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1- Geographic Information Systems
2- Voronoi Diagram
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3- Computational Geometry
4- Point Coverage
5- Area Coverage
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1- Coverage in Wireless Sensors Networks
2- Digital Elevation Model
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5- Maximal Breach Path
6- Maximal Support Path
7- Delaunay Triangulation

1- Exposure Path

2- Exposure

3- Best Case Coverage
4- Worst Case Coverage
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3- Probabilistic Sensing Model
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1- Target
2- Binary Disk
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3- Iterative
4- Mobility

1- Global Approaches
2- Local Approaches



AP Sarly o oo cpmiy Jluw U7 b3y — oode almo

Sl= 9903 P10 » (S sladoely )-Y-Y-Y
O olosins S5 0,18 g g coll ol 4t SO0 o i
0y b ogd adlal Wb o), 5 sgin,9 oly 2 sl a5 Cul
(V) S5 0 aS sbylan [YF] ams Lidgs |y ol ool Js>
V2 55959 u"T) Jsz 0y 50,5 0 (6l sl 0als ooly L
Sl a8 | 8w, u*j) agly sl (59, P Bon S
(F alal))
d(S! Pl) = mln{ZR!d(sﬂ U3 )} (\c)
lo,lol, jaseis glad R 5004 (ol alolo d o] jo o
59552 8l Ty e oLy 251 e lsicee wJl el b
P2 Ban IS [YY] 0,5 eolatuwl (5459,5 Jolw (sidisy 0,0

o=l ) Ol 65905 o]y e 5 ol eatiS Jate bz (g
(A JS5) o)s 13 (VA s

d(S,P,) = max{v3R,d(S,v,)} )

Al o b ojyam 0 S gl s bl S SLl(R) S
el sla ol

Sl G9=959 1S p (e ool —Y-Y-Y-Y
Sl 1ol laasl

5 oS S o 0,08 Lol plad ol sla ol asiss 4o
S > nl Sln 53959 2 (e SFll dwaiS ) o i
Voronoi-Based Vector Based(VEC) :[Y¥] cul ouis &)
g o o), S5 Sen b by, ol MiniMax 5 (VOR)
aslol joaiisy e slay )l 1) loly oladS s gy a5
285 (o0 g 25 VOR 2,55

Voronoi-Based (VOR) s 5451 — &l

La,loly aSg 9-bay ol (2t (5551wl S VOR oy 555l
Ol 5o s e By 1) 093 (e (caligy 0> iy

Al ez 0 cal bl sl loly cledlol 55, 511, 595 A,
09,5 dw ay lajloly ¢ Jgl a8 ;0 YAV g VW-NVF] wiS o oy
Gt ool bl sla ol o Jled glaloly late sla lol
s# oM@l—)l} 6Lb)‘0l) U"LM")J (So= 'Blf )Q J.J}MJLSA
' yb 5wl e plarsl it ) 4 was e (g
slaloly 3T 65 0 098 o petd Ko (pl ) &S > 6l

Lgdes (2blr 295 e o Sl

S oo Joo |y aloly gy Al g5 4 55399 6l S
4 999 Jokw 510 blis ples 53959 1,51 )3 [V 5 VY]
ol 3 SL05 8 18 Jolw T S lo a5 gloassla ol
g La,lol; asl sl gag,9 pl, 5o ilo L oopl plos
2 &8lg adaii , 51 (A JS8) aseis sble b o] Sloges
ool iy Jsbo T ol 1o, Laagi (syiys oo 2
oals gy (6,500 bl e lawgs adaii opl o5 T w0gis
BB cuivoesls w}: dJaLm Colus Ml?bo Lol el wb),w
oaeid acdilaie | ) (el Glodazmy Sl ) (539,59 Joboo
e 3blie L g 03,5 58 (9859 Jobo 5l el (Sos
o=l gl ealsdsl)l sla oyl sl Lansl ansly Sligee S0
ol 00 o 2 [YY-YF] 5o ol

Lig slo i iS5l (53,9 pl,Sho 5l eslinul :(A) S
ol 4t G0 (ale blis)

g5 lln ) 69959 eI 2 S sla o, Gl o
0,5 Gaidids diws dw 4 a0 sadboslaiul sla ol

G R N PP EP W

Sl o)) gloaSs o

5 el GloaSll 5l oS 5 aS oS5l gleaSl e

Sl Hlow

Lol caso )8 o adlal sayaz slolol, ol glaasis o

OS2 = gzge slaloly (oS 5 g e slaaSd ol

Digh oo el oo o

1- Plan



" Oledgs s 5 2l oo 1553959 A1 510 (Lo y10lisSs 1 (5 )I0l) Lrculv acgomo dinger Lo

O)) U5t 05 1y lan slaol, ploals Lss oyis
Lrasl> VOR o2 551 ol Lo o, 45 s o ool |, Jlie
gl 0

Ly 65959 sladshe IS5 bl olral> o col 0
ui;.:olf Q> (i, 0 gy Sl O 45 AR o yunsS
OLSe i oz Coumge 4wl o oo ok (onlplo .l
395 5399 Jokw 09y (dowe ey ag)] plal> a5 aias
O onSole Eimdge o] oy (ol mé 0 om0 Lial3l |
B8 s CaaBe Glaiea |) Bas CoaBae 5 Jad Cundse
IS5 anll g easSr wdyiny olie o)lugd 5 WS o0
298 0dgel | glorarly s wnT 3 onl 500

Sl 89939 iyl (5 95 354 g e — Y
oligs oy yloly sleculu by

2 Sy b jo b a1 bl Wlsi oo (593959 65
bad sl p pi oSl cnl (b (nl b oS @95 S5 590 adlate
G 3l oad Jlael 358 31 (6 )l 9 ol AL Arsgd (gamgo
st S 53 S s i 3 1y Gy bl e
Joe Ly slalol ailysy 45 055 Sl 68 Ts509)9
Ly oo, S oblr uman hme o) goman jasis
i 1) alge 0925 ey las g uo ColilB pgpie l eolatul
o=l oz bl o ol Gl ity oLl auld e
54 ol sloaSes bl Wlle > 5o 5 o 5 o5 il

S

29SS a0y S > 3805 (soleian p sl o

om0 el o ol W e porie el p (5399 ol

g oo o Aol bl 2 loly (S9i959 e, Il 950,
M03,5 o0 syt g Sy s

gy JB o b Julow elaly (69395 (oly 2yis90 ST e
03,5 u‘j) O 90 Gadedys aile glas ke e S il
slassSa u‘j) PP 9 Comms &y Il 8 > 50 (ol 5o
(VY S8) as g |yl wlg a5 09 salgs
ol 5935 il 05090 Benss wle slasle dg2g ST
o5yl ol sois @l ol asis glads 5l 2,5 as)le

(o -VY JS) 0l 00,8 Lais wilo 1, (g5lme alols

Oa=toand mile glas)le 059 J8 cl> Bl 51l @

2- Movement Adjustment
3- Extended VORonoi-based Algorithm

LSy 393 (595959 Loly (T sd Ceams 4 015 50 0 165l
(O JS) 09 o0ls Sidigy ol 0l b S oo

s
- i ’)}i:

Round 4 Round 5

b ,loly e8> 5l VOR 2,631 (6,05 )54 5 Jle :(1Y) S5
[val Gngs slad o

s ol s [SSVOR ooy ;631 (gl o5 gloals s

Sl il > 12 ;931 S VOR (ol ol 09 0 48,5 1S4,
wlral lan Jb plb oS o p |y ojas o 58 )5 a5
el L as &l 39294y (A 0,h> Cul Oes o loly SO
LI N DY LN P SN S VTR TR JL C R VI @
e sl plog RS 008 Glog glrale g
Aol iS5l il oS ol s s adlal St oyl
S ol g Loranls loly aSel 5 L8 155 09 e ,lol,
e plzraly D o plrale ol sl LT o5 055 o

1- Oscillation Control



WAS 3l ¥ o ot ey Jlu b gy — cole aloo

Yy

Sl p3¥ olering (5959 abpes o681 sl
5o =B bl oLluls ol Viewshed S [l
25,5 oolaiwl ey 28ly gaman glad oy LB,.e
5 y20) Hedgm e Sle SO O jg0a Viewshed ol >g,5
DEM L sl sl JuSy plaS ano oo oylis a5 el (S
O DEM oS cuil messs 4 oY conl camline LB o)) g
Slaise 6‘)‘0) 03— 0 ORG990 Q"%);L“ “—ii éﬁlj
elas | ol sla sl 51 S jn (goae jlade a5 Cowl (o)
o &0 laas Viewshed &b )0 (piomas (ol Je) Condse
ey S Joe L) 69355 slayelly 4 azsi bl
a5l5 05b loly glas o loly o Slee glads ololy LSy Codge
g g0 aseine (Hloly 5B (glaygly o5l g lol; o Slae 23l

olegdiay 5o 2L 5,1 -F

DEM g0 5l oolaiwl L (golpiinn oo, oIS caalol jo

23S 0,8 e Y8 ey 350 (ABly g 0al gl
el 4235 ool MATLAB Laa ;3 by 65

(Gon99) Slol (599959 o )9RIN b Lo —1-F
3 48lend slie (595399 pi sl (2L (Ao Gl o
Sl Gl (G9m9d) (Jol 9959 w0 L 4 lie
' iy Gommdes ae S o olisS 5 sl o, ) glasis
485 )18 o)l 0,50 (VF JS2) ounlissluane (slaSe)
Sl U b3 acilare S Jolis s 3,30 DEM Joke .o
Elge i a5 00y (il 4 )le paiz g gl S YY XYY
slocaamdes b ol YV (26,8 jsb & pioren aiia [ls |
gl 2 42,0 ¥0) ez )0 A @B oSl 4l ojl o ol
VP 8 Sl ansly o5 (38 mhaw YL 4z )0 YO U 39

Al 488 a0 ) (6 sl S VIO 5 Shee glad b g slax o

x5 iy Jao 3 e H0F) S

Srar ks ol et )sSl LS L))l canslie ol 2
Oingy 2o > 5 Silee oyl 555 el 58l (2,5
olass 4y v )68l g0 ;2 050 T plol alites (glo)1,S5 y0 b ol

1- Raster

oais gl JBls je asjle (pl 55 g 005 il 90
S o ojlal adle cpl o ol o bl a8 15 ol
56 Kas ol 1 g ool oty a1y ol o )5,90 Coon 4
Ly g 95 e SRl oly 5580 (lsiear 5359 sk

(z VY JS8) 00 8 o rasl> ] o

il olo 358 Lyl 5l AluS e a5 lacdls o
B (slagnl; ples JBlas b 5 g, ples o], Jlke 1)
a3l (Oyge nl jo (aas by | csalin
Sbee (Sl plaanle oo (a8 IS5 0 5 0095 M0,
Wlaon slajloly oloasl> 2l pl jo (o -V JS2)
Sl Yo 5 00 s (5559 plS1oo Jlislo s el
pol 8 i 0yse ol gl o LSS 0 ) plaals

"))5‘;’;"

bl yo 1, o) oble pos Sslegil jsbay (551l (1
P Job alS 3l il (mizred 05 (o0 o] 8 nnlial
B4 55 655 alipend o2 o8l G bS5 0 25 >
L el slo)SS po lajlol) comdge Slyts B 095 0 48,5
DRy Oyge (6 e bl

A1

S v
\ Vy \ |' !.':
\\. JI.\' 4
(<) )
N \\ ;‘"
\ e '\ \ Vi vy
@ )

S ot ik 119 53 3l a5 1Y) U
655939 Jobor o) 25599 51 (Gl (el S ol gy BB ailaie
Glad)le ST(o aleior o8, ol Coons &y )0l wil o3, LB
S 4y jlome alols L Lol w09 ol 05590 adions gile
Ol 5,503 ol sl o8 e alols 1 (g S g0 25 >
g 2ol BB oy plad S1(2 090 0o ol ol 0525590

2,58 oo Dygo glrale wigd ool gy bl



Yy Olodgd dares 5 oli5 Lao 15539 )9 p1FLS (Sl p oligSs (5,10l Loyl dcgozo dugy (b So

1Y dga (golpiinn w65l (gl pu Lidigy duo o o luili]
Sty (ol (595,9 s L anlite o 1 (540 mals
.M&L;o

15

10

0 5 10 15 20 25

(@)

s 6Lb|).>| Be h)lo‘) “":-*55‘“ (‘A) J&J)

(@) adlpasns 5 (A (Lol 535,5 slapi ;65
e o e 55, o b ST e 4 L, Cannbye

5l oseliamots Lidgr dwo s (5 bl sla el b :()) Jgu

Al poti g (ol (539,59 slaps )5Sl

Py
ol
) ) i Fbb
AL pend ($99959 Lo 655959
VOIFY 0F/%) b oy eSile
\IVE YNy Oinirgy sl Bl yzil

‘50)5.0 4.'.‘“9.0 —Y—f
5 =8l ul o o golerinn p oS CoblB o) jslae
ASTER _elay)l 058, Jow 5l udms cpl jo o and> slaosls
(il S0) 5925 <8 5l (5 ladilaio 4 by s
wldlpe by a s 5l ddhie ol (V8 JS0) 9o 5 eolai!
bl (Splial 715 5l 55 009 (ot BT 0rs8 sl
Q)A_é (_gb‘o oola Sy9—0 LSCLO‘?)‘ @55) J..\.o o u...o.@‘

e Spgme (o by oSl B8g5 byd el Ty L 0
sl 5l oasliamony Giday ol 50 ($ogmp 45 Cel 0
ol iy o ylailtind Gl Lululyy by onl g Lol>

b iy 15 oSl eSS ey )

99 50 |, Sl i bgy g g lajlol) cmdse ((VF) JSC2
s olas ans o ot solgity s (sl hlzsne )55
@bl 5l oleining mi o5l 955 o JS cl yo oS
(10) Ui ol Jloye 5 Lajloly aigy (i j0 (o9lls
Obis p 03l g0y calisre glalzl o 1) b loly Coxdge
)9Sl 45 095 e odalie oy 4 JSO 53 s
Lo Il ad 59,05 i Sl o 1) wlge (5omsd) Lol 593559
(I =10 JS2) 9S00 gy SIS (o, S 0 )
5 orlin (ST 1) o ol 5 o5 o
L Layloly 5l plas gua g a3 )5l jo ) alse (295 da)lol,
(VD JS5) A5 s el Sl i s

I »

15

0

Jol sl,,S5 5o soleidn 08 (25,5 :(VF) S5
e S5 bl loly rtigy sblie (@) o)l 5 (D)
leads yastive
49 p.:.l”_ill 90y ly PRV IR S TYRR VSN & WY
Db g0 030 Jgaz ;0 aS jeblas ailoass &Iyl (V) Jeue
S ol 59555 wiye Sl A Coed (golpiig o 5N
LY s> Kl asli Ll 5l aS (5 sbas o )ls (5,5,
Blyzil (V) Jgoo @ dzgr bl aidly iolidl iigy i



WAS 3l ¥ o ot ey Jlu b gy — cole aloo

Yf

stod 5 00g Bolal Ojso ) ddlaie (o b loly adgl a5

P Fod B g s g Loyl anisi g5 onl 45 o
OV JS) o35 o Lz

Szl 5l G ddlais o b jloly Sles 598 ((VA) USS 5o

00 S pl jo S jebles el ouls oole lad iy 6
&)y Sl 4.4._.....\‘9.\ ‘;P 4 od‘ém_.o.d W‘“”)}_i” ‘Q}w‘f
O & an g amo all)l adlie mhaw o 1) lall, 5l slie
30 aS jeblen (yoran s iuli8l 1) e lol) aSls b
K osbas i, 25l pl e 50 95800 0 (V1) S
St S Gdgy 4o (L pledez 4 S ploser 5o
Ly @ololy lacols aig cuxdge (8L § 4SS iy g5
slaey oS w88 s ol 4SS ol b adlaes o lis
A 2Ll Jeols iiigy cuiiSagame b lol, asise

09 M‘P

Y. s

Sl 5l e jloly a5 oles CusBge :(VA) S0
ol Iy ayloly e cou >le Ko slopls 3blie —p 63l
(3l oo ool lid S5y 50,8 Ll loly iligy BB o>led) dwo oo

1201
] R

80

Yol g
]

40+

20

0 2z a4 6 8 1w 12 15 16 1@ @
KT hied
Gl alize sla S5 o b lol) aSlils idigs Sguge :(1]) JS&

Al s oy 555!

d*'; ‘."‘-57."», 5
oAl
J

£
‘i\%r SN

23S e 4 S aslllan 5 )90 dilaie Coxdge 1(1F) JK

asfllas 5,90 adlaie ;o bajloly aSios olas adsl ase5 (VW) JC&

(Qiloads ool UL.M.: g_i:)f JA).‘) L Lm)lol) g J.:lé L5>|5.:)

Oy ool slasy assle ol ol )by oo, oS! ) (sl )0
Oygme dn Loyl a8l 5 @38 (Sl Slagly o3l dajloly cogas
RO PRVAPVEIR SN
oae Ve ilaloly olass @
oS Y ila ol lawgie oy @
YO 38l mha ez )0 FO ool (3B Sl sl o3l 0
3 s VL a3
a3 V7 ol (88 oSl 4yl (sl @



Yo Oledgs s 5 2l oo 1553959 A1 510 (Lo y10lisSs 1 (5 )I0l) Lrculv acgomo dinger Lo

wdalcwoas zls wlwlp.cé )8 13 Jbs)l 0,0 e Ve
S SSa D ja s a0 )by pled b Oliee
ot sl s & 155 TFE JPY iy ay e Ve 5 Yo X
i S5 5,35 a2 45 53,5 o i sl
3ol Gitig (S (g3ae lade) b (aal3l VL Sl

Dedn i 3 laylol) oles CuxBge

S5 Azt -0

0Nl elisS oy g9l ohgar (glly sleasil il e
b St o bl pledun g Jame )3 lajlol) Comdse o g
el ol SIS iy ot & sl aa
SOl &b pe bl ane plear jshie 4 ool
i Ghgy o piyesl nl oS ool (gigye p 565!
b @95 o9 & Wl5iom 45 Sl (s5ig9 o510 5 (e
5 Lol slod slogl sl gl o wiin Ll 51 bl
13l o oSl ol ogsamgs ol g 8l Lol Cusgamae
S5 a5 o | it elis| Sledlol 51 solizal oIS
b oie G5k pslaear 55399 miysNl (Geios cnl o
o)1y ol s o i ooy (5Lt oy sl oo
a bl a8 o 5,5, Bl ppon ol ;9l 0 0l 00ld e
Ay g o LS pagie wlely (S5i5)9 (ol) (a9 ao
Sl e 398 o0 Sl 5 oad Mol ibog (S 5
Glos slajloly 4 cos a5 wisgh SLl S o bl
Jbo e 50 g 00 Llo 1) alold iy (Gl o b 0e>
5l peins (5 180 0 el dims Cnoay 1) pe S il
o8l ol 4y Lol b loly Joxe (528 (6l oy (5098, e

ans e il |

45k pae il ol e slatage 5 S0 (S

695959 pL,SLs anais 5l eslinal Joa) cal S Slowlns

‘) ‘_,’j Slewlore M)L.: Lg[ho)g)Lf I p:&{)ji” 6‘)?‘ Q&A o5
Sile s ol 3

@ Comd golpiig oSl SIS ol (Edos (ol e

S)ge &S (oo Jos (Sangd D90 4 &S ol (55399 v yeN]
5 ol 0,8les I Sl onslcwon mls w83 13 bl
Codge 33 5,18 pae Bl jl pa olpiiny o5l e
SlaylS5 5o baloly by o ys (ke Bl 5l o g &lse
i8Sl (60,90 adllas Sy (opizren )l alize
aslais 15 0ligS s slajlol) 5l glaslits oL S e (solpiny
N8 S g oy p 030 cals (IS ere5 bt ypiil g (5550
Blras a5 oS wngn L5 gy (el S5 285
gl o 1 baylly 5l el mis Sliee 255 A G595

Sgdme 3, b s jloly 51 (soguame slaws b aS conl puy
or S0 S e a0l gy | adlaie S ol o
B ez Sy9me 75 3L B0 g Feo) e slaas gy K00
1585 sbilen ams e olii |y Lol mls (V+) U5 .cd )5
g Vo a Ve llalol) olows iuli8l b 0o 8 e cvmline S5
9 1Y AN Gl i an aSl S Gidigy Fr a4 Y 5l 5
J=0 ;e 90 5l ggdge pl el a8l il38 TAY 4 s
il it Lajloly slaces Laaldl b aS T Sy el Jobs
Sl o Iy el ait ghls idigy Al cnl Lol b oo
L Lpss a5 Cal (o 5 0,10 Ly Cudgame oyl 0y (sl
3 anb e malS Cosgame ol 15U ol slass Lzl
Siee el g sz o e oy Lo ol ol Gl (ko
Sy | gy el Lal 29 g0 Sl 1AY & by
Syt oo by g0 Lawgi adlaie Ll 5l 5 5 g 098 o0 ool
ol Job BB s )1 5l gdge ol a9 sols gy Lol 5]
p3Y 5 S Sl 990 ielae (il Lo )5 5l (S p0 &S
oolaiwl adlate idgy (gl p 3Ls 0,90 oy olaws J8las ol
9 S )50 Do (o Wl oo E9d5e (nl (izmen 58
S a8 0 5l eles bl (B aS 055 L8 o)
ol e Blaal ig pae Jml b wi X 1,38 bl e iy
 GalS Bolio

() @ () (h
la,lol) olass 5l eolawl sl o ba,lol) aiy lous (Vo) JSC&

) el B0 (o laly ¥ (z gloly Yo (el Ve () alises
(5l oals ooly HLas S5y p 50,8 L e oty uidgy B

ua.>l_w u_i_: ool J._llﬁ C;)‘O‘) albolw sloss J_.|05>LC

O yad ool 0,08 o, Sles 5 collB o Ko 10,50

3l 9 S e e L sns B, Jae S S5

bl cla,)l cds goga0 U g glodaus o5 0uuS asuin

deoys jedaie cpl 4yl (6] Glaaslels) w65 (699,8

oolawl > B 6°Lé.-w-” 65.:5)5 ML}M 5 p.;..:)}i” uu.aads.)
SYe e ol S a5 e dus gl o], ol Yo

1- Overlap



AP Sarly o oo cpmiy Jluw U7 b3y — oode almo

\t4

[11] C.-F. Huang and Tseng, Y.-C. “The coverage problem in a
wireless sensor network,” Mob. Netw. Appl., vol. 10, no. 4,
pp. 519-528, 2005, S. Meguerdichian, F. Koushanfar, and G.
Qu, M. Potkonjak, “Exposure in wireless ad-hoc sensor
networks,” In Proc. of the 7th annual international
conference on Mobile computing and networking, pp.
50-60, 2001.

[12] N. Heo and P. K. Varshney, “A distributed self spreading
algorithm for mobile wireless sensor networks,” In proc. of
the Conf. The Dawn of Pervasive Communication, pp.1597-
1602, 2003.

[13] A. Howard and M. J. Mataric, “Cover me! A self-
deployment algorithm for mobile sensor networks,” In proc.
of the International Conference on Robotics and Automation
pp. 1-7, 2002.

[14] 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 Trans. Instrum. Meas., vol. 62, no. 2, pp. 293-303,
2013.

[15] V. Akbarzadeh, A. H.-R. KO, C. Gagné, and M. Parizeau,
“Topography-aware sensor deployment optimization with
CMA-ES,” In proc. of the Int. Conf. on Parallel Problem

Solving from Nature -PPSNXI 11, pp. 141-15, 2010.

[16] M. Argany, M. A. Mostafavi, F. Karimipour, and C. Gagné,
“A GIS based wireless sensor network coverage estimation
and optimization: A Voronoi approach,” Trans. Comput.
Sci., vol. 6970, pp. 151-172, 2013.

[17] A. Howard, M. J. Matari¢, and G. S. Sukhatme, “An
incremental self-deployment algorithm for mobile sensor
networks,” Auton. Robot., vol. 13, no. 2, pp. 113-126, 2002.

[18] A. Howard, M. J. Matari¢, and G. S. Sukhatme, “Mobile
sensor network deployment using potential fields: A
distributed, scalable solution to the area coverage problem,”
In proc. of the Int. Conf. on Distributed autonomous robotic

systems, pp. 299-308, 2002.

[19] Y. Zou and K. Chakrabarty, “Sensor deployment and target
localization based on virtual forces,” In proc. of the IEEE
Computer and Communications, pp. 1293-1303, 2003.

[20] M. Argany, M. A. Mostafavi, and F. Karimipour,
“Voronoi-based approaches for geosensor networks coverage
determination and optimisation: A survey,” In proc. of the
International Symposium on Voronoi Diagrams, pp.
115-123, 2010,

[21] N. Ahmed, S. S. Kanhere, and S. Jha, “The holes problem in
wireless sensor networks: a survey,” Mob. Comput.
Commun. Rev., vol. 9, no. 2, pp. 4-18, 2005.

[22] G. Wang, G. Cao, and T. LaPorta, “A bidding protocol for
deploying mobile sensors,” In proc. of the 11th IEEE
International Conference in Network Protocols, pp. 315-324.
2003.

[23] A. Ghosh, “Estimating coverage holes and enhancing
coverage in mixed sensor networks,” In proc. of the 29th
Annual IEEE International Conference on Local Computer
Networks, pp. 68-76, 2004.

[24] G.Wang, G. Cao, and T. L. Porta, “Movement-assisted
sensor deployment,” Trans. Mob. Comput., vol. 5, no. 6, pp.
640-652., 2006.

[25] N. Megiddo, “Linear-time algorithms for linear programming
in R® and related problems,” Siam J. Comput., vol. 12, no. 4,
pp. 759-776, 1983.

[26] E. Welzl, “Smallest enclosing disks (balls and ellipsoids),” In
proc. of the New Results and New Trends in Computer
Science, pp. 359-370. 1991.

w55 sl 5l eselcunsay slagser o aas &)l adlais

L oo ol jo a5 wes Lavass ol o oa |, S S o
FB ol ol bawg Gibes (o5 i clanen slo,lol, 45 a>g5

S » )L*fr“b syl 5less 5 S5 a5 sblea

Dyad 0 g Al o dgzge el slaw (SIS idgy
Slppdy bbige ey (o)l 098, Jao SIS SSi
Slas (glwdinge (SKisk (oyp 4 odi] Sl ;0 0gb
Sl e sl bl age by ©lp LS 0550 slalsl,

Dl oo ANy Byl

oulsail| (goleidany ;s 2,15 995 oo gt (LG )0

aS cgomdw lapi ol ple b aslas o gudod cpl o

Sype ony Olidod ;5 S od Jos S99 plSLs ololy
255 58 Jeles g b))

&y =5

[1] S. M. Towhidi, A. Ahmadi, and H. A. Hassanpour, “A
Combination Model for Surface Radar Sites Location
Considering Active and Passive Defence,” Journal of
advanced defence science and technology, vol. 3, no. 3, pp.
187-197, 2012. (In Persian)

[2] P. A. Kucera, W. F. Krajewski, and C. B. Young, “Radar
Beam Occultation Studies Using GIS and DEM Technology
An Example Study of Guam,” J. Atmos. Oceanic Technol.,
vol. 21, pp. 995-1006, 2004.

[3] W. F. Krajewski, A. A. Ntelekos, and R. Goska, “A
GIS-based methodology for the assessment of weather radar
beam blockage in mountainous regions: two examples from
the US NEXRAD network,” Comput. Geosci. , vol. 32, no.
3, pp. 283-302, 2006.

[4] https://www.thalesgroup.com/en/worldwide/defence/land-
forces-radars-and-other-sensors

[5] F. Karimipour, M. Argany, and M. A. Mostafavi, “Spatial
Coverage Estimation and Optimization in Wireless Sensor
Networks from Theory to Applications,” journal of Wireless
Sensor Networks: From Theory to Applications, pp. 59-53,
2013.

[6] M. De Berg, M. Van Kreveld, M. Overmars, and O. C.
Schwarzkopf, “Computational geometry,” Springer, 2000.

[7] A.Ghosh and S. K. Das, “Coverage and connectivity issues
in wireless sensor networks: A survey,” Pervasive Mob.
Comput., vol. 4, no. 3, pp. 303-334, 2008.

[8] M. Ilyas and I. Mahgoub, “Handbook of sensor networks:
compact wireless and wired sensing systems,” CRC press,
2004.

[9] A. Ghosh and S. K. Das, “Coverage and connectivity issues
in wireless sensor networks,” Wiley Blackwell Press: 2006.

[10] N. A. A. Aziz, K. A. Aziz, and W. Z. W. Ismail, “Coverage
Strategies for Wireless Sensor Networks,” International
Journal of Electrical, Computer, Energetic, Electronic and
Communication Engineering,” vol. 3, no. 2, pp. 171-176,
2009.



Journal of “Radar”
Vol. 5, No. 3, 2017 (Serial No. 17)

2
Optimum Site Selection of Short-Range Radars
Based on VVoronoi Diagram
S. Khazai*, S. Doodman
Imam Hossein University
(Received: 23/10/2016, Accepted: 13/11/2017)
Abstract

One of the major challenges in network deploying of short range radars is to find the best
position and arrangement of radars in the network with the goal of achieving maximum
coverage. One of the most common appraches to solve this problem is the use of local geometric
algorithms. Since these algorithms are based on 2D modeling of the terrain, the effect of height
has not been seen in them. In this study, the geometric VVoronoi algorithm is extended for greater
compatibility with ground 3D models and will be used and implemented for solving the radars
network site selection problem. In the extended algorithm, the approach, in which radars move
to the farthest vertex of VVoronoi, has been modified based on the concept of the line of sight.
Results indicate that the proposed algorithm can provide proper distribution of radars on the
region and increase the network coverage to an acceptable level compared to the initial random
distribution.

Keywords: Site selection, Short Range Radars Network, Local Optimization, Voronoi
Diagram
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