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Simulation for the Efficient Utilization of Energy in Wireless Sensor
Network

SeungBeom Baeg, TaeHo Cho

Abstract

One of the imminent problems to be solved within wireless sensor network is to balance
out energy dissipation among deployed sensor nodes. In this paper, we present a transmission
relay method of communications between BS (Base Station) and CHs (Cluster Heads) for
balancing the energy consumption and extending the average lifetime of sensor nodes by the
fuzzy logic application. The proposed method is designed based on LEACH protocol. The
area deployed by sensor nodes is divided into two groups based on distance from BS to the
nodes. RCH (Relay Cluster Head) relays transmissions from CH to BS if the CH is in the
area far away from BS in order to reduce the energy consumption. RCH decides whether to
relay the transmissions based on the threshold distance value that is obtained as a output of
fuzzy logic system. Our simulation result shows that the application of fuzzy logic provides
the better balancing of energy depletion and prolonged lifetime of the nodes.
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1. ME

FH wlolaz AR 7171 Alz", A A
agln & AR dAYE 77ie A
ool R AlA e} LR ol HTHI] AMAME
WX $AHA FH AFE SAHNL X
oA Yeld 5SS MEE F 45
2 A5 22 F9o AXM7 AAEAe =2
< Fe= 32 ¥ 47 UEYA FHE
ojfE Aol FAM MM Y EYA(Wireless
Sensor Networks)eltt [2]. AAMUEH A=
VA Bet VA 1 A, HE/AEA
A, 98 EUHH, A4A, 71F ZJEIH
A 88 IS ogs 887 2
T e EYHH] sttt [3-5]

Aol ze A7|g Fe Mg {FAE)
AdA, A 1 JouleA =Y F2 AUAE %
Zhsta ot [6). olgjg L Bl AR EHE
AUAE AFFgozn HAFEA dolg A
&0 Aol gt s HIEDit)E HAFE7]HA
g oYX dAtd ARFE AU YEY B
o] ARHEZZ[7] AM VEHYAE F2H §
g2 z2ss Aol A&Aolt Al YES
a7t g828HzZ 4P RN E AAM7E o
#Fe AR diolg F4g 37 #HEd EE
E7F 94 ARAE AY Z2 dojx £
ojdoz AH dolHE HFH v B UE
M AEHE quAE 9 e Aot

AX HEQIE HE NG gL 59 4
A Bxgozm A7 wixd HXe W
ol xHolHog RE g2 A yetdt o
218 78 o)z A3 BSEHE F €
A =7 WA FA H1 2298 vEHNA
o] 7hgAdo] ZAadEA Huh B =fdAe ¥
AE ALg38le] 2828 F W49 LEACH =
ZEZd FYF Ay xHE AT M2E
M= ¢

B =82 g8 Zo] FAHNAY. 2HE
LEACHS &g A7et =79 5718 429
gor. 3de HA 2L AMEd AsFAE

Mo J&

Al

4t 43S NEdoldd%E HESm
g, 4EL 530} JEldoh

3t

=
ki of

2. 8{F ol F A ZH

Aoz AAM UEYAY SH9H Z2E
L& 7HAE #F2 4 Yo Flat-based 2}
28 Clustering-based #$¥ =81 Direct
communication-based #}$-®ojt}. Flat- based

SEME RE nTo dAdo] EYsir)
WA o] Clustering-based 98L& =9 o
go] =t} Direct communication- based
ZTFTEFLS RE vy} do]A AHo|AHOZ
AH dolgE A5 AAHF B4 =
ZEZO g3 ¥ [9 - 14]90A4 YEhd.

ge]2HYy #9d ZZEZTL BSE dolH
A4 34 2428 Y3 dolE aggregation®
T3 (fusion)s Fsa, F2H dd oy
A 2EE Folv ERAQY Wolnt (2]

2.1 LEACH

LEACHE Y EY A Udes =dA oy
A 2HE o8] 8 S8 28 #H=(CH)
o] 9o Htj(random rotation)®2] L o] &3}
= Z32g 7\ Z2EZo|ty. LEACHT®
HEE(round)E FAAHY Z+ BF-EEE set-up
GAZ A ZE T steady-stateD AR Gl 7t
set-upe AN FY2EHE FAstT CHZF A9
"}, steady-state@ Aol A= BS(Base Station)
7t 9% Foz A HolHE At
steady-state@t Al 2] 7172 e IA=E FHAig
371 A8 set-up@ART © A g
set-up@Al &<l vlE AAFE w==9 A,
pE CHZ A&du AA =t g9 =
2} (random number), r,& 03} 1A}ojellA A4
gt vk dY dW 7t threshold 3, T(n),
Bt e A9 x=Ev 84 #FL=ddA CH
qeS 8%, threshold &2 @A L=
ol CH7 =71 98] ¢2e HAEAE 7}
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43 Ao 7ube Fo AMEel AT CH2
Masgx e w=o JEL G2 EIHR
. e obelsh 2,

T(n)= P

1- p(rmod(l/ p)) if n € G. (1)

GE CHAZ9 Egsle ==9 ol
Aed BE CHe HEHZY e E<
= Al ADV wWAXE BREN2Y gt
EYId A3t EE ¥l ==e ADV
HAAE FA8 F =27 £3517] déts 2
HAEHE AA % l 23 24L& ADV A
29l NERE 7| Fo] AAs, Yyt
=EE Aol E2He Wyt HIE
st CHOA wlAIAE dA$dch S8 2Ho|
ZEH7E dite RE REZRE fARE
#A% CHE TDMA 2AZE A4S ==
7} A5 F YE time slotg ZHzHel wn=9
A 833 o] 2AEE FHAH o e
RE w=o7 Baesf2"dd (2]

steady-state@ Aol A AA ==& AAstn
Agoz Aozl dole & CHIA HE ot
CH=Ex RE Rt2RE HolgE FAlsx
data aggregation 8 & BSZ M$dc} A3
A Azbe] A T UENIAE A set-up ©
Az Eol7tn A2 M€d CHE v &
TE A#sdg. 4 ZE4HE U Fd2H
o 43 ==25E WalE A4Sty A o
& CDMA IZEE AHE3te] FAlsd [9]

no

2 oy Z2H

LEACHOIA Al&3teE e 2de oi

e =d
ETx (k’ d) = ETx—eIec (k)+ ETx-—amp (k’ d)
ETX (k’ d)= elec *k+ G *k *d2 (2)

T3 24

ERx (k) = ERx—elec (k)

ERx(k): Eelec * k (3)
<2y 1>& BS7F (50, -100)9 X 31

AE W o' AN HAA LEACHS oluvix] A

HAHE 2 =2 Jebd Aojt}. BSAA 7t

7ho] YAg =& R AH7E AL whd
o9 BSEHH dg "oA v =t Ui
9 dUAE ARG, olgF A A
of B3 BSERE TE A HAH
A7] dEoltt [10]. BE =E7F S0 F8
i ZHAEgd o == H e o 2o
AUAE A8EE =2 glojoF o I
22 o £7vit BE 2= HA3E 9y
29 & F& xulEiordin [11] £ =82
<2q 2>¢} #Zo] LEACHAA 2] o =] AH
g oo FA4AE Aol

Erergy used (%
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<2¥ 1> LEACHY oA Axz o=

Energy used {%)
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3. HX|z2x 2 o8t ME FA

A4 d#o)le Relay Cluster Head(RCH)<
3& o], CHs9 BSERES HFAL o
g Holgle =x=9 AFE dYo = J=
A 228 Al43sd LEACH ZT2EZ2& &
AR HRA] 23 AA"e 28L& HAF ¥
o] 4R E AAY] AW AEHE A- F
A gkoltt,

g AlE HolMe A% ol FF W
A3 A AA ;e Adse P dis)

2 =%ddA A4 vEYas b 22
&

e BSE AMAMEEEY "l Holh Zd 93X
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o A AF AIg AL
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e TE T A9 YRARE AT QY
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<Y 3> 100 x 100me] Hgel YAk
10070e] A ==& Jerdd. A EHZ
A dutxQd S8 e "oz BSE Al
e "HolHE AELI B =FdAes EE
2E7F 2 YAARE 43 Yok 7HA
o} w29 X ARE e A AUXE
AH3l= GPS 41718 #A#&$ =E=7F GPS
£ AHgsle] A4 B4 o A YA
ARE ¢ 5 At [12]

2 (29 (3)S AHEFfA (40, 0)ol A=A &
CH7} dHlo]H & (50, 2000 ¢4x& BSE A
%= 81 mJES AH&E ¥HEA (40, 100)
AXg CHE dolg dE& 98 2.1 mJ&
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d 7S =E23RE H4 100m oA Yot

AHE-3EiTh dlolEl & M43kl A8l (40, 0)
A2 CHE BSAlA 7t7te] $1x]% CHET
dol8 A4& A & 4ufe] dAUAE 9 &
=tk 28 (40, 100091 YX§ ==t
(40, 0)oll A3 CHe A4E ool 4
(40, )l $1AIg CHY AR £EE 21
m] o] (40, 100)e]l YA ==9] A
2HlE F440L &2 325 mjJol €. A3
Hog THPHOE JduyAE AHE F 1
AA A AEFo] Géo] = At &
AR YA AvE Y F Jde AL
2 YErd .

<219 4>% LEACHS A% ddeo] viA=
(method)Ztell CHE 58 BSZ Hi°|HE o]H
Boz AEIeANE BRAED. <Y 4
(a)o] Yebd A3} #Zo] LEACHE Ag 94
# 2o BSAA "l "olx e CH7F do]
HE BSE Y AFdt. <a¥ 4> (b
velhd A4 daole] AL AR dA @
B}t BSolA Hr "oHJde F CHZ
RCHZ #:3% dlo]HE A43s1 RCHE BS
2 dolE6 & Halo] 3§l

= BSZEEH Az 7HkE FojA
RCHEY® CHYY F a2Fo=2 UEHZE
UF ¥t RCHEYS BSoAN 713 771&
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RAMEE VEYI L9A o s AL
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749 RCHY Y Wl H& ¢ w=7} CHY
As deo] 87] W&ol AfUAE @ A
g Rolm WHE RCHYYEC €L A%
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o] 3t=2 RCHYE Y W4 e x=9 9
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= AL 9 x=7 CHEEE #3317 9
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A4S ool BSERE "y wWolx
CHY duz] &HlE Za2AZ & dg, a¥
U RCH7I 2& CHY A$& dyo) 3gd
RCH =5 B2 $F4oz U3 vz £
H)7} werA A RCHY 9 e ZE =7}
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o o8 AMEH 2 oz BSAA 7t
b AA EX AYGezHYH EA AH
7tA 9l Agoeltt, MEEH EZE CH7F ADV d
Al E HEYAN = BE A BH=
El2~"E of CHe HXAFRE ADV U4
o ¥gAch RCHE A# ZA &3 CH
o] AXAHBE vlusA dHolE FPY H
87 JeRANE A BSZHEE A= A
#ro He "olx e CH7 dobd RCH
+ CHelAl =#AAe HXAHRE dHE
RCHS $XAHRE 4% CHE BSu4l
RCHZ Z3 28 Ui Roixl dHolHE
aggregationg F3 $ T AL,

CHY CHY 9 oA ogd fX=ZHE
AEHolAez A" Az A4 #&e AHE
3 Heole AFSA K3id. zzmaE AA
=29 life-time®] F7tet ou o TdT
AH1E A FHo2 Ag AA ol A
HojAefgitt, g HA=dA RCH=
RCHY & olojx| ¢, CHel H#Aze, RCH
P9 Yol dolde =9 AFEE V|Hte=w
Agl AA s FHoZ2 Ad,

Hze] &L RCHY 9IYA(ENERGYZ
®£7]), CHe Ha#A=(DISTANCEZ ®7])
282 RCHYE S ol Holde ==¢ 7+
(ALIVEZ E7))o|th. <ad 5-7>& ztzt 93
9] 913 ENERGY, DISTANCE$ ALIVE®]
WA 5ol d$Enh 7o X o] ¥y
(linguistic variable)= ©W&3 2t} ENERGY =
{(VLOW, LOW, LMEDIUM, HMEDIUM,
HIGH, VHIGH}, DISTANCE = {VSHORT,
SHORT, NORMAL, LONG, VLOG}, ALIVE
{LOW, MEDIUM, HIGH}. #x 23¢9 &
g2jojg THRESHOLDE ®lAMz=2 F3
A AA o2 Fedo o £¥$
3 ¥z dojHsE <Y &AM Rolx A
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<29 8> &9 Wuidds

AU AY AA #& ZAAs7] A8 ED
¢} EDA F7HA ©& #A 23 §80°] it
ED+ ENERGY$ DISTANCEE a3t}
ek ENERGY7F HIGHelx DISTANCEZ}
NORMAL<Y B35 A A &
DISTANCE®] NORMALztEth e zto] A
A€y, dE Eo VSHORT, SHORT,
SNORMAL ol 9t #tti2 ENERGY7ZF
LOWe]xZ DISTANCE”} NORMALY 7%
Ag 7A7A &S DISTANCES] NORMALZHE

e ez dAddg. 48 59
LNORMAL, LONG, VLONG #e°] 3t} <z
2 9> WA if-then & 7|Wto2 HEE
A # o) A(control surface)® F&HF Aolt}
RCHE| & oyz]efo] HOW(01 J °l3h
Ad AA e Fugeoz 4

EDAY EDHEt} ALIVE ¥4 & J7lIXE ¢
w# gt "k ENERGYZF LOWolx
DISTANCEZ} NORMAL ¢ 74%zx 7%
ZAA < ALIVEY gol w2l DISTANCES
NORMALEY & &% @& & U
9 YR Ee gy Zrh

R22: IF ENERGY is LOW AND
DISTANCE is NORMAL AND
ALIVE is LOWTHEN THRESHOLD
is VLONG

R24: IF ENERGY is LOW AND
DISTANCE is NORMAL AND

ALIVE is HIGHTHEN
THRESHOLD is LNORMAL

R67: IF ENERGY is HIGH AND
DISTANCE is NORMAL AND
ALIVE is LOWTHEN THRESHOLD
is SNORMAL

R69: IF ENERGY is HIGH AND
DISTANCE is NORMAL AND
ALIVE is HIGHTHEN
THRESHOLD is SHORT

<% 9> ED (Energy, Distance)®] control
surface
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ZEZE Y usgrt. EDAE 450 &=
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