Hi36s| st=2HEHe|&s FHS=LHUS ==2& M18& M25 (2011. 11)

32k g Z'lAd H=E o] g3 o] F AlA
2R AaufA|
oA, A8, Az, g
e e R

e-mail:{iseka, cherish, cmdr, yhhan}@kut.ac.kr

Autonomous Deployment of Mobile Sensor Robots
using Potential Field in 3D Environment

In-Seok Kang, Young-hwan Kim, Chan-Myung Kim, Youn-Hee Han
Dept of Computer Science, Korea University of Technology and Education

243 AN=EER P J1E FA A4 dEA A B $ERok A AgHIL Ytk oA
B A sl o]E7)5e] FHW Add S B A4 994e Aug F 5 vk og@
SHANA HZ AA Y AEuH ] FAGE AT EUeA W8 Folth 7E ATolA Y AlA ol T2
o 22pol A o] A xloll #ato] A7 Hol gitk ¥ =il A= 22kl el A & A&l A7) o}
g 33 TRkl A 9 AA =] Agujxe] digk dagE oo AHRE AA gt
1. M2 ATNE A A gL}
AEA nHY T AN NEHIE B 5o e
AdY AA wEEe] 54 432 FASAY ARE £ 2 BEUAT
Hato] 4l Ad-Hocsrlo® dawsztA 53 4u 71E9 AFIRIEBNAN a8 =g o] &gozH
& AFsteE MEY Aot olgst T4 AlA HESAE A Eo] 228 o|lEse] AASo] B=E= d 2= gl o
44 B $eRok BeHn o g Austets FnUEL ANSAL ol% ANE 5
A 7 AA dEAAE 7T AN mE25e 72 A" A "elHE Artste] ofol whel "ojui= <]l
2ol AA HolE Az, B4 71& o] o]lF7]E7A 2 2 (Repulsive Force)s ©]&3}le] ths Targetd X = ©]
Aulsta 9l Tt B ERCAE 7EHeR [1]dA4 AA"E AS
ol ol s AMES ol&dte] FH FFE A4YstaL SaatA 9 234 Yo) Al 9] AMA o] Fo] ofd 33 E7tol
AANELS 2] 7led FHsuARE e Ars 47 Aol gz otme]Z3} oo AT AA ez s},
918 AA B o 9 (Region of Interest, RODS H=
H= 3 £ 9= HAH ¢gx o] E=3l= L&A = N _
waE AR TEAIID, AL AT apa O SOHFAMS XU I
o aim o e ool HlAel ol%os ol B gelAE A& APl Add ¥ud d=
s N - He gl MAe AgWA /Pe AT LAy
g e el U gae A VHEE geg qze Avd ga w99 AolE ol s
A% FE 93, 2e F A dolHE A@H et : , .
o o] o]FMA 7L o]F3 E}Al(Target) $IXZ Lo} & <+
Bowgoldn Ao oFel FFE MASAL, £F L na aane ge & ande gemeltt
A olEF & ke MY stel ATE ST E A . R
_ i 32k e A o] AAMAA LDAEHE HE F, 3 F4l
T A el AAs B sl ol A AAs T T
Ags <o oitka 7hAEi EElAd 2 =(Potential e oAm T o= AE S -
o] % 2 2 3k 912 (Attractive

sto] 3k Frol A o] ApLul Ak 3t 7
ol o]FAAM 7t olFE

o] EES 0IME AR(EEHT &) Adon dwd
191

FAGE] 7 Z2ATAY A UL ol Fa(2011-0005057) 5 0. m, PRy o D 1 1)
_ obs obs 9

EF o] EEE AAAAT S} BTN/ EAEAY] AT o

Yyt on #a8 A

t @3] @ AR

- 587 -



Ni363 st=HZXclse FHS=S

HUis =2% M18& M2s (2011. 11)

ie

1
Fnei :7K;l€i272 * — (2)
i T T
E 1 I $feriti .
Fy, Ky, i m . . if eritical connection| (3)

0 otherwise

9 #ABlA = FolE i wE o]% AA gl A

(z)ek A AMe] AAG@S F2HHUE Aol
(r,=lz;—zl), e FelE i T ol AA i £

AA AA AR AY Ao|thHr; =z, —z). R
o] FAl EJ—‘?4(Cornmunication Range)olﬂ, 7y B A Ab
SHE Ky K Kyt FEOAA G
g Aol B =idAe A %—Eaﬁﬂ%‘-dﬁii[(.

K. K, %% a3,

o %5 414

44 M, @ de Adael 44 Fels s
A ok AAEAY Az el Peld 4 @
Fis 0% A48 AFE 2gs7] As AgdE 9

=
ojtt. =4 (3) d& ol&ste] Az M Eol HAaFo
=

2 KN ol AMAME 71 F glow, o] K9 3o
SFE Ao #o4d Lﬂ—Eo] e AL ou 3t}
2 (1), (2), () %5 $4 2] (Equation of Motion)<

2 (
A gato] AlA 9 o] Hx]a: Al Ak
Al & F=F, +F,,—F, <3t &
Aty 2 3ol dddae tsH T2 74
Factor)e] ltbar 7} sto},

FD:V * Vcurrent (4)
9 AolA vz A Al d v, s BA AN =E
o o) 4xmot,
AA wmEe] Aol m oletn AHE AA wmE9 ol
T MEE a,, = B 2ol e
o F_FD_ F—v Yeurrent
Apeat = m - m 5)
=, el 48 Fokel wel Aol T AN =
so WY p B 73 5 o
Unext = VYeurrent + Apeat t <6)
— 1 2
Lpext =L + Uneat i+ E et 3 (7)
9 A S ol8st o AlMe] Targetdl 2S5 324
AEFHZ @S A 5 AT, A5T @e BEH ol
AN = AguA Aok AA 5] AeuA He 5

rl
S
>
>
S
B
N
~
o
k)
N
E{
=
B
>
o
£

A7} o] T2 olsAY #% H

o fAod S .5 TVHAIIM, d&5Ho= WAt
threshold, Tr& WAYZTIH ¢ oA o] FT A7t v A st
v 2 338 A (Equilibrium Stage)d} #dsln dugE

(e} = =
< THES

Notation:
N AR o] % AA HAAR AGFA
DA s ARE AelEd AAEe] SAAHR

A
S,y z) - AL 1A (2, y,2) A o] A G
threshold, : V& A" 9A &, S =0
Fy, F,,; @ &ola3t o] 2AlA e o3 24
Fyg 0 ol AA o] gk Q19

R Ae sHolzta /AR § 7 W Al A

Procedure(Z 235t7| M7X| ght5):

(1) &v&A

(1.1) A AANAR(z,y,2) 8 F53 A4d¥ o
S A Sl A &

(1.2) o] AAEe] FHE o} Noj A%

(1.3) AlAol ofsf A FefEa AAH] AAA
HE 539 0o A%

(2) @ At

@1 N3t 0% Bgad F, 9 F, 7%

(22) 9245 oA 4 (Connectivity)oll wa} =

b5 By, AT

(23) 7 BE P& FAt st F

(24) FEH¥ t}& Target 913 (

3) T5 Aot

(3.1) @A A9 MEE Target $1x2 A7t v
g A3 FHiols FRY Fow § 51 F

count =

A A

A IR Z7}3} o
(32) 9 Fazdol W=k
ols gt}
(4) Coverage A4k
(4.1) Target A= ol & RE AME FolA 7}
787 2 F R A E g
(42) F A AX T4 =2
= Xgste Hol
(43) RE WA F o2 3l= Sphere Volume(:rL/] A=
g)e} o]F B AMEY S(z.y,2)& ol &3d

CoverageS A4k},

9 =wolA AFES duEEY dAAH] EEe %1

3} 2o},

4. Ng8ol M
¥Rl 33 Bl el AA AguA e

- 588 -



X363

&yt

r'%d -
sodgislea

(a) Osec (7] v1x])
Sphere Volume 17.21m?
coverage 100%

(b) 4sec

Sphere Volume 213702.08m°
coverage 90.38%

(c) 8sec

coverage 81.91%

Sphere Volume 595331.3m?

(d) 13sec (T & vix])
Sphere Volume 715504.4m>
coverage 77-86%

a" 1 A eEEe

b A e B

100% 100%99.4% 90 3% 86 3% 54 4% 83 M B81 9% 79.7% 78 3% 73.06 77.8%
800000
700000 _o—8—
£00000 - -
500000 e
ey o
400000 o
300000 m
’
/
200000 /"
100000
D _A.X T T T T T T T T T 1
i 2 3 4 5 & 7 B8 9 10 11 12
—&—5Sphere Yolume
—B— Coverage

a9 2. A REel e

ROI¥M 3} <53 Coverage

ol tial AEstth ol & flE AWl Hax=g A
stal AAMES 7] HEE L 9 60mAFAA HHSA
AAs AT A eEE FAME dAaxEs T4 7bed
AR =E8 s} Z271ee, A wes9 £ 20002 44
&ttt

EE AA=EEL R =20m, R, =10m, R,=10m,9
#e Mg Ak R A=EEe Fa4l 9
olal, R AlAste 45 v AN §vHE, a8a R,
= AellEoluy, BAANE HES A #E 4 F 9
v A s Mol & wf 2 == (WS 3%
2 B e AAWMO R HAAd ] A )

(a) zZFolA vt

AwEse A g

() zZA A ukgkE
=1

MAwEsel 44 Wi

e

(c) zZol A njgp& (d) A ==So] Wz 92 &
AXEEEe) Fa WA ROL
09 3 AN s WX 98 3 By

(a) K=5
Sphere Volume 715504.4m?

coverage 77-86%

(b) K = 10
Sphere Volume 215655.5m>

coverage 97.22%

19 4. Connectivity K kol 9J3F 92 =&

7 AR s @ Aol Fe] AZe lseck 44 3
fow, @ Aol T AAmse Hrl oAz
05mE Ak A YEAEE e 4 @)%

2ol Aolst

coverage (%) =~

It
U4,
i=1

A

®)

oldl, 4= A= ol o) FAME= AH ()0

%nﬁfgi A= a1, N

A A =2 JfFFolal 4

rir

(% Dol A9 Sphere Volume ©]Tt}.

(g D& AXe=e z
MM 27t o]5d F Ae

7t By Aeje] mdale] o]

- 589 -

2] & =
}E o]

9o

>
nro

Aot} =4

HeAe HNwE
e}

It} (a)9

,
*g3

S TR A




- T

=

X363

]

2
=

02
HT
>

el

Jon

Al

Lo
R
Job
Lilg

s ==2% M18& M2s (2011. 11)

=7 A AEolH, (b)) 17
09 2R WA B4 F AN s
o AEH §%E molw vk mAen (de] 1y
AN REs WA E fEstn 289 19l

(19" 2)= AZF Wgted W2 Sphere Volumequ«]

N
o
rlo
b
N
r%
~ Pr

StFS RAFHA coverages VERN L
Ao el HFE  Sphere Volume 715504.47713 o]

coveragex= T7.86% % UErSTh A== R 7} 10me]
o2 A B4 BIE oF 4186.6m*7F ®Th 1213
A Sphere Volume o] F-3]e gk 74 o] &<l AA =
=9 AgE oF 17074 0]t}

(¥ S AA==EEY AEHA
59 A4, MAME==EE A W
FAR 28al (d)Sphere Volume 2 E%% 1o

o}l e
il
"
&
@‘
R

(27 D& AAweEE) AA4S wiar] A8 e
@ kgl O ANwEE] B4 dd BHES HelFu
Atk K e T4 () Fol 480l Ho} o% AN wmE
go] 7R ASE AP RAFES dHS FEAY

o
ro
—_
(@)
rO
ot
o
=
S
lo
[
o
tlo
f

H oo
S w7 98 d=ge] @ol HEHo] Sphere Volume-%
FO71 (@Rt 22 RS Hola AT (a)Rhth= &4

5, 48 % % A ¥

2 =RdAE e AT gy 33 kA 9
M =g fixHeE dugdES AT 48S S35
olo] A¥E A|AISHA

GLo= B =R A3 Sphere Volume 2] F-3] o
S 7HE ol ARl AA ==l iRt e ER AR
+ MAYHE AEste] F4E AHRE AAEG Aot

[1] A. Howard, M. J. Mataric, and G. S. Sukhatme,
"Mobile Sensor Network Deployment Using Potential
Fields: A Distributed, Scalable Solution to The Area
Coverage Problem,” The 6th International Symposium
on  Distributed  Autonomous  Robotics  Systems
(DARS02), June 2002.

[2] S. Poduri and G. S. Sukhatme, "Constrained
coverage for mobile sensor networks”, IEEE
International Conference on Robotics and Automation,
pp. 165?172, May 2004.

[3] Heon-Jong Lee, Yong-hwan Kim, Youn-Hee Han,
Chan Yeol Park, “Centroid-based Movement Assisted
Sensor Deployment Schemes in Wireless Sensor

”

Networks,” 70th Vehicular Technology Conference Fall

(VTC 2009-Fall), pp.1-5, Sep., 2009.

- 590 -





