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Chaidilokpattanakul — Advisor

There is a need to locate valuable objects in the building where GPS signal is

weaken and unreliable. Few technologies exist and can be applied to use for this

purpcse including WiFi, RFID, Zigbee. This research implements Zigbee for Real Time

Location System (RTLS) by fingerprinting Relative Signal Strength Indicator (RSSI). From

our experiment, we can conclude that Zigbee can be used for RTLS. However, noise

from other sources such as WiFi can adversely affect results.
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Tduuwvumsdsiuae (Cable) wazliszazmsdaie 20 was seanfinsiauemnsgiu IEEE
802.15.3a \Hnasgiudmiuszuy Ultra Wide Band (UWB) @afiussuuiietnefiiidnsinis
Fudsgann (11Mbps 55Mbps) way flsgegnssudsdoyalnd (v 20 wes) Junasgiu IEEE
LY 1l o o al s 1 ] dl 1
802.15.3a ad‘luummauyimuazmumiwmuﬂamqmamm dnnIgIu IEEE 802.15.4 1y
. < d ada v w ) 4 g ' o
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< a W vy & W =
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< Y o v v = v Vo as ' v v
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< 1 v a 2/ ) =l o v L3 1 1 A
WPAN uinietralianedmiuldnulusse sdunasilsnagn Tasavilvigunsal athaty 1a3e
= | = o a (4 < a ] d(' a
Aanflmes PC, wiemaufawmes laptop, 130l wasASes PDA @nsndnsedeansiy
1 %) | 1 v & v = 2
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Ussaniliadiouthelsl (portable) wasgunsaiusziaviluuned (mobile) Tignsautseandunans
QGHEPERIEED
« 802.15.1 (Standard) yihmswmurteinuninnsgu Bluetooth @iy WPAN
« 802152 (Recommended Practice) \dusiuzUszifiuddaiiavio siasaniilofinisti
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3797 2.1 11AT5IU 802.15 V03 WPAN

Data Rate Range Configuration Other
Features
802.15.1 1 Mbps 10M(Class 3) 8 active device Authenticatio
(Bluetooth) 100M(Class 1) | Piconet/Scatternet n
Encryption,
Voice
802.15.3 22,3344 55 10M 256 active device FCC part
High Rate Mbps Piconet/Scatternet 15.249
Qos, Fast Join
Multimedia
802.154 Up to 250 10M nomial Master/Slave Battery Life:
Low Rate kbps 1M-100M (256 Devices or Multi-month
(ZigBee) based on more) to infinite
settings Peer to Peer
802.15.2 Develop a Coexistence Model and Mechanisms

Coexistence Document as a Recommended Practice
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. o 1 Jﬂlll L 1 Jd
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) 4 1 ar al 1 2/
Lewumud 2.4 GHz  §1 16 fesdyaya ansriudstaa 250 Kbps

2.6upanull 915 MHz 1 10 Yasdya e Snsriudsdoya 40 Kops

3.duenufl 868 MHz 31 1 diesdtyqyins Swsriudeteya 20 Kops

868MHz/ Channel 0 Channels 1-10

915MHz — | 2MHz

PHY o .
868 3 MHzZ 902 MMz 928 MHz

U 2.1 ruinnsgiunes ZigBee

suwing Zigbee AU Wifi 1 ghumnudimilouty ssannsodearsiulivielyl maeude
doansmilils wwmemenin Swshuiugumnuiiieaty us Protocol flddaansiudula
willeuffu ZigBee 11 Physical Layer ua MAC Layer ved IEEE 802154 faduinassiums
fvuanisdaansifanouuy WPAN (Wireless Personal Area Network) snvinenilu Layer fian
11 (2 Layer a19am ) Ly Foawes seduidsdyayiny, Link Quality, Access control, Security

184 usily Layer dialdanduguiuunes Zigbee



Appication
Device Object

Application Appiication Appiication
Object |~ "" Object Object §
o
N

Application Suppon

Network Security Service Provider
=
MAC -
=
PHY 8
i

sUfl 2.2 Xbee Stack

4 . W A v a
YINVINA1IUT ZigBee %L’ﬁ’im’iﬂE‘I'i’NLﬁ‘utﬂiﬂ'ﬂ1&!1@1.%‘('5’158&11’161'@1149’!131 IEEE 802.15.4
. ’ vy B o '
uazlinisdanisluwuuves Zigbee Tu Layer dinly viail IEEE 802.15.4 wistlingunsalluipiadng
& . ” ot ot o ° W Il
sanillu 2 Ysziaw #ie FFD (Full Function Device) Fanefiigunsaiianusavinaulannagie

' . . = = < o
TuiA3etng wag RFD (Reduce Function Device) Fwmmafisgunsainanniuainsani sy

m5d 2.2 uansnmsiSeudeumaluladifanslunuumsg
standard Zigbee (802.15.4) Wi-Fi (802.11b) Bluetooth(802.15.1)

Transmission 1 -100 1-100 1-10

Range (meters)

Battery Life (days) 100 - 1,000 0.5-5.0
Network Size (# of >64000 32 7
nodes)
Application Monitoring&Control Web,email Cable Replacement
Stack Size (KB) 4-32 1000 250

Throughput (kb/s) 20 - 250 11,000 720




ZigBee TALUIMUAN ¥AIEN1TVINU 3 WUU A

1. Coordinator mtnfiai1enisdeans Weslowaiatny seming End Device U Router
%38 Coordinator fiu Coordinator suiu w3a Coordinator fiu Router fAuum address T
device flaglurunating Lallsinfu damsideens Routing v Fuileuldau FFD

2. End Device Whugunsaivanevsgn Fsld3udaygrnnin Sensor fivarema Taed
Tdwdsnuslunisvan Wedldfu RFD wie FFD uiensdl dustiu sensor 714

v oo o 1 ow P | 1 o a
3. Router imii Sudsdioya luidunnedng 4 vsaniedis Jufleuldiu FFO

@ Coordinator

@ Router

[E] Endpevice

d a o .
JUN 2.3 dnwsnsvinnules ZigBee

2.3 XBee

XBee 1Jugunsaififl Microcontroller way RF IC agnelu ( #198sléann Schematic ) ¥in
iy gunsal transceiver (gUnnifu-dedyana) LUU WUU Half Duplex drumnud 2.4
GHz fin1sdanmisTaeldwdaarus 1dauine 3 interface Mdsuuardsfayatu Xoee iy UART
(TTL) Fsdwsumeshululasneulnsaiaed sihaniilifndedoans UART 1ea Xbee maudnii
UARTwadlilasAoulnsataesiiias XBee anunsaldnunmnnsgiu Zigeee & Tnefilifaudou
TWsunsuadna inethe ZigBee e snzdiwnaguanladavih firmware agluanudnlulush

) | 3 d a -
XBee Wil31811190 set parameter WU software interface (X-CTU w3slusunsuiidauduies)



H1ume At command (mieudun1saauas GSM Module ) Tagld Hyper terminal #3e Wi
nsmsiudedayaselulasreulvsaiaes dodreirens Teidle set XBee Wihnudugunsel
luAietney Zigbee Wa7 1319858 XBee wiazATnly Node
Firmware ALy XBee a¢ldluantiiulusuniy X-CTU faaznanddiimslidouluumanusaly
( msldary XBee 1Wassu ) il XBee uslavdu awannsn Setting Function msldauld
wnng vl Firmware fagdadvand luiu funnmevansuuy deadenlifvansaniy
nsldnules

2.3.1anuanANugIuTaY XBee

1. vienilutaenud 2.4 GHz

2. fiangormaliid anldvanauwuu e wuu Chip Ant, Whip Ant, UFL con, RPSMA con
Tag 2 wuumds idesluvanenmagiy 2.4 GHz My connector wuu UFL vi3e SMA

3. WAveag 28-34 v

4. nszudliendosndt 10 uA

5. §1 nsimsudsdoya ogil 250 Kbps (Hudumes dyarud dwiuernia)

6. fdmin1sdetayaduinedivauuuey nsuagsswing 1200 - 115200 Bps (Wudu
Andodearsiulilasnaulnsiand)

7. Wunsnssaneeduvia DSSS (Direst Sequence Spread Spectrum)

8. msfwunfieg fiddudnungie fvua PAN ID dmsuiriethenile | fvun =jv

1 o d 1 I al
TWAE NINUANBYVDIULAT LA

/

Pin 1 == o] — Pin 20
\ 'f b |
: \v T (O :i . .
PNE=E=H : PROY
A = Pin 10 =« ¢~  Pin 11
» -
Pin 10 =2 o= pin 11 |

< @ o :
JUN 2.4 mstusiunuves Xbee



o o ,
M19799 2.3 NI NULFREY1UD Y XBee

i Fou N3
1 Ve Nevllaes +3.3V
2 DOUT Minndayasynsy
3 DIN AUNPTUTayABYNTH
4 DO8 YD IANA AINDAY D48
5 RESET TLEAnan (weniiv 0 )
6 PWMO/RSSI YUDIANA PWM 8’ 0 uay
PUDWHALAAIAINLTIV BIN5TUFEY Y10
7 PWMI YUANA PWM Fas 1
8 NC Taflganu
9 DTR/SLEEP_RQ/DI8 | weduwaiudygadvivgavinudhgnunadumso
\HuvBunmiinoades 8
10 GND UIFBNTIIM
11 AD4/DIO4 PduNmeuIden 4 w3a VIENARIREA 4
12 CTS/DIO7 sunmiudgygyraudsnmsdeyavadlaan (Clear-To-
Send)lglunsmuaudanizmssudsioya
wiaunBuwe wrdwadinea 7
13 ON/SLEEP NuaAsAaIUA1TAIY
1 : oglulvumyinauund
2 : aglulvueady
14 VRE MAuTIIUeddmiulugaulasdyaaeundan
\Juaines
15 Associated/AD5/DIO5 | wuassaniumsaiidsudevionndunneuiden 5
VIR BUNMLDIANARTR e 5
16 RTS/AD6/DIO6 1ALl wnuniaslunisdsioya (Ready-To-
Send) Mmunudamznssuddeyaniodu
Sunmeunden 6 vialurdunnioinaianea 6
17 AD3/DIO3 NMBunrauIfen 3 uiev1BunaIRNARIREa 3
18 AD2/DIO2 MBUNRBUIEEN 2 WievIBuNAEIEVIRRINEA 2
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=l ' ° '
AT 2.3 (7B) N1TNULRALUIUBY XBee

19 AD1/DIO1 MBunmeuIden 1 niev1dunaedinnidnea 1

20 ADO/DIOO PBUNROUIALN 0 UTBVIBUWALE IR NMAIMEA O

2.3.2 madenld XBee WaarumnuIzauUIIY

1. n9den Series
YaUANFIITENIN Seriesl way Series2 Ao Series 1 %11 Mesh Network Tulldl usl Series2 ¥
Mesh Network finfunisasdendeluduusn Iersandneaznuitldeenuuyendog iy
UL Wireless Sensor Network Tuinuasnssy luituiiniie q uaziimsind1 Sensor wanqn
wazfimududeureimsivdsiaga msRasandtadld Mesh Network 199zmangadn Star
Network 52Uy Wireless Sensor Tulseau 3 yalidnlusdiodld Mesh Network Ald awnsa
JudirmY Star Network

2.M3donsze zn1ssudadyg o
XBee azusnjudmiuiFes szovn1siudietnetaau defin "PRO" Tnegussoedu fdimsds

LY ] '

1-2 mW giissezfudassana 100-120 e dwguszeglng "PRO" Midsdeaveglutas 50-60

L]

2
= 1 as

mw Tngasfissasuszanas 1500 wns vedtuegfiu anmuandeutesssuy way aeerneild
A3y esndumnud 24 Ghz Fafudummiige Sasnseameudyaansgs uay Aia
Y2199z8ina 9e 19N

3lANULUUYaIEIBRIN A

XBee 7119311y a8l 4 wuu Ao Wire, Chip, UFL wag SMA Chip Antenna wangfiunisld

nlv [ k7 as( 1 o ] 1 i
nulu Tassnuiidasmsvuadn wsiesmsidangainiawuui ansarnieliinens dnluldnaedle
uwildlawzndeanwaradin  liannsaldndesndnld  esnldnadesvandygyraesliaiuse

' ' I ) v < I a '
diwanuuannaeavdnly mnsadddnasunan msidenldareeiniafinesenuiuennaedman
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31]1"0 2.5 Xbee wuu Chip Antenna

. w v <d @ &
Wire Antenna segsiayAinaiissaglany Spec LagmeaeeniaAnguaoning nygilu1 e

» v ° r o d v o1y g o 2
Hldenaasidningng vilildnd sseanuuuinbiliuwddldnuuuuilumadenldageinia

o
LLUUU

gﬂﬁ 2.6 Xbee LUU Wire Antenna

v al 4 1
UFL Antenna sspsmazamunatios dglamin Spec wmneiu aumeeniuuldlunaas wag
2 W < ' o o v '
sasnmsliatanaiiuaanyuennasy  wazlasninnisfifeswodts UFL to SMA  eanin
o A o o LT v £ 1a =l Y] < a o o
Wdn mssgedasiliAansaaveudygrane uinaslimsvenedygraiasainadnd 39

2 a W c] as s 3 [ R
saslURasanansnvenadiasainiAnenlg AsU (BRsUey Sund Gain Tulewu dB wise dBi)

>
3UN 2.7 Xbee Wuu UFL Antenna
= o & aa 1 v ' ) <l
SMA Antenna Te8elavAINUEONT 'ﬂﬁlﬂ[ﬂ"lllﬁl:ﬂﬂﬂ'ﬂﬁﬂ ﬂal’ﬁqqu7auﬂuaqﬂaqﬂ7ﬁ YEUNTVYY
ar GJ S o 1 2/ - [] 1 £y val o 1
E‘It‘gtfg’lmwa'lamﬂ’lﬂaﬂw ‘LUﬂWiﬂa‘L?j\ﬂuiﬁﬂ ﬂ"l'iaaﬂLLUU'[ﬁﬂam %Flmaaﬂu,‘uUTM&J&’HLLMUWQQ

Xbee Tilnafuganzndesaiy



5U 2.8 Xbee LUU SMA Antenna

= P wm [
M99 2.4 wanensileuiisuaniauRv e Xbee Jus1an
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Feature Seriesl Series2 Seriesl Pro Series 2 Pro
Power 3.3V @ 50mA 3.3V @ 40mA 33V @ 215mA 3.3V @ 295mA
Input

Max data 250 kbps 250 kbps 250 kbps 250 kbps

rate(Air)

Power ImW output 2mW output 60mW output 50mW output
Output (+0dBm) (+3dBm) (+18dBm) (+17dBm)
Distance | 300ft(100m)a | 400ft(120m)ange | 1mile(1500m¥ang | 1mile(1600m)

nse e ange

Antenna | Wire,chip,UFL, | Wire,chip,UFL,SMA | Wire,chip,UFL,SMA | Wire,chip,UFL,

SMA SMA
Peripheral | 6 10-bit ADC | 6 10-bit ADC input | 6 10-bit ADC input | 6 10-bit ADC
input pins 8 pins 8 digital 1O pins 8 digital 1O input pins 8
digital 10 pins pins pins digital IO pins

Upgrade Local over-air Local over-air

Firmware configuration(ZB) configuration
(ZB)
Network | Point to point | Point to point/ | Point to peint and | Point to point
and multi- multi-point /Mesh multi-point / multi-point
point networks networks /Mesh
networks networks
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2.3.330uuulasetngliaevas Xbee
1.Star(Broadcast)
o ] <4 [ w1 1
N13WWOABWUY Star ®3BWUU Broadcast WunN133UaAUBYALUY Tz gasganing

o o 1 9 o W w v o
Uanene ie XBee nndmagluszuuiaiediaifeaiuamsn suteyanndaya levnen

w N
K

Coordinator

o End Device

5U 2.9 nssiliausanuy Star (Broadcast)
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2 ClusterTree

Duns Sudedaya wuu deiu Wy A sesmishade AU C ud C aglnasin A au A L

a 1w T o ] o v Y v ct -
ansn Aesiaiu C ld usinafll B 7egssndne A fu C dsliu Cluster Tree 9¢1d B Wuwilou

) o a 1 ] o
MINAY LWoUNTAARE (Repeater) sevina A nu C

\
/

Coordinator

< < '
JU# 2.10 nsseurauuy Cluster Tree
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3.Mesh

d ' 1 ada a o %) |
maWedainietiouuy Mesh Wulassreniss@vsnngailasandayaannsadsly
= Y o g v & w1 W w v 2 a
dudmnglivarenis vild szuullaninsasuddeyaludmeanmnotaemils wihsiinau

[} a X 1 e 2 A e <
Wemevesszuuluundminu ( Juegiunisesnwuuszuuvenlisme ) seuudfadussuud

‘Lﬁ%’ummﬁamﬂuadwmn

/ S Coordnator

o Rounter

3Uil 2.11 nssileudeuuy Mesh
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Xbee Association luaiatny Zigbee faslimavitnululunuaussmdandiany lutia
narithifimsvinukariy éaﬁa;&aﬁqﬂy’uﬁq Xbee 3afi Parameter Flztmuanisvheudmsy
Sleep mode 8¢ (Parameter A1,A2,SP,ST)

Xbee Addressing #1 Xbee aza1usaAIMuUAA1UTE1628198 woesly (Address) 2 WUU
A® WUU 16 bit address Way 64 bit address Unfiudr Xbee wnfazgnimundmnaInlsny
\u Address 64 bit agua Frawanansagualdain parameter SH+SL nslda1u Address 64
bit asnsavirldlagiivue parameter MY illA1 OXFFFF wSe OxFFFE daumsiivum 16 bit
addresstiuyhldlne fviun parameter MY WilAdesnin oxFFFE Tapazdenidiu mode m3
U 2 Ussande

1. Unicast Mode Aa msfudeteya lneanfendnnis Acknowledgement Aamn
mafudeiu dedayaly uwiliiliums Ack neunduamniiu Rasvinmsdedoyalwsl

2. Broadcast Mode flansdstayaludauaemlilisudoyannsa

Xbee Operation Mode

Xbee azannsoutanmsvihaulaidu 5 wuu fe

1. Idle Mode il szdiulnumitlil#sudetoyn & Xbee wissiiazvinamilulmundu
q deluriuil winfidoulaurseea

2. Transmit Mode #o997 Xbee dsdioya Tnsavutsdnwarmsvhaudeseoniy
direct AULUY Indirect

3. Receive Mode Al Xbee Futeya nsmvua Address fiunnawagUaievng,
clear Channel Assessment Wag N13AausU Acknowledgement

4. Sleep Mode #o 241 Xbee agfluaniumsabirundanusiian wlelsidinisldo

5. Command Mode #e Ludunsusu parameter 189 Xbee aaiinsivum 2

WUUA® WUU AT command fukuu APl Command
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2.4 lulasaaulvsataas (Microcontroller)

Lilesnoulnsaiaes Wugunsalled (C: Integrated Circuit) Aanansalusununisyine
lidudou  awnsnfuteyalusudyg uiineadrlunisdsuinenauddmadwsdoyaidnea
ganuL e Ul sy desnnsle lulasroulnsataesneludwa siiviirernus, Port aglu
Fwesiaferdeenvaedenliinduronfumesdnies  fvedilaseoulnsamesiivluleas
Tnsiwawesudanile  wwdeafumheUssnananats (CPU: Central Processing Unit) #il#lu
pouRumes usldiunisauuenssninmevdaietilulslursesmedunumuny fe unuil
Tunmsldnuasdesiensasnmeuendiieg Wududuieiulalasiuswawes fasinssnnas
st wu whemusn, duduw/iewinn vsdudilvlug leddentu wanfin s
vnsedradhluseiielifimmumnsamngaufumslilunumuau 1wy 2wsdane, wesms
doansaunsy 1esuwlasiyaaeuaenduiinea Wudy

Tssadralnevirluvaslalas poulnsawae fifuannsautseanunlfifu 5 danilvjqsaelui

1. wiheUszgnananamiadig (CPU: Central Processing Unit) ﬁmﬂﬁﬁtﬂuﬂuénaw
ﬂ’mf-juﬂﬁﬁwlu'uaas::wﬂauﬁ’;ma%ﬁawm‘[maﬁnﬂbyamnqdnszﬁ%’u%’ayamﬁﬂmu Ussanana
foyamufdwelusunsy uazdsuadnsoonlumireuana

2. mdwanud (Memory) @nansoutieanidu dw Ao wirsanus il fdmsuiu
Tusunsumdin (Program Memory) wWisuiafleumdnfariuves iswmeufamesiilfy Aetaya
lnq figniiulilutiesligy meluudilaiiindes Sndunilademieanuditoya (Data Memory)
Tidumileunnssmwnalunsimnanedfy uanduiindeyathinsnuueiiny  wimnlail

Iides Teyafazmelumdeiumieninuusy (RAM) luwSosreuiamediing U widmiu

ad d g

Lilpsnaulnsamesalivlnl  miwmudirfeyaes i dumbsanudusy  Fueyanzmely
P = & aa : =
diolailllwiaes uazluddwson (EEPROM : Erasable Electrically Read-Only Memory) &
anunsafivfeyalaudlaiiflvide

=

3. ddasderiugunsalanguen wiawein (Port) §i 2 dnvasfe wesnduna (Input Port)

uaznaindwdy gramiswesmerinn (Output Port) duilalilunsieudafiugunsalmeuen
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fedndudiuiiddyun lH5musznianesnduws edudyaa envaiemanaaing Lite
inludssnanauazddlunasniendnn enannaitu msfnatavasmaenli sy

4. Pamnafiuvesdgg i wsela (BUS) ﬁmﬁumamiuanLﬂﬁaue’l’mmﬁmﬁa;&aiw'jw
Fgmeanuiuarneindudnuuzrssasdygyr adnnunnegmeludtlilasreulnsaiaes

Tnsuvadudadeya (Data Bus) , Ualeniasa (Address Bus) uazaaauny (Control Bus)

5. awsiudadygraudnmduidudiudszneunddynndnduniiade winmsvininu

v
a =

Adetuluslilasroulvsawete sﬂ‘ﬁ'uagjﬁ'u NIMNUATINILNAIN ”cgfg’lmmﬁmﬁmmﬁqq Jamy
mshauisransavihlitdud walilalas soulnsaiaesduiuiinnudilumsssnanagema
ey

uenanidelidniimduqaziueg funssuumssdnvewsazuitm i@ atunld
Aaue UUR A wasluigu
- ADC (Analog to Digital) d@auniasudygraeurdenulasdlududygafinea
- DAC (Digital to Analog) drunmdsdyaunineanasluludyarueurden
- 12C (Inter Integrate Circuit Bus) L‘{"Jumsﬁaaﬁaunm wuudslasia (Synchronous) Lield
Aastedoas szwine lilaseoulvsataes (MCU) fugunssinmouen dagnitmundulasudin
Philips Semiconductors Ineldfanedyaonfios 2 @uwindy do serial data (SDA) wavane
serial clock (SCL) sa13nsa L“ﬁawiaqﬂmcﬂ Fuauvaneq fa Wmeiuld vild Mcu Tiwesn
e 2 wesauvindy
- SPI (Serial Peripheral Interface) Humsieusefugunsalifeiudidayawuuddasita
(Synchronize) TdayanauRnidanifetessuitlulasneulnsamed (Microcontroller) waa
wfugunsalneueniiimssudedeyauuu spl guasalfivimihfiduinaimes (Master) Tagund
uaazlalasneulvsaiaed wisenananilidngunsal Master asdiosniugualnsal Slave 16

=

= ) L7 3 dﬂ 1] 1 - =
logun@da Slave dnauduled (1) wiifiewsne wu lofaamgll, ledgunaiuiinmais
. o al o 1y )
(Real-Time Clock) v3aanaithililasreulnsaaesiimidluluun Slave Aldigui
. 5 v o < ) <
- PWM (Pulse Width Modulation) msas1edeyanauiaduuuanmsing fausaudubeu

al. | d: o 1 ) L3
ANUAwaY Duty Cycle ‘meauwlﬂmuqﬂ NTOIAN9 AU vaLmes
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- UART (Universal Asynchronous Receiver Transmitter) viwihiiudstoyawuuszddasia

1 v

duiunesgiumsiudalayaluy RS-232

U

¢ ad

lulasaoulnsaaas dnUsswnnazlstng?

lulasaoulnsawes dmefumatsUssnniusnuaaitnenssy

2
<l

(msndsuagnszuIumshausruumsUssnana) Aaldlutlagiuen degiedeil
Llilas Aoulvsamesnszna PIC (USnEnan Microchip lalastu)
2lulas reulnsameinsuna MCS51 (UTEMRAR Atmel,Phillips)
3lalas Aoulnsalaesnszna AVR (USEMEnan Atmel)
alulas Aoulvsalaoinsvna ARM7,ARMY (U3EMENAn AtmelPhillips,Analog

Device,Sumsung,STMicroelectronics)
5lulas Aeulnsalresnsena Basic Stamp (U3EMEkéEn Parallax)
6.lulas paulvsamesinTena PSOC (U3EWEuan CYPRESS)
7lulas eulnsaresnsvna MSP (USEMENER Texas Intruments)
8.lulas meulnsaainsena 68HC (U3EMENEN MOTOROLA)
9lulas poulnsaaeinsyga H8 (USEMENAR Renesas)
10.ulns AeulnsA@RINTNA RABBIT (US¥WEHan RABBIT SEMICONDUCTOR)

U YV oa

11.1ailas peulvsamesnsvna 280 (USEnENaN Zilog)
aunildideu Wannsuniugulslasaeulnaiaes fexlstha?

1.7 Assembly

2.0 Basic

3.0 C

4.n19" Pascal

5.0 Java

= FREY Y ' oA
LLaaEJfoaﬁﬂwa’lamﬁswﬂmumiwwmmamdmmuad
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w 1od & w ¢ v 1
mw o nainanluiliewiu llasreulvsameiuimsega wldldnsunnaiwl uiviensena

U

v & v a W a M 1 g . e w
aelgldunaniv JuediuuSendudn Software (InaviluaziSyndn Editor and Complier) 1l

U

= 3 5 o b - 1
Weunwlilasaoulniamesiuavndnsenunli Support viel

& v | '3 & O ¢
wuvoasulutlosduuuuingq lulasaeulnsaiaesivisuiisusasuailusoaud dnane

ot ) 1 )

uitidn, Tundazuismiloguansjunansuuy sosusdlissuunnag1anienduagfuistasdy

u 9

n

1 ot < U

vienuaumsldnutuedliles roulvsamesdfiviuiu fvensuidviudn lundasus engudn A

&

= L=l 5/ fdal 1 v o al v du 1 as
sxiivaneweibiidenldnu lulasreulvsaweiifissuudeaniavdmiunisldaruiuegiunis

= s ] o v
Weulusunsumuaulimiuvinnumuiidesnis

2.5 XBee USB Dongle

JU#t 2.12 XBee USB Dongle

XBee USB Dongle vadaideura XBee fumpuitaimadtiny USB iioudludrdneg wie
Swan Firmware selusunsu X-CTU fissudfindsluga XBee whifuveiafanunsodeuseriy
poufmasseans USB ey uaranunsnvsdeurerululasroulnsaiaesniiy UART Serial
Port léitduriu

AR

- ldlw s v
- flwain Mini USB waz 5 pin d1viuideuseuuu UART

- 1Hléfu XBee vngu @lalduuy Surface Mount)



unNN 3

NN UATNANNITVBIN IR LN 8T UIANS

3.1 n@171

msmmumimeluamsduiidomnnlutiagiufimsussgndldnumsmeumisne
luormsnming 879 Wy mamsumisdudluaddudn mamdumiadld vie yeains
amelulsmenuna - msmdmumiwaminauiumdduomsfidamdsdvl - mamdumiwes
i efigrilnlidum Tegsudanmeluenans mamiheveaniasdiathdnwviogunsaii
nsvdansranglulasny uunilldesusionguiiuasvdnmslumamsumismelueims Tagly
Thieilazes uiewdomiasiuunusyinnua sanaialumsmmumisnigluermsasinmsiu
mdhumilaevhludieiu 3 38 Ao msdwsumdunundumidesitisneadasUamnie
(Triangulation) ~ msAmmUilaenmsinAlndiAsaiugad1ads  (Proximity)  uagnis
Mwammuwidasmsliensiuinuane (Scene Analysis) 8wu1ensagendn Fingerprint
ﬁaﬁ%wmﬁwus‘aﬂ’uﬁmsz.;fal,ﬂu'[,un'l'iﬁ’mmmﬁﬁﬂ'lumﬁmﬁnLmiiam&flua'}ﬂ'zmuu Fingerprint

o 1 o = < . .
3.2 msmmumislagdssnmsisviatinguaamaen (Triangulation)

mimﬁnLmﬁa‘[ma";‘%msmmﬂﬂgﬂmumﬁ'uu (Triangulation) Tae38danunsasiuunld
sonilluiSdes 2 AWeeiu A FBMsmdumisinesseenng (Lateration) wagisnsmsumus
ey (Angulation)

3.2.1 FNITUIRUAUIAYTZULNIUWUU Time-of-Arrival (TOA)

By o a L2 u = 1 A‘-'j 1 a lﬂl L2
TnsmuwIna1ofenin mstuiindsnaivesdym averiesdalus IASD9TY

aa

wumausnuesisiae  ilAessulasiaTasddinisuseaunaniy  (Synchronized)  fatiu

@ d = o v et = = ' i v =
AYYIUNUDIATDITU 'ﬂ\jﬁ']ﬂ"liﬂLUﬁUUtWﬂUﬂqﬂ'ﬁ'lﬂJfﬂ']\ﬂL'Jﬂ']\Lﬂ LY 1“53‘]_”] GPS ammeal Las

]
=

s L2 dl s ] d a 14 o g . -

dyananndunissy lnoudasiniessuasainedynin Wesduines (eplica signal) 1ile
a | o a4 w s w ° ) M Y e o v X

anigudsdygautauaisssuinissivasiims  Wisuisudygrunlatudygiaiaiaiu

J o 1 a e s = =
B UANNABIIAT Tof uily n1eujifnmsuszanuriaivesdyn auiRniaiie
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4 o Lo e = ¥ oa ' o P 4 o 4
waztmIassunaliutugr 100% FIADIUNTTDNUAY Y IUATANBULND ATUIUAIIUAAIALAR DUV
W < aad a v o aa 1 ) i a i '
na1MBLumMRUYeisld AemslYd 2 dygramiinisunsvesdyqudisiy manuaes

Fyanailui varemwesiaedyg ansh Ul lunsdunas sosma

4 o ] e
FUN 3.1 ugdaen1smdumefIgn1siauuY TOA

3.2.2 Fnmamdwmiediaeyuuuy Angle of Arrival (AOA)

FBnsmiiemddnsiiuiuyuvesdygraiunda (Angle of arrival) n3efians 14
dynuitanis (Direction of arrival) A1M3UNITATUIRMAR WY AunUIYeing a1
F‘i’lu’;mlﬁ'ﬁ'}fhﬁiﬁ%ﬁﬂmi’“z’mmmsaé’wﬁﬂﬂé’aqmﬁmmmﬁamm“l,ﬁ n15inTzey nedesdiadns

v L o A v IJA x o g o 1 aa
ey 3 awsgezanadaunaludandeinsiisdiviuussunadiunie Tualuszuiu 2 Oa

'
1

adussuu 3 3@ deants 4 szegn1aein 4 gadunn) druvdsuesingazediian

Se
o)

. P ] aw  al 1 o a a = o 1
(Intersection) vavanay 3 ekdazdsaiiviiduingldaadunn WITT UL UITDY

9 1

[ 1

v v W ¢ daiv a1 o < ]
wuweslaglimsfnfurernaudatu .naniifisaiivihfusseemalisueifiogriiswinaanl
o o ¢

$IU WEInsamsEEgnlaenTAIMAINRAd g IM PN TTuRUnInt@a i dgu

v aa ¥ LS 2 1 v v e/ = ¥ o 1 e a d o
mgsmsiiazdoslinanedranios 3 tandaiu Sasldhumisngigui 1vseaunsadiuan

lalagldmnuduiusvosenumbeudaguin 3.2
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ARG

A B &
Sina  Sinb Sinc

Sines rule

C? = 4%+ B* +24Bcos(c)
B* = 4> +C?* —2BCcos(b)

Cosine rule A* = B* +C* —2BCcos(a)

o s o 1 as 2 a LY 4 =
E‘UVI 3.3 LAAII NITMUVLIYD9) ﬂf}IﬂUI’Uﬂ?'mﬁllWNﬁ‘Uaﬂﬁ'l UtWag

[y o I = Y Y oa o i 0w acdd v =
mMIngumubEInsafesanlalaeldyeddaiios 2 9n witgymdvsuisiae T4latunsa
Lilidsy greusunau (ideal noiseless) Wity Fludinadn vieiidy grasuniuwivey Tagea
a d A o ) < = o & - = o
innniTeslietvsetadumeuendugsninn  fufumanunaaedey  (error) Semasthin

Rnsandsznaufumsduaashumieingiae
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ACA Wuweallalumsvnirmiawesdyaadald Attenna array Tnunisin Time Difference of
i o P a a o as 1 ]

Arrival (TDOA) M Array #ilaq lagun@inisin TDOA vivldlaedaanuuansie sswitawaves

JU dl =3 1

dyaunivin w element wiley lu attena array wisenvasAninlunis reverse s

Beamforming dfysyraiusiay Element gnvinlvi Delay Taeuiinve snisuimng Attenna array

T AOA Delay wasmanfisvasusias Elemet azgninwazulaadunisinuuy AOA

o © I & ) o & o e =l o ada ae o

forsanduniweteueas Taefarsananyuiguigedviagivaofigin meisnisideindu

=J 2 a = 1 L3 1 v ar a ' al u5 ar 17 d

gidldnisinnsaninaniigiuediaies 2 wivheiu dumii ldulugadave aduiian

a Ao yu - S ST T o - - 4 v aa Fonuvw

iy uninlvesaardguwimisiuduiannihguadn aondgiunis MeBnsiilides

1 L

- PR a i . W o |
finsAnsisauns aliuluainifufe Directional antenna Lﬂumgﬂw 3 upy 4

8

- Possible
Location

! |
y o X2y
Site 1 Site 2

< o W
JUR 3.4 Lanaisnavyu eving

< a o v ' ¢
JU7 3.5 (a) wanditnsiuanyulae msldauiandisnes TOA veuguiges
wriazialuluavileq : lwuwadzuiie Y (b) AOA annsad1uIailAann RSS ratio s¥mdna

Directional antennas
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3.3 Fimsmdunilsiiemsiarnanulndidssivgas1eada (Proximity)

Wnamdumdane nsinmanalndidediugesds  (Proximity)  avuenduvien

v o §

UAUS UL

a

nwal (Symbolic Relative Location) lnguUnfazanfearumuiuiuyesns aved
aweme Tnedlohmnegnanedulifwaseimadies withivareq awerme faunse
nrndudmangld  ashdenorsandygransuliifaududygaiian  ssuuilldidu
ssuvadldndudursian (R) uasaduing Medheduqudy Tigulintuwadideatu (Cell
dentification (Cell-ID) w3e Cell of Original (COO) FBioduintotioisagans (Mobile
Cellular Network) Tumsszysiumisetnens quesgunsalindioudl defivas Cell-ID Aognldau
Tuthagtunazannsaldldfuynguns dind oudi
3.4 WmsmdmunielaeMsAinsiziusiaaanis (Scene Analysis/Fingerprint)
Brrsmdmumidasmlensiuinaame (Scene Analysis) luuendusiezdon

- = o

. . -, =l U 1 s 1 Q.JI E‘ } - 1 = o s v o
Fingerprint  J5ilassinsiimsifivmve dayqunsunimilwisrseiimsihdyguiliuh

8/

=l = a o d 2/ U o 1 v o a =i é aa
nmswWisuiisuiud g anseinisrunsiunddealddanesddlunisSeumeudistanse
wismsvihauladu 2 Fupeu
3.4.1 Offline phase %38 Training Phase
° 4 i o o v a e |
lumsinuresidaziudimemaivieya Tasashmsifivdeya Mihmsnsameluusay
o 1 = 19 o ] o 1 " = du a L 1y a ul
fumiy Fazpewihmsimussumds (Grid Point) Mdsamsiiudayaliraeunguus udim
o 1 8/ o 2 1 o i [ 2/ « ° (3 ] aa o
muvis aedoyaiiuldlundasiuwmiavgnifulilugudeys dWediluduusmeeda
= Vet ° o v o g ' ° I a e a ' . .
38771 0UM S Radio map uazdeyamiulaluudassiwmisimvunazionda Fingerprint
3.4.2 Online phase %38 Localization Phase
o 1 : 1] o ] o o 1 d 1 v o I 4
Tumsvihanugedissdudwsamsmisumis Tagaghmamiundaaiessu wdnhmainga
wu lWhmswSsuitsufuildiulilugudeyalutisusn  (Fingerprint) #hedanediusag
1 ﬂls dll =i 2/ o 1 A 1 1
savniudis Weuiis uiaiaudifasuanuniasiowiueanin  lavdIuLINILAAIBDNN

=

1 o a =t a o 1 : (X7 o a o 1 o
Wumiavina gedszavsninvesnmsmismumisiuediu Radio map fvililudasusnuasdad

Seumanlgluniswseuiau
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a o a X
3.5 AMUNANA1ANDIANAYU

! o ' Y 44 s yd; v L
MsUssnammmiInmsiafiidygusunuaansasuls bisdulsmnsudila

L ]

[

fawgAnIsuee Error ety vilaves Error Fuiuriinvesdyaamasd wind eve assuy

1. Multipath Fading and shadowing
Tumsinanausvasdaya urduingiaym Multipath fading wag shadowing Duamaliidia
AmuuUsUTLAGY 30-40 dB lutherSaanuendu msnsedanssanslndiniessuasyinliiifn
n1sudsiumagy (Angle of arrival) shilsiamisiaranmadauly 11438 Time-of-Arrival o iin
Multipath fading aghlfiAammignan (Delay) mswisudisudvesnairaiamdauain
Auduass

2. Nonline-of-Sight (NLOS)

= }

o o a d vV as o vV a | o U
dniuidingu (AoA) Weldiusveyndlna aeiliiAneuranandougs dmsuisinanusa

-l -]

v v Y P a v o v ) |
Y9381 (Tof) dudumaluFundesdunlndfiananiinuine evinlvuanenissas seevilnaniail

Wuase
3. Multiple-Access Interference

o as

Fo a W < o a4 dao w oo 1 a W
Uy idinifnduszuy  COMA TﬂaLﬂiawumaqqﬂﬂsumumsmwumaamﬂ’n dnunsanenuy
- d w a .
TyUUAAULABLaTSEUUAAUSamlada (Ultrasonic)
Transducer Calibration Issues Tuszuuiildnisimanuussesdayaaild (received signal
strength indicator (RSS) 3 nmAWIngs1mgn Wassuukiligunsalifiamuiugigs Ay
a o d gw o o w
wUsUsRsiAInAMNAaIaLAdauLlalY AT oL Uaaings
4. Fluctuations in Signal Propagation Speeds
Watuaauds insunsgnsumuniadeneuendy  wssauviosamgll  wazAAnutuly
o A e g v = & &
oA Tadewariagvilidanurainindeugtuiliosse sniauniy
o . . , X v
3.6 MsSWBUNIY CH 133U Microsoft Visual Studio 2010 LUasfu
1w C# (C# Programming Language) aui@gu1 C Sharp (@-v1$1) Aldlufiauailisnenaas
va o o v | o ¥ P t o
weldgunwduaiindne C# Wy 1w C, Java, C++ dantwivanilifiufiinves C# tues (fh C
u 3 = v 3 = Q'J A < Y dl =
Dushuswenliin  c# Buddenan C duiey) edesmine # fe (Judeiiuanads

mumamind C++ lUBnsedunis (es # WilueSomung + douiufyn e1ausuuy
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Ct+++ Alalufin) Sedliyaiudilotiegdnife c# Ihswsidefnosmnwmagtu Java,
Delphi, C++ Wnlifheu nisdslirmuiFaudent lasaeld Java asfiilnundiefu cé
wnilgadmiseaiiedasiionq ag1e Visual C# 2012 vewnslalaswondsldvmundy version
Hagtulurasd Feanenugsernlumsisulusunsaldann annsovinunluswns uszaugdlace
aw C# Wutesitowannlusunsuiognieldlusunsy Microsoft Visual Studio #viauidn
Microsoft T#Wanuazaan Version meqiaiy §1mndiosnsiaunlusunsudnentwil Seeq
vimsmudluanlusinsy Microsoft Visual Studio aninasluiades dslusnsa Microsoft Visual
Studio tufiitaguans Version Widenld uay Version aaelutiagtiuiiifu Microsoft Visual
Studio 2012

3.6.1 MyauaniiAtufiag MS Visual C#

luanmuinderes MS Visual C# mswantuewdieduiusnuildudeniinisadileg
#u (solution) Feuszneulushelusidng (project) dausnilndesnnnin Touraslusidndidy

@

a ¢ =l I w | . o
Fudrurastewinii nenududiwvedusunsuvan viedulausnd (ibrary) figniSenldlaslus

s

& od Y a w 1 w v 2 ¢ 1w < g ¢ [
dndauq Mdusendinduudasiasdsgnaulufmelusdndedaeenilusindaue luanug

- = = o % o o a %)
flagaturefanszuiunsasalusidndly MS Visual C# dmsuimuiuendiaduiuureulea oy

¥
ar

Y
liunaussluil

a . ¥ w o
1. w@ensiensiuy New Project 9101y File ( Waneisguv 3.6 )

I:f Start Page - Microsolt Yisual C# 2008 Express Edition

1 o3 Openpropct... CnheShits0
F | OpenFle,.. Cuked
Close
4
@ swved Clri+Shift+5 1 Downioad the latest information for developers te
| Chck here to enable an RSS feed that provides reguiadly g
| events. Thes kve Feed also includes nformation about servi
i products and technologees. To view the Marosoft Privacy §
5 | prvacy fatement
= ]
Exk
‘, I Open Project..

d ° o 1
JU 3.6 emsmydmsvainalusdnd il
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s . = . s uy) d‘
2. lulnazdond New Project @anvilavadlusidndillu Console Application wagside

L 1 1 3 ¥ 1 o d 3 1
Wity Tusidndlundesdamiuduans (uaneieguin 3.2)) 9rntunmdy OK

2ixy
Lemgites: Wi
Vesaral Studho st alled templates
R B e -
o (e s o ‘! ]
Windowss  Clags Lbrary i WEF froweser  Conscle  Cmply Project
Fores A Roghowor Aoghcatre  Agphesten
My Templates
=1
Sewch Orine
Terplites.
| & propect For cresting 3w - (Nt vk 28)
tiwm [aeen

‘; 13 1 :: ] o at = al
UM 3.7 leazdondluadelusidndlmivasnisidmd miuneulvaue naa iy

1 v & ) H = 4 v
3. Wsdndlnilaggnair@um wiowisivdte Program.cs @aiilusunsuniw C# wnld

| d g w ' a v o o <& v Y &
vsdielihedantsGuiy ( wanseguil 33 ) luiidisensaulusunsuitlifunvioma sy

YV oa L d‘ L o YV oo -41
widudeulsunauransnieild edesnsedeumsvituredusunsaliadn iy Run ()

A o e ow ) - o
WWadalu MS Visual C# maulwalusunsunazlvlusunsusuyinau
2laloix

B sy nop ! “ecrwsaft Viswsl (8 7008 Dapress Ldition

G L few Bowe Bukd Qebu; Oga fosk  Wedow b
Qu- T @ A b "W, - 3
. Eir & & 2
M 8 T -« EETICTTICEE
g !‘;: 3[‘ - = 2 .Jvml 1 1
L UNLng Systes: 1 4(7!‘-'#14 v (1 propec
using System.Collections. Caneric; 2 - e
using System. Ling: 7% Mtatinds.
4] o os

using Systen. Text:
namespace NyAppl

claza

¥
staric void Naim(string() args)

.

< 7 9 2
JUN 3.8 miheelngsauves MS Visual C# wainsyuaumsasnalusiing
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3.6.2 MY CH uaztuAB U WAL
M C# Wunwlusunsudatng (object-oriented programming language) ﬁgnﬁmmﬁum
Tnguismlulasvend mswaulusunsupsuRuaesdaniw C# Jussussnaudotunaudsil

- Awssillygmnaseudesmslumsimunlusunsy Wy Tusunsuesfndefugld
atsls Yoyaigléastouliiulusunsuiuegials uasnadnia vgnuanmaag1ls

- ganuuUtumeus Tneuaninisiauvedlusunsilunwsisesniniudfuduneu us
axdumeuiinn m‘fmmuuasamwsmﬂé"au’lﬁaq’tuguﬁﬂa"’amm c# lalagdng

« thiupeusfiesnuuul inadradulwdlusunsusiaduatiu (source code) figneios
malesairwarhonsdiveshnn  c illwdsfaduatudesiuuana cs e Wy
progl.cs

-+ wasviaduatulieglugusianiwied ssiineufamesidlouaziaumus s
Fupouilfedldlusunsuidonin rolmans (compiler) lidswaniw Lﬂ%‘lmﬁf‘]na%"]a%u 270
aoullwa asaziiunuana exe 49803910 executable Mmaﬁdwéﬁgnﬁ'aﬂﬁmu‘lﬁ

« agauN1siINuYedlUsinTy wnwudaianan m'l.ﬁmsmaaummgﬂﬁaq'luﬂy’umauﬁchu
1 Fsoramnefiimaudlalusuns fuseud? wiaulinssidssidymuasanusenising

tumeum s lUswnsufnaiue nanatainsaeLlifunwn CH udadannsatily
UszgndldAunwndu q e

3.6.3 wdnsfladmiuRauilusunsude Ci

{lp'umau'Lunﬁﬁ'ﬁumTUsLLnsnﬁnéwalﬂ-ﬁﬁqﬁuaw@%’uﬁauﬁm%’uoﬁé’ﬂﬂﬁﬂsxaumsaﬁ
agdlsfiou Tulligiulafleevduaidmiudiedmuilusunsunie C# againnang Tidenldds
inmwazmnuazandefianaraaddiuegiann  sensiasuaeignuandrelhiiulinuls
Taglidaadedldine wildlurenduafinafufie Microsoft Visual C# 2008 Express Edition
(Quiliveidengde 941 MS Visual C#)
MS Visual C# Snnuaanifnsna q deraluil

« ah/udly/duiin Waunsuideusaniwn c# '8

=l

¢ o a & vy
- oulndua v auTusunsuAdoutiulaviud
« nAanelunslsulvsunsumenuauiRnisiufiumas (Code Completion)
s s & da Y 21 A g
« aduayum st lusunsuials sl asedugldrinumsulea (Console Application)

& W w ' a @ o o @ = ' =l 9 =~
e Sudeyaduulufiuitasuansnadoyaluguidnusifesedafer ( uansfsguil 3.4 ) uas
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dn v va a s z 3 o van v
U‘iBLﬂVWl'L‘UﬂmaiJUm‘uad’mimﬁLgmgULLUU (Windows Appllcatton) ‘ngig’mlwﬁ‘umu ﬂ'.]Uﬂll

v 3 a v W <
Wsunsulegldunduaruanmaluiuunswinld (uansiagui 3.5)

sUil 3.9 shatheneuleauawdiadu (Console Application)

10 ]
(~Choose Color —————— — Tesdbos: e
" Red Your name is:
" Green I

Say Hil l
Double click to raset

Timer
0

gﬂﬁ 3,10 fagraiulmduandiatu (Windows Application)
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3.6.4 Taseainlusunsuntvn C#
Ilj J Jd ! a 1 1
millsunsunw  C# duiugiunlawrdnsslusinsumanuagliilusunsudes

" | <
(subroutine) aeiidmUTeNaUMTl

namespace __ (A)___

f
L

class __ (B)___

{

static void Main()

5
L

—(C)_

Nt

JU#t 3.11 daureslusunsuman

v/ 2/ 2/ o 1 a J
AulAseas1atnesi a suva (A), (B), and (O fmnumanesrelull
° 1 < = o v 1
- U (A) syyvevauvay (namespace) dslglunismuusuaulnliiuaaIasig
9 sdslglunisinlassadimedlusunssansingliidudadudnitg Tasawzedreds Tuns
ar = s alu 2/ v et o s
W uewdintundudoul pedWaunvatoau nmsmvuauagrewmuaingn Josiulym
3 o a o4 ¥ owowy = deag v = Y v d
msfseraauiamaian q diiuld dulavsidvesniv cf Allie Sealdould Agn
a4 | w
wagte luua 9ose « ulReai
o 1 A
» WU (B) spyrevenand (class)
° 1 & e W o W 1 o v v v a ¢ e wva
- fwmida (O Wuiuidmiudasiig q Ailsuldsunsusesnmsiireufnesfianmy
o v s ' o - Y < w -
uenanilusunsuitlidudauanndaannsnazduitssywaweielul ARNANgNaT Juanlaey
hiegluveuinv ssuaelaasiiedneglulusaUanas (global namespace)
Wsunsunw C# Fuanannu Hello World! aaavneaaniw aintusesundigdazna Enter

° & o o w
wazaunsvianu Iusunsuilegluiuiawede HelloApp uasaaiada HelloClass (uwanswiegy 4.7)



namespace HelloApp

{

dass HelloClass

{

static void Main()

{

System.Console.WriteLine("Hello Word!");
System.Console.ReadLine();

| %)
5UR 3.12 Wsunsuuamataninu

class HelloClass

{
static void Main()

{

System.Console.WriteLine("Hello World!");
System.Console.ReadLine();

:‘ U 1
JUN 3.13 Tsunsuwamdaanuwuulis syivaiUsy

32



33

O d o
3.6.5 nn1seTaRIsEyluntw CH

A o v - at ;24 L7 . i 1 QI)
TUsunsuntw C# mhluldnuaiainaziinisldnudisey  (dentifier) agmluneluy

vy v v v o s & o o
TWsunsu wudeveausaguazpataiilinaaludreiu nwn C# Tad1inngunasinsisd el

seyibifnaluil

« FadsyymeIUTEnauMedSnuInTwdnge (A-Za-z) fiaa (0-9) vieiriasmnadn

wild () windu

14

o

kY d v ) [ v e v av
9 ﬂU‘iﬂ’JLL'iﬂ‘tJawama\m‘jum’lanmm%ﬁ’lmﬂqw W%aﬁn“ﬂﬂLau'Lm

s

afsryariianuenilaliiu 63 faidnus

2. B

- Foss ﬁuﬁaﬂﬂ‘z’i‘;ﬁuﬁ’lad’m (reserved word) wiu class, namespace, int, void, static
3.6.6 UayauarAIdlung
3.6.6.1 viladaya (Data Types) Tu C#

c# tvunilnve eyalivenuaneviaitosessumsiafivioyavans q Ussamensiedl 1

= b d U 44 1 EI)
wamrilatayavan 9 invueslulusunsumily

char Snussie Wy a

bool amuase Wululdaesdnfe true w3e false

byte Faudidlafiedomang dus 0 fa 255

int fuuduilindosane fus - 2,147,483,648 G 2,147,483 647

uint Frnudilifiedemany dud 0 §14,294,967,295

long Sauiuiieda e s 9,223,372,036,854,775,808 fi4
9,223,372,036,854,775,807

ulong Fnudilaifiaiomune fus 0 fa 18,446,744.073,709,551,615

float 195 Gnadenls) W 3.14159

double $nuasiidumuasdenmnndiuge awi

string oAU (@18onUTE) 1t Hello

3.6.6.2 Auus (variable)
. li! dl o v = ! s AJ b 4
Wudssyussinmidaniainlilunmsdredofoya Taedvesdiuannsa gnuasuuvasls
o & o I a ar 4 4 L L
naonmilUsunsuidninuey lunw C# dusndsesgnusznia reuilazgniinnld

al o 8/ A U o a H.j v s
u Inefinssgyviladeyanagld fuduusiu q e (uanwisgd 39)
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DataType variableName;

o o W/ 4' Var  oa
JUN 3.14 msvyrilndeyaiiavldiumuds
R < | ) | a v =Y .4 Iy v
Tuiil variableName AaBavasiiuls uay DataType Retovawiadoyanfuusi Wuals

as 1 :J ot 2/ LY LY ot ° 1
(MA29819 TUAIT190 1) wanaINNITUTENIARILUTAMUWUUTNAULAT 151898 50AMUR AN

wusilvumiudsuu 4 lidnse (wanwisgy 3.10 )
DataType variableName = initialValue;

< ) e v g vw w
JU# 3.15 msfmusAFuauliudwgs

o W w ' ) | 3 o a W . ' ° | e w

mdnuarslssmaiiuustie distance Milvladeyaiu uint waghifinsfivunniSudy
a A

(uamamagun 3.11)

uint distance;

< o a w ,
JURt 3.16 msimuawiiedayaidy uint

o w w ! W o da a w | oa
Mdudrssmaiulste salary Mlmiadeyaiiiu long warAsuduiliu 30000
long salary = 30000;

o ) o = o W i e w
JUN 3.17 madsznadaudste salary Mlwiedeyailu long wazAnsumudu 30000
1 d
3.6.6.3 mMAIN (Constants)
1 d e w - o o o v oo W Y o o | @
masmussyydnus siavvidambhinldlunmsdnddoyauieaiusuds ddiuandns 91ndn

' ar ' < [ ) ' o w
wisffervesiiuliansnwdsunladddnudminmsusemea Tuawn  C# - Aasiidiaagn
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a W 1 ° v | o v )
Ussmalaeseyrintoyauwazamnwiutougminldnuans  nsussmeiraiia zadne pdaty

-

ol ] o d L v s al A
MFUTEMAMLUT UaNANAUATIIRB LM ITEYMeAdiisn const ( wamafiagun 3.13 )

const DataType constantName = value;

gﬂﬁ' 3.18 N15UsENAAIA

d8 | ' P < a v a ddav v o
Tunil constantName AatavesA1A @ DataType Aetoviindayandipandly d198e way

U

o Q4 v oW o @ w ' ' o a o W
value szymiidnatgnliiuiumy AMdwhudwsenmeadiaiie myconst lneiluiindeya

Wuuuu double uadldumud 2.71828 ( uanwisguil 3.14 )
const double myconst = 2.71828;

JUl 3.19 msUszmadayatfiuwuy double wadldunud 2.71828

L7l 1 d L4 dEJ Ll v o o 1 z s 1 z
msldnumamivszleniinnluns diiisfiowed dirlea sriueguesasanislu Tusunsy

3.6.6.4 Uwaunwadindaas (Arithmetic Expressions)
a ; = 2|
Ay (expression) melulsunsuniw C# mnsfisduveslsunsuiiannsagnininm
& 1 v a ¢ v o a 4 - W a eal
Wurene q 1a Tesiiwatenausznoumemendisamede? 3 aifinainnsuauiuve sinaldy
d e v @ w ' a ed v P a
nadan auanslumeg1svadnaunuisnoumamsuiieamaiie?
» faaalan @y 3000, 1.414
» oAU WU "Hello, World"
- A1ALA3Y LAlA true uag false
o =] 1 -J nl o o 1 v oo 1 alé‘ v
- fwdsnSermmnagn 4 MHunsAvueATliLaY 1w myName, salary Tufiiasiiu
o v o ¢ v W = ' - ¢ - i . .
msaAnwAgfudwailandufiay Bondr dwadnendaenans (arithmetic expression)
a ¢ v a cdw v X v w o a - o v
Tnsranusananinaunne q idudnadndudeudulaver Fudddunsned amansi i

o o
Tuntw C# 5199 1
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AR uNIg drydneal | Iuauiinay f79819 ANvadiinaiile
i e x =20

uan (add) + 2 X+04 24
AU (subtract) - 2 32-x 12
Aal (multiply) * 2 X*2 40
15 (divide) / 2 X/2 10
WA (modulo) % 2 x%6 3
nduwSo Ny - 1 -X -20
(negate)

C[NGH () N/A (x+2)*3 66

winiiwaditadduinlmivszneudefddumsmnnimilad C# s aAEsmugE
Aoundasail

«()

o * /uaz %

.« + Ay -

« nR UM siE R uIns i mMulnglurn

3.6.6.5 MdailFlunisuanana

dminililumsuandommmesonmsannlduimds Write uay WriteLine Fagn
foaililurmatie Console wanunaada System apsdndanmnislénuludnuasiiei
uanenafudidds  WriteLine  avfinidoannumudsmstuussvisluaivdanfiaiade  ae

N1sanMsiinuIInmagmeluil
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dass Hello
{

static void Main()

]

System.Console.Write("Hello, ");
System.Console.WriteLine("everybody");

< al v a o . A .
Jui 3.20 maFenldnuds Write uaz WriteLine Tnassyiuuaaiuguiuy

o 1 Vo % - § :‘v v 3 =t JQ
dunadinmsenlidds Write uaz WriteLine tusosszyfisrata Console dallu manadiileny
o o o v o d - v

Adsiienly uasilssainaata Console Wunanaieglunmaia System aiaq szydomaiua
Lsemumedn egnlsimusansaviilusunsuliduadlalagldeinds using Fadunasddli

2/ =J a < L 1 1 é’
neslwaeifmpaansonldnuluuadanssy dhetmelud

using System;

class Hello
{
static void Main()
{
Console.Write("Hello, ");
Console.WriteLine("everybody");
}

s

< v o w 3 5 : Yo o 5
JUR 3.21 nsBenldnudmds Write way WriteLine Tasldfds using

o W 5 n " - u 2/ do v 1 [v)
Mds Write ez WriteLine wudsaninsadanldanulugiuuuidudeuninddninn swans Tu

S el
fag1amea Ul
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using System;
class Hello

r
L

static void Main()

I
L

int width = 80, height = 30;
Console.WriteLine("Area of {0}x{1} rectangle = {2}",
width, height, width*height);

o I o w . . 4 ¥ & o
JUN 3.22 msiFenldnuds Write wag WriteLine Tagldans simuagluuy

(formatting string)
' a o - W o W . . ) - v o w o
sutuanieiidumwsines fusnuasde WriteLine duiduanisiilddmiu ﬂ'muﬂ'gULLUU'Lu
o A ot at o Ls L= o 1 al o 1
AsLanmavasinauRmundnaiuin dydnwal {0} {1} way {2} Aosuuus C# asdAaes

wayd width, height uag width*height aunui

< v o a &
19799 3.2 MALUUNIINNATINATARNT

mawiunis | Atasule finaei19
! flids (Negation) la waansAetidsted a GlAnAuasans ey
fiv a)
YA a d 1
&& Lay (And) a && b waawsaziluasaile a way b sadu
254
ol < d -
I w38 (Or) a || b wadwsazduasadlo a wie b Wuads
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A diuns AUy f0819

1 N a+b Wadwsfa a uIn b

. au a-b waawsAe a au b

¥ Ao a*b HAdwWSFe a Ao b

/ ms a/b HadWsFD a YT b

% WIAYIINATTNT a%b WAAWSABLAEAIN a W13 b 1 (5%3 Wiy

2)
++ ML a++ Waanofe a=a+1l
- n1sanA a-- HAdW5fD a=a-1

d s o = =
M3 3.4 fmandunisisuiiieu

) Aasuny CPBLRE
AU
i a = A 1 o
== WY a==b 3zuasaile a wnifu b
= Taiwiniu al=b aufluasedie a ldwihiu b
< dawnin a < b audluasadle a Weenin b
<= Uasnivie a <= baudussuile a teenivsawiniu b
WInAY
5 1NN a > b awdiuasadle a wnndn b
] = -1 = o 1 =l [
Sy 1U1NNITNID a >= b 9z JUaTLUD a 11NNIUTBVINAY b
WAy
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3.6.6.6 Aaeaulywaznisvingn
Msdeulusunsuniw i Tuunensaisndusediszuudaauladidunisodislaagng
=4 o 2 A ' v o & W 9% o a o @ Vs
wils Tasmsivuaduieuly wu fReuludu " 939" himsdudunisamugamds A wad
- Yo a o as Y o @ o o [y
Fewluidu " Wi " Widuumsmugamds B Wuku mdmuadeulalaun
Ads if lmuaumsvihauvedlsunsuauauly
P
ifl Wwouly )

{

A if-else TdmuAUMsIMOUTBdUsunsuaasdl

if( douly )

] v i
= s "

fds while iWumsvidlasmsnsisaeudeulurou drideulyfuaisnszriddd fogly
(..} wagmnReuluifuiiaasnsevi frdands 1. (vgeeeanangy )

Unsigned int i;

i=0;

while( i < 100 )



o ay 5 o 3 o 5 o W d i v o s W

M do - while Wumevhdlagaznsyirddmdieglu (.} neuudmsivaouiteulyiivas
W o & = s o O w

unsen Reuluduiinvenssidds wda } (waaaingy )

Unsigned int i;

i=0;

do

while (i <100 )

'
e

ANE

Mds Switch - Case

switch ( daula )

{
case 1:
fda;
Break;
case 2 :
ﬁ’]ﬁiﬁ;
Break;
casen:
ﬁ’]ﬁbﬁ;
Break;
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Fruauseuiarluyinddimas 1 (eenangy )

Unsigned int i;
for (i=0;i<100; i++)
{
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Tumsmaaawnimunsdduntsaasdasimslutyaingaduilévinnsmeasdu
Uinmtonhiin 12 $u padmnssudand an1UuwAlUlag Wiz auna A AN saNANTEU
e Anwluii Wiitdygralilisumusagiiinnsmeasdutdnadu 4 fnmardemnaiiiednw
Tuiifidyan albilvsuniu Tasgunsaifirantdlumsvaa eildd aluil
- \pSeswmenitawmedwam ( Notebook Computer )
inasnaudnnaswnwindeavhimsianiadusunsuinane Xbee Tagldlusunsy X-CTU
( wanasiegUil 4.1 ) ualusunsy Miqosoft Visual Studio 2010 lumshndedaansfusewing
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B Radio Madules

Name:

\  Function: XBEE...15.4
\ Port: COMS...- AT
MAC: 0013..505D

¥ Radio Configuratien [ - 0013A20040AE505D]

Firmware information

Product family:  XB24
Function set: XBEE 802,154
Firmware version: 10e8

: B2
4

~ Networking & Security
Medify netwerking settings

@ CH Channel
@ raND

'

(D DL Destination Adress Low
@ MY 16-bit Source Address
(@ SH Serial Number High
(D SL Serial Number Low
© MM MAC Mode
(D RR XBee Retries
> (1) RN Random Delay Slots

lé;\ Parameter @

Written and default

Written and not default
0 Changed but net written
41 Errorin setting

()
@
ORI

) (%

k)

J

) (%

!

: -
@ ®
(%

|802,15.4 + MaxStream header w/ACKS [0] v
0

) @) @) @)
) & (W

<

o

b
¥

A

JUil 4.1 TWsunsuldlumsaaiifuuiifu Xbee

< s 1
sUit 4.2 Wsunsuitldlumsszumumisuas Xbee
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JUM 4.3 gunsaludaswasngiealii didugieaduuuie

- giealdu 4 wesn OKER H-409

goaddu 4 wedn quanifidin 4 wesmmisldnugoatmiudigs 2.0 atuayums
Weuseuuugaad 2.0 atfuayumsldnugunsaifinnuiigaldia 127 gunsal annsadeusde
fugieall 1.1 WRafuayudnsimsaieloudoyail 15/12/480 wnzlindedudt S1elWlii 500

v

a a r v o
Naduaud (udnweguv 4.4 )

SUil 4.4 gunsalgiealisu 4 wesn OKER H-409
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- gwadwvuiiawludulanie

kY ° u v |
groaduuuuaaelllulanionnaens 10 wes $1uu 4 @y (uanaiagui 4.5)

o k7
JUM 4.5 gwaduuuudae lidudanie

- §ifl Xbee gloadnauiad 2

il Xbee geaineuiad 2 Wugunsalilidmsuvheusauiy dwsu Swandluas
wio MIfmuammsives uie dwanwsuwriiunmeuiimes swduldsunsy  X-CTU
annsasie Xbee Sy T Xbee goatnaafial 2 irugainesnlilaense Tepsufnodas
wonduneamsn ( Serial UART ) iflasannld IC FT232RL Fudugioadiveunsauluvesmiivs Ll
festegunsalla 4 wadu anunsaldsiuiu Xoee Tiyngu Swnsaidu v2 ilelianmsaldlai
Xbee baw Xbee Pro linngu Mduau 4 & (uanadgui 4.6)
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5Un 4.6 01Tl Xbee gloalneaiial 2

- Xbee

lumsmacesilild Xbee Series 1 TumsveasunitziTImABUL1gANTISIATE
Xbee Series 2 uaz Xbee Pro BmviaszsHlumsineloudoynoylussoeiliminzauiunisnaaos
Tasamstl Tne Xbee M#iTudve Digi Wuluga Sudidyanallians drumnud 24 GHz Fadu
grumnding adfesiay musnasglusinnea 802154 dwdinud swenmawuuls ddu

v !Ij o L=) [ d
Msnaaeatilaly Xbee vavumsiuau 5 % Tunisviaass ( WAMIAITUN 4.7 )

3‘Uﬁ 4,7 Xbee Series 1
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| 1% o ] i n 7
L;Jalm@mimﬂ?aumamsmw Xbee Series 1, Xbee Series 2, Xbee Series 1 Pro Wag
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Xbee Series 2 Pro La23¢wuI1 Xbee Series 1 ADUTNWMLT YAUAUNITNAA B9LASINITUINT 121
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Xbee Series 1 Hmimgnniuazfiszsvmsmalewdeyanmmuraniummeasslasinsil Tunns
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4.3 JumunazzunuuIsnInaasilasinislunismeiumile
a3 c’l’ n‘j ao o 1 [ 3
ludetiasiaustureulasjuuuuiinisveasdasimslumsmiduvus Taalvladansa
o ° aw @ o o VI F
20TURBUMTVITMITNARDITY (UanwiaguT 4.8) uaiiismdwaluil
43,1 MMMTATUUAATNIT1TILADIYDY Xbee
lumsivusaimsifivesves Xbee dodldlusunsy X-CTU Tumsivualasrivus
' a P d w o | o ® ° | a ¢ v o &
AMWIFIHROSTAIUN 1 ( LLammgU‘w 4.9 ) UANDUNISVINITATUNUAAINITITLADSADININISIADN
° w ) ° v o . R | ° v o
Xbee 97U 1 f1 90 5 fanymtiilu End Device Xbee 8n 4 safliwmdeasviuinidy

Coordinator Xbee

~ Networking & Security
Modify networking settings

(D CH Channel o

(D) 1D PANID 225 1
W

() DL Destination Address Low 40AD2FCY 2
S

() MY 16-bit Source Address 0

(D) SH Senial Number High 13A200

(i) SL Serial Number Low 40AES05D 3 |
I (i) CE Coordinator Enable Coordinator [1] 4 q

o b ' 5 P <
JUN 4.9 nsamuemmsflitneddiui 1

o | Y v o v ° ' )
1. fuundl Channel WushdnwslaAldmuiidesnisuazivuadn PAN 1D Wusiatle
./ 4 o 1 ot
Aldmuiifisants ( Xbee wnsdeaiiAnyaiu )
2. MwiuAA1 Destination Address High was Coordinator Xbee %1 4 #3lUglAn Serial

Number High wagA1 Destination Address Low lUgfaA1 Serial Number Low %84 End Device

Xbee

3. u@m9AT Serial Number High uazA1 Serial Number Low 784 Xbee wrassfiinge
ansagleninldviesas Xoee

4. fvuad Coordinate Enable 484 Coordinator Xbee ({u Coordinator ¥ 4§

warrnualiity End Device s1uu 1 ¢ ( sailldvinnsidenliudanauusn )



¥ Serial Interfacing

Medify modem interfacing options

() BD Interface Data Rate

(@) NB Parity No Parity [0] v
(0 RO Packetization Timeout 3 x character times

(D AP APIEnable AP disabled [0] by v
(D PR Pull-up Resistor Enable FF

= o | a ' o
JUM 4.10 mauadnsfimeddd 2

5. fimuaAn Interface Data Rate LU 9600 ynén

6. yuac APl Enable Tiillu API disabled vnéa

4.3.2 inmsfnwuaztsulusunsudunas e
ludhuilfudnitaireiuanlsunsy Visual Studio 2010 eldlumsiuuazuans

v w i 3 ] a
KalgaInnsEuIums Tauasdoansiu Xbee Tagsums Serial Port Tngludiunaniatiaos

Usinguiang (uansdagl 4.11)

g'dﬁ 4.11 wiisaLanINanas1991n Visual Studio 2010

St
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NngUN 4.11 Wumihiuanmaiaitaluainlusunsy Visual Stuaio 2010 &
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anunsnesursludiug aunnlasail
1. dwmsnea aglglunisfeanisidanulunsindafiudiunseuiuniieiu Serial Port
1 a  as s v 1 3
2. A ULAMKALUUMIE NWS azLLamwa'lugUmeaamLa‘uﬁImmﬂﬂ'wmums Togaudl
UAMIAIYDY SEaluLNY X Lazwau Y
[l = Y o o Vs
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o 1 J q‘ 1 o 1 o = 1
W swisiunidumaneesas 0.5x0.5 MSIAUAT T4 36 'zjaq‘[mamiuwmmﬁlnﬁﬁfyamm

Lilwsunau (wansieguil 4.12)
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lunnsveass ( uamefagui 4.13 )
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4.3.5.1 Offline Phase %38 Training Phase
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1. XBee®/XBee-PRO® RF Modules

The XBee and XBee-PRO RF Modules were engineered to
meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable
delivery of data between devices.

The modules operate within the ISM 2.4 GHz frequency
band and are pin-for-pin compatible with each other.

Key Features

Long Range Data Integrity
XBee
¢ Indoor/Urban: up to 100’ (30 m)
e Qutdoor line-of-sight: up to 300’ (90 m)
¢ Transmit Power: 1 mW (0 dBm)
e Receiver Sensitivity: -92 dBm
XBee-PRO

¢ Indoor/Urban: up to 300" (90 m), 200' (60
m) for International variant

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

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

+ Receiver Sensitivity: -100 dBm
RF Data Rate: 250,000 bps
Advanced Networking & Security
Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

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

Source/Destination Addressing
Unicast & Broadcast Communications

Point-to-point, point-to-multipoint
and peer-to-peer topologies supported

Worldwide Acceptance

Low Power
XBee

¢ TX Peak Current: 45 mA (@3.3 V)

e RX Current: 50 mA (@3.3 V)

* Power-down Current: < 10 pA
XBee-PRO

¢ TX Peak Current: 250mA (150mA for
international variant)

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

¢ RX Current: 55 mA (@3.3 V)
s Power-down Current: < 10 pA
ADC and I/0 line support
Analog-to-digital conversion, Digital I/0
I/0 Line Passing
Easy-to-Use

No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Modes for
configuring module parameters

Extensive command set

Small form factor

FCC Approval (USA) Refer to Appendix A [p64] for FCC Requirements.
Systems that contain XBee®/XBee-PRO® RF Modules inherit Digi Certifications.

FC

ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under ISO 9001:2000 registered standards c €

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

Table 1-01. Specifications of the XBee®/XBee-PRO® RF Modules

Performance

Indoor/Urban Range Up t0.100 ft (30 m) \l:;prig:n:tmo ft. {90 m), up to 200 ft (60 m) International
; ’ Up to 1 mile (1600 my}, up to 2500 ft (750 m)

Outdoor RF line-of-sight Range Up to 300 ft (30 m) intemational variant

Transmit Power Output 63mW (18dBm)*

(software selectable) 1mW (0 dBm) 10mW (10 dBm) for International variant

RF Data Rate | 250,000 bps 250,000 bps

Serial Interface Data Rate 1200 bps - 250 kbps 1200 bps - 250 kbps

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

Receiver Sensitivity -92 dBm (1% packet error rate) -100 dBm (1% packet error rate)

Power Requirements

Antenna Options

Integrated Whip, Chip or U.FL Connector, RPSMA
Connector

Supply Voltage 28-34V 28-34V
250mA (@3.3 V) (150mA for international variant)

Transmit Current (typical) 45mA (@ 3.3 V) RPSMA module only: 340mA (@3.3 V) (180mA for
international variant)

Idle / Receive Current (typical) 50mA(@33V) 55mA (@ 3.3 V)

Power-down Current <10 pA <10 pA

General

Operating Frequency ISM 2.4 GHz I1SM 2.4 GHz

Dimensions 0.960" x 1.087" (2.438cm x 2.761cm) 0.960" x 1.297" (2.438cm x 3.294cm)

Operating Temperature -40 to 85° C (industrial) -40 to 85° C (industrial)

Integrated Whip, Chip or U.FL Connector, RPSMA
Connector

Networking & Security

Supported Network Topologies Paint-to-point, Point-to-multipeint & Peer-to-peer

Number of Channels : ;

(software selectable) 16 Direct Sequence Channels 12 Direct Sequence Channels

Addressing Options PAN ID, Channel and Addresses PAN ID, Channel and Addresses

Agency Approvals

United States (FCC Part 15.247) ~ OUR-XBEE OUR-XBEEPRO

Industry Canada (IC) 4214A XBEE 4214A XBEEPRO

Europe (CE) ETs! ETSI (Max. 10 dBm fransmit power output)*
Japan R201WW07215214 Efgh\g?’\%ﬂﬂn (Max. 10 dBm transmit power
Austraila C-Tick C-Tick

* See Appendix A for region-specific certification requirements.

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

Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee®/XBee-PRO® RF Modules (antenna options not shown)

O 2009 Digi hiternatonal, I N
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The XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee XBee-PRO XBee & XBee-PRO
(top view) (top view) (side views)
0.299% = L)
7.59mm) e T e R
{7.59mm I 0.257" | XBee __0.020" . XBee-PRO
(6 .53mm) (0.51mm) £
PIN 1 =[& o] ———PIN 20 ! 41 S
i e ° TS, 0.031"_ 0.110
! pIN 20 | PIN 1 % ° et 8,060 ~0.02C thahinmn) | (#:35mn) g L
S T: 1.297* > | {2.03mm £0.51)  0.050" . 'S L
. [=0/§=] | 1. 27muu 3
8 e m&, o| (32.94mm) ! | oz iy b
o = P
e E i, i | |
PIN 10 = o|=p PIN 11 PIN 10 = o= | PIN 11 L] g i .
! S | 1 "
(22.00mm) . 0.162" ] b
i 0.960" =il L= 0.RGE" i o (4.06mm) i
(24, 36mm) | (22 .00mm) (2. 00mn) |
- - 0.960" -
(24 .3Bm)

Mounting Considerations

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

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

The receptacles used on Digi development boards are manufactured by Century Interconnect.
Several other manufacturers provide comparable mounting solutions; however, Digi currently uses
the following receptacles:
» Through-hole single-row receptacles -
Samtec P/N: MMS-110-01-L-SV (or equivalent)
¢ Surface-mount double-row receptacles -
Century Interconnect P/N: CPRMSL20-D-0-1 (or equivalent)

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

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

© 2009 Digt Internatonal, In O
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Pin Signals

Figure 1-03. XBee®/XBee-PRO® RF Module Pin

(top sides shown - shields on bottom)

Numbers

Pivi 3 —=yd

Bin 1— = Pin 20

Pin 10 =

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

1 VvCeC - Power supply

2 DOUT Oufput UART Data Out

3 DIN / CONFIG Input UART Data In

4 Dog* Output Digital Output 8

5 RESET Input Module Reset (reset pulse must be at least 200 ns)
6 PWMO / RSSI Output PWM Output 0 / RX Signal Strength Indicator

7 PWR1 Qutput PWM Output 1

8 [reserved] - Do not connect

9 DTR/SLEEP_RQ/DI8 Input Pin Sleep Control Line or Digital Input 8

10 GND - Ground

1 AD4 /DI04 Either Analog input 4 or Digital /0 4

12 CTS /DI07 Either Clear-to-Send Flow Confrol or Digital YO 7

13 ON/ SLEEP Output Module Status Indicator

14 VREF Input Voltage Reference for A/D Inputs

15 Associate / AD5 / DIOS Either Associated Indicator, Analog Input 5 or Digital ¥O 5
16 RTS / AD6 / DIOB Either Request-to-Send Flow Control, Analog Input 6 or Digital /0 6
17 AD3/DIO3 Either Analog Input 3 or Digital /0 3

18 AD2 /DIO2 Either Analog Input 2 or Digital /O 2

19 AD1/DIO1 Either Analog Input 1 or Digital VO 1

20 ADO/DIOO Either Analog Input 0 or Digital /O 0

* Function is not supported at the time of this release

Design Notes:
¢ Minimum connections: VCC, GND, DOUT & DIN
e Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
« Signal Direction is specified with respect to the module
» Module includes a 50k Q pull-up resistor attached to RESET
¢ Several of the input pull-ups can be configured using the PR command
e Unused pins should be left disconnected

© 2009 Digi [nternatonal, T
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Electrical Characteristics

Table 1-03. DC Characteristics (VCC=2.8 - 3.4 VDQC)

ViL Input Low Voltage All Digital Inputs - - 0.35*VCC \"
Viy Input High Voltage All Digital Inputs 0.7*VCC - - V
Vou Output Low Voltage loL =2mA VCC>=2.7V - - 05 v
Vou QOutput High Voltage loy =-2mA, VCC>=27V VCC-05 - - \
Iy Input Leakage Current Vi = VCC or GND, all inputs, per pin - 0.025 1 HA
ligz High Impedance Leakage Current V= VCC or GND, all VO High-Z, per pin i 0.025 1 pA
) 215,140
TX Transmit Current VCC=33V - (XBee) (F:Elt? - mA
RX Receive Current VCC =33V - (xgoee) (PSRSO) - mA
PWR-DWN Power-down Current SM parameter = 1 - <10 - HA

Table 1-04. ADC Characteristics (Operating)

VREF - Analog-to-Digital converter

VeerH reference range
Enabled - 200 - MA
| -
REF VREF - Reference Supply Current bi o Sleep Mode a <001 0,02 bA
Vinoc Analog Input Voltage' Vasap-03 - Vppap +0.3 v

1. Maximum electrical operating range, not valid conversion range.
*Vppap is connected to VCC.

Table 1-05. ADC Timing/Performance Characteristics'

Ras Source Impedance at Input® - - 10 ko
Vain Analog Input Voltage® ViRerL VREFH Vv

RES Ideal Resolution (1 LSB)* 2.08V < Vppap £ 36V 2.031 ; 3516 mv
DNL Differential Non-inearity® - 0.5 #1.0 LSB
INL Integral Non-inearity® ‘ - 05 10 LSB
Ezs Zero-scale Eror’ - +04 +10 LSB
Frs Full-scale Eror® - +04 +1.0 LSB
= Input Leakage Eror® . +0.05 50 LSB
Eny Total Unadjusted Error'® : +11 25 LSB

1. Al ACCURACY numbers are based on processor and system being in WAIT state (very little activity and no 10 switching)
and that adequate low-pass filtering is present on analog input pins (filter with 0.01 pF to 0.1 pF capacitor between analog
input and VREFL). Failure to observe these guidelines may result in system or microcontroller noise causing accuracy errors
which will vary based on board layout and the type and magnitude of the activity.

Data transmission and reception during data conversion may cause some degradation of these specifications, depending on
the number and timing of packets. It is advisable to test the ADCs in your installation if best accuracy is required.

2. Rpgis the real portion of the impedance of the network driving the analog input pin. Values greater than this amount may
not fully charge the input circuitry of the ATD resulting in accuracy error.

3. Analog input must be between Vger and Vpggy for valid conversion. Values greater than Vggey will convert to $3FF.

4. The resolution is the ideal step size or 1LSB = (Vrgry—Vaery)/1024

5. Differential non-linearity is the difference between the current code width and the ideal code width (11.5B). The current
code width is the difference in the transition voltages to and from the current code.

6. Integral non-linearity is the difference between the transition voltage to the current code and the adjusted ideal transition
voltage for the current code. The adjusted ideal transition voltage is (Current Code-1/2)*(1/((VrgritErs)~(Vreri+Ezs))-

7. Zero-scale error is the difference between the transition to the first valid code and the ideal transition to that code. The
Ideal transition voltage to a given code is (Code~1/2)*(1/(Vzern-VirerL)-

8. Full-scale error is the difference between the transition to the last valid code and the ideal transition to that code. The ideal
transition voltage to a given code is (Code-1/2)*(1/(Vrery-VrerD)-

9. Input leakage error is error due to input leakage across the real portion of the impedance of the network driving the analog
pin. Reducing the impedance of the network reduces this error.

© 2009 Digt Internatonal, Inc. 8
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10.Total unadjusted error is the difference between the transition voltage to the current code and the ideal straight-line trans-
fer function. This measure of error includes inherent quantization error (1/2LSB) and circuit error (differential, integral, zero-
scale, and full-scale) error. The specified value of Iy assumes zero Ey (no leakage or zero real source impedance).

© 2009 Digi Internatonal, Inc. 8




2. RF Module Operation

Serial Communications

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

UART Data Flow

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

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

CMOS Logic (2.8 - 3.4V) CMOS Logic (2.8 - 3.4V)
r....__._'....__.._w > i_———-‘—uh*“l
Dl {data in) Dl {data in)
EE— e
CTS CTS
. XBes XBeg [P
Microcantroller DO (data out) e Module | DO (data ou) Microcontroller
o Mod | el o
<t
RTS RTS
>  ———

Serial Data

Data enters the module UART through the DI pin (pin 3) as an asynchronous serial signal. The sig-
nal should idle high when no data is being transmitted.
Each data byte consists of a start bit (low), 8 data bits (least significant bit first) and a stop bit
(high). The following figure illustrates the serial bit pattern of data passing through the module.
Figure 2-02. UART data packet 0x1F (decimal number "31") as transmitted through the RF module

Example Data Format is 8-N-1 (bits - parity - # of stop bits)

Least Significant Bit (first) [~
1 01 1 1 1 0 o o

Idle (high
SHEh UART Signal

I I Fa

Sigml o vDC H

Volt

oltage ﬂ
Start Bit (low) Stop Bit (high)
Time 1

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

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

2009 Digi International Iy
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Transparent Operation

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

Serial-to-RF Packetization

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

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

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

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

API Operation

API (Application Programming Interface) Operation is an alternative to the default Transparent
Operation. The frame-based API extends the level to which a host application can interact with the
networking capabilities of the module.

When in API mode, all data entering and leaving the module is contained in frames that define
operations or events within the module.

Transmit Data Frames (received through the DI pin (pin 3)) include:

« RF Transmit Data Frame
e Command Frame (equivalent to AT commands)

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

¢ RF-received data frame
« Command response
« Event notifications such as reset, associate, disassociate, etc.

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

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

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

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

2009 Digi Internatonal, Tnc. I
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Flow Control

cTs

VEC

GND

Do

Figure 2-03. Internal Data Flow Diagram

Ot o BB TN Transmitter
Butfer Buffer .
e ¥ -
Oo— Processor 1 Antenna
- v Port

oyt [

Trootss DO RF RX FERPL R o
O sutter  |*|  eurrer Roceiver |~

DI (Data In) Buffer

When serial data enters the RF module through the DI pin (pin 3), the data is stored in the DI Buf-
fer until it can be processed.

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

How to eliminate the need for flow control:

1. Send messages that are smaller than the DI buffer size (202 bytes).

2. Interface at a lower baud rate [BD (Interface Data Rate) parameter] than the throughput
data rate.

Case in which the DI Buffer may become full and possibly overflow:

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

Refer to the RO (Packetization Timeout), BD (Interface Data Rate) and D7 (DIO7 Configuration) com-
mand descriptions for more information.

DO (Data Out) Buffer

When RF data is received, the data enters the DO buffer and is sent out the serial port to a host
device. Once the DO Buffer reaches capacity, any additional incoming RF data is lost.

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

Two cases in which the DO Buffer may become full and possibly overflow:

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

2. If the host does not allow the module to transmit data out from the DO buffer because of
being held off by hardware or software flow control.

Refer to the D6 (DIO6 Configuration) command description for more information.
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ADC and Digital I/0 Line Support

The XBee®/XBee-PRO® RF Modules support ADC (Analog-to-digital conversion) and digital 1/0
line passing. The following pins support multiple functions:

Table 2-01. Pin functions and their associated pin numbers and commands
AD = Analog-to-Digital Converter, DIO = Digital Input/Qutput
Pin functions not applicable to this section are denoted within (parenthesis).

ADO/DIOD 20 D0
AD1/DIOA 19 D1
AD2/DIO2 18 D2
AD3/DI03 / (COORD_SEL) 17 D3
AD4/DIO4 11 D4
AD5 /DIO5 / (ASSOCIATE) 15 D5
DIOG / (RTS) 16 06
DIO7 / (CTS) 12 ' b7
DI8/(DTR)/ (Sleep_RQ) 9 D8

To enable ADC and DIO pin functions:

For ADC Support: Set ATDn = 2
For Digital Input support: Set ATDn = 3
For Digital Output Low support: Set ATDn = 4
For Digital Output High support: Set ATDn =5

I/0 Data Format

I/0 data begins with a header. The first byte of the header defines the number of samples forth-
coming. The last 2 bytes of the header (Channel Indicator) define which inputs are active. Each
bit represents either a DIO line or ADC channel,

Figure 2-04. Header
Header

Byte 1 Bytes 2- 3 (Channel Indicator)

Total number of samples |

naA5A4A3A2A1AOD8|D7DSDSEMD3D2D1D0

bit 15 bit 0

Bit set to ‘1" if channel is active

Sample data follows the header and the channel indicator frame is used to determine how to read
the sample data. If any of the DIO lines are enabled, the first 2 bytes are the DIO sample. The
ADC data follows. ADC channel data is represented as an unsigned 10-bit value right-justified on
a 16- bit boundary.

Figure 2-05. Sample Data

Sample Data —_—
m ADC Line Data

ADCnLSB

X X X X X X X 8

76543210]| ADCn MSB
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API Support

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

API Operations support two RX (Receive) frame identifiers for I/0 data (set 16-bit address to
OxFFFE and the module will do 64-bit addressing):

« 0x82 for RX (Receive) Packet: 64-bit address 1/0

* 0x83 for RX (Receive) Packet: 16-bit address I/O

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

Applicable Commands: AP (API Enable)

Sleep Support

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

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

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

DIO Pin Change Detect

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

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

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

Note: Change detect will not affect Pin Sleep wake-up. The D8 pin (DTR/Sleep_RQ/DI8) is the only
line that will wake a module from Pin Sleep. If not all samples are collected, the module will still
enter Sleep Mode after a change detect packet is sent.

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

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

Sample Rate (Interval)

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

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

Applicable Commands: IR (Sample Rate), IT (Samples before TX), SM (Sleep Mode)
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I/0 Line Passing

Virtual wires can be set up between XBee®/XBee-PRO® Modules. When an RF data packet is
received that contains 1/0 data, the receiving module can be setup to update any enabled outputs
(PWM and DIO) based on the data it receives.

Note that I/0 lines are mapped in pairs. For example: ADO can only update PWMO0 and DI5 can
only update DOS5. The default setup is for outputs not to be updated, which results in the I/O data
being sent out the UART (refer to the IU (Enable 1/0O Output) command). To enable the outputs to
be updated, the IA (I/O Input Address) parameter must be setup with the address of the module
that has the appropriate inputs enabled. This effectively binds the outputs to a particular module’s
input. This does not affect the ability of the module to receive I/O line data from other modules -
only its ability to update enabled outputs. The IA parameter can also be setup to accept I/O data
for output changes from any module by setting the IA parameter to 0xFFFF.

When outputs are changed from their non-active state, the module can be setup to return the out-
put level to it non-active state. The timers are set using the Tn (Dn Output Timer) and PT (PWM
Output Timeout) commands. The timers are reset every time a valid I/O packet (passed IA check)
is received. The IC (Change Detect) and IR (Sample Rate) parameters can be setup to keep the
output set to their active output if the system needs more time than the timers can handle.

Note: DI8 cannot be used for /O line passing.

Applicable Commands: IA (I/O Input Address), Tn (Dn Qutput Timeout), PO (PWMO Configura-
tion), P1 (PWM1 Configuration), MO (PWMO Output Level), M1 (PWM1 Output Level), PT (PWM
Output Timeout), RP (RSSSI PWM Timer)

Configuration Example

As an example for a simple A/D link, a pair of RF modules could be set as follows:

Remote Configuration Base Configuration
DL = 0x1234 DL = 0x5678
MY = 0x5678 MY = 0x1234
DO =2 PO =2
Bl =2 P1 =2
IR = Ox14 =1
IT=5 IA = 0x5678 (or OxFFFF)

These settings configure the remote module to sample ADO and AD1 once each every 20 ms. It
then buffers 5 samples each before sending them back to the base module. The base should then
receive a 32-Byte transmission (20 Bytes data and 12 Bytes framing) every 100 ms.
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