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Abstract

This paper, at first, provides analysis on loss pattern of Internet based on real experiments of the current Internet. Then, we
propose an effective adaptive QoS management technique, in which measured loss pattern as well as PLR(Packet Loss Ratio)
are used to select bitrate of temporal scalability, level of FEC and retransmission. This selection is also incorporated to the
MPEG-4 error resilience tools and error concealment techniques, In order to minimize effect of packet loss, multimedia stream
is segmented in the unit of group of pictures (GOP) and interleaving and FEC are applied to the segment. Proposed
algorithms are applied to build a VOD system.
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234 HAE 9: oEly s)ute] MPEG-4 2E2 9 Mul2~E A48 353 QoS #e

AL 2% o4 dW 0% 3 £4& 5738 44§ < 2l
ojo]E Z7HA 7| 2% o] W 3 2 &4 E73)
2 2 A% golog ¢ dA W
V. AEUHE o gty
5. XHZZ(Retransmission)
AgAol AT HAZ vl L AH A BHE fs X

a2, JEY AN WAES 7 &4 A AE A7]19) RTP AAL ol &3t A@st%ch RTP 3
gt FE2AY HAEFR H7 E4E AMus FE U9 gyagzo} AP2YE ol §3iqith AdS 45
AdE FHAA RAAA SWEZ (overflow) ol o3 AAAZEe wto 2 AT EAEL AMuoA FEo|dE
”“Jif%} FECEZ ol§3ld E78 + gl& AkE B Z A% 6}‘“ ot donige A7 & Adstdt 48
o FAo| £AHE AL oL AL oS FE FEC of AHE¥ FEC @4 ¥A4E RS ZEE ol &% iy
e fASE AL A3 Ad € dYgE 28 59 AR 7H-re HAL on|sly ool WAL HES W
EAZ vhgdsx o 48 Ade] A= FA(EA AL ou|g
o A% 12 AX) ogrst 2 u, Wty AMH|AEG
Ade] 4 mzgd 2 Au2dis AdEo] 3 4 4Y 3
29 % 9o Table 4. Condition of experiment

wrer A@gol AHEE A £A5% FASdgE A =aj0/01E
RTT(Round Trip Time) & F&3 9% o449 Wy A HE=ea o m
717t 879 FAS M dAle FEC g4z 72 e o Tmo
+ Gt A UL AF. RTCPE &3} GOP — e | e
delz &4 A AREe 2 gk I3y =

JA4e o a9 S8BT A¥EoRE £49 97 Heg * 13%K00s
S BE £ QS AS, o &4 dIAgd EIHI 37 A49H T 12
dade 2§ 2494 783 godd 2fF 29 s
< 28 &4g eydojo} gk 450 &4E HI
S AASY o, [21]04 A HEF 2o] FEC ¥ 51 H2A (SHEIE Est SAE e 2= ¢ Ho|o HE
e o mojokdith AgtE Ax"AA FAEFE AL
g BRAL Z7A171x 7] 98 oAl &£48 w7 ¥ 12 A¢3d QoS #EE 53 &8 #wE FEC

— I —— —— -

163.180.121.1  163.180.96.2 192.168.246.523 210.183.254.202

F %m 168.126.109.9  168.126.16.68 168.126.109.14 210.222.168.137 \—-I= =F

168.115.71.178
(B4 s90)

163.180.121.241 . -
PRI | =

192.168.72.50  168.115.96.2  168.115.32.2 168.115.255.249

J2 11, dZE 2R 72X
Fig. 11. Path used for the experiments (12 routers, 500km apart)



WHEF I =EA 20009 ASH A2E

a2 12, HEH FEC Yent gjojof WA
Fig. 12. Adaptive FEC level and layer change

#l s} gojo} WAL Uehd Z%ME}. EHEL O¥9 5
o &4 Hdg oAk 279 2 FEC #43 ¥
ol Z A#tete] &4o] gle 49 FEC #¥2 02 #
AL Folole 27 Attt &4 A47|H FEC
a3t #eolojrt WA H

l

2. P, VP+FEC, VP+FEC+ M S |

AN F WD A% AFlA AR £29 Bg
37 9184 FECS A4% 4g Agach FEC 94
of mek H¥ 20%~50%7HA9) £42 RS LR 29
o P, A% RS S 2T 4 g vasy

A & Aol Add Pde A} kissd

19 13 %d PLRO| 40%%1
ARSSt Wit B2l A5 7;( FECHH,_O)T}
FECE ol&stq ®HL A& A4 A(FEC)H &
& Hhe AAve AR H(only_VP)o 32

PSNR(dB)
a3 aBRB8ES

rrrrrrrrrr SRR

# only VP 4+ VP+FEC ‘o VP+FECHAIRS — PLR

2] 13, FECY MA &0 w2 & H3}
Fig. 13. PSNR with respect to FEC & Retransmission

235

b . . 4
| ow(E3 IGOP 4 FEC 2]
eu%l. (Zd PLRY/ ) p—
70%}
eo%,
‘\soo/t
J.MO"/D
C{J"/r
zwoi :
10% et ;
™% cee e e e e o
121 4 81 8 101 121 141 181 181 0 2

Frame({AlZh

T2 14 PLRO| wHZ FEC 2l HA
Fig. 14. FEC level change with respect to PLR change

(PSNR) ®3lE 54 Zoltg. £43 v 7l(VP)
e A4 WEvE FECE AHEslES w7t sHdo) o
FI AAENA ALLEH gREY £4d8 HAe Y
st iAol H& Fohe A& ¢ 47 Uk

I¥ e I8 1394 849 PLRY wak RS &)
HAHE AL HoFoh RS gEe 3 gAY wgsin
£ 43 PLR W3 Frame 21~40)s £48 H90<&
48t Reth T3 RS FEvF EYE 5 e F
PLRE =38 7Z$(Frame 101~120) €49 HAL
H3px 23t

19 155 724 2y w2 BELY] Wil Jeh)
A, PLR°ﬂ el FECY ARR H]&o] E2tX T FECE
T Bo] ¢+ B AAEE 37 wFo ZH ’“77}1}

J}EQ

l‘l'> m

s
s g ASE HESC o ZrkEvs 2
At B i’ir GAE FECS A4 34% ﬂhLoM
As4A HIZA B 40%9) HF PLROE A B NS

s/ MR ¥ HEsd e B 4 oy

_+-Only_VP = VPFEC 4 VPHECHIEIS

A

zﬁ/ij/*ﬁlk#[::§¢ﬁs<:>

kbits/sec
8 88588 8 3

8

[=]

12 3 4 5 6 7 8 9 10 1 12 13 14 15
ARKE)

2115, M 71X EEje HEE W3}
Fig. 15. Bitrate change of three types



236 HAF 9 dgd 71de] MPEG-4 2E8)Y AEAE 93 353 QS #4

MPEG4
WORLD

MPEGY
WORLD

WORLD

(b) VP+FEC (c) VP+FEC+AY
3216 M 71X 2Eof mig) C]2Y S 0)D)A|
Fig. 16. Decoded images when used three methods

=
ofs

2o A7 £989 BN NESY St A & o Aol F71R I ek FEC deldt MR o2
S A% e, MESZ NS dololE WARE UL AAHAT

79 16e 2E £45S HEA9e W A7 vine B =EAAE ¢ A% wEe o 8ae MPEG-4
AARE A5 A9(), FECE H489L A%0), WL AEYe] B ATHUT o WY ol g5l
FECSH AR4¢ A4ae A4()el dabolth ¥t MPEG-4 WHo ~Ed9e dgu s2e 2sey &
AAWE A%Y 9 Hoh FECE H4¢ Aol 8ol % FHE0 § £ 34 2549 Aurg AFE 5
2 AR AEHLS A9 BP0l BS velans A2 e
A% 2 % U

= L
a B

[1] Moghe P and Kalavade A, “Terminal QoS of Adaptive

B =R AE EldA gy 7 &4 2 2d EA Application,” Bell Labs Technical Journal, vol, 3, no, 2,
& 2AFFT old QoS EAL zte dEulYLe Fa) 76-92 , Apr. 1998.
of MPEG~4 "lt]2 2EZRE & AL 3 £4 §lo] [2] Li X, Ammar MH and Paul S, “Video Multicast over
Aess e Bl ALk AEAe the Internet,” IEEE Network, vol. 13 no. 2, 46-60,
. . Mar, 1999
&4 3 A9 AYS 99 ARdEE wssly 9 2 ) ) )
717t ARSE &_AIEO]%,} Z]L]o] _Z Fheirie —; o o/; . [3] Kihong Park and Wei Wang, “QoS-Sensitive Transport
. iTU: :E§£ u:o ,\; = _7“ BAE‘ZO:‘ I of Real-Time MPEG Video using Adaptive Forward
A 5 °°“j *}f A7t BETS =k o‘ ~EJ s Error Correction.” Proceedings of the IEEE Multimedia
o b o 3 L 2 [
HEEs A7 £4 8% Ade /RYE As ¢ 7 3 Systems 99 - vol. 2, 426-432, June 1999,
Aok £ Ao &4 HEHS Bdd BEE 7he [4] Tatsuya Yamazaki and Jun Matsuda, "Adaptive QoS
Aol opHet HAES 22X E Zteres A € F AN Management  for ~ Mulimedia  Applications  in
th ojd 7l &40 diAsteid FECET oigt & o} Heterogeneous Envronments: A Case Study with
2 o] At AL O 4 Y=g B =RgME Video QoS Mediation,” IEICE TRANS, COMMUN,
AdE BHe Adsdn. £48 90e Bhe) 9 vol. B82-B, mo. 11, Nov. 1999,
¥ FECZA RS SE& Aga2td, ol% Ag o o [0 Dous Youns Sub Eyun Choo Kim, Toug Kowon L
- o an ng €e, oDablislic nalys O
BAEE Ae RS 258 Azke] S8 Adu: Ao - ,
A= Ag;RS _'—'ff}o];! - aHﬁ? iﬁg 1% MPEG-4 Error Resilience Tools in W-CDMA
q’;j_‘e‘]b} 2_@}‘ ” o o FAAFT FAFEA Environments,”  Proceedings of the IEEE 2000
BEs AZe dEstdTh International Symposium on Circuits and Systems, vol.
MPEG-4 2E™E %L Fsteq A58 2 I, pp. 638-641, May. 2000,

A4
| $8t (61 B. Griod, K. Stuhlmuller, M, Link and U. Horn,
o ujtjo] QoSE #WATE WhHE AgegT & &4l “Packet Loss Resilient Internet Video Streaming,”



ST R =EA 20009 ASY A2s

Conference on Visual Communications and Image
Processing 99, Jan. 1999.

[71 UK. Sorger, “A New Reed-Solomon Decodeing
Algorithm Based on Newton's Interpolation,” IEEE
Trans. Inform. Theory 39, pp. 358-365, Mar. 1993.

[8] Georg Carle and Ernst W. Biersack, “Survey of Error
Recovery  Techniques for IP-Based Audio-Visual
Multicast Application,” IEEE Network, vol. 11 no. 6,
24-36, Nov. 1997.

(9] RFC 1889, RTP - A Transport Protocol for Real-time
Applications. Audio-Video

[10] James Brailean, Ph. D, “Wireless Multimedia Utilizing
MPEG-4 Error Resilient Tools,” Packet Video
Corporation 10350 Science Center Drive

[11] "MPEG-4 Video Verification Model Versionl2.1.”
ISO/IEC JTC1/SC29/WG11 N2552

[12] Uwe Horn, K. Stuhlmiiller, M. Link and B. Girod,
“Robust Internet Video Transmission Based on
Scalable Coding and Unequal Error Protection.” Signal
Processing © Image Communication 15, 1999,

[13] F. Le Léannec, F. Toutain and C. Guillemot, "Packet
Loss Resilient MPEG-4 Compliant Video Coding for
the Internet,” Signal Processing
cation 15, 1999.

[14] J. C. Bolot and T. Turletti, A Rate Control Mechanism
for Packet Video in the Internet,” IEEE Infocom ‘%,
vol. 3, Toronto, Chanda, pp. 1216-1223, June 1994,

Image Communi-

& X

Ao

of & x

X X a0

237

[15] J. C. Bolot and T. Turletti, “Adaptive Error Control
for Packet Video in the Internet,” Proceeding IEEE
ICIP96, wal, 1, Lausanne, pp. 25-28, Sep. 1996,

[16] R. Blahut, “Theory and Practice of Error Control
Codes, Addison-Wesley, Reading,” MA, pp. 154-165,
1983,

[17] A. J. McAuley, "Reliable Broadband Communication
using a Burst Erasure Correcting Code,” Proceedings of
the ACM SIGCOMM, pp. 297-306, Philadelphia, Sep.
1990.

(18] Yea Chul Roh and Ik Soo Jin, “Implementation of
Reed-Solomaon Codec for IMT-2000," Proceedings of
the 4th International Workshop on Mobile Multimedia
Communication,” Sep. 1997.

[19] Difu, Jaideep Srivastava, “Investigation Factors
Influencing QoS of Internet Phone,” Proceedings of the
IEEE Multimedia Systems 99 - vol. 2, pp. 541-546,
June 1999.

[20] Cormac J. Sreenan and Jyh-Cheng Chen, “Delay
Reduction Techniques for Playout Buffering,” IEEE
TRANSACTION ON MULTIMEDIA, vol. 2, pp. 88-
100, June 2000,

{211 Junho Jeong and Doug Young Suh, “Study on ATM
Based Splitting Method of Satellite Networks for
Performance  Improvement of  Satellite Internet
Service,” the 10th Joint Conference on Communications
& Informations, vol. 2, pp. 699-702, May. 2000.

1909 29 : ATt AABE FA(TIA
19999 39 ~ HA) : AL Doy AAT A A
FRAR} - GAH, Bevide] $4

199613 2¢ Asitista B YA
19999 99 ~ &A st tistd AxF s HAtary
FHAEF ¢ GAA, FErYe FA




238 AXNE 9: Aeyl 7]4ke] MPEG+4 2E& W AH|A2E A3 483 QS &

K

19809 29 : Mgty dxpalBeta 2Y(Z3HAY

19853 69 : Gerogia Tech W3 383 £ (FFAAY
19904 69 : Gerogia Tech HA38% £ (FHHA

19909 99 : AZE Ai71£9 HDTV dide ddd+4
19923 39 ~ @A @ AIqsty AAFEH Ry
FRARL 1 G4 A, BErYel B4

P
19084 29 : AT WAL S (D
20004 89 : AL oY AATE} EA(FHHAD
20009 72 ~ @A) © FFAAENATY A7
FRAR} : GAFN, NEAY

ofd3s

1983 29 : AW AT S (TN

19854 29 : SN Ehd AATHS SH (A

199611 39 : 4 A FAFTHHE ST

19851 79 ~ @A FFAATALTL AYI 7

FRARoL g sst Fere] FAl, FAA, AFE LAR2ATE BE




