“Sylw g ‘55,333):5& ABl0y” sols 4 i
FY-VY o T4 yliwo oF o Loy i JLu

g — olks
39 i s> SLASM 43 (5 0 JUTW g (55 1 il 9 4 T (b g3 > (U g
Sl 0392

*Y N . .
b e B 5 S ok | RS
55 ol&ils G edKiils aliwl =Y a5 ol Gy 0dSiils )l sl S -

YR/ 00 15l DTN VIYY sdl o)

RV

039> 5«0l ll s o eoliiul (gl (bl slacs ysbd (n a5l (S lseds prsi SR soaSl (g5l (S Ll o
So b g9 (ml dgamme jes a3 5 (655l @l Cudguze (LSl cnl j3 les Sz 093 4 1) ook Az s Jale e aidlyy
JSie ol o ade (o5 0 clo p sl s L (Siba casl (pule sloo )5 iz 50 o1 605,54 (61 (50> JSCtee
S laaSnd )3 (65 LS4 Co GanaleS p (e (D paiz (2 wax JSgn S i fol po sl oud dy Sl
oo LI U ol oas oliias] gladigs Cyas ot pmms 51 USTay ol 5 - onsl 00 olgiiiy R-DEARER ol ay (65l ol s s ot
Slaalos pu a5 dl) sloaliod o 4 ]) 095 Sloding bades oS Sgoin] & 09d pll (LB p Wiz Ojgot Saly g bbades

e 550 gy ol @S b ot B e Salzr 4] bty al) glhadiss s (s 5 wiiS (o0 Jlo )| s Sl 4 S0
mls 2lols Jlod S8 an aaslsl jo 098 ge 635 003l il 5 4l jes Rl e a5 wlpe 205 alisS s sloe S
«$390 5k Ol 13 SIR-DEARER (soleiing JSSgn o5 a3 oo lis gl 025 (00 )18 (o2 )90 (3l SS90 0 Ses s00e

.o)lo ‘5)%;‘_,’10

Slag5 o (s Ay Ao p (GaalgS (5 Cudls ¢ ole it Al (a0 S slaaSls o jlgunds

D oo el ol an ) 5L g Gl 5k 0)se
Slpo, S yos oS Cunl oad ools (lis (651 Ca e slals,
Lol S (e 5 Ysb oy laimme ol gl 1) S
Se plares (FYob Doe sl b S L5 5590 65531 (i
st slp @3l el p jlhaslinul o)l el (2l
P9 0 Sl S50 6l gzge (Jad Lu s slaasl
Sl slaolliows 4 jezme K sloo S o535 cusls
&5 il slaile (gaed o sl bl wile (555
) Blol 551wl oo &5 ditn (39 slash 5 (51>
Sl S |y SR g5 Gl S clloy gel g Lasee
Jols a5 s o S (loaSils g atelioo (6551 il
S GladSd pletea wiies 65, ciloy slo S
b & pbows @lp Sgd oo aSlis (6551 CBlo p s 2
Sl 6550 5 S slao I a5 (Sloj egacmal 4l yes
o Sl wob S (e eslitul (6551 ke plgreds oad

aian Lno, S (65,0 Bpmmo Ll el 5o a3l S5 535

doddo -
Sg25 a5l ook LM 5 (eldas Slaags il 8l L
Ol e asiis Sz ek (bLS)l -6 K slaailels
ol G 5l G ] (STl (81555 Slanaes
Ot 3 (S e S laaSd dalyd 5o 0l e
sboo, Sl laegormo prw o S aSh Sy Celaasy S
5o D wiloss Jate 08 4 s o Nig b a5 col K>
S5 SgeS alins o g S sloaSd ol SN
orShas 0 LS 5 aSd 1 as o ol5sS G a5 Zuul
o=l do sl 0gdoe Glmu Lulpd )0 laaSis (ol gasdlyy
O3S =l il el slats, Sl Gles e JSie
il g, 5 eoliul L] 5,8 sslatul 65,51 slasdlSs
slee, 5 (Sly oy Jama b 550 slaaslels o (5551

S5 5 yead i ip g 0 ce o 3l 5L Gl 4 K

mirjalily@yazd.ac.ir :Jsiwse sdsws g asbl, 3



1YAQ by oF o losds cpidadr Jlw & (5 pmlw 9 (Suig miSIl widlay” cole 4y s

a1

59 o..\..fb:\_:‘u (NEEC) 63)—3‘ P (gaddg> JSTg, 4o

= sl R1RU ol L anas sanades g, o A
=S5 sy ) 5 d9Se plamil 35 et 5 00l s 0l
“—Li NEEC J._S_g); ;)_4.5‘5_.0 oolazwl L;}: 9 LM..\J‘ 6@4»:9}

ol 58 5o (e 5551 0 5 85 Sl L 5] 555
e 5 48h 39 (B33 coud Sgamel a8 sae Jsbo
oo (RalS A (65

a0 Tace 0,5 5l ools JUESH sl (6 mmme S5 s, (2] o
il S las b oS 5l slacgamme 5 95 g0 oolainl Sal>
Sgbge 48,5 I 50 Saly Ceews & e Jsb ) osile Sb
@S Edl oS So 65l g ST gy ol 53 eiaeen
il eols JUsl gl exi)ls 6 i 551 45 5,500 sloe 5
g 50

el ald> e 50 65,50 5l ok Srae Gl @ azgi L
S GlaaSd jo oo S pl b eadcutlo (6551 5 493
@h L aiss 1w Dbl 2 )b Sy il Sl s
FSSo ol 5o el oas @l [Vo] s EECHS® b b (55,
0y L atyS gode oS s lyedn algS 30,5y 0
0,2 5 Oyl gl (o3 40b 0,8 ..A.;SU’A Jos 3,40l
aloz 5l Lo, S aan 8ly Loy j0 oasle Bl (55, Dledol
2wl oo (b adigs led ;0 ddgS g AdbgS guac
D)l mls 4 4z g5 b S5 yaebn 05 ddos o ST al> o
Aoy 0y 5 lyedn |) by e adsS gae 05 SG w0l
b 555 Bran ialS el azS 50 S o (et oz
0,5 ol aa sy cud i ol 05l oo ddis bl )
Anel ) 9 99O s e s paelip 05 an A lgS
Los Wools Jil gly 1) (6 i (65,50 oy g0 by adigs
b (oo Sgage 4 yee Job A o g wiiS

Ctlay e Aol e 25 S NV o

5 S5 ool alo o 55 Lol oS sl oy il (g3,
Lapl do by ye (sloo, 5 5 (55,50 cobls oo 8« Jl al> o
3 edoh )b G ipgd Al ye 50 (s Wad oo GARALSS
a5 0ols gl ol yes (8l 65,0 CuBlpy S (slro S
oolaiwl b o9l oo (55Lwosly unl ouls 433 )3 sledl cols
sdal Cawdds (555 o lade (K-means) . SileK o ;6501 5
035 s O S o )18 Lealigs Gl ) e jsbas
Sl 1,35 Jloial a8 @ls amlre b (65,31 catls S

4 Energy-Efficient Cluster Head Selection

I¥] el lass 3l oniscasls p 5,50 b ol b yieS

Ly s Sl (pSae (55, citloy b o5 Ll
930l 3l el (BB L5 ol o3 55,31 5 w5l slo 90
&5l 31 Fae g a5 ool (sl (5550 Co e slag b
S contalonl iz Ly .o o 7 hae o0 s s] o
s ol 2 (65580 S poe slag )b sl celie (uatas
Lf] ol onss @l 6 )5 a5 > o 6550 Jobs o Jlo )l ol

Yol gl a5 (655l (b e Slo ST 5k
G52 St S i SN SaaSel e Jsb 005
3 B oyl (gogu e (65,5l Voo S 0,5 |5 ol
e S SLeaSd )0 (b e S JSSy 5 b
5o 8o Lai S h jee (33,5 (SYsb ol g5l cdls
el (65, i Il

sme (EHR) ' (55,51 ctils (s US55 0] 5o
Slr Sl 53 hel Jele plyear | 6551 cudls oS oud
JFS9n So BHR 0S8 (oo (o 2 51 59002 S5t
el (5351 Bls r Glie g 0ile b (6551 elel 2 (b e
0y 5 o a8 Cuwl oad &Ll luys9,40 gy o JSSgp ol 5
Goa S 1y 055 s (65,5 DleMbl b o5l oo ,0lB 1,
Ly

oy ENC) T (65,01 5 samaies [Sigpn dF] o
Sty ot 5, Shos &Sl Bua by 1, a5t SSg s cygl 45 00
a3y 09,5 SIENC JSSg 0 50 035 (oo ol 4355 iz &
an |y aSll S (Sl L U 0gd e oolaiul adigs SO 0
oeplS an 0lilg e dliga s 05,5 5l eolatul Lo A ST,
Abgd s Sdzme oLl g adigs dasme JSid leds slaws
5 oS slaply oyl L2alS Gl yal ol 45 WS S

g o osls Jgod 31 liell 2ol

Y N - L .
=z (§5-l S ganaiys STy JAvl 40

6MM5> L;)LA.\A Colw L;‘)"‘ aS Gl o0l 45‘)‘ (MENC)

LMENC SGg, 0 so e | a0 (65,0l g 0 ,Slas

JUail Gy 8 Sl e8lo o Slee 4y obicaws Glaal

5 00 (555 aez Sledbl e yaile, iSTas a4 leM

Sgge 5551 ! Ll 8 azly sloadgs s Gl
Ll 00l 4.§|)‘ )i.p Lg[ho;

! Energy Harvesting Routing
2 Energy Neutral Clustering
® Multi hop Energy Neutral Clustering
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! Distance-and-Energy-Aware Routing with Energy Reservation
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ABSTRACT

In today's critical situation, wireless sensor networks have attracted much attention as one of the newest
communication technologies for use in passive defense applications. In this regard, the limited energy
resources of these networks and consequently their limited network lifetime, is a serious problem in
applying them for such critical applications. Recently with the advent of energy harvesting methods, it has
become possible to overcome this problem. In this paper, a new cluster-based multipath routing protocol
called R-DEARER is proposed for use in energy harvesting wireless sensor networks. In this protocol,
inter-cluster routing is used to make possible the multi-hop communication between cluster heads and the
sink. For this purpose, the cluster-heads send their collected data packets to relay cluster-heads that are
near the sink and then the relay cluster-heads send packets to the sink. By using this method, the energy
consumption of the cluster-head nodes will be reduced; therefore, the network lifetime and energy efficiency
will be increased significantly. The performance of the proposed protocol is examined by analyzing and
evaluating the numerical results. The results show that in terms of energy efficiency, packet delivery rate,
and network outage probability, the proposed R-DEARER protocol performs better than the same method in
which the communication from cluster-heads to the sink is single hop.

Keywords: Wireless Sensor Networks, Passive Defense, Energy Harvesting, Clustering, Relay
Cluster-Head, Inter-Cluster Routing
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