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Abstract

In this paper, we address the node positioning method for minimizing the overlap sensing areas in wireless sensor
networks with adjustable sensing ranges. To find a optimal node position, we derive a optimal equations by using the
overlapped areas, each node’s radiuses and expended angles of opposite neighboring nodes. Based on it, we devise a new
node positioning method, called as ASRC(Adjustable Sensing Ranges Control). Unlike existing condition based model, our
proposed method is derived from mathematical formula, and we confirm its validity through various simulations.

Keywords : wireless sensor networks, adjustable ranges, overlapped area, complete coverage,
optimal equations

I.M 8 A AN Y EYA(WSN : wireless sensor networks):=
nlo| A2 T2 A A9}t thakd A 2 FA BALXR
283glete] XAe] A AESH SAARA, AEAH

o i

sHlAE 20 g BT A H2e) BA B4

$3 A4 2 sholazEz A AABRE B¢ B o A, ARV 5o Bollde] gabd 440l 7]
AMYES T B3 A7/ Fs) A0 dok ¥ o H2 A Jie Wu 52 WSN Ropel A FEu
3 e FAEA WSNe 749 (sensing coverage)
A A2 EESET == X9} A u

459, $YUSE Junsy AU e wRERE, jjfh:i
(Department of Information Security, Tongmyong 3ol dolo) gt AARHE ZAAHY EAle §AHA
University) 9% 9ue Tesle] PAAY 5 AW (discrete

T AslY, A4S ARrE A : N6 xeiddoz o = He ol Zo] o
(Department of Computer Science, Kyungsung points)& HAYHLE FEES I ¢k ol A7
University) Ak WSNAA dYx] 4H] A= UEYIL ¢
‘”(Xéﬁ%, w4 o e B3 AP BAol g ALEM, WSNe| 724
Division of Electronic, Computer and =4 - Gl T = J5ES

Telecommunication Engineering, Pukyong Bl efstel AgHE A °A]< AR aH] AF
National University) THdte], FA BAlY 4E dEdAY 2&3%<) 4

Herdak 20060898224, FA AR Y: 2007314114

10



ENA &8 7IHE E8ste §
7HIL o gE s ieozA, by
WONS} 3-8 849X 2% 8§, EHA
T o2 FR o9 thre) A=
o, ojgf WSN& TAstE =29 57
=2 2#AE%(node scheduling) & =& LR Ao
(node density contro)$t 22 o] A= gl

2
=

L.
=

z43

of Wi v =Ev BEE FANA A 49
o W z2d& DP&S‘}—E— AM—E—QI Aol 7aAY o

2 EE(active mode)
Lo .g._g FA EE(sleep mode) &
FolA "tk 0|9 ol TF

33 A HAY k22
=8 xE=E9 HXE
Geographic Density Control) Z2EZF
£ AP E 71&9 OGDC EEEEOHH xﬂ/\]vsl
NHRGE 98] BE LT X WAL 223 24
4 QtheE 7MY o] =29 A whAe] spAAY
A 4ol FHHE WAL
=9 9 FRsE AR WEE AL
<t A Aol =AM
Z8toNM Thde A At 2EEHm gon, =3
A F4 A 710 AR fALE
71%9 WSN 9ol 2A
T4 99 W 29 J)Eo] H4Hn
oz AMe AN 2Fel #F AL B©Ed)
o}, o]9} Zol MMt L Aoz A

27 WAL
wEY A 2HE 9 VEAY $UE ARY

*
ol
2

oY

i

Radio 7]&& AH&3tH,

z4¢ 59 7}

# $let 7129 §2 2ol wf AU A 2

2 7bd A% 9g o4l FEIGe] FURY 18
x-iolzl 23 9HE FHY 4 ek =59 24 99
o WAe 23 F Atk 13 el AdE B
We, olgshe mEERe gAQge] FRAE A

o

B 7t =29 A WA R o3t k= A 4
ol &ate HAH3} g A RdE fFEayrh
e ofF o Zo] FA HIUY 0. £29
1. A= EA7A 43
3,2 M B

fdi =4
=

B

o

=E2X H 44 A ClH

an

H13E 1

A Ao 2o B3 nAS J|EsiAn 3 dAME
ASRC =4l A3l rdy Ao dsle 7=
om M. ANEHHAME, WA AT AL A
Eaoldsy] 1% gty ndol {33 ASRC
ndeol 33 AjEdolAd 23 € 1&g Yehllan,
V. 28dMe B d7<] A9 2 H§ dE e 7]
=3I

. S

WSNelA 99 #Aw EAl= 2 WTs 2= A7 F
AZA A2=9 QoS(Quality of Service) 4 715%
o stz AAIE & ek Al&F 93 A FHo]
dA Hl§ o3t HolAW WSNE o o]y Fd3<l
AL & ¢ (1SS vt dFE WSNE &2
QX Ao BExH d4d A4S e 54E
73 gtk WSN 718402 A2gle] £HE A%
3t7] 913t oA AnlE HAs T A
Fdd AW &£& FAsNers. 4 A EAE &
1xe Byxd AM =289 By UEE HAEd =

Ao ZA HAE F Utk olg FA LHEA o
232 Qe =5E FoA A HE9 AW &5 F
APAA Hae w=2A AR FYe] FHHA LER
o] A28l 7H U o] AHE 2902 WSN
o £EAFE /g & Y,
Shijepcevic® 52 AAM YEHINN S A
3}7‘:— -E*HV} N-P complete &=
= 0¥ 97+ 2RE

A44L

8= ‘?FX] = 34} o
2k 100% ZAA99e AW && RAA K3
Yz o PEASF& e S n R 3

o,

3t zac ool 2

EE 7H3stslth PEASIIME s

7} wake-up 3t 54 wWARZ

g ojE =T2HE $ug ux 2

R A AA modeZ H3Hae] Zale) uAE B



12 ME AXFAE #e HAMER 748 R

A o 7 FoA FFE Y3} of Py 7
EEoA EAxE doe SR A An g A
FEol dfev Y AWEe BASHA RIA.
Zhang” & Hzz 24 B4 A% Wﬂﬂ} A A
2lote] AAE Ayt HEYIY o X%}%
Aol AXe] AWGd EAE sﬂé%}%
st 047“1 25L& OGDC Z2EZo|@%
E Aol ¢unEs st

iyr Tom ﬂzl
s 7

FT
 d
;:o
_\-)_l,
b
&
1o

A A7st

= B 715g ol&stE
A7 A2 AR QEY I e BRSS9
& oliz]e] AHE Ao g YEYAY $HAR
o] 7153t7] W& o)t} Cardel®® 5& AA e 72 4
e 248 = g MR8k B4 AHS A
B oA xEe AL TFie EA(AR-SC

Adjustable Ranges Set Covers problem)E A|A|s}iL
o] EA7F NP-Complete =A1Y-& =333 EAld] o]
g Hdste 0Fe dngEFS Adstdn q7)Me
4 A9g At Ao] 5A] ol B AHS
AW 9 ReZ oln] ZAA oI x| W
ANABRE 432 ke /M st o]Fojz AFom
2 BEEA A d¥ S8kl = &) o
t}. Dhawan' $-& Cardei 5] AU FoA W=
Az FHd dg FETE 530z Zlysie

g vegael

e Al A 9] WAE z2Hdo
S AY ZA(full coverage)dst FAlo] U
3 Eﬂfi}ﬁ}-“f e AEA ALE

3
8
1o

N
)
*
o
o
o
=

It
min
o
2
B

e
2

i3
o

ol
2L

i
o
™ 19 of

o,

N

¥ o 48
2
>,

ol & b
rm
& o
h-q
=z
n
lo
‘2
-
2
>

o]
9
il
J}m o
e
ok

8o
L
2

gdddez AN k=
¥ (sensing gap)e] EAI3HAl
st Hio A MAHAE Ze wE=E

gapdll YAAZoZA A FAS oA AnH] FEA

Moo o Mol omn bR ©oim Ay

M HEAANM SHIH 32

(12)

AR AYYY

CHER

g 9l kEo

(a) 0GDC (b) Wu I
a8 1. OGDC, Wu |, Wu 18] == golo}
Fig. 1. ANodes layout of OGDC, Wu |, Wu II.

£ sidste wWeks At OGDC 243 ] Wu
7b Ak F bR Rd(Wu 1, Wu IS 28 19 4
BRI AT

I¥ 194 (b)e
dolH, ()= Al 7MY A& 3tE

Yi Spg 52 OGDC €28&E8 5
ol FHHE #4F FHHAA ¥= #F
+(NODC : non-overlapping Density
THHA ¥ FAdA 2A Ao EF dAgE F
MR oR $gste €@ F(NODCA
overlapping Density Control with Adjustable Sensing
Ranges) &31e]&& Attt NODCAS 745 74

WEE AMES B
zdolr},

gt A9
Axe] ¢ag
Control), 222

5 7R 2

el
=2
A

al non—

o ZA vty 715 & ol &aAY FHE A ¥
7] dEel AY ANE A R3he A4t 24E ¢

Ak R, A W 79 AR A e g
sl om 7+x ¥bA zhe
2% ATHAZ YATY B

= Aze Boe AN,
A4 AN 2A%e 2o
@AYl 48 5 Ag
Fo UUSHE T A4 MEAIY
Jo YHES steck

m

M. 7iH axgHel SY2A

= Q
THE xE°

ol 2ehe MM wEoe] AX] 4o
Bda g oA ol eaRA Hastsolop d
Ageel 2L AN thstel, Jemiler C. Howrt &5
£ 47 2§ FoA e ojd) WE =3
& zim 3 ok 19 2t 7hd 2A e 2

M&E9] #ojobx-& YEhilch

l"

7kl
.

=



20074 18 HX3E =X N 44 A CI H

e

I8 2 JHH ZX|ges MM =2l alololz
Fig. 2. Layout of sensor nodes with adjustable sensing

ranges.
N2 B2 24 49e 2 B3N F e
o G FH9Y ALBE AP 2AE I8 2o
AN Yo,

(A D Al xE9) w5 937 AREA e

%

(A% 2) 249 m=ol tst 12 2 wirol AAs)
2 Sl @ A el de 9% 47 23

‘02)5-

sact
OP = 0Q = OR (3% 19 z=7)
3% 201 HahA= oln] ZAE F ==(a¥ 29 ¢
A, B9 2AHO EE P, 97iMe 08 A& A
WA oge] 2AS Jé—;}Eﬁ A A == 09
X2 AAse ke AA AT
0Q= OR (A% 29 =70)
[12] M5 3% 1, 20) diste] HEY F23E 9
g 27 AAEI lon I dTF [BledAE ofdll
3k FAE 539 AFHAZ FAFU

IV. 78A XYY AO{(ASRC: Adjustable
Sensing Control) 2&
742 HE &

L

Zte WSNellA o]

a3

M1z

a4 o9 tl23rt waksolop dhrt,
(=41

1A taze] ofste] Au
(22 2

2) el BARE

A,

Wy A9 ANE 87 AANE N2 TR 3
& A Ao} wEwo] Badd Bk B ATNE 2
A 98 A9 Avste 2A4 BGGL Ao
s A w29 9% FHEAS e

ASRC oA 7 wEo] 91348

a3} o] Aoy

=X

A
T
~L

d

:L

fg 2%

r
it

[FA9] Aol BE
Z7A A, °];¢°H§

£ 7 wEg 922 2

P o

Mo i

oo

Fojd EAo] st he3t T JHA

[44]
) A o e ANxEe] 74 Mo vt
of 288 74 A AAERE TG & ok

@ sl woﬂ 46}&1 e G99 By
A4 AXE 9PoE WAS 2 9 Bk

A7NA AH ()& B4, olwshe Awsst %
4% ¢ 96 BAZHE 2994 38 BE woE



14 HMMER THE M

PEAZeZ A4 A 0 ol 47 99 go] 3
23 At ARe 2@ Aelw, 713 @9 34,

WSN #2 a7 44 Bd gire dugez
el olFolAm gong o2 2AZ 4k

a3 204 vehd 758 89sE ohew 2 9
A B, C7F 29 25 2o] AN 1,

ap = £PAO : AdlA BE vietE o Alde 7,

a3 = £RAO : AdlA CE uiete o A== 2

ay = £PBO : BolA AE ulgtE o] A== 4,

az = 2QBO : BAA CE vigtE o AN=e 4,

agz = £RCO : ColA AE nielE o) A== 7,

ap = 2QCO : ColA BE wiete of AAEE 7z

AAe] wzte] wet FAEE wAAT 7 4o dA
S 9ZT =AM 679 olFTH AZFo| EAEA
. =,

Biz = £APO = £AQP : o]5¥ A7 OAP

Bis = £AOR = £ARO : o|5%¥ AZt¥ OAR,

Ba = «£BPO = £BOP : |54 473 OBP,

Bs = «BOQ = «BQO : °]5¥ 4z3¥ OBQ,

Bsi = 2COR = #CRO : ©]5% 47238 OCR,

Bn = £CQO = £C0Q : °15H 443 0CQ

a8 a7z 99 ¥4 diste ohga 2o

1,139 A B CY wtA

AA Aol FHE o AHPHE o)xFE -
o oste] WAEE WE Ztof disied g Azg
AAE o] & FH gt

K=

> ¥(a

i=1j=1

E—-k—4),(i=5k=3) (1)

(F8] L=200A,

k k

BE AAPO, ABPO, ABOQ, ACOQ, ACOR, A
AOR ©| djs}te
2B+ ay=m 3)

o &9, @)

ﬂij:%(ﬂ“ a,‘j) (4)

MM HEQINM SHFY HAE B LE9 X ZFYWH

14)

9718 9

@& Al Wgstd

—ay)=2r°) B wHebA

=k —k)r—dr=n(k’*—k—4)

iZ1i=1 U

AA =2 Ao BE FHIGS Hass7] 9
e o A3 e e

a9 294, HAstE FHEE WAL

QAPONA HA Spyeriapiz = 11( 012 ~Sin & 12)/2

QARONA HA Syyertapiz = 11 13 —sin & 13)/2

OBPONAM HA Syyeripar = 12 &gy —sin & y)/2

OBQONM A Soveriapzs = 12 g3 —sin & 3)/2

QCQONA B Spveniapzz = 13( Az —sin A zp)/2

QCROANA BA Sovertapnn = T3 0y3 ~sinay3)/2

upebr FHEE WA

S = Soverlaptz + Soverlapls * Soverlapzl * Soverlapz +

Sovcrlap32 + SoverlapSl
k. k
:2 E"'i(aij_smaij)/2 ,(G5,k=3) 5
i=1j=1
oJmg golA AN A E o gato] Ynkslet vhe
3 22 AR Y FE7F 7besith

k k

minz Erz(

i=1j=1

k

EZ

i=1j=
(z;ég kE=3,r,>0,0< a,;<2m)

@, —sin®;)/2,(i = j, k> 3)

)=n®—k—4), ©)

subject to

ek HASHA (6)&
AA =25 T3t dard F "—d.
B 4 RS 2R ¢ Aok Y3 4
Z 2 (Linear programming), Integer Programming,
A daE F U GaEgEE A 78
T Aok B AFddAE At £571 ofd HEE 9
219] FAd #Aleol Jorz AT duFe 73
= AgFstAnh. HAs A& o] B AHed
9 AAEH T2 AEdolA BFARENA 7&

o,

flo

gn

5

iﬁﬂ

V. AMEdjold

B AEgelde 2xe My g i 34



20073 18 MXZE3

99 =7e] Bdrhe A o, Ak
3k ASRC 2due nug 39 §5 6‘% golala
2} gy, B Yoy Aetst WAL Zhang B9
B oA Aot whie ASRC Ru® XFc}
do Aedt T RAL UEST Jorz o 2

o] &3l A == x| gk HYs HAT

ot 29 244, 93 A B, Col t$3le =28 244
X, Y, zet 4& W, == X} Y, Y Z, X9} Zo o8}
o d& F 99 dHAold AP, 4 == X, Y, X9

>

WAL, 12,8 % FRAe W
s,

ry = a2t HA

1
dyy= T?"'Tg” 27 74008 (2m — E(am'*' ay))(Iry— rd<dyy<lry+rd ,

1
dyy =13+ 73— 2ryracos (27 — —2—(a23+ ag)),(Irg—rd<dy, <lrg+ry ,

1
dyy =12+ 72— 2r rycos (27 — ?(ala-l- ag)),(Iry—rd <dgy <lry+ryl

(24 3

o o] =9 o) fA Y Wee 2AS 4
AY & A o149 2e P 2RL Aol ol
A Zhang % ASRC Ede] 3FHoz Hgrbsainh

T3 27 39 AL UFE =57 2F¥F AN o
£ weo AAY rFogw ALY 5 Q)

2 Q7N ABd)H E24 Matlabg AH88)
.
1. ASRC =& )\|§E{|0|M
ASEC 299 NZAE A4 Fojd o s o
nol sl AH3Y 6% BRI A a9l @S
943 oI% 88 wool AA ol BAAE T
9¢ Ava,

2. Zhang THio| 1At

(2l M A F 74A] Bl dig 2138 Al
goldsy] fsted g 2ol 23 wEae 2l

£ AAENIH.

7t 8% 18 =S PESE 5
OP= 0Q= OR=d & ¥4

== X, Yo thstd,

d d

. g %2 (5) . 021 (E)

Sm(T)z T ’Sm(_z—)z Ty
Z Y, Zof 3o,

==X H 44 # CI H

(15)

H1s 15
d d
sin 92—3)——— (_2-.)’ sm(gﬁz—)= (2)
2 Ty 2 T3
= Z, Xo djs}e,
d d
31n(a13)= —(—i’ sm(a31 )= (2)
2 T 2 T3
3 3
Yi(a,)=nk?—k—4)
Aol A i=1i=1
=7r(3°—3-4)
= 27
OP= 0Q= OR °l&z
Ay = g, O = Qg Az = 003,9A]
A + A3+ Ay + Agg + Axp + Az =
200 + Ay + Ag) = 21
L dpt Ayt Ap =T
714, ap = 1~(dy + Ap)°|BE ol& apdA
Ao diQlstd
7= (agy + o)
2r1sin(——-2;——&) =d (7)
Qo + &

sin{A— B) =sin(4)cos (B)— cos (4 )sin (B)
o)z olg YUY AN et 2k

(8)

)ms(—ai-;;%—?)—oos(lr‘ )sin(w)= d

. m
2r,sin( 5 3

o714 sin(%

cos (A + B) = cos (A4)cos (B) —sin(A)sin(B)°]
g @@L gs3 2.

)=1,COS(%)=0,

2, (cos (T2 Joos (1) — sim(“2Jsin(32)) = 9)
o, ,/Wi-(g)z ) ,/(%)T(-;f—)? .

ng olg 29l sy, 3
(\/W—(;)? y \/<r3>2—<§>2)_(<§>2 ey (0

Ty Ty Ty 2r,



MM I EY A

16 7t ANFAR e MMEER T9E R SHYY 228 YT £SO YX FHYWY 479 9
1 % Z % o 5

And (4= p @ 51 Qelan 0Q, OR®l Zolgt 87 FHYYe wHe Adsd,

2 ASRC R ABHHL, HAHY ©)9 A

TZT3‘)D3 E Y+ () + (r ) D ( 2 =0 ( 1) ‘aij%l-jq' o]% O]‘g‘?ﬂ' %’d -/] tﬂ-‘l‘% ]%‘3}0:] -7—33

2(—’1_ +((—r—1— Ty )" +1{rg TaTa) = 1 3tith, ASRC 299 AlE# oA Ae FA-3 (6)¢

mepd ADE BEFE D e P qg, 4 o] G IR I8 THIR WAL clg

(1Dl 3t {FER dghs ol 83t Al =9 $14
2 FHIGE AN & d
L. 3% 2)9 =U= EJ_FZE.-%}—'—— af

olv] 4] gicke

71'Zé°lE-§— OP = d/, 0Q = OR = d dayp +ay =
KKEe 44) olgt ¥4, AAOR, ABOQ, ACQR,
ACRO A o594 4o] f=drh

d® =13+ 7} — 2r3ricos (a,3) (12-1)

d® =13+ 13 — 2riricos (ay;) (12-2)

d* = 12 + 5 — 2r3ricos (ay,) (12-3)

d® = 12+ 15 — 2r2ricos (ay;) (12-4)

gl o5t

K+ a3+ ay+az +az, =27 (12-5)

714, A$ 29 2HA0Q = OR) o 93
gy = oy 0l Tk

kA A1(12-1),(12-2),(12-3),(12-4),(12-5)8 =3}
= doll g @A e 7 ot Fal d
£ A5 D Zol =29 A FHAGE At

3. Al2djold Azt & uF

Aol dddAE T
Z} wxo] 74z ulFo] T3k
7} = w7 o] ztolzt miAE A
6),r1 =10, r; = 7), JE]J—
2 A =15, 2 = 10, r3 = 3)oll thgt Al EHolAA
HE5 veEpAT T3 HA AE SE&Eok ue
Aol W7ol m, cm, m, 2 ¥HZE HLHuE o]
g ndstoq 2Ade g ¥HeE Fo r = 100, 1, =
80,13 =70, 223l r; = 150, rz = 100, 13 = 30 &2 W
2g 1099 2A4Y o st A AgEH A 3

Zhang E®9 A% 14 4 (1D)& °|&3t4 OP,

L=
&8

8, 3 =

(16)

of TPt

A2 M E, == X, YO XS 45 A
1e] 7 == d3Abole AZE OGDCAA A A E
a 301 \/_(7,1+7,2 /2 = M;ﬂ%} :?: x%
o] &3t AlEaolA sttt oo
o Al g oL, ¢ 29 FYst
ARE A, olm apst an9l
s AHFA 6)d Mgty

ox
ol

=
e

-]
oo b

[U-"

B 2o

7% 13 ASRC =g s AlEd
ol A= X 13 2t

E 191X Zhang 49| 3¢ 1o ik 244 (11)
¢l ZAOP=0Q=OR)%t FHYEYGS HAHFenH,

E 1. Zhang Z% 1 &} ASRC ZEol st Al2ao]
Mz
Table 1. Simulation results of Zhang's case 1 and
ASRC model.
Zhang =9 -
Er ASRC 2d | w=xn
11,1203 FAHH |OP=0Q=0R| F397H
6,6 6 19.5660 6 19.5667 +0.0007
8 6 6 23.2178 6.52852 23.2216 +0.0038
10, 8, 7 36.0129 812797 36.0150 +0.0021
15, 10,3 17.4479 5.39282 17.4489 +0.0010
1008070 | 3601.29 81.2797 3601.50 +0.2100
150,100,30 | 1744.79 53.9282 1744.89 +0.1000
E 2 Zhang ZF 1 T ASRC 2Yof it AlSa]
old Z3f
Table 2. Simulation results of Zhang's case 2 and
ASRC model.
Zhang %2 ASRC 24 | ®=m
non | 2984 | e | Fans
6 6 6 19.5666 6/6 19.5666 0
6.90411/ _
8 6 6 235767 6.33699 23.3334 0.2433
892562/ _
10, 8 7 | 367197 7 080 36.5008 0.2189
12.1621/ P
15, 10,3 | 354565 453509 35.213 0.2435
89.2562/ _
100,80,70 | 3671.97 78,0892 3650.08 21.89
121621/ _
150,100,30] 354565 45,3500 3521.3 24.35




20072 18 MA3Se] =X A 44 H CI B

ASRC 29l disixs 21D B o3 FHEY
# zt mdd it =& WYY o]E Y
o ¥ 19 ®lud yehd uieh o] ASRC EE
Zhang 9] ¢ 13 Hladte] ~AYA dju], FAE
T 32 A=Y H29 FH WA Zort mEHd o
& AdE 2o fFEHE A
Zhang 299 A% 29} ASRC Zste] n)
29 et
X 20 vpeh vie} o] ASRC Edle wH3o] Y
3 A8 AQE Zhangd] B 24 Wgt FHA
e ZAAE Hola glon 53 2Ad o & A4
i E FElg zfol7t Belol wat Agte 2ol B
¢ 2dE 22T U

s X

V. 8 &

=EAME WSNellA =29 2949 & 7h A
Aste|, o3t nEote Fx% %gl% Ha
EH g ARse M2E HHE AR
SRC 292 A =9 FHd «]o}c’q ey
7617H7—"rﬂr 7HEE =29 X §HY gE o) %
& Fastele JH3 AS Ve R g
. Al g ]°1 il W Age A5 19 &8 Ad2AME, F
FFoll gt Hao dA =24 fXE A
AR A & A9 HEd 5 gen, 4% 2+
FE A7 B2E 340N 180 wo] T2
B E(active/sleep node)E A8t 2AEHFoZA
HEHZY FHA7Y 7oz HEE & YT ool
t}, ASRC B9} 7]&£9] Zhangd] ¢ 13 4% 29
ekl FYE z2AgA Al EH A Fayste FET
ARE BYom g HEG =59 X wAEd o
& dgdolrt & AfdeE gL & 24

=2 E%{E}.

H‘ I*N

a2

0

‘8
i

X
oX
2
=2
Ofr
hsi)
2

+
o% 1o
)

3

i)

o

2
rO
i

4

i
i
o
ol
)
B
2

(o3

a7

H1z 17

=

a

re

Ho

(11 I F. Akyildiz, W. Sy, Y. Sankarasubramaniam,
and E. Cayirci, "Wireless Sensor Networks: A
Survey”, Computer Networks. March 2002.

Jie Wu and Shuhui Yang,"Coverage issue in

sensor networks with adjustable ranges” Parallel

Processing  Workshops, ICPP 2004 Workshops.

Proceedings. 2004 International Conference on

2004 pp.61-68,2004.

M. Cardei, W. Jie, Mingming, M.O. Luan

Pervaiz, "Maximum network lifetime in wireless

sensor networks with adjustable sensing ranges”,

Wireless And Mobile Computing, Networking

And Communications, WiMob’'2005 IEEE

International Conference on 2005, 2005.

A. Dhawan, CT. Vu, A. Zelikovsky, Y. Li, SK.

Prasad, "Maximum Lifetime of Sensor Networks

with Adjustable Sensing Range”, Software

Engineering, Artificial Intelligence, Networking,

and Parallel/Distributed Computing, SNPD 2006.

Seventh ACIS International Conference on 19-20

June 2006,pp. 285-289, 2006.

H. Zhang and ]J. C. Hou, "Maintaining Sensing

Coverage and Connectivity in Large Sensor

Networks”, NSF International Workshop on

Theoretical and Algorithmic Aspects of Sensor,

Ad Hoc Wireless and Peer-to-Peer Networks,

Feb. 2004.

S. Slijepcevic and M. Potkonjak. "Power efficient

organization of wireless sensor networks.”, In

Proc. of ICC 2001, pp.472-476, June 2001.

Y. Xu J. Heidemann, and D. Estrin

"Geography-informed energy onservation for ad

hoc routing.”, In Proc. of ACM MOBICOM' 01,

pp.70-84, July 2001.

F. Ye, G. Zhong, S. Ly, and L. Zhang, "Energy

efficient robust sensing coverage in large sensor

networks.”, Technical report, UCLA, 2002.

F. Ye, G. Zhong, S. Lu, and L. Zhang., "Peas: A

robust energy conserving protocol for longlived

sensor networks.”, In Proc. of the 23nd

International Conference on Distributed

Computing Systems (ICDCS), pp.28, 2003.

[10]S. Yi and S. Hongchi,"Coverage and energy
tradeoff in density control on sensor networks”,
Parallel  and  Distributed  Systems,  2005.
Proceedings. 11th International Conference on
Volume 1,pp.564-570 July 2005.

(111D. Tian and N. D. Georganas, "A coverage
preserving node scheduling scheme for large
wireless sensor networks”, In Proc. of First

[2]

3]

4]

(5]

6]

[7)

[8]

(9]



18 Jhe ARAS e HALER THE M MM UEYION SHHY HAS 98 LSO X FFYH  47Y 9

ACM international Workshop on Wireless Sensor
Networks and Applications, p.32-41, 2002.
[12] http://lion.cs.uiuc.edu/projects/wsn_theory.html

AN R AN
LA 7] =43 9) - g 7|(454)
& 198813 £ stm AAFA e | 19974 RAOsE A3 SR
T3 A 24 Ak =4
1990 ® At AR FA d AR AAg e
83 Aa} 9. A 2

2003\ F73digta BRAXLH

Aot A Ad

BALG R WAL 2.

19911~ 1998 FRHeATL HYAT Y § A sk AR E T 299
1998'd ~2006'3 FH e Zulg

20069 ~ B B ARREA AYFA <FEATo | FAAYRYF, JWTEA 2,
<FaAEol  MEHIBE, AAUEH D> AFH =Y a>

18)



