FEHAE 7HE XA i%x—*. *Y Z2EZ

jijun170@khu.ac.kr, haejoonjung@khu.ac.kr
Energy Efficient Routing Protocol using Cooperative Transmission
in Wireless Sensor Network

Jijun Hwang, Haejoon Jung
Department of Electrical Engineering, Kyung Hee University

o o

E-F FAAMUE ZAAN FHHE AEd 712 Sink A28 =EE0] 2 AFHFFoR 8 HE
A=A FHo] @FH= “Energy Hole” A48 a4 W oz Atdd FHAEHL A =57 3 dAHst
= 34E T3 v oA o5& o]gste] MFHAE T4 = Qlvh 28 tolHAE ol 5e= AL
Qom Qe Tyt K58 A9 AFHY 7 H538) Sink 7HA 8 A4 dFo] oAHYXY w2 =
TolME FEdEY] FARE AA =52 Fs dugEs Atsty 7E JEAE5TH des vndth 29
A8 Ax}, Aotels 71 9~39%7H4 HEQD 43S A4 F S s

.42 2) BEA 2R 2 APAS s o vw
AEY AR &&S =ol7] g FHAAMMIEY A (Wire— B =R E g8d$S 53 Sink 29 FFAES (215
less Sensor Network, WSN)“ g AatE AAME o] &3 7o g gtk 273 (1S UHFTE AS, nyyo A4 W5
37 A4 diolE gl AR TE HAdstes dEs S8 W WY =525 EH gEAE YTt =59} Sink Al
e AA UELFA Al *17} A%t A5+ Sink Z2 A o AY dy7F 7P o] duyA7E FEd =Ttes B
o] Ego] 7} —’Fél sto] ARE AestA dd. tdEs-F HES oz a&7F< ﬁaﬂﬂig AlZer ¢ glovr RAFAL
oA Sink 2 .4 rEEL A3tE AEHLRE Qs xpAle oS3 2ol YErd 4 Ut
AlA dlo 1E1§ F3he 741% &A1l Sink E‘TH de] ozl Eye(ny) > max (Eyg?, Ere(ngx)) , @)
RRER) EﬂolEie X*““ﬂ‘ o]& thA] Sink oAl Aok 317 ds(n;) < dg"?. (3)
W Eo oyx] LRI} AFoRE Itk A ke HHE%?]E T Er0¢ aff e A5y WY m=EE50 Hi o] ofux gl
Zahe AN B4 Sink QT AN =E5L dE o Sink Aleld] Hw Aot A (2), ()L WHahE ==
2 Q13 wEA £9YS gsta o]Z 13 Sink o WEH AV} A Sy ol npx 7 2FE HJEE Ser = {nrx Sp} L T,
HdE = A $AS=E ©]8  “Energy Hole” Olﬂ‘rﬂ st Serell ﬁf& LESo] Y%t A% AgE 2RSS o AHA
t} olgldt EAS ZEEr] e 4 =9 <l A=t Fo] 7hedA Feldlok st Y =259 & N(N; =
T HlolEE 7 AFToEN AFHLAE Q%‘é}—t— 3 [ScrD el wE TholHAIE] o]58& G(N) B st 74 Y =
grgo] AtE o, HIE gz FHS F Loz Ak e L ) i R S == R = < ed g =
T A5l ﬂ‘”W"*EHI] T8y JEYHESE AR tE du PTXmin—(PRx'd‘r’eq)ﬂ )
ZH”ETH A= THOlHAE o] 58 &83517] uldd $41 <t ~1/a
A £ S SR de S Gde 319 ol5e gaw dreq = (10 o ity ds(nei) ) )
w2y AU F§HEE= A7 EA%cE TS 129 av BAEEN AL, BT AT, P T 28V HZ2E 9
LEEo] BES A9 ‘?ﬂaﬂ%—% o] g3 Sink 22 AHAE 3 Qs HAa gt PTXmm7} ZF w=e Hy A
o] o7zt HJr?/‘r'ﬂ B =Ro|AE Sink 2 AH AE0S F AEE gdojd Afole FHAFE AR ¢ gloE=E,
AESE F1E ATe we AN ARE AW welst  Ad A% A8 2AS o A5k Ad AR aper
o ANE FAAES Sink B ol AN wER B4 #3 s F4 W3 (5)F olgd Al tE xAoR &
g8 dugES Agtsty, 7€ FEASHY Hess RO e = = =
AFS T3 gt Areq <A™ (6)
Z7 (6)o] TFHA gow HARHFo BrlstRRE 271 (2)
o. & How §,5 A A H, £ (65 FTFHekeA FAS
1) AHEAZ 3G 9 €34 AE =4 o oju, AR dFo] 7ted H$ Sink 2O FHHEES A
HA FHAFE 140}7] oA A%, HgEdES dllok =3k
SIER o]lE 93t AMHARE AT AM AR UelA &
A TS ngy, FA REE gty @S o, EYT oY 3) FYAEY £ 3
A a85S 47 AT n/t @EHAFE ARTOZN ngy 2 W] RS ARE Aol Bk A, [S,| #0
o AFHEE &slsts Asto] 71 o)dZolty. =9 %t o w FPAEY FARE AFAAR U9 &2 AR}
o YA E.m)7F F&FF & AFFES IUsiERE o] FaxE g% e U U BE nEER T4
2 2ol PEAFe) Am 22 thed 2ol UE 4 ATk @ A%, W9l W Bl 4F 2 wmsE Aagel g,

Ere(nTX) > Ere(nRX) (1)
1078



g AN wErh a9 ARE 9 A q823e e we
U BE wmEEo] o oux ArE dEety] g Ide 4
HE Woltboput stk o] FMYE ofUx] ARE o] Fol
Avt2]. webd AP AR Ue] wE5e FAAE AYsa
Neel vlels) A Az e 9ol Y w59 58 el
ooolw ARdE BN de dydFol AswA Bibs
A Belshs AAE AXA v ol do 9 Dl gy 9
AAAE WO wEE 1] Aggnst 97 WEolct. o
Sof Ny =28hd, BHA0R ALWAE 2 W) &+ AHseln
= ApAAE We] 1-F2 weldith [s,| = 00)2ta (27

4) RAE #4
Wz E2A5olA Slowly varying Rayleigh fading—
shadowing AEE 7Hdstd FHHF Fol 2t =9 A4
< WgskA fevn spgdsth aEln A tholHAIE A
495 93k B353 7]PHOoZ Space—Time Block Codes
(STBCs)E 7ttt d9ds HgdolM 2xe g84 +
N.oll w2 tholHAIE o] 52 [3]& #FH=xshsiew Hu N.&
4 2 ARG 72 =29 Hu AFAY 4 (Hd dF
Ag AREADE 20m 2 AAEYeH UELAv 0.05] 9
z27] AYAE 7HA = 100 e w27t 7292 vEY A
LA MR AT} Sink 9] $1X & WES AL et S
o 1833, == ID+E Sink 2% 7M7e4E 22 D7
Fodc, agla A5 ID 7F AL £o7 Fadow ey
HEsE A3, AP vELT 7|4 wet 2hzt
20 ¥ FRE o uf AYvitt Sink & ALs x5S
ZH 7 AE X Pk A =29 oA ARE Holy &
S A Egen, 541 2 FAES Y IR oUYA &2E Eyy
AFdE 7 dolo] wE AUA AHE Epy =Pyl &
Asln % 1S FZI Sink = oANUA7F ZAsHA et
7Hgst M@ HAES S AHHAR FA4 VIHeE F
& & A9s= Ad hoc On—demand Distance Vector
(AODV) 283 oA 1F] 8 7'Ml Capacity
Maximization (CMAX)& Agstglth. vlus s JHAFH
< [2]eA AAE 7IHS 83t mAg ez YEYFY
472 First Death Lifetime (FDL)®Z §7}3tt},
a8 1 edAE HESA 279 wet 7€ 1ET Adehe
719 s zelE geld F Qv vESAS] A7t &
60M 2 A%, UEHAL A7|7F #ob AL FEARIOR
Sink 7}#1¢] g Fo] 7hsstth. webd 7= 7HE & 4
SA7F BAASEA GkEvh ey EYA S Afo]=7F AXE=
AAEE HA 9%olA 39%7MA] UE A o] FoldS
Sk T3k AARAAR A 71 wEt s Aol
F e, MEYI Ale]=rt AL A9
MAX zte] M ESA 3 A5l & Abol7} firh
13 Aol Z=7F A E Sink kA9 ARl ¥ B
22 o] quxE 18 g8 7iye] ¥
Y AdEs AT 5 QU
2 ol 80M EA ol == ID ¥ oy ouAE 1}
Bttt 7] 7IWS Sink 255 dg "ozl :=TtEo] &
LEE Ztoy oUYAE 7MY dld = =52 Sink 7h
q = gormz nFPHAEFE F3 do]
LEEA dgsfolrt gt ol &
AP0z oo, 1=y Atk 7IH Y
Ag, FAAE Sink 2 AdstA] FoE R HHgHFo] Ebs
g Afel®E FHAF] shsstth e sk A el
et AFd A2 U9 Hol e =259 U gErg A
sk dlolE] EFS AP AR Yo w=E=EoA HHEs] Hul
F oAtk o= o] duX FXE FI FAT & Qi)
YEAT 97t w =59 o AUAE F
HEY A S AAsts Aot Lsh Ht 1k
A2 CMAX 7} AODV Bt 55 &g 4 9]
A zro] YA 2BE T F7H4R =
L mEkA UES A $EAdS EYA 5
AUAE AA3] AojgtozH Id& & 9aS & F 9

kit

o

S
< Mg
o

)
o
o,

¢

=
[m
o

& o 9 > b
S
to

r

o i,

ot 01«1% ol
X
|
|

|

¢

2 00 N % N

18000

I AODV
16000 - [ cvAX
[—]cT-A0DV
14000 [ CT-AODV modified | |
m [ CT-CMAX
x [0 CT-CMAX modified
2 12000 g
g 10465
= 10000 - 957
£
; 8000
e 671
S 6000 - 5631
3 48
< oo ‘3
30 255°
21
2000 | 16
60Mx 60M  80Mx80M  100M x 100M 120M x 120M
Netowrk Size(M)
a4 1. 3+ UEYA 519
0.05 ‘
- - -CT-AODV ’,
—— CT-AODV modified 1,
_0.04 |-~ -CT-CMAX N
=) —— CT-CMAX modified o
3 \\ \ -'\’ !
= L b v as 1.y ~
g 003 \\," Wy VN o ,\l" J
w v ‘l ‘\l v »
S002t i
3 0.02 k
7]
@ s
0.01} o
0 L L il 1 J
0 20 40 60 80 100
Node ID
a% 2. o] oy A H3E(80M x 80M)
ETX 45n] /bit a 3
ERX 135n]/bit Prx X B 1fJ/bit/m?
Esen 60nJ/bit L(Packet Length) 128bit
3% 1. Simulation Parameters.
m 2
2 =EolA= WSN A4 FHHEE ol ge AgHE
o] ofele €S MW o WA/ A% M e
9 dugES AR FAIRE Sink oA AlA =271
$AgowA o e oud mEe Hd & gglon ®
e aeNS Bal UEAD FYY gL HAT F A
T RoAE AREAE F3 UENA £ A 3o
ol =] Aofell AHE A3t

ACKNOWLEDGMENT

This work was supported by the Korea government (MSIT) in
part under the National Research Foundation of Korea (NRF)
grant funded by (LINC3.0, NRF-2021M1A2A2061357, NRF -
2022R1F1A1065367 and NRF—2022R1A4A3033401), and in
part under the ITRC support program (IITP-2021-0-02046).

21E% 9

[1]1J. Lin et al.  “On cooperative transmission range extension
in multi—hop wireless ad—hoc and sensor networks: A
review,” in Ad Hoc Network, 29, pp. 124—-126

[2] J. W. Jung and M. A. Ingram, “Residual-energy-activated
cooperative transmission (REACT) to avoid the energy hole,”
in Proc. 2010 IEEE ICC Workshop on Cooperative and
Cognitive Mobile Networks.

[3]1J. W. Jung and M. A. Ingram, “Lifetime Optimization of Multi-
hop Wireless Sensor Network by Regulating the Frequency of
Use of Cooperative Transmission.” In The 2011 Military
Communications Conference.





