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4 Central control station
% Spatio-temporal
® Wireless sensor network
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! Mobile sensors
2 Aerial robotic vehicle
® Coverage
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® Digital surface model
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! Artifitial bee colony
2 Genetic algorithm
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® Maximum coverage sensor deployment problem
4 Water cycle optimization algorithm

% Grey wolf optimizer

® Imperialist competitive algorithm
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! Binary
2 Probable
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! Perspective plane
2 Perspective circle

Po

350 Slelbl (5 5glid uwsigo — (Sdubg fu (Sole by s

\P‘QVJLEOMOJMJ?J.WLJLN

) P S S VPP W) = PP W

PR
el 225 ey 3825 (nl slags sl
iy Al glim w0 (60,55, @l -)
(¥ Sidw) gaman
J= sl oz gilo ange Joo S5 axwgs Y
(f M) o&ﬁ 6lmub)
a8l gns (6 5lwdig o ,9- 5l S sl Y
Sl ol 45 2 ladig 0,65 Sl »
(VY oz) 00l 0old drwgd Jow J=>
5 @oloi—dian oS LIS oLl -F
o alio o asllas o4 o db o J>
b 0,550l ;550 9 0 lasibewl o 5551
do Gamaxr Lo Sog, Lo (regin ol e nlplss
a8 o grwly 1y gwlol OYI5w
5 1) T Q|‘,__,..n“ le__':’ — 4__;9i> -\
5,5 gilwJow gyl p solaxs
S Glaegame Gidgy diion Ol o0 A%z -V
J\.\_A u_:‘ u,..al_...)‘ — ‘) o..\_i).é (_;Lm_;l_u
5,5 awle
? ..S M) ‘) & 9_’ J—}lﬁ l ‘)J . oo .
Ao pliews jedaean Lol aige oLl
Y it 50 1wl Syao pld iegh ol Jlisle
LgL&bJa.,;u 3O gy 4{-**’[7“ élﬁ 6°L€r~“‘-’ ‘5)5*!.5)
F it 5o el oad i (6,10 (g
ali o098 5 Bup bl (Ol S iia
‘_;‘l_m,]a..:_?bo o u..._..oy (_g)'l_..u A 0 ‘_,>_‘>|)Jo
Ao ¥ it 0wl oad aBl g b gaman
Gl o8l Sl 5 (Lol slapls caogs
(B e 0wl 00l A Bl Ol A S >

g adlla ) iou po el ool S la 1,6l


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

< G3bu iniiigy 9 U sl 1S g 3o et oSl

1925925 3238 (530> 2ol Gle

69y 2 > GO g —al e aBga
§ P Sz 0 (e oaBolml slaagl; S
il az s Ae 5l i g aS ey glayls oles
9 5l 50 Jl jeban g oy 4 (ldaiz ()
9 A loaiz) 0,5 oo )18 5iSe  Gazbo Ly
3 STl L) JS& 53 092 5l (S plorear B
Bl Az, A Gl Sl am g S Ll
Sy (Ao Ly )0 &bl sla i S

A7) IS5 50 C (o gaiz 0929) 305 (o0 S

Googe—x jl Z 5 b alowis i Y-V
P O Slos galold

ool a8 Jas o Sus o Slee (so0gum0 lgicd
So bl sy waldslalols 314 ((F) JS)
S b (st 9z 0979 5 (S plprean) (Alovin
PRI BERVES Q—l wiil ade s g 5l 535 dis
| ).f_,....> QJS.l,o& al_ols (§03gd—2x0 )‘ C)B B
Widl e gl 5SS e dis saen ST L
slozgdiz ;0 0 walys asis LB sloss
((F) JS—2 10 C spzg0—iz) 0,5 Ly abbl_ats
RN LE P E

lodalio dulre gly ol ouls oolnl aloois
Olgise soizme i slagaloniz o N Loy sy
sgas o3liil (V) adaf, 53 ' g 5 e Josb
111
(V) aka,
= (Vi Y ren ) (2 + 2oy
v = a2 = Z ) ) (65 X o)
N, =200 (5 Koy ) (Vi + Y ey
(e—oniz bl slaws il nadayly ol jo aS
ek Lo next(i) g ol i galais Condgo (Xi,YiZ)

Mg Gty eSS 4y B8 g, cnl el 5] oy
s i i o et sl oz 53 ey
Choms & gz T egz S e bpa eyl
(O |, (V) JS8) N7 ey o 5 ol s
5 099 T & Cay aloniz sl €N <0 5]

Pl

P a4 Gy g alouis Sis Y S
Gaio i sl Al suis Bics —Y-Y
&ly plaaloviz do S o iy azg |y
4 azgi b Wed pe Bl 9SG (a0 Sudy 3

sle,loy o slovs nl Bds jglaieay (¥) S
Cromw dy alsnis LU 5l Loyl g a5 €

L Blinn & Newell
2 Non planar
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! Perspective geometry
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if the average improvement of best(i) is below 0.001

for i=1:500 generations,

check if maximum distance (best(i)-worst(i)) < 0.001

break and return { best, mean, worst, std, time}

plot the convergence curve and display the found sensors

else if the iteration <500, continue
Wiz ;581 bl by aS 4 N JSCb

oybate (po Sl Jis 5 Jlgte slagsjluosly
SLasSl g gt Ul )0 o )s80) o Cudlgn £ 5
(V) a b, oll 5 alt e gl by
13,5 oo dawlxe

Sr =100x[Z, /Opia | (YQ) alal,
B slal ol shows Sl By il cpl o 45
S sbel 2l sl Oy 5 (s 23590 o5
B0 ol Ghogi cnl 50 o aad oo LS 1) o oSl
sl S Glpiea 12l 6 olusal b s cul ooy
ol Cewsas (F+) abasly (bl 5 ilsi o 385

(Y+) il

2

Y2 (P® —P2) < (L — Ly )x107,
o0 S8l (6 ol yo gl oy PP (V) abail, o
dod gyazma o Gmly ot P sl S5 0
Sl 55 L g Liax calins 9 DIm o jlodas
alal) ol Golul  anil e altee sla it oS
5 alis Gl e b oo il el Dl S
SG olyeds dilg o )l Sl il yieS waoSS
D9 guae 3850 (51,2

sbalB¥le 5 (g 5lwosl oy e Slatin
(V) Jsdzr 55 3 00s ool sl cli g 3lasoslyy
5 e g 5l s luosly ol 45 ol ont 4t
s azgi Ly ool oo oolinul i g b s3]
g oobhos sl Slee 3 09290 (22550 o5
U el ol el slapl; bz
il s sl ol g el o s [5Y] ) s

Lol 0ol solarul

Gilwosly gla,l38le 55 9 L3 cpdwew WLz 1) Jgux

Lwosly b wlaxs
Lwosl el basi
Gowooly by 63lwooly
Pentium IV processor CPU, 1.7 | <lasuie
GHz, 512 MB RAM, Windows 7 by,
MATLAB  R2012a  (7.14), slaob;
Haskell, C++ oz idali
MATLAB, Hugs98 b, 5310 5
GA, PSO, GWO, ICA, WCA, . =
MWCA ooy ;55!

P

S Ol 2y yo ojlaslnl glo jlxs 51 S
olass dunlie ¢ Slawle rﬁlizlw‘ e 5l s 6]

S| laegame 15 pinysSl Gdse clalzl Slads

! Haskell
2 Hugs 98 : http://haskell.org/hugs
" Robustness



http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

el Jgaz ol sla,a s j0 oo ol slo,lxs
sbere dm azgi L oy pa a5 daJgu 5o
g Sl ool (115 polie sl &gt jhaw (lea
oaadplis | y5aSLy s)lal (ygjl @l 5o
= o)Ll (65 oaimo s + dadnlie ol b
Solel 5955 e Sl Il 5 s )leT (00 Sline

duugs) ).:L...u A Cu 3 6;)[{5‘;

(V) Jgozr )3 gy poldo (e (bl
3ol oS mlis 45 358 o0 cualine
6 loliae S gl)ls 0)lse dor 15 (5 Lol B0
Sl 039 alie 8590 Slap ol S 4 s
Oidgs 4 0B MWCA (i sl >l 0 ggemme ;o
Eo—ote ;0 g 005 ddhais 5| a0 V) A iy
S8l b g as) (e by (mls asbIVA YO
Gl I 5 ol o] 03905 dmslins VFTF Line
S Bl polie 4y azgs L WCA o )651 )15 a5
ol 0355 ICA o2 365U 51 g s 9 O 4y jo Jlxs
Pl (Edidge £ palde 4 a2y Lo
Jsl 4y de—ad a5 5l o5 (Slulxe
Soty Jdodn snslcinsdy bl (65 5 ol oo
3 s slagly gilwoasSy )3 o )osl les
Lol 02 (oS 5 sl Nles S 4y gl (slaS
(il oo Slae ;5 ol Josay SloMol oz goay
Gy 4 il g5ie Vb 25 L e b,
Srowdy Sorlidge b jlion sla)[SS L g wsloy (2ly

el 4, oy Vol 53k 59 5o

e

350 Slelbl (5 5glid uwsigo — (Sdubg fu (Sole by s

\P‘QVJLEOMOJN.WLJLN

s @l bl 5 alio 5 Jelo jslaten,
glie 3,50 (SLaph ;oS 4 Comnd oliinn
22,5 A0 (liebl mhaw )3 \Q%Slﬂ-.’.s &bl o3
sybeds Sl (5lel a5l cnl el ons |
@l e Ly aily digad 9o (goiilon (g
3 030l syl 35T o2l 55 39 co ool
Ol s ey =l 3l ogd (e a8 )5 L0 )0 a3,
5,5 oanlie Lo ite sl,il oslite slacly>
e (oo gly I ol a el 5o el
ez 90 00imd (LS (o) 3550 diged 93 L
Sledbl S (gl Wilgs o ouiiles Taine Dglaie
adlllas o503l sl o3l i3l nl 9550 50 i
Slapi ;53 aslio 6l o1 6525, 092 g LS5
les axxlye Y] a0 40 g 5luoaigy

S5 slaggazme 5098 ;U5 ) jglazes,
Ol Jlod g Lo 65U (2)LS it
Sl 238 ol o LT 5y Sl
J oo ez 055,555 L st s5mosly
DB )F 8 alie 5 (2b)l 950 39750 (Slagy L
5 () )l adlaie 558 L Baw &b () alies o
L Gan s 1) s 3 () o iy
2 L) @bz Gidg 5 () dcgios dilaie 35:8
5 (B acgins adlaio 558 L Bon &l (V) aluss
g2 09 o wls (1) a3 (0) )L
e o cculond Jogad 3 L o iogase
S by B2 g (el 4 bgyye 098 i
ol o Lo

Ol ool bz Lo ;5 Sl (6ol s
Gibe Ol Jlare 5l Bloul g 20l on e
5 =l by csbel aesl b ol o 4y ouslawsay
508 X 1) sloJyor o a5 oo 5
O 2 polae do Joaz pl 10wl cosline L
ol o5 0150 sbae e sl 0 Shes (Sl

! Wilcoxon signed ranks test


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

< G3bu iniiigy 9 U sl 1S g 3o et oSl

1925925 3238 (530> 2ol Gle

9 Slaoloxs Lo 5 )2l Be g gazxe 1 ouolCuwddy Gindigy yolio Hlare 51 Byl 9 (aSiles oyt ¥ Jgor
s ;9501 4y 9 5obol (yg03T s of pod 43 ) Aiges Aliuns Jo 50 Wty 951 Caniidgo & 55

GWO PSO GA ICA WCA | MWCA Odgs Hlrae | alins
SV fa¢ YAs Vs OAy AR (R
P 2 YV fYa OYy £0, Oeilee
VAADY | YAOOs | YYYYe | YXYES | YAYV | VYR | L ) Gl ol \
VWAYO: | VRS, | YVEAYS | VOEEYe | YV 0V, | VYO0, () oo
DAy ¥, ¥5+ Oy ¥ AT IORTINCR
+ + + + + / Solel g0

9 Slawlmo gloj 9 15218+ £ goz0 50 oelCawday Gikdgy polio Hlro 51 Bl il g uSilue oo yig ¥ Jgur
Lrosts 951 iy 9 (5 ylol (9031 gl of jod &y (V) digad aliuws Jo 0 ity oSl Caniidgo &

GWO PSO GA ICA| WCA | MWCA | ide las | alius
£0, FV¢ YYs AT O 7Yy (R
OYy £y Y4, Yy FAr 09, eSils
VAV | YAYYe | VoY | YR | YA | VB AL | s 5l Ll g
VEY Ve | VEASEL | VATOYS [ VEVAYe [ YYAADY | VYYD, (a6) ole;
£Y, ¥ Yy OYy YAs PY\ | cuddee gy
1 + + + + I @bl g

Slewls Gloj 505 o 5l 9 (Rl lars (V) s
el 0amd 5 il 8l s lss s 5l Bl
GRS e aS aas o i s o
Slwlns )1 0l oo degion ailaie glatydguze
Lapis yoNl s (g el ddlaio 058 Ll 1) (g iy
R

393 Oloyen 65 LS «(F) Joozr @l (ulel
a8 Llod pae g acsioe 5 )bl Bblo 4 gy e
5 ke Ol (o S w290 b b
(el e sle et @ az g L mls cs
b avalie jo 12l gloj 9 (idn polie jlone 51 Bl
el 0238,5 (V) 9 (V) Jilaws 5o ol polie

Gibgy (e (1) Jgoz polie amazg L
(V) o o jLiro 5l Blyzmil oy 26 b ol cwoay
sla Slac 31 45 ool Cass 45 GWO 5,5 Lansgs
Sy Ul el 35 Yl iy b s
sla by, 5l e (Slwbre plorinl 5 Slawlrs (b
(k] geyl 4 azgi bl 03,5 Jos duslie 8,90
2 6 e S5 59 ge LSl SN
)‘ ‘) o)l\.\.sL_w‘ i"*’)?jﬂ wﬁﬁ}a C)J 9 o..\:v.\))f GWO
At b aslin ol ools il38l as 0 £V 4 YA

2 Cshibgo & g bawgie g iy idgr (liee o))

o


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

350 Slelbl (5 5glid uwsigo — (Sdubg fu (Sole by s

\}”QVJLEOMOJMJ?J.WLJU»

9 Glawlro yloj 9 21 B+ g gomm0 30 ol Camsy Sidigy ol jLimo 51 Bl yzil g (puSSloo o2 yike :F Jgu
Lotz 1951 4y 9 5xkol (9031 gl of o s ¥ digad aliws Jo )0 ity ;oI Canitdgo &

GWO PSO GA ICA WCA | MWCA Oy Hlre | aliucs
se | o | B s A vr e
Yy TAs Yas Ys Ofy Y, eSilee
Ty | VXA YNV | YRS | TAYY | VAN | el |
YYEAYY | VOAY Y, | YV V& [ YF9,20¢ [ YYYVAY | VYTNY, (a5b) ylo;
She | ¥m |t s |t v | e
+ + + + + I bl eesl

s dbais 5l g i e (eSSl 4

S0 L o5 j5bs ICA 3PSO GA (slag 550
)0 oleads 99, alsf s L)—" l_) ralS.‘?u_...)‘ )‘ G]a.w
o S ks o sl 0 d(Y) 5 (V) Plao b ans i

9 Olawlxo o) g 1,21 B & gomo 4o ool Camwday gy yolie yhro 31 Blymil g puSileo oy yite 10 Jgio
ooz 39501 4y 3 5)kol (03T gl of ;o 4 P aiged aliws Jo 50 Lopsty 195Ul Cndidgo £ 53

GWO PSO GA ICA WCA | MWCA gy Hlre | alins
4y NE 2 Bey L A e
Yy e Yy s Vv Yy, Oeibs
VAYAY | VX0 | YRV | YXAYS [ YAVY [ VY | e 5l Gl ;
YYANY: | VST, [ YPA A | YEY AT [ AV F2e | VYV VA, oles
Py Oy £V, by ¥, VY | cudbge
Il + + + = I Gkl eyl

9 il E9—ke L 3l SS9 Seany
el b oble g g by 50 (65le S e
Gy e 5l eolpiinn o, oSl ail golpriny
hate 51 Ll ol o lailal o6 sl (s Lo
oo oy gl Ko >l b (oLl sl
TP ey YA Gl 4 e i 00,6501 50
4_....;La.o )‘ ] 00 4_..‘5‘ p.u)j_i.” u_dﬁj-n
M) L (V) amie Pl L (F) ool alis ol
Bi> Ly g aul el S (i slacosga e
ol 4 8L S g g slodd lacooga e
Olo 4 (F) s jo iligy SSTas (Jlo jaboay

e

@) Jouzr o Lo arliave mllanang L
MWCA s uz o el a5 053 o oanl i
Oy red | esg s Jsl 4 S5, sl
O Sl sleee a4zl Ly oleiing o 65!
Ol Sl atdlys s jlone 51 Syl g (2 Sibee
Laisy plow o Comd gy SE L 1) (6 iy by

o

4S 59 g oadlin bl pl g 0 ke Cavsay
GA 4ICA PSO WCA GWO Lo ,e— X
B8l e il asd S 18 Gam slacaglsl )
5 5l e Less WCA o jlaslind o 5551 Loae
A olw) S 0 MWCA 50,631 Ll congs ICA

J.:‘}:Lra oo u_a‘ | 0du—w S8 d> u.s).».w.u


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

cenESow iniiigy 9 bl Sy 1S 9 3032 ok gl

1925925 3238 (530> 2ol Gle

bdd )3 oo eIl d i b sl 5 (Seslio

20,5 oo Jraw alive
Slog—es o oSl (ol Ken & 5 anslie 5 Jelow sl
b gl dalizee lasg, ol o 4 o (2l Sen
(V0) IS5 50 &l oz lovg )l ;o il Sk

Sl 0030 ,5 (WSain

90 T T T T

—e— GA
80 =— GWO

—f= pso
70 T ﬂ—W'CA

—e— ICA
60 L —&— MWCA Pl =

90

80

1, 40

NFEs
(F) alieo o @I)iw L8, (9)

<10°

5 (V) Al dy Caend V8 () alies 4y Cons 1Y
el oo il JLes (V) a4 cons 74
GWO s MWCA (sl sl Suo 3 gl g o, Sles
3 aS el Jds ol 4l e Jilae J> 50
9 gs)'l—w &g <5L‘°°)S-.'.5) Jolss 5y GWO r“"".’.ﬁi”
O ygmodn dxiwe Bblie (9o ;3 (g5l S jete

90 T T T T
—©— GA
80 + | —=— Gwo
—sf&— PsO
70 —A— WCA
—O— ICA
60 —©— MWCA
“3{ 50
7{3 40
30
20
10
0
% 0.5 1 1.5 2 2.5
4
NFEs =10
V) ass jo ol Ken L8, (A
90 T T T T
—6— GA
80 | —=5— Gwo .
—A=— PSO
70 —A— WCA
—O— ICA
60 —&— MWCA

50

0.5 1 1.5 2
NFEs
(1) alis o 2], 500 L5, ()
o3l 2590 Slags huw Jo 33 sty 558l (1, K0d & 55 s lio 110 S

x10*

2.5


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

(2) Ceomd ;5 4 009 laJhg, 285 5 Ko £
cle (o (g 500 51wl ssmlin B (VO) S5
o L8 syt (2l Sen £55 L Loy o8l wial
S5 S 4 &5 09 oo pasuine JS (pl o () Kon
4o Blol Glalre )b Jeamd cge alins )3 05,8

00,5 oo iy o5l den
0 G ilgy drlone @l Sl (i gl o
C_,élj mles gl aS sai ools ioles (VF) JSCi
5 9 3, Sus; Sl p deulre JB Ol wlans
ST sl sl gy S

R PRV ICUWRY VR Hes

adkie g ¥ (g)ls 5 Jde

o 4758
4757 4.43

adbaie )35 Joo puil o (&)
S PSR S TR LTS S PR SR T

4]

oz JB1S 5l 93 03 e (9)

350 Slelbl (5 5glid uwsigo — (Sdubg fu (Sole by s

\PQVJ@.MOJM.WJM

018) JS5 55 (ol Kot sl ionin 4y 4z Ly
S WCA & cos (5,540 &5 L MWCA 2,55
039 ooy MWCA g, QT Seolind (g
w‘ OM‘M/ K:A-CJMJ u.u,...as L:).uGA p....)}ills
GilwoasSy )08 (09 S Wl oo 9 cnl o
ESgedn Jsl 5 bo1,S5 sl 0 MWCA (2,51
Comw 40 6)'L~uo.\_35|ﬁ_ )‘ Q] & > g

5:\4_..:_:.: viuﬁ‘..;_)}ijlbﬁ..}v 6J:_A.~V;~.L}i

S ¥ 6l aie Sl g acin alg ()
L VR JRRCIPR. - 2P (R

s U 442908 F

AYYEYY Colus 4 Jol K idigy yiSlas 5l ol (2)
3 s () cadlain (6510 5 Jho 1(0) (Y0 (pimbligy (3t i gt LG H(QAN) GOl 0 S g5 0 ySlos VP STl
P A0 (8) (wingy i adlaio


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

< G3bu iniiigy 9 U sl 1S g 3o et oSl

1925925 3238 (530> 2ol Gle

bl Fadly o slo Joas g Laocsls 4y axgi b
Sz 9,80 sl ) 2S5 a8, e
Lo, )5 L s 55, slajls (6555wl Wil oo
3 i il Sl gle S age 2L
abal 4 oy J2 5 ol K lmle 4z
el oab ool ol i (V) S o a g
3 (AZ) g,z oogaome S 9,0 Lo adgn oy
g dloads adly (PZ) acgins 0ogamme S 5l 2,5
8 S ol jo eaBls bl s)ls e B)lse
9Ll Gl e Dby gy Cow 4l oaias i

ol A Copadge

P2l gl waie Sl gl 4 axgi b
slaJgaz 000 5155 Slwbre bl LS
Sd 0,805, 45 S8 S Al (g oo eCudion
9 A ‘5>l_'l.‘> u._..u LS‘J" &.Q.?u u.!‘ 5O 0wy 43‘)‘
Al 45 ;0B 5 b o e o bl g
azg bccul ooy ol sl Jed LB mlbs
Golgpiin 0, S0g, ¢ G oy @L.u g Slaalin
JUEWRCT LI 1 e Jas ol o5l s g4l 0 (gamsdns

9 95,00,6% 5 6w, sl Jos 4 Cos YL

g O & Oy Sl 3 S sls o 51 (g1 45 same

" 4.4296

50 -
404
;‘ 30
o)
20
3
104 ‘
4761 W il -
4.7605 o PZ
4.76
. 47595
, 4750
x 10

L 44297
4.4298 G x10

Wt CerBigo a4 (oo 31 JS RAV (ol azes )6 1Y Sl

oS ol lalio (o) 23590 (eSS
A ;B solpiing 0,50, wdelcwwsdy bl yulul 5
9095 Sy gloo S de (Dbl g Gidigy et
kit laylns oll o g U o Slas ||
@l Ol a5z o2, S sl 035y Jlo,55 5
5 =S olos 5o Lapin, ol ple 4y Cod ol 108
adlate by dcde 4 Gy ol Sen Cepu b
45 S35 A e oo gl bl ik S
(i 2,09y (Slwlre LS a4z b
Slallas )5 0,5 6 1l Glgmean ol 51 Oles o0
wrwy 5 S5l oS Gibn 5 bl (eSS
P93 S50, )Y )l slac Sl
5y Shae ol 4 Glai oo (T liniow yo

19

oolesiins 9 (6 a5 doeii -7
Sl LS 5 e 9,50, S a4 (gl cnl 5o
2 S, sle S Ly MCSDP ali e (>
Osbiacndy b Sy )l p Gaman sla b
5 il JiSm SO S8 4 Gl a5 2 o, 55!
590 ol Lapl 8 &S > 050 ;s
5 GWO PSO GA WCA (slanis oSl b awlio o
Db a 355 LS aali e > I, ICA
Sy pae L 352y bl o i35 0 ali e
At glwesly glw Sz Sjget Gle 008
Pl Gl olsl o Lo ;o801 LS (s
(g polie (n e 9 Gl ¢ Slewle S
bl o3l 5 (S0 e s L 51 S,


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

)0 ,M_w 5; yr oS 6‘)_) L@M)M/"),_il.o.c
S PSP B S
b (6,500 Slidod gaoge

[1] P. Corke, S. Hrabar, R. Peterson, D. Rus, S.
Saripalli, and G. Sukhatme, "Autonomous
deployment and repair of a sensor network
using an unmanned aerial vehicle,” in
Robotics and Automation, 2004.
Proceedings. ICRA'04. 2004 IEEE
International Conference on, 2004, pp. 3602-
3608.

[21 N. R. Ahmed, J. Cortes, and S. Martinez,
"Distributed Control and Estimation of
Robotic Vehicle Networks: An Overview of
Part 2," IEEE Control Systems, vol. 36, pp.
18-21, 2016.

[3] J. Haugen and L. Imsland, "Monitoring
moving objects using aerial mobile sensors,"
IEEE Transactions on Control Systems
Technology, vol. 24, pp. 475-486, 2016.

[4] T.F. Villa, F. Gonzalez, B. Miljievic, Z. D.
Ristovski, and L. Morawska, "An Overview
of Small Unmanned Aerial Vehicles for Air
Quality Measurements: Present Applications
and Future Prospectives,” Sensors, vol. 16,
p. 1072, 2016.

[5] S. Hayat, E. Yanmaz, and R. Muzaffar,
"Survey on unmanned aerial vehicle
networks  for civil applications: A
communications viewpoint," IEEE
Communications Surveys & Tutorials, vol.
18, pp. 2624-2661, 2016.

[6] M. Saska, V. Vonasek, J. Chudoba, J.
Thomas, G. Loianno, and V. Kumar,
"Swarm distribution and deployment for
cooperative surveillance by micro-aerial
vehicles," Journal of Intelligent & Robotic
Systems, pp. 1-24, 2016.

[71 M. F. Mysorewala, D. O. Popa, and F. L.
Lewis, "Multi-scale adaptive sampling with
mobile agents for mapping of forest fires,"
Journal of Intelligent and Robotic Systems,
vol. 54, pp. 535-565, 20009.

o

350 Slelbl (5 5glid uwsigo — (Sdubg fu (Sole by s

\P‘QVJLEOMOJMJ?J.WLJLN

00 Pl Lo 29)lag; 50 oleirian piu 95!
Guolom la Jow 5l cgudzs (pl o . cS by cwaige
Sl (o epll s (6,S 0 e YU cds cle 4

&=y
[8] A. Pierson and M. Schwager, "Adaptive
inter-robot trust for robust multi-robot

sensor coverage," in Robotics Research, ed:
Springer, 2016, pp. 167-183.

[9] C. Y. Ma, D. K. Yau, N. K. Yip, N. S. Rao,
and J. Chen, "Stochastic steepest descent
optimization of multiple-objective mobile
sensor coverage,” IEEE Transactions on
Vehicular Technology, vol. 61, pp. 1810-
1822, 2012.

[10]M. Rebai, H. Snoussi, F. Hnaien, and L.
Khoukhi, "Sensor deployment optimization
methods to achieve both coverage and
connectivity in wireless sensor networks,"
Computers & Operations Research, vol. 59,
pp. 11-21, 2015.

[11]M. Vecchio and R. Lépez-Valcarce,
"Improving area coverage of wireless sensor
networks via controllable mobile nodes: A
greedy approach,” Journal of Network and
Computer Applications, vol. 48, pp. 1-13,
2015.

[12]S. N. Alam and Z. J. Haas, "Coverage and
connectivity in three-dimensional networks
with random node deployment,” Ad Hoc
Networks, vol. 34, pp. 157-169, 2015.

[13]F. Li, J. Luo, S. Xin, and Y. He,
"Autonomous deployment of wireless sensor
networks for optimal coverage with
directional sensing model," Computer
Networks, vol. 108, pp. 120-132, 2016.

[14]C. Zhu, C. Zheng, L. Shu, and G. Han, "A
survey on coverage and connectivity issues
in wireless sensor networks," Journal of
Network and Computer Applications, vol.
35, pp. 619-632, 2012.

[15]C. Ozturk, D. Karaboga, and B. Gorkemli,
"Probabilistic dynamic deployment of
wireless sensor networks by artificial bee
colony algorithm," Sensors, vol. 11, pp.


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

< G3bu iniiigy 9 U sl 1S g 3o et oSl

1925925 3238 (530> 2ol Gle

6056-6065, 2011.

[16]X. Wang, S. Wang, and J.-J. Ma, "An
improved co-evolutionary particle swarm
optimization for wireless sensor networks
with dynamic deployment,” Sensors, vol. 7,
pp. 354-370, 2007.

[171Y. Yoon and Y.-H. Kim, "An efficient
genetic algorithm for maximum coverage
deployment in wireless sensor networks,"
IEEE Transactions on Cybernetics, vol. 43,
pp. 1473-1483, 2013.

[18]R. Ozdag and A. Karci, "Probabilistic
dynamic distribution of wireless sensor
networks with improved distribution method
based on electromagnetism-like algorithm,"
Measurement, vol. 79, pp. 66-76, 2016.

[19]H. Zhu and Y. Shi, "Brain storm
optimization algorithm for full area coverage
of wireless sensor networks," in 2016 Eighth
International Conference on Advanced
Computational Intelligence (ICACI), 2016,
pp. 14-20.

[20] G. Wang, L. Guo, H. Duan, L. Liu, and H.
Wang, "Dynamic deployment of wireless
sensor networks by biogeography based
optimization algorithm,” Journal of Sensor
and Actuator Networks, vol. 1, pp. 86-96,
2012.

[21]R. V. Kulkarni and G. K. Venayagamoorthy,
"Bio-inspired algorithms for autonomous
deployment and localization of sensor
nodes," IEEE Transactions on Systems,
Man, and Cybernetics, Part C (Applications
and Reviews), vol. 40, pp. 663-675, 2010.

[22]C.-W. Tsai, T.-P. Hong, and G.-N. Shiu,
"Metaheuristics for the Lifetime of WSN: A
Review," IEEE Sensors Journal, vol. 16, pp.
2812-2831, 2016.

[23]G. Werner-Allen, J. Johnson, M. Ruiz, J.
Lees, and M. Welsh, "Monitoring volcanic
eruptions with a wireless sensor network," in
Proceeedings of the Second European
Workshop on Wireless Sensor Networks,
2005., 2005, pp. 108-120.

[24]M.  Argany, M. A. Mostafavi, V.
Akbarzadeh, C. Gagné, and R. Yaagoubi,

€1

"Impact of the quality of spatial 3D city
models on sensor networks placement
optimization," Geomatica, vol. 66, pp. 291-
305, 2012.

[25]J. Cortes, S. Martinez, T. Karatas, and F.
Bullo, "Coverage control for mobile sensing
networks,” in Robotics and Automation,
2002.  Proceedings. ICRA'02. IEEE
International Conference on, 2002, pp. 1327-
1332.

[26] M. Argany, M. A. Mostafavi, and C. Gagné,
"Context-Aware Local Optimization of
Sensor Network Deployment,” Journal of
Sensor and Actuator Networks, vol. 4, pp.
160-188, 2015.

[27]S. Temel, N. Unaldi, and O. Kaynak, "On
deployment of wireless sensors on 3-D
terrains to maximize sensing coverage by
utilizing cat swarm optimization with
wavelet transform,” IEEE Transactions on
Systems, Man, and Cybernetics: Systems,
vol. 44, pp. 111-120, 2014.

[28]R. Shorey, A. Ananda, M. C. Chan, and W.
T. Ooi, Mobile, wireless, and sensor
networks: technology, applications, and
future directions: John Wiley & Sons, 2006.

[29]M. A. Guvensan and A. G. Yavuz, "On
coverage issues in directional sensor
networks: A survey," Ad Hoc Networks, vol.
9, pp. 1238-1255, 2011.

[30]H. Ma, X. Zhang, and A. Ming, "A
coverage-enhancing  method  for  3d
directional sensor networks," in INFOCOM
2009, IEEE, 2009, pp. 2791-2795.

[31]G. Wang, G. Cao, and T. F. La Porta,
"Movement-assisted sensor deployment,"
IEEE Transactions on Mobile Computing,
vol. 5, pp. 640-652, 2006.

[32]Y. Wang and G. Cao, "On full-view
coverage in camera sensor networks," in
INFOCOM, 2011 Proceedings IEEE, 2011,
pp. 1781-1789.

[33]v. Akbarzadeh, C. Gagn’e, M. Parizeau, and
M. A. Mostafavi, "Black-box Optimization
of Sensor Placement with Elevation Maps
and  Probabilistic ~ Sensing  Models,"


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

presented at the International Symposium on
Robotic and Sensors Environment, ROSE,
2011.

[34] M. Argany, M. A. Mostafavi, F. Karimipour,
and C. Gagné, "A GIS Based Wireless
Sensor Network Coverage Estimation and
Optimization: A Voronoi Approach,” A
Voronoi  Approach.  Transacton  on
Computational Sciences Journal, vol. 14, pp.
151-172, 2011.

[35]M. Argany, M. A. Mostafavi, V.
Akbarzadeh, C. Gagné, and R. Yaagoubi,
"Impact of the quality of spatial 3D city
models on sensor networks placement
optimization,” GEOMATICA, vol. 66, p.
291—305, 2012.

[36] A. Hossain, P. Biswas, and S. Chakrabarti,
"Sensing models and its impact on network
coverage in wireless sensor network,” in
2008 IEEE Region 10 and the Third
international Conference on Industrial and
Information Systems, 2008, pp. 1-5.

[37]1X. Chen, K. Makki, K. Yen, and N.
Pissinou, "Sensor network security: a
survey,” IEEE Communications Surveys &
Tutorials, vol. 11, pp. 52-73, 2009.

[38]J. C. Lee, V. C. Leung, K. H. Wong, J. Cao,
and H. C. Chan, "Key management issues in
wireless sensor networks: current proposals
and future developments,” IEEE Wireless
Communications, vol. 14, pp. 76-84, 2007.

[39] V. Akbarzadeh, C. Gagné, M. Parizeau, M.
Argany, and M. A. Mostafavi, "Probabilistic
sensing model for sensor placement
optimization  based on line-of-sight
coverage," IEEE Transactions on
Instrumentation and Measurement, vol. 62,
pp. 293-303, 2013.

[40]H. Eskandar, A. Sadollah, A. Bahreininejad,
and M. Hamdi, "Water cycle algorithm-A
novel metaheuristic optimization method for
solving constrained engineering
optimization problems,” Computers &
Structures, vol. 110, pp. 151-166, 2012.

[41]J. F. Blinn and M. E. Newell, "Texture and
reflection in computer generated images,"

Er

Communications of the ACM, vol. 19, pp.
542-547, 1976.

[42]D. Hoiem, A. A. Efros, and M. Hebert,
"Putting objects in perspective,"”
International Journal of Computer Vision,
vol. 80, pp. 3-15, 2008.

[43]J. D. Foley and A. Van Dam, Fundamentals
of interactive computer graphics vol. 2:
Addison-Wesley Reading, MA, 1982.

[44]M.  Leonov, "Polyboolean
Polyboolean library, 2004.

library,"

[45]B. Naylor, "Binary space partitioning trees
as an alternative representation  of
polytopes,” Computer-Aided Design, vol.
22, pp. 250-252, 1990.

[46]E. Besada-Portas, L. de la Torre, M. Jesus,
and B. de Andrés-Toro, "Evolutionary
trajectory planner for multiple UAVs in
realistic scenarios,” IEEE Transactions on
Robotics, vol. 26, pp. 619-634, 2010.

[47]1A. A. Heidari, R. A. Abbaspour, and A. R.
Jordehi, "Gaussian bare-bones water cycle
algorithm for optimal reactive power
dispatch in electrical power systems,"”
Applied Soft Computing, vol. 57, pp. 657—
671, 2017.

[48] A. Sadollah, H. Eskandar, A. Bahreininejad,
and J. H. Kim, "Water cycle algorithm with
evaporation rate for solving constrained and
unconstrained  optimization  problems,"
Applied Soft Computing, vol. 30, pp. 58-71,
2015.

[49] A. Sadollah, H. Eskandar, A. Bahreininejad,
and J. H. Kim, "Water cycle algorithm for
solving multi-objective optimization
problems," Soft Computing, vol. 19, pp.
2587-2603, 2015.

[50]A. A. Heidari, R. A. Abbaspour, and A. R.
Jordehi, "An efficient chaotic water cycle
algorithm for optimization tasks,” Neural
Computing and Applications, vol. 28, pp.
57-85, 2017.

[51]Y. Shi and R. C. Eberhart, "Empirical study
of particle swarm optimization,” in
Evolutionary Computation, 1999. CEC 99.


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

< G3bu iniiigy 9 U sl 1S g 3o et oSl

1925925 3238 (530> 2ol Gle

Proceedings of the 1999 Congress on, 1999.

[52]M. Mahdavi, M. Fesanghary, and E.
Damangir, "An improved harmony search
algorithm  for  solving  optimization
problems,”  Applied mathematics and
computation, vol. 188, pp. 1567-1579, 2007.

[53]S. Mirjalili, S. M. Mirjalili, and A. Lewis,
"Grey wolf optimizer,” Advances in
Engineering Software, vol. 69, pp. 46-61,
2014.

[54]A. A. Heidari and M. R. Delavar, "A
Modified Genetic Algorithm for Finding
Fuzzy Shortest Paths in  Uncertain
Networks," Int. Arch. Photogramm. Remote
Sens. Spatial Inf. Sci., vol. XLI-B2, pp. 299-
304, 2016.

[55]A. A. Heidari, S. S. Mirvahabi, and S.
Homayouni, "An Effective Hybrid Support
Vector Regression with Chaos-Embedded
Biogeography-Based Optimization Strategy
for Prediction of Earthquake-Triggered
Slope Deformations," Int. Arch.
Photogramm. Remote Sens. Spatial Inf. Sci.,
vol. XL-1/W5, pp. 301-305, 2015.

[56]M. A. Ardeh, M. B. Menhaj, E. Esmailian,
and H. Zandhessami, "EXPLICA: An
Explorative Imperialist Competitive
Algorithm based on the notion of Explorers
with an expansive retention policy," Applied
Soft Computing, vol. 54, pp. 74-92, 2017.

[57]T. Niknam, E. T. Fard, N. Pourjafarian, and
A. Rousta, "An efficient hybrid algorithm
based on modified imperialist competitive
algorithm and K-means for data clustering,"”
Engineering  Applications of Artificial

e

Intelligence, vol. 24, pp. 306-317, 2011.

[58]A. A. Heidari and P. Pahlavani, "An
efficient modified grey wolf optimizer with
Lévy flight for optimization tasks," Applied
Soft Computing, vol. 60, pp. 115-134, 2017.

[59]G. Taguchi, Introduction to quality
engineering: designing quality into products
and processes, 1986.

[60]1X. Wang, S. Wang, and D. Bi, "Dynamic
sensor nodes selection strategy for wireless
sensor networks," in Communications and
Information Technologies, 2007. ISCIT'07.
International Symposium on, 2007, pp.
1137-1142.

[61]X. Bai, S. Li, C. Jiang, and Z. Gao,
"Coverage optimization in wireless mobile
sensor networks," in Wireless
Communications, Networking and Mobile
Computing, 2009.  WiCom'09. 5th
International Conference on, 2009, pp. 1-4.

[62] K. Hammond and G. Michaelson, Research
directions in parallel functional
programming: Springer Science & Business
Media, 2012.

[63]J. Derrac, S. Garcia, D. Molina, and F.
Herrera, "A practical tutorial on the use of
nonparametric  statistical tests as a
methodology for comparing evolutionary
and swarm intelligence algorithms," Swarm
and Evolutionary Computation, vol. 1, pp. 3-
18, 2011.


http://dx.doi.org/10.29252/jgit.6.1.15
http://jgit.kntu.ac.ir/article-1-561-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-01 ]

[ DOI: 10.29252/jgit.6.1.15]

Joumnal of Geospatial Information Technology

Vol.6, No.1, Spring 2018

K N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING

A Novel and Efficient Algorithm for three-dimensional Coverage
and Deployment of Aerial Robots in Vector Spaces

Ali Asghar Heidari', Farid Karimipour™

1- PhD student in GIS, School of Surveying and Geospatial Eng., College of Eng., University of Tehran
2- Assistant professor, School of Surveying and Geospatial Eng., College of Eng., University of Tehran

Abstract

The maximum coverage sensor deployment problem has attracted researchers of engineering sciences always
as one of the fundamental phases in developing of communication and geospatial infrastructures. In this
research, a novel strategy is proposed to tackle the maximum coverage robotic sensor deployment task in 3D
vector spaces. For this purpose, first, a geometric algorithm is developed in order to detect the covered areas.
The water cycle optimization algorithm is utilized to maximize the sensor coverage. Then, to avoid the
problem of premature convergence to local optima and to improve the efficiency and searching potential on the
problem, an improved water cycle algorithm with dynamic operations and fewer parameters is designed and
developed. With regard to several scenarios with different spatial constraints, the efficiency of the proposed
algorithm is compared to other methods based on robustness, running time, best and average of the coverage
results, standard deviation, convergence speed, and wilcoxon statistical test. The assessment of the results
reveals the superior performance of the proposed approach by success rate of 73% and coverage of 80% in a
3D vector space.
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