v

MINATENANNILBONADTDUATONMINDAT YN MULDLAUENUTND

1 V] v o S aa
GL%I@]?Q?I']EJL’ﬁuL”ﬁﬂivliﬂ']fJVIN‘VIE]‘W?JIﬁEJLL‘UUﬂE]\‘iN@]

v
v o o

wigTafe daehued

a

oinusidlnduniaresmsdnmmundngasiSyanianssumansumiioda

[

adsinsyalnih madsdainssnluih
AMLIAINTIHANFAT PUAINTRNIINTY
Imsdane 2554

ﬂ“ﬂﬂ“l/lﬁ?.l@\‘]ﬂWﬁﬂ\‘lﬂiﬂLNﬁW?VIﬂWaﬂ
unAndauazuilndayaaiuifinaasinandnussubtinisdnm 2554 Alisnsluadsiloyoiqing (CUIR)

L‘JJ‘LALLWNWJ@?;IJ@%@QH@ML’QW‘?J@\T’JV]?_I’WLLWLLﬁVIZ\‘I\‘iBJ’]“L&“I/]’N‘LIEMW]MQV]EI’]@EI
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)

are the thesis authors' files submitted through the Graduate School.



CONNECTEDNESS ANALYSIS OF REGULAR RELAY STRING IN
WIRELESS SENSOR NETWORK WITH 2-DIMENSIONAL TOPOLOGY

Mr. Suwatchai Tangpaopong

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Electrical Engineering
Department of Electrical Engineering
Faculty of Engineering
Academic Year 2011

Copyright of Chulalongkorn University



oI inun MleNgnannsiondonouaIostenaaduanm

o s 1 eV v d’q
nUULEnaNaNe lwlasaiomuites Sao i

nowsladuuuaosif
lag wigg Taffy darmned
129711 Senysn luih

L2

omminSnuinniunindn  ghomanmid avisnida dena

o

AMIFINITNANENT PNAINTUNUTINTY ouliA LERUINNANID

J

atiuidludinniaresmsdmnmandnganlsaannmiiadin

...................................... AUAAMLIAINTINANENT

(309MANTNTH A3, Yoyan 1aaRTnae)
AMNITHMIADUINDIAND

..................................... Y3¢HIUNITINMNT

¢ e a a [ Y
..................................... NNITINUINHMINNUWUTUAN

..................................... NITNNT

Hiomaannsd av.fosu] a193309)

..................................... NTINMTNMYUDNNWIINYIAY

(ATANWT BUUTON)



a7ty Fawhmed - mﬁmiwﬁammﬁamaﬂamﬂ%mmwaﬂé’mqwmuuu
duaane wlassthoimwsesliaoiiinewsladuundesiid (CONNECT-
EDNESS ANALYSIS OF REGULAR RELAY STRING IN WIRELESS
SENSOR NETWORK WITH 2-DIMENSIONAL TOPOLOGY) @.ﬁ‘lﬁ”ﬂ‘]sﬂ

a a J o ¢ a [ v
ANTTUNUDLWAN © WNA.AT. LH1IUAE 'E)ﬂ']f]ﬁ, 66 1UN.

v '

o o IS

FNANUS B U LA LUDAaee adamans a1 laseie mwmes e A newe lad

wunLdu adane M lunila R was aoa i e dioven doyanowgn 18 dao dede fayaile
amiauneaginnnamiilmenninnnniaimdeioyanesamiaune aNnuaTn
lumsdedeoaniasmeneadaanmgnszymoifeifuanushasiulumsdeiioyadelilfa

« ' o Y 1o 1% % o v 6 o 1 < [ o <
memwamzyrywmmaﬂmvlﬂvl@Qmﬂaﬂ ﬂ"lﬁ%@]11/1Wﬂﬂﬁuﬂ’ﬂﬂ\luﬂﬂgLﬂugﬂ@]ﬂ‘ﬂﬁﬂﬂ‘ﬂﬂ'l@N“I/]

L)

0.1 WUUAADIAMAMENS AWM AN IToNAD T WINaMTI AN AU a1 larenei 14

Ussiliuanuidede Wi neelassie wmaitamsdunadiswming myulasuanus gn lf e

. - Iy | < aad v o ' 9) &
ﬂ?%’JﬂWﬂﬁﬂT]gL‘fﬁE]N@]E]ﬁ'ﬁ/‘ii‘UIﬂi\‘]Tﬂﬂﬂ%\‘]N@]Wﬂi%ﬂﬁ]‘ﬂﬂ]ﬂLﬂi@ﬂﬂ?ﬂﬂﬁ]ﬂﬂiﬂvmﬂm N 17N

& o

Taofenududoulumsmmwonin 0@2%) e r Aowinaiosdionendnanminudss

Tasmslindnmsdindn-faoen 1hWuwniassadamansildinauodmsnlandedes
fadniudaslianududoulumsdmroniiu 0@27) e m fehuwitlumandendetoya
sgvamitduwmeuamidasmesminliltmee wuhaessadamansignasaden
ANNgNAeImyMIWFouiisufumynassmamaiiuuneudaila uamsnaasuuaasi
nansgnudeanMgdendeseinamidunmefuamiaemadionnmudinanuazidoa
nosfoyauuinil lumenihsuuuiassadiamansgnilszand lfdie sanuuumniades

moveadaanaiiuiuuulasaioasas

Maim Smnssuldih  avefleliefida ...
amim  dmnssnlwih - awilede e fSaw inendiwuiudn L

fmsdnw 2554



# # 5370374921 : MAJOR ELECTRICAL ENGINEERING

KEYWORDS: WIRELESS SENSOR NETWORK/ REGULAR STRING TOPOLOGY/ 2-

DIMENSIONAL/ CONNECTEDNESS.
SUWATCHAI TANGPAOPONG : CONNECTEDNESS ANALYSIS OF REGULAR
RELAY STRING IN WIRELESS SENSOR NETWORK WITH 2-DIMENSIONAL
TOPOLOGY. ADVISOR: ASST. PROF. CHAODIT ASWAKUL, Ph.D., 66 pp.

This thesis proposes the mathematical model for wireless sensor networks with
regular string topology in one dimension and two dimensions. Relays are used to forward
the data when the distance between a source station and its destination station is longer
than the transmission-range of the source station. The relay’s forwarding ability is defined
by the probability function that each relay can send a data to the next relay depending on
the distance between the two relays. Assume the probability function has been truncated
by a fixed value at 0.1. This mathematical model determines the connectedness probability
between the source station and the destination station to evaluate the reliability of network.
The technique of state transition matrix is applied to calculate the connectedness probability
for the one—dimensional network of N relays. And the computational complexity is O(237),
where r is the number of forwarding neighbors. By using the inclusion—exclusion principle,
the proposed mathematical model requires the computational complexity of O(2"), where
m is the number of paths in the two—dimensional network. This mathematical model is
validated by comparing to the Monte Carlo simulation. The reported numerical results show
the impact on the connectedness between the source station and the destination station by
increasing the resolution of scanning area. Finally, the mathematical model is used for

designing the total number of relays required for real traffic road network.

Department: Electrical Engineering  Student’s Signature ..............................
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st 3.10: lassthoiifineweladuuuiduasianaluaoiid -
(a) 1@NIINTAIWIA 2x2, Garo () 1ATIINENTANMN 2X3, Goxs

(©) 1a398n3auuwIa 3x3, Gays

Csp (G) = Pr (U Fn> (3.6)
n=1

aNInlsey nAndnmyiindh-finean (inclusion—exclusion principle) [22] i@

amaiaziiusosgiitousoanmgmasatlddeanms

Pr ([’j Fn> = Z Pr (F. )~ Z Pr (Fp, Fn,)
n=1

1<ni1<m 1<ni<na<m

+ 3V Pr(F,, Fy,F,,) + -

1<ni<na2<nz<m

+(=1)" ' Pr(F\FyF3 ... Fy) (3.7)

gNFOENMIMUIDE LU 1ATIBUILNTATWIA 2 % 3 ﬁqgﬂﬁ 3.10(b) Ysgnaumeudnit 6
amit (uamitdumanazamiitmema) wasdwdenlos 7 Wniwmulaseshefiivensla
Sunndnasianeluuiiafia 7 laseihe dmsunnllivaafiameseddasiiounnnianme
2 x 3 Wwagannsnwdalumsidendossniwamitdumetuamitdaomaldifouma 4 53

eun

P =(1,2,5),P, = (1,4,7), Py = (3,6,7), P, = (3,6,4,2,5)
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Pr(F1) = cieo0s
Pr(Fy) = cicacr
Pr(F3) = c3cecr
Pr(Fy) = ec3cecqacacs
Pr(F1Fy) = cieaeqcser
Pr(F1F3) = cicacsesceer
Pr(F1Fy) = cicacseqcscs
Pr(FyF3) = cieseqcqer
Pr(FyFy) = cicacseqcscger
Pr(F3Fy) = cacscacseger
Pr(FyFoF3) = cicacseqcscger
Pr(F1FyFy) = cieacseqcscger
Pr(F1F3Fy) = cicacseqcscser
Pr(FyF3Fy) = cicacseqcscser
)

= C1C2C3C4C5CpC7
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o = | da ) v ° aall v 4
ﬂﬂﬂﬂ'luﬂﬁ']ﬂ%'lﬂgluiﬂi\'i?l'] EJVINV]ﬂW@IﬂfJLLU‘]JLﬂHﬁN']LﬂN@i%ﬂaﬂﬂﬂlﬂtﬂu

4
Csp(Gaxs) = H<UF0
_ Du(F) & Pr(Fy) + Pr(F) + Pr(Fy)
— (Pr(F\Fy) + Pr(F\Fy) + Pr(F\Fy) + Pr(FyFy) + Pr(FyFy) + Pr(FyFy))
| Pr(F\FoFy) + Pr(FIFoFy) + Pr(FLF3Fy) + Pr(FyFsFy)

— Pr(F\FyF3Fy)
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