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ABSTRACT

The wireless sensor networks has been designed and developed to employ in precision
agriculture in order to sense the temperature, humidity, soil moisture and light. The weather
station, rain gauge and wind speed has also been installed. By using our in-house system,
we can save the cost. The proposed system differs from the existing system such as able to
monitor those sensed data online real-time rather than offline. The previous system has to
have a staff to access the equipment in order to transfer the data. Thus the old system is
inconvenience. The proposed wireless sensor networks have been installed in palm oil field
at the research and development section of agriculture department, Koa Suan Khang, Khon
Kean. The researcher uses our system to experiment the possibility of planting Krabi palm oil

in the North east.

This research has three parts. 1) The in-house sensor node has been developed. 2) The
protocols for wireless sensor networks have been studied based on network simulator 2. 3)
The web application and data based have been developed. We found that the in-house
image sensor node using background subtraction is able to transmit the image faster than
the original method 16 times. We also choose AODV routing protocol even if DSDV protocol
gives a best result. This is because the memory usage in DSDV is bigger than AODV which is
not suitable for embedded device such as sensor node. In addition, UDP is also deployed in
the higher network layer. Finally, the cluster network is applied in the precision agriculture

system.

Keyword: Precision Agriculture, Wireless Sensor Networks, ZigBee, XBee
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Temperature = d1 + (d2 x SOy)
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4.2.2 Ad-hoc On-Demand Distance Vector (AODV)

wsinaea AODV  Wulwslvasanisdmdunidludndsaliaowvuianisia vitlvaond
o a 1w vy o v P ' > ' ad

Wweulesaunsofasieduls Tneiiduvteniivaisdisnis@ousis Insinasaiitugiuuiainlnsinae
annmesuensray ( Distance Vector ) wil AODV aziinisyiraruidunuusuaadin Ao wuiunisaum

v a £ oA a v v v i) ' o o to & v ° o v
wWumaiatudielimsisaveldidunwduvini wazaniwoulashidnlusewinisyiulsdoya
wuniludaaniiienlssdarevnandlidldnuluvazdu wagluvazmsioasdniuey lagiduna
gwvihala AoDV Aarlivienlagae deairusduvilsveddnslvaea AODV AenisAuniduvniuay
Wonltidumevosganiiifenloswiunie uasuaevsiifieg iielinisdfayatudulysdregndios

a ¢ « ° & as vy a da a <
TnslnaeagniusdsruariinmesvanseosyinaulaluiindsaldatsuvulanzAandnisiadauiives
al d v o v A o o [ & ] (v 1 o @
aniliyeuloados ilinswisuulaweiidnvurveadadsalivindn uiuenvindgwiiendu
A «@ o/ o § 1 ¥ 0 U L4 < [}
n1sdsuuvatvagidnvuzesuidaisavosuds lunisirnuvedwsinaoamaiiifedinisds

tomumunu (Control Messages) tutgquielflunisimundunimieuiudsdoyadums

o & L4 L e‘ dl v d [ 4
MIMIUTBINTIRATIEUNILUY AODV 1Tudaguil 24 Aewleflnundiumeiinzdedoya
Tudalnustarema Inuafunisazyinnisas route request (RREQ)IUSInuadraidss waslnuailéidy
I3 ° [ o ehl v al ' | ) o v 'Y a a v =
AagyimsdaraludalnuaiilndifasnsluiSos 9 sutlnuaiidunisdisinisasindedy uiolnun
Yangnaiueadegun 24() wazilislnuatanenalasu RREQ swsnfiurdefilnuadatenis Inun
[ 3 ] o as L% o e [} ] LY
Yaen1anagyinn1sds route reply(RREP) nduludsluunsuniefvinnisds RREP anlvlagavdanduly

3 P Y P gy 1 = | v v o
Tuiduns?l RREQ fusnandie msizdednldnaniesfigalunisds RREQ wnannsiumng gldningud

24(b)

26



Source

Destination

(a) nmuanimis route request (RREQ)hdtundrgiden

. O Node

w3 RREQ
wmie RREP

Destination

-{b) msds route reply(RREP) ndulidatusbiuma
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4.2.3 Dynamic Source Routing (DSR)
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4.2.4 Ad-hoc On-Demand Multiple Distance Vector (AOMDV)
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= Another modification to basic AODV route discovery:
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AUWANANTEIAI AT IRAILsBLTY sruusrAulalvRdatuldy noise w890 Tnesyuuldauls
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5.1.2 WALANISWAIUTTUSUATHUY mini2440

mswannlusunsuvuanonailei mini2ad0  TeldRads Windows CE 60  1du
sLUUUJUANIS 5895 .Net Framework JuugIuves Windows FatfuniswannlUsunsuannse
FonnwlunsWwamn CENET  wie Visual  BasicNET ielwasnndosfunisvinamuues Net
Framework sailusnideiisadenldnie c# net TunswannTusunsa (iose Windows CE
\Huszuuufiinsfesnuuudmivansnailed Framework Sefiamannsalivilou Framework
vosnsRALUURNRImesduyARa (PO) Tnsly Windows CE tuszden Framework 31 .net
compact framework dsalsiddsnisviauiiiflu Framework 183 31 .net compact framework gn
ansnuddatedrann Fldaunsadentdidiameitaidunisieuduiugrusindy s
framework Y119 image processing lagunddsldanunsaviausiuiule nsWaundswoswamunludiu

wpamsvhauduaninivienualngeifisesdauien image processing 1aglunswimn
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(& Search Online Templates...

‘- Starter Kits

: Remote Tools Framework

i Test

i. Web
Visual C+ +
Distributed System Solutions
Other Project Types

JUN 45 wansnisaialusiandmiu Windows CE

ASHRIUILUSUATUMENI C# .net 115U Windows CE @1unsanmiunIuy Microsoft Visual
Studio 2005 MM sAaRdveedmTUNSRRILIlUSUNTUUY Windows CE laglawizaagud 45
ANSWAILINUSHASUEMSU Windows CE fimnuaaiunswaiuiluswnsudinsu Windows maluAeiile

o a 5| v . . . v <
vmswaulusunsuduiissudos Microsoft Visual Studio azai19lwa .exe waz .pdb

Documents library

Debug

Name Date modified Type N Size

@ THESIS_V100 317872554 22:18 Program Debug D... 40 KB
r@i THESIS_V100 31/8/2554 22:18 Application 22 KB :

E‘Uﬁ a6 In&laann Microsoft Visual Studio

W& n Microsoft Visual Studio #agui 46 Twa .exe Aeuwanavedlndiianusavinnisidy
msvhauvestusunsumielusunsundn uay .pdb Asuuanavesindlusunsuiigni3ontdlivihay
Tnelusunsundn dwmiunsyemuuszuudiifngs Windows  CE whity fadulusunsuiinaun
d w3y Windows CE Fsldanunsavirnulauussuuuifinig Windows XP #saseuuufuanis

Windows 8u9 Fadlelalndainns compile 1ae Microsoft Visual Studio Asuvi 2 Trdnausa
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lWsunsuiiaunluiinnsuuaresnatleiafiinissunisiinussuudiiAnis Windows  CE Tag
anunsodsdeyarudetuiinieyafdnea SD Card 38 USB flash drive
5.1.3 naavInIzuIUNIT Background subtraction

lun1snaaesziloudl Background subtraction waAINIsWIEUBUNTEUILNISYINAIUISY

' 13 . " a ] ' o
GNLWIﬂ'i%‘U'JUﬂ']i'Vﬂ Background  subtraction IﬂEJlNLW%J?I’JUﬂ’]iGITAQﬁ@Uﬂ'JWNG]E)LUEN?JENF'TNJJ

LANFIUDIANE

1]17'i 47 sUnamuuIn 320 x 240 pixel dUSUNIVAABUNTEUIUNS Background subtraction

Joyagunmdmiunisvaaeunszuauns Background  subtraction \denldvayaguniw
UM 320 x 240 pixel Tagnm 2 AMmilmuuandaissunsiumisuasil Noise sauagniglunnes
Ul 47 n1sveassdulasviadeunszuaunts Background  subtraction wuulsiifisnszuaunis
nvaeumLReLiias Fansrurumsiieseiussnanalaeinw 2 am WisuifisuAdveanin

Tunndunisveanmiagnisil3suifiou pixel fe pixel ¥8ia 2 A

Uﬁ 48 WAMINAUDINTTUIUNTG BACKGROUND SUBTRACTION lmwumu‘ummsmwaaumm

falilaaves pixel
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Y - . ' M v | a ) o a v v o |
Voyannil Noise 5910 HAvTBINTUTTINANANIANWUIN Noise TauBgidufiaan faguil 48 dewa
' Y v " Y a v ' 5% a A o
nsznurensaddeyagunmlmidealiiindeyadilidosnisruegludiunaias Wewinms
WhdaSinadeyaniwuuin 320 x 240 pixel unsidndevSinadeyanin daaldnisvhauly

auwraivinldtivinisnaassnisnsisaeudoya Row 1iu Row uaz column 13U column

ANAANITVINNU

d . " a . oA
JUM 49 uanmaveInszuIUNTs Background subtraction litiudwwsinisnsivaeurusieiion

483 pixel lagns19a0U Row 13U Row uaz column t3u column
HansUszanadusaanna M vitnuadlauszanm 50% uddeyaningsll Noise saueg
oA v o @ < ° 1Y + e n Y | v /Jl "y < -
WWulednu fsgun 49 msvihnussnanildslidiglunsinnisdiuvesdeyaitlifonis Wuileenis

ANLIAINISYINTUYDIALDINAENAILYVINTY

AU siinsWAIuINT¥UIUNIS Background  subtraction laen1siiuuiAntanguijnisil

Noise vaenmszgndsauiu lnaiunsinseimiusailowsgaiisiwes 2 m laonszuaunis

MNUMINALTUATIVADULLTONUAIULANANVBIIAN TV 2 Awudavinduy Tneveaourddnga

1avn Pixel YBINWI 2
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SUT 50 uaRINAYBINTEUILNIT BACKGROUND SUBTRACTION Liidhuteenisnsinaaundy

oLlDIuD pixel

e v AI ! d 1 J Q’.jl d
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] o v - ° v v ° o ] ] 14 ] | i
Tudiuvewmanmsvilanaguil 50  vilideyadmiunisdsuuniatraguigesiiarsanludiunly
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f9IN15138 Noise Y8 nlaun

msifiudiuvasnisasvaoumuseilissiasoandeyadulisnduvie Noise lausivin
Iiiun1szeaivesanainailein ileann1szealunisusranananiglugunsniauenailafionis
< < ' ° [ < Y o = v o
Wisuiiisuardlunnasunisvesnin 2 amidunisyszananaldwdsuun Jalainismaaesan
nsUsznananwludiuvesnisiiiivdeyamelsudisuadves 2 Awlukud row v3eunu X uay
b= 4' =t < =] o [} < o 1 o < < « &
column w3aunu Y Wailssuiiguadvasiunslaaia sumisiviimsivieuiisuazidounssas

s
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JUT 51 WanINaueIns¥uIUNs Background subtraction WNdIUTBINIATIVABUAINABLEDIVES

pixel lnens19a0u Row 13U Row way column LU column
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HAYINNSEUIUNTS Background  subtraction Tngifindiuvein1smsivapuauseliiowes

pixel Tnems29@8u Row 13U Row waz column 1 column gaaslinanisyhaiudnuasiguiedi
L [ a' L 24 . L ] o
ANSATIVADUYNAMAUINFUN 51 ﬂay‘aﬁlﬁmnnssmums Background subtraction &alalansai

Foyauldanildlaons nedowiunsruiunswiondeyalasmsaiiguuuudoyatiuanim

UM 52 WaUBINTHUIUMIATILTOYARNITAIUANYDINN

wiwInEuNsEUIUNS Background subtraction deyagaiinuAus1esAId Yiite

(Y]

o 1% vy ) oy Y < °
Uszneunsnieudeyalagllddeyaiamzdiuifeansvintduaaguit 52 ns¥uIun1ivi Background
. a 1% v ' v ) a a v o
subtraction aunsnanUSinadeyaldunnnin 70% laedeyadsguin 47 Hvsunatoya 45.7 KB Wlg
HAUNSEUIUNS Background subtraction lagldnadaguil 52 FeiiuTunmudeya 1.03K8

4 v/ ' a ¢ 1 ..J e 5 A
nsvuresasinaiaiiminansatesnitneuiunaddiuyanaludiuiiie

Foemsinamahaudvihnsneasisuiieunmnsussinanavesauesnaileialngi eyadail
1 I a v IS ' L ' 0’5 P ada
ALANAYEIAd uasdoyanmilmdunnmneiuuinndt 80% vesnmisans tieviadeulunsaiiil

AULANANNINTBIN WAL LS BUIEY

U7 53 gUn A 320 x 240 pixel dMFUMINAADULIAINNTHNIUNTZUIUNTT Background

subtraction TnegunmiinuensvesmdUianannn
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N19MIIADUNTTUIUNIS Background subtraction ¥i1n15vaaaslunstiinuauLANAINYe
awluviinateedagui 47 uagvageulunsdideyaunAuuandiesnnaaguil 53 lananisvaass

ol A
AIRITNN 6

MITNN 6 WARINAINITVINIUTBINTTUIUNTS Background subtraction uuaueanailesi

nsciveyadagy 49 nsivoyanazy 56
(ms) (ms)
Background subtraction Liitindauvesnisasivaey | 7,498 42,174
AMURBLTEIeY pixel
Background  subtraction WLdIUYINNIATIVEDY 23,319 108,622
AURBLIBIEY pixel
Background subtraction liviuduvesnisnsavdey | 7,004 48,495
AMUABLIBEY pixel UAXATINABY pixel 15U pixel

N1598nkUYTETEUTENISINN1TTBYaUNMAMIEIENTT Background subtraction YAUs¥asA
v o @ c‘.: = v P L4 o [ % o ' °
uaniiensinas Muidaasuteyasynndmiunisnaaeulaesiudausnszuaunisin

Background subtraction saslufisnsdsieyavuinietieisueesilians

(W) )]

Q] ()]

< .
JUN 54 uanIWaueInITUIUNTS Background subtraction
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NS¥UIUNNT¥ Background subtraction Tagun@dumstiiniw 2 nmuisuifisuiunuy
qmiaagwﬁammmumncth ﬁq*?'iuam‘lugﬂﬁ 54 ﬁ’mum’lﬁgﬂﬁ 54n. unugy background gﬂﬁ 544.
unusUdianlusisudl 57a. unusanszuIums Background subtraction laifiudugesnisnsiaaey
AuReLfiowwes pixel LLazgﬂﬁ 574. WMUNANSTUIUNNS Background subtraction tRyduvesnTs

MITIVADUAIUABITDIVDY pixel

4 . a4 0 a %

Wit uNTEUIUNMIYS Background  subtraction  FedwalpemsslumsanyImnaudoya
a 5 4' kod Al 1] [} o 1 < ] 14 o L4
fudeinadoyaiidianas deudwalnonssiunisadsdayauuaiatissueesliats ilvana

) vy P < Y 9 v 1 v o
'LUﬂqsa\ﬂﬂﬂqﬂLLaxa'uJ"ﬁﬂLWllﬂ’nﬁJﬂ‘UE]\?ﬂqﬁawwwmaHa1ﬂL‘ﬁUﬂu9\Qﬂq51\1ﬂ 7

P ~ = v 1 ) 1=
MsNA 7 uamansiisuifisunauarnnavestoyasevinnisaaniwuuulsill background

subtraction fiun15vin background subtraction WUUATIVABUAIILFABLLDITOY pixel

Payload Size | Total Time | Data Size + Header
(bytes) (ms) (bytes)
Without With Without With

background | background | background | background

subtraction | subtraction | subtraction | subtraction

40 503,964 30,599 42,811 2,399
50 405,837 24,711 39,083 2,271
60 338,518 20,179 35,371 2,175
70 290,102 17,438 34,299 2,111
80 203,930 15,489 32,395 2,063
90 227,043 13,416 32,891 2,031
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5.2.2 Computer Server (13a4uai%18)

idowitneazyimthiudeyamsnisnmanuameaesluusias Site sunfiusiuiudu
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Waltaruiuluswnsy Microsoft excel Taageazain

5.2.3 Web Browser

v o o v Y ' o v v v o v e v v
Tmuievihnisuanmadeya Tnsteyadananlasuangrudeyailavhnsduiindeyal’
Aeuvtilagluguil 56 Wunsuanshegunsdildnudvledifieuansadeyaiivihaisihunan

Futoya

gﬂﬁ 56 #uL3A Login page

NN 56 Login  page Waiildnuivlasaziesinistudusiyanalasnisnsen

Username wag Password WWayinnseinlgaussuu
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JUN 57 wihuanwg
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lugUhnisuanse1eineg veasuigesusazsiuugunsaludazifildsunsinnusuees Fednungly
‘ < P t 4 £ o 1 1 [ .
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JUT 67 temenmnuiszuuirsetisisugesiiaaliiuininnisinuns
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