1D |8
\ [ (7C4F) OI - Operating 16-bit PAN 1D 3
xTend [ (18) CH - Operating Channel
1.Presz and hold Config Switch for 2 seconds. [release when box B (&) NC - Number of Remaining Children =
clozes] =23 Addressing
| [ SH - Serial Number High
HBEE [ (4098768B) 5L - Serial Number Low
1. Press and release Reset 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
[ (FFFF) DL - Destination Address Low
B () NI - Node |dentifier
Cancel l B (1E) NH - Maximum Hops
H \ B (0)BH - Broadcast Radius i
N B (FF) AR - Manyto-One Route Broadeast Time
\ B3 (30000) DD - Device Type Identifier
[ (3C)NT - Node Discavery Backoff
B2 (M MO . Mads Nisnavan Nakiane Y

Set/read the Scan Duration exponent. The exponent configures the duration of the active
scan and energy scan during coordinator initialization. Scan Time = SC * (2 * SD) * 15.36ms.
[SC=# channels)

RANGE:0-0X07 EXPONENT
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About Parameter Profile Versions...
PC Settings | Range Test | Terminal Modem Canfiguration l

Modem Parameter and Firmware: Parameter View | - Profile Versions

Read | Wwrite I Restore I Clear Screen ! Save ] Download new
V' Always Update Firmware Show Defaullsl Load | versions...
Modem: XBEE-PRO  Function Set Version
|xeP248z7  ~| |2IGBEE COORDINATOR AT | |eoe7 ]

=43 Networking

B
B
~RE
B0 ofile
B (FFINJ - Node Join Time
| [ (998E834042943037) OP - Operating PAN D

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

B (18) CH - Operating Channel

B (£ NC - Number of Remaining Childien
=4 Addressing

B (0)BH -Br s

B (CF1 AR . Manitadine Reta Renadesct Tima
' Getting modem type....0K

Programming modem...Lost communication with modem

|| Wwrite Parameters...Failed

COMS5 | 9600 8-N-1 FLOW:NONE XBP24BZ7 '
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About Parameter
PC Settings | Range Test | Teminal Modem Configuration |

Profile Versions...

~Modem Parameter and Firmware Parameter View| - Profile [~ Versions
Read I Wiite I Restore ] Clear Screen l Save Download new
f_ Always Updale Firmware Shnw Deiaultsl Load | Versions...
Modem: XBEE-PRO  Function Sel Version

XBP24BZ7 J Z!GEEE EDDHDINATDHAT
= ‘*3 Nelwolklng

[ (1234)1D - PAN ID

B (7FFF) 5C - Scan Channels

B (3)5D - Sean Duration

B (0)Z5 - ZigBee Stack Profile

B (FF)NJ - Node Join Time

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

[ (18) CH - Operating Channel

B (£) NC - Number of Remaining Children
=423 Addressing

[@ (138200) SH - Serial Number High

E [40987888] SL - Serial Number Low

[13A20EI] DH - Destlnatlon Address High
[ (406F4814) DL - Destination Address Low
=J(COORDINATORT) NI - Node Identifier
B (1E) NH - Maximum Hops

B (0) BH - Broadcast Radius

77777 B (EF) AR . Manito.Nne Rante Braadeact Tima
Getting modem type... 0K

Programming modem...0K

Setting AT parameters..0K

wiite Parameters... Complete

3§ ETTE|

BB [coM14] X-CTU

About Parameter Profile Versions...

PC Settings | Range Test| Teminal Modem Configuration I

‘ RBP24BZ7 ZIGBEE ROUTER AT

[~ Modem Parameter and Firmware —~ Parameter View - - Profile —— ~ Versions
Read | Write | Restore I\ Clear Screen I Save Download hew
V' &lways Update Firmware Show Defaultsl Load I versions...
Modem XBEE-PRO Function Set Version

h (D) NW - Network Watchdag Timeout
B (0)JV - Channel Verification

B (0)JN - Join Natification

[ (0) OP - Operating PAN ID

[ (FFFF) OI - Dperating 16-bit PAN ID

B (0) CH - Operating Channel

B (C)NC - Number of Remaining Children
| 543 Addressing

B (134200) SH - Serial Number High

B (406F4814) SL - Serial Number Low

B (FFFE) MY - 16:bit Netw fess
200) DH - Destination Address Higl
(4098768B) DL - Destination Address Low
[ (ROUTER1) NI - Node Identifie
B (TETNH - Masimum Hops

B (0) BH - Broadcast Radius

B (FF) AR - Many-to-One Route Broadcast Time
[ (30000) DD - Device Type Identifier

[ (3C)NT - Node Discovery Backoff

B (M NN . Mode Niceavan Nations

Eenmg modemtype..OK
|Programming modem...0K

Setting AT parameters..0K.

‘wiite Parameters... Complete
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About XModem
PC Settings ] Range Test Teminal | Modem Configuration |

Assert
DTRV [RTSV [Break ™

Line Status

I
ROUTERl

4098’683
40cFas1a

ATCN
0K

Close | Assemble| Clear | Show
ComPort | Packet | Screen| Hex

:J

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

) oc’iz'mﬂ) ai

[COM14 [ 3600 8N-1 FLOW:NONE il [
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PC Settings | Range Test Teminal | Modem Configuration |

Line Status Assert
Close | Assemble| Clear | Show
[CTS BRI EER | |OTR W [RTSW [Break ™ | ComPort| Packet | Screen| Hex
lI++0K \ T &
Wi router Coordinator j
Hello Router

Hello Coordinator

Nice to talk to you

Mee too, BYTE BYE|

BB [coM14] X-CTU

About XModem

PC Settings | Range Test Teminal I Modem Configuration |

+++0K
outer

Hello Router

Hello Coordinator

Nice to talk to you

. ||mee too, BYTE BYE

| - Line Status Assett
= Close | Assemble| Clear | Show
JETSI 0BG | 0TR ™ [RTSW [Break ™ | ComPort| Packet | Screen| Hex

Router -

COM14 3600 8:N-1 FLOW:NONE

Rx: 46 bytes

I COMS 39600 8-N-1 FLOW:NONE

Rx: 40 bytes
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#include <SoftwareSerial.h>

For the electronic wiring , you should :

o the Pi , Dout)

Cormect pin

Connect pinTx to the Pin3

// Define the ion
uintf_t pinRx =
long BaudRate =
char GotChar;
// Initialize
SoftwareSerial mySerial( pinRx , pinTx );

pins on Arduin
10 , pinTx = 11; //
9600 , sysTick = 0;

the pin on Arduino

void setup()
{ // You sh

es in Arduino

/ Y , it will
/4 PC
Serial.begin(BaudRate);
Serial.println("XBee Communication Test Start !");

Qevrial nrinti"RandRate:") .
[

rial port

rial Monitor
for talking

<

i

7 Arduino U

5 608 RT2D G O olGHSINi-J

m

!
9*10$Y?

File Edit Sketch

Auto Format Ctrl+T
Archive Sketch
testhee Fix Encoding & Reload
#include <Sofj Serial Monitor Ctrl+Shift+M
For the elf
Connect pij Board »
Pl
P Serial Port ¥
Define the from
Programmer
fduino

uintd_t pinRx
|| long BaudRate

1ar GotChar:
0

Burn Bootloader

Uy Uofily 6 wé R
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pinTx = 11; // the pin on Arduino
, sysTick = 0;

BB [COMS] X-CTU ool et

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

Powered by NewSoftSerial !

[£] com2s

Line Status Assert
Close | Assemble| Clear | Show!
T8 DTRV [RTS IV [Break ™ | ComPort| ~Packet | Screen| Hex

.Hello From Arduino UNO
Hi from XBEE

XBee Communication Test Start !
 |BaudRate: 9600
rial Rx Pin#l0
wSoftSerial Tx Pin#ll
XBee Communication Test Start !
9600

Oy 4 auU U

7] Autoscrol Nolineending v | [9600baud

0O 60gRIBUO ogi

El

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

- 88 -



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

-90-



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

-91 -



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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/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-

1 FLOW:NONE

Robert Faludi, “Building Wireless Sensor Networks,” 04 3, BodMMZ

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

wuzdINsasIaASaTeuaslsanefaulun Telos Compatible

(Introduction to Building WSNs using Telos Compatible Node)

gideusaluumid\ asfniu  Tuuns!!

.'

gaUszaeAnisseus!

36 ay 06peIBYTBHB o Ug 10 g1 W08 68 8

iitT ohiO g 117 O g RaU 1 7é1 ¢éaogy&!I U Ug
J'0*11286 Uéd g1 y Ua 1éd TRuxexYi081T URm dybo
#14156789@: 1 U+ U<EaxYI@RPE 1 0+ U24%1 68128 aR &
60 Ug TyABR6B8 41 i6- O A aodthl) @&do ¢ e 610 a Ul
dhddad O 0Ox+ #.0)&HAADEOEW Mlag WESHT € &n 4O
6 11 Y é Ce8ddedBod® & O1x & giiida AESEE iy
g iida i & O/BECQ)2HEFBQHHBGR! @ W ua T Ug iidi
dg 6UAAYN éadpalo®ayx Uelitoa i & O g@aciPu O ohi
*[*$0

WC)2bi@aya US Taily O8 U J i1l @®WiOe i (
Uit 1

w*$0l s i@yl & Oy UUT e dEs@éedi® 0@ cadey U
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BT é7 Y =< eadRpic UV>-OU 1é 110 gé éRedd oo U
YiO diag @6 7 d0C)PE i@ 6 Ui U fUa U ua

! vy @ idpi Y Raid g6 ¢l -ERWo d@Pdédhi Ray
O pi x+ XFY Odxp 16 Tx UO oY &g ddwdéaiads
$HAI'KH),!0T 1Y U 6 696& ai+@i dkKdaddal® shduid ¢ o6ad:
30 +ROEAPEBIMGIBIU 6 idKESE DS T§ua seé uid
Té é@pFs U g0 é 600 T1UND§o@® &#6c60g OTi110 ogéa
LBREES tUWU y U é =0

:’":I._n:‘;;;"i - m < m @w=l mMsp430-objcopy

““““““ 5 600INTKil 16 10 86 GMASs Opbéal

L3.1 wissuwieunauEuufianns
y oaii 6 O g7 Ug UINENHE(® osdY Rag iida i
K aig O gé uTdo W € 660M!&D0IDOPP QRO MOEES)KS$*0
&00JOPPB8BKB@KRRKB7:P+'Q%$."C+POE$3')
BK 1Ogé i 00di éKHIN B UBhO 6 yd U+ + ~ 1«
éau+ 'G.B80 g6

PHSUR™()  *+) ) I,
I"H$%&"-,."012(3 !

|
7Ké éé U dplergoéau+~U y U
"#$%&"%(4+" +"3#(567)&&/#01%,8

! I"HSY& Vo(4+"  +")-.9&H01%,8
IHS%& Yo(4+" £ #01%,8 |

"T#B&N!



6K3 o i FOED O did (FreEH Y ea s

"+ %-)";<18'%=2> |
|

e 61 RDCEHO@EGd 51

2(8&2)" @ABCAA@DE<&()<)-.9&#* F1?7E"
2(&2)" @ABGHCDE!@ABCAA@<)&HE
,2(&2)"1JKLCMNLBDE! @ABCAA@<#$((&2)<3'4,<I'4,2$/ #E
2(&2)"0J@PDE<&()<3#(567<8-.QI0J@PE !

SK taudg 7 6'Ug liiéau+U y Ué Ué&" a1

I"#$%&">=&R." HC"SR=&'3-S"<&()<)-.9&# *F1?"

'H$%&™()  *+)- )" 8%-1% * ##,.)-'"$)&3'4,
I">0"<&()<)-.9&#  * F17<#$((&2)<#%d<> "

| I"1<8&&)#)2'(

) "<>&. T-+$2,
"3'4, |

6U O éERWHI ¥ é Oiuaiéog Olgée U éuU

PCJO)! & i + U B9AOg60 p
P)(JJHO! 8o ORUWRAWUWCKE!TyT Ty1T HES3! Wit di Uofi
1*HIFH
PO".)! Ug U6 y o iy7 iyT i®/@®U 6 6ud 0 & éé |
POM!  1T'(HGXG¥*1Ug 113-8$8P& O o

PESO*HXC@EHESD*HXCG*s iida 1 & O o

P.ED! Uig @ 6 égd 7% Ug 1ida i é& O o

PXOXH! GUig oy o 1 80i)DOIEECEND & &1

P)*$)HD'CHi)la d)*§)'H!& ! BT é

P)3)0%! (i@ @2%H$%bUig iida 1 é O g

PO3J!  aZt@+y! o 1 i 7 +RERIUxa 6 G 1

PG&EJ) (ig dGRENw(AAEBS!I'D é (19,816 BSjiHI &

Ui 6B 7Ju & 6 6
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L3.2 msnaulnduazinga Tinyos vulua!
Y O0i OG0 (0.eeasesEs3n®a i Tu+U0 6y éud 10 gl
0".%B&CRP)E T éa aig O QU!/'OS?.E)ﬁ!ﬁ LycgU oy Uu y U ¢

motelst OhTU § UG'0*ig eéé@& Y P ii '8a@)6 swiNTKoi U é
Y Oé 0 +o/07 Y yewiar aJée u[lR! éééer i Hosmade
x 7é 1x U0 & && URd s cwdeda U0 W awdde @i
T10e

toy@cjundang:~$ motelist
Reference Device Description

M4RSNT 4D /dev/EtyUSBO Moteiv tmote sky
toyRcjundang:~5 l |

5 68gINTEuUY OBy y U

make OhT Ug uoe v g IR U+ 10 bW & BEXD & O D
i aod ¢l o/CREXEMA yoBaYy o 7 i1 +x 781908 giUxoUd ds
U6 é6ad 0o Ogob i é 6 & 1ié° &1
| 134,m0y2+ ) V"W, 2)21#x !
|
\OCHF*@hTy tuTix UO gg 7 OB IMESCYHH -ea
MLOH@ Ty Uil @ i1 6 0 & 6 TOge!ll éa Ug 1 06 o

—
C:
M-
A

6 60d 8V/'@W@oy @ T

6 6ud 0W/Blane é& IN0de HDoo+ U
gOi eépuvYy ioi

123+!(14(+!8+3'6(277! € ¢éé U 6@ Ogo6lé+i o6°éa UU 6 6ud ¢

123+!(14(+!5'6(2779:! U 6 60d 8@ Opooga 60 i@ éé U dg Og

0/'0
123+!(14(+!5'6(277'%679V+ )(-%/;10 4 d 85 Ogo 6o/ i@ €& W H¢
6 WPe@PO0J[1>:

123+1(14(+! !

U
123+!(14(+!15'6(277! U

La$!'



€ 0+ Ux UfuO gU 6 6WdU@EesUOobakEs © 68 U oo

1"3'4,")3&),"- #)'l] !

pe/BlinkS nake tmote install

b binarxy

mdisable-hwmil -Wall -Wchadow -ODEF
x=buildsftelos
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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;
j:x:am:_id_t ‘type; enum {
} serial header t; AM RADIQ COUNT MSG = (OxAEB,
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Internal Voltage Msp430InternalvVoltageC *—> sensor

Internal Mspd430InternalTemperatureC *-> 3ensor

Temperature

External SensirionshtllcC *-» sensor.

Temperature Temperature

External Humidity SensirionsShtllcC *-> sensor.
Humidity
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