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ABSTRACT

As the networked media technology have been grown in recent, there have been many research works to deliver
high-quality video such as HDV and HDTV over the Internet. To realize high-quality media service over the Internet,
however, the network adaptive streaming scheme is required to adopt to the dynamic fluctuation of underlying
networks. In this paper, we design and implement the network-adaptive HD(high definition) MPEG-2 streaming system
employing the frame-based prioritized packetization. Delivered video is inputted from the JVC HDV camera to the
streaming server in real-time. It has a bit-rate of 19.2 Mbps and is multiplexed to the MPEG-2 TS (MPEG-2
MP@HL). For the monitoring of network status, the packet loss rate and the average jitter are measured by using
parsing of RTP packet header in the streaming client and they are sent to the sireaming server periodically. The
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network adaptation manager in the streaming server estimates the current network status from feedback packets and

adaptively adjusts the sending rate by frame dropping. For this, we propose the real-time parsing and the frame-based

prioritized packetization of the TS packet. The proposed system is implemented in software and evaluated over the

LAN testbed. The experimental results show that the proposed system can enhance the end-to-end QoS of HD video

streaming over the best-effort network.
I.MB

2 el $39] A 2EA vjr]elo] o
3 AHAES 80T e RA] Bl TellA
HDTV ¥|t] & ~Eeg|9sh= a3 (HDTV over
)7} wo] Assz ™ ol £t
S #}413k= KOREN(KOrea advanced REsearch
Network)e]*} KREONET(Korea Research Environ-
ment Open NETwork)¥} 722 7L FAo=
olFoiA|z oA J7he- wigel W4 el =)
< )43t 3¥¥ VOD(Video. On Demand), 34l
7} o)+ 34}3)9(video conference) S8 Aw]A7}
a3 Zlog Auslcl et el Tk
TEY voje] 2R Mu|ag A"s] A
= YEY=, vigd], AxdeE Fu3 nE 24
R[4 thgh rjAle] HAE] AARL ol gl ol
g HAEL HAY W) X(best-effort service)E
ke R e QlE el & g9EE 87
e aEA wded digk Aula FHQoS:
Quality of Service)S SHIHOR BAFA ed
2 gle] glck

LR FAelA wleje] ~EE] QoSE WA
AZ171 $1F 718 A2 HiY YH(video
compression), 2§ AZox) QoS Ao, ML =
EEZ(transport  protocol), HFltje] Bl Awlx
(media distribution), ~E2]% A{¥(streaming serv-
er), 9ltje] %713 media synchronization) ¥}
F2 e £ bl o)F 3-8 A=A QoS
Aol 7192 E3F Alod(congestion control)t} £
£ Ad(error control) 52 AL 7Ixn] WlESL =
ZXES] omgt QoS A|dgle] Fxt Alxwlellre]
A AnE a7tk Aol AHE Zhett

E =FoMe 2EY Auel FEo|dEZ]
58 AN QoS Ao} 7ol Mg vES
2 A53 HDMigh Definitiony MPEG-2 ®Btl.2
2B AxEE AA g 7R AR A
Wellxl= MPEG Z#Hld #3(, P, B)2 $2%0
7kste] WES= Al o} =4 w7 l(frame
dropping) S FRAFLBA HFES AL o)

719 FAE vl A7 A Al (temporal scal-
ability) 71H-& 9vigkd. o]% $J3) MPEG-2 TS
(Transport Stream)b 7] AA|7F A (real-time
parsing)3} Y wele] AR A9 SKframe-
based prioritized packetization) 7]%e] Al|gkEich
AAZE 314 AAoEe 2 TS #c2} PES(Packe-
tized Elementary Stream) #tjS EA§o2A TS
A F3st v e TS AU Afolle =AY
533} §8E ot ofol] 7ukE Fo] =&Y
+39 8w o ZHY D99 HAN e
HJ3E 33t

2E2y Moy HLE H-e 2Ery F
goldEdr Z3E VIESZ A A AR
7Rk} o]E s AEEW FEleldEcM=
RTP(Real-time Transport Protocol) #v1E A3}
o] F7\A o3 £A1E(loss tate)¥ BT AEl(average
jitten) & S48ty ~EgY AWz e By
ot AEzZR A9 WEYa g A2 Hnetwork
adaptation manager)ollAe F=m 7l 7ulsted
HESHzZ Aus ddsis A7 32 HR5E
Sz SR Vg EA ASES 2R
WiHeg AHeolxls Wql drop_stages Z#H|Y
H713E AL

At A2de BE P9)e) Lz eEYolr THE
o] VLC(VideoLAN Client)"”'9} EgH=ct. TS 3
sHA) Qe AAZE B ¢l AA ARk
MPEG-2 TS 3} £& ol83l agA 7L
83150k /1F H|tje+= JVC HD 7=t ol%
3 AAzke g #od=le] 19.2Mbpse] A& HIESS
Zre MPEG-2 TS ¥A]2E IEEE1394 <Ejso]x
£ 53 Solerh 7 AlaHle] A% A5E 6
LAN ©HIAEWE 338 75319]oH vESa &
A e F7) 8 iperfP?E olg3k wi =y
(background traffic)S ‘Tt A== Ay A
e dENT Al wE ASE S T3
L2 2AE FF AEE AF] oA

1) MPEG-2 A&dle] dig Ad 9576 G4l gz 4
= o vkl 9 B8 B9 Ar 55 ATz
Hg g7dolt Ve A A Sol Aa whalele !,

887



P EAISHE|=FA] 05-10 Vol.30 No.10A

Zt QoSE AL F ULE HAFh o=
Ak 71y A4 A A3 AgoAe] ZHY sl
(frame dropping)2 s Z#Y N W-E(frame rate)
£ "gojd 4 At vjEYa Exteg Q3 9
gzl Ao} AHE EYL2EAN AAPT 7=
AH]A 73(QoE: Quality of Experience)< A%
= 9l e 2t

B =19 AL osd Ao 28004 Adst
£ #¢3 MPEG-2 TS 2E9 Alx=d sl A
ez 340 T ARl djs Adwich 43
o4l LAN HAEMEZMY) ¥ 27E A3l
546d FHATE Q9] F 6HelM HAE2S U
£t

I. HEXT X228 HD MPEG-2 AEz|Y

2.1 AE2|Y AMu{/E20|HE F=

A3 AMBIAE AFFshe A B4 b
ol aE" ABlAE AT HallXe ARt
w2} JPHshE VEYA A43e] AeHer MY
T e 7o)l &7k olF Hsix vIEZ A
$3 Sgzaadsl YESA AME Aol W%
T Az A8 HT viES= A48 v
tlo] 2EP Axage] =zt A= wp
A, AANE ZHUYFE T F33} AR
e shed e EAEES dFE] Hg v
Hogx AR W vENZ 33 A
2 AHAlA Mo} e FA ASS AFst
£ 54E Rz vk F1Res A vEY
2 Aol oiZt ARE ALdgE F ool o]43le]
Af w2 Fejo|dESe] ALE 2 AN WY
o AgHo tHFoBA AHgAllA YA FF
9] QoSE HAI}EE Pt

a3 12 vESZ 483 2ELW Ao} Z2
ol Ed] tiFt HA FEEF HAFrh 2B A
vj¢} Zzlo|slE7} IP(Internet Protocol) WEH IS
23 975y Arldde N2 E(unicast) AF
uAuko 2 Wl s 3l 91 wt]eo] HAS
B9 7] AEH(ES: elsmentary stream)E°)
MPEG-2 TS ¥4o8 3=y v|t]e 7|22E
o] 7% MPEG-2 ¥t e waleg p33te 7
g}, ool w} gl dio[e]= 188uI0]EL
A =718 Zhe TS d3lo] d&A ez Foj2ct
Az 4= gtk o]F TS HAEL Az A
A8 RTP HAF AL AX F HAFHo=

do K o

8

(@]

8

Real-time Parsing | RTP packets

TS packets & Prioritized with priority F adaptive RTP

= Packetization Dropping |4 Tospont [
(RTP)
T

; i i
Network Adaptation Manager J

Estimsted Available Bandwidth, Netwark
Manitoring &
Feedback "
Handling |

Loss Rate/Type/Pastern, Delay

<£E#T Au> m
Toss e, IRTCP
2 ;!
Displayed frame rate Network & |/ packets
€ Fira playout Playback |’
oresponaing Py monitoring
Clock Manager p2p-FTS. ISR
* ¥ }—- Context-aware
[Video ES v
§ ketizati
Rendering | | & derpackerization (RTP)
i MPEG2TS
A [Todios |} . De-mltiplexar

< 2EYY gl E>

a2 1. 2= AJugRPldE 72

UDP(User Datagram Protocol) HZ22 345 A|
ol vESz 4 ey A4 FA 0 34
< 98 RTCPRTP Control Protocol)?} AH4E &
ek 24 F8 FA Qe diFt 715E o
g 2

2.1.1 AARZE oA gl ozl MEeist

ez Aujolle ZE TS HHE sl A
A7 3RS FEPR) o7)oAe dAHeR TS
2] #33& dopAck =k wjke TS =
ASdle f2¥3Kpayload) F¥-& FAsle] =3
o] &3} f3e dohdich =T TS HAY FE
B3l B =g Ausl Eo7) e 75l
+ Hz7l Eel(packet split) AES A e 4
o] TS s o2 Ashs Aol B3t ole
7|&o ©d AFoz XusiE wtje ~EF)
3l AlZ3lel H<dx(layered transmission)S H-83}
7] 8§k @9l A FA(re-organization) HAHLE
898 £ gik olF HR SAEHstelx= Ze
 f39 F8=d wet vr)e TS HAEY A
9% g3 =¥ §39) 8= MPEGY
A7 2EAE o8] F33 el wElA
I(Intra), P(Predictive), B(Bi-directional) Z#H|Y %+
o] v} BUF =Y F3¥S 2+ B TS A
A5 shte] RTP HHoZ FolAl Hrl duby
22 HD ®lt]ee] ¥ ZH YL Bo] vit]e TS
HFlog At spie] RTP AR HAvE =
gl 1500 vlolES] =7)E Z7] diEel AW 6
e TS sizle] B 4 glrh Y A=
7zt g7 Yol AAH e 23R 43 vEN=
¢ Az fH="et




wF /xS 7 $AedHE A48 VEY=Z H$Y HD MPEG2 ~EF%Y dA 7 7

2.1.2 WESIT && 9l mc8 Mo

ENZ Al 3AS sl 2229 Feelde
£ RTP A9 o silgict RTP 3cie] Al
2 W3 (sequence number)$} EFI%] E(timestamp)
doe AR A JF AE Alab) o] 85l
VENZ A F42 AT F7I0ie) o]FeixH
FARE FU1HeR AwE vougc ey g
& 8 AR 7D Aladels 2% UDP Hi3l
£ olgsh} nrl A A& ¢ RTCPE &
A= 7o) 7Fssich

o

2.1.3 HEHT XS =Xt =gl Hp|

A5 239 ok 2=y 8 WEY=
23 fR o3 AA=L o)F $8) vEYa
g #eRe 2Eey FepoldERNE e o
=l Szleld A3 £ASF JF AERE &
gt} o] Sl 7[ulsld Al WENA A
sty ZHq] sy A =z A
E wbdsl:s drop_stage WE ARAA R Fyis)
Avt Fase o] Zhe] AASE o] A7 s

+ Y 2 S/t

2.1.4 22|19 E2lojdle

2Ee]y SeleldEr vEZ A 243 9
=9 7)% o]9lol MPEG-2 TS Ht}E3}7|(de-mul-
tiplexer), ES E-%7](decoder), &% (rendering), &
2 A A|el(corresponding playout control) 5]
71es TRk B A AlY Fleelie ~=
2] Aujelxe Zaq] #H7| 2 Qle B 5= 9]
£ UdelEriskel #3" EAE Ald) olE
sl AR Ftle] fl(media unit)Sol] R BA
elQ]~el Z(PCR, DTS, PTS)E-S =43}

AR AHE PSS Fol7] e AHeH
FEC(adaptive FEC)E Ei3sl:= Aed s
(adaptive transport) 34o] F71d 4= glrf'®,

2.2 MAZH IR U S AE9s

a8 2& TS I F2E AFHR u4FE
k. TS 72 TS 3o, PES &, Ha%s}
(payload)2 AR, =3t shte] TS el B
58] Zgage]l ¥3 £ gl 1HEg xy
Y AR e Asiide TSOA @)
% z2es] vt e ESE Hojo} dic),

2) shdel ZEagdle SYAQ oHels Edsed W
g 22 Hueg Zw g,

Elementary Stream
(Compressed audlo, video, or PSI data)

-

[Start code | Start code |

elementary stream

="

elementary stream

Y

beader payload Lheader H payload

PES Packets PES Packets PES gts
stream stream tream

header payioad header ! payload header ! payload

PES Packets

188 Bytes 188 Bytes 188 Bytes
TS Packets

% 2. TS A Az 72l

TS packet
TS packet
header parser

MPEG-2 video
stream

Other TS packets
(PAT, audio,...) Original
TS packet

Original
videa TS packet

Frame-based
Priaritized
Packetization

split TS packet
TS Packet .

MPEG-2 Video
Parser Q Splitting

Number of Picture
information in a TS packet

3% 3. TS #A3e} AAE = 2 =g A A e
T3l 35

split TS packet

1 picture : Highest priority
P picture : Middle priority
B picture : Lowest priority

I8 32 TS AR T2 7|ust AAzZE A2
A HAE AAgk WX MPEG-2 vlE]e ES
A5l& A7) s zZ2ozle] mf ¥R PID
HeE TS dojely &3l =239 el
ES9] 3w+ FEAR stream_id BEES PES scidll
A ZZFHAck. weF MPEG-2 Ht)S ES A
ASole frEfsll sle vlive Z#de] ojudt
328 Her) MPEG2 ®t] ESE AZH
L2 RastEn g AlEe) AxhE dEFE Al
At E(start_code)} -FEHEPF HMEEE RS
Zh=c.

=z ¥33} F3E dr] Slsix A =3
el AlaME dE{FE pscpicture start code)S &
=t} pse o]Folle &9 Sti(picture header)7}
Huk=ed o)l picture_coding_type BEZ ol&
3 s ZHsle] #3538 §3-8 4 = ck pscrt
e ASede M B2 2L picture_cod-
ing_type¥}+ FU3lt}k o]FA AR vt TS I

3) MPEG-2 ¥®|t]Q ESE Al¥2, GOP(Group Of Picture),
g, 22EE, B2 59 AFE /A 9764 g4
£ =AY FU3 vl AR

889



PZEA183]) =] °05-10 Vol.30 No.10A

5L =Ze9le] §33) R w2t I, P, B £2
$AeAE Z2A "t o7& MPEG-2 Y&
AHF =Yz RS o] 83 F53) Y]
3o B mkE 7io|c}?, PAT(Program Associ-
ation Table)9} 2rjesel 22 o2 {39 TS I
5L vt FFlEnc] o] B2 AAEHE 2
;. TS HZEY Ay AHEE FR i
3}=y] ke vES=Z AHS f=AE S @
gt

278 364 Ny & # TS A el 2d =
#Hde & ovisiy 1xc} & Asele AR £
g BHe Axes A& & F Sk ol= HYL
TS AR FrEF3E ol B2 ZHjle] Eoi7}
€ A% =AY 7] e " =z s
7} Bol3l=E 3] A FAAe|ct AR Eel Feol
= #9497 TS HAE frarste] =t 4
TS 23 vlaste] ZeiAA "ot ~=2% gzt
olEdM AR TS HAASE FAle) sz
233kl] $siME TS AR &uE A3
o] 87k o1& <al TS 3 &vie] Hs g
Z(adaptation fieldy» S FAIHIH 4). Fs I
co] uix|et BRE oln] Qe dole L 9
ulsh= stuffing_bytes B=7t & 4 Qlth o]E ¢
43te] AR Belel ol FEA HE fE¥s)
w2 TS SIt2 stuffing_bytes FE-S S8} ofd]
uje} g dro] Aol 71 suffing_byresiHg-
Z7F=lo]o} Erh

P

T L fu

"
Original TS packet Splitting point

R
neader PES payload

<
= []
Optionat | Stuffing | 4 (el
bytes
15 |Added
homyer [stuffing| PES payioad
bytes

fields bytes
33 4. AS 922 o4’ TS H3 ¥ 74,

Continuity
counter

Adaptation
fleld

Adaptation
field length

Adaptation field langth =
originel adaptation field length +
o3

addad stuffing b)

2.3 WEQ3 HE X}

HENZ A 334& $8] RTP 3clE |83
t2¥ 5). RTP Al&& TS #Zle] UDP HAHZ
RFEoi%)7] Aol RTP dtiE Fvite =24 A"
4 glrh. RTP dt]elle 16v]E9 A2 W39
328]E9] ERQIARIE Peot gle] fAlZelA o]
olgsl 7]EAQl HZY A A AHE EAHY

4) AS He= TS F3 dudli 4oz o= He o)9)
o ¥rHeZ & 4 gl 3 HRE ougdl,

890

Media Stream packets Streaming Client
—

Streaming A I RTP header
Server -7 . parsing
Feedback 4
ket
N E Network
= Monitoring
. & Feedback
P | UDP | RTP N Control
header headerlheader MPEG-2 TS packet I
Payload | Sequence 0
type Eurnber i SSRC fields

Thits. 16bits 32bits 32bits

oo based o3

33 5. RTP AEE ol 43t viES]a Abe) $A3) vj=9,

S Al F dgdgew Al RTP Ao of
3 ARx M3 7HAS 53 A &4UEF g
HoRE =g o] Fd AelE A 4 9l
o} olu) &2 Frle ool whE eHF|ce| A%
o we} HA3 24 5 Uk W Fri 54
e 2= Al delr] fa) Fow HFlE
THEe] Bfith

2Ey A Fepo|dERYE] doy
7ol 7[ulsle] AEE-S -3} oo} B3}
YEYa g f=iAjode e gzleziy
SAET 3 AERE 53] vENZ s
Aedslar o det =Yl Hr|E & AURE A
A ad 62 F=). =3 =Y #H7|e ks
2As)7] 83l drop_stage HFE AT} drop_
stage?] W4 ¥ ¥ =HYS sY|ERle Y
MPEG B[t].22] GOP {3l &t AF o
a3 69 $53 %] "Il B2 B3 P4 B5 B6"9
GOPE Z= 7% drop_stage= 094 37kx] Wi}
3} drop_stage Zto) ZFVESE WriHe =Y
F2 HolAr AFEE EoEA Hck F drop_
stage kol 14 7$olle 3 GOP Wd4] ZE B
zHgo] H71=lM drop_stage’}t 24 A$ol= B
== p o] sivlgich

Streaming Server
TS packets Original GOP structure
4 S -~

| Frame |k 1" Rﬂ B85 B6
~—*| Dropping [

L)

[l Drop or not 'D'

| based on drop_stage |

<Dropping pattern based on drop_stage>
ll\letwork Adaptation Manage\|

Stage 0 : no drop -» Il B2 83 P4 85 86
Stage 1: 8 partially drop -> I1 82 P4 B5
Stage 2: Bdrop ->I1P4

Stage 3:B,P drop -> Il

L3
' Loss rate, average jitter
Network

Monitoring & ée::edb“k packe
Feedback
Handli

38| 6. vlEH= A5 Feixld] g =z §7] [AUE



EE xAY 7k A3 A43 VEYA 2453 HD MPEG2 B2 HA € 78

initialization : drop_stage = 0, count = 0 l

net_state = loss_rate*w + jimr'(l-w)J

net_state > bad_state_{)

<fiel_state < good_state T
Yes

gunt > sucessively_good_ii-—
Yes

drop_stage = drop_stage-1
count =0

=

drop_stage = drop_stage+1
count=10

22| 7. drop_stage A ZEE

drop_staged2 £4&3 JAFAEY 71EA ¢
7R ARG net_statest VIEHA Al st
ke 710l S dAA(threshold) 7] ¥IRE F
8 AR A At o 72 vE
A=z B¢ BA2AelA drop_stageE AAIE= IE

2 RojFr) rgtezd =Y sivv) A

£ 0%k2 7HEIt) ner_state3ko] bad_state_th 2.}
Z ASolE drop_stage® vIE Z7IRFOEA =
o Hi7lERe F7HAIZICE olell Hbsl good _state_th®.
o} & gl drop_stages ¥ FEAFRA @3
sucessively_good_th ©1%} HFEE|9]& 7ot Z4l
o} ol AFES A wole AY HE ALE
o] Wz A4S 43A7)7] $I’F Zlolek

oleigt €& F= ZAL vENZ e A 7]
el gle] dx & Br]e ~EY-S 3 ol
7V VEYN=Z U9 E(available network band-
width) & A&s1A A3z 7] *137] wfolch
ol =Y FiEdAL Szl &£48 4
H Ao 7HE viEYA A 24 7Y T
2 AP UES QR F vENZ At
ot Fold Ae ZHY HUIE oA uES=
Exog Qg 9d¢ FAl EA diAse AL 7t
FEAT AAZ &G vlo]e AE-e i o]
Vst dgEo] FvIRE Zlo] opet mHY 7]
Z I3 A Afele viE ASES Y AT
g AEE o] Bz A AIA R
ol olgld ¥AIE dEE YiMde VEH=Z &3H
ol glo] Y] 0|8 71ER MESZ dHZe o
2 7]4o] A-g=]ojo} g}

. Al +&

At zAPN=2E T] AsiA AW AF

Off-line processing
Various MPEG-2 TS

contents (HDTV. IVC.-) /" MPEG-2 TS MPEG-2 TS
it ntAiihh i b :
Parsing tool L Packet analysis
-
-

.
-,

™)
Adaptive Real-time parsing & etc (frame dropping,
Transport prioritized packetization Feedback handling,
module module corresponding playout)

TS

08 8. £ Az Ege] FA

HH F9 JTEE Hx9 EER sl vy
& 2EE|Y oE 2224 AFEE VLCH F¥
A2 8. VLCAME vt 2E7S 9
3 718Ael A A 2E E 2= gfeld
EoAe] A 7% 52 ALk

MPEG-2 TS9] &<l AAZE 34 348E&
4 A wEsEgs dpdel 7EE LHsw
oo WE & vl HAshd Flo] o]Foix{of Yt
ol& 8 Wxe] s E& Tk ArM=
TS Zelxo] AYA AL FAsk=d F3o]
ok FAE AAE vjEke g AAT I H3)
3} »Eg FgHoz Fisludck 2 9
5 3 B ARA AdE ol AE HAE
. &2 Aelle Z 1S AR {FEFSte] pscrt
e A =z v23 8 2 TS A3 Wellx]
o} mpolE Y& RAFTE 5 FolA= vHL
2EHO) GOP 12 4 H7HQ ARE HojFEe

HEHNz 54 2 A= 7158 $)3) RTP #d
3 2 &4 7)5e TS 23 10
SAE 2 HT AEY 78 AL Z=F HeiFd
24 7bA2 122 3t} loss_rate®} avg_jitter
£A483 FJd A E 22 oelgic). loss_rates
T3 FAollA 100002 100%, num_packet-S 3

P

o 32,

o

Sk

Lo
P

* Picture Type

1:1,2:P,3: B, Dimvaiid

d
e

« | * Changathar

B piciuie-> P pigie

* Bjo. i) 1s 049 byte away|
trom o4 haze

% 9. MPEG2 TS 3P 2 84 &

5) A FY¥E LT Eojoll= adaptive transport ZEL £ -
ol et A&

891



PFEAIE S =FA] °05-10 Vol.30 No.10A

loss_rate = 10000 - (ing)((float)(mum_packet * 10000) / (float)current_sequence_number-begin_seq + 1))
avg_jitter = sum_jitter / (mum_packet + 1)
where, sum_jitter += {_ti 1P —pi i ~ (local_; 1p — prev_local_ti

a3 10. $deF Hq A ARk

A F7] Fot vk A7) A, current_sequence_
number= A FH7l9] RTP A|f2 WE, beg_seq
£ 34 FPF AR 9 3 RTP A3l9] Alda
W3S 7kt o). olE E¢] loss_rate’} 1002
2 AXERE A 1%9 $A4ES ¢ridich

g3 A ARMRGNA current_timestampe A
A2 E}IAE, prev_timestamp= ©1A A
e} BT Jocal_timestamps A IS LS
A7k el wl=2 WHIRY F, prev_local_time-
stampe oV AL e A7 eilagizg W
23 38 A u|gle). sum_jiter= ©)E ZH
afole] Azl os] AkE Hg AEZES
sum_jiters &% F7] B L 3l 42 JF
o2 A} oA AR loss_ratest avg
jitter= T =8 UDP 8] {33}l AAse]
2Ez|%] A H$¥lch

V. LAN HAEHE &3 3

4.1 HIAEHIE T4

A4 LAN H2EHc= 342 2EE] AY
r= 2Ez Zebolode ke w7 EdEs A
el FeloladE k=, A$)X|, JVC Fhiilel S22
FAFKZE 11). 2= FepoldEs} w7 E
AL e FUT oAlE ARSIk Wi E
AL F7) A9 iperf T2 WS ARk 2
w4l 100Mbps o|t¥l 838 ddfc) 2=y
Aulell= JvC 7l t IEEE1394 QlEHo]~E
3 QA 74 reo] FAAA= iperf Fefol
QEelle W=s) BHs 80, 2 98 wAlele =t
olazsxe Xp7p dAsle] Sl

3% 11. LAN HAEHT 34,

892

I 75M -> 76M -> 78M -> 80M -> 82M -> 85M -> 80M -> 75M -> 72M I
10s 10s 10s 10s 10s 10s 10s 0s 10s

a8 12 w7 =99 st Adele

JVCERE 2EH MWz SoPle Hdes
MPEG-2 TS &4Joln] 1280x720 sHAE, 29.97fps
(frame per second), 19.2Mbps, IBBPBB2] GOP
=8 BAog Zerh 2% T 734 ARlE
E gEe 1 ZHYde] °F 8Mbps, P Ze[{e] oF
4Mbps, B Z#H3lo] <F 8Mbpse|rt}l. WIES = Al
24 2 e vl 122 AASAY drop_
stages AR 97 YAA g 22X bad_state_
th, good_state_th, successively _good_tholl &= 1, 0.2,
125 77 AAsigch 2% 12e 7PEARl vES
3 A T % di B AR B
oFc}. iperfE o83 wiH EfHS 7SMYE A
2w 85M7KA] Z71ickt thAl 72ME 2ot
7zt QA G AR 1025 §X18HA sigich

4.2 ~ER|Y Ay A3}

a3 132 A EdY AJe]ld] oE 2E
7 ZaElolqEdxe] 41e AR BolETh 4l
£& WA =gz} mte 2Ee] FAA o)
. AS 75l 9E Alde "AAHSE A
100% 744 &=He #lst 5 qlr) e 08
o] 20%2 Warke A& ulA Edg ApE] L)
o3 iperf7b A Al=tElE ¥-Rolt} oo ubel H$-
7158 Z718S Aol 80% ol 90%A)E FA]
slodel. Algo] FhM o HWaks AR fAlS
o2l WESL T ZRd| ulE drop_stage®] H3IZ
QI3+ Aolct.

I 14 AS 7159 -7 uwe A S
BojZErl Ag 71Tl eheAl 75Me] v Edy
AARE S4lo] A7) ARbgles] =y Zlo
upe} £Ago] F7Hch w7 Exfgo] §5M<l 7
<, v AE Aol oF 15%2 £Alo] whays}
o o] FAF At HARE IH 14.0)°04
#H& 5 ik ol whel] Ag 7158 A4 Al

T Sme ctorName_ Network Kbz, _ Lok 3o,
~Oueritionad Vool Bres e T doores— ~ opsmena |

®) 4gd d4

i ot ek
‘Local Area Con. .. 0% 100 Mps

@uHey B
O3 13, 4% B



v/ 29 ) A EE 488 EYa A3 HD MPEG2 2EW9] AA 4 79

(c) 85M W% EZHA|

38 14, 907 = ool BE AEe)y 4 u)E
@2 WS A, Sk Aey A

25

------- loss rate without adaptation
loss rate with adaptation
20 { | —8— drop_stage in adaptation

T . T T T T
4 20 40 60 80 100 120
Time(s)

a3 15. R A8 drop_stage®) W3} e

= ZH AAEE oA 72wl =y
Aol S-S AdiH oz FA3] A= 2
2ut w7 EeEe] 85M oA oR A Beld A
Soll= A5 AL Ax FHA &A= Q3 A
A2 sl AR sl vite zHade] e
Aok AfH oz =9l WS o4’ At 7H
o o A& = gl WHee virle AEz=le
T VES A A8l e} shaAelch

I8 15 A48 vn ¥ Hed AEA drop_
stage®] W3S HolFrl AAHow ALy Mg
Aol £AEe] A3 "oide #Held S glch
drop_stage= WEZ ARl ule}l Qdllx] 3 A}o]
X WEZHY. drop_stage’} 34 Agol= 1 =)
dute] AFHE A5 = glrh old wel ~=g

W FEe|dEAMY] 2 ZHY AYES SfpsE
HoJZl}, drop_stage”} 1, 29 A$olle ZHY A
Ago] 22t 20, 10fps7} Hrt,

V.

<]

2 o7

#Z DV, HDV, HDTVF2] 13}zl H|t]eE <)
By e Bl Afsle A7EE F2 s7hE
oltiyl oju} Tl KOREN®|\} KREONET.
3} Zo] e Zo] HAEIE ATYES FAoE
o]FiR ek ofr]ell Hw=le] w9 USC
ISI, ResearchChannel, 2] &|2AJv} ojg}, )
oM+ KAIST, GISTSS FAo2 A7y duls)
A= 7 glek USC ISIOME sh&slr] o
HDTV H[t|2E 7|7H]|E oltjyls %3 A3k
A28l 7St AP, ResearchChannel
o4l HDTV H|T]2E SONY HDCAM ZEog
4E3le] vl ellxle] 7]718) E(gigabit) THE o}
Yt 27F 2k By whe o4kt S UPE
st} S 2410 H3tellAl= ROBSTER: A 2w
& F-Esle] MPEG-2 7ute] 2353}%) HDTV d|
Yes AHfshe Axgs g =3
KAISTol|4+== HDV 7yZr{e} IEEE1394 <lEjHo]
2F o]£3F MPEG-2 7|8} HDVTS A|A8L 1
Acl”, GISTolA:= HDV 37 VideoLANS
ol-g3tx HAH &4 BFF 913 FEC 71%5% 371
8le] “VideoLAN for HDV” AlA®lS Falsialc)
U o] Q758 F2 I9ES AYske YEY
oo wigak Henrle] A4 A5E HAFshe)
24E FF3 929 QoS AU ZHeME= FEC
A=rt 2={=Ex 9ok

AR 493 S B de 712 e
el A4S g AEHQY wde 2Egw
FobllAl A-g8 At TRzl il 7S]
Aeke] gk} 7]Eel MPEGS 48 %Fs)
2 AT e 9 AEY wjge w33
(layered video coding) HMEE o)A ql AL
Zhe W eyl welxe] 28Rl vige A
< % Felztz & 4 9ok sEHoz A=Y
Hjt]e Fs3l vkl oxl Qe 3l det
Hgshe vlo]ee] EAS F8Hog Apassict
= SHollx AR X3 e dRsEe] A
AL 4 sick e vt et AFHes R33)
Fojol grhes HAPE Qlek ofdl] uts] ©d Ao
2 FE3E ur]ed s AR desd 71

893



LS| =7 A] "05-10 Vol.30 No.10A

< ALt AL FHQ Addolzla & 4 sk

ol¢} A&zl Walpole T AFoE F-353
d MPEG ®t]eE sl VEHZ A o
2} Aujeld ZH e FAs AFFoRA F
7k Qos EAL AT Z1HE ARk
Bl o] qd7dlxe Aulel Fepe|dEZ] d=d)
Z2eZy Gopdl wkE =Yl 7] ) (pattern)®]
Akl et MPEG BIEAEY S 2 E]2] A
29 7] 71ge A=A ¢dskeh Chi- Woon
=23 7)o 7ukRE F7b 483 MPEG Bt
cEu 7]H-E AQkete vE I Aol 7Pk
Aggel mdald 28e 233 g =% =
# ele] R st 7 o2k MPEG-4
F33} wkale] BAS o)8’ AA 9l e
913t HER Aed $ ol o] yEe
54 MPEG-42] AA| Bl W8l FLE=E
3 olo Mg 2pEAQl LS Faicled gl
o} [41elAE $Aesisll oig ookl 87 24
5-& ¥dsio] xdn 7l Ao ufE A
RPI(Layered Relative Priority Index)@ Ae|3}aL
o]F Moz ¥ WEY= S vir)e] HF =
HY=E Aslisict

Vi. 2 E

B %4} HD MPEG-2 It & Qe %
oA vEHZ ARl wel AR Afsh=
2xgln) A2gs dAstn TR}t Al Al
28 FF Qe e o]4] nEA KL A
& Axgel A4 7l Aoz yviEcl =AY
7ab $45913) ke ASE A3l Hzle)
HEZ o4 7Hed ddEE dSshe AX of
F 293 a2 z2h43l) o)E s AT
El@(active monitoring)?} 7S 7dle] HLd &
gle Zolt'8 gt HE)s)AE(multicast) L
2 ssp] Slaide 2= Ak A3
stz 7L Stk olE diAsk] Hsixe
AHE opje}l 7h Felo|glEel ARAAQ AHE 7]
-2 3ol Frh ol9 Hsle] FElold B4
©] Ag3¥ AA(adaptive playou) 7S =
7o) 53y,

3ngd

(1) ISO/IEC 13818-1, Information Technology-

894

(3)

(7]

(8]

(9]

(10)
(11)
{12)

[13)

Generic Coding of Moving Pictures and
Associated Audio Information, Part 1 : Sys-
tem, April. 1996.

ISO/IEC 13818-2, Information Technology-
Generic Coding of Moving Pictures and
Associated Audio Information, Part 2 : Video,
May. 1996.

D. Wu. et. Al, “Streaming video over the
Internet: approaches and directions,” IEEE
Trans. on Circuits and Systems for Video
Technology, vol. 11, no. 3, Mar. 2001.

J. Kim and J. Shin, “Dynamic network adapta-
tion framework employing layered relative pri-
ority index for adaptive video delivery,” in
Proc. IEEE Pacific-Rim Conference on Multi-
media (PCM’ 2002), Dec. 2002.

J. Walpole and et. Al, “A player for adaptive
MPEG video streaming over the Internet,” in
Proc. SPIE 26th Applied Imagery Pattern
Recognition (AIPR), Oct. 1997.

F. Chi-Woon and S. C. Liew, “End-to-end
frame-rate adaptive streaming of video data,”
in Proc. IEEE International Conference on
Multimedia Computing and Systems, vol 2, pp
67-71, June. 1999.

ResearchChannel, http://www.researchchannel.
org.

Colin Perkins, Ladan Gharai, Tom Lehman &
Allison Mankin, “Experiments with Delivery
of HDTV over IP Networks,” in Proc. 12th
International Packet Video Workshop, Pitts-
burgh, April. 2002.

J Lee and K. Chon, “High-Definition Digital
Video Over IP: System Design, Experiments
and Applications,” in Proc. APAN Network
Research Workshop 2004, Cairns, Australia,
July. 2004.

ROBST, http://net.ipc.hiroshima-u.ac.jp/robst/.

HDTV over IP, http://hdtv.nm.gist.ac.kr.

S. Park. et. Al, “Design and implementation
of MPEG-4 streaming system with prioritized
adaptive transport,” J. of the Korean Insti. Of
Commun. Science, 29, paper 8A, pp. 859-867,
Aug. 2004.

T. Ahmed and A. Mehaoua, “Adaptive MPEG-4



kR maq] sube] $AesEE A4 wEea 4S8 HD MPEG2 ~EE|9e] AA 2 74

streaming based on AVO classification and
network congestion feedback,” in Proc. Packet
Video Workshop, 2003.

(14]) E. S. Ryu, et. AL, “Selective MPEG-4 stream-
ing based on weighted media objects,” in
Proc. 27th KISS Fall Conference, vol. 27, no.
2, pp. 287-289, 2000.

(15) H. Schulzrinne. Et. Al, “RTP: A Transport
Protocol for Real-time Applications”, RFC
1889, Jan. 1996.

(16) J. Park and J. Kim, “Hybrid Monitoring
Scheme for Real-time Media Delivery over
the Multicast Network,” in Proc. APAN
Network Research Workshop 2004, pp. 1-8,
2004.

(17) 7. Jo and J. Kim, “Synchronized Multicast
Media Streaming Employing Server-Client
Coordinated Adaptive Playout and Error
Control,” J. of the IEICE Transactions on
Communications, vol. E87-B, no. 6, pp.
1670-1680, June. 2004.

(18] Y. Kwon, H. Chang, and J. Kim, “Adaptive
FEC control for reliable high-speed UDP-
based media transport,” in Proc. IEEE Pacific-
Rim Conference on Multimedia (PCM’2004),
Tokyo, Japan, Dec. 2004.

(19] VideoLAN, http://www.videolan.org.

(20) iperf, http://dast.nlanr.net/Projects/Iperf.

(21) http:/fcosmos.kaist.ac.k/hdtv/vic_rtp_measurement.
htm.

Ht Al & (SangHoon Park) A%

20014 29 ZAAdEE AR
AT &4

1 2003 29 Addistm AR
AR AT HAt

20034 39~-8x) FFHI)E
o ARFAFL A

<#A]Fof> Multimedia System

and Multicast Media Streaming

0] & 3 (Seungloo Lee) 3%
; | 2004\ 29 FeteiEha AHFE
| T 34
2004 39~-dA FFHF|e
A ARFAZs HalaA]
<A Bop> Reliable and Secure
Media Streaming over Multi-
cast

Z & ® (JongWon Kim) A3
s 1987 29 A-goiEta Ale] Al
2339 s}
19891 29 Algehtar AloA
=383} A4}
\ : 19943 29 Agopstar AojA|
ST 23w aR
: < 20019 94~8A) BEHE|e
H ARFAFEN Fus
2000+ 794~2001'd 64 ©I= InterVideo Inc., Fre-
mont, CA, EAHE
19981 124~2001"d 749 V= Univ. of Southern
California, Los Angeles, CA, EE-Systems Depart-
ment JFEG
19941 34~1999+d 79 FFUEE AAEET £
g
<3l Eok Networked Media Systems and Pro-
tocols focusing “Reliable and Flexible Delivery
for Integrated Media over Wired/Wirelss Net-
works(4) E$] Z7]t]o]:hitp://netmedia.gist.ac.kr)

2 £ Y4 (WooSuk Kim) A3
2001 249 gepoiska AxpA
7NFEZ3 =
20034 249 gtz gxkA
| AaReEs A4
20034 39~ FFHAREA
A A
<¥Alek> Digital Multimedia
Broadcasting and Interactive Broadcasting sys-
tems

895



