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In this paper, we propose a method for improving 1seg video playback qual-
ity of mobile terminals with weak 1seg radio area (WRA terminals) by wireless
multihop video streaming from terminals in strong lseg radio area (SRA ter-
minals). First, we formulate the problem to derive the set of video forwarding
paths that maximize the number of relieved WRA terminals under the con-
straints on the wireless bandwidth and the maximum number of hops. Since
this problem is NP-hard and it is difficult to derive the optimal solution in real-
time, we propose a greedy algorithm that each WRA terminal finds a video for-
warding path from a SRA terminal receiving the required 1seg channel based on

the information periodically exchanged among neighboring terminals. In order
to increase the number of relieved terminals, we introduce a technique called
the cascade video forwarding where a WRA terminal (say A) asks a neigh-
boring SRA terminal (say B) to receive the A’s requesting lseg channel and
forward the video to A, and the terminal B asks another terminal to forward
the video of the B’s requesting lseg channel. Through computer simulations,
we confirmed that the proposed algorithm with 2-hop relief paths improved the
video playback quality in more than 60% of the total WRA staying time for
three typical field models.
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Fig.1 1seg radio strength at NAIST.
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Fig.2 Topology information retained by node d.
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Fig.3 Example of cascade video forwarding.

00o0oooooog Vol 52 No. 2 829-838 (Feb. 2011)

000 3(b)0000000000000000000000000 000000000

d00 «00000000000000000000000000 c000000000

0000000000000000000020000000000000 «000 (1)C

(3)00000000000000000000000 ¢c00000000 3(b)000M

4.2 0000000000

0000000000000000000000000000000000000000

00000000000000000000000000000000000000000

00000000000000000000000000000000000000000

00000000000000000000000000000000000000000

000000000 E00D000000000000000000000000000

0ooooo

(1) 0000 weUODOODO00 «.E000D0000000 po(w.E) 0000

(2) 0000 wO00000000000 «wpdt0000000000000000000
000000000000 P()O000O0000000000000000000
000000up=up+Pt)00000000000 «/ 000000000 .p=
W p—P(t)0000000200000000000000000000000000
0000000 x P(4)000000000000000

(3) vO00OOD0wEODOODOOOOOOOOO EO00O0D00D0000000000
000000000000000000

(4) 0000 w00000wpD 00000000000000000000000w0
0000 E0 B, D000D00D00000000D0000000000

5. O g

goboooodoooooooooobooooooobooboo0ooOobooOoboOoOoobOOboOoOoon
OooooooooooooooooooOoOO0OCOOOO0O00Javab0D0OO0O0O0O0O0OO
oobooooooooo

5.1 DOOO0OO0OO0O0OOOoOooo

gboboooooooobooooooobo 20000

oooooooooooboooooooooobooooooobobooooooboobooboOoo
00000000000 0000000ORWPOY O00DOOOOOORWPOOOOOO
goooobooooooooboooobOoooooobooOooOoOoOoOoOooooobooboOoooooboo

(© 2011 Information Processing Society of Japan



835 MANET OOODOO0OOODOOOOODOODO

02 00000000000
Table 2 Simulation settings.

ooooo 0D0000001,000mx1,000mD 0000500 mx400 mO
oooo 2000 3500 500

oooooooo 00000000000000000 1m/secO
000000/0000/00000 150 m/CSMA/CA/0000
00000000000000/00000 | 416kbps/3

0000000 TTLO/O0000OOO0 102/000

0000000000000 /00 100%/30%

0ooooo 10000/100

00000D000000000000000000000000000000000000
00000000000000000000000000000000000000000
0O RWPOODOOOOOODOOOODOODOOOODOODOO0D000000000000
0000000000000 0000000000000000000000000000
000000000000000000000000000D00000000300000
00000000000 000000000000000000000000000000
0000000 12000000000000000000300000000000000
00000000000000000000000000000000000003000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000 400000000
0000000000000D000000000000 50000000000000000
0000000000000000000000000000000000 600 JROOO
0000000000000 0000000000000000000000000000
0000000000000 00000000000000000000 IEEES02.1100
000000 150m000000000000000000000000O000O000 5Mbps
U0D0000000D0000000MACOOOODOOOO CSMA/CAO Carrier Sense
Multiple Access/Collision Avoidance0 00000000000 O0O0OOOOOOOOO
000D00000000000000000000000000000000000000
00000000000000000'Y oooooooon
0000000000000000000000000000000000 416kbps O
00000000000000000000000000000000000000000

00o0oooooog Vol 52 No. 2 829-838 (Feb. 2011)

®:Mi/—F Wualker/—F

AR

Y T

"-ja : .-iE,

]
- 3'1 o 3
05 000000 06 ODOOOOO
Fig.5 Manhattan model. Fig.6 Station yard model.

04 0O0OO0OOO
Fig.4 Plaza model.

gobo0o3sobooooooooobooooobo 100000000 O0obO00bObDOooO0 1
gobooboz20000000000000000DOO0OOOOO
goboooOoooooooooooooObo0oobooooo420000000000D00
ocoooooooooooooooooo pOOOOOOOOOOOOOOOOOOOO
OF=1000000~F<300000000000000O0O0OOODOOOOOOOO0O w
00000000 wpe=50000000000000000000000 P10)=10
ocooooooobOO0O000wooo0o0o100000000ooooooobObObOOBonon
oooobOobooooo2000000000000000000000000O0 2000
000000000000 0000000000000000 0000*o
joouoooboboooobooboooooboo0ouoooboOooooboooooboooOoo
gobooobbooooooboobooobobooooo 2000000

0406 00000000000O0DOOOOOOOOOOOOOOOOOOOOOOO
gooooboodouoooooooooooooobOoOoOooooOobOooboboooOoDboo

x1 000000000000000000O0000000O00O000O0O00OO0O0O0OO0O0O0COOO0O0O0
oo0oobo0o0o0b000000000000000C0O0O000O00C0O0DOO00O0O0O00OO000O0O0O0O000A0
goooO0oOooOoboO0oOO0O0OOO0OO0OO0O0O0COOO0OO0COO0OOOO0O0O0OO0COOOOOOOOOOO
go0ooooooo0ooo0ooO0O0OOOOO0OO0OOO0OO0ODOOOOODOOOODO

(© 2011 Information Processing Society of Japan



836 MANET OOODOO0OOOOOOOOOODO

oooobooooooobOOoO0oOoboOoooobooboooooooooOobObOOoOoooooon
gobooooooooooon

5.2 0OOOOO0OO
j3dboooooboooboooooooooooooooooooooooooooOon
gbobodoboooodooooboooobooooobooboooob0oUooOooOoOoOoOoOoDOo
oooO0ooo0/o0o0o0oU0o0oOoUoU0o0ooooDoUoooUOoOooOooooo
ooo0oooooUoO0oOooOoooUoUOoOO/oUbO0L0U0bDOoUOUOOOoLoOoOo
goboooooooboooobooo

000w eUO00000000O0OCOOCOODODOOOOO0O00O0 T, O0O0O0O0OODODOO
Ovw; eU/'0000000000O00O0O0 Tr;,0000000000000000O00O0
00000 ReOODODDO ®LOUOOOO

ZuiGU/ I
Zuj evu Tb]

goooooooooooooooooooooobooOoobooooooboobooooooDoobooo

Ra = % 100 (8)

gooooooooooooootoooboobooooooobooooboobooooo

oobo0t¢t=50000

53 0D 0O0OO

5.3.1 O0O0O0OOOOOOOOOOOOOoOoOooooooo
ooooooboooooobooo0oooob0o0n0 MaxHop=200000O000O0O
ooooooooooooooo40e00000C0COOO0OO0OO0O000O0O0OOOOOOO
gooboooooooboobooooooboooooooooooooobodooooonoa
gooobooboodoooooooooooooobooboOooooooOobooOoooooObooo
gob200000000000000DOCOO0DOOO

5.3.2 ODOO0OOOOOOOOOO

0700 800 900000O0O0O0OOCOOOOOODOOOOOOOODOODOOOOO
gobooooooooooooooobooOoboobOoOoOobOOCbOO0OUObDDOObCODOD200O
000000o0o0oo0ooUOobo0oo0oooOooUoUOoLUOoUoUOe%U OO0
goboooooooboooobooo

grooooooooooboooboboobobboo 210000 bboooo
000 70%00000000000000000 65%0000000000000 60%0

00o0oooooog Vol 52 No. 2 829-838 (Feb. 2011)

FFEE (%) FOEE (%)
100 100
90 === #$1t1hop L e — O K1k 1hop
8 T e #1k2hop 80 = ##1k2hap
70 — =t Bh1hop 70— - =t 0o
60 1 60
= - 0= B82hop - =0= Bi2nep
50 - 50 [c4
" — o i thop (CTRE{EA) s = ot i INop (TS
30 o= Hhikhop (RIEFIER) 30 —=5 Fhikzhop (REBIEH)
20 i B 81hop (RBR(EH) 20 = ot oy (RELB(EH)
1‘; = i2hop (RER{EH) “; —e— Hazhop (RERIEH)

200 350 500  J—F# 200 350 500 J—K¥
07 000000000000 08 OD0OO0O000OO0O0o0OoDoO0
Fig.7 Relief ratio (Plaza). Fig.8 Relief ratio (Manhattan).

HFE%) HFE(%)
100 80
0 —0— Hiik1nop
PIE E—— ik2hop 70 =& =1hop (REREH 2t
70 m e B8 60 = TFATR)
60 ﬁ'——é_ P = © = 2hop (REBR(EH A2t
w0 + =0= B#2hop 50 V747
w0 = o= == e ik Thop (REBEAEH) —a— thop (REEZEH A2t
0 Whikohop (eABEH) o ¥TATH
—a— 2hop (REBB{ER- 1>t
zg ——de— i 1hop (REREH) 30 FTH)
1 ———Eohop (REBEH)
0 20

200 350 S0 K 200 350 500 J—RE
09 ODOoooooooooooo 010 0OO00OO0OOOOO0OOO0OOODODOOOO
Fig.9 Relief ratio (Station yard). Fig. 10 Effect of incentive (Plaza).

BOFE(%) BOHE%)
80 80
P p=====-9

70 P =& =1hop (REBEH-(t 70 i =& —1hop (REBEH A
© Deret) © LTI

= © =2nop (REREH- {2t -8 —2hop (REEEH At
0 et 50 LTI

=== —h— thop (RIEZEH A2t —A— thop (REEEH- A2t

40 — Y747 H) ) 40 YF4IH) )

—t—2hop (RIEREH -2t —e—2hop (REEEH 1t
30 VF4TH) 30 VF4TH)
20 20

200 350 500  J—F¥ 200 350 500 J—F¥
011 0O000O0O00O0O0O0O0O0O0O0O0O0000O0 012 OD0O0O0O0O0OO0OOOOOCOOC0OCO0O0
Fig.11 Effect of incentive (Manhattan). Fig. 12 Effect of incentive (Station yard).

ooooboboooobooooooooobocoboooooo 2000b000000O0DOOO
oooobooooooooobooooooOooooooOooboooOoocOooooOooOboboOoObo
goboooooboooboooooboooooooooboooboOoooooon
gobooooooobobil1o200000000000b00000DbOOO0O0ObbOOODn?
gobooooboooobooooboooooooooobOobooobOoOobooDo
gooooooooooooooobooooooobooboooooooooooooooboo
goooboooooooobooooooobooOooooOoboooooooocooboooooDooo

(© 2011 Information Processing Society of Japan



837 MANET OOODOO0OOODOOOOODOODO

gobooobooooooo1boobobo0oooboobboobooobbOooo
gooooboobo0ooo0ooboOooboooDboboOon 20003005000 000000
gooboooooooooooboooooooooobooboooooooooooonoa
gooboooooooooooobooooobooobobooooooobooooooboonoa
gobodoooooooooboooobooooo
gobooboooooooooocoooooboOobOOoOoObOoooOboOoOooooOboOoOooboon
gooooboobooooooooooooobooboooOooooboOobocOooooOooooobooboo
gobobooooooobooooob2o0t0bbooOobo0oooboOobooboboobooOoDboo
gobobooboooooooocooobooosonooooboobooooobooooooonoo
gobooooooobooooboobooooobooboooo

5.3.3 OD0O0OO0OOOOODOOOO

420 0000000000000O0O0C0O0O0DOCOOODOOOOOOOOOODOOOO
goboobooooooooooboooooooooooboooooooooOooooboooDboo
ooooooooboooooooooooboobooooobo0oooo 000 1100 120000
gboooboooooooobooooOooobooobooobo10000 2000000
gobooooooooobooooooooboooooboboooooooooboooooDbo
goooobooooobooooooooboooboooooooboboooooobobooooooDobo
goooboobooooooooooooboooooooooboobooobboooooboobooo
goboooooooboooooboboooboooboboooboooooobboooDboo
5.3.4 OD0OO0ODOOODOO
01i3gooooooooboodooooooooobobooooooooooooon
ob2000000000000000000 30000000O00O0O0O0O0O0ODOO
ooooooooUooUoUOoooOooOooOo IDO0OOOO0 13(x) 000000 0OnOO
O0ooo0o0oU0oo0oo0oOo0oOoUoOoUoOoooUoO0 1B(UoOoooooo
gooboboboodooobooooobooboooobooooobooooobooboOoooooboo
gooobooboooooooooboooooooboooOooOoOobOooooboOoboOoooOoDbOono
gse07300bboobboobooooooooobouosoboooboooonog 35,6750
O0o0oooooo e3.6%0000

6. 0 0O00O0O

gboooooooobooooobooooooboooooooooOooobooooOoOoboooono

00o0oooooog Vol 52 No. 2 829-838 (Feb. 2011)

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Time(sec) Time(sec)

(a) 000 (b)yDOD

013 O0000ooooOoOoooooooooooboooono 3500
Fig. 13 Relief status of all nodes (Manhattan, 350 nodes).

gooooooooooooooooooobooooooboooboooobooboOoOooooDoon
goooooooooooooooooooooboooobOoOooooooobooooooboo
goooobooooboooooooooooooobooooooobooooooo 200000
0000 60%0000000000000

OO0O0OIEEE 80211 00000000DOO0OO0ODOO0OO0OODOOOOODOOOOOODO
goooboboooboooooooobooooooooobobooooooDoobooooDoo
gooooooooooooooooobooboooboo0ooobooooDooboooooobo
goooboooooboooboooobooooooobooooobooooooooona
00000000 0000000000000000000000000000000
goooooobooooooooooooooboooboOoboOoOooooOoboOoOoboooOboOoDboboo
gobodoooooobo

g o O 0O

1) J000000o00o0oU0o0ooUOoOO0ODOUOOD0ODOULOUOOOOOOOO
000000 b0oobOo0b0oobobDo0obOo0obOOooDbooDoobDooboooo
0000000 Vol.60, No.5, pp.686-689 (2006).

2) oU0o00DOoO00DOO0OOOOUOU0LOOULOOOOUODOOOOOOOOOUDOOO
0000000000000 O0ooooO COVol.J9l-C, No.1, pp.11-27 (2008).

3) 3GPP2, C.S0024: cdma2000 High Rate Packet Data Air Interface Specification.

(© 2011 Information Processing Society of Japan



838 MANET OOODOOOODOOOODODOODO

4) Luo, H., Ramjee, R., Sinha, P., Li, L. and LU, S.: UCAN: A Unified Cellular
and Ad-Hoc Network Architecture, Proc. 9th Annual International Conference on
Mobile Computing and Networking (Mobicom 2003), pp.353-367 (2003).

5) Goff, T., Abu-Ghazaleh, N.B., Phatak, D.S. and Kahvecioglu, R.: Preemptive
Routing in Ad Hoc Networks, Proc. 7th Annual International Conference on Mobile
Computing and Networking (Mobicom 2001), pp.43-52 (2001).

6) Prapatsaranon, P., Rojviboonchai, K. and Aida, H.: Multi-path Routing Protocol
with Preemptive Technique for Video Streaming over Ad Hoc Networks, IEICE
Technical Report, 105 (628), pp.317-322 (2006-2).

7) Chow, C.O. and Ishii, H.: A Novel Approach to Supporting Multipoint-to-Point
Video Transmission over Wireless Ad Hoc Networks, IEICE Trans. Communica-
tions, Vol.E90-B, No.8, pp.2046-2055 (2007-8).

8) Liu, Y. and Hefeeda, M.: Video Streaming over Cooperative Wireless Networks,
Proc. 1st ACM Multimedia Systems Conf. (MMSys2010), pp.99-110 (2010).

9) 0000000000O0UO0OU0O0ObDOUO0O0OUDDOUOOO0DDOUDOOOOOOO
JooooooooboOoo0ooooooobobOo0o0oooooooDoooboooo
000000o0ooooooooooo (2007).

10) Killat, M., Schmidt-Eisenlohr, F., Hartenstein, H., Rdssei, C., Vortish, P.,
Assenmacher, S. and Busch, F.: Enabling Efficient and Accurate Large-Scale Simu-
lations of VANETS for Vehicular Traffic Management, Proc. 4th ACM Int’l Work-
shop on Vehicular Ad Hoc Networks (VANET2007), pp.29-38 (2007).

11) Bettstetter, C., Hartenstein, H. and Pérez-Costa, X.: Stochastic Properties of the
Random Waypoint Mobility Model: epoch length, direction distribution, and cell
change rate, Proc. 5th ACM Int’l. Workshop on Modeling Analysis and Simulation
of Wireless and Mobile Systems (MSWiM2002) (2002).

12) Maeda, K., Uchiyama, A., Umedu, T., Yamaguchi, H., Yasumoto, K. and
Higashino, T.: Urban Pedestrian Mobility for Mobile Wireless Network Simulation,
Ad hoc Networks, Vol.7, No.1, pp.153-170 (2009).

(00220 409000)
(00220 1105000)

g o0 0O

gooooooodoooobooooooboooooobboOoboooobooooboooboobooOoo
gooooobooooooooooboooooboboooooooooOoocOoOoooooDoboo
gooooboooooooooooooooooooboooooooooocooooooobooo
gobooooooooooboboooobooooooooooobooOoooooooooooooDooo

00o0oooooog Vol 52 No. 2 829-838 (Feb. 2011)

gobooboboooobooooobobooboboooboooobobooobooo
gboobobooobooboobobooboboobooboobobooboboobobo
gobodoobooooooobo boooooobooboooooooooobod oOooooo

oo dog
0080000000000000DOCGC201000000000000O
00000000000000000D0000KDDIOOOO0000

O goooooon
2003000000000000020800000000000000O
gobobooboooooooooboooboooooooobooooooooboo
ooooooooboooOoOomoOoOoOooboOooobooODbOOO0OO0OO0ODTN
000000000 O0oIEEEOOO

oo ooobooooo

191 0000000000000000O00199% 000000000
oboooooooboooooboooogoooz2e020c0b0b0O0O0OOOODDO
gobooooooobooooooooooooboooomoooooonn
0000000000000 ACMOIEEEDODOOOOOOOOOOO

og goooog

197 00000000000C00O01979 0000000000000
gbooooooooobolvoooobooooooooboegeooon
9890 0uoooooogsboouuoooooooobooonoooon
goooooooooboooobooooOoboOooooobooobOoOoOooooDoo
O000O0DO0O0OO0O0OOACMOIEEEDODOOOOOOOOOOO

(© 2011 Information Processing Society of Japan



