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ABSTRACT

The current position of the object of interest is the deveiopmenl and more widespread. The
satellite navigation system is mainly used to calculate the location of the object, known as GPS
(Global Positioning System) that we 1alk to as well, However, there are some limitations. Will be no
obslacles to block the signal. It must be in the open air only. If inside a building, it will not work. To
this end, we are building up a positioning system. In order to compensate for the limitations of GPS.

This project, object location tracking system uses RSSI (Received Signal Strength Indication)
measurement. The received signal strength can be transformed into distance value using statistic
process. Then calculale into location values using triangulate method and f{inally graphically display

the result location on the compuler.
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#0aM5 4 33UN1991N 4 AT UNA) AWML IVDITANIZOGNYAAR (Intersection) VOININAY 3 e8]

3 L - I - o ar ar c}
upaznisriining Wdwgadunn Asgiln 2 2

dumiaing

yndunnd 3

51 2.1 mamdumivesing [10]

2.2.2 NUBINTUNBS

o = & A o
NGUDIAS RS (Cramer's rule) [10] dusaiiionisuian s souaunmsanabnla
Tasi1o ilaveangasiuesAomsmimAIR MR (determinant) Taunguoans uuasna139 do i

¥ x YeszuuduMsm 14NN

v det[A4], ,
' def[4] aums (2.1)



1w 9 = o ‘ ) = o
180 det[A] unuswvuaveuasnd [A] uag detfAlunudiMmyuavouuasnd [A] ndawn
o . » ] ¥
’ Muasnd [A] % Tanlasumluuumnine i demtunnees (B} ud1 msmmadnifieitagn

s
NN F]

or o
faetia s Mngvasnsnues lumsudszuudums

ala]
P =1jlx] [-] AUMS3 (2.2)

41
_ detld), _ 11| an

o det[4] |2 1’ ~2-1
I -1 A3 (2.3)
2
o detfd], L -1} -2-4_
det[4] ]2 1“ ~aL
1 -} aums (2.4)
2 51 aumssenon 3 aums ieunumilsmeszmdedanls 2 $ifte X naz Y ¥

]
ar ar [

fofnauny X tasini Y taadiumisvingfidosmsdun

AUNI5IINAY (X - +(Y—-k) =R* aumi(2.5)



sl 2.3 ngavasnan 3 aAnduih i lddumising o)

¥
NFHIHANABUB I3EU VNN T UTUIINNHVBIASUNOS ( Cramer’s Rule )
= F el a = &
MIHIHAIRBEVELI LN s BUdUIANQuosns e TLuITnIHamas 1T HTIves
= 9 t:‘d o Yo o 4 ]
SETUUTUNS ITUFUN n dun1s uae n dwals Taolsadinuadinyelumsninaman
= 3 = A ¢ a qr
nguuN 61 AX = B iluszyuaumsiBuau n aums n Aty uaz | A [#0ud2 syuu
- k% Jﬂl | =] -~
gumisaduiliinanaungIHamafy) Ao

[ Al

X=——

Al 21,2, .00 Auns (2.6)
4 o ddw A & 2l o A . o a o
Taoh AdlummSadgnlavinumsng A TaomsunuiinudAan i vo3 A aasunsnd B
(¥ 1 9 o " oo 3w s a
fetha msufaumsmaumisiag lavldvaninavinguues

il (X, Y)=(2,1), (X,)Y,)=(5.4), (X,,Y,)) =82} R, = V10 R,=2R,=3

»
- |

VINAUNTNARUYEN 3 TUMIAI



X, = X,) +( 1) =R’

(X,-X,) +(¥,-YY =R’ AuNs (2.7)

(X3 _XH)2 +(Y3 _1’1;)2 :‘R32
Jaldoglugtaumsnmsng

xX,-X, Y-%x] [((R-R)-(x?-x)-(}-1?
P I e ] Qe
X=X, YL LY )[R -R)-(X; -X)- () -1)
5
X=X Y3_Yl X,
4=2 JB= TuMs (2.9)
X3_X2 }73_}]2 }:l
s 19107 11

6 1 Tx,7 [64
2 = anms (2.10)
e

1l |A|=-151A,]=-150 | A, |=-60

wmidla x, AWNAS_IN ¢ N, =
A -5

[ 41_-30
A —-15

o 5 @ d' by [] 3 Qs
ﬂmmnqmsmmmsmagﬂuwnﬂ X, Y)=(5,2)

ﬂ: t=; © YV A Y L
2.3 FEhininadeRanaInve T e IN

A o

msdsznumdumisnns el dygnasnivmmsaUsud iasuld vims
i lafanginssuvesdoRanaiafiinty siinvesdoianmafiiatuiusiavesdyaauas
Funadouveaszvy

2.3.1 Mulitipath Fading and shadowing

TumsTaninmssvosdyguaduinglami Multipath fading 482 shadowing ug g

-y 1 A 5 or 4 r o
MWinanimnlsdsn 1489 30-40 dB Tug19nsaanumIeau nisnsziansznoindnioss ez
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Tinan1sudsAunayy (Angle of amival) Hildmnisianaimaionu ) 11933 Time-oF Arival
({io1fia Multipath fading s litian M98 (Delay)
2.3.2 Nonline-of-Sight (NLOS)
-] o Ao w é 3 ar o ¥ o A o @ ad
d MDD Iy (Aoa) tinldmiszuznialnagszdildinannunarandeugadimsudis
§a Aanuanveaal (Ton) dudumililduniessunindiigagninvnsesildnaveinisia
' ‘i =y
szuznalnaniilueda

2.3.3 Multiple-Access Interference

.Cidn e A o

gmiidmdatuszuy coMa  TaoaSesniimidega llsuniunsesitiiasdng
gmsofatuszuund T oamazszuuafudam I9ia (Ultrasenic) Tuszuun l¥n1siannuusa
maaﬁ'@tymﬁ'lé’ (received signal strength indicator (RSSI)) i)‘lﬂﬂauaﬂtgi‘lﬂ‘lgﬂ!ﬁaizn‘nblﬁ'l%
P 1 e 1 = A A 3 A -
gumeininmuudgs manuulnlsusafannanuamamaniuiiofinioanlasmds
2.3.4 Fluctuations in Signal Propagation Speeds

=) ]

= o 4 IJ 1 o 1
lﬂﬂﬂﬂﬂﬁulﬁﬂﬁﬂﬂﬁllﬂiQﬂ‘i‘]Jﬂ')ui)'lﬂ'ﬂ'i]i)Uﬂ'lﬂuﬂm‘Hu "3 mnﬂ?oqmﬂnuua:m

@

tg o 1 d’ @ W A 5 A 3
Ay luoimea ‘ﬂ‘i]ﬂUmﬂ1ui]$‘nﬂ°r‘iﬂ’lﬂ’31Nﬂﬁ1ﬂlﬂﬁﬂuq3‘ﬂumﬂ‘i383“1\31]1!’1‘"1!

2.4 Moving Average Filter
o o o ¥ &
msnsea (filter)  Yoyaiilumsilszgnaldaunonfinaeimei@nduninilosdu Fai
L4 ar @ A ar ¥ A g ¥ = A et
ylszasdlunisdamsfudoyania’ld wiaihuldninmiaaiiaais q Idianweaenuas
A& A 9 CY vy woa ¥ w - ' a4 A
ndoteundu lualvnevszlsgnansuaslumsdadu Tasmsnnidudumuriomaunaon

. v £ S /. 3 Lo
21 019ARNIns ol TuRIegalimuzay iniSun makedoya) Fanszurumsuunilin

& = ] ar 3 o c; 3 o @ civ J 13 =1 -] =1 ] o o
weio 14 naziuadduannldanniludid windidanis doyalianudnderegernild

9 5 o dy ¥ A o v 4 [ 1 a9 ¥
doyadinggyriolln1d mamnszvaumsinasguaiothuilivuaddoyadanar ssmld

= =

nmssanmsdoyalimmsgiudonn uazgwsmb lddddlanlhandedn

. ol o a aa Aﬂl 1 c; = ar d'd ] o )

Moving average filter (udInsouzaatneandoga inannsfiSoud uaziir hilg

= o o 3 1 ] = r o -

auléeslanslavezilumsmmaanindumsnsowdilaoldmdoyaay dumsdinnui
» kd »

$10 9 Ligudou Tavd 1 ingszunmsquuazvinmniu duiummainiiinezgniSond

. ] S o dy o v Vo Y oA k4

Multiply-and-Accumulate (MAC) 86131508 danssannniiamnsolfuuadddimiinagrs 9 16

' ’ L d )
nnu Llﬂﬁllﬂﬂ'l'lilﬂﬂ\‘lﬂ'li"llﬂx‘lm‘h'
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2.4.1 MIMNUVBIIINGDY

L
=

» »
danseanvuiivzinulaslddoyaf 185y (Input Data - X;) Sruanthidesnd 1 Avive

O

»

o wo o ]

-] 1] L -3 = ~ Vo
AT IUATHAD W T(Ouiput 'Yi) IﬂUllﬂ’J’liJﬂlmuﬁ‘l"lHﬂﬁ]xlﬂlﬂu.lﬂﬂ\?

M-l
Y[i];ZX[Hj] AuMs (2.11)
M3

d‘l o e : a dy = 1 A v
119 Ml‘ﬂui]'lu'.]u‘{I’ﬂi‘!ﬂﬁlﬂﬂ‘ﬂﬂ'ﬂNﬂﬂ’]ﬂiﬂ@llﬂ‘ﬂuﬂmiﬂﬂ’ﬂ hoxcar fliter cmﬁ']umnsm

mnwiiga awsovih’ll 141451

o

o
ﬁ?ﬂﬂ]&ﬁuqﬂﬁi’]’ﬂgﬂ 6 AN 1519101530 H ] Moving Average Filter a4l

x[o]+ x 1]+ x[2]+ x[3]+ X [4]

Y[0]= 3

X[1]+x[2]+ X[3]+ X [4]+X[5]

Y[1]=

5
1 E
{L Oligin:ls.lgnll b. llpﬁnlmm‘ingneng'
1 ] L 'L‘_M
1 ; 1
E E
<, AN\ < o b i nl | a fot
: YN W
1 } 1 1
e 1 w0 Lo ) 00 L] tap 0 30 00 300
Sample smnbey Sample srmbey

[c 31 pomd moveg -renlp |
! a
H

@ A 0 0 o

k-]
Sample womber

U4 2.4 naaananinns 196ane3 1 Moving Average Filter
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=
UM 3

malulag

k] ¥ 1] [
Tuuni 3 deznarduna TuTadninerdoanasinnldlulassanu suldun ZigBee |
@y . . =] =) 3 g ¥
AUAVAvDY ZigBee , 1n399313UD4 ZigBee , Xbee Aooe 15 , msAnuIms 149 Xbeeluitosdu
, fdaea Me0INIA Has g U IUNIUVDI Xbee, Xbee Association , Xbee Addressing , Xbee

Operation Mode

3.1 ZigBee

ZigBee [4] ihamnTuTadmsAomsuuy ¥ mofignian iSymsunime ulad1¥me
Hbug 1 man Wndauosannsaiass & umazswisoad1unesold Sunmnz
fumsIdnudnsuse1as asvasudnmiwneing nsvaeuanmiandon Sanis1ef

3.1 uaz3il 3.

matan3.1 manSvufivums TuTad 15 aelunuumsg [4]

Bluetooth
ZigBee® WiFi M
Standard ™
802.15.4 802.11b
802.15.1
Transmission Range (meters) 1100 1-100 1-10
Batiery Life (days) 100 — 1,000 0.5-5.0 1 -7
Network Size (# of nodes) > 64,000 32 7
Moniloring &
Application Web, Email, Video | Cable Replacement
Control
Stack Size {KB) 4-32 1,000 250
Throughput kb/s) 20250 11,000 720
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LONG

RANGE

SHORT

Low = ACTUAL THROUGHPUT * HIGH

U 3.1 Y319 Throughput veanasymmsdeans 1¥anonuneeg 41

3.1.1RReNAveY ZigBee
3.1.1.1 Sasmisaadoyn 250 kbps (2.4 GHz), 40 kbps (915 MHz), and 20 kbps (868 MHz)

3.1.1.2 High throughput 481 low latency Duty Cycle 6;1 (<0.1%)

3.1.1.3 1m319199 Channel 1111 Channel access using Carrier Sense Multiple Access with
Collision Avoidance (CSMA - CA)

3.1.1.4 2115039951 Address 1ANY 64 bit IEEE address ( 65535 network)

3.1.1.5 SvdseAumsaauu Full handshaked protocol

3.1.1.6 (5ouAD Topology TEHAWIIY 154 Star, Peer-to-peer 1AY Mesh

3117 s @unselfidnawdousuidl)

»
3118 ITUSNIIMTAINUTIU 5-500 tUAT

3.1.2 Ins3a$ 19904 ZigBee
A ' & 4 °
WINTFINY ZigBee UN15utATIY layer 9 layer vz ldnas 14au185

a A 4 a & v g 0 A4 A Y e o ' ﬂ '
7J'i$ﬂﬂﬁﬂ1w1l1ﬂ1]1-l TN ARANY ﬂTiﬂQﬂﬂgﬂﬂu‘lﬁfﬂﬂﬂ 1"])'“?1&1\111!”93 LULNIY Layer 199

Q)

ail
3.1.2.1Network layer

Network layer gnosnuuuniiesilimsdedoyalu network 1dwasauliiing awnse

»
]

a4 ar Ao 14 Q Y o
9ANI5N1U Network D914 Tuaung lau 1y latency mihnaail
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. b t; w v
1. Starting a network U0 TN network W lnailé
2, Joining and leaving a network A5 IMAZEBATIN network 1A
3. Configuring a new device ANTANMUARIVDY stack 19
. . . e 9o LA ar
4. Addressing ZigBee coordinator NTHUA address ‘lﬂnuqﬂnsmxmazm'lﬁ’f
5. Synchronization within a network @1150AARDAUYUNIBIDUMBY synchronization
b4
4
6. Security MIMsuivdalinnuilasany
7. Routing Sarudunsveurtsuaronis
3.1.2.2 Application layer
Application layer 984 ZigBee Usznovday ZigBee Device Object (ZD0), User-defined
application profile(s) and the Application Support (APS) sub-layer.
v ¥
Application Support Layer {APS) hnihfiaed
1. Discovery dsadunuazszy ldhgilnsdialadndesgiuglnisif laag
2. Binding @wsadugmlnsel13d0iu1a1a014 wble of binding uaz forward
] o
messages S:H’J'I\‘l’qﬂﬂ‘im
. . . 3 L du d’
ZigBee Device Object (ZDO) MHUINAU
1, ﬁmuﬂﬁﬁ"sﬁﬂmqﬂnmfmiazﬁ'amuiu network 1914 ZigBee coordinator or end
device
2. a$19150n0UAUDY binding requests
3. af1eszunsnumnnudaoafuszniig neiwork  device  1AUIADNDINZigBee’s
sccurity methods 144 public key, symmetric key
4
User-defined application WU end device mﬁ]u"lﬂmummgm ZigBee
3.1.2.3 Physical layer
- A ¥ b 4 gency
Physical layer IEEE802.15.4 Qﬂﬂﬂﬂ!lﬂ'llll'll'ﬂﬂﬁﬂﬂﬂT]‘N‘U'ﬂs‘lﬂ']'lllﬂﬂqﬂ’liiﬁﬂﬂ'l‘icl‘lﬂ'ﬁ
. £ o ' 4 . - & .
direct sequence F911 12995 I hilnnudwnniiu ldsimvesntsfansiiooas Physical
type device NITHFIVAANUNUVDITLUUN 2 0137 full function devices (FFD) 1A reduced
function devices (RFD)

Full function device (FFD)

- ansadangu 1§ lunng topology
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o
- N5 Ui network coordinator 19
& . b3
- s il coordinator 14
= o .
- nsodnae 18NUNNY device
Reduced function device (RFD)

-Mlamnielu topology iU star
—111"(11111'50!1:']11 network coordinator 'Ié
- 1n1snfgu‘1€fﬁ’v nelwork coordinator winfu
_azmnlumsaeng
IEEE 802.15.4 / ZigBce nciwork #0aM1506131306 FED #1311 network coordinatoratatiay

E Y v . . LY A A g
HUA LA Endpoint device ﬁ]ZﬂOQlﬂN RFD IHOTi9z0AAUNY

3.2 Xbee poozls
o

Xbee [4] 1iuginsaiiil Microcontrolter waz RF 1C agmutu shwihiiilugynsel

Transceiver (QUN30!3U-d9dYR W) HUUHaIf Duplex 611n1700 2.4 Ghz umssamsTasld

()

v
={

st Warnudoiiiertace 11935 uuazdefoyaiy Xoee iy UART (1TL) Sedmiumedg
Tylasnoninsaaes snhanfiléRadedoms UART 409 Xbee A0/ UART  wa4
TulasaouInsamas 1dan

Xbee @130 1HIUAMNIATTIU Zigbee 16 LavTidpudouTdsunsuadi netiw
Zighee 100 IM312IMNIGNEA185A Finnware 7oy Tnaaidn 10Tui Xbee 1fi512050 Set
parameier WU Software interface (X-CTU ﬂ?ﬂiﬂmnsnﬁﬁuuﬁum\‘:) {1UN19 AT command
@MiieUA UMY GSM Module ) 1auld Hyper terminal W39 rumanisfudedoyado
TulnsnauTnsamad Motadwaio Tauile set Xbee MWhmuiugunsallundoiw zighee
1A 15192500 Xbee 1ARLAIINT Node
Feature Summary 999 Xbee Tﬂumnﬁmﬁauﬁu

1. Operating Frequency ISM Band 2.4Ghz (ISM Band HiNeda timmm?i"l%’amaﬁamﬁﬁ'u
Favzoygald19f grannssy (ndustrial)  Inermand (Scientific) 1tz n19IMsuNnG

(Medical) 320111 1SM)
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2. Hawemalidondvalenuy Aiv WUD Chip Ant, Whip Ant, UFL con , RPSMA con
Taw 2 uuunds s 1des TUmiaenme 2.4Ghz A connector 1LY UFL 130 SMA a1l

3. Supply Voliage ﬂéﬁ 2834V

4. Power Down Current <] QuA

5. i) RF data rate 071 250 Kbps (Hudauves dyapaiideinmnim

6. i Serial interface data rate BY3ENI19 1200 - 115200 Bps (Hudufinadedomsiu
Tulnsneuinsaesd)

7.430u Spread Spectrum 1A DSSS (Direct Sequence)

8. M5/ MUA addressing TAIAUGN¥USAD A1Mua PAN ID dmfunievtonila 9,

AIMUA Channel 1AL H1¥UA address YO ULADTAD

i 3UN 3.4Xbee Series1 Pro Whip ant {2]
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Xbee i]%flilﬂ 20 91 UARIBEIIDIN datasheet Lﬂu‘llﬂd';:u Xbee Seriesl (Digi'-%ﬂi'ﬂu
V3TnfKan Xbee) o3 U1eMTAUAAZ¥IAIA1519 Datasheet Xbee Seflafitilu Digital 10 wag
Analog to Digital Y1174 10 bits dndu

31 1e 13011 Xbee ADAT Protoboard 1A 1ABASIHI1$A L1950 301904 Xbee AL
91994 Protoboard #uazdBavh PCB Sunuftedsldamy 150 1AM Socket ntdaavn 19911
Huszeerieunnasgiu Pitch) 110U 2.54 mm 150 | mil

@

Xbee 93¢0 2 TUAD U series | UBZ §1 series 2 (ZB) nagdaflvura power ItAandn 2
4

=

L A9 UBUBITTUA (1 mw—2 mw) 4a% LYY PRO (50mw- 60 mw) mwxnwaﬁmsxnzmami

w [ 1 r : 9 =1 ] ) 1 A A . 1 n‘: d'
E TE ERUBM G Tﬁmmaz series HY @TUTIOAI191AT B“ll1ﬂ1ﬂﬂfntlllﬂ1] LAVSZUIHOY series 2 FNIUUNDS

o A O T = (= 4 1 1 .
Win3 oA mesh 18 Fadaliswazidvaildndesluiosvasnnuuana e lunaag series

Pin 1 ~ft o °=  Pin 20
Pin 1— = pin 20 P,

: ‘ \fBE'E]

. 4 PRO

: pin 10 = ‘=  Ppin 11
Pin 10 - o= pin 11

317 3.5 Datasheet Y83 Xbee {2]

Be

» »
Xbee 114 2 Series H 1309319 Topology TARai
:iu senes I: Peer-to-peer, point-to-point, point-to-multipoint (Broadcast)
iu series 2 (ZB) : Mesh, Peer-to-peer, point-to-point, point-to-multipoint (Broadcast)

WBIA A5 Xbee series2 111 mesh 18 9231 parameter w191 series 1 W1n 19 Series2 dauuy

point-to-point ¥¥IUYNT Series|
Mesh

C @ FAN coxdmater
Chustar Tree ) Full Fonction Doace
. Rediaced Funsnog Dexce

314 3.6 1930418 Zigbee WUV Star, Cluster , Mesh [2]
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peer-to-peer network WN609 Lﬂ?ﬂaiwﬁa@mzﬁ'wgulﬁmﬁu unAi29613 1w OSI Layer
11 5TAN Transport Network Layer fil) Transport Network Layer ﬁuﬁﬁa TCP Protocol 5311
ABURUNBT 2 1AT09 URTIHTL Xbee 191 peer-to-peer network 1130 Non Beacon Network 1 113
157 set node 1§11 End Device nuannda Tifimsfmuamodai dlasziiu Master Ml
Slave uavz liszvudamanues Tavlunievio 957990 1MUA parameter 1D (PAN ID) Uag CH

\ A .
(Channel) Xbee @1130 Set 1131'1{[11 End-Device , Rouler , Coordinator mmqau"lﬂmm Zigbee

3.3 MSANYINIIHIH Xbeel 111D A 1

ar ¥ 1

[IENITONATOUAIMNS USY parameter NAIRWAN ) HIU software user interface 19
4130 download software user interface 11193 UV Xbee 40 X-CTU 11 14H5 90 Digi n1sldf
U ﬁmﬁﬂﬂ"mmﬂfjﬁﬂ X-CTU Configuration & Test Utility Software User Guide

wann1nld software U&7 AosligalnsaifivziBouse Xbee [HNURBNANABIIRBRIMS
oo A w ell 8, Bl S ° 9w
Aaredemsiu x-cTU Ao gilnsainail Aedaf v nINI991999 Xbee NABIANI max232

A A o ar EY - ] - ar oy ) ¥ A
moldouszdudanna 1TTL Idaunsofsnaded s fMineui a1 RS232 (DBY) 1A niais1
9218 FT232RL dwmiinad serial 11 USB 1un3difi computer Tiifinasa DBY
Y] ) o A ) e =y )
fedgilnseinidizeudeiunoufianesiie Update , Config Parameter 11sunsy
b3
firmware 191 tazd syl misnagauiiloadu 134 Xbee Socket , Xbee USB Dongle , Xbee
o W <3 ¢ A
Breadboard , X-bee RS232 (DB9) Dongle Qﬂﬂ‘i mmmunmui‘luqﬂﬂimman‘n’nﬂmsmm
v v 3 & 4w d ' v o & o
N19A1Y Hardware 19auni luszozSudunosazain uarinnoan139211 Hardware 3104 1

AWITNAIVS Schematic 10 Digt

o

Q@ ]
3.4 NMadad MEdINA HASTUIUTUNIU VB3 Xbee
3 a d:i & ] = o o A . s :

Xbee WY 150147710 2.4Ghz mrﬂumummnunn Bluelooth Hid W_lrcless Lan @3Ul
narauoszaadoi Fugrasiuazniudunieo ll Amevfs nauiuasy undediugu 1

Y o o . ar
wireless lan 1‘1’1' Access Point 1 #17 lmm1nuﬂ%’m?ﬂﬂmﬁwﬁuun ﬁﬂ"lﬂm‘lﬁ’(u GHz cordless

& o2 ¥ [ W o 9 1 o Vo

telephones) ¥an1%071u 2.4Ghz 19uiy udusimagon1Fau Xvee w15 ng 1 mafvasdygm
(=1 b ] 3 =1 3 & o a 1 =
ﬂ‘iJ'lﬂﬂ'lU1‘]J1J’lQ AU TINIINATUDIU uummﬂmm 12NMAITIUD9 Xbee UAZTTUSN YOI node N

smageulndiuun
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¥ ¥
Fosdyanudmniud 2.4 Ghz d3eniuiludlulnsodd ndnddgvesdmlulnany

=) o W ]

' . v z z e .
atwiline msnsiumisdrsudadggneniu Ao line of sight (hifidafiavanala 9) ds
selédsdegagn dmiumdadives Xbee Tugu Pro 9214 50-60 mw T datasheet voninld
I‘l = ted 3 ﬂ Y] . . [ TRy :q’.‘ 3

ARDa 1.5 km, uangouiludnuoiz 184 line of sight 3w minlilndoulvil eg1dszoems
Sudadyimnanns vemyievInGod fine of sight ud7 GalliTesdyaIUIVNIUAN 9
(Interference)

A @ Aq v A ]ﬁ] s ¥ Py re
1599U038100101A 72 Xbee T AonfluuvudusSozinionld lidosmawernan

1 E; é U 4 " L)
ABINLAD 108 IMAI chip ant 1A% whip ant %9 Patiem N13UHINIZIIUAALIZINDOMNI 10619

A L] L ¥ o 1
Wi IMa1w 9 0619) 1A FweImAl vzlionsImsunieAeeNls auNToYENAITVIN Digi

. o da = Ao o Y . | LY =1 ' . £ 1
Chip ant YU niidefns st 1%uu1A Dimension T2WIUANA 1A Gain WoONTILLIY
Whip ant Chip ant 33ii3zuz5udadeyanannsain spec Tu datasheet 8nFi70613%U 31 Pro MLIDA
Tansada1alnagaga 1.5 km uun line of sight uARUS NADN chip ant 1A 9 IAssusgagnoy

o '
1 500 NINWAT

Module. | ~ Antenna Outdoor Distance Indoor Distanca Indoer Distance
‘ ) Typs._ {Viaun! Lina-ol-Sight) {Cifice Bullding) {Warshouae)
4704 (10 #n
- Chip (143 m) 24 m)
Vihip s dam | mRE@Hm BiR {28 m)
1680 R 1515 1408 (43
XBa4-PRO i e i
Yihip 4387 A (1XAS m) 1400 (43m) 56 K (108 m)

31 3.7 szosmsiuds Taoldaomesiiaiu (2]

3.4.1 Xbee Association
Tasov0 Zigbee AaaiimsviarulyTnualszuiandaain lugranardi Wdinsha
Suddoyn Fafufa Xoee Sail Parameter ReEAMUANTSSINEWSY Steep mode oY (Parameter
Al, A2, SP,ST)
3.4.2 Xbee Addressing
17 Xbee ¥a15afnuanls 8187819839095 (Address) 2 1Y 7D UV 16 bit address
102 64 bit address UnAU? Xbee NFnzgnimuasnnssamaiiu Address 64 bit ogud 34

WAI5987UA1 1391 parameter SHASL 319971 Address 64 bit @11130%1 18 Inofua
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parameter MY 1¥11ifi1 OxFFFF %30 0xFFFE @71 M3fMuA 16 bit addresstiudin 18 1an frviun
parameter MY Tiidtioond 0xFFFE TavszSunidu mode m3vha 2 Ussinnie

I. Unicast Mode Aip m3sSuaadieya Tasofondnnis Acknowledgement ADMIANIAIY

t 4
v o 1 ) ] o a o o o o [ 1
daviu dedfoya’lyl udlilisy Ack nounduninda3y Avzimsdadoyaln

2. Broadcast Mode fomsdadayaludalmonalf1dsudoyannds
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4.3 MIWINNUUIIVBITYY IR
s idneufinneilumsdnnumszoznininasiumanmduvesdyaiw Tao
aoufiumes szt mihfinaugumsiamues Zigbee Nidnnoagiuneuiiuaes Tavimszoavo
¥
J s ar A 1 o
MAIULS VBT Y IUIN Reference Node N9 3 9@ 11D Reference Node uinzqa 143 uMs50ave
I 1 o o ar 1 L]
AvzdamnnuussveadgygunduiniiMonitor Node Taonisaadeyavzegluzluunuves Apl
Mode (Joyalugihniy API Mode 92111 Hex Code Aoviimsuasdautioasii 11514
1 ¥
4.3.1 msaateyalugluuuves API
! —— . - - P
msmﬂ’fﬂga"lugﬂunn API (Application Programing Interface) fONITAINVYBYIN
a v A o 5 § ¥ w o 4
Foantsezdndedodistiv lugadun hugtuun Tnssadaimiveu TnoSafuily frame packet ¥9
. ¥ 1
asovan1adn packer naalihiufifidezls madadeyagndamiely uazlianusvoims
1 r z ‘5 C: ¥ 1 oy
daineMs VD packet Wi de dedoyanda hilvzeglugliuuvesnvgmdumn
4.3.2 31u1UpY03 API Frame
1 3 1 - o o @
iannsodadeyalugilunuees APl Mode T Taomsasamaiimeivoafids AP (API
Fd
Enable) 731}
o) 3 J ) 9 a
AP = oiflumsasmmsdideyalieglugluuuves UART uuuln@ API Mode 92gn
unIan
>
AP = LifumsasmmsaedoyaifegTugiiniuves AP Mode
»
AP - 2ilumsasmmsdetioyaiioglugiluuuves API Mode (Escaped Character)
Tlasamsts s ldmsdsdeyalusduunves API Mode (AP = 1)
API Mode (AP = 1)

A = o " 1 i] ¥ A Y ar o
downiimos Ap graannilu 1 Tassadnvesdeyandessiidnuusdegili 4.6

Start Delimliter Length Frame Data Checksum
(Byte 1} {Byte 2-3) {Byte 4-n) {Byte n+1)
Ox7E MSB | LSB API-specific Structure 1 Bytes

31 4.8 301119 API Packet frame Mode 1 [4]

MSB = Most Significani Byte

LSB = Last Significant Byte
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A o el 1Y) P o =} [ o ’
Checksum 719 ludfinsrsasuniugnassveadoyai 1asumsiods dunsofnnam
o' o = w 3 o o
checksum 14188121 Frame Data 9 lud ludnyazvonaugudunn naanninih ludgame

< ' {
liauoonnin 0xFF Hag1Af1 checksum figniea

4.3.3 sztanues API

) < o =
sUnvuveamsaidoyali Inssadauininaassi 4.7

Start Delimiter Length Frame Data Checksum
(Byte 1) {Byte 2-3) {Byte 4-n) [Byte n+1)
Ox7E nMSB | LSB API-specific Structure 1 Bytes
! AP Identifler Identifier-specific Data
cmdiD cmdData

3171 4.9 38UUYBA API Packet frame[4]

. =] ot v e r ] 1 ]
emdID (API Identifier) o Tuamilugafmnuagiuunves apt heghnlszianla wu og
TuzuuuYed AT command msFudoya wiomsdadoyailudu

cmdData (Identifier-specific Data) fin jUuunvesdoynineg Ngnimua ao cmdiD

4.3.3.1 AT Command

API frame 152100 AT command Thumamaicwsaldidouniosuamisiinesve
Tuga ZigBee 14 #9141d0 AT Command Tugiimnii hisuiludeaaglu1nun AT command M1
anqaseeuniaud 1018 Inoeslal APT Identifier 131 0x08  TA3a@d19vee AT

Cotmmand frame ﬁdgﬂﬁtl.S

Slart Delimher Langih Frame Daln Checksum
Ox7E MSB | LSB APl-specifie Structure 1 Bytes
APl dentifler (dentifler-speciiic Data
Ox08 cmdData
Frame ID {Byte 5) AT Comma nd(Byie 5-7) Paramuter Value (Byte B-n
idenlifies the UART dela frama for the host 10 carrelare Command Hame - Two ASCIE M presen, Indicates the tequesied parameter
witha ACK | ledg } characlers lhal Ideniily lhe value 1o sel the ghven register. H no
if s2y 1o "0, na response s sent. AT Command. charagiers present, regliter I queried,

gﬂﬁ 4.10 zllll‘lJ‘U‘iJEN API Packet frame Uszinn AT Command[4]
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Frame ID 9 11D 484 frame Haa ) drgndasnilu 0 Ack vxligndandin
A "] ar ar
AT Command 15 ¥8989 AT Command 15enoudiefionus 2 &1

» 1 »
Parameter Value A9 A5 1IABIT Y99 AT Command WU NADINTIAIM

4,3.3.2 AT Command Queue Parameter Value
ds’ =} ar & = =1 1
APl frame ﬂszmﬂu%smu‘ounu APl frame¢ AT Command 53491077 ﬂol%l‘llﬂuﬁiﬂi)'lu
r = o . 3 1 Ey ° 4 A
A5 iinosvos luan ZigBee 19 1a014 AT Command ua APT frame 1szinnilazdamndeiio

-3 A 1
AT Command (API Identifier =0x08) ﬂ'N‘Imff%‘i) %3 AT Command Queve Parameter Value i1
» >
API Identifier ﬁ]u 0x09 Tﬂi@ﬁg'N‘UEN APl frame ﬂszmwﬁtﬂuﬁm

Start Debmiller Length Frame Dala Checksum
Ox7E MSB | LSB APl-specific 5tructure 1 Bytes
APt Identifier Identifier-specilic Dala
0ox09 cmdData

Frame ID (Byte 5) AT Command{Byle 6-7) Paramelar Valuo (Byla 8-n

Identifles Lthe UART dala (rame for 1he host 1o correlnte Command Hame - Twd ASCH
wilh a ACK [ack I characters thal identify the
AT Command.

it present, Indicales the sequested parameter
value 1o el the gfven register If no
characlers presant, reglsier is queriad,

i 121 to "%, na response is sent,

;i"l.l‘?l 4.11 ;ﬂ!mmm API Packet frame U5219M AT Command Queue Parameter Value (4]

4.3.3.3 AT Command Response

>
A o
APl frame Uszaninilumaninmsld AP frame AT Command FI9RSHTAHATHIVDI
$on2110 AT Command f1dal1 V1IMIFUd ND (Node Discovery) D2 aananHENGUNINAILY

A [] 1
frame 1 frame qﬂﬁ'waxuaﬂﬁmummmsm APl frameAT Command Response 1if1 API
[~ A:l’J as 3
Identifier 1111 0x88 Tn338319904 APT frame Wssianiilugail

Start Dellmiter Lengih Frama Dat» Checkeum
Ox7E MSB | LSB APIl-specific Structure 1 Bytes
APl ldentiller Ideniiler-specific Dala
oxEB cmdData
Frame JO {fyte 5) AF Command{Byle 6-7} Status {(Byte ¥}  Voluao {Byle 90
identifles the UART data frame being reported, Command Name - Two ASCill 0= 0K The HEX {non-ASCil}
MNowe: H Frame ID = D in AT Command Mode, no AT characiers that ldentify the 1 : ERROR wvalua of tha reguestied
Command Response will be glven. AY Command. - reglater

gﬂﬁ 4.12 ;ﬂ:mwum API Packel frame 152199 AT Command Response [4]
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4.3.3.4 Tx (Transmif) Request : 64-bit address
» v
API frame Hlsznmilazdsdoyalugiunnve packet TFaTugarauma lagldveduuu

64 bit 11823 API Identifier 113 0x00 Tn35903 19999 API frame Usznniliiudail

Starl Delimiter Length Frame Dgla Checksum
Ox7E MSB | LsB APIl-specific Structure 1 Bytes
AP dentiler Identlfier-specific Data
0x00 cmdData
Frama [D (Byte 5) Destlnation Address|Byle 6-13} Optlons (Byte 14) Value {Byte 15-n)
Identifles the UART dala frame for the hast (o correlate MSB firsi, LSB last. 0x1 = Disable ACK Up 1o 100 Bytes
with a subsequent ACK {acknowledgement). Broadeast = 0x04 = Send packel with Broadeast :’ achel
Satting Frame ID to '0° will disable response frame. Ox0000000000D0FFFF Pan ID All other blis must be set to 0. perp

:j,‘ljﬁ 4.13 gﬂu‘uu‘um API Packet frame U5240% Tx (Transmit) Request : 64-bit address[4]

Destination  Address 9 fioguaalugatlmena !ﬁﬂgﬂﬁi‘lfi“ﬁu 0x000000000000FFFF
doyavegnd i broadeast

Option Byte 10 ANGBNVBINITHY :ﬁagm‘?wimd]u 0x01 DBNENMITH ACK 1ilefamm
i1 0x04 vz packet TWEmnIugafiog Pan ID Buady

- &y []
RF Data fiD U9YaNADINIIT

4.3.3.5 Tx (Transmit) Request : 16-bit address
» ]
API frame Uszinnilogdadoyalugiinyves packet hilfalugalaronis Tauldneguuy

16 bit 1483 API Identifier 1511 0x01 TA398%19909 API frame Usztaniniludail

Start Delimher Length Frame Data Checksum
Ox7E MSB | LSB API-specific Structure 1 Bytes
APl dentiller Identiier-specific Data
0x01 cmdData
Frame 10 {Byte 5) Destination Address|Byte 6-7] Optlons (Byte B) Value [Byte 9-n)
Identifles the UART data frame tor the host to correlale Ox01 = Disable ACK
with a sub ACK {acknowledgement}. :'s"d"':'; '_‘s:":;;r 0x04 = Sead packel with Broadcast Pan 1D U:rlna:::'!!vm
Setilng Frame ID to 0" wlll disable response frame, roadrast = All other bits must be set to 0. perp

gﬂﬁ 4.14 gﬂuuwm API Packet frame 52109 Tx (Transmit) Request : 16-bit address[4]
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4,3.3.6 Tx (Transmif) Status
A " =9 o - e 9 [ ' ar ar =
iemisdadeyaraiaauysal Tugan a5 udoyassdsdoruzvosmsdanavindalugad
»
4 ¥ ' o r
dadioyn API frame UszianinfhuaauzveansdadoyaiidnIamsaliil Api identifier 111 0x89

» 5
Tnsead19v9 API frame 1sznnililudall

Start Dellmliter Lenglh Frame Data Checksum
OX7E MSB | LSB APIl-specific Structure 1 Bytes
APl identifler Identifier-specific Data
OxB89 cmdData
Frame 1D {Byte 5} Slatus{Byte &)
0 = Suceess

tdenlfles UART data frame belng reporied. Note: 1 = No ACK {Acknowledgement) received

2 = CCA fallure
3 = Purged

If Frame ID = O In the TX Request, no AT
Command Response will be given.

gﬂﬁ 4.15 gﬂunmm API Packet frame 152109 Tx (Transmit) (4]

4.3.3.7 RX (Receive) Packet 64-bit address
API frame 1521013} API Mdentifier 111 0x80 1ija Tuga 185 udoyaninmsdanuiiog 64

[} »
bit U&7 (rame packet 11 1ATUsH Tnsaar319asil

Starl Delimiter Length Frame Data Checksum
Ox7E MSB | LSB API-specific Structure 1 Bytes
API Identifler ldentifler-specific Data
Ox80 cmdData
Source Address [Byte 5.12) R5Si{Byte 13) Oplions [Byte 14) RF Data {Byte 15.n)
Recelved Signal Strength Indicator - bit 0 [reserved]
MSB {most significant byte) first, Hexadeclmal equivatent of {-dBm) value. bit 1 = Address broadcast Up to 100 Bytes
LSB {least slgnHlcant) last {For example: If RX slgnal strength = -10 dBm, bit 2 = PAN hroadcast per packet
*0x28" {40 declmal) Is returnad} bits 3.7 [reserved)

g‘dﬁ 4.16 gﬂuuu‘um API Packet frame 152190 RX (Receive) Packet 64-bit address[4]

A A L] A 14 & o W
Source Address A Hioguas lugadsdoyaindadiy

RSSI fiD ANBUI DI QYR I
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L] 1 é 1] é
Option Byte i guluuuvasmsds §udh oxo1 vailumsdsuuuniladoniia duih oxo2

vziflumsdan11 PAN broadcast

RF Data fip Joyah 1450

4,3.3.8 RX (Receive) Packet 16-bit address
API frame 15z1nniii] API Identifier 1ifu 0x81 tije Iugaldsudoyavinmsdwuniiog 16

] ¥
bit U&7 frame packet 1 1950023 Insaarir9nsil

Start Delimiter Length Frame Data Chechsum
OX7E MSB | LSB APl-specific Structure 1 Bytes
API Identifler Identifier-specific Data
0x81 cmdData
Source Address (Byte 5-6) RSSI{Byte 7] Options {Byte &) AF Data [Byte 3-n}
Received Signal Strengih Indicator - bit 0 (reserved]
M5B {mosl sigolficant byte) first, Hexadecimal equivalent of {-dBm) value. bit 1 = Address broadcast Up to 100 Byles
LSHB {least significant} last {For example: Il RX signal strength = -40 dBm, bit 2 = PAN broadcast per pachet
“0x28" {40 decimal)is returned) bils 3-7 {reserved]

§1Iﬁ 4.17 gﬂnmmm API Packet frame 15210 RX (Receive) Packet 16-bit address|[4]

4.3.4 110819M31% API frame packet

ms1FnuiuTuua APL frame packet dzdDIammsiimes ap Miflu1 newsaee
Y] J O 3 A ) o
amnsolfoy Tnuall1s uazdoyanoghy API frame packet 3zagluziunveaavgmudunn

4.3.4.1 MaMazTUMF ATND 910 ZigBee
fide ATND iiludidanlddrs nazuananvavidvaveanng Tuafiogluszezmsda

Joun Tnudaindoansvndida ATND Reminnmnssduanmveasos Tuafioglusel Tums
fl

1 < o Vo a A A o
damda ATND Nlfia ZigBee 13119 API Mode Tumsdsmdagaiianvmzda

¥
=
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MW 4.1 M5aIfIds ATND

Byte 0 1 2 3 4 5 6 7

Value 7E 00 04 08 52 4E 44 13

(118 API frame packet #ana13gnaa 116 ZigBec uda ZigBee 1zAaunauI Uz UIVIVE

>
AP] frame packet il

Byte ‘ﬁ 9-10 ) MY (Source Address)

Byte N 11-14 #p  SH(Serial Number High)
Byte 71 15-18 A8 SL (Serial Number Low)
Byte ﬁ 19 o DB (Receive Signal Strength)

Byte i 20 ¥y l1lfo NI (Node Identifier)

M13197 4.2 NSABLAAULINAININEIAITI ATND

Byte |0 |1 (2 [3 [4 |5 |6 |7 |8 |9 |10 |12 (13|14 |15]16|17}18]19

value | FE | 00 [ 12 | 88 | 52 |4E {44 |00 [FF | FF (00| 13| A2 |00 |40 /01 (3B 1802920

1aE ACK 90314 ATND 90 9 Byte Aall

M15197 4.3 ACK 9939M73 ATND

Byte 0 | 2 3 4 5 6 7 8

value 7E 00 05 88 52 4E 44 00 93

4.4 MIMEUAUIING

o

msmidmniaingezldamnunssvesdyana ®ss  udimsulasmn 1dilu
o ) ~ o It 3 o © Voo ;
s2ema Hd1hms Wmguinundismansiinudesndnmumdumiiadl
4.4.1 m3uaaszezMInnAIn I BTy 1N
o o ] @ y o i o
312NN vesd e et maumsh 14 lunsdivinszoema

d ] 4 o " a A o o [] :
Taomsihumnnunsd laadoud mmdatiyia 1 wmndluszoema 20asudninnminunge
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° e o
1a21% Microsoft  Excel @%13n51% u@ 2 1msaeaunsonnsinipPlor 18 151002 1daums

»
STHENIDDNUINIIY

. ..
MINTA 4.4 Manua RssTnlFadwaunmsszozni

T ermaquen | Rsstem) | RSSIOMw0 | RSSIGAseng)
1 36 36 36
2 36 39 36.06
3 38 42 40.4
4 36 39 36.06
5 37 41 39.76
6 45 51 48.56
7 37 40 38.34
8 40 42 41
9 4] 42 41,86
10 42 47 42.38
11 61 72 65.8
12 49 61 51.84
i3 50 57 54.24
14 47 49 472
15 48 55 49.90
16 52 57 54.78
) 49 52 49.68
18 52 55 53.52
19 52 57 55.86
20 49 50 49,93
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v
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1 o d
ﬂ'l‘i'Nﬁ 4.6 llﬂﬁ@ﬁﬂﬂ’l‘i Trend Line ﬂamanmxﬂuszuzm&

sHEM (AT 11 RSST JTUEMI (UAT) 11 RSSI
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7 41.37743 17 52.1819

8 42.34861 18 53.40667

9 43.34258 19 54.66019

10 44.35989 20 55.94313
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Y[2] = (XRHXBIXAHXSH+XI6}+ X7+ XIBHXI91+-X 10+ X[ 111410
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={424+35+354+34+354354364+35432+434)/10
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Y[14] =X[41+xX[15]1+Xx16}-X[1 7 X[ 18X 19X [201+ X[2 H]+-X[221+-X[23])/10
= (35+354+34+35+35+36+35+32+34+35)10

=34.6
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auyd 15918 muA 1A Node 1 UAAR (25.3,9.5) , Node 2 UTiNA (21,17), Node 3 1ANA (16.7,9.5)ua

R1=5m,R2=5mn,R3=5m

unum luaumsoz1a

16.7-253 9.5-95|[Xx 2 _5%)—(25.3 -16.7") - (9.5* - 9.5
[ ][ ,,]z[(s 52)—(25.3 -16.7°)- (9.5 95)],““]5(4.4)

16.7-21  95-17 || ¥, (5 =5)-(21 =16.7")- (17> -9.5)
-86 0 [[X, ~361.2
2 = auNIs (4.5)
43 -7.5| Y, | |-360.86
-86 0 |[x,] [-1806
= quns (4.6)
[—4.3 —7.5][}1,} [—180.43]

229
[—180.6 0

_{180.43 ~7.5] _13545 AUy (4.7)
-43 7.5

-8.6 -180.6
|43 -180.43] 1776.58
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=12.04 aun1g (4.8)
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