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Research Title: Optimal Multi-path Energy-aware Routing on Wireless Sensor Networks
Researcher: Assoc. Prof. Dr. Chotipat Pornavalai
Sarayoot Tanessajulwattana

Faculty: Information Technology

ABSTRACT

In wireless sensor network researches, there are many approaches to mitigate high energy
usage of sensor nears near base station that we know as hotspot problem. Some of these researches
proposed unequal sized of cluster that clusters near base station are smaller size than faraway cluster to
reduce energy usage of cluster near base station, although unequal sized of cluster lead to differentiate
of information accuracy. Clusters faraway from base station are large and information in these cluster
must be aggregated from large number of sensor nodes in cluster and from large area size. Information
that forward to sink from these faraway cluster might less accuracy than nearer clusters. We proposed
uniform cluster sized protocol and algorithm using multipath routing to mitigate hotspot problem that

still keep uniform information accuracy for all clusters.
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2.1 Dynamic Clustering

2.1.1 Low-Energy Adaptive Clustering Hierarchy (LEACH)
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R7:R6:R5 =0 (3-9)
R 2 (3.10)
i=5,6,7
Ry= D" (R +m)xx; 3.11)
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Rz:;(R’+m)xx"2+__526?(Rr+m)Xx12 (3.12)
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Xoq +Xgy + X5 = A+HXp +X =1 (3.13)
x64 +x63 +x62 '|"x6] =2ﬂ+x62 +x61 =1 (314)
Xs3+Xsp + X5 = Q+Xs +X5 =1 (3.15)
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£
=1

(3.9) B3 (3.12) WA Ing Tasumuam A=(1+a+f) asliiioangilaums 51 Idaums nids

R, =R;=R;=0 (3.19)
R, =(A-T)xm (3.20)
R, =(A=Dxm (3.21)
Ry =mx(Xpy +Xegp + X5y + Axyy +A%35) (3.22)

1d5zuzmaninuning D uazdasidiuasanisasoyaruaaudnguiaiaaunis
o o @ Y = ¥ 1y o P P ~
waanuvesduiiday Inuan ldlumssudadoyanisunui £, &0 exg,, tazunui £,

f g, v lddmdsnunaaiud mendasdaldlumsiudadoya

C3 = gy X Mm% phs x (4d” x5y +7d% %y, +ad® +e) (3.23)
Cl = &,y X MX PhSX (Bd” xgy +Td g, +28d* +€) (3.24)
Cs = &y, %% phs % (4d° x5y +9d% x5, +ad” +e) (3.29)
Cy =y %1% Phs X [d X4y +3d73y +(e+ [ N1+ 2+ B)] (3.26)
Cs = &, xmx pksx[d°xz +4d°x3, +(e+ fX1+a+ B)] (3.27)
Cy = &,y X 11% Phs X [d* +(e+ )X + Xgy +Xsy + X4 + 255 +1)] (3.28)

VINAUNT (3.23) D4 (3.28) 11AuNIT (3.23) MRUGAVANNIT (3.24) D14 (3.28) udmAauns

) A Y o A
!,'i'm&’]lﬂﬁuﬂ'ﬁl“lﬁlﬁuﬂﬂ S5 @UNIIAND

Axgy +Tx5 = 3x5 — T, = 2~ (3.29)
Axpy +7Tx7) —4%x55 +9x5, =0 (3.30)
4d% x5y +7d% %, —d*xy —3d%xy = (e+ )+ B)—ad? (3.31)
4d%xp +7d> %y —d x5y +4d* x5 = (e+ N + f)—ad? (3.32)

(4d” —e— gy + Td% 50y —(e+ )%y — (e + gy — e+ Fxsy —(e+ Fxg —(e+ Fxry = (- 2)d?
(3.33)
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Taarsdeesmsanidi ldndsnuidrfuiunazd l9iadeeigahauns (3.13) 54 (3.17)

uazeruns (3.29) 84 (3.33) wideu Inilugveanmsng 4, x5, Al

1 1 0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0 0 0
0 0 0 0 1 1 0 0 0 0
0 0 0 0 0 0 1 1 0 0
n 0 0 0 0 0 0 0 0 1 |
% 4 7 =3 —7 0 0 0 0 0 0
4 7 0 0 -4 . -9 0 0 0 0
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Algorithm 1 MEB Algorithm

i

o

tn

18:

19:

Initialize NLX [ist

Initialize XTJ matrix

for N = ceiling(NV,,,

for L=

end for
end for

end for

) to 3 step -1

ax

Lmin to Lmax
For i = N to 2 step -1
compute X, ,, X,_,,_, from (22) and (1)

ibGsn . 2lilen, . sl

i—=i-1 — i—i=2 —

o (A —

X,

iyion XL/ matrix
else

break
end :

% 3 2 2 1 1
L‘an?u““ E'fmer ? Emm’e ? Eﬂ‘iﬂer 2 Emznrc

: 2 2 1 1 F
i EWCTRE o \ N Al

inter roule inter route

store NV . L and associated X7/ in NLX list

end if

return N with max(L)and associated X7./

43.12 msvzoensa319ngudos
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A & 3 = [~ o (7] 1 ] o A &4 < 9
WeAUTATOUYRINITIUT WDy anilesounsziinsaengueee lnuviun anoussn lihiluly

naugoaAraIIohnL ldnatesouveinmssiusmdoya

= o q ¥ Y o
#a9zvi lvaams lrnasnuluns
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¥94M3 IV WToyanouIziimsadnungudeslnide R,
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Welimswzaomyafengudesini 1snzaunsa@ouaumsn 439 Imilasmsunuan

£
vos R, a¢lu1ddsmumsnaalis

Eini (E: uster + E::ou e) i i i 7
: - e s — (Epmc + Et'mra ) . nr.'hETx (/’i‘Tzd b df»j—z)
L R,
nch (E]x (’q';ld > di—-)i—l ) - ETx (j"!‘-"ldnm H Jiaf—ff.‘ ))

X; =

i—i-1 T

(4.41)

v
=

o . : ' a o~ Yy A v '
uazts19z1h Algorithm 1 1 ldlumsmamniimei ifvadouilolinmsszasmraiangy
v o = . . § X 1A 1o
goo Taiinsizon1d Algorithm 1 Tu Algorithm 2 M'lA@esuAwININY Guusnsazmiaisiuiy
H 4 ' ¥ o T e -
soun Il lufinsyzaomsainunquesensu MnHUMIMAMNINIUIOUR IdnmIrzanns
" " o = T -3 = %’; o = o cs' A % @ o
afungquéeslasyimaiium R Aufiaz 1 ninuuinmsnFeuiisusousouiiiniuiuiiuou
Al 1 P . v o § 3
soud Lilimsszaomiadunguessionuimousouildan . R <1 TaonSoudenily
H 1 ¥ v H 1 : [ o
BasITIUNMLAY SnINeasIEUliM SN IIUTELINAN AR S, Fuiluainandiuou
= T - | = 1 f.g
o fAusasiim R, Alddsdnmumingan awnsonaasuiivawes R, aull1den dwn
s d o & ° ¥ T = Ly o YA Y1 9y o
wesiruamaiuvesiiusoudosniimaii 6, Tugamshauududenlin R, gaioh

Tl fdudmaiuvesdiuseumnanmaei o,

Algorithm 2 MEB Algorithm with procrastinated cluster re-formation

1: calculate max(ZL) from Algorithm 1.

2 L(1y <~ max(L)

3 RAC4

4: do

8t Ry« R, +1

6: call Algorithm 1 by substitute (22) with (33) in line 6
B L(R ) < max(L)

8: while [(L(R )~ L(R,, —1))/ L(R, ~1)| > 5,

9: _return R, =1, L(R, —1) and associate N , XIJ
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4.4 famanaaad

4.4.1 windimain<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>