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Fig. 1 Assuming structure of immersive broadcasting
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2.

2.1

1

CAVE (CAVE Automatic Virtual

Environment) [4]

3D

2.2

3D

2

•

•

1

2

2.3

2

2 108 Mbps 2 cm

1 3 m3

5.6 Mbps

1

108 Mbps / 5.6 Mbps = 19.3 1

19.3− 1.0 = 18.3

13.5 M

3

S1, · · · , S5 5
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Fig. 2 Example of broadcasting situation without separating

immersive contents

���

��

���

	

��

��

���

	

���� ���� ���� ���� ����
����

����

	
��

	
���

�

��

��

��

�����

�

�����

���	�
���

��

����

���

��

���




��

��

���




���

��

���

�

��

��

���

�

���

��

���

�

��

��

���

�

���

��

���



��

��

���



�����

���

���

��

�

��
���������

��
��
� ��

��
� ��

��
� ��

��
� ��

�
���

��
� ��

��
� ��

��
� ��

��
� ��

�
�

���

���

��

�

���

���

��

�

���

���

��

�
��

��
� ��

��
� ��

��
� ��

��
� ��

�
�

������

3

Fig. 3 Example of a broadcast schedule with separating im-

mersive contents

300

V1, · · · , V5 U1, · · · , U5

3

5.6 Mbps 19.3

19.3

5.6 Mbps

2.4

[3]

2

(Wp)

(Wc)

2

3.

[2]

3D 3

CAVE [4]

3

, 3

[5], [6], [7], [8], [9], [10],

[11], [12] HB (Harmonic Broadcasting) [13]

N

S1, · · · , SN Si (i = 1, · · · , N) M

Si,1, · · · , Si,M N

C1, · · · , CN Ci Si,1, · · · , Si,M

MPEG2 5.0 Mbps

60

24 Mbps N = 67

67

BE-AHB (Bandwidth Equivalent-Asynchronous Har-

monic Broadcasting) [14]
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CCB-CB (Contents Cumulated Broadcasting Considering

Bandwidth) [15] CCB-CB

[16], [17]

4.

4.1

ICB-CP (Immersive Contents Broadcasting

Considering Playing time)

2

4.2

•
• 2

•

•
•
•

•

4.3

1

1

Table 1 Variables for formulation

r

n

Si i = 1, · · · , n
Vi

Ui

DV Vi

DU Ui

T

B

v Vi v = DV

DV +DU

u Vu u = DU

DV +DU

tV i Vi

tUi Ui

Wp

Wc

4.4

( 1 ) DU , DV{
DU = B × Wp+(n−1)×(T+Wc)

n+(n−1)× v
u

DV = DU × v
u .

(1)

( 2 ) U1 B tU1

tU1 =
DU

B
. (2)

( 3 ) n = 1 V1 B tV 1 = DV

B

4.

( 4 ) Vi (i = 1, · · · , n − 1) tV i = T +
Wp−tU1

n−1
DV

tV i
Ui+1

(i = 1, · · · , n − 1) B − DV

tV i
tV i

B Wc

( 5 ) Vn B tV n = DV

B

4.5

ICB-CP

4 ICB-CP

n = 4
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4 ICB-CP

Fig. 4 Example of a broadcast schedule under the ICB-CP

method

B = 15Mbps, Wp = 60 Wc = 30 u : v

= 1 : 9 1 DU DV

2 U1 B

tU1 = 506.3/15 = 33.8

3 n = 4 4

4 V1, V2, V3 U3, U4

V1 tV 1 = 300+(60−33.8)/3 = 308.8

DV /tV 1 = 4556.3/308.8 = 14.8Mbps

U2 0.2Mbps

308.8 15Mbps

30 V2, U3, V3,

U4, V4 5

V4 15Mbps 4556.3/15 = 303.5

Wp = 60

Wp − tU1 = 26.2 V1

60

30

Ui Vi

300 5

60 S1

16.9 Mbps

30 S2, S3

V4 S4

5.

5.1

ICB-CP

Wp

“ICBCP”

ICB-CP “Simple”
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5

Fig. 5 Consumption rate and playing time

ICB-CP Ui Vi

5.2

ICB-CP

5

180 5

30 Mbps u v 1 : 9 Wp = 60

Wc = 30

5

ICB-CP

25Mbps

21.1 50Mbps 6.7

68.2%

5.3

ICB-CP
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Fig. 6 Available bandwidth and data compression rate

6

300 5

108Mbps u : v = 1 : 4

Wp = 60 Wc = 30

6

20Mbps

ICB-CP

5.4

ICB-CP
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Fig. 7 Discontinuous media data and waiting time for starting

program

180

5 54Mbps u : v =

1 : 9 Wp = 30 Wc = 15

7 ICB-CP

ICB-CP

U1

U1

U1 V1 S1

u : v = 2 : 3

ICB-CP 76.3

511.4 85.1%

U1

ICB-CP

6.

ICB-CP

2

u : v = 2 : 3 180

5

ICB-CP 76.3 511.4

85.1%

― 1538 ―



JSPS

(

23650050)

[1] 3D.
http://www.skyperfectv.co.jp/3dch/.

[2] nVisor SX60.
http://www.nihonbinary.co.jp/039nVisor5.html.

[3] Gotoh Y., Yoshihisa T., Taniguchi H., and Kanazawa M.:
A Scheduling Method to Reduce Waiting Time on Im-
mersive Contents Broadcasting, 3rd International Work-
shop on Streaming Media Delivery and Management Sys-
tems (SMDMS 2012), pp.357-362 (2012).

[4] Cruz-Neira C., Sandin D.J., and DeFanti T.A.:
Surroun-Screen Projection-Based Virtual Reality: The
Design and Implementation of the CAVE, Proc.
SIGGRAPH ′93, pp.135-142 (1993).

[5] Jinsuk B., and Jehan F.P.: A Tree-Based Reli-
able Multicast Scheme Exploiting the Temporal Lo-
cality of Transmission Errors, Proc. IEEE Int.
Performance, Computing, and Communications
Conference (IPCCC2005), pp.275-282 (2005).

[6] Juhn L.-S., and Tseng L.M.: Fast data broadcasting
and receiving scheme for popular video service, IEEE
Trans. Broadcasting, vol.44, no.1, pp.100-105 (1998).

[7] Paris J.-F., Carter S.W., and Long D.D.E.: A hy-
brid broadcasting protocol for video on demand, Proc.
Multimedia Computing and Networking Conference
(MMCN ′99), pp.317-326 (1999).

[8] Paris J.-F., Long D.D.E., and Mantey P.E.: Zero-
delay broadcasting protocols for video-on-demand,
Proc. ACM Int. Multimedia Conf. (Multimedia′99),
pp.189-197 (1999).

[9] Paris J.-F.: An Interactive Broadcasting Protocol for
Video-on-Demand, Proc. IEEE Int. Performance,
Computing, and
Communications Conference (IPCCC′01), pp.347-
353 (2001).

[10] Viswanathan S., and Imilelinski T.: Pyramid broad-
casting for video on demand service, Proc. SPIE
Multimedia Computing and Networking Conf.
(MMCN ′95), pp.66-77 (1995).

[11] Shi L., Sessini P., Mahanti A., Li Z., and Eager D.L.:
Scalable Streaming for Heterogeneous Clients, Proc.
ACM Multimedia, pp.22-27 (2006).

[12] Zhao Y., Eager D.L., and Vernon M.K.: Scalable On-
Demand Streaming of Non-Linear Media, Proc. of
IEEE INFOCOM , vol.3, pp.1522-1533 (2004).

[13] Janakiraman R., and Waldvogel M.: Fuzzycast: Effi-
cient Video-on-Demand over Multicast, Proc. IEEE
INFOCOM , pp.920-929 (2002).

[14] , , :

Letters, vol.4, no.3, pp.5-8 (2005).

[15] Gotoh Y., Yoshihisa T., Kanazawa M., and Taka-

hashi Y.: A Broadcasting Scheme for Selective Con-
tents Considering Available Bandwidth, IEEE Trans.
Broadcasting, vol.55, issue 2, pp.460-467 (2009).

[16] :
,

D, vol.J91-D, no.03, pp.667-676
(2008).

[17] Gotoh Y., Suzuki K., Yoshihisa T. and Kanazawa M.:
A Scheduling Method to Reduce Waiting Time for P2P
Streaming Systems, Journal of Mobile Multimedia, vol.5,
no.3, pp.255-270 (2009).

― 1539 ―


