[ Downloaded from icdi-journal.ir on 2026-05-19 ]

1400J% ‘“i..' -:J’.a-ﬁ ‘f'-?d"-" Jl 4J}:fjub.ﬁbjjﬂjj —Ja.LGML'.L,AJ

S50 45 bl (Real I e R G 4ol 40 gy J S

3 - ey s 2 . L (€
5w1,pw/;/;wj,;‘wrﬂw‘%%yr@/

Ve f08127 1 s &b 1399/0A/13 st ,s &b
ous

il S g b 4 e ol el (ol IS S il e b B el e S et 3 el Bl 51 S

o 1 e el st S mte b S 55l 0 OLSS b Bl iy SLallB L S sl S5l a5 8 b 2 i
CNIBTRY S r Jde GOS0 8 L 5l Do b G ol s Lo Il S e 185 | a5 IS e RIS 0D 5
O PR e e N PR E ST -F PR pr e HEPEISPL FCVRSRICWIPR R\ JYC SR JRICIE I S g

(S 3k S 3k gk (Saal sl K (S e S slaaSid a b (i g g adS O 515

egolrasan@yah00.com el ¢ Jsius oaiugsi il Sl Sxio olKils «igaalS 5 (50 0aSiils q_g):_fo*l
shirazi@mut.ac.ir Joes! «yisl Slo  Saio olKasls «5gaalS 5 (5 oaStils o Lezsls 2

dadashtabar@mut.ac.ir Jes! « 23l Sbe sixio olRzils ¢ gnalS 5 (55 0aSiasls ¢ Lobiul 3

1

o dollad

gk, =
A

S

e

“<
o 9
J

1
«J

)
J

-]

/
o2

1400 ¢


https://ic4i-journal.ir/article-1-204-en.html

[ 6T-G0-9202 U 41 leuinol- 101 wouy pspeojumod |


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

i ol o Hlr b ablis (gl S e sl | Olebl
3L 03 Sl Sl s S e 3T 5l ek 0, S
Sl S il 1y ol sy Lo S e oslined s
obse (MHSDYS oz Sl
3ok o 5w Gl 3L oS s
Sl o 9] s oy Comds s AL a5 e filwe
TS e L [10] Sl S (sl 4t s iy
[12] 55 oo ot eslisal [11] oo S sloaSi 53
IS Bl 5 (3L ks glas sy o bLisI OB 5
SUSIEE PR E-SPRENE S A OS [P JUTL P
Bl o 538 o o S S5k elsl 5 il sla
Sl SITLAT s ot 5 ol o ) [13] abale wo
b odd a8 glas Eds 4 alaes ol bl s
LS e eslinal 3 sdos Sl s sla Sem
g Ly ok miy aKd iy i lie ol o
Jodly 3L SO b S b 4 oS e die 3L 4k
SAL g5 Kl S e b i ol Gl
- eslinad i 0kl Sl & gl e en K
eagde 53 Sl S LB S a8 sk s S
28 e oo 53 S Blip s L Loy Sl
Lol bl s 53 a5 A8 sdalin |, s gl Ko
e Dosa ot s Slas b S ol edle 3L
LS o by 5l e a5 m iS e SlenSsn
S o ales 5 o &0 b S e bai |y 5 g i e
ol b gl pd ol S oS s e OLE Lo S e
s Sl el sl g L;ucjfs\.wéﬂ\ﬂclmﬁ
Ll
Wl 53 ) Lo aallas Lol s ¢ 0l 53
S K Ol ) odd m5 5 Sl iy i o
S Ol 4 S a0l s oS ok i 5SS
A a3 5 &l AS o e S0k
I SIS s 1B S e s il

%Log-linear learning

S5k 4k elolp (Sl S e S slo a0l jo by J S

dodo .1

L8 S (WSN) m@ﬁéu&rz}‘ Solews 2
5 S S Gk 514Kl s Sleds S 1 e
I ool s ot ol el 3 s LAk L o
R s b s (S gl e 1 il
Sl e oy SO2 1T des ol s w | b
s (o S 1o S G gl b i 4 ol
o3l S a s el il S st Gl 4 oS
@ L8 lal ys Gy ol S Bl e s adkee 1L das
Db s 4D 53 D S iy s

@[3—5]uﬁdu)uudlﬁan@j}:&;ﬁm
@3l &S I 53 el 4 S 513 anllas 540 05 1S 5 sb
et s ol o gl 33 [T 8] 4 slaliai 5 e sy
Lo Jiles 3550 53 28 Slosl e o S sl oSk
S Sy ot (anasd O B Sl oS 5 il g L
gl 4 by e Blawe plis)ls sy dgy 40 pome
ucﬁMgMJ;uﬁ}j\éz\M%MJ&
ol b bz byl Bl b olelasl 3l gsliss
Lol plazl 45 ol 65 (sla a2 sazme 5 3l 3las Bl
Pl 535 s das o Jds | o S Sl elas
T8I 2 015 (o 1 o S s K3 3 (5l i
R e

Tt ot e dd s S Ry altes i nl o
Gkl b S e sl S 51 258 0T 5 S (oS
Lledd fas S 340 4l s Ooglans djiaa}jdl&u)‘
b o lar b ol See b S il s
AL jesie OG0 S s cnl S b eS|
Aol 5 g ids 5 4l Obgen 35 L s S
-wﬁlbglJ%}UﬁﬁLJféﬁ“}o:)w;lﬁS
Sl S 3 Shas il 5 0 )50 03 e Ko Skl
s 3L LOT _BLS 1 o3 5dome 3 45 S sdalie | s
ol € 1St 4l 4y 5 L o 5 4K

“Mobile heterogeneous sensors deployment

37

JAJAV\JLAJ_.S JMAJAJ_JALGL:‘

J

)LA«WHWJL.«ALJ

—
o o

1400 ¢


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

o Fanl S a5 b

05 3y O Slawis sl 3 ey slas; Jlexs
GEsy ey e nl 5o sl Gl oS s rames
Mo Y S L et Sl eS 35 8 e 8 Al
sl

Gkt s e

Kb oS asie ol b Olial 31 golas s, cpl )3
s sta ST g5 e 4 S B0 3 S 1B S s
- it Gl Ssp s slal s w4 s S
5l plnil 4 s ol Glaggulles Gb 1 B Asd
a0 SeMbl 5 ods S Jled el s i Sl Blaal asils
Ao (§55 e K505 0 S | edel s

Sirosn o

Gls ol Gl il Jde S i Sl e ol
Slles G50 il 3 kil (B58) sl sl
Cow el oo 3l dst Sl as ol Gl S sy
Bl Haslis Ol | QT;J.SC))M s 2

b sas 2 e g3l K9] 0L 5 e
S 885 3 5 K iy Ol S 4 6l
S Geb ) SR o Sl 53 s S sl S s
5 AS e S8 LS me Gt e il i
23S o ol 2 Sos Je 0553

Sl wla,= xS s 201 OLKes 5 (shee
s 2y b b G S el 5 Gl iy
5k Ol iy 53 5l T ks S slgty s LB
Sl sz Saas sazme LSS (sl (6 S 03 sukomn (o
Jsb Okley Sl a4 5 a5 Glual e 08l i
L3S eslizul &S e

J>= sl S5 e 0, S S OB i 5 217 55
e wuls Lt e Jsb 035 Slu>) MNLARY e
a5 gams SB35 e wiosSl als W (ks LG
LS ) e o gl anals b Lls g sls S

.J.AJL;‘:

38

b g i o sl gedins DL 45 5 4
ol s K>
odd mis spm » e 5,530 e SISl o
Sen LIS 5 Slas wled S o5 @S 0 b2
Pyt
Giltnd 3 b 5l b oslgiin o, S s Shas @
g dslie L3 gl Bsy Loy el oL
ol 2SI S as e OLES (S3lutd ol
N e AlS e Sl ke B L
S s lie sl gl L 3 e (sl Sl
25 b 2 i 55 1l Sy ol 4 dlis sl
i 3 e el e GlalS 5 e o S slaaS
S o S glaasld )3 02 05 g e 3
s golentn Jo oy 5 63k ki st Jsn 34 i S e
ol &I 0 Jisw 53 (il 4 =B Sl LS e <L
LS o (St | Wi B i colonil e
ol ploxmil syl .2
"o S o 0303 U35 g o S slaaSd 5o ol s
S oS Jlasl oKk 53 e S ples o b 10 s
Lo b S Bl esgdoe 3 JBlus S 05 8 03
Shabas s Sl S1aS oS wo,S 53 Ko S
L3 o gboesls tl g ol Olabl b b S s 5 40
S e S DLl g 5 3l 1 sl OF &
Saasid 5o e Bl 51 S iy W e 4l
ol os ol wlades Gl gladle s s Sl s o Jooe
oMt sbw o yis opl 53.[16,15] el 0t plonil 4
Sl 4l n Ry a)e 5o el el Sl glasls
o Ysomn by s S o sy 1 i S
F16-187 55 o s iz
Gladw fby o
L Bolad s w ) U‘JK*" by S SR ol o2
JoS i s pe 4l &S S o m5 5 o5k o
S 550 o eslital glaxU gl el A Jae b as

“Maximum Network Lifetime with Adjustable Ranges


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

e dollad

=}

/
o

1400 1.

Lol e oS s w8 08w 55 [27] L3
St IS b 5 Olabl (s o S0l il sl sl
S 5 s oS iy aels o5 b 5 sdee b o
Ghls 3L al J S s oo eslinad 4SSt (S5 58
SV 5 sl s 3 e slie Al 51 (ks SLl e
e 5y e g 5 B S A ¢ aes
Sl bk akl n ae slas S, ol s
LS o pmes 1y 50 Dol S oD 5 sy S o
[28]
SO Sl B8 65k Sl sy 5 b s s ol
ol ~1,6 (30,297 5» - SN el s b
Sl 3 g olis 4 WL S50 s ‘L"r-:i))ﬁ‘ ol sl
Ls S g [BL] 55 il andls o pes 55 gl
Gk K88 lE s 2nse b Dby, b g a bl
b s Sl s Shee JsS gl S e el
Sl G e Dl 5 Gble 05 5 - Bl ol 0l
Wl o a5 55 0 6 o b S S - s
wled odd w35 @Sk @Sl Sl esliad bl s
sl b b Ko OF j5 S s S Sy, w1y 255 3 Shae
EM o) 5SS s ol 3181 1 3550 i ] DLl e
&35 Sla el 5 Olaal slias s (gl 4l o5
won o odd aldl Gla)lS Sl aed Al G me VL]
Jadr 53 53k 4l Slos » e S GlaeSCs 23

.w\o.}uﬁ:u)ﬂw‘ﬂﬁ-dzjﬂl

SCover Adjacent Net

sl s s LUK il aies 4 [16] 0L 5 5
sy e s s S ate SO0 b e o S
(CCAY a5y 53 &S jlie adlate 5l s o sete b IS5
S GSa (S5 e n) el XS Gae |
okl 3L sla (9350 s US55 el osdhe L &S11 (g S
Jsb Salgnig LSS5 ol e i 5 5o 1 b S
as o Gl A sae

OLes 5 Ky L CANetf ol 4y GIS Je
S Jo s GUK G5 i alies g3luesle gl [18]
ool s sledn as e 2l | Olabs  Sisey
BCA (slapl 4 old w555 w58l 53 sl anc 5 CA-Net
S yee Jsb 055 S 5 (6551 dales SUa LTOBA
sl 0l &3]

5 S ol e, S IT] s 5 plilaas
S5 Gan Al 5 5 by sl DBS ol oa eis
Gl 1 b K sl 3l DBS sl slgning b Sos
bl 550 Glele sl Sl eslinal L oS jae dgb 2l 3l
LS e

st S aaSs s GU K i 6, [22] s
oo ol on Sl eda IS T s gleaSs wile (gdas dn
SMie g4 S 513 g Cos KK bw g Blaso S s
Slr s Sdlis (pl g sl e el g 4K
S il J g BB SimKoode ol &1l b Sem i
S s s e S s i OGS lals s alies ()]
sy O

53 iy a6l 53k 8 slas S o T
sl 43 S 513 a5 55 50 (WSNS) o o S (slaasll
3k e an S O8N 5 [26] 5 .[23-26]
SO Srae A 5 Sl 035 S diwe
Jie ool 55 Csllas > ol 48 sls LS LT tsls slgdey
sl 23 sl o3l b SO

Coverage Contribution Area

Y4


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

o Fanl S a5 b

Lol algndn oy 5 5k 4l 2 e sl ol 51 ad 1 dg

s F9
A T5955 45 ¢S Jlesl b 5 4538 Jde Jodly (53 S Sy ) (255 o o 5 b 03,5 ST Al
g Rer B o S0 B p sl 3l b 5k 4
e S o oS 4K (s RS 5 b0 S by easdoms S G b 3l Bkes |5 4K S by
He S5 S 31 aaliiel b e 8 IS 31 08 a5 ol 0 e fomilly (534 K D5 bn K ol
sls LS 1y S o (551 e g 635 ey 5 355 b S e Dak
Margle[”zg]t 3 S o DB &S mbie & K5 A 3 53 ol 53 el 0d S aniiall ple (3 Ky S 6K S
et 1y 5 3l s g5 i 05 5 0l 51 ealital L3 ls (S AS oo DS 1) e Olos ST SUS 5L slms
xS o

Zhu Fltﬁl 63k onl 8l 2 g e Sk R s el odd Jae 3 ey (65 S S g S gy (65 by s

gt | K 3 gdomn 25 sladslad 1 (514 peme 4 35 Jleiml b lagt ) K1 cpl A ST 5 Ad slgity iy
Hazfg?%gl] T Bl il st Je 5 g w53 b K S o 51 B (5551 e Sl 5 dred )l bl (g K e
@55 LY a5 SIaal 31Aw et (sl EM i, o801 15 Sl slies rmen 5 O 3530 3 SLoSb!

RO PN SRR (Ve
Fan gg‘]' 0dd 555 2 S 31 3litel b Ly (550 Gy Alis 5 el 0kS dile By SIS S b aKd (550 5l s
el 0k o el 554 bl

S i G = (VE) S 05 SIS S oy
wwyars 3V o S asgame 51 G = (V.E) gz 05 SIS
~o S i 3l 4 46 gema ol 0l LSS E SV XV o
oS 95 ol STies 5 Sl e |85 (0.0') la
Slr =Vl + v, —v,| =1 x st 1 L,
Glao S S cl plotins 0Lis &S (0. vy). (V' V")) EV
e ol W' 5V e S 53 8 gl lies lea V) sV
LT 4 ol (5 s 2 28l 5 53 Laad 315 d(V.0") s S
Ssdos o 8 i a o Aol S1LAS e oy on 0

2yh g Jraze SIS AL
U sle sls o 8 plad 5V 0 S (sl gle o S 45 sazes

MJF&WNU Q)y@)MU@U éW\)

"Hill climbing
®No regret learning
Swelfare game

Pistributed Network Coverage

40

oud ® jgF 4T fibgy .3

L (ONCIeis 55 oSt ity et (i ol 3
PRI PP SRR S {ECRRE R POP. Sy O
- s bl (s Gl bB L S e gla S
.vﬁ;s&ac\_‘:b\béjléQLAJ@)"?II\JQ‘)J.MQ
oyl sbas  1-3

S S S e s ) e 3 e g4 b S
St S e 2 4S @S 2P 3t el e S
v =(v.1y) Ol S, Slasis b mpe ool Aty sl
DLV L lam o 55 50 Slatsiee 48 sz 355 00 0303 0L
oled S0 St edidyy b8 5b 4 4l 58 o0 el

b 4.3/\«.‘1 U}S\ J..J:Ls o e.lc,iﬁ les)jja.: 4.(...‘;: LSLQC:’J‘"

9
2
J

JA.\JLA

9
<


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

/
o

1400 1.

e S oy BLI 15l das e JUil  8F ¢ 31 bLS 1 03 5o
S Ly S slae S a5 e Sem b 54 e eslizad
o3gdoe L3 4 Ass Ckb S s Sas 5l las e
b S 4o same LIS o Pi S S g (B
b a3 e 18P Al 3 4S5 pe s kS sdalia | p;
Slaae sazme &S Jalse 5l (Glas yors i 5 cpl 40 AL D)
Sl dmes sdalie LG pp by Wl ids cou
i s Sy (Vg Um) 5l Jlse g
2350
0;(vy. ... .vy) ={p; € Pld(v;.vj) < &/} @)
LDy 3P b slaiamdse w55 w Yy 50 O s S
S ot gla S 5l (51 48 gars 4 4z 5 LS 0 et
dies 3 pdome BLI| 5 ids bbb L (St
Sl (Jowe Dl i Ds el w8 SE iy
@l sdidy slae S slux &S gl S 4l Lajfw;-
HB e )52 050 G S Sle ) 50
by 01 Gl 6 oo 3 wsde B8 5 12
S s Kom plo s S s Sl 4 i py S
sl Koy a3l e sdalie W pp s Lol Jb s
ol sk o3l 0l 1 e s K Je 5 <y sele gl

s germe NE W 31 SKlan8 820 [ gl calin b
w;x)\J)‘}U)\SWbJJJSS\J}ASQ.N‘ L;.:_Lﬁo_)i
NS ={'eV |d@'.v) < 6} @)

s b OIS S S LS B s | S
mj‘d\&M}eW\oﬁastsdwg:(V.E)J.‘é:w
G e S 5l pan 3P ={D1.02 o D} S e S
aJ.:AUpi J"H.Zﬁ 4 gosmn Olea C; A e J"H.Zﬁ 12....m
CCV i cJ\:.Jﬁ: LSL“"Jg 4L jazee u'.’.‘f’L“ )}Jw
el ) g

C:DC- @)

i=1

-%GQF6MQO.<AAUJ}>JSJ>}L§J§,¢&LA
Pi S 8 8 S o 55 i slie iy sl
LY b &LA o; Ju\j.?‘_;a 9 ol 61' szji 63 g>we 6b‘b
Lol 5130 €V s Jad Condse 516 ol js Sl

(S e
ﬁgcﬂ.ﬂ\vljléw
Si
Ci =N, (©))
& b s LU Ll Sam a wlin b o
J}\zduﬁ:—@\)>fﬁu&2ﬁwijﬁw

SO P A Ay esseme (oS5 pl e e

s5ensor kK
L ]

/

Y

/

WA

sensor j
L J

\

\

N

/

ANEY
e

&)


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

o Fanl S a5 b

el K B sl o Sldl Ky o s e sl o K Jibs 5 o) ale slas 1 IS5

MHSD (g3lgnis ) 5383 G 2 slle S 5o oo
S a8 o ol | obaedls sl Jlal b ol ge S
osie 4 bl lipd e by s ol Gl Dse 4
Sl oS ozl U 8 ol s At (S et 5 i LS
Sl oo IS sk a4 e e el 1) S e
Sl bl S Wl > sla i, b oasslis ;3 MHSD
v ol S$ow ol el 4 g s J
255 | San 8 el e
Solgiiny 9y 4

ok 4 5wl e ol Sl 3
(e 5 a5 g5 0 5 S oS oo 2Ly DNC altee |
oS e LD 5l gk Sl
Sk A ealie 14

alged LlaT = (P.AU) 5500 Sl mal (5L SO
NG

P ={p1.0ze o . Pm} (Kem) Jolem 5l slas gazes (1)

PSAT A XAy X X Ay sdarm es slas )
Wl Dy 55U Jas a4 serme A O

Ol 53 S U ={Uy. Uy .. . Up} 5 5 &5 sasseme B)
s olel 4 fes slad 5l cll S S U A - R
sl

OLSG3L aen s Slasa; @ €4 5 Shas wlad ,a gl
wled G ol ol sleslinal LS o jesein hp; 5l 8w
Loy osdesly Julad (@.a-) &ysa Ll 0 a s Shas
355 el eslinal aled ul 5l e ol s A2

oSk A S oo oo bl ral 5l glas aze
S 5SSl ga @l 3 s p e e Sl S S
2l A S5 Gln St S8 s ol s sl
b R OBk 3lmel (S50 o 45 AuS (55 o spke
Lol il radls e e i 51 S5l A il
OS5l slas 1,mal b alasly 3 05,5 oy 5 0 S5 DL

42

M LS 550 (0dd m) 98 aKd A gy alhs) iy o5
e oS3 S s 1l P = {pypy o P} S e S
oy QLS v () EV 4 Gl Ksd s il
Ci(t) OF gy 48 gomn 5 A3l o b Olas 43 Sem ad s
by i 5l s e pasie B) daly s
lﬁlbpudw&glpj\fﬁ&:éli(DNC)a.x*:@jjs&,,;
sdedisy Sl o S ol 038 S e 4 s S gl
Sl vi(t) € Nyypo1) b 4 ilbme & sea [C(E)] 0
Sl P EP asn
CS = Sss p 1o ol DNC i 55 s sidms
R N N
0 S Sl bis )55 Caxdge Llp o S a0l
S LS gl
Sl p3Y Sl sla S 51 25 S DNC alose 3
Slae S sl (Sas d B 5 03 S CaiS |y aliial 4K
DNC aives o gl Ko 3055 G il g | (6 2
Jols ol ol il ek 5 55wl = s S sslind
Las o g 48 ) plae S 3l al a a3 LS e
iy W3S TS mn oS Gy b il Sl 4
JE b 4 ol
3,13 (S b S adyl il 5 4K Jltle 4 e s

& Sy ol LS g h o b sl i b el S

SNee (Jlie 53 spd e B SG 4 Do
cilien slaais slutle 3l 4 Ao L Sl S 4 S
SRS 4 s Gl osd e ol s 4l Ll
Slacalad pde Ll b ol ) S DNC ais 55w
Ol Ll ooy copl s S B b 1) Jaes 55 35 50
dlie pl 5o LS @l 1) e (i sk 4 oSS A
<DIMHSD ob a4 5k 4k 5 Sy pluly J= ol S
NS b L Bl b S Sl S
wh bt S oslial a3t s A5k p—"w}i”

Nash equilibrium

9
2
J

JA.\.?LA

9
<


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

e dollad

=}

/
o

1400 1.

S oS b sl 88 4 b Tone S ool 5SSl
il Soales 155 o (sla 6 8 sl b O iy b
J e b alie (5,55l ) S Sl e Jelse oS
4, 5 & DNC aliws

L S s Shas aesazms Ll 53 550 >0 skt o
48 game ol w5 8 S g Al 530S (0 i 5
AR U Combgn 5 O gy easdne b S 8 Sy
el ol S a by eagdee o8 bl 515 e
T I L e
asgerme S il siie s O s Sles Olse
s VoS aspema bl iy Koo pa s Slos
A=V, vie{l2....m} %

2 € 5 Shes wlad G (1) L3 s Shes wssame il
el s S b e S s 2 A

o mls Ll 3k mb eSS Gl g a0 o
Llg o Jowily 530 S 03,551 Cos 4 oS iy
b $(a) Jeily o6 5 eslizad DNC ek > sl
S o S e ey (slse S sl O e
" ®)

e

i=1

B S @) 53 9(@) oS 1S r 1S S sb U (g

w85 L Ols o L sl Jel ok sl ey
'5))1“:‘*“”4-3Ji)'@))¢-5&‘l—°>)w C\)_','

D

¢(a) =

Ui(a) = e\ U C

J#i

Al Jole a0 s 0 Slas wled a1 s Sols
s r eded g Jale OF Lo g Las oS a0 8 slias L o
Pi Jolo lacils agu bl 55 cpl &8 2L 231 w5
el ol 6 3

S e (D) ) 53 0dd i 5 3 g il ] 4
53 ek el Lodly &6 L Tpye = (PAU) sl 55
g oo (8) alasl

Sl e Joe 33a; = V) 50, = v; 4S5 5. O
ax g s QLS blse ple Slldla; 5 dlipy Jole

oS AL axils

SFLA S b LT s e by s Ol 0 K
oy 3 T Sk e el ST S sty e e ol e
St Sl asb e 5 dobe bagg 51 aul 4 gamme OF
I3l Las 5l il gae gazmn gy 0l o 5 ) (S 2
e OB el L3 gl s e S cnl LBl e B
ol Jsls O s s slag sl <=Lg3 @ CNL
(NE) = dswa® €45 Sas ol K s ojle o
Pi € P OS50 e sl SV s sl o S
Ui(a;.aZ) = n]lz:\x Ui(a;.aZ;) 5)
ol o 1 a3l 5l ol S S llie ol
il b (Solie J 28 Bl 3 o328 b s e S
(ol slaggsl o .:JSL;« O3 eslanad 5590 eils gla
o S S s P A > R Ll o
s @] & @ 5 5Ll s Sope 53 Sk S g
o SFIA 92 G Gl & el @ 02 i Ol il
;. @ € Ay p» Sl D S5k s Gl S ) sear S
A_; €EA_; aur gl p s

Ui(ai.a_y) — Ui(a;.ay) 6)
=¢(aj.a_y) — ¢(a;.a_;)

03,5 258 Doz 531 S5k 3 s 53 i Sl oy
& Jesly w0 i Olpe il W35 ] 4@y 1 5515
Sk S e O el s il TRl 5l Gl
225 b 05 e Glel 4 [36] el 0l e Jily
Jales aail K S ai ) ol 26 05 5 Ko gasld
el 23 dslas s & Bl gl el g5kl 3

& Jeily 3 Vsams (Solie S sbas )8
s fes s @ il b S el odd b sl S
Aas o OLES 1y (6 el e Sltel ¢ Jal e
sk b 274

Il (g5l g lad G 53 DNC a5k 4
@ daaddle Lo (ol b 4 oS b bl g5l Al
DS b S MFDNC = (P.AU) Joily g3k b
gl syl el b (LK) bl bwg
653l S SG 0385 Jlis b il oo s Jole ¢ Jmsily
b absye deeily U [37] ot oz )l (5,:55L ibe

&y


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

o Fanl S a5 b

ot 3530 [13] 55 o 3 sdmee DLIGH 4o samen dlis
ebw 5L S 6K s A sl O 5 23S 1S
Sy Klse BLLL) ! ssss ht= oz )& 6,55k
18 gomme 4 (L5 Jleaml @) oeds ol Sen 4 liws
S yd eslizal el sazS Sl s Slee slaales
Sl esssl 5 S ss s Sles 4o sazs

IPi EP Jlo a gl (Lolaws &lb) 1l cppas
bl Sl gl o al.af €4 s cix s
S Gosb w s sz {al.af .. af}

aj € AS(a;(r — 1)) forallr €{1.2....k}
SDIEP Lo (Sl i8S ) 2 Cono puas

(0;.a; € A; Jos Cix ,a
a; € Aj(a)) & a; € A{(a;)

JL‘,.cup}w‘g=(V.E)Q\J§Jt,ajl¢))y)>.2v3
.J..'SL;dOJJJTJf\)ZjlCJL:.&}A}(lz))JJJJM
s sy VOV EV o 8 Cix s o {0000
Q}.,b LSLA‘J‘; 6‘): wjﬁkx.g J}»&J&A )\J';J" 1 C,..:..pj.,a;-
‘ﬁ)g.)'i\ )l J...ZL: UENVI )§l Jags B j§l U’ENV g
.JJﬁ&oJJ‘}TﬂﬁJZWW
ol o Lol Obnl S 5 e bl sl
555 dgdee DLl de g 3 il fee S Gl
ﬁﬁ)}ij\ﬁ&)})bb )jé- C,.:.!w 4-\5& C,Jb“))

C,-wl J’.’.) CJ»:I L] [13] L ol 4:\)‘ BLLL

BLLL Algorithm
1: Initialization: t = 0.T e R* small.a(0) € A
2: while (1)
3: Pick a random p; € P.
4: Pick a random a; € A¢(a;).
5: aj(t +1) = a;(t) forallp; # p;.
6:  a=eli@®VT
7: ,B — eUi(al{.a_i(t))/T.
a

a;(t wp. —.

8  aq(t+1)= { (&) wp a+p
a;  othewise.

9: t=t+1.
10: end while

44

" 10)
i=1 j#i j#i
=Ui(a;.a_y) + U G
j#i
f_,j& Cows 4 (10) ol 51 eslizal U
¢(ai.a_;) — p(a;.a_;) A1)

=Ui(ai.a_;) — Ui(a;.a_y)
g e o hd 58 62500 sl 344
o 5l g5 b DNC alis 53b (6155 suind o3 o
o 3k G S b ele el s sl e S
t€{0.1.2...} Oboj 3l abamd & y5 s ¢L>_u'l Iy Ipne
Sy 5 S o3k L at) Jes P €EP Jle
SASoL i el s .S e b |, U(a (8). ai(t))

Sl Jalse a1y s Shas Slayiss 4 056 S Sl ol

9
2
J

3
o b ele 5 Shes (oSS lagsl s S slasS 4 e jﬂg
Slr o [Ren Sl s Slas lagled Sl (Slas pomes \;;\
58Sl s Shas slagslad 51 glas sazes ol « DNC alics ff)\
"-;a)is‘.i}@\)e.,\.io@ﬁéuo;ﬂwdﬁ‘fﬂchw %

= o8 Sk () S ey 5L Sl il é
o S B 5,8 18 el 5y Ll e (LLL) j\
S S oo gldb 5o oslne 5 pdy B2 DS
-alad (gl S S el s sl s3505 lls OF <l s ¥
LS o Sl 15 (@) Joly b S sl 3 Shes gla %
s € Sl s S XS e o LLL s [37]
L LS Gogw 5 Ap > Shas 4o s0me 3 592 5o Dbl
S o (S b s e 5 ol O
55 s AS Jes s pdme Sl Jlad 4o sams (655 o
a(t+1) 550 dn > Ses ORIl 4 Sl pp ols o
s Shes w4 AS@(1)) SLI) S sl pama 5 51 ks
asgerme 4 o Sen L 30l (Sae ai(t) OF igS
Sl Aty a0 pd el el Jeily (glaeiS ST

w13 5 3513 3525 DNC s s ol oS

A{(v) = N, 12)

'Binary log-linear learning


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

le folihas

=}

9

U

)
2
J

é..z.\_?u

9
<

v

/
o

1400 1.

J.A\f 6‘)4 dalS LQ;L;)\ 6\.&: 63 gd>wo ¢3 (J)\ oslaiul l;
M Sl las sams P ={py o Pt &S 53 4w
&jdi JL.JJﬁ oJ}J&u&i L;‘)‘in &bﬁ}gﬁb JAL&
a{E C,.:jbdjsh élfp,_ JALPJA.LJJLCSLC QLLJ)\ 63 gh>o
SIS ale L Ug(@g. a_i(£)) 35 L5 0 A (@ (1))
6 —6;=6"+1 Vp;€EP. an
Bl Ly 8 Dy ge 4 g dls ST 87 Of s &S
ol
) e 18)
LURCEE LIS 19)
u.ilj.,u.x.ﬂuj\)v eﬁﬁe“b&.\iﬁt}ﬂ‘}oﬂwvi
d(vp.v) <6 +1 20)
S Ll g P Slessss w Jole K1) war s
.Mhm‘}uu&@d?f))J)}‘#@yj\rﬁl
S Camdge 516 L Sl oS sl olee S el Ll
dal; v oS a gl oS Al atily a5 ls alols o
Sy Ly eoa; €Af(ai(t)) oI s ol pr ele
S acsla | Ui(ag a_i(0))
M 31 Sl soms P = {Dro P} S 55 5
90 b auls S lyls r\JSJA S sk Q@U Jole
aon SIS o5l 1, (A7) 5 asl 8F blo ) anls S
slas CJ\)}J w\ DL VLY LSJJC‘.’. BLLL )l (12) DL ol eb\b
35 ezl U Tpwe S5 650 2 L3 iy cod gla o S
g S ol D50 4
Silles iz Cols, (bl esgdes ile a ST
J"’L"JA6¢ﬁ\ﬁ>)l>°)ul44’-‘25‘“({@‘5(17)4‘]“.bl‘.

Ao a0 R S Les LSl S AL ails a5
2550 03 S ems Gl Jol s (Soalas 4 5L 05y Ol 5|
g Jeolm 5 5 S a8 oS
S o, 44

o lgle ol 3k o |, BLLL ‘Laajim» wa S
255 b ys DNC alis 5,5 IS & Tpye = (P.AU)
Ssbte 4 W cpl Ll o LB S e sla S
S e3Y bbbl Ll b S a (s opl Sl eslinal
534S shilea) AS sdalin Wig e &S ols S Colas
bl a8 sk 4l gslmer (0 o35l 4)
3ol st lpy ele 2 O; L3 Jelse s Slas
Sor S 1) (B Slad g izmen 5 e s Ses ales
23S b 5l s 4 alees 0,8 4 UL
el bl il B Julse (bl s sdone <5350
ST (GSer A= U IS Wy, Bl sl st
Cslis Gl & S e Laseie | bl gls 6o
LS o e 1 o2 S

Jole M 5l Glas sazes P ={py. ... pp} LS 5 5.3 VJ
p i gy 3 5dme S Gy Jole 2 ST 5 5 5 (ol
@ €A s Sles gl o gl 2 3L B3l essime S s
Lv oS o Jalse slass Kl 0 v 68 55 Sl bele
SIAS (6,8 o3l il g sa
d(vi.v) < min (57 - ) 13)

Wb 135 (13) adasly 148 sls ol 0L Lo 1ol
el Vosdkias Ll lale a BLI S es s 5o
S PV oekias b P bele s sl d(vivy) < 6
Shades e dn Ly oS 5 cul v o 55 &l ile
ool e g slaals
d(v;. ve) < d(vy. v) + d(vg. v) 14)

ri)ﬁkf‘ cws w (14) ;5 A3) 5 @) K )
d(v;.vy) < jemin 87 — &; + 6k (15)

{1...m}

d(v;.vy) < 8 — 6 + 8 = 6% (16)

Ll Pk uLLJ)\ 63 9d>s 3 P; J.JLG J.AJL;& QLZ.; LY

0


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

Average Utility of Sensor Nodes

o Fanl S S o 55 el

10

-2 0 2 4 6 8 10

S 5o 8 Ayl gy Ky 2 IS

100
90 —
80 —

70
60 -
50 [
40
or

20 f

0 200 400 600 800 1000 1200 1400
Iteration Time

Ol dsb o K slre 5 50w Kl 4 IS

46

war g LaS |l (12) 53 el 3 siee Sl 4 sazes
LSS G3b 53 &S AS o s 2 o (137 ;5 5-1 w8
534S Slell 4 gamme 4 3L el 4y 3 Shese wles dppc
S o Sl iy o (slae S alta (6l e
2 | San
St s .5

Sl oty 2 S (3l gl i el
5> Jhalesl i MHSD s Shee b3l ln o pots o0
ez S gl b 5l b el o plol e
- s “wslis [38] Maxmin-vertex 5 Minmax-vertex FPB
ol S35 Sad b 4 el bagn ;S pl pled )3 558
OBk ke 4 Dsline ek Gla sy e 5 25
Lot S s 55 o a8 S ISG s S gl 2 i S0l
S 1y adas Sl g mS Lo st amlie Sl a4 e L
e & 08 o 5l 3 gy S s gl S s
(S o RS Sy b

s il s 5l i nl 531 s
1,15 % 15 UK e b SO LS e ) ) (ool
el by 55 (Keal K- 15 UT)"‘SV%J;J’JEﬁ
gdes 5 1 idg eddme gl K= 10 Wl S 51 3
Uibs essdme Sl Kem B4 e s bz 4 LS|
Gl S sl gy Sy 2 IS kmen 5 bl 63 e 5 2
b o3 L BLLL ) S0l s Kem i e 0L 1, S
Cardge 3 IS5 S o |21 T=01 L Sl al> e 1500
Sle e e 0125 1500 1SS s 1) S glae S Sl
o esls 0Lz 4 USE 53 LSS e s S sl S 5w
S sl S Kila b oS das e 0L 3l
S Sl e St b Blie 5555 5 5 2B IS 0
LS opd eals OISl 2V Ot Al el
S i s gl S 3 pm U Ol ST
23 Gy &S das e LS D S s ps e IS R O
ol il s 0l b

/
=N

1400 L.


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

)
2
J

=S 5 Akl

J

Percentage of coverage

100
95 -
90 -
85
80 -
75
—§— HDs
70k —¥— Minmax-vertex
FPB
—— Maxmin-vertex
65 n . . .
18 27 36 45

Number of sensors

Db g A 53 g sm el gl 0, 81 G MHSD a6 s

S5 dmi 6
b g et lil s S odd 58 gy Wl ol o
oo Bl 5 6 S CLlB L Kl S e sla S
A Sl R s cpl 53 el 4B S 1S e 25
8,5 55 Kl Ol pme b5 5 ity sl
oy 5 555 0 > 3L 4k oSy Sl s ) K55
= o Sk S s ey 3L b L
o3l OLLS s s &S shailen J.:Tda Cowd &y 29335 ot
b sl axils |y IS bl o3 sdoe Jalse ST oceal o
o5 DLl e Sloys, 450 algdy ) Sl eslinal
S e ST il S gla e S sliad ilee O s
L das o 0L 1 salenig o2y S5 Shes (s3laind s
lan S F 0l e olgnin wo Sl A sls Ol
L Maxmin-vertex 5 Minmax-vertex FPB Jile 54 40

4 Il

E ~
=) j=]

. .
_ L.

o
=]
T

.
[=]
T
—

Percentage of Covered Area
S

(2]

=]
T
gt

i)
=]
=

-
=]

L L L . L L L
0 200 400 600 BOO 1000 1200 1400

Iteration Time

1600
ol e.k:..i‘,.’t: 4:’\3 E-PL dlﬁj)‘ 5 JS.&»

Sy b slee Sl Gl ol 532 s

Minmax- FPB (slaaz; S1 L 1 MHDS (g3l oz 55l
03 S gla o S S s 4lis Maxmin-vertex  vertex
27 A8 slaws 1, (zabesl cpl .15 51,350 x 50 aaoRee
5> lar b il s a8 55k e pluil S 45 5 36
9,7 5.8 plat o o SKm caml 3 kb n s 4
s ededlpe ) silssmslal w2 45 slac by
S b 246 s S wspdn b S 10 0= 185,
Aol R gl b K 26 110D (5 R 02500
o) edle (3l sy 209 (6 S o3 b S 25
S A3 Rem a (Bl easdon 558 0 (5
Sl zul L MHSD acslio il O (g Ko o3 3d5e
Ol IS cpl i sdd o3ls OLES 6 IS 53 5 g 5 Sl it
FPB 5l g ids b 5l MHSD s Slas o5 das s

A3 Maxmin-vertex 3 Minmax-vertex

Y


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

48

Economic Behavior, vol. 75, no. 2, pp. 788-808,
2012.

M. Zhu and S. Martinez, "Distributed coverage
games for energy-aware mobile sensor
networks,"” SIAM Journal on Control and
Optimization, vol. 51, no. 1, pp. 1-27, 2013.

I. Khoufi, P. Minet, A. Laouiti, and S.
Mahfoudh, "Survey of deployment algorithms
in wireless sensor networks: coverage and
connectivity issues and challenges,”
International Journal of Autonomous and
Adaptive Communications Systems, vol. 10, no.
4, pp. 341-390, 2017.

J. Yu, S. Wan, X. Cheng, and D. Yu, "Coverage
contribution area based $ k $-coverage for
wireless sensor networks," IEEE Transactions
on Vehicular Technology, vol. 66, no. 9, pp.
8510-8523, 2017.

H. Mostafaei, M. U. Chowdhury, and M. S.
Obaidat, "Border surveillance with WSN
systems in a distributed manner," IEEE Systems
Journal, vol. 12, no. 4, pp. 3703-3712, 2018.
C.-l. Weng, C.-Y. Chang, C.-Y. Hsiao, C.-T.
Chang, and H. Chen, "On-supporting energy
balanced $ k $-barrier coverage in wireless
sensor networks," IEEE Access, vol. 6, pp.
13261-13274, 2018.

J. Habibi, H. Mahboubi, and A. G. Aghdam, "A
gradient-based coverage optimization strategy
for mobile sensor networks,"” IEEE
Transactions on Control of Network Systems,
vol. 4, no. 3, pp. 477-488, 2016.

H. Mohamadi, S. Salleh, and M. N. Razali,
"Heuristic methods to maximize network
lifetime in directional sensor networks with
adjustable sensing ranges," Journal of Network
and Computer Applications, vol. 46, pp. 26-35,
2014,

A. Alibeiki, H. Motameni, and H. Mohamadi,
"A new genetic-based approach for maximizing
network lifetime in directional sensor networks
with adjustable sensing ranges," Pervasive and
Mobile Computing, vol. 52, pp. 1-12, 2019.

H. M. Ammari and S. Das, "A study of k-
coverage and measures of connectivity in 3D
wireless sensor networks," IEEE Transactions
on Computers, vol. 59, no. 2, pp. 243-257, 2009.
T. AlSkaif, M. G. Zapata, and B. Bellalta,
"Game theory for energy efficiency in wireless
sensor networks: Latest trends,” Journal of
Network and Computer Applications, vol. 54,
pp. 33-61, 2015.

J. R. Marden and J. S. Shamma, "Game Theory
and Control," Annual Review of Control,
Robotics, and Autonomous Systems, no. 0, 2017.
S. Rahili, "Distributed Optimization in Multi-
Agent Systems: Game Theory Based Sensor
Coverage and Continuous-Time Convex
Optimization," UC Riverside, 2016.

[1]

(2]

(3]

[4]

[5]

[6]

[7]

8]

(9]

[10]

[11]

[12]

[13]

o Fanl S a5 b

(References) a1y .7

B. D. Deebak and F. Al-Turjman, "A hybrid
secure routing and monitoring mechanism in
loT-based wireless sensor networks,” Ad Hoc
Networks, vol. 97, p. 102022, 2020.

K. C. Laudon and J. P. Laudon, Management
information systems. Pearson Upper Saddle
River, 2015.

T. ElImokadem, "Distributed Coverage Control
of Quadrotor Multi-UAV Systems for Precision
Agriculture,” IFAC-PapersOnLine, vol. 52, no.
30, pp. 251-256, 2019.

M. Huang, A. Liu, M. Zhao, and T. Wang,
"Multi working sets alternate covering scheme
for continuous partial coverage in WSNSs,"
Peer-to-Peer Networking and Applications, vol.
12, no. 3, pp. 553-567, 2019.

J. Wang, C. Ju, H.-j. Kim, R. S. Sherratt, and S.
Lee, "A mobile assisted coverage hole patching
scheme based on particle swarm optimization
for WSNs," Cluster Computing, vol. 22, no. 1,
pp. 1787-1795, 2019.

Y. Xu, J. Choi, S. Dass, and T. Maiti, "Efficient
Bayesian spatial prediction with mobile sensor
networks using Gaussian Markov random
fields,” Automatica, vol. 49, no. 12, pp. 3520-
3530, 2013.

S.-k. Yun and D. Rusy, "Distributed coverage
with mobile robots on a graph: Locational
optimization," in 2012 IEEE International
Conference on Robotics and Automation, 2012,
pp. 634-641: IEEE.

C.-W. Tsai, P.-W. Tsai, J.-S. Pan, and H.-C.
Chao, "Metaheuristics for the deployment
problem of WSN: A review," Microprocessors
and Microsystems, vol. 39, no. 8, pp. 1305-
1317, 2015.

P. Li and H. Duan, "A potential game approach
to multiple UAV cooperative search and
surveillance,”  Aerospace  Science and
Technology, vol. 68, pp. 403-415, 2017.

V. Ramaswamy and J. R. Marden, "A sensor
coverage game with improved efficiency
guarantees,” in 2016 American Control
Conference (ACC), 2016, pp. 6399-6404: IEEE.
J. Wang, Y. Gao, W. Liu, A. K. Sangaiah, and
H.-J. Kim, "Energy efficient routing algorithm
with mobile sink support for wireless sensor
networks," Sensors, vol. 19, no. 7, p. 1494,
20109.

J. R. Marden, G. Arslan, and J. S. Shamma,
"Cooperative control and potential games,”
IEEE Transactions on Systems, Man, and
Cybernetics, Part B (Cybernetics), vol. 39, no.
6, pp. 1393-1407, 20009.

J. R. Marden and J. S. Shamma, "Revisiting log-
linear learning: Asynchrony, completeness and
payoff-based implementation,” Games and


https://ic4i-journal.ir/article-1-204-en.html

[ Downloaded from icdi-journal.ir on 2026-05-19 ]

IEEE Transactions on Automatic Control, vol.
62, no. 11, pp. 5954-5961, 2017.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

S. Rahili, J. Lu, W. Ren, and U. M. Al-Saggaf,
"Distributed Coverage Control of Mobile
Sensor Networks in Unknown Environment
Using Game Theory: Algorithms and
Experiments,” IEEE Transactions on Mobile
Computing, vol. 17, no. 6, pp. 1303-1313, 2018.
M. Movassagh and H. S. Aghdasi, "Game
theory based node scheduling as a distributed
solution for coverage control in wireless sensor
networks,”  Engineering  Applications  of
Artificial Intelligence, vol. 65, pp. 137-146,
2017.

J. R. Marden and A. Wierman, "Distributed
welfare games,” Operations Research, vol. 61,
no. 1, pp. 155-168, 2013.

J. R. Marden and J. S. Shamma, "Game theory
and distributed control," in Handbook of game
theory with economic applications, vol. 4:
Elsevier, 2015, pp. 861-899.

M. Zhu and S. Martinez, "Distributed coverage
games for energy-aware mobile sensor
networks,"” SIAM Journal on Control and
Optimization, vol. 51, no. 1, pp. 1-27, 2013.

M. Hasanbeig and L. Pavel, "Distributed
Coverage Control by Robot Networks in
Unknown Environments Using a Modified EM
Algorithm,”  World Academy of Science,
Engineering and Technology, International
Journal of Computer, Electrical, Automation,
Control and Information Engineering, vol. 11,
no. 7, pp. 721-729, 2017.

X. Ai, V. Srinivasan, and C.-K. Tham,
"Optimality and complexity of pure nash
equilibria in the coverage game,” IEEE Journal
on Selected Areas in Communications, vol. 26,
no. 7, 2008.

L. Zhang, Y. Lu, L. Chen, and D. Dong, "Game
theoretical algorithm for coverage optimization
in Wireless Sensor Networks," in Proceedings
of the world Congress on Engineering, 2008,
vol. 1, pp. 2-4.

J. Li, C. Zhang, W. Liu, and K. Yue, "No Regret
Learning for Sensor Relocation in Mobile
Sensor Networks," in ICICA (LNCS), 2011, pp.
216-223: Springer.

F. Fan, Q. Ji, G. Wu, M. Wang, X. Ye, and Q.
Mei, "Dynamic barrier coverage in a wireless
sensor network for smart grids," Sensors, vol.
19, no. 1, p. 41, 2019.

D. Monderer and L. S. Shapley, "Potential
games," Games and economic behavior, vol. 14,
no. 1, pp. 124-143, 1996.

L. E. Blume, "The statistical mechanics of
strategic interaction,” Games and economic
behavior, vol. 5, no. 3, pp. 387-424, 1993.

H. Mahboubi, K. Moezzi, A. G. Aghdam, and
K.  Sayrafian-Pour, "Distributed  sensor
coordination algorithms for efficient coverage
in a network of heterogeneous mobile sensors,"

¢q


https://ic4i-journal.ir/article-1-204-en.html
http://www.tcpdf.org

