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Fig. 1: Tllustration of the bonding criteria for two-
dimensional ramdom-lattice site problem
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Fig. 2: Experimental setup for two-dimensional
ramdom-lattice site problem
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Table 1: Critical values of N for each R and h,w, above which a network is fully connected.

size R
h w 01 02|03 |04(05]06]07]|08]09]1.0
1.0 | 1.0 1388 | 341 | 163 | 83 | 50 | 34 | 20 | 16 | 9 8
11005 || 549 [168| 70 | 33| 20| 13| 8 | 8 [ 7 | 3
1.0 | 0.25 203 | 70 | 39 | 27 | 18 | 13 | 11 | 7 7 3
1.0 | 0.1 170 | 67 | 39 | 23 | 18 | 13 | 11 | 7 7 2
1.0 | 0.05 170 | 60 | 39 | 23 | 18 | 12 | 11 | 7 7 1
1.0 1 0.025 || 147 | 60 | 39 | 23 | 18 | 12 | 11 | 7 7 1
(0505 |[ 341 [ 83 |34 | 16| 7 | 4|21 ][1]1
0.5 ] 0.25 168 | 33 | 13 | 8 3 1 1 1 1 1
0.5 ] 0.1 67 23 | 13 | 7 3 1 1 1 1 1
0.5 | 0.05 67 23 | 13 | 7 2 1 1 1 1 1
0.5 | 0.025 60 23 | 12 7 1 1 1 1 1 1
Table 2: Regression coefficient of critical N rate for SE @k

each area rate relative to the square

R slope R slope

0.1 | 0.919714 || 0.6 | 0.806499
0.2 | 0.904598 || 0.7 | 0.700802
0.3 | 0.848601 || 0.8 | 0.778119
0.4 | 0.814750 || 0.9 | 0.662824
0.5 | 0.803171 || 1.0 | 0.843162

ohw/1.0 %, HEENZERFAED L N /NDY % & 5 7
72 7% Fig. 5 \ORd. 72, & RICHTIHEREE K
INTRIETCEMOELL U 72K R B 0 T Fig. 5 1R 9.
FTARTO R TEWVHBENR OGNS, & <IT RMEEIC
HUNI WSS, /N REIC & 2R SIERROM
X (FRARE) 13 1 1TE< RS, RPKRESRD L, [
FUAISERBE DN I K B2 I1I2 0N/ 5 Z &0 531
EARDOES 1 D6 LAEAWITNI LK 25, FIREEED
fE% Table 2 {239, U EDFERIY, RIEREEICK
UNIWEEIZIE, & RICEUTIEAREBEICSTS
MR IC & V) B 2 2 3 DI TR ) — REDZ
EFNTED e BNbhror.

4 HDOIC

AWTIE, REDIEBORGVEEIZET S, @5
FREEEREE ) — REUIH9 S MEREE A Y T =20
HEVEIZEE S S RHRREER 2 17 o /2. SR IdE(E T
RERREE & BREEDO R & XITMKAF L, a2 729/ —
RBUZIZEESHEPFEET D Z e MR L 2. 72, IE
TIREREL 2 M/ U 2 RGIVEREECIE, € DOHALIZ &
DSV 2 2 DIZBER ) — REDFHITES Z
EMhino 7.

1) Li, J., Andrew, L.L.H., Foh, C. H., Zukerman, M.,
Hsiao-Hwa, C.: Connectivity, Coverage and Place-
ment in Wireless Sensor Networks, Sensors, Vol.9,
No.10, 7664/7693 (2009)

Mulligan, R., Ammari, H.M.: Coverage and con-
nectivity issues in wireless sensor networks: A sur-
vey, Network Protocols and Algorithms, Vol.2, No.2,
27/53 (2010)

Ghosha, A. and Das, S.K.: Coverage and connectivity
issues in wireless sensor networks: A survey, Pervasive
and Mobile Computing volume 4, issue 3, 303/334
(2008)

Sahin, E.: Swarm Robotics: From Sources of Inspi-
ration to Domains of Application, Lecture Notes in
Computer Science, Volume 3342, 10/20 (2005)

AT — I BENORIFERZEETN R, FHU & HIE, Vol.52.
No.3, 179/276 (2013)

6) Brambilla, M., Ferrante, E., Birattari, M., Dorigo,
M.: Swarm Robotics: A Review from the Swarm

Engineering Perspective, Swarm Intelligence, Vol.7,
No.1, 1/41 (2013)

PO, FHEZ S—alb—ya VHEEHEHNEA
T —LHRY NR Y T — 7 OdsEE— B E R e 0 Ry
MUIET2EE—, ORTA 7 A - A On=s A#E
214, FHEGR CHE CD-ROM, 2A2-X06 (2014)

PSS, SR, RAI, RS/ SRR
BJSAT—=L0Ry h 32y NT =T ORI TS
ERGT, FHIE BRI 2 ¥ AT A - M A
2% 2014, 93/95 (2014)

Katada, Y.: Connectivity of Swarm Robot Networks
for Communication Range and the Number of Robots
Using Percolation Theory, Proceedings of the 2014
IEEE/SICE International Symposium on System In-
tegration, 93/98 (2014)

FHER, MEOSR, REMH, EEESEN: LT 5
A REAVEZAT=LBRY M2y bT =T DR
MER, ORT A A - AN S O=D ZFEHER 15, i
#CEE CD-ROM, 2A1-K06 (2015)

INHIE: S—aL—Ya voRE, BER (1993)

Gilbert, E.N.: Random Plane Networks, J. Soc. In-
dust. Appl. Math, Vol. 9, No. 4, 533/543 (1961)

13) Pike, G. E. and Seager, C. H.: Percolation and Con-
ductivity: A Computer Study. I, Phys. Rev. B, vol-
ume 10, issue 4, 1421/1434 (1974)

5)

10)

11)
12)

- 1137 -



Relative critical N rate Relative critical N rate Relative critical N rate Relative critical N rate

Relative critical N rate

least squares approximation —
experimental result %

0.8

0.6

0.4

0.2 *
e

)K(
0
0 0.2 0.4 0.6 0.8
Relative area rate
(a) R=0.1
1 N .
least squares approximation —
experimental result ¥
0.8
0.6
0.4
Bk TR
0
0 0.2 0.4 0.6 0.8
Relative area rate
(¢) R=0.3
1 N .
least squares approximation —
experimental result  *
0.8
0.6
0.4
*¥ *
0.2
*
LEEE S
0
0 0.2 0.4 0.6 0.8
Relative area rate
(e) R=0.5
1
least squares approximation —
experimental result %
0.8
0.6
*¥ *
0.4
0.2
pROK X
0
0 0.2 0.4 0.6 0.8
Relative area rate
() R=07
1 N .
least squares approximation —
experimental reM
0.6
0.4
0.2
%1% *
0
0 0.2 0.4 0.6 0.8

Relative area rate

(i) R=10.9

Relative critical N rate Relative critical N rate Relative critical N rate Relative critical N rate

Relative critical N rate

1
least squares approximation —
experimental result %
0.8
0.6
0.4
*
0.2 fyx *
bk
0
0 0.2 0.4 0.6 0.8
Relative area rate
(b) R=0.2
1 N .
least squares approximation —
experimental result ¥
0.8
0.6
0.4
*
*K
0.2 *
£
0
0 0.2 0.4 0.6 0.8
Relative area rate
(d) R=0.4
1 N .
least squares approximation —
experimental result  *
0.8
0.6
0.4 ** %
0.2
X,
0 BX
0 0.2 0.4 0.6 0.8
Relative area rate
(f) R=0.6
1
least squares approximation —
experimental result %
0.8
0.6
0.2
pRKK *
0
0 0.2 0.4 0.6 0.8
Relative area rate
(h) R=0.8
1 N .
least squares approximation —
experimental result  *
0.8
0.6
0.4 ¥
0.2

)
0 0.2 0.4 0.6 0.8
Relative area rate
() R=10

Fig. 5: Critical N rate for each area rate relative to the square
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