[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.5.3.31 ]

JE bl (30 i i
—t; , T
T

Vol.5, No.3, Autumn 2017
31-49

wannis LolST cdlp ) K 3l ool b g gt yioms 450l S 53 b K o Loil>

@ 35 (Gl 3 oo
2 190 Loy sgozxo o ylual s Luw

Oy olEzils 18 sloodSails sy ¢ Ko SleMbl g (5,0 i pwoige 0aSils ¢ SlSe SleMbl lopivmmw glxSs -1
Ol olEzsls (28 slooaSiails sy ¢ 5o SleMbl g (6 )I0 il pwoigs 00SLINS ¢ crprs Zilgus b alilie 5 (6,0 et pwiige ol b bl -2

1395111120 o i piy o) 1395109128 alie il o o

PRV

@leilr ;5 (ol Gl I (S 395 o0 Cgmine gt S $BASE (b o Plae n Sl (K b R oleil>
598 Bk | ashoe e 0928 LS (A e Job g by ko) aSid ()late Slaal o a laSlge (8L o K
SelSS (g 5maiag ;0 of 5l eoliwl sosl 3l (slo Jluw 10 4S 55,5 oo Crgumime ddadaiz (§jlodings 10 Al (g, o iz
g wleil Al > sl w58 Al ade gl PRALRURES SlSS" il ) S dlie ol o ol 0ol 7 jlae ddsais
@loilr adanniz giloaig dis 4325 b oS Cul (] Cola, (ul Ban sl o ks s g SR 45 Sy 50 oS
Lol o aS o3l (19551 Aot sl lailer (8l 4 ol plojan (0500 ding 5 ISl (g3lusaings Alins 5 piz 4 o S
adlie ol o aBl )85 55 Y (551 b (bls oS g w05 58 o ol goiren g 0ad STa> 4Ll yee Job g b
Cdla) (S GLLS )3 per (2l80ga 4 ke o Slpiiny SBlia, oS W 0 (LS Ak (pl )0 rke 2L slaSs e sl
Sl bl (6555 5l (Sl (ctalesT digad o 59y 2 Siloaend @l irizren Cesl 0ud wie slis 5 f ddaaaiz (LSS
b sleasls | gt slacgazme s 5 anie Glie 5,7 absmaizr LSS il aie by dde slie 57 daaniz

bl o comibio a5t U g 3 50 e s 3 @1, gl Vs ConeS s o0

(il 35wl p onde Sloe )7 dasair (LSS Cls) e o R Lol rr g S 4L gl ool

O 5 oSl 18 GLaodSsls Lusd p  SlSe BLMLl 5 (6,5 s cawiigo 00Kzl o Jlad LIS Ll o) 6 £ 100 ASlSe o3 *
88334430 - als
Email: mdelavar@ut.ac.ir


http://dx.doi.org/10.29252/jgit.5.3.31
https://jgit.kntu.ac.ir/article-1-515-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.5.3.31 ]

e &5 pog—ad Jilas (ROI) Caalllas 550
5 il mlbe Copa Gile L) b S
ST gaton 0B Ly (Ad e o b Gl
DS 5o )18 o

Sl g ool Baa SO plyiea by Son
o S slaaS b o Slea s e aS
WSt mlie (o2l Ly aS 098 oo aid 5 e s
Al piSlas anl adlie hdig 00,5 0 03,50
S5 8590 oy b ted a5 395 Jol> (lebl (I 6
76 2] s anlys anS JB il 990 aihais o
Voons oot slo S Ko B, L 518
Pl s (3l gl 5 655 ae sl
5 oo [12 5 11 10 9) sl sgsns
oS 5 o S 65l (g Ly )L LSl poe
3348 Bgdioe zrge ddl 4 (g tns (Gl pas
SO9—e yoe w0, 5 ;o gl St b
e b pee LBl gou b a5 L o
90 et Blaal 51 S epl s 00,5 sgu=e
S Sl ol e o S slaaSd (b o
b K 55 g (55, e 5l 4S5
St e Job L5 3 ooliitl agy b 4
115 514 131 sy Lol5d

allas o j5o ailais o b S 4 S Sl
St |y L)l laSed 50 5 s i
aSets o bl ) e e oS el
S92 )liBl 08 S O g0ty Canli oo SN
5 S 05 8 Gt e S Sl (] bl a8
L 5,5 L bl o8 plod a5 4658 50 008 S
Al alile sezg e

lo S oloilr alins w38 S8 axl @ axg b
e S G D50 @ e 2 S AL S 0

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

2 Common collection point

3 Data sink

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

3 Multi-hop communication

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

evolutionary approach based on decomposition

34

S0 Slelbl (59l (waigo — g Jy yole oy

1396 jouls @ g 6 jlods @ pi Jlw

e (gt SN 45D 53 o S pleil alins >
28 19 d8] cosl ooty a3 5 15 & Sliiss o 5
pipsS S [19] o) fSan 5 upiiibiss 29
i Jo gl an o Glow p Bon wir LSS
03,8 zae pleilr 5 65,5 parass dus iz
b g i 9,5 STas Buw g3 (39 Bodowi )3
51 oS JLinil &y prlans amasos 51 ooliciasl by yos
P9y 3 e ol po et A S A s 655
DSl slaclyz o o gl ad o o
[18] SOl 5 oatlinsS .l oads osli .l
allas 0,50 (oK 058 Cod |y aliie o
Sl BlaasT g, So addlhae ol jo aisls )3

b ez pl—ilr 5 5 par—azs
ookl )50 HSan cBlsz 4 (Kasl clolsx
S129] S g by ol a8 5 1,8
Sl S o1, 5 oo S,y MOEAID
asoges oolaiwl o X e Jlad Ly (55,40l
e Sl |, St e Jy by by
[28] lSan 5 bysSi s 5 (600 G
Lo S ol adaanin ade dlis Joa
SSlas ol Goe a5 ssls y MOEA/D 5 eolisu!
w3903 Jlaz 5 aSed jes Jobo g idgn (0903
Doy ol L g 0ol a5 LS4 la S
GId O jg0dy (shied (Ol ol 51 SO s (o
)5 a0 g 00yl JelSs Jolye (ooles ;0 a8
30 i 08 8 8 las o slialy jo sl oot
el cila, S [37] Gadios do S Sleil>
ity (CPMEA) 5553 (sl 2 9o adom wix
29—y d—inty sl slail> CPMEA .ol ools
5 Al aSd Gidig Ll o 4 anlei oo oy
S goron 5 039y Joloo Lo K (a0 (5355
oS Jsb 53 58 6350 085S 9 K> 05 52

1 Constrained Pareto-based
evolutionary approach

multi-objective


http://dx.doi.org/10.29252/jgit.5.3.31
https://jgit.kntu.ac.ir/article-1-515-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.5.3.31 ]

19U Lo jyga20 (jluals Lo

shls adue v lwa e (Plao Sy 0

au olegglasl b OYolas & gody calises 04,8

DS oo dgazee |y g (glad aS cwl ) O s

wazloi oo 09905 1y (Gslasl 50 4 4z 5 (golne
((2) :L‘a)‘)) \.\45.4.4‘54 oJ.».ol) i u.io.‘o L.SLQU‘P
g(x)<0

sh(x)=[hh, h, g3 atal, s a5
S 55 4 gx)=[9, 9, - 9,]

Soloe 5 Golsl 358 ay Do (5)l0p DYoles
SUP U P U PRGNS PN
358 Yol so dlasl 5 (g5l 0.8 HYoleo slows
sl e bt (g5lune

0085 b oolay jo cdel (1) alaly yo Blaal aS L] )
g a1y Blanl aen Qs Ulox s il
il g Jol wb cplply e oo HSha plosen
39 e e g sl Blaal o 03,91
D ygmod lgion T (St B > Slaal (e
Dgab Ly

04 e wiz gluatg Al S o T Gy xS
X' Sly> p X olex wWigh o piSTlas Slaal

i €{12,. M} aen clpy 51 L g 51 Fus o ale
S el JBla > g aalf, (X)) 2, (x)
omdge il sl (X) > (X) (] efL2,.M}
g ca 03l Liglas F(X) = F(X') sles L

X' Dz X Slyz oS wedge laS 398 Ay pa5
5 X Ol 9 an Slaal aan ,o 51 0uS o e
oS slacly> sl e X5l Gas o s Jilas
Oloedn Ygd el Colie (6500 Cloz g Lawss
Silainte 6l P51 ae b syt glacls>

8 Pareto optimality
4 Dominate
5 Pareto optimal solutions
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3 Path loss exponent

4 Transmission quality parameter

S Power amplifier’s energy consumption
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Input: WSN parameters (number of sensor nodes (K ), communication range (Rc), sensing range

(Rs), corners of the ROI area (*»,*#), 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 g )
Output: Pareto set (PS );

Step 1: Initialization:

Step 1.1:
Step 1.2:

Step 1.3:

Step 1.4:

Step 1.5:

Set PS =9,
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 A" vectors

{/1"/17""’”} with indexes B =1l } are considered

Asthe T closest weight vectors to A );
Generate an initial population including N wireless sensor

networks, X X" according to the WSN parameters;

Compute the fitness values of generated WSNs (i.e.,

9™ (12 in Eq. (10)) and Set PV =9 14

Find the initial non-dominated set of solutions based on the
computed fitness values (i.e., the initial PS);

Step 2: Reproduction and Updating:

for

i=1to N

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" % 14) <07 (Y12) then
set X =Yand V' =97 (V14)

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 FO) ;

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;
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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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