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MOTORCYCLE TAXI PROVIDING SERVICE IN BURAPHA UNIVERSITY, BANGSAEN.
THESIS ADVISOR: NUTTHANON LEELATHAKUL, Ph.D., 47 P. 2016

This thesis presents a wireless sensor network model for tracking
motorcycle taxis in Burapha University, Bangsaen. We collected the route and
destinations (together with other related motorcycle taxi data) from 42 taxi
service providers. In our network simulation, wireless sensors send the location-
tracking data via predetermined shortest routes. Graph algorithms (i.e., Depth First
Search and Breadth First Search), with the knowledge of sensor limitation, are
used for the shortest-route pre-calculation. To simulate the worst-case scenario,
we assume all 42 motorcycle taxies simultaneously were in the service, and we
choose destinations that are farthest away from the service spots. We found that
the network architecture should be Mesh network. (using 71 router nodes). The
results show that the XBee Internet Gateway should be placed in a position close

to the route, which leads to destinations of the most customers.
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based machine(CBM) Mvigaeliusendadunuuazn1sdanuidaldauiladdulniv

ddry Tuszuvaziinisindaduweshiluanunldaunsadntalavesuniesdnsouiios

v |
I~ a o

wnnanglil vieanasiiasesdnsuyuyiliiAnundunsieuy Felunuimani
anansainidlamenisindadueesiiane

asasaul/sruuitUninigde

flanaunuiedmniunislinietiedumesiiarenislugnamnssuin/szuu
Unindde Tungslifidedwisauasain vseargliindilita lnenisdainudoyad
anusansvaeuldainaunsal 1/0 uasiduwestuluwuuldans Taensldndsanuainueg
HASUAT TRV DL URLABTUTA

AIUNTNBAT

wseeuesisaagnihuldnielugnamnssnunsinly lngldnseviels
anegnynInsiunisinau MbilddesingssnwraglWluanimwindeuiiaindiuin
lPgsEUUANLTINTINFOUANINTBIAY ANTY anuzvastu Tnevinisdsdayaluwuuls
anenduludenud wazaudanunsamuaunsidaunsalang q lusuuuussuusaludifiiie
Haglvinislduniisednsamunniu

2. Zigbee
f131 ZigBee leunannwginssunisdeansveia IneisasTuwuudnudn uazezdedoya
UY1IATTENINAILAY 19U UV TEEEn1e WaghianaveseImsinIndumameg

ZigBee 11m 35 1uaINARMUALAY ZigBee Alliance gnasiafiulunisvinssuu
wsenglianediuyana (WPAN) agnelaunsgiu IEEE 802.15.4 tngunsgudlday
° [ d' < ° Yo w ° L4 = va LY
dmiunisdearsauiein Wiasliie eunsalsiangn wasdauaud@inisdnnig

A 1 1% L] 3 £ L3 va o ! dl' 4 2/ &

iwsetngmeimduesield ynussasdvasnuandidnaieliausaasialuseuy
3eensIRdulianela Fesruuiaseiefinaaunsavinaulannantntinaeuialy

D1ASHATUDNDIANT FEUDSAIUITONULAS NUEL LLazagiﬁé’hamﬂﬁﬁwé’qmumﬂ
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wuatnasvuaanlauuduien Wul ssuuiidanunzfazihunldanutunnnsiadu
WaEATIERUANINLINANAS o Naulala
o . < [ 1 a [ ¥ 1 a I3
N15M1914°04 ZigBee aidun1ssunazdeniudyaintaya dugvvuinaniy
szuunseUIenTulSaenuugenegaluisess Mnduwesiunisluauislateniad
dosn1steya Teyaildonvasilunisingamgll, mamdeulnivesdsdldin, Sudiunm
waiwluonia, USunaud, gaungil, was uazvieuia Wuduy

Zigbee tulgsmungunualunistdauliludu Physical layer flog 3 g1
ANd Ao
1. 1uAud 868 MHz fidosdaaias 1 ves Aevesdnyqinsd 0 ans1detaya 20
Kbps
2. gruAud 915 MHz Svesdyaia 10 Ho3 Aovasduaail 1-10 Snsds
Yoy 40 Kbps
3. gruAid 2.4 GHz fiesdunas 16 Yo Fevedyannil 11-26 Snanas

Yoy 250 Kbps

868MHz/ Channel 0 Channels 1-10

915MHz — = 2
868.3 MHz 902 MHz 928 MHz

2.4 GHz

PHY

Channels 11-26 ——| |-— 5 MHz

24 GHz 24835 GHz

AN 2-2 shummﬁ'maqmmgm IEEE 802.15.4 (9198%: Zigbee/IEEE 802.15.4

Summary)
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Tngguaaud 868 MHz Tolaluglsy g1umnud 915 MHz THauldluiiuiives

SN UL 99aLASHAY WAYTITWAUR LAz UANUD 2.4 GHz a1uisaldaulanilan @9

AN 2-1

137971 2-1 NguANNAYEINATEIU IEEE 802.15.4 (Frequency Band)

waUANA wiilduauaud | Sasmsdedeya | Studuvesdnygn
868 MHz Europe 20 kbps 1

915 MHz (ISM) Americas 40 kbps 10

2.4 GHz (ISM) Worldwide 250 kbps 16

<

Tnun15d0a15904 Zigbee Huldguaiud 2.4 GHz (Erululasian) Fadugiu

WAy Bluetooth way Wi-Fi @slughuiinsneiunisvesgunsaliuiainulanign

dieldfdsieundde q ludunisnsieans egrslsiniu Zigbee, Wi-Fi Lag Bluetooth &

v i ‘:1' o ‘:ll
YDLLHNHNUDINITADANT ABNT NN 2-2




M15°99 2-2 nMsiFeuiisulunnasgrumalulagnisdeanslians

11

Zigbee Wi-Fi Bluetooth
winvasdyeues | 10-100 Lun3 50-100 w#3 10-100 Lum3
Taseda31952UU | Ad-hoc, peer to peer, | Point to hub Ad-hoc, very small
AU star, mesh networks
grund1ud 868 MHz (Europe), | 2.4 ua¥ 5 GHz 2.4 GHz
900-928 MHz (NA),
2.4GHz (worldwide)

GRQHLATL MY M GR GR

N3 ldnaey Aann GR naN

ANUaBnNY AES (128 ) 64 uay 28 Un 3013
sfuauUasadiely SRk
Funeundiadu

nsunluldeu N15AIUANITY | Malousdeuuy | Msilousdeuuuly
9NAIMNTIY, w308 | a1y, Msinds | anesenineaunsal

WGULwes, S2UUBIANS
DlUNR, STUUVDLAY

DRLUIIRA, LN

A 1 a 1
LATDUIYBULADT

<
LUB

U INSANN, PDA,

laptops, headsets

2.1 WUslnAaa Zigbee

Tslnnoa Zigbee aziduluniu OSI seven-layer model Tngludruve sty

AIUANNITLUIRIAINE1S (MAC Layer) wagdun1en1w (Physical Layer) agldunnsgu

IEEE 802.15.4 evineuluisesvasseauiasdyyia AunInuenIsiouds (Link
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Quality) N135AUANNISLEEN (Access Control) wazn1ssnwiaduvasase (usu Tu
druvestulusunsuuszend (Application Layer) Fuatuauulusunsuussens
(Application Support Layer) wagdutn3aune (Network Layer) 3gfiMvuanIuuInggIu

UDY Zigbee

Application

Device Object

Application | Application | [ Application

Object Object Object 8
0s)

2

N

Application Support
Network Security Service Provider

MAC J,:_

1

8

PHY @

1

A9 2-3 Tassasstuluslanoavss ZigBee

2.2 Funienw (Physical layer)

ASTUTRITUNIEATH Tunmsg IEEE 802.15.4 i 2 UMUURABD data service
WAz management service 1ay Physical Layer virasuludiunisila-Unaasudsdeyqiu
Ny (radio-transceiver) N1595393UNG9U (Energy Detection) Link Quality

Indication (LQI) n1stdantyasdayay1as (channel selection) n15vinliaosdyq1adng

(Clear Channel Assessment) LLazmﬁud\‘iﬁﬁjaiﬁaﬁhummﬁ 2.4 GHz ISM
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2.3 Max sublayer

N15911971Uv83 MAC sublayer Tugnnsgiu IEEE 802.15.4 & 2 @ fiw MAC data
service Way MAC management lag MAC data service a¥@n11 MAC protocol data
units (MPDU) TUéfa PHY data service Aaudsng 9 v89 MAC sublayer Al 2ol

1. M3dnnsdygyIudneu (Beacon management)

2. Mmaddistemenisdeans (Channel access)

3. N139AN15UEAUYD9AT (Guaranteed time slot (GTS) management)

4. NNSNIIFBULNSH (Frame validation)

5. MIAUNIURDUSTU (Acknowledgement frame delivery)

6. madonsailuluedetne uazn1seenainiadetie (Association and

Disassociation)

2.4 Network layer

Tudanestuiadotngriudfilunisdunndunisvesdoyaaindunidluds
Uanemaiegneluiaieteifieriunieiasietiei

2.5 Application layer

fulvsunsuusegndifutuiiddwiiFoninlasssznouveslusunsudseynd
(Application Framework) Iﬂaﬁaaﬂwmaqqﬂﬂmi ZigBee (ZigBee Device Object %39
7D0) vmtiiinauaunindidaarldeonludulusunulszend drulutuaivayy
Tusunsudsegnditu vimthiflumsadamsuvestulsunsudssgnduagshmihilunis
$udsdoyasaufionisdamadiusing q Afedestuiulusunsuuszens

2.6 WUslnmaaAunILdUuNI19va9 ZigBee (ZigBee Routing Protocol)

Tun15AURIEUNIIDY Zigbee a1y AODV (Ad hoc On Demand Distance
Vector) Routing Algorithm @ufuluslaneavidunisfifeannedandsdmsuniodne

1§ansiannzia (Ad Hoc Network) danwazadeiu Dynamic Source Routing Tugaud

fn1sns¥a1e
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N15%03998n15AUNLEUNY (Broadcast Route Request) LU uitautuuazas
%’a;gams%fawaL?;IuLLUULﬂ%wiam%a (Hop-by-Hop) Tun1sanlatiosian (Overhead)
VBIN135DIVINITAUNIAUNTS (Route Request) wiaglnunaziinszuiun1susulss
MITNNTAUNEUNI (Routing Table) Tunisdnnisteyavasdumslulnundiafes e
arlnunazdinsufuusmsaduaiuna (Periodically) lnsBuagfunisosuadae lu
MsUFulgImTstuIsaTaaeuuiarInun fafesagnszeludiluaduqdedinns
Wasuulas egalsiniu AODV flgadeusgiiinisindeudiveaudazlnungs (High
Mobility) s?fam‘jummm‘iﬂﬁﬁmsaimsﬁwmLLu'u (High Traffic) ﬁLﬁmmmmi‘U%’Uqu
A1319 NITANAIUNUILUUYBINITITIATIULATEYIEI LA I8aN TN TINTUTUUTINTINTT
AurEunals wandsraliminanuduwarlunisauniid@unis (Routing Failure) 14
uifu AODV Huduldsiapeanuu Source Initiated On-Demand Driven/Reactive &4
vidunsineilefunig (Source) dosnisnndunidludauatenia (Destination) iilevn
Funmaldudragnganisium G935nnsfananazdagannislduuudis (Bandwidth) Tu
%94 ”aujaﬁzut,wi%é’amﬁanmmt,é’umﬂmiLﬁaé’aaﬂﬁdﬁamﬂa dleswnlusinpoatldly
dnuaizveanietneiiudsunlasegnasanan wu dnsthodumisvestnuniindeutie
1¢ (Mobile Node) iiusiu Tuslnmeatiaeiinnsdsdoninuniunu (Control Message) (u
9249 ieldlunmsimundunisieuiuusaduns

dmsulnuafianunsofaseldlaensazidoninivuntiades (Neishbor) Inelvue
wifiutoyavedlnuadnadsnielfsu Hello Message Musiaglmunazyinnisnszanedoya
(Broadcast) epninanutiaatiitinualy Wedluusla q Adesnsdedening (Message)
udnundu 9 Aldldlnuadrafiss nuadaduazsiinig Broadcast Route Request
Message(RREQ) Flu RREQ 9xUsznaulusie dunis (Source) Uanema (Destination)
91¢ (LifeSpan) vedayauazmneava1fiu (Sequence Number)

A3RuMLEUN1IY8s AODV dziSuiilelnundunisiosnisiazdstoyaluds
Uangn1a InuaAuN19agyinnsdetayan13309ven15AUNIEUNIY (RouteRequest 1138

[ o | 1

RREQ) ludluundnaifes wazluuanlasunaginnisdereludiluundiamesreluizess
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uUDIMUAUANEN1INABIN1TRALRnsang Walunuaua1eni9lasu RREQ Aausniiuida
TnunUaen199zaidonIuABUNAUNITAURILEUNIS (Route Reply ie RREP)NaUlUES
TuARUN197v1N1589 RREQ wnbilaedsnaululundun1efl RREQ fausnundd iwsiziiain

Idiandesfiantunisds RREQ 113 nfiung

Destination

Destination

(b) Path of the RREP to the source

ANA 2-4 LARINITUEUNIIVDS AODV

2.7 laseas1aniatng Zigbee (Zigbee Network Topology)

ZigBee leinusiingunsainisnienm (Physical Device) aanidu 2 Uszian 94

1. Full Function Device (FFD) Ao gunsaitssiined (Router) Aviniifiifu
donanslunisiudsteyaangunsaldu q (Coordinator) liwdssuainangluiin (Power
Line) anansavhauldynlassinesy (Topology) wazanunsaviniduaadonseruls

AnuanRves FFD fidsdl

- anunsanmuailsntuntsvinululsaglassadiaunsety (Topology) 1o

- ansavhausutuedetesun 19

- anunsavnausunules
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- ansofnsieiugunsaldy 9 1o
2. Reduce Function Device (RFD) fia gunsalfiwunzaufiunisidousanigly
w3ev1e Tindsauanuuames (Battery) ldanunsadsdeyaludigunsaldugla uazgn

(%

TJaunsavlassnewuun (Star) tede

6

ANANNAINNTIUNSYINTASINNY FeaunTal

3

a o

AuaNTRves RFD Hdsd

~ Srimamnslasadianaietne (Topology) wuuamsiviity
~ldanansavheusiusuedetiedu q 16

- FodelAfugunsaliamzluedodeideniuminiy

- Wamusudgsldng

Tuszuuves Ziggee Usznavlufugunsailugiumatsdqu fie Full-Function

N9

a

Device (FFD) %39 Reduced-Function Device (RFD) %qmaﬁlum%asﬁwim AT
FFD Asldiduiuszanunmsdonsevenietngliasdauyana (PAN Coordinator) FFD
a0 191wl 3 e Ao druszaunisdoudevenaietigliatediuyaaa
(Personal Area Network Coordinator) #3U5¢a 111313010 (Coordinator) Lag
Reduced Function Device (RFD) Ingfl FFD ansnsadsdoyaninu RFD n3e FFD Tuvaued
RFD @nansadsdayanulmaniy FFD

Tnssadranietnedl ZisBee sosiulina Iassadrawuunia (Star) Tasead1auuy
\A33riBLATY (Peer to Peer Topology) tnssadrauvunguvosiulsl (Cluster Tree) waz
lassasiesuuy (Mesh)

2.7.1 1598519139 UN8LUUA (Star Topology)

Tulpssairandetnsuuuaninsdeansiiasefusenitagunsaiazdiuniuny
d7unans (Single Central Controller) w3afliduninduszarunisidousevenadeviels
awdiuyana Mdugudnarslunisdedoyavenndetng nsldusylovianniadorieni
Tassadrauuudl anmnsnendognsld Wy nisvissuutiiudanies (Home Automation)

Unsalisanuneniimes (Personal Computer Peripherals) 9adtaullazinid %aga1n

=), -®

1 FFD %1197 1Sudu FFD azas1ansevnevestiueswasnatsdniusivseaiunis
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WoudaveuaIeviliatdiuyana AIUBLUUANIZIRBNMINYUATEUBEIUYAAA

(PANID) MésliildgnidanlueSetnedug aelunietnefifueciiu (Radio Sphere)

Coordinator

[ ]
H [ W[ []
FFD  RFD B

Pl =,
Communication flow |:| .

A M9 2-5 sURuUlATEATeNIEIUUAT?

2.7.2 1AS985 9L UULATRIABLATO (Peer to Peer Topology)
TulassadrsuwuuinsesnoinseslaginileaiMdudiussaunisiiounoves
& o ! ! N ] Y] Y] 2 ¢ M

wseveliatgdiuuana drunuandeiulassaiiwuun fe ynaunsalausadeans
1Y) P | v PN | =2 Y :1' ] a I3 PR
funngunsalduldluszesnisdedoyaiianunsadada lassasawuuiniassdainsondulans
wangen (Ad-Hoc) NMIARIRILFILEY (Self Organizing) WaEAIITNWIANINALFILIULDY
(SelfHealing) 1iu n1sAruANNTglulssULAZNISALALAEAARNIN (Monitoring) R38N

nsragulSaneuaznsinnuduAUsed9wea (Inventory Tracking) tHufu

Loordinator

[\

..

AT 2-6 FULUULASIATILATRYIBUUY peer to peer
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2.7.3 Iassairnaseviewuunguvesiulsl (Cluster Tree Topology)

wsornewuunguvesiuliidusuiuuiitawrenietiguuuinsetroin3es 39

a

gunsaldusnnidu FFD way RFD flezidensefuietienuunguuessiiliiilvuagarieg
v93a197 dm3u FFD ungunsaitfuannsafuiuszaunisidendeuasiinisuszay
1@ (Synchronization) fugunsaidu 9 uaziUszanunsdonsomaniiususyay
msidouseveanietidiuyana lasiuszaunsidouievenietsliameduyana
wadanguyansnefuefifanesien (Cluster Head w3e CLH) fievsneiaves

n&u (Cluster IDW3® CID) NfiAmanetauidu 0

. Zigbee Coordinator

D Zigbee Router
n Zigbee End Device

AN 2-7 sUkuulassaaesensluunguvesn Ul

n1sdeNVuNEEYvNAIRYNIAINYARFIELIARNUNgIaYNdelignTduaynis

Y

n3¥318 (Broadcast) isuiumay (Beacon) Wdigunsaltnafes gunsalnlasuiumau

91992309UL0199ULAT0UI8N CLH 01A7UI$aUNSIT0NADYDNATDUINAIUUAAS

v
% LY £y [

augnsiuaztuiingunsallvidulu Child Node wazgunsalflviagdudin CLH 1u

Parent Node Yofivatlassadanguuasdulife Wunisifiunisaseunquivuiiniings

A99N1519 U TR DUBUN
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2.7.4 138918 UUY (Mesh Network)

iwsenguuuyldiumIstiswuusuldioniiugunsal FFD anunsodetayaluds

'
a1

FFD Buldlngnse lidesiulassadenuldl Joyaindeluds RFD asdasntugunsal RFD

Y

ADUNUN VOAUDINISOUABWLUULAD BIYANDATIAINNANTIVDINITAILALLNUAIY

1ULYDDNDVDITLUU

. Zigbee Coordinator

D Zigbee Router
n Zigbee End Device

AWM 2-8 JURUULATIEUATOUEUUULLY

w3 ekuUAullLazATaT IBRULLTEBN YR I LATRY1EMa18Yn (Multi-hop)
Yz iiiaserneuuuansidu n3ernegaiien (single-hop) 1n3evielusinnea ZigBee
& A - ] Y LY o o= i = ] A
Juasevisuuuideusdeliviatggunsainouiu Famangninudl aweuseluiasediy
Aa A Y = o = - ] U aad = i
ynyasanslunisiirfedinaneanlelunisdeansvin q fdu 38015 %eusauuunaiy
L3 b4 Y aaqav v ! dl' 1
gunsainfeuriu 2 F8lAUn beacon uar non-beacon NML¥BNRBLUY non-beacon N

eNsiatuATaYwdilayalinaennavesdyyinined luaselneuuy beacon

LdeuspIzaNInTadtayalalutanignivual iarativintuy
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2.8 MyUssenaAldanuvas ZigBee
n15UsEynAlday ZigBee UITUUMENAUUTHANYDITOYAU1IAS oY 3
Uszlan Ao

1. fegyanuutanan (Periodic) TUSWATHANINTIAIVANSATINTAT UagFINTI

[y

Udyaansziu Wedeyauaviideyaldndeulm Mdwiumugeswazives

Aa d'

2. foyanuvlisiowiies (Intermittent) Wudnwagiiinsdsindoyailofinsld
U L adndl

3. %auﬂmwu%ﬂ (Repetitive low latency) THlusiuiidesnis latency tiae 9
Tngnsdoansagliisinasstesna wazgannsaldnalauuy GTS Wlofuuseiuannw

299715315 dlUTgluay wu wdldane

Ly [y

wonIntdsaansadssgndldivgunsaliugrunivainvargludinusedniu o

esgA3etnewuulians IEEE 802.15.4 unUszandldilunisdealsszning

gunsaliugunsal wse gunsaliuuywd NeussuueIevielany neliusslevuiila sul

9

1Y

o

1. syuumImuansalusi® A Tseanu uay Indafudud Hudu

2. sruumIAaeudmiu AnuUaensty Frveunsly uasAunden Wudy

3. mammavdusithluldlunmsuFoRnismmms mevievesinueg
IAILAZUTINTIFBINT NI IIIFWLUUNRT

4. T¥ANuTUIie LU LURNYINYE WAz UBIEULUU interactive

135 IEEE 802.15.4 w30 ZigBee dniinisldnuAniuassiuasiinadonisld

FI9UTLITUVDUIIDE19UIN 1Y TUNI9TITUTY UBNAINNTTLUULATEUERSITULSae

[
o ' I

gefouisandunndon sauiseuAduans o wu lwlnd divian weuiulng Gudu

]

[
Y

= A LY Y My A - ) = 1 Y 3 a1 v
malssvumeusdelutagtulilienseiulussuuinievis wagdigunsaliesdiiianisld

4
a o v

UINLUAKDTAU UDNAINNUEITIAILNIDNA weluszuULAIavens19dulsaenly

[
6

Zigbee Hanunsaldlanugunsel

1 <

NugIU LU Wuwesse 9 ndsiangn vl

AUN30ARMUUANTTAlANS 9 LazaunIalagyinnuegedRludAnuiiisfeenis
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dmiun1suszendszuuin3enensadulianeild Zigbee unldargludiuay

anunsavihligunsal uazisedldliihiunanwannwanednds deansszninsiuduszuy

v o
v A

wdotneld wu dedaelnsdwidun nsadazandaednludd Kadisiaslifesds
A1ee 9 Widugunsal wigunsaliesaziSeuiiosmnnginssuveusinieludu lagusdas
gUNInlAEATIATUAIAING 9 LW AnuiaIaanli gauugll inas Yadlnsvia lnsusiag
gunIalazseualunvesudazauka Tuiinly

wonnilisannsniiszuuaseIunsIaduliaenld Zisbee unuszyndlily

12 ]

N13ANWIAYN AURUATAINUFIUAI 9 Nogn1UYIBIOUY N19RIU wasNdY 9 Netlaunsal

9 Y

#1149 o) azdearsiuesduszuuesedis Tussniranmsiiunsusssavuissnuy gunsali

agfrmnazdoyandndulumsiumedmsuauunsnised wu Anusigegaiiiale

Y

dunmalusolRumafedviedomns anmnisesnas JeyaaUmie (Dusu

[
=1

usnanilgunsalineqiegtauuaziinmsvhnunuudalusiBene g Indeamna
aganmuduailolifisadsinman uazsruumuaunisasas Wudu Usslevwidnogne
nilsfoamnsonsrandunivossold aagadnefussuy GPS udsruy GPS il
annsoasravduvsluusanuild Wy neluglid meluerans Wudy

o

a N A v
JTUAYNNYY

©®

J

Tuemiafed ffeldfnunnuitedifedontubu fuielud

unAweSureiafumaluladindediogunsaliuy 1éuA Chee-Yee Chong
way S.P. Kumar (2003) lta@ues1uide "Sensor networks: Evolution, opportunities,
and challenges"; Deborah Estrin, David Culler, & & % Kris Pister (2002) latauo
NaITeEeg "Connecting the Physical World with Pervasive Networks"; G.J. Pottie
ag W.J. Kaiser (2000) Ifauonanuidedes "Wireless Integrated Sensor Networks";
wae LF. Akyildiz, W. Su, Y. Sankarasubramaniam, wag E. Cayirci (2002) lataue

NA91UITYLTB9 "A Survey on Sensor Networks" lagNad1ulI T899 4 wereulnalu

dWhladesruiienfiuinievigaunsaisui nmsussendldlukuusng 9 (u nsussendld
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v a wa

Turevms, msuszendldiduedewindudenius, nsussgndldlunisdndudwindoud

Wasulvludaulduarlulsmeiuia, n1suszgnaldludiu @av) uenaini 91uidey

1%

manandananntie JedinuazUsziiuinsesmiladslunsesnuuuesedieaunsalsus

Y

lNEINEIiUNITRENLULATEYIERUNIRITU3S LauA Robert Faludi (2010) waus
nasu@euluniedets “Building Wireless Sensor Networks: with ZigBee, XBee,

Arduino, and Processing” @auur1i135n1sldlusunsuasoatiedniaguluniswaun

L 6

w3engaUnTalfuiedineg suudainisannaasaunadiieliiasengaunsaliui
aunsaausaiuLAIav1edumasiiin; N. Katenka, E. Levina, wag G. Michailidis (2007)

I§auonauideisos “A Cost-Efficient Approach to Wireless Sensor Network

[
a o

Design” Fuiauani1seanwuulagnisieaunsaifusuuvdy Wmnenanvesuidedull

Aen1sUszndnsunulaesinveesoteliliunign lnefiesotnedesaunsnnsounay

(%

funfmuakazgunsainndlueIevieaiunsofnsiedeiule; A Tiwari, P. Ballal, uag F.
Lewis (2007) lalauenaanuidesae “Energy-efficient wireless sensor network design

and implementation for condition-based maintenance” laglaldausni1seenuuy

LX)

\w3evggUnsalsuidmiunisdetayawuuriuil (Real-time) laglawmumnsludiuves

grsauwrsiazlnslnmeaniuaunsitndaiinalsd miun sihdunmasesdnsna seuud

o

gnihiausldddfasuuuunsnsgunssifuiuaznaildlunsdedyaadeyaiviili
Usendandea1u; Chiranjib Patra, Anjan Guha Roy, Samiran Chattopadhyay thae
Parama Bhaumik (2010) léiauesuideides “Designing Energy-Efficient Topologies
for Wireless Sensor Network: Neural Approach” Imaﬂizqﬂﬂﬁz’fm Aluladin3aung

Y
a o

iduUszam (Neural network) Tun193193ndsvesgunIaisusuiazsa n1seanuuuyn
dl Q’Jl U 1 1 t%4 d‘ o L d‘l A 1 U dl z
asasnanguiulilusesnsussndandsanu wenanilinsevigaunsa Usugaisives
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k% = 4 1

ANUIAN 9 INTIBRIFLADINTTNRDUUAN TR It ATz AeddluLATaY Y

Mf]ﬁfcjﬂ (Worst-case Scenerio)

ASZUIUNSNAFDULUUIIADILATDUNY

Va o
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Y
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1. Aunsvasn1sdadayaluy OPNET Simulator
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31809%ATBV18TD OPNET 1agyiINISNAaeImIAIAINNNLIl 0528 EN1958 1IN NUA

¥
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0.75

1.00
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Q’lj o A 1 6 1% a [ d‘ Ya o ! ¥
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U
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ANTNT -6 ANULNUIVBY XBee Internet Gateway LazARAYANNRLINNTEH XBee

Internet Gateway 1 #1

N9 ANUIUDY XBee Internet NAAUD4 Al
NAADY Gateway XBee Internet AUNUIY
Gateway [msec]
1 MU ING1ReYINT (Router 1) (400, 50) 26.59
2 | wowanla (Router 12) (670, 540) 17.583
3 | ¥98da1 (Router 26) (820, 820) 18.5
4 | nawyIneagysw (Router 25) (840, 1600) 36.268
5 | wihagdgweuIa (Router 53) (250, 460) 20.006
6 | wtarutununnis (Router 37) (580, 910) 12.84
7 | %t QS1 (Router 43) (320, 820) 16.875
8 | wiemstavun (Router 17) (670, 890) 14.441
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Y
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AT 4-7 FNUNUITBY XBee Internet Gateway LazARAYANNRLINNTEH XBee

Internet Gateway 2 #1
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sUuAnganIU WatoungenIay 2541 1191 “szuuivussundsuulan” dygiu
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- PSRITUA I UIUTIANT A (S1ANUELRY 290-2000 UM £

Lisaumgunsainldlunis@eusioiu GPS module 1y Arduino,
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Raspberry Pi)
- manuilymiinanarifisnduziilinisvenduntasszegma
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Y
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2.2. Wifi
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lag Wi-Fi Alliance neldunsgu IEEE 802.11 (lutaqduiiunnsgiu Wifi 7 67 Ae IEEE
802.11a, IEEE 802.11b, IEEE 802.11g, IEEE 802.11n, 802.11-2012, 802.11lac,
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- AoaAua ez szuu LAN U6 Access point
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