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5 Region of interest
6 Connectivity
" High energy communication node
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I Wireless sensor networks

2 Common collection point

% Data sink

4 Sensor deployment problem
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5 Decomposition
6 Multi-objective evolutionary algorithm based on
decomposition
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! Non-deterministic polynomial-time hard
2 Genetic algorithms

8 Multi-hop communication

4 Constraint handling technique
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2 Constrained  Pareto-based  multi-objective

evolutionary approach based on decomposition
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1 Constrained  Pareto-based
evolutionary approach

multi-objective
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3 Pareto optimality
4 Dominate
5 Pareto optimal solutions
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1 Pareto set
2 Pareto front
3 Overflow of information
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2 Path loss communication model

3 Path loss exponent

4 Transmission quality parameter

5 Power amplifier’s energy consumption

37

A > glre, Folow kK (4) alal, oa S
o iliaAga allss,e eda dhie ool s
aS ail o 5,8 0,5 lawg oads ooly b

(D) alal)) 05,5 oo iy 25 5 O y50
A, ={p cROI |C0ver5‘(p):l} (5) aba,

o Job -2-3-2

A el ey e b iy Bl 3 S jac J5b
Olee an b sy oo 0bL 4 S 05 (gl (655
ah e s R ofF ol 45 ey St oo
Aoy Sae ol bogas wile ol SleMb! i 5l
U sl ey ol Jhiie 3510 e L,
os Job gy ol asl asls [0,1] o5l o (s e
200,5 ooiugas (6) alaly 5l oolaiwl b ass

(6) ala,

Min {Tfajlure.i }i =1,k
T

S slmo, S slaws K (5o b alal, sas
Toa g Sz 08 S5 (6531 ey OLL & 51 2
el o gloo,90 (sl fSew slass iSTas
SleMbl anb b X dad iz 0,50 ;8 ;O
I s i Sjpod ) 095 00l i
SrS e 0dpS amy (hp aixr BLS ) 5k
ol s gleo, S 50 ol g o Jlal
5500 S o5 5l (S Vel g 093 Sledb|
Sl @ledlbl lasled Jaie (6350 005 @ |,
S50 45 Wigd ooliw )8 (635 0 00 S 4 (gl e
Gl et e S 0,5 o ousiledl
Sz 0,5 50 635,5 Sdb o yene cnl 28k Sl
ools (339 0,5 ol easlandly (65,51 wsSae Hlade b
olg5ds pao (2 2BL S 02,980 Sy s 9 095 (o0
e o8 sl (134] 1 iSos w6 assle)

f,=Life(x)=

1 Sensing cycle


http://jgit.kntu.ac.ir/article-1-515-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from jgit.kntu.ac.ir at 14:50 +0330 on Saturday March 3rd 2018

@) b,

Maximize gWS(xM):iA,fi(x)

i=1

subject to x e Q

Gl Ban b j0 oo o 40" (X| l) Y
Gl 158 a5 ail o ol piie XaS b o
a0 5l asgerme o ag 6l Ngd ae
Aol (Sis oyl 5l ol clite 555
2,5 oolaiwl 558 JS il gilwa g alz o jo
S5 5o bl S il alties s ool 5o
o) N s poe Jo b g it Saa 9o
Sls Egemme Sblin) 09t e 25 (55l
0y adaly &y5—oay j5Laio ol iy
A a s cyal ) 00im0 LS 4 39 e 425,515 &,
KW P | LW -S| IS Sw'

(10) aba,

Maximize g™ (x |A')=A' Life(x)+(1—A')Cover(x)

A slanss sl S g adlio ol 8
el Sy O a5, LA
iy 5 9o go il oIS plas o =L N
Pl e Sy 09don et A :1_(17—1)
OR5 boyls 92y bl Gl (sl g Al
A RVCSS S PRSP

i, Q)
h el bk Sa Bas Sz 5 pleS
Gae glas jo ghaasbas ol pls 00,5 o i
255 pglae |,

CPMEA/D IS ©gz,l> -2-3

3 Sl adan sz LalSS o )9 Sl e
A8 e adanain (gluaige i 452 o3l
el e ISl (lmanine iy (o @
alss  aiz Sledbl 5l oolawl b s alis 5y 12
ol ) (s Slp 0ad(o0 e 095 wlunen
339 3 5l (Kalwen S ol ) 5 4leen
2 0l 4 Se03 (39 slop izl Glasgezme & jp0y
el J (Solnar 05 o iy yw {41, 2"

38

80 Slellbl (59lid L wigo — Sliudg Ju ole 6y s

1396_j:HLv-.pg.moJlm"b.p.aﬁ#dLm

adaduir (LolsS cdlb ) sgoleidioy gy -3
@30 Al 2 oo gl oy

Sl 55 abansin (LSS5 Sdla, Gid ol 5o
&l oo >1,b (CPMEA/D) Yy 325 a3y ogie
9 et S 45 S 3 S oLl
CPMEA (!, ooty >l)b altas (o5 sl Slas
gl oo 00l Z 5

oz gilwaint 435 -1-3

abannis g3luwangs Ao S MOEAD 2,53l
05,5 4325 Yl gl angy dliee ;) (poiz |,
72 nlei ot dpg plosen Oy an |, Lagl
ali e 3y a S| 5l ooleiwl b Loy alivo )
sl godge (alaS 358 o0 i 095 Glon
LS5 (sl o5l 4y s MOEAUD 45 55,5 oo
(6 o S5 S ile S0 abanaia
Sl So oy ANSGA-I) 2-CgLia
lpodla, o il adls Jus 1 )3 (S
4o PR o) aliise SO o sl (goanio 435
810 092 ISl (g5lmaingy Pl (5 So
oo Sladllas jo as jlaije ggamme Cdla, waslsl jo
30,5 o0 (B el ouls a8 )T (ISw allis oyl
39 Egarmo cdlun, ~1-1-3

3 ame S 5 S [33] Sas)e Egemme Cila,

A= (et ) 4y e L i o1, Gl Gl

polie don glil 4y aS 0gl axd)S s )5 Sjg oy
M

24 =1 :
NI IR 91.20 i=1..M

abi SO Jul gileaige Alius ag Ols>

() adal, yo o5lmag Alive gl 95 4t
(D) alal)) [33] 54 algs

1 Constrained Pareto-based multi-objective
evolutionary approach based on decomposition
2 Non-dominated sorting genetic algorithm


http://jgit.kntu.ac.ir/article-1-515-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from jgit.kntu.ac.ir at 14:50 +0330 on Saturday March 3rd 2018

J9U> Lo j3gozo «lualls Lo

slaJb L Labls )| degazme LK 5 15 glao S
slaw gle 4 b K sloo 5 olaw K g 315
Slgge (Vv ) elnk  Jb G ablgo SIS g,
alols 51 0sl anils sgzg 15 V1 S 0,5 53

sl R Bl oy 5 58 il oo
adhis o S sloo, 5 Cosdan ( owdid day o
5 S35y 08 S SaBge bl o adlllae 5550
09_..4‘;;7 d.._..ul.?LA OJ_A] Cwdd ‘_s_o)o )LOLM:
Sl o 5 5w sloo, S (gaion Ly Lad e 39.8
e 0 oad olonl sladdl S 5 dslllas 5,50 ddlaie
L S5 oo, CaBgn g ol Jloel (63905058
N Slo (S g, X
g slad Sew ddlate ;o oude Sl JBlas

3]s s Sl 1 5 me e

. )l oolas !

g dazl o

Sy b Rlos -2-2-3

wlood a3 T 2 al> o 0 il 1S5 el o
oloil ;Sles 0g-d 0 48,5 ;L5 3 J e o]y
N )‘ OA-A-S)‘BM‘ C’,‘L&su‘s} k-!L?L»J‘ Jﬁ—‘\-wﬁ
G i adyi o b sl cpally lgicay ol
X a8 bl 51 2.0 alpo 08,5 )5 ool 550
ool | slaalen ad slacly> cpye X'
Q5,8 a8 0l 3e2 g (glganel l il o Al
sl ol als 25 (sl 095 lyz K 5

L eonally bl gl [37] et ad 5 )15 oolil
30 islwor gladdi o) ,o Slocal lode & axg
olsasl sui o xS ;w)‘f eb )Ja.; )‘ pren u|9_>

=

&JQ;‘SA

! Constrained least squares
2 Pairwise tournament selection

39

'.'ila.r‘o /’L]‘;vw

BT VORIV

oy (6l ea i o slasly > oy
LS‘L(M"l'i_"""@)") g;-*-e GL‘I’&"P s 9 09 o S

g oo 485 54 g (ow)yp 390
I 0,45 1o aS 5,50 & CPMEA/D (5jluesly
QJ.SL;Q Q)e.‘o o OMT
adsl Slonkiis —1-2-3
el 15 el o B g el
A 5s o rdn S5 05s lom T slmens ot
S o3l @l a8l Alols 51 a5 LT 51 sy o
ool 00 oolaizwl g o, 50 o o SGo3
Coal 5855 A 55 oy &l S0 ol
o] o, J€B) g ieB(i)
el G en S5 lgiedn 0l o Alie )
D 4z, 8 Jay o0 Al )
dl—“’gs’L""L’ )'\ 6‘“5‘"’““ J.,Jy L5L.> 4 CPMEA L)
SI9IRP 9 (cmdi dm 93 50 gl Comor (S
Lo BLS M e am j0 .ol ool ogs
My S slao,s olaw K aas ades Ju k-1
laaS b slaw ;K0 o)l au b Cures o3l
)L’bL.u So “él)j).da 6‘)—.’ sl J.“J).Q).b)im}
Ay, le—ed o 655 10 0.\_31,.351_3t — 0
S50 A iy Slbl s oS plo 358 oo oo
292 5O d-1 Bos ;0 0,5 50 aS WS o0 )8
il Jate ] a a8 col @ e 00,5 S Wl
S5 e sl Tl Jobe G (Solas o sle
SRl e So G ple (nl 09t adg Wil o
1) ably &y5oasy oS el G =g, |, L

g g0 R

L if vy, eblnk
i1 0, otherwise

1) ak,
l—.’-u*’ﬁ—") “—CM{Vi =(xi,yi)}, i=12...k 4_S


http://jgit.kntu.ac.ir/article-1-515-fa.html
WWW.SID.IR
WWW.SID.IR

Downloaded from jgit.kntu.ac.ir at 14:50 +0330 on Saturday March 3rd 2018

80 Slellbl (59lid L wigo — Sliudg Ju ole 6y s

1396_j:HLv-.pg.moJlm'h.p.aﬁ#dLm

Input: WSN parameters (number of sensor nodes (K ), communication range (Rc), sensing range
(Rs), corners of the ROI area (XA Yo ), initial energy of sensor nodes ( E )), a uniform spread of N
weight vectors (’11"""1N ), neighbourhood size (T ), population size and number of subproblems (N

), stopping criterion (the maximum number of generations N o ) ;
Output: Pareto set (PS5 );

Step 1: Initialization:
Step 1.1: Set PS=9.
Step 1.2: Compute the Euclidean distances between each two weight
vectors and then find the T closest weight vectors to each weight
vector (in this condition, for each weight vector 4, vectors

{l"”""’”} with indexes B()={i,i } are considered

Asthe T closest weight vectors to A );
Step 1.3: Generate an initial population including N wireless sensor
networks, X=X according to the WSN parameters;
Step 1.4: Compute the fitness values of generated WSNs (i.e.,
9™ 14 in Eq. (10)) and Set PV =9 &I4)
Step 1.5: Find the initial non-dominated set of solutions based on the
computed fitness values (i.e., the initial PS);
Step 2: Reproduction and Updating:

Step 2.1: Reproduction:
Randomly select two.indexes K and ! from B(i)={i, i, }
and then generate a new WSN Y from two WSNs X" and
x' using the proposed CPMEA problem specific operators;
Step 2.2: Updating the subproblem solution:
for subproblem i ,if 9 X [4)<0"(Y14) {hen
set X' :yand R :gWS‘(yll');
Step 2.3: Updating PS :
Remove all the vectors dominated by F () from PS ;
Add FO) to PS if there is no vector in PS that dominates F ) ;
Step 3: Stopping criterion:
Stop and output PS | if the number of generations reaches its maximum
degree (i.e., N o ); otherwise, go to Step 2;
wilr slyends >k (CPMEA/D) 4525 a3y dadio (gl 98y adudiiy (ol cdleny 1 o 595!

s S S
05,5 aolie 0SS L (Gl 5 4 pawse) sasuive aS ool ol Olg g0 ' Gl Khee 5l eolaul b
IC{ IR KU SN HPPRTVRCS FESIRUESY P VR Jeixl L 1y 055 ledbl caigis co 0ausls (ol
2 Offspring ! Crossover operator
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Abstract

Wireless sensors deployment is considered as one of the major and fundamental steps of wireless sensor
networks (WSNs) design. One of the main challenges of sensors deployment is to find a trade-off between
conflicting and competing objectives of the WSN including network coverage and lifetime under connectivity
constraints. Besides, decomposition is a basic method in traditional multi-objective optimization and in recent
decades, it has also been used for optimizing multi-objective evolutionary problems. In this paper, a
constrained Pareto-based multi-objective evolutionary approach based on decomposition (CPMEA/D) is
proposed for solving the sensors optimal deployment problem in a WSN. The aim of this approach is to
decompose the multi-objective optimization problem into a number of scalar optimization subproblems and
then to optimize them simultaneously for finding the Pareto optimal layouts in which the network coverage is
maximized and the sensors energy consumption is minimized while the connectivity between each sensor node
and the high energy communication node (i.e. sink) is maintained. In this paper, the comparison of the
common performance metrics indicates that the proposed approach has made significant improvements on the
overall performance of the CPMEA. Moreover, the simulation results on a WSN test instance have shown the
superiority of the proposed approach (i.e. CPMEA/D) over the CPMEA and a diverse set of high quality

designed networks has been provided to facilitate decision maker’s choices.

Key words: Wireless Sensor Network, Deployment, Constrained Pareto-based Multi-objective Evolutionary Approach,

Optimization.
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