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nd DCA βnd

β

DCA βnd
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nd DCA

(1) DCA β

(2) βnd

B0−belt B
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B0−belt = End
(a) (2.2)

B (2.1)

1 B1−belt

B1−belt a 1 βnd

BM,1−belt(a, βnd)

BM,1−belt(a, βnd)

B1−belt = BM,1−belt(a, βnd) = 6E3nf
(3a)− 6E4nf

(4a)

−3E5nf
(5a) + 6E6nf

(6a)− 2E7nf
(7a) (2.3)

ES(a) (2.1) B nf

First Available βnd

1 3

nf = βnd

3

2 B2−belt B2−belt

a 2 βnd

B2−belt = BM,2−belt(a, β2nd) = 7E7nf
(7a)− 12E10nf

(10a)

+12E13nf
(13a)− 6E14nf

(14a) (2.4)
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First Available βnd

2 7

nf = βnd

7

2.3

2.3.1

zij 2.7

[24]

2.7

zi2

zi1 zi0

zi1 zi0
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2.3.2

2.2
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n0, n1, n2 n0

Z0 n1

Z1 n2 Z2

Z0 Z1 Z2

nd nd = n0 + n1 + n2

B0 = B1 = B2 B0 = B1 = B2

n0, n1, n2 a

nd B0 = B1 = B2 n0, n1, n2

n0, n1, n2
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B0 = B1 = B2 (2.6)
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(a) Zi0

(b) Zi1

(c) Zi2

2.9:
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B0 = En0(a) (2.7)

B (2.1)

B1, B2 B1, B2

[14,15] DCA

Z1 1

B1 a 1

β1n1 BM,1−belt(a, β1n1)

BM,1−belt(a, β1n1)

BM,1−belt(a, β1n1) = 6E3nf
(3a)− 6E4nf

(4a)

−3E5nf
(5a) + 6E6nf

(6a)− 2E7nf
(7a) (2.8)

ES(a) B nf

β1

DCA 1

3 nf = β1n1

3

B2 a 2

β2n2 BM,2−belt(a, β2n2)

BM,2−belt(a, β2n2)

BM,2−belt(a, β2n2) = 7E7nf
(7a)− 12E10nf

(10a)

+12E13nf
(13a)− 6E14nf

(14a) (2.9)
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β2 DCA 2

7 nf = β2n2

7
(2.7)

(2.8) (2.9) (2.5) (2.6)

2.4

DCA First
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First Available β β1 0.83 2

β β2 0.78
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2.12 2.13 2.10 (2.5) (2.6) B0, B1, B2

2.11 2.12 2.13 B0 = B1 = B2

n0 n1 n2 (2.5) (2.6)

n0 n1 n2

|B0 −B1|+ |B1 −B2|+ |B2 −B0|
n0 n1 n2

2.10 2

First Available B0, B1, B2
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2.11: n0
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2.12: n1

2.13: n2
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Z1 Z2

2.11 2.12 2.13 n0 : n1 : n2

2.11 2.12 2.13

n0, n1, n2

n0 : n1 : n2 n0 : n1 : n2 = 1 : 3.6 : 8.9

Z1

β1n1

Z1 3 Z1

β1n1

3
Z0

n0 Z2
β2n2

7

β1 = 0.83, β2 = 0.78 n0 � β1n1

3
� β2n2

7

n0 : n1 : n2 = 1 : 3.6 : 9.0

2.11 2.12 2.13
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n0, n1, n2

(2.5) (2.6)

n0, n1, n2

First Available

[13] DCA

DCA
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3.1

[1–3]

Delay Tolerant Network: DTN [2]

Transmittable Area: TA TA



Information Floating: IF

[3–15]

TA TA

[5–15] TA

TA

TA

TA

GPS

TA IF

IF IF

IF

TA [5–14]

TA IF

TA

IF

IF

[8,10,14,15]

IF
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LAN

IF

1 IF

3.1 IF

[8, 10, 14]

[15]

TA

IF [15] 3.2

Fixed Source: FS

[5–14] [15]

IF

IF

3.2 FS

[15] IF

IF TA

Pf

Pf TA

[15] FS IF
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3.1: [8, 10, 14]

3.2: [15]

IF IF

IF [4–14] [15]

3.2

3.3

IF

IF

IF

Restricted Area: RA
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RA IIF IF

RA

IF

IF

IF

RA TA
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RA IF TA

3.3

RA RA

RA TA

IF RA RA

3.3 RA TA

RA

TA TA

3.3(b) [15]

RA Pf Pf

TA
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(a) RA TA

(b) RA 2 TA
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RA

TA RA

RA RA

[15] 3.2 3.3
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3.3 RA

TA TA

Pf Pf TA
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3.5
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3.2

3.3

a = 500 m 6000 m× 6000

m FS

RA FS

xRA yRA RA

nx = 2
⌈
xRA

2a

⌉

ny = 2
⌈
yRA
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⌉

v

λ

4 1
4

• N1

• N2
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• N3

• N4

pturn 1−pturn

λ

TA 3.3 RA

IF IIF

FS FS IIF

IIF TA

r

IIF r

3.3(a) RA

TA IIF

3.3(a) RA

RA

IIF 3.3(a)
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3.3 IF

3.3.1 TA

RA

TA RA

Pf Pf TA

3.3 RA TA

RA

TA Pf

TA

TA

1 TA 3.3(b)

TA

[15] Pf

TA 3.4(a) RA

r RA L

TA

TA a− 2r L

TA 1 RA

⌈
L

a−2r

⌉ − 1 a − 2r TA

⌈
L

a−2r

⌉
L− (⌈
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a−2r

⌉− 1
)
(a− 2r) TA

RA
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RA 1
⌈

L
a−2r

⌉
TA 1

L TA

TA

r TA

IF [15]

r

3.3.2 Pf

RA IIF RA

Pf TA

TA nl =
⌈

L
a−2r

⌉
RA RA

nl TA

i = 1, 2, · · · , nl i TA IIF

Pf,i i RA

i TA Li i =

1, 2, · · · , nl−1 Li = a−2r i = nl Li = L−(⌈
L

a−2r

⌉− 1
)
(a−2r)

Pf,i

Pf,i

• IIF i TA RA

i

TA IIF

λ i TA
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(a) TA

(b) 2 TA TAX

3.4:
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λ

• 3.4(b) TAX 2 TA

TA 2

1−Pf,2 IIF

TA TAX

IIF 1− Pf,2

1−Pf,2 i

TA 1 − Pf,i IIF

TA

i TA λ

i TA IIF

(1− Pf,i)λ

TA IIF

IF

TA

Li TA IIF λ

IIF (1 − Pf,i)λ

IIF TA

IIF Pf,i

[15] L TA IIF λ1
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IIF λ2

IIF TA IIF

P ′
f

P ′
f =

(λ1 + λ2)e
−λ2(2L+r)

λ1 + λ2e(λ1+λ2)r
(3.1)

Pf,i (3.1) λ1 = λ λ2 =

(1− Pf,i)λ L = Li

Pf,i =
(2− Pf,i)λe

−(1−Pf,i)λ(2Li+r)

λ+ (1− Pf,i)λe(2−Pf,i)λr
(3.2)

Pf 1 nl TA IIF

Pf =

nl∏
i=1

Pf,i (3.3)

3.3.3 nl Li

Pf Pf,desired nl Li

Pf nl

Li

Step 1: TA Pf,i Pf,min

Li = a− 2r (3.2) Pf,i

(3.2) 1
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Mathematica [16]

NSolve

Step 2: P nl−1
f,min > Pf,desired P nl

f,min ≤ Pf,desired nl

nl =
⌈
logPf,desired

logPf,min

⌉

Step 3: nl TA Lnl
(3.2) i nl

Lnl

Lnl
=

log
2−Pf,nl

Pf,nl

{
(1−Pf,nl

)e
(2−Pf,nl

)λr
+1

}

2(1− Pf,nl
)λ

− r

2
(3.4)

Pf,nl
Pf =

∏nl

i=1 Pf,i = Pf,desired

Pf,nl
=

Pf,desired

P
nl−1

f,min

(3.4) Pf,nl

λ Lnl
< 0

Lnl
≥ 0 Lnl

Lmin

(3.4) Lnl
< 0 Lnl

= Lmin

Lnl
0 TA

Lnl
0 TA

TA

87



3.3.4

TA

TA IIF Pf = 0

RA RA

RA IIF RA

RA

0

RA

RA

λ

RA

3.5(a) �0 �1

· · · �nx
2
−1 RA FS

FS

·
λu(·)

�i �i

88



(a) �i

(b) �i i = 1

3.5:

89



3

• �i

�i

�i λ

• �i RA

3.5(b) �′1 �′ny−1

(ny − 1)λ

�i RA

�i
(ny−1)λ

2

• �i RA

3.5(b) �′′1 �′′nx−i−1 RA

RA RA

�i

RA RA

pturn = 0

�′′1 �′′nx−i−1

RA

�′′nx
2
−i FS

90



1
2

RA �′′1 �′′nx
2
−i−1

RA

�i {(nx

2
− i − 1) + 1

2
}λ

3 �i

λu(�i) = (nx+ny

2
− i)λ

RA RA

i = 0 λu(�0) =
nx+ny

2
λ

3.4 IF

3.4

3.4

3.3.5 TA

TA

C 3.2

FS IIF

5000 1 5000

91



3.1: nl Li Pf

λ [m−1] nl L1 [m] L2 [m] L3 [m] Pf

0.003 3 300 300 152.66 0.00167

0.008 1 214.61 – – 0.00437

0.04 1 10 – – 0

a = 500 m

v = 36 km/h r = 100 m

pturn = 0.5 xRA = 1800 m yRA = 800 m Pf,desired = 0.005 Lmin = 10

m TA

λ = 0.003 m−1 λ = 0.008 m−1 λ = 0.04 m−1

Pf Pf,desired TA

nl TA Li 3.1 3.1

TA Pf

Pf,desired = 0.005 Pf

3.6 λ = 0.003 m−1

RA

λu(·) 3.7 λ = 0.008

m−1 3.6 3.7

3.8 (1)RA (2)RA
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B dt 1

A TA
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• 3 [30, 40] km/h

[50, 60] km/h

2 3 2

3.19 Pf

r = 100 m nl Li 3.1

Pf

3 λ = 0.008 m−1 Pf

Pf,desired = 0.005

107



 0

 0.01

 0.02

 0.03

 0.04

 0.05

λ=0.003m-1 λ=0.008m-1 λ=0.04m-1

P f

Velocity pattern 1
Velocity pattern 2
Velocity pattern 3

Pf,desired

3.19: Pf

3.3.3

nl Li IF

3

nl Li

3.5.3

3.20 3.21

λ

N1 N2 N3 N4

3.20 [0.25, 0.75]

3.21 [0, 1]

108



3.20: 1

3.21: 2

109



nl Li

3.3.2 3.3.3 3.3.2 3.3.3

nl Li

Step 1: i TA 2(nx+2i−1)(ny+2i−1)

j TA RA λ1,i,j RA

λ2,i,j i j TA

IIF Pf,i,j Li = a−2r

Pf,i,j

Pf,i,j =
{λ1,i,j + (1− Pf,i,j)λ2,i,j}e−(1−Pf,i,j)λ2,i,j(2Li+r)

λ1,i,j + (1− Pf,i,j)λ2,i,je{λ1,i,j+(1−Pf,i,j)λ2,i,j}r . (3.7)

Pf,i,j j

Pf,i,max = maxj Pf,i,j

Step 2:
∏nl−1

i=1 Pf,i,max > Pf,desired

∏nl

i=1 Pf,i,max ≤ Pf,desired

nl

Step 3: nl TA Lnl

Lnl
= max

j

log
λ3,nl,j

Pf,nl

{
λ2,nl,j

(1−Pf,nl
)e

λ3,nl,j
r
+λ1,nl,j

}

2(1− Pf,nl
)λ2,nl,j

− r

2
. (3.8)

λ3,nl,j = λ1,nl,j + λ2,nl,j(1 − Pf,nl
) Pf,nl

=
Pf,desired∏nl−1

i=1 Pf,i,max

(3.8) Lnl
< 0 Lnl

= Lmin = 10 m

nl Li Pf 3.2

110



3.2: Pf

λ [m−1] nl L1 [m] L2 [m] L3 [m] Pf

0.008 1 2 300 10 – 0.000252

0.008 2 3 300 300 223.55 0.000000
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[3] J. Virtamo, E. Hyytiä, P. Lassila, “Criticality condition for informa-

tion floating with random walk of nodes,” Performance Evaluation,

Volume 70, Issue 2, pp. 114–123, Feb. 2013.

[4] , , “

,” , Vol.112, No.484,

CAS2012-121, pp.143–148, March 2013.

[5] M. Ciocan, C. Dobre, C.X. Mavromoustakis, G. Mastorakis, “Anal-

ysis of Vehicular Storage and Dissemination Services based on Float-

ing Content,” Proceedings of International Workshop on Enhanced

156



Living EnvironMENTs (ELEMENT 2014), 6th International Confer-

ence on Mobile Networks and Management (MONAMI 2014), Sept.

2014.

[6] , , , “

,” 2014

, AS-2-8 March 2014.

[7] K. Nakano, K. Miyakita, “Information floating on a road with dif-

ferent traffic volumes between opposite lanes,” Journal of Advanced

Simulation in Science and Engineering, vol.3, no.1, pp.97-113, Aug.

2016.

[8] K. Nakano, K. Miyakita, “Analysis of information floating with a

fixed source of information considering behavior changes of mobile

nodes,” IEICE Transactions on Fundamentals of Electronics, Com-

munications and Computer Sciences, vol.E99-A, no.8, pp.1529-1538,

Aug. 2016.

[9] G. Leduc, “Road Traffic Data: Collection Methods and Applica-

tions,” Institute for Prospective Technological Studies, European

Commission, 2008.

[10] , “ ,”

, Vol. 95, No. 8, pp. 718–723, Aug. 2012.

157



[11] J. D. Griffiths, C. Cresswell, “A mathematical model of a Pelican

crossing,” J. Institute of mathematics and its Applications, 18-3,

pp.381–394, 1976.

158



5

5.1

Information Floating: IF

Transmittable Area:

TA

TA

GPS

TA

IF TA

IF

5.1 TA A

M M



M r

5.1(a) A B

A TA B M

A TA C A 5.1(b)

A C M 5.1(c) TA C

E M A

M TA TA

IF M TA

5.1(d) M TA

IF

M TA

M TA IF IF

IF IF

[2–15]

wireless sensor network;

WSN [16]

IF

WSN

160



A
B

C

TA

r

moving direction

(a)

A
C

B

(b)

E

C

(c)

E

(d)

5.1: IF

WSN

IF

IF

TA TA

TA

TA TA

IF

TA TA

IF Floating

161



Storage; FST FST IF

WSN FST

5.2 5.3 FST WSN

αi t = τj αi

D(αi(τj)) αi1 , αi2 ,

... , αin D(αi1(τj1)), D(αi2(τj2)), ... , D(αin(τjn))

D(αi1(τj1), αi2(τj2), ... , αin(τjn))

5.2 FST 5.3 WSN

t = τ1, τ2, τ3

5.2(a) t = τ1 A B TA

A D(A(τ1)) B D(B(τ1))

A D(A(τ1)) D(B(τ1))

D(A(τ1), B(τ1)) B D(A(τ1), B(τ1))

A t = τ2 > τ1

5.2(b) A D(A(τ2), B(τ1)) D(E(τ2))

E A τ1 τ2

A D(A(τ1), B(τ1))

162



A

TA

C

B

D(A(
1
), B(

1
)) D(A(

1
), B(

1
))

D(C(
1
))

moving direction

communication

range

(a) t = τ1

A
B

C

E

F

G

D(C(
2
), G(

2
))

D(A(
2
), B(

1
), E(

2
))

D(A(
1
), B(

2
), F(

2
))

D(C(
2
), G(

2
))

D(A(
1
), B(

2
), F(

2
))

D(A(
2
), B(

1
), E(

2
))

(b) t = τ2

H

I

J

E
F

G

D(C(
2
), G(

3
), J(

3
)) D(C(

2
), G(

3
), J(

3
))

D(A(
2
), B(

2
), E(

3
), F(

3
), H(

3
), I(

3
))

D(A(
2
), B(

2
), E(

3
), F(

3
), H(

3
), I(

3
))

D(A(
2
), B(

2
), E(

3
), F(

3
), H(

3
), I(

3
))

D(A(
2
), B(

2
), E(

3
), F(

3
), H(

3
), I(

3
))

(c) t = τ3

5.2: FST

163



A

C

BGateway

D(A(
1
), B(

1
))

moving direction

communication

range

(a) t = τ1

A

B

C

E

F

G

Gateway

D(A(
1
), B(

1
))

(b) t = τ2

H I

J

E
F

G

Gateway

D(A(
1
), B(

1
), E(

3
), F(

3
), H(

3
), I(

3
))

(c) t = τ3

5.3: WSN

164



D(A(τ2), B(τ1)) A E

TA A E

D(A(τ2), B(τ1), E(τ2))

t = τ2 B D(F(τ2))

F A E B F

D(A(τ1), B(τ2), F(τ2)) C G

D(C(τ2), G(τ2))

5.2(c) t = τ3 E F D(A(τ2), B(τ1),

E(τ3)) D(H(τ3)) H D(A(τ1), B(τ2), F(τ3)) D(I(τ3))

I E F τ2

τ3 E F

E H H

D(A(τ2), B(τ1), E(τ3), H(τ3)) I

F D(A(τ1), B(τ2), F(τ3), I(τ3))

H I H

D(A(τ2)) I D(A(τ2)) D(A(τ2))

D(A(τ1))

H I D(A(τ1))

D(A(τ2)) H I

D(A(τ2), B(τ2), E(τ3), F(τ3), H(τ3), I(τ3)) t = τ3

G D(C(τ2), G(τ3)) J

TA

TA

165



FST

5.2 WSN

5.3 5.3(a) D(A(τ1)) D(B(τ1))

D(A(τ1), B(τ1)) 5.3(b)

5.3(c)

D(E(τ3)), D(F(τ3)), D(H(τ3)), D(I(τ3))

D(A(τ1), B(τ1), E(τ3), F(τ3), H(τ3), I(τ3))

5.2 FST D(A(τ2), B(τ2), E(τ3), F(τ3), H(τ3), I(τ3))

5.3

D(A(τ1), B(τ1), E(τ3), F(τ3), H(τ3), I(τ3))

FST D(C(τ2), G(τ3), J(τ3))

5.3 WSN

FST WSN

FST

[17, 64–66]

GPS

FST

166



FST

5.2 D(A(τ2))

A 5.2 IF

A 5.2(c) H

D(A(τ2), B(τ2), E(τ3), F(τ3), H(τ3), I(τ3)) D(A(τ2))

H A D(A(τ2))

H

IF

A

TA FST TA

FST IF

5.4 TA TA

IF

167



(TA)

5.4: TA

5.2 FST IF

FST

5.3

5.4

5.2

5.2.1

IF

Floating Storage: FST

168



FST IF FST

FST IF IF

TA

TA

GPS

TA

TA

r TA

5.5

TA

si i = 1, 2, ...

si 5.5(b) R1 R2

169



R1 s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11

R2 R1 s11, s10, s9, s8, s7,

s6, s5, s4, s3, s2, s1 5.5(c) R3 R4

R3 s1, s2, s3, s12, s13, s14, s15, s16, s17, s18, s19

R4 R3 R1

R1 TA

R1

FST

5.6 5.5

FST t = τ1, τ2, τ3, τ4

A 5.6(a) (b) R1

5.6(b) t = τ2 A B TA

D(A(τ2)) D(B(τ2))

A B {R1} D(A(τ2), B(τ2)) D(A(τ2),

B(τ2)) ⊃ {R1} 5.6(b) (c) B C

τ2 τ3 R2 R4 t = τ3

B C E F

B C E F D(A(τ2), B(τ3), C(τ3), E(τ3),

F(τ3)) ⊃ {R1, R2, R4} E {R1, R2, R4}
R1 E FST

5.6(d) t = τ4

G R4 R4

TA

170



TA

road

(a) TA

s
1

s
2

s
3

s
6

s
5

s
7

s
11

s
10

R
2

R
1

s
8

s
9

s
4

(b) R1 R2.

s
1

s
2

s
3

s
12 s

13 s
14

s
16 s

17

s
18

s
19

s
15

R
4

R
3

(c) R3 R4.

5.5:

171



5.4

TA 5.4

TA

TA

TA

IF TA

TA

TA

IF

TA

172



A

D(A(
1
))

(a) t = τ1

A

B

C

D(C(
2
))

s
11

B

A

{R
1
}D(A(

2
), B(

2
))

{R
1
}D(A(

2
), B(

2
))

(b) t = τ2

5.6: R1, R2, R3, R4 FST

173



F

B C

E

s
1

B CEF

D(A(
2
), B(

3
), C(

3
), E(

3
), F(

3
)) {R

1
, R

2
, R

4
}

D(A(
2
), B(

3
), C(

3
), E(

3
), F(

3
)) {R

1
, R

2
, R

4
}

D(A(
2
), B(

3
), C(

3
), E(

3
), F(

3
)) {R

1
, R

2
, R

4
}

D(A(
2
), B(

3
), C(

3
), E(

3
), F(

3
)) {R

1
, R

2
, R

4
}

(c) t = τ3

F

G

E
s

19

G

F

{R
1
, R

2
, R

3
, R

4
}D(A(

2
), B(

3
), C(

3
), E(

3
), F(

4
), G(

4
))

{R
1
, R

2
, R

3
, R

4
}D(A(

2
), B(

3
), C(

3
), E(

3
), F(

4
), G(

4
))

D(A(
2
), B(

3
), C(

3
), E(

4
), F(

3
)) {R

1
, R

2
, R

4
}

(d) t = τ4

5.6: R1, R2, R3, R4 FST

174



IF

5.2.2 FST IF

IF

IF IF

FST

IF

TA

TA

TA

IF

TA TA

IF

IF

IF TA

TA IF

TA

IF Rj

Rj

175



TA Rj

TA

TA Rj

TA

TA

TA

IF

5.6 R1

s11 TA s1

s1 TA

s11 IF s11 TA

s11 s1 s1 TA

s11

FST

IF IF

176



5.2.3

5.7(a) sj1 , sj2 , sj3 , sj4 si

5.7(a) si e(si, sj1), e(si, sj2),

e(si, sj3), e(si, sj4) e(si, sj1) si

τ1 e(si, sj4) (e(si, sj1), e(si, sj4), τ1)

5.7(b)

e(s1, s2), e(s2, s3), e(s3, s4), e(s4, s5)

e(s2, s3)

e(s3, s4) e(s2, s3) e(s3, s4)

τ1 τ2 τ3 e(s2, s3) e(s3, s4) e(s4, s5)

(e(s1, s2), e(s2, s3), τ1),

(e(s2, s3), e(s3, s4), τ2), (e(s3, s4), e(s4, s5), τ3) TA

te

τ1 + te (e(si, sk), e(sk, s�), τ1) τ1 < τ2

(e(si, sk), e(sk, s�),

τ1) (e(si, sk), e(sk, s�), τ2)

177



(e(si, sk), e(sk, s�), τ2) (e(si, sk), e(sk, s�), τ1)

5.2.4

TA IF

TA

TA

TA

TA

tm

tm

178



s
i

e(s
i
, s

j4
)

s
j2

s
j3

s
j4

s
j1

e(s
i
, s

j2
) e(s

i
, s

j3
)

e(s
i
, s

j1
)j

1

j
2

j
4

j
3

j
1

j
2

j
4

j
3

(a) si

s
2

s
3

s
4

s
1

s
5

(b) s1, s2, s3, s4, s5

e(s
4
, s

5
)

e(s
2
, s

3
)

e(s
3
, s

4
)

e(s
1
, s

2
)

(c) (b)

5.7:

179



U1 U2 U1

U2 FST

pm U1

U2

U1

U2 pm U1 U2

U1 U1

pm

U1 pm

pm FST

180



5.2.5

[17–20]

GPS

[18–20]

[21]

[21]

181



5.3

5.3.1

12km

FST

FST

n�

500 m n� nd

182



rd n�

nd rd

rd rd

0.35 nd = 420 n� = 1200

5.8

t = 0 tm t = tm

1− pm

pm

5.3.2 IF

3 km Ls

Ls = 100m TA 5.9(a), (b), (c)

TA Ls TA Lw

GPS

LAN 100m

[7]

FST TA TA

183



1
2
 [

k
m

]

12 [km]

5
0
0
 [

m
]

500 [m]

5.8:

5.9(d) TA

EP

184



TA

L
w
=300 [m] 3 [km]

(a) Lw = 300 m

TA

L
w
=600 [m] 3 [km]

(b) Lw = 600 m

TA

L
w
=900 [m] 3 [km]

(c) Lw = 900 m

TA

(d) EP

5.9: TA

185



5.3.3

λ

λ = 1.5 s−1 36 km/h

n

θi i

1
θi
/
∑n

j=1
1
θj

i

θi < 10−6 1
θi

106

1− pm

pm

186



5.3.4

IF

FST

IF IF

FST IF

IF IF

IF

IF

(1 − pfail)(1 − pm)λ

5.3.5 FST

TA FST

5.9(a) Lw = 300 m λ = 1.5 s−1

tm = 3600 s te = 1800 s TA

300m TA 100

187



FST 5.10(a)

t = 1200 s 5.10(b) (c) t = 2400 s 3600 s

t = 3600 s

5.11 5.10 TA1 TA2

5.11 TA1 TA2

TA1

TA2 0

IF

TA2

TA TA2

FST

5.3.6

FST

300 300

Lw, tm, pm Lw TA

IF IF

188



x

y

O

TA2

TA1

(a) t = 1200 s.

x

y

O

TA2

TA1

(b) t = 2400 s.

5.10: FST

189



x

y

O

TA2

TA1

(c) t = 3600 s.

5.10: FST

0

2000

4000

6000

8000

10000

0 600 1200 1800 2400 3000 3600

TA1

TA2

M
a
x

im
u

m
 n

u
m

b
e
r 

o
f 

d
ir

e
c
te

d
 e

d
g

e
s

t [s]

TA1

TA2

5.11: TA1 TA2 FST

190



tm

pm

5.12(a), (b), (c) pm = 0.5 te = 1800 s tm = 1200 s,

1800 s, 3600 s 5.13(a), (b) tm = 3600

s te = 1800 s pm = 0.2 0.0

Lw

Lw IF

5.12 tm

tm = 3600 s Lw = 900 m

tm = 3600 s Lw = 300 m, 600 m, 900

m

tm = 3600 s tm = 1200 s

pm = 0.5 > 0 U1

5.12(c) 5.13(a), (b) tm = 3600 s

pm

Lw, tm, pm 5.14(a),

191



L
w
=600m

L
w
=300m

L
w
=900m

EP

0

0.2

0.4

0.6

0.8

1

1200 1800 2400 3000 3600 4200 4800 5400

S
u
c
c
e
s
s
 r

a
ti

o
 o

f 
n
a
v
ig

a
ti

o
n
 

Arrival time [s]

(a) tm = 1200 s.

L
w
=600m

L
w
=300m

L
w
=900m

EP

0

0.2

0.4

0.6

0.8

1

1800 2400 3000 3600 4200 4800 5400

S
u
c
c
e
s
s
 r

a
ti

o
 o

f 
n
a
v
ig

a
ti

o
n
 

Arrival time [s]

(b) tm = 1800 s.

L
w
=600m

L
w
=300m

L
w
=900m

EP

0

0.2

0.4

0.6

0.8

1

3600 4200 4800 5400

S
u
c
c
e
s
s
 r

a
ti

o
 o

f 
n
a
v
ig

a
ti

o
n
 

Arrival time [s]

(c) tm = 3600 s.

5.12: pm = 0.5 te = 1800 s

192



L
w
=600m

L
w
=300m

L
w
=900m

EP

0

0.2

0.4

0.6

0.8

1

3600 4200 4800 5400

S
u
c
c
e
s
s
 r

a
ti

o
 o

f 
n
a
v
ig

a
ti

o
n
 

Arrival time [s]

(a) pm = 0.2.

L
w
=600m

L
w
=300m

L
w
=900m

EP

0

0.2

0.4

0.6

0.8

1

3600 4200 4800 5400

S
u
c
c
e
s
s
 r

a
ti

o
 o

f 
n
a
v
ig

a
ti

o
n
 

Arrival time [s]

(b) pm = 0.0.

5.13: tm = 3600 s te = 1800 s

(b), (c) pm = 0.5 te = 1800 s tm = 1200 s, 1800 s, 3600

s 5.15(a), (b) tm = 3600 s te = 1800 s

pm = 0.2 0.0

300

FST

(1 − pfail)(1 − pm)λ

193



Lw FST

Lw Lw = 900 m

Lw = 900 m FST

Lw = 900 m

FST pfail 5.14(a), (b), (c) pfail

0.0310, 0.0300 0.0232 5.15(a) (b)

pfail 0.0261 0.0301

5.14 5.15 Lw

Lw

IF 5.12(c) 5.14(c)

5.12(c)

Lw FST

5.14(c) Lw

Lw

FST

tm tm

5.14(a), (b), (c)

5.12(c) 5.13(a), (b) pm = 0.5, 0.2, 0.0

pm = 0.5, 0.2, 0.0

194



TA

TA

TA TA

TA [12, 15]

FST TA FST

5.4

FST FST

FST

TA

IF FST

TA

195



L
w
=600m

L
w
=300m

L
w
=900m

EP

0

10000000

20000000

30000000

40000000

50000000

1200 18002400 3000 3600 4200 4800 5400

N
u
m

b
e
r 

o
f
  
tr

a
n

s
m

is
s
io

n
s

t [s]

(a) tm = 1200 s.

L
w
=600m

L
w
=300m

L
w
=900m

EP

0

10000000

20000000

30000000

40000000

50000000

1800 2400 3000 3600 4200 4800 5400

N
u
m

b
e
r 

o
f
  
tr

a
n
s
m

is
s
io

n
s

t [s]

(b) tm = 1800 s.

L
w
=600m

L
w
=300m

L
w
=900m

EP

0

10000000

20000000

30000000

40000000

50000000

3600 4200 4800 5400

N
u
m

b
e
r 

o
f
  
tr

a
n
s
m

is
s
io

n
s

t [s]

(c) tm = 3600 s.

5.14: pm = 0.5 te = 1800 s

196



L
w
=600m

L
w
=300m

L
w
=900m

EP

0

10000000

20000000

30000000

40000000

50000000

3600 4200 4800 5400

N
u
m

b
e
r 

o
f
  
tr

a
n
s
m

is
s
io

n
s

t [s]

(a) pm = 0.2

L
w
=600m

L
w
=300m

L
w
=900m

EP

0

10000000

20000000

30000000

40000000

50000000

3600 4200 4800 5400

N
u
m

b
e
r 

o
f
  
tr

a
n
s
m

is
s
io

n
s

t [s]

(b) pm = 0.0

5.15: tm = 3600 s te = 1800 s

FST

TA

FST

FST

197



IF TA

FST FST

FST

198



[1] C. E. Perkins, “Ad Hoc Networking, Addison-Wesley,” 2001.

[2] , “ ,”

Fundamentals Review, Vol.10, No.4, pp.282–292,

April 2017.

[3] A. V. Castro, G. Di Marzo Serugendo, D. Konstantas, “Hovering

Information - Self-organising Information that Finds its Own Stor-

age,” BBKCS-07-07, Technical Report, School of Computer Science

and Information Systems, Birkbeck College, London, UK, Nov. 2007.
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