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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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2.1.2 LEACH with Multi-hop Transmission
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R, =R; =R, =0 (3.19)
R, =(1-1)xm (3.20)
R, =(A-1)xm (3.21)
Ry =Mx (Xgy + Xgp + Xsp + AXyp + AXg5) (3.22)

a 4 [ U 1 1 { a
ﬂl‘fflﬁgﬂ%ﬂTQﬁ)WﬂLiJVIiﬂ“B D Lm%f)ﬂﬂﬁ’)uﬂl@ﬂﬂWiﬁQﬂsl)ﬂiJ“aWWMﬂﬁu’Jﬂfgiﬂﬁ%)Nﬁllfﬂi
o (A Aq v o 19 o = Y =
wasnuvesduguaay Inuai 1 lumsiuastoyaiimsunui £, Ao exg,, uazunui £,

A fxg,, 1 lammasnuiidasug 1Fmeudasdrldlumssudadoya

C; = Eamp xMx Pks x (4d Xz, +70%X;; +ad” +¢) (3.23)
Co = Eamp * Mx Pksx (3d°Xg, + 70 x5, +2/3d? +¢) (3.24)
Cs = Eamp xMx pks x (4d°Xs, +90°Xg; +ad? +¢) (3.25)
Cy = Eqmp XMx Pksx[d®Xyy +3d%xyy + (€ + T )AL+ + B)] (3.26)
Cs = &g XMx Pk x[d?Xg, +4dxgy + (e + F)1+a+ B)] (3.27)
Cy = Eamp xMx Pksx[d? + (€ + F)(Xzz + Xgp + Xap + Xgp + Xap +1)] (3.28)

NFAUNIT (3.23) o (3.28) Weruns (3.23) WRUANUAUNS (3.24) o (3.28) HAAANMNS

U

Y S - A
Lﬁﬁ]zllﬂﬁuﬂ”lilslﬁlﬁuﬂﬂ 5 aUNITAD

AXgp 4+ TXgy —3Xgp — TXgy = 2~ (3.29)
AX7p + TXgy — A%y +9%5, =0 (3.30)
4d 2%, +7d %%, —d2x,, —3d2X,, = (e + f)(a + f) —ad? (3.31)
4d 2%y +7d %%y — 02Xy +4d%xg; = (e + )(a + ) — d? (3.32)

(4d% —e— f)Xgp +7d %Xy, —(€+ T )Xpp — (6 + ) Xgp — (6 + )Xy — (€ + F )Xy — (€ + F)Xg, = (1—x)d?

(3.33)
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X =[X72 X71 Xep Xe1 %52 X51 Xap Xa1 Xgp Xa1]

(3

Taadeamsmnii ldnadsnuidsviuaazarldianiosigmihaums 3.13) 59 (3.17)

wazauns (3.29) i (3.33) MiBoulmilugveunning 4, -x =p,, 1Al

1 1 o 0 0 0 O 0 0 0
0 0 1 1 0 0 0 0 0 0
0 0 o 0 1 1 o 0 0 0
0 0 o 0 o0 0 1 1 0 0
0 0 o 0 0 0 O 0 1 1
Aa = 4 7 3 -7 0 0 0 0 0 0
4 7 O 0 -4 -9 0 0 0 0
4d? 7> 0 0 0 0 -d*° -3d> 0 0
4d°® 7d> 0 0 0 0 0 0 —d?> —4d®
|4d*—e—f 7d* -e-f 0 -e-f 0 -e-f 0 -e-f 0 |
LA
i} . )
1-28
-
b, =
20—«
0
e+ f)a+p)+f—ad?
e+ f)a+p)+f—ad?
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a B x72 x71 x62 x61 x52 x51 x42 x41 x32 x31

0.224 0.114[ 0.011669| 0.764331| 0.002752| 0.769248| 0.317401| 0.458599| 5.89E-05| 0.999941| 0.333373| 0.666627
0.225 0.113] 0.009781| 0.765219| 0.005836| 0.768164| 0.315869| 0.459131[ 0.000227| 0.999773| 0.333485| 0.666515
0.225 0.114{ 0.009389| 0.765611| 0.002542( 0.769458| 0.315634| 0.459366| 0.002695| 0.997305| 0.33513| 0.66487
0.226 0.112[ 0.007894| 0.766106| 0.00892| 0.76708| 0.314336| 0.459664| 0.000396| 0.999604| 0.333597| 0.666403
0.226 0.113] 0.007502| 0.766498| 0.005626| 0.768374| 0.314101]| 0.459899| 0.002864| 0.997136| 0.335243| 0.664757
0.226 0.114[ 0.00711| 0.76689| 0.002332| 0.769668| 0.313866| 0.460134| 0.005332| 0.994668| 0.336888| 0.663112
0.227 0.111] 0.006006| 0.766994| 0.012004| 0.765996| 0.312804| 0.460196| 0.000564| 0.999436| 0.33371| 0.66629
0.227 0.112[ 0.005614| 0.767386| 0.008711| 0.767289| 0.312568| 0.460432| 0.003032| 0.996968| 0.335355| 0.664645
0.227 0.113| 0.005222| 0.767778| 0.005417| 0.768583| 0.312333| 0.460667| 0.0055] 0.9945 0.337 0.663
0.227 0.114[ 0.004831| 0.768169| 0.002123| 0.769877| 0.312098| 0.460902| 0.007968| 0.992032| 0.338645| 0.661355
0.228 0.11] 0.004118| 0.767882| 0.015089| 0.764911| 0.311271| 0.460729| 0.000733| 0.999267| 0.333822| 0.666178
0.228 0.111] 0.003726| 0.768274| 0.011795| 0.766205| 0.311036| 0.460964| 0.003201| 0.996799| 0.335467| 0.664533
0.228 0.112[ 0.003335| 0.768665| 0.008501| 0.767499| 0.310801| 0.461199| 0.005669| 0.994331| 0.337112| 0.662888
0.228 0.113] 0.002943| 0.769057| 0.005207| 0.768793| 0.310566| 0.461434[ 0.008137| 0.991863| 0.338758| 0.661242
0.228 0.114{ 0.002551| 0.769449| 0.001913| 0.770087| 0.310331| 0.461669| 0.010604| 0.989396| 0.340403| 0.659597
0.229 0.109( 0.002231| 0.768769| 0.018173| 0.763827| 0.309738| 0.461262| 0.000901| 0.999099| 0.333934| 0.666066
0.229 0.11] 0.001839| 0.769161| 0.014879| 0.765121| 0.309503| 0.461497| 0.003369| 0.996631| 0.33558| 0.66442
0.229 0.111] 0.001447| 0.769553| 0.011585| 0.766415| 0.309268| 0.461732| 0.005837| 0.994163| 0.337225| 0.662775
0.229 0.112[ 0.001055| 0.769945| 0.008291| 0.767709| 0.309033| 0.461967| 0.008305| 0.991695| 0.33887| 0.66113
0.229 0.113[ 0.000663| 0.770337| 0.004998| 0.769002| 0.308798| 0.462202| 0.010773| 0.989227| 0.340515| 0.659485
0.229 0.114[ 0.000272| 0.770728| 0.001704| 0.770296| 0.308563| 0.462437| 0.013241| 0.986759| 0.34216| 0.65784
0.23 0.108[ 0.000343| 0.769657| 0.021257| 0.762743| 0.308206| 0.461794| 0.00107] 0.99893| 0.334047| 0.665953
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i—2&edadi x,

] 9 1
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route —

i+2 _ i+2
Z nchETx(Ic’di,j)+ Z n(?hERx(Ic)
j=i+l j=i+l

nchETx (Ic7 *““ ? +4a2)+ nchERx(Ic)

i+2 _ i+2
+ Z nch ETx (Ic ! di,j) + Z nfh ERx (Ic)
j=i+l j=i+1

nch ETx (Ic' d;; ? +98.2)+ 2nchERx (Ic)

i+2 _ i+2
+Z nchETx(Ic’di,j)+ Z nshERx(Ic)
j=i+l j=i+l

n,E. (I.,~W?+9a%) +2n_E, ()

+nch ETx (Ic ’ d_i,i+1) + nczh ERx (Ic)
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1 A o 9 1 dy A . o 19 1 < <3 Y] Y 1 o
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4.3.6 M3ldnasnulunnaznuiidon
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o ! ! 2{ ] 9y v = v Iy Y ! j’ A
Tumsdnnama x; Tuidagiiuiides 19vzdeannunasnunddug imeluodaziui
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gouly TuugazsoveImsNuioya

Ei
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cluster intra proc route inter

(4.14)
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UAAZNIUUBDIFUNIIN 4.14 ﬁ’ljJ’ljﬂw’lvlﬂi]’]ﬂﬁjJﬂ’]jﬂ 4.9-4.13 LiJfJG]’JﬁJgsluLﬂistlﬂﬂﬂJﬂﬁ

1 1 =

1 z, ¥ H ] 1 q/ o 9 H H
NITYDY AU UTUD uazmmmmﬁuﬁﬂammazmumummmu%‘ﬂﬂw E! E ae

cluster intra

H 1 ¥ {1 1 9 [ H
E' luugaziundestionlndinesnu Tagazl E

proc route

uaz B fezuanaanuson lilauuaas

inter

A A A A i v & Aa A ' ' A A
NUNYDY Tﬂﬂﬂguw\lﬂq Einter L‘VHL!u“l/]iJﬂm,ﬂiLﬂaﬂullﬂﬁuJﬂWJEN in VDN NUNYDY



44

¥

437 MIMAUNALVITTEZTIMITZHIToINUTIHoalA 9

.\\
(Xi, ¥i) Cl/l/\\. T
X, ¥))
- d > C > <« a -
M ¥ H
31N 4.3 szIzMasznINTeIN YRl
~ [ ~ 1 dy A 9
17U 4.3 AundevesszsznesznInaesiiuidesla 9 E[d; ;] mldan
2 2 2
dji =(Xj _Xi) +(yi _yj)
1 b b 2a+ca
2 2 2
E[dji]: 202 H J. J‘(Xj _Xi) +(Yi - yJ')
a’b
00 a+c O
7a% +b°
E[d}]=————+2ac+c’
- 7a’ +b?
d; = E[dji]=\/—+2aC+CZ
6
' = 1 A A1 A 1a o A
ILHLNNINAYILTHINIAVUAINUNGDENDYAANUIA
- 7a* +b°
di,i—l = E[di,i—l] =\ (4.15)
6
52021 INNDeTZHINALUARINUNgoeN N UNgos 1 AuAUNA1eiia
- 25a° +b?
di,i—z = E[di,ifz] Y (4.16)



45

oA VA A o =
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(Xi, Yi
F — — o]
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(in YJ) l
- k > a >

d‘ ' ti‘ tﬂ‘ ' v =
g‘ij"ﬂ 4.4 FTYSNNICTHINNUNYBINVADIUIIU

1 1 9 ]
171N 4.3 AmdovesIzozNNIEILRdesTa 9 Auaeligiu E[d, g ] wildnn

de,Bs = (Xj - Xo)2 + (yi - yo)2
a+k b

E[de,BS]:% _[ .[(Xj — %)+ (¥ = Yo)°

2 2
E[o|J.%BS]=%+ak+k2—(a+zk)x0 by, +Y,

a’+b?

JJ.'BS =E[dj,BS]=\/ +ak+k2—(a+2k)x0—by0+y0 4.17)
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4.3.9 Mitlszanamssrnuvesiiundos
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A A

1 a g o 1 y [}
GLHﬂ"Ii‘VHﬂ"I‘W"IiﬁJm@i@N"] Liﬁ]%g]}@\ﬁ/]iﬂﬁﬂu’J‘L!"’IJ@Q‘WH‘V]EJ@El‘ﬁl‘ﬂll"lgﬁllﬂﬂﬂﬁ‘ﬂﬂaﬁﬂ
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esnnunavesnungestazuIungu lununges lunaasnundoslia Inamesny v lven

Ei Ei o Ei :,1 |wdy d‘dl@l Y A [ o 1
VU Elger  Eia 102 Ejpeess 1HUARZNUAA INAINGINUAIY 1DZ9INNITNAADIVOUTIAIVO
i A A 9 [ A dy Qy U i = Y
E . Imndesnnawesnanioun lumsilssinamsiinezasivawes E. - &9z ldn
1 N
Einter = Einter (418)

A A Ay A

A Y1 o A 4 o 9 J dy A I Y
o ldmdnnuvesiutinnigauazildszezniszrnnaiundosngamiiozdluli'la

a v o Y ¥ A

9 ;4 H ¥ H
ISEAIANYAFIUAISUS TuiuR N hmsasdeyasen lUdaiui N-2 iavua diounumauns

q a9

nuusaeanaanuadluanmsn 4.18 az'ldn

ETx (N n mldata’ a1asink) + ERX ((Nmax _1) nchmldata) = ETx (nchmldata’ d_N»N—Z) (4'19)

max" ‘ch

1 < T @ [ U % v o
NNAUMSTN 4.1 1L 4.2 %zmu“lﬁ'mmwmmuiunwmm%’agamJ'iwuTﬂﬂmmummumm

9

[ YY) e
doyaneiusazamnioas N n, m uaz |, eonuennniendu E, uaz E, voIdums
Y o g
4.19 1@aatl

ETx(Nmamedata' d_lasink) + ERx ((Nmax _1)m|data) = ETx (mldata’ d_NaN—Z)
_l—>sink) + NmameERx (1) - mIERx (1) = mIETx (1’ d_N—>N—2)

Nmaxmldata ETx (1’ d
Nmax ETx (:L d_lasink) + Nmax ERx (1) = ETx (:L d_NaN—Z) + ERx (1) (4'19)
Faannsosagdlmiiienmaves N I&&eerumsii 4.20

— ETx (1’ J_NaNfz) + ERx (1)
i ETx (1! d1—>sink) + ERx (1)

(4.20)

Tueulad d,_,, <d, veg d, <d,_,,_, [5192@euaunsi 4.20 Iud Tasunumaunsi

4.1 uaz 42 1an

4

_ 2gelec + gmpdN—>N—2

max —
2gelec

N

4.21
+£fsd2 “.21)

1-sink
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NTUNITN 4.22 mi]”]lﬂmmumiamnuaﬂ‘vmﬂ L Lllﬁ] E ummﬂ‘vmﬂmtﬂuﬂim
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“I/IW’J‘HHWﬂﬁiJ“VIﬂGI’JGluWHVIfJEJfJ i MMIae EJ aem‘lﬂiwmwmnauiuwumaa i—2 uaw%flﬂ
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9
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Timihngulunundes i-1 RANUARIIUINANMIT 4.19 110013 0FBUANMTVOUUAVDS

a L laaaae il

En.
|_i (4.23)
E' +E +E' +E +E!

cluster intra proc route inter

A " W Y 1 Y dy A “ o 19 Y o Y ' dy A .
mammwmﬂqm;mmiuwuma& | °mmim611a39,aaaﬂhlﬂslwmwmﬂqﬂuwumaﬂ -1

= v 9 di} A Y v Y
uaz”lmmiimayamﬂwumaﬂmuwmﬁ]ﬂﬂm

E;n
L = , > — (4.24)
(Ecluster Elntra + Eproc + Eroute + ET>< (nchmldata ! diai—l))
Fhall'l’)‘]J!flJW]J‘IJGUﬂﬁﬁi?u?uﬁ@ﬂﬂzﬁ']"lﬁ}ﬁnﬂﬁﬂﬂ']ﬁ 4.24
L™ — min(L™, LT, L. ™) (4.25)
A 1w 9 ' o A A . ° vy Y o Y} ' A A

m@ﬂ’lﬁ?ﬁu’]ﬂ@ﬂnﬂﬁ?iuwu‘ﬂﬂﬂﬂ | ‘1/nﬂ']iﬁﬂéllﬂga@@ﬂllﬂtlﬁﬁ'JWHTﬂQifluwuﬂﬂ@ﬂ

. v 9 a’/ dy A 9 [ Y

i-2 L!ﬁ$5ﬂﬂl@ﬂvﬁﬂﬂﬂhﬂﬂ1ﬂwuﬂ‘(’J@‘(’Jﬂ1uﬁﬁ\1ﬂ$llﬂ'3'l

LII_‘nin E(')ni
i i : :

(Ecluster Elntra + Eproc + Eroute + ETx ((N -1 +1)nchm|d | diei—l) + ERX ((N - I)nchmld)
(4.26)

?‘i"lﬁllﬂ‘]JL“]J@]d”I\‘l“]J@Qﬁ”ll!’Juii’JiJﬁ]Sﬁ”lll@s])ﬁ]”lﬂﬁiJﬂ"li 4.27

Lmin — maX(L;nin’ Lr;in’ Lr;in . LnN1in) (427)
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43.11 MIWMABATEIY X, M8T X, SmSunNuiides i
A A Y A ' o Ao o Y o 9 U A o 9y Lil A
fansdoamsmaemuiuseugganasudinuld waza x_, . x__, M ldgniuin
] A ] Y o Il Y < o Aov o Yy A A o Y
goslumsoveldnasnuesnanga o L dluswauseuidrsus 13enelunniuigessinnula

wlan
—1 -2 — N
- El - E2 - - Ehl :
DCR DCR DCR
ad Ao .
Anundes i lag
—i
n.
L= i° i (4.29)
EDCR
_in
i _ 0"
bcr =7 ' (4.30)
VINTUNITN 4.5
e BN LpoLp L (4.31)
inter — T_( cluster T Einra T process + route) :
NANNITN 4.9
nch (Xi—>i—lETx (ﬂﬂl ! di—)i—l) + Xi—)i—2 ETx (Z'nl ' di—)i—z))
E(iJn' i i i i (4.32)
= L - (Ecluster + Eintra + Eprocess + Eroute)
Xi—>iflETx (X’TII ’ di—)ifl) + Xi—>i72 ETX (j’fll ! di—)ifz)
E(‘,n. i i i i
- (Ecluster + Eintra + Eprocess + Eroute) (4.33)
nch
A I~ (Y [ U g A . W 4 Y = B~
LHBNDTN Xji Lﬂuﬂ?@@l51631!11!ﬂ”lﬁ?f\‘]ﬂ]@ﬂuﬁsll@\iwu‘l’lﬂﬂﬂ ] ANUU Xiaj %mmmlﬂu"lﬂmu
Famnuamuannsae 11
OSXi_”_l foralli>1 j>1 (4.34)
i—2

j=i1
adluaumsn 4.33 ladluaunsn 4.36

NNANNIN 427 unua X, , =1-X_, ,
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Y = (ﬂ’TiI ’ ai—)i—l) +(1- Xi—>i—l) E., (ﬂ'ﬁl ) CTi—>i—2)

En . . _
ot — (E(I:Iuster + Eilntra + E[IJrocess + Erloute) (4'36)
nch
shmsudaunsii 436 ilermaAos XiLig MOE X,
Xisia Ere (Aril disi) + B (Al i) = X B (Al diip)
Eini i i i i
OL o (Ecluster + Eintra + Eprocess + Eroute) (4'37)
nch
Xi—>ifl(ETx (ﬂ'TII ! d_i—>ifl) - ETX (ﬂ'TII ! d_i—>i72 )) + ETx (X’TII ' d_i—>i72)
Ein . . _
OL - (Eclluster + Eilntra + E[IJrocess + Erloute) (4'38)
nch
E(i)ni i i i i i J
T - (Ecluster + Eintra + Eproc + Eroute) - nch ETx (Z'Tld ’ di—>i—2)
Xisia = i1 a i1 q (4.39)
r]ch (ETx (ﬂ‘rld ! di—>i—1) - ETx (ﬂTld ' di—>i—2))
UAZNANAIT 435 1319 MA1VD4 XiSiio
Xisie =1= X, (4.40)

E A 1 3 4 1 g o 1
nnuuhmsuawes L dufiay 1 memmigegaves L ailullld wieunumves

o A A 9 Y
X, NnenineIdela
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a d 1 A a o a 4
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2 & Izl 9 o ° A A Y 1 1w 2 o A '
X1J ”UuiJ']Wl!“lGIﬂﬂUGU'ﬂyﬁ ﬂ']ﬁ1!ﬂ{l]']‘Ll'J1!WHVIGLW?Jﬂ']W]']ﬂ‘]Jﬂ']ﬂﬂLﬁHGUUGU'ﬂQ N MNITINUN
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Tusey L duiiazgseunnvouaan llaudsweumauy iimsman x,_,; veapniuidmiy
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=2 1

' y o a Y o A A4 A w ~ q ¥
NORMRNERNEA ﬁ]”lﬂumfl”lﬂ”lit‘lﬁﬂ‘umEJ‘]Jﬂ”Iﬂ%WﬁN”Iu“II@QWW/I‘VI 1 %Qﬂgﬁ@ﬂuaﬂ’]uﬂ]uqu‘lﬁ

3

A 9 ' o A4 A4 9 a ' 2 9 ' A = = <3|
mﬂmauaﬂﬂzn'wawawu‘nau%wmu”lﬂ IﬂﬂliWﬁ]%ﬂ’JUﬂNﬁ’Juuﬂ’Jﬂﬂiﬂﬂﬂ é‘lEO “]Ni]%!,‘ﬂu

[

1 [ A 9 = I 1 A o 9 o A ~ Y
ATIUVDINAINUITUAUINAY Tag 51 L‘]Jummmm’muam ﬂ?ﬂTHlHﬁ@UﬂJTﬂWQ’@WiﬁﬂT Xi»j

(2

1 1 % = 1 9 (% (=Y 1 —
NNAIBYICHIN 0 NV 1 uazummummwmmﬂ%wamullumum 51E0
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Algorithm 1 MEB Algorithm

l: Initialize NLX list

2: Initialize X1J matrix

3: for N = ceiling(N,,, ) to 3 step -1

4: for L=1L, to L.

5: For i =N to 2 step -1

6: compute X;_,; 4, X;_,i_, from (22) and (1)
7: if0<x.,,<1,0<x_,,<1

8: store X;_,; 1, Xi_,;_, in XIJ matrix
9: else

10: break

11: end

12: compute Eiiter, Erzoute, Eilmer, ErlOute

13: if |EZer + E2 e — Einer — Eroute| < B,
14: store N , L and associated XIJ in NLX list
15: end if

16: end for

17: end for

18: end for

19: return N with max(L) and associated X7/

4.3.12 PMIFZABNIA31INYNLOY

A @ 9 oo ' @ 9 I Ay Y

iesnnasnulumsainngudesIndnazwasaulumsnudunmadly overhead #1114
9 T 9 A [ 1 dy =3 Y 9 1 ] ] a A
T lumsdadoya eaanatnulugesdmiinidlaimsrzaomyainngudeslvni  nm@ui
A 2 9 & < o Y 1 1 o a & A I Y
eAUgATOUVRINIIIVTIMToYarlaseunaziimsaiungudesIninui Mdeuesnliiluld
nqugeaiAvas i ldnateseuvesmsuswdeya  Fezihldaams ldwdsanlums

v 9

afngueesiazminuduniias azdaergmsldauvesdasus 1¥me Teasnzunusuiusen

U

v oA ¥ 1o '
ﬂlﬂﬁﬂ"lii’)‘].li?]h"ll@%;ljﬁﬂ@‘L!‘Vli]z%?ﬂ”liﬁi"l\iﬂ’s:lllﬂ@ﬂﬁlﬁuﬂilﬂ er
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Welimsszasmiadenguenslva 1sgansoouaumsn 439 Inilasmsunua
4
vo4 R, a¢lillddsaunmsaelii
Ein  (E... +E' ) : : -
0 lust t 1 1 i
L - cuserR roue _(Eproc + Eintra)_nchETx(ﬂ’TId’diei—Z)
rf

it = nch (ETx (ﬂ‘Tlld ! d_i—>i71) - ETx (ﬂ’;ldata ! Ji—)i—z ))

X (4.41)

o . Y , A s A 9 A A 9 '
wazt319e1 Algorithm 1 i 1glumsmiamaiweinnevouiolmIrzaomsaiNngu
’ o - ) . . Ayya X v A Ve
o0 Taeyiinsisonly Algorithm 1 lu Algorithm 2 NlaWeuiuinlumi Fuusnsrngmasivau
Ay gy A = Y} U, 1 ¥ "o Ay ¥
soud Il hufimsvzaomsadunqudosnou minduhmsmasiuiuseu laninmsvzasms
9 1 1 o A 1 49! ~ g’/ o = o d' A 49! % o
ainngugeslagriimsiiua R, 3uiag 1 9nuuinmsnfSoumsuiauseuiiuun Uiy
H ' ] Il @ o { s
souf lilimsaszaemsadnngudesvsonudauseunldnn R, -1 TesuSeudieuily
o ' A2 2 Y] o 1 = A ° K ~ 2 J 1 A o
PATAIMUNNVAUY DIMINOATITIULMIADVOITIUIUTOVVINANAAN 5, FuTluarnandiuiu
a3 R { o A ' 3
oo nuaasna R, nldgslianumingay awnsonaasunuawes R, yull1den dmn
-4 4 o v " = ) o Y A Y Y A
oI FUAMIINNVDITIUIUTDUURINIAMAIN &, InHgamsnuuandenldal R, gamen

I I 4 A o T {
TilosdFudnsiinyesiiuIuIoUINANIAININ &,

Algorithm 2 MEB Algorithm with procrastinated cluster re-formation

1: calculate max (L) from Algorithm 1.

2: L(1) « max(L)

3: Ry <1

4. do

5: Rs <R +1

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

8: while |(L(R;) —L(Ry —1))/ L(R; —1)|> 5,

9: return R, =1, L(R; —1) and associate N , XIJ
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4.4 jamIinaaav

a d y o
4.4.1 Wmasnlylumsdiassszuu

[ o A 4 A <& H
Tumssiaoamsriauveunasi s Founeuansious 1 1FWI 1005 U319 4.1

9 1
ATUAN

d‘ [ a P Y
M99 4.1 Mnmeinlslunsnaaes
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Abstract— A large portion of energy-aware routing protocol for
wireless sensor networks are cluster-based. In cluster based
approaches, power of the cluster head (CH) nodes are drained
more rapidly compared to other member nodes. Dynamic CH
approach could partially alleviate this problem. But even with
dynamic CH approach, energy is not uniformly dissipated among
all nodes. In this paper, we propose a new energy-aware routing
protocol where the communication protocol is such that, even
when the clusters are fixed, power dissipation is same over all
nodes (except CHs). Every node co-operates with each other to
carry the payload to the CH so as the power dissipation is
uniform. Therefore reconfiguration of cluster is not necessary,
thereby saving a huge signalling cost and interruption in survice.
Simulation results show that the proposed protocol has longer
node lifetime and better distribution of energy dissipation than
the original LEACH protocol.

Keywords-component; wireless sensor; energy dissipation;
constrained optimization; linear programming

I INTRODUCTION

Research aspects in WSN range from data dissemination
[1], query processing [2], media access control [3],
communication protocol [4][5][6][7] to network topology [8].
In this work, our motivation is a novel communication
protocol to uniformly distribute usage energy among sensor
nodes.

Communication protocol of wireless sensor networks must
optimize both criteria - (1) maximize the average lifetime of
the nodes, and (2) minimize the variance of sensor nodes’
remaining energy. All existing works in energy-aware
protocol emphasize criteria (1).

Early approaches such as direct transmission (Direct) and
minimum energy hop-by-hop transmission protocol (MTE),
cannot reduce dissipated energy much and sensor nodes in
some region will rapidly lose their energy and die. In LEACH
[4][6], sensor nodes are randomly selected as cluster heads
(CH) and reconfigures clusters time to time. This can reduce
variance of remaining energy in sensor nodes, but still cannot
uniformly distribute dissipated energy.

In this work, sensor nodes forward different proportion of
their packets to nodes at different distances towards the sink.
With proper proportion, their energy dissipation could be

978-1-4673-2025-2/12/$31.00 ©2012 IEEE

made uniform. We formulate this as constrained optimization
problem. This work is an improvement of our previous work
[10][13][14]. In this paper, we use more realistic energy model
by adding receiving energy and energy to run on transceiver
circuitry. We also analyze and present how to scale up the
propose routing to larger networks.

In section II, we will formally define the problem (the
optimization criteria and constrain) for simple linear networks.
In section III we present the proposed solution for nodes
spread over a plane. In section IV, we give simulation results,
comparing the performance of our protocol with direct
transmission  protocol, minimum energy hop-by-hop
transmission protocol, and LEACH. Finally, in Section V, the
suggestions on how to apply the proposed solution to larger
size network are discussed along with conclusion and plan for
future work.

II.  PROBLEM DEFINITION: OTIMIZATION CRITERIA AND
CONSTRAINTS

A.  Network Model and Assumptions

In our protocol, we assume that nodes can control their
transmission power to transmit data at different distances.
We also assume that the energy required to transmit to a distant
d is directly proportional to d" where v is somewhere between 2
and 3, in this paper we use v=2, acceptable for general
scenarios.

To simplify the problem, we assume that every node creates
on an average same number of packets (information gathered
by sensors), say m, in a specific time interval.

We use simple energy model as in LEACH to calculate
receiving energy and transmitting energy of sensor nodes.
Receiving energy is the energy required to run radio receiver
circuitry. Energy required to run both the receive circuitry and
the transmit circuitry per bit of data are assumed to be equal.
In case data aggregation is done, the total number of packets
the node-j received from nodes further from CH, is R;. Node-/
aggregates received packets with its information by
beamforming [11] [12] to generate m packets. In short, the
number of packets a node transmits in unit time is m.



B.  Defining the Constrained Optimization Problem

Nodes in topology generate m packets, which they need to
send to the sink via intermediate nodes. The proportion or
fraction of packets is distributed with predefined value, x;,
where j is the node number of sender and 7 is the intermediate
node number or sink.

At every intermediate nodes, data aggregation to reduce
number of forwarding packet is done. This is pictorially
explained in Fig. 1.

X31

(De— @

Sink

Figure 1. The linear network showing proportions of packets transmitted to

different nodes towards the sink (node-1).

The total cost of receiving and forwarding packets from
node-j toward sink is denoted as C.
C; =Cip+Cip, (1)
Cig, s a cost to receive R; packets at node-j, that is energy
to run receiving circuit. We denote pks as the size of a packet.
Energy dissipated per bit to run both transmitting and
receiving circuitry is Ee.. Cire can be written as

Ciry = Egee X R; X pks (2)

Ciry is the cost to transmit 7 packets at node-j. This is the
sum of energy to aggregate received data of R; packets, energy
to run transmission circuit for m packets, and energy to
amplify radio wave for m packets.

We denote £, as energy dissipated for data aggregation
per bit and &,,, as constant for transmission amplify energy.
Cj7x can be written as

Cip = Epge X(m+R))X pks + E,

elec

Xmx pks

1
+E XX phsx Y (x;,xd,;?) 3)

i=j-1

From Eq. (2) and (3), we can write C; as

C,=E

etec X(m+R )X pks+ E,,, X(m+R;)X pks
1
+ Epp XMX phksx Z X ><dﬂ,- @)

i=j-1

The problem is to find all x;s, where i < j. The
optimization criteria are to minimize Cjs. The constraints are
as Equation (5)-(7).

Equation (5) says that the battery of all nodes should drain
equally. Equation (6) says that fraction of packets forwarded
to different nodes should be between 0 and 1. Equation (7)
says that every node must transmit all packets it needs to
service.

C,=C;=..=C,=..=Cy 5)
OS,\'I.,SlforalliZl,j>l (6)
1
Y %, =1 @)

i=j-1

III.  NODES SPREAD OVER A PLANE.

In this section, we will show that the same analysis for
nodes distributed on a plane, not linear as in section I1.B.

Let us consider that sensor nodes are distributed uniformly
over a plane. Nodes are put at center of imaginary hexagons.
Node density is related to distance to adjacent node, say d.
When d is increased, density decreases. And N is number of
layers from central node. Node distribution for N=2, 3, 4 are
shown in Fig. 2.

Figure 2. Sensor nodes spread uniformly over a plane for N=2, 3, 4

From Fig. 2 where N=4, where the whole cluster is divided
into 6 triangular sections. One such section is shown in Fig.3.

Figure 3. Triangular section showing one-sixth of cluster.

From constraints (5), (6), and (7) using distance between
nodes in Fig. 3, replacing Ee. With ex&,,, and E,ge With /X &,
dissipation power of each node, C;s, can be written as follows:

G = ><m><pks><(4dz)r73 +7dz.\'71 +ad® +e) (8)
Cs = Eqmp xmx pksx (3d*xg, +7d*xg, +2Bd* +e) ©)
Cs =&y xmxpks><(4d2x52 +9d2.\'5, +ad® +e) (10)
Cy = £, XmX phsX[d*xy, +3d%x,y +(e+ )1+ a+ B)] (11)
Cy =&, XmX pksX[d*xy, +4d>x;, +(e+ f) 1+ o+ B)] (12)
Cy = £, XmX pksx[d® +(e+ )y +Xgy + X5y + Xy +x35 +1)] (13)

Equating C; with C;, where 7 are 6 to 2, we get another set
of 5 linear equations of x;;s as (14) to (18)
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4xy, +Tx7) —3x5, — 1%, = 2-

4x9y +Txq) —4x5, +9x5, =0

(14)
15)
4d%x;, +7d%x; —d?xpy —3d%x,, = (e+ [)a+ B)—ad* (16)
4d%xyy +7d%x;) —d xyy +4d7x;, = (e+ )+ B)—ed® (17)
(4d? —e— f)x;, +7d2x7l —(e+ f)xs, —(e+ f)xg,
—(e+ f)x5, —(e+ N)xyy, —(e+ x5, = 1-@)d* (18)

We can write constraint (7) and (14) to (18) in form of
Ay X = beq where X= [x7, X7 X2 Xg1 X52 Xs51 X471 X3 X3;] and

Aeq is matrix of portions that minimized Cjs,

1 1 o 0 0 0 o0 0 0 0
0 0 1 1 0 o0 o0 0 0 0
0 0 o 0 1 10 0 0 0
0 o 0o o 0 o0 1 1 0 0
% o 0 0 o 0 0o o0 o0 0 1 1
e 4 7 3 -1 0 0 0 0 0 0
4 7 0o 0 -4 9 0 0 0 0
ad’ 7d* 0 0 0 0 -d® -3 0 0
44> 74> 0 0 0 0 O 0 -d' 4d’
Ad*—e~f 1d* -e-f 0 —e—-f 0 —e—-f 0 —e-f 0
and
< - -
1-28
l-a
1
1
b, =
2-«a
0
(e+/Na+p)+f—ad®
(e+fNa+pB)+f—ad?
[+(1-a)d?

We know value of d (distance to adjacent node), assumed e
(ratio of Eejee/ €amp) = 500 and f (ratio of E,ge/Emp) = 50. To find

value of matrix 4,,, 0 <x;s <1 is upper and lower bound of

X;;s, we got optimized value of x;s that minimized optimization
equation by varying « and £ in a step of 0.001.

IV.  SIMULATION AND EVALUATION

Using the values of the elements of matrix as in section III,
now we simulate WSN for topology as shown in Fig. 2, where
N = 4. Simulation was done with MATLAB to evaluate our
approach (named Uniform) and compared with LEACH,
MTE, and direct transmission (Direct). Node-1 in Fig. 3 is the
sink of this topology. We have parameters as following:

E; — Initial energy of each node (0.5 J)

d — Distance between 2 adjacent nodes (15-35 m.)

m — Numbers of generated packet at each node (1 packet/round)
n — Number of member nodes, »=36

k —Desired percentage of cluster head for LEACH (P=0.333)
E,— Threshold energy to declare dead nodes (0.05 J)

&y — Constant for transmit amplifier (100 pI/bit/m®)

E,.. — Constant for Tx/Rx circuitry (50 nJ/bit)

E,4, — Constant for data aggregation (5 nJ/bit)

pks — Size of generated packet (2000 bits)

Fragmenting a packet is costly in terms of overhead.
Therefore, in this simulation, we used to randomly send the
packet to the specified intermediate nodes or sink with the
calculated predefined ratio x;s.

Fig. 4 shows the number of alive nodes in each simulation
round, when distance to adjacent node (d) is 25 m. Using our
protocol (Uniform), sensor nodes have longer lifetime than
Direct, MTE, and LEACH.

40

35

<ueuees Direct
- =MTE
====LEACH

——— Uniform

Number of Alive Sensor (Nodes)

Figure 4. Number of alive nodes in each round when d=25 m.

Fig. 5 shows standard derivative of remaining energy of all
nodes in system when 4 = 25 m. This shows that the
remaining energy of sensor nodes in our protocol is uniformly
distributed in every round compare to other protocols.
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Figure 5. Standard derivative of remaining energy, d=25 m.

Fig. 6 shows average dissipation energy of each protocol
collected from first 150 rounds when all nodes in any protocol
are still alive. Distance to adjacent node is varied from 15 to
35 m. In addition to uniformly distribution of energy usage,
our protocol successfully reduces energy usage of all sensor
nodes.
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Figure 6. Average dissipation energy of each protocol collect from 150 first

rounds.
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Fig. 7 shows average cumulative energy dissipation of
sensor nodes and sink at 500" round, that is the round before
any node die. Distance is varied from 10 to 35 m. Graph of
member nodes and sink energy dissipated cross at distance
approximate 16.37 meters. Thus if we can fix the position of
nodes and distant 4 is set to 16.37 meters, the energy
consumption at member nodes and sink are equal.
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Figure 7.

Average cumulative energy dissipation of sensors and sink at round 500th.

V.  CONCLUSION AND FUTURE WORKS

In WSN, the existing energy aware routing protocols are
based on clustering the nodes. All members of cluster forward
their information to cluster head, and then cluster heads
forward information of their cluster to base-station. Some
node in cluster may dissipate energy more than others. So
cluster must be reconfigured at regular intervals. But
reconfiguring cluster requires a lot of signaling packets to
dismantle old cluster and set up new cluster [10]. Moreover,
the service is interrupted. To avoid this situation, we purposed
protocol that nodes in cluster may not send their packet to
cluster head directly; they also send their packets to
intermediate nodes in different portions to distribute energy
dissipation of all nodes in cluster uniformly

Our work can distribute remaining energy of sensor nodes
uniformly compared to LEACH, MTE, and direct transmission
approach. It uses energy less than original LEACH by about
33%, MTE by about 42%, and direct transmission approach by
about 60%. Lifetime of sensor nodes in our work increases
from original LEACH by about 20-118%, from MTE about
361-380%, and from direct transmission by about 77-315%
when d varied from 15 to 35m.

To increase number of sensor nodes in our work to cover
larger areca, we must increase number of hexagon layer (to
N=5, 6 ...). Though possible, but that will increase complexity
of calculation. Another possibility is to increase number of
clusters as in Fig. 8. By configuring the sensor nodes with
distant 16.37 meters, we can ensure that the sink (the center)
of each clusters, and all member nodes consumes energy
equally.

However, in this work, we assume that topology is fixed
and static. In our future works, we intend to improve
algorithm to work with random and dynamic networks. We
also assume that there is no error in communication channel.
We will add error model in our future works.

Figure 8. Extended Clusters Spread to the Plane.
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